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Introduction 

“The energy future which we are creating is unsustainable. If we continue as before, the 

energy supply to meet the needs of the world economy over the next twenty-five years is 

too vulnerable to failure arising from under-investment, environmental catastrophe or 

sudden supply interruption.”1 

 

Même si la Chine est loin d'être la seule responsable d’une telle situation, sa récente montée sur 

la scène internationale a augmenté les préoccupations. Au cours des trente dernières années, la 

croissance annuelle chinoise a été d'environ 10 pour cent. Accroissant ainsi progressivement sa 

part dans le commerce mondial, la Chine représente aujourd’hui, environ 8 pour cent des 

échanges mondiaux de biens et de services (AIE, 2007). Pour accompagner son développement, 

la Chine a eu besoin de beaucoup d'énergie et est devenue de plus en plus dépendante des 

ressources d'autres pays. Presque auto-suffisante en énergie jusqu'au début des années 90, elle 

dépend maintenant de la Russie, du Moyen-Orient ou de l’Afrique. Elle est le deuxième plus 

grand consommateur d'énergie et, d'ici 2015 aura dépassé les États-Unis en tant que numéro 1. 

Néanmoins, son niveau de consommation par habitant est relativement faible par rapport aux 

pays industrialisés. Selon Brown (2005), si les Chinois utilisaient le pétrole avec la même 

intensité que les Américains, ils auraient besoin d'ici 2031, de 99 millions de barils par jour, alors 

que la production est prévue à 116,3, en 2030 (AIE, 2007). Pour Sinton (2008), si la Chine devait 

égaler la consommation des États-Unis par habitant en charbon, elle en utiliserait deux fois plus 

que maintenant. Il a également mentionné que si les Chinois atteignaient un niveau de 

consommation d’énergie par tête équivalent à celui des Etats-Unis, la consommation du pays 

représenterait 87 pour cent du total mondial de 2006. Ainsi, le développement chinois est 

susceptible de faire pression sur la sécurité d'approvisionnement mondiale. Toutefois, cette thèse 

se concentrera sur la question environnementale liée à l'énergie.  

 

Avec un faible niveau d'émissions de CO2 par habitant comparé aux pays industrialisés, la Chine 

est déjà le premier émetteur au monde. Ceci est dû à la forte consommation de charbon, émettant 

CO2, SO2 (pour lequel elle est également le premier émetteur mondial) et autres impuretés dans 

l'air, après combustion. L'environnement est alors affecté à un niveau local, régional et mondial. 

La pollution mondiale correspond au changement climatique, la régionale aux pluies acides, 

tandis que la locale est caractérisée par la pollution de l'air ou de l'eau dans une région, par 

exemple. Le changement climatique pourrait avoir d'énormes répercussions sur la santé publique, 

les zones côtières, l'alimentation, les écosystèmes ... Les pluies acides affectent 40 pour cent du 

territoire chinois et le Japon, la Corée du Sud et dans une moindre mesure, le Canada et les États-

                                                 
1 AIE (2006), p. 3   
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Unis souffrent de la pollution chinoise par le biais de ces pluies acides (AIE, 2007). Et au niveau 

local, la Banque mondiale (1997) a constaté que le coût total de la pollution (pollution de l'air 

urbaine et intérieure, pluies acides, pollution de l'eau ...) correspondait à 3,5 ou 7,7 pour cent du 

PIB, selon la méthodologie utilisée (capital humain ou volonté à payer). 

 

En raison de son impressionnante croissance, les prévisions indiquent que le niveau des 

émissions et de consommation chinois ne sera pas soutenable à l'échelle mondiale. En effet, le 

développement chinois, au cours des dernières années, a été très intensif en énergie, ce qui a 

entraîné des préoccupations dans le monde entier. La Chine et le monde sont à un carrefour 

critique aujourd'hui. Si le pays le plus peuplé au monde ne peut atteindre un développement 

durable au niveau environnemental, alors les ressources mondiales pourraient bientôt être 

dépassées et l'environnement dévasté. 

 

Le concept de développement durable a été mentionné pour la première fois dans un rapport de 

l'UICN (1980), puis popularisé par la Commission Brundtland des Nations Unies (1987, point 

49), qui le définit comme :  

 

“Un développement qui répond aux besoins des générations du présent sans 

compromettre la capacité des générations futures à répondre aux leurs“.  

 

Cela signifie que la Chine doit trouver un moyen de maintenir son taux de croissance important, 

sans mettre en péril son avenir ainsi que celui du monde. En effet, la pollution est un grave sujet 

de préoccupation. Non seulement elle réduit la productivité de l'agriculture (pollution régionale) 

et accroît l'asthme ou le cancer (pollution locale), mais maintenant, elle peut changer le climat et 

les conditions dans lesquelles les gens vivent. On peut d’ailleurs citer Martin Luther King2 :  

 

“Human progress is neither automatic nor inevitable. We are faced now with the fact that 

tomorrow is today. We are confronted with the fierce urgency of now. In this unfolding 

conundrum of life and history there is such a thing as being too late…We may cry out 

desperately for time to pause in her passage, but time is deaf to every plea and rushes on. 

Over the bleached bones and jumbled residues of numerous civilizations are written the 

pathetic words: Too late.” 

 

Cette citation délivrée dans un sermon sur la justice sociale, en 1967, conserve toujours une 

puissante résonance. En 2009, le monde est également confronté à une urgence féroce pour 

laquelle il pourrait aussi être bientôt trop tard. Cette crise est le changement climatique. Pour 

éviter les irréversibilités, il faut agir maintenant. En outre, certains des changements dans le 

                                                 
2 King (1967) cité dans PNUD (2007), p. 1  
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secteur de l'énergie nécessaires pour réduire les émissions de CO2 permettent également de 

diminuer les émissions de SO2 et ce faisant, de réduire le poids sur la santé publique. Ces 

questions méritent l'attention du public et une action immédiate dans la mesure où le changement 

climatique, selon le PNUD (2007) est “the defining human development issue of our 

generation”3.  

 

Cette thèse vise à décrire l'impact environnemental du développement énergétique chinois et, 

surtout, s’efforce de répondre à la question suivante : quelles solutions pourraient être mises en 

œuvre aujourd'hui pour atteindre un tel développement durable sur un plan environnemental ? 

 

Dans la théorie économique et en l'absence d'externalité, il y a tarification efficace lorsque le coût 

marginal de production, de transport et de distribution d'une marchandise est égal à son prix de 

marché (Banque mondiale, 2007). C'est la raison pour laquelle de nombreux chercheurs ont 

plaidé en faveur d'une suppression des subventions en Chine. Dans la mesure où les subventions 

affectent soit les prix payés par les producteurs ou par les consommateurs soit les prix reçus par 

les producteurs, elles créent des distorsions de marché. En partant du principe que les carburants 

polluants sont les plus souvent subventionnés, ceci conduit à un niveau sur-optimal de pollution. 

Réduire (ou supprimer) les subventions diminuerait l'incitation à consommer ou à surconsommer 

des sources d'énergie polluantes. L'AIE (1999) a montré que la suppression des subventions en 

Chine permettrait de réduire les émissions de CO2 de 13,44 pour cent, tout en augmentant le PIB 

d'environ 0,37 pour cent et, en 1992, Larsen, Shah (1992) ont préconisé que les politiques 

économiques devraient d'abord et avant tout supprimer les subventions sur les combustibles 

fossiles dans le but de protéger à la fois l’environnement local et mondial. Le même 

raisonnement peut être appliqué à l'internalisation des externalités (et donc, mettre un prix sur les 

émissions nocives) qui est l'un des moyens classiques pour lutter contre la pollution. Cette idée 

remonte aux travaux de Pigou et a été utilisée avec le système de permis d’émissions dans le 

Protocole de Kyoto ou aux États-Unis avec l'échange de quotas d'émission de l'Agence de 

Protection de l’Environnement ou encore avec des taxes sur le carbone en Finlande ou en Suède 

(Blackman, Harrington, 1999). 

 

La notion de prix de l'énergie et d’une possible augmentation en Chine a déjà été abordée. Hang, 

Tu (2007) ont travaillé sur l'élasticité-prix du charbon, du pétrole et de l'électricité en Chine, afin 

de souligner les effets positifs de la hausse des prix de l'énergie sur l'efficacité énergétique et sur 

la sécurité d'approvisionnement. Shi, Polenske (2005) ont également confirmé que l'intensité 

énergétique de la Chine était corrélée négativement avec les prix de l'énergie. Et l'étude de l'AIE 

(1999) mentionnée ci-dessus a également souligné les effets positifs d'une suppression des 

subventions sur les émissions de CO2 en Chine. 

                                                 
3 PNUD (2007), p. 1  
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Dans cette thèse, nous avons l'intention de montrer que la fenêtre d'opportunité n'est pas encore 

close et que, grâce à une élasticité-prix négative des émissions nocives, ce type d'instrument 

pourrait fonctionner dans ce pays. Tout d'abord, par le biais d'une suppression des subventions, le 

gouvernement devrait permettre aux prix de l'énergie de donner des signaux fiables pour les 

consommateurs qui réduiraient donc la quantité de combustibles fossiles consommés et aux 

producteurs qui iraient vers de meilleures technologies ou vers des énergies moins polluantes. 

Ensuite, en faisant payer les producteurs pour les externalités qu'ils créent avec par exemple, des 

taxes sur les émissions de carbone ou de soufre, le gouvernement pourrait également réduire la 

pollution. Globalement, la mise en œuvre d’une hausse des prix de l'énergie augmenterait 

l'efficacité énergétique, réduirait la consommation de combustibles polluants et ainsi, les 

émissions de carbone et de soufre, et améliorerait les finances publiques.  

 

Afin de mener à bien cette tâche, notre méthodologie sera d'utiliser une analyse rétrospective 

normative (ou back-casting) et de l'économétrie, et ceci structurera notre dissertation. Nous nous 

concentrerons tout d'abord sur la demande d'énergie chinoise et ses conséquences sur 

l'environnement, en prenant en considération les différentes études et prévisions sur le mix 

énergétique, la consommation et l'intensité énergétique chinoise, puis nous analyserons comment 

ces aspects impactent l'environnement à l'échelle locale, régionale et mondiale. Ce faisant, nous 

mettrons en évidence le besoin urgent d'action et la presque non-durabilité environnementale 

dans laquelle la Chine se développe.  

 

Cela posera la question d'une définition précise de ce qui est durable et de ce qui ne l’est pas. La 

deuxième partie vise à définir ce qu'on appelle un développement écologiquement durable, 

d'abord à travers l'héritage des économistes, puis par l'intermédiaire de sa définition et enfin, avec 

la création de scénarios à l'horizon 2030. Ces scénarios seront créés en donnant des valeurs à 

certains indicateurs prédéfinis à l'horizon 2030, tant pour l'économie chinoise dans son ensemble 

que pour le secteur de l'électricité en particulier. Pour ce faire, nous appliquerons des normes 

environnementales prises à partir des indicateurs prévus pour la population et le PIB chinois en 

2030. 

 

Ces scénarios permettront de faire un back-casting dans la troisième et dernière partie. Cette 

section sera plus pratique. Comme expliqué ci-dessus, nous soutiendrons que la solution devant 

être favorisée concerne les prix, avec une suppression des subventions associée à l'internalisation 

des externalités. Ce sera l'objectif du premier point. Pour trouver le niveau d'augmentation de prix 

nécessaire pour mettre la Chine sur une trajectoire durable, nous calculerons l'élasticité-prix des 

émissions polluantes en Chine. Le principe de nos modèles sera de composer le prix du dioxyde 

de carbone et de soufre en utilisant la part du charbon et du pétrole dans les émissions. Cette idée 

peut être liée à celle d’Eskeland et al. (1994) qui ont utilisé l'élasticité-prix de chaque type de 

sources d'énergie et leur part relative dans les émissions nocives pour calculer les élasticités-prix 
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des différents gaz. Nous conclurons ce point en soulignant certaines des difficultés inhérentes à 

ces changements. Le deuxième aura pour objectif de montrer comment ce mécanisme de prix 

fonctionne, au travers d’une amélioration de la technologie et de la diversification. Un certain 

nombre de possibilités concernant ces deux aspects dans le secteur de l'électricité sera détaillé. 

Cette idée sera soutenue par un modèle économétrique expliquant les émissions de carbone par la 

technologie et la diversification. Enfin, nous nous intéresserons aux courbes de coût marginal 

d’abattement et les comparerons au niveau de notre taxe, afin d’évaluer les différents 

changements suite à notre proposition. Nous serons alors en mesure d’analyser la chronologie et 

quelles solutions seront préférées. Nous comparerons aussi les réductions attendues aux 

réductions nécessaires pour atteindre nos scénarios, afin de mener à bien une vérification 

empirique.  

 

 

Première Partie : L’impact environnemental du développement 

énergétique chinois 

La Chine a cru à un rythme extrêmement rapide au cours des trente dernières années. En effet, la 

croissance moyenne avoisine les 10 pour cent au cours de cette période. Cela a eu de grandes 

conséquences sur de nombreux marchés : en 2004, le pays le plus peuplé au monde consommait 

55 pour cent de la production mondiale de ciment et de 36 de celle de l'acier (Institut Paul 

Scherrer, 2006). Le nombre de routes en Chine a plus que doublé depuis 2001 et est maintenant 

le deuxième dans le monde, juste après les États-Unis (Institut Paul Scherrer, 2006). La Chine 

pourrait même devenir le leader mondial en termes de PIB en 2050 (Institut Paul Scherrer, 2006).  

 

Ces énormes progrès ont également affecté les marchés énergétiques. La Chine est désormais le 

deuxième consommateur d'énergie et un important producteur d'énergie (Ball et al., 2003). En 

raison de sa taille et sa population, l'évolution du secteur énergétique chinois a eu d'énormes 

répercussions sur les marchés énergétiques mondiaux. Cette consommation, bien qu’élevée dans 

l'absolu, est encore très faible par habitant. En 2005, un Chinois consommait en moyenne 1,2 

tonnes d'équivalent pétrole. La même année, un Japonais en consommait 4,1, un européen 3,5 et 

un Américain, 7.9 (Rosen, Houser, 2007).  

 

Cela a même été d’autant plus clair que la Chine est devenue plus ouverte et plus intégrée à 

l'économie mondiale. Maintenant, toute fluctuation de la demande chinoise impacte les marchés 

mondiaux et les changements sur les marchés énergétiques ont, en retour, des effets sur la Chine. 

Cet impact chinois devrait continuer à croître car il est prévu que les Chinois consomment de plus 

en plus d'énergie et de marchandises à mesure qu’ils s’enrichissent. Toutefois, la demande 

chinoise d'énergie ne représente pas la plus grande inquiétude prise en compte dans cette 
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dissertation. En effet, quand une telle population augmente rapidement son revenu par habitant, 

des répercussions massives sur l'environnement peuvent être attendues (Banister, 1998). Par 

exemple, la Chine est déjà le premier émetteur de dioxyde de soufre et de dioxyde de carbone au 

monde, et cela conduit à une charge toujours croissante sur la santé publique, tant au niveau 

régional que local. En outre, la question du réchauffement de la planète est aussi en cause. Le but 

de cette partie est de présenter les conséquences environnementales de cette augmentation de la 

consommation énergétique. Ainsi, elle sera divisée en cinq points. Après avoir brièvement 

présenté la Chine sur un plan politique, social et économique, nous décrirons la consommation 

d'énergie passée, présente et prévue, en valeurs absolues et mix énergétique, ainsi que les 

développements prévus, les contrats, etc. Ensuite, une comparaison internationale sera faite sur 

l'intensité énergétique puis nous analyserons l'impact de la consommation d’énergie chinoise sur 

l’environnement à un niveau mondial, régional et local. Enfin, un mot sera dit sur la courbe 

environnementale de Kuznets.  

 

Il est à noter que l'énergie est un sujet très vaste. En effet, les sujets liés à l'énergie influent sur les 

économies, les entreprises et les ménages de toutes les nations, tant sur le plan économique que 

d'un point de vue environnemental. Dans notre cas, nous ne traiterons pas de problématiques 

telles que la réglementation, l'infrastructure ou la structure de propriété.  

 

Cette partie ainsi relate que le développement chinois au cours de ces trente dernières années a 

été source de nombreux changements majeurs dans l'économie. Après les troubles du XIXe et 

XXe siècles, la Chine est en train de redevenir une nation dominante. Elle dispose de l’une des 

économies les plus fortes et est de plus en plus impliquée sur les marchés internationaux. 

 

Cela peut d’ailleurs être constaté sous l’angle de la consommation d'énergie. La Chine a 

longtemps été autosuffisante, mais avec l'augmentation de ses besoins énergétiques, elle a du 

devenir de plus en plus dépendante des ressources des autres pays. Elle est déjà le troisième 

importateur de pétrole au monde et d’ici 2030 sera devenue le premier consommateur d'énergie. 

Son mix énergétique, présent et prévisionnel, est extrêmement dépendant du charbon. Cela 

soulève des préoccupations sur deux points : les quantités en jeu, ainsi que les conséquences sur 

l'environnement.  

 

Nous avons décidé de mettre l'accent sur l'environnement. La Chine est déjà le premier émetteur 

de dioxyde de carbone et de dioxyde de soufre au monde. Cela a des répercussions sur 

l'environnement, à tous les niveaux. Localement, cela augmente les maladies et les décès ; au 

niveau régional, cela réduit la productivité agricole et la longévité des bâtiments en raison des 

pluies acides et à l'échelle mondiale, cela contribue au changement climatique. Pan Yue, directeur 

adjoint du Ministère de Protection de l’Environnement chinois (SEPA) a successivement déclaré 

dans une interview à un journal en ligne australien en 2007 que “The model of economic 
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development that we are currently pursuing is unsustainable”, que “China’s current supplies of 

energy and natural resources are unsustainable” et que “China’s environment is unsustainable”4. 

Ceci souligne le besoin urgent d'action.  

 

Enfin, nous avons évoqué la courbe environnementale de Kuznets et l'idée de Munasinghe de la 

« traverser ». La suite de cette thèse va s'efforcer de montrer comment la Chine peut se remettre 

sur des rails « écologiquement durables », et ne pas nécessairement atteindre le pic de pollution 

que les pays industrialisés ont connu.  

 

 

Deuxième Partie : Définir un développement écologiquement durable : 

Une application au secteur électrique chinois  

 “Clean air is considered to be a basic requirement of human health and well-being. 

However, air pollution continues to pose a significant threat to health worldwide. 

According to a WHO assessment of the burden of disease due to air pollution, more than 

2 million premature deaths each year can be attributed to the effects of urban outdoor air 

pollution and indoor air pollution (caused by the burning of solid fuels). More than half of 

this disease burden is borne by the populations of developing countries.” 5 

 

 

C'est le cas de la Chine. En effet, dans la première partie, il a été souligné que l'environnement 

chinois était fortement pollué et que la façon dont la Chine se développait était un point 

d'inquiétude. Certains articles et rapports ont même défini le développement chinois comme non 

durable, ce qui pose la question d'une définition précise de ce qui est durable et de ce qui ne l’est 

pas.  

 

On peut citer que Zhang, Wen (2000, cité dans Day, 2005) ont constaté que les dépôts acides ont 

déjà réduit la production agricole chinoise de 5 à 10 pour cent, ou que, selon un rapport de 

l'Organisation Mondiale de la Santé (2004), seulement 31 pour cent des villes chinoises sont aux 

normes de l'OMS en termes de qualité de l'air. Plus généralement, Sinton, Fridley (2000) estiment 

que le coût direct des dommages environnementaux dus à la pollution au cours des années 1990 a 

représenté environ 7 pour cent du PIB chinois. Ces chiffres soulignent que l'un des plus grands 

problèmes environnementaux en Chine est la pollution de l'air, produite par la combustion de 

combustibles fossiles.  

                                                 
4 Yue P., (2007) 
5 Organisation Mondiale de la Santé (2005), p. 5 
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Cependant, ce n'est pas le seul point d'inquiétude concernant la pollution en Chine. En effet, elle 

a récemment dépassé les États-Unis comme premier émetteur de CO2 au monde et sa contribution 

au réchauffement de la planète est en augmentation significative chaque année.  

 

Par conséquent, cette partie aura pour objectif de créer un scénario de «développement 

écologiquement durable» pour la Chine et pour son secteur de l'électricité. Ainsi, deux types de 

scénario seront créés, puis analysés. Le choix d'utiliser deux ensembles de scénarios vient du fait 

que le secteur de l'électricité est la plus importante source d'émissions de CO2 et de SO2 et le 

deuxième plus grand contributeur des émissions de NOx (Agence Européenne pour 

l'Environnement, 2006). Actuellement, le secteur de l'énergie chinois n’utilise pas la meilleure 

technologie disponible et, de ce fait, pourrait être amélioré d'un point de vue environnemental. Il 

existe donc une possibilité pour accroître la qualité du secteur de l'énergie, ces améliorations 

pouvant même être réalisées à un coût raisonnable et à un rythme rapide. Ces scénarios seront 

utilisés comme un outil de back-casting (ou analyse rétrospective normative), c'est-à-dire que ces 

objectifs seront examinés dans la troisième partie pour évaluer ce qui doit être mis en œuvre pour 

mettre la Chine sur les pistes durables.  

 

Le développement durable est devenu, au cours des dernières années, un principe directeur pour 

les politiques publiques. Ainsi, pratiquement aucune initiative de recherche ne peut obtenir de 

financement sans que les mots « développement durable » n’apparaissent dans la proposition 

(Bell, Morse, 2000). Comme Lele (1991) le note: 

 

“Sustainable development has become the watchword for international aid agencies, the 

jargon of development planners, the theme of conferences and learned papers, and the 

slogan of developmental and environmental activists”6.  

 

Cependant, il peut s’avérer difficile de traduire ce principe en politiques dans la mesure où les 

générations présentes et futures, ainsi que les trois dimensions de ce terme (sociale, économique 

et environnementale) interagissent, en particulier dans les pays en développement.  

 

Afin de créer de tels scénarios, le développement durable sera défini, en premier lieu par son 

historique, puis à travers ses trois composantes: sociale, économique et environnementale. Après 

cela, nous passerons à la notion d'un développement écologiquement durable. Puis, nous 

décrirons les indicateurs de développement durable afin de trouver celui qui convient le mieux à 

notre définition. Enfin, deux scénarios seront créés : un pour l'économie chinoise dans son 

ensemble et un autre pour le secteur électrique chinois en particulier. Pour ce faire, nous 

appliquerons des normes environnementales prises à partir d’indicateurs existants avec les 

                                                 
6 Lele (1991), p. 607 
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valeurs prévues de la population et du PIB chinois en 2030. Ensuite, le dernier point sera 

consacré à l'examen des valeurs trouvées de ces scénarios.  

 

Cette partie a ainsi permis de passer en revue l'histoire de la pensée environnementale dans la 

théorie économique pour mettre en lumière ce qu’est le développement durable. Nous avons 

également analysé ce qu’est le développement écologiquement durable et la façon dont nous 

avons appréhendé ce terme.  

 

Une fois le concept défini, nous avons essayé de trouver les indicateurs qui couvraient le mieux 

notre définition. Nous avons constaté que dans le but de créer des scénarios de développement 

écologiquement durable, tant pour la Chine que pour son secteur de l’électricité, la meilleure 

façon était de se concentrer sur les trois gaz qui sont responsables des trois types de pollution que 

nous avons soulignés dans la première partie, c'est-à-dire le dioxyde de soufre et les oxydes 

d'azote pour les pollutions locales et régionales et le dioxyde de carbone pour la pollution 

mondiale. Comme l'a noté Bossel (1999), le concept de durabilité que l'on adopte a des 

conséquences, car il oriente le choix vers certains indicateurs au détriment d'autres. Ainsi, il 

définit et limite les problèmes et les systèmes que l'on prend en compte. Par conséquent, cela 

correspond à l'une des limites de nos scénarios. Pour ces scénarios, nous avons décidé de mettre 

l'accent sur l'intensité des émissions qui peut être évaluée soit par habitant, soit par rapport au 

PIB (lorsque l'on parle de pays) ou par rapport à la production d'électricité (quand on met l’accent 

sur le secteur électrique). Comme l'a dit Timilsina (2007), les scénarios basés sur l'intensité sont 

politiquement attrayants, car ils ne sont pas nécessairement interprétés comme une baisse des 

résultats économiques. En effet, selon Pizer (2005) des cibles en termes d'intensité peuvent être 

décrites comme des normes de performance. Ainsi, cela évite non seulement l'idée de limitation 

de la croissance, mais cela a également une résonnance positive.  

 

Ensuite, nous avons choisi d'utiliser l'UE-15 comme référence pour ces trois gaz, car elle est 

parmi les leaders en termes de dépollution. Puis, nous avons créé deux fois deux scénarios en 

utilisant les valeurs prévues pour le PIB chinois, la population et l'électricité produite en 2030. 

L'un est appliqué à la Chine, tandis que l'autre se focalise sur le secteur de l’électricité chinois. 

Tous les deux sont dit quantitatifs et d'anticipation et dans chacun de ces deux cas, il y a un 

scénario de Durabilité Minimale et un de Durabilité Pleine.  

 

Enfin, nous avons montré que nos deux scénarios de Durabilité Pleine pouvaient être atteints et, 

par conséquent, devraient être ciblés. La prochaine partie va traiter de ce qui doit être mis en 

œuvre dans les années à venir pour atteindre ce niveau souhaitable des émissions en 2030. Cette 

partie sera principalement axée sur le secteur de l’électricité dans la mesure où il est responsable 

pour une grande part de cette charge de pollution et que de nombreuses possibilités existent pour 

réduire rapidement les émissions nocives provenant de ce secteur particulier.  
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Troisième Partie : Une stratégie de développement écologiquement 

durable pour la Chine : Une application au secteur électrique  

Dans la première partie, il a été souligné que la Chine n’était pas sur la voie d’un développement 

durable d'un point de vue environnemental. En outre, il a été démontré que les avantages de la 

réduction de la pollution l'emportaient largement sur les coûts. Par conséquent, un besoin urgent 

d'action a été souligné, par la Banque mondiale, à l’aide de la formule de « fermeture de fenêtre 

d'opportunité » (2007). 

 

La deuxième partie traitait de la définition d'un développement écologiquement durable. Nous 

avons décidé de prendre la définition de l'OCDE (2001). Ainsi, pour atteindre un développement 

écologiquement durable, quatre points doivent être garantis : la régénération, la substituabilité, 

l'assimilation et éviter les irréversibilités. 

 

Ensuite, nous avons essayé, en utilisant des indicateurs de l'OCDE et la structure « Pression-État-

Réponse » d’évaluer les objectifs en termes d’émissions de NOX, de SOX et de CO2 à l'horizon 

2030, afin de parvenir à un développement écologiquement durable. Nous avons décidé de nous 

concentrer sur ces trois gaz, car ils étaient responsables des trois types de pollution qui avaient été 

soulignés dans la première partie à savoir local, régional et mondial. L'horizon 2030 a été choisi 

car il fournit suffisamment de temps pour que les politiques mises en œuvre maintenant (ou dans 

les années à venir) portent leurs fruits. Ainsi, deux scénarios ont été créés, l'un ambitieux appelé 

Durabilité Pleine et un autre moins ambitieux, mais toujours stimulant appelé Durabilité 

Minimale. Chacun de ces deux scénarios a été réalisé pour l'économie chinoise dans son 

ensemble et pour le secteur de l'électricité en particulier, car il est responsable de la plupart des 

émissions des trois gaz mentionnés ci-dessus. La logique derrière ces deux scénarios (secteur 

électrique, économie en entier) reste la même. Tandis que le scénario de Durabilité Minimale 

applique les intensités d’émission par tête actuelles de l’UE-15 à la population prévisionnelle de 

2030, le scénario de Durabilité Pleine favorise ce qu’on pourrait appeler une « équité 

compétitive ». Ainsi, il utilise un indicateur mixte prenant en compte à la fois les intensités 

d’émission par unité de PNB (pour l’économie) et par tête, avec un poids de 50 pour cent chacun. 

La seule différence pour le scénario du secteur électrique est que les intensités d’émission par 

unité de PNB sont remplacées par les intensités par unité d’électricité produite.  

Ainsi, le but de cette partie est de mettre en avant des politiques qui devraient être adoptées pour 

permettre la mise en œuvre du scénario de durabilité pleine. La question posée par le présent 

chapitre est donc de savoir comment faire pour diminuer les émissions des prévisions «Business 

As Usual » à un niveau qui serait respectueux de l'environnement.  
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L'application de ces scénarios sera particulièrement difficile pour le dioxyde de soufre au niveau 

de l'économie et pour le dioxyde de carbone au niveau du secteur de l'électricité. Toutefois, il est 

important de garder pour cible ces scénarios, dans la mesure où de trop importantes émissions de 

soufre ou de carbone seraient de nature à compromettre l’avenir chinois voire celui de la 

population mondiale. On peut penser aux effets du réchauffement de la planète ou tout 

simplement à la pollution locale pour illustrer ce point 

 

Dans la théorie économique et en l’absence d’externalités, une tarification efficace existe quand 

le lorsque le coût marginal de production, de transport et de distribution d'une marchandise est 

égal à son prix de marché (Banque mondiale, 2007). Dans la mesure où les subventions affectent 

soit les prix payés par les producteurs ou par les consommateurs soit les prix reçus par les 

producteurs, elles créent des distorsions de marché. En partant du principe que les carburants 

polluants sont les plus souvent subventionnés, ceci conduit à un niveau sur-optimal de pollution. 

Réduire (ou supprimer) les subventions diminuerait l'incitation à consommer ou à surconsommer 

des sources d'énergie polluantes. La même logique s’applique à l’internalisation des externalités 

(et ainsi la mise en place d’un prix sur les émissions nocives) qui est l’un des moyens classiques 

pour lutter contre la pollution. L’idée remonte aux travaux de Pigou et a été utilisée par le biais de 

permis d’émission dans le cadre du protocole de Kyoto ou aux Etats-Unis avec le Emissions 

Trading Program de l’Agence Environnementale Américaine ou par le biais de taxes carbone en 

Finlande ou en Suède  (Blackman, Harrington, 1999). Ainsi, nous soutiendrons dans cette partie 

que la solution devant être favorisée porte sur les prix. Tout d'abord, par le biais d'une 

suppression des subventions, le gouvernement devrait permettre aux prix de l'énergie de corriger 

les signaux pour les consommateurs qui réduiraient donc la quantité de combustibles fossiles 

consommée et pour les producteurs qui choisiraient les  meilleures technologies ou des carburants 

moins polluants. En effet, comme l'ont noté Larsen, Shah (1992), les politiques économiques 

devraient d'abord et avant tout supprimer les subventions sur les combustibles fossiles dans le but 

de protéger à la fois l’environnement local et mondial. Ensuite, en faisant payer aux producteurs 

les externalités qu'ils créent par exemple, à travers des taxes sur les émissions de carbone ou de 

soufre, le gouvernement permettrait également de réduire la pollution. Ce sera l'objectif du 

premier point. Afin de travailler sur le niveau d'augmentation de prix nécessaire pour mettre la 

Chine sur une voie durable, nous calculerons l'élasticité-prix des émissions polluantes en Chine. 

Nous prendrons pour hypothèse qu’une taxe carbone7 sera mise en place pour des raisons de 

clarté. Même si nous ne souhaitons prendre position sur la problématique taxe / permis, cela nous 

permettra de comparer les couts marginaux d’abattement au niveau de la taxe. Nous conclurons 

ce point en soulignant quelques difficultés inhérentes à ces choix.  

 

                                                 
7 Ou tout instrument équivalent  



Substantial summary in French  

  16 

Ensuite, dans un second point, nous montrerons comment fonctionne ce mécanisme des prix : il 

sera divisé en six sections. Après avoir rappelé les changements les plus récents concernant les 

prix sur les marchés énergétiques chinois, nous analyserons les changements intervenant après 

une augmentation des prix énergétiques d’un point de vue théorique et dans une perspective de 

changement technologique et de diversification. Cela a pour but de montrer que l'augmentation 

des prix de l'énergie induit des améliorations technologiques qui profitent à l'économie dans la 

mesure où les technologies utilisées actuellement dans le secteur de l’électricité chinois ou de 

l'économie chinoise en général sont loin d'être les plus performantes. Ainsi, la Chine pourrait 

émettre moins par unité de PIB créée et aussi gagner en efficacité énergétique. Il sera également 

montré qu’un mix énergétique plus diversifié apporterait des résultats positifs en termes de 

pollution. Ces deux solutions seraient facilitées par une augmentation du prix de l'énergie, 

comme nous le verrons dans cette section. Pour des raisons de clarté, nous nous concentrerons 

seulement sur les changements pouvant se produire dans le mix électrique chinois. En effet, 

comme indiqué dans la deuxième partie, le secteur électrique est le principal émetteur de CO2 et 

de SO2 et le deuxième plus important en ce qui concerne le NOX. Toutefois, les mêmes mesures 

d'incitation seraient créées au niveau de l'économie et les mêmes résultats se produiraient au 

niveau de la technologie ainsi que de la diversification. Ces deux idées seront soutenues par un 

modèle économétrique. Enfin, nous comparerons nos modèles sur le dioxyde de carbone aux 

courbes de coût marginal d’abattement dans une tentative de vérification empirique.  

 

Ainsi, le but de cette partie était de réfléchir aux politiques et solutions pour réduire le niveau des 

émissions nocives d’un scénario « Business-As-Usual » au scénario de Durabilité Pleine. Ce 

faisant, nous avons souligné le rôle négatif joué par les subventions, ainsi que le rôle crucial joué 

par une tarification correcte de l’énergie.  

 

Ensuite, grâce à des modèles économétriques, nous avons travaillé sur les augmentations de prix 

pour atteindre les scenarios de Durabilité Pleine et Minimale qui avaient été créés dans la 

deuxième partie. Une taxe carbone (ou toute mesure équivalente comme une hausse des prix réels 

du charbon et du pétrole) devrait être mise en place et augmenter de 8,89 pour cent par an pour 

atteindre la Durabilité Pleine et de 3,35 pour cent par an pour assurer le scénario de Durabilité 

Minimale. Il est important de les mettre en œuvre dès que possible car toute centrale au charbon 

construite aujourd'hui aura une durée de vie de 20 à 30 ans et polluera donc tout au long de cette 

période. Un délai de 5 ans pourrait ainsi induire une hausse des émissions de CO2 équivalent de 

l’ordre de 1,5 Gt (McKinsey, 2009). 

  

Même si cette solution sera difficile à mettre en œuvre et pourrait entrainer la dissidence sociale, 

nous croyons en sa légitimité. En effet, Yushi et al. (2008) ont évalué les coûts externes 

directement liés au charbon à 1 745 milliards de RMB. Ils ont fait une analyse coûts-bénéfices de 

l'internalisation complète des coûts externes du charbon. Ils ont constaté que le montant total de 
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la richesse sociale ajoutée d'une telle solution était d'environ 942,3 milliards de RMB. En outre, 

la plupart de ces changements pourraient se produire à des coûts raisonnables, grâce à la 

coopération internationale dans le cadre de la politique climatique mondiale et des mécanismes 

de développement propre, par exemple. Et avec l'argent qui pourrait être économisé (suppression 

des subventions) ajouté à celui collecté par le biais d'un prix sur la pollution, le gouvernement 

serait en mesure de financer de nouvelles infrastructures, ainsi que de mettre en œuvre des 

politiques visant à améliorer le sort des plus démunis.  

 

Une telle augmentation de prix affecterait alors l'efficacité énergétique ainsi que la 

diversification. En effet, la tarification a un grand rôle à jouer, soit en rendant l'énergie plus chère 

et donc lui donnant plus de valeur (efficacité énergétique), en rendant plus coûteux les 

combustibles polluants (changement de combustible) soit en élaborant de nouvelles technologies 

moins polluantes et financièrement intéressantes (contrôle des émissions). Nous avons vu qu'il 

existait de nombreuses solutions pour utiliser le charbon d'une manière plus propre et plus sûre et 

il existe également des solutions pour diminuer la dépendance au charbon. Ces idées ont été 

soutenues par un modèle qui a souligné l'influence de la diversification et de l'efficacité sur les 

émissions de carbone par habitant. Ce modèle met de plus en avant la diversification comme 

option préférable.  

 

Enfin, nos deux modèles économétriques relatifs au dioxyde de carbone ont été soumis à une 

vérification empirique. Nous avons comparé le niveau attendu de notre carbone aux courbes de 

coût marginal d’abattement et avons conclu par une chronologie des changements attendus dans 

le secteur électrique chinois, si une telle taxe carbone était mise en place. Nous avons vu que des 

solutions telles que le nucléaire ou les petites centrales hydro-électriques pourraient être installées 

dès les premières années alors que les centrales IGCC devraient attendre 2025 pour être 

compétitives en termes de coût. Ceci met également en exergue l’avantage de la diversification 

sur les améliorations technologiques. Les résultats de notre modèle sur l’élasticité-prix des 

émissions de CO2 sont en ligne avec le potentiel d’abattement donné par les courbes de coût 

marginal d’abattement (McKinsey, 2009) pour un prix du carbone de 58,61 euros par tonne en 

2030. Tandis que nous avons évalué ce potentiel à 5,35 Gt en 2030 pour un tel prix, les calculs 

faits à partir des courbes de coût marginal d’abattement trouvent 5,4 Gt. De plus, le scénario du 

secteur électrique est aussi cohérent dans la mesure où nous attendions 3,3 Gt de CO2 de 

réduction et que les courbes de coût marginal d’abattement estiment ce potentiel à 2,8 Gt. Au 

final, cette vérification empirique valide nos modèles, scénarios et méthodologie.   
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Conclusion 

La question à laquelle nous avons tenté de répondre au cours de cette thèse était quelles solutions 

devaient être mises en œuvre actuellement pour parvenir à un développement écologiquement 

durable en Chine. Pour ce faire, nous avons utilisé une méthode de back-casting qui a structuré 

notre essai. Alors que la première partie détaillait la situation et soulignait le problème, la 

deuxième a essayé de montrer ce qui pouvait définir un objectif de durabilité de l'environnement 

et la troisième s'est efforcée de trouver des solutions pour atteindre cet objectif, à savoir une 

suppression des subventions associée à une internalisation des externalités. Cette solution basée 

sur les prix permettra, en retour, une amélioration de la technologie et de l’efficacité et une 

diversification, réduisant ainsi la pollution.  

 

Dans la première partie, nous avons passé en revue les prévisions d'utilisation de l'énergie en 

Chine. Nous avons montré le besoin croissant d'énergie, ainsi que la forte dépendance au charbon 

et ses incidences sur l'environnement. La Chine est déjà le premier émetteur de dioxyde de 

carbone et de soufre au monde. Cela a des répercussions sur l'environnement à tous les niveaux. 

Localement, cela augmente les maladies (asthmes, cancers ...) et les décès, au niveau régional, 

cela entrave les rendements des cultures et la longévité des bâtiments à cause des pluies acides et 

à l'échelle mondiale, cela contribue au changement climatique qui aura des conséquences sur les 

écosystèmes, l'alimentation, la santé publique ... L'état de l'environnement en Chine a même été 

jugé comme non durable par Yue (2007). Nous avons conclu cette partie en citant Munasinghe et 

son idée de « tunneling through ». Cette idée permet à un pays de se développer sans 

nécessairement atteindre le pic de pollution (comme dans une courbe environnementale de 

Kuznets) que les pays industrialisés ont connu.  

 

Nous avons ensuite abordé la définition d’un développement écologiquement durable. Une fois le 

concept défini, nous avons essayé d'obtenir des indicateurs afin d’évaluer notre définition. Nous 

avons constaté que, dans le but de créer des scénarios de développement écologiquement durable, 

tant pour la Chine que pour son secteur de l’électricité, la meilleure façon était de se concentrer 

sur les trois gaz qui sont responsables pour les trois types de pollution que nous avons soulignés 

dans la première partie, c'est-à-dire le dioxyde de soufre et les oxydes d'azote pour les pollution 

locales et régionales et le dioxyde de carbone pour la pollution mondiale. Pour ces scénarios, 

nous avons décidé de mettre l'accent sur l'intensité des émissions qui peuvent être évaluées soit 

par habitant, soit par rapport au PIB (lorsque l'on parle de pays) soit par rapport à la production 

d'électricité (quand on met l'accent sur le secteur de l'électricité). Ensuite, nous avons choisi 

d'utiliser l'UE-15 comme référence pour ces trois gaz, car elle était parmi les leaders en termes de 

dépollution. Ensuite, nous avons créé deux fois deux scénarios en utilisant les valeurs prévues 

pour le PIB, la population et l'électricité produite en Chine en 2030. L'un est appliqué à la Chine 
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tandis que l'autre est pour le secteur de l’électricité chinoise. Dans chacun de ces deux cas, il y a 

un scénario de Durabilité Minimale et un autre plus souhaitable dénommé Durabilité Pleine. Le 

scénario de Durabilité Minimale applique les intensités d’émission par tête actuelles de l’EU-15 à 

la population prévisionnelle chinoise en 2030 et le scénario de Durabilité Pleine favorise une 

sorte « d’équité compétitive ». Il utilise un indicateur mixte prenant en considération les 

intensités d’émissions à la fois par PNB et par tête, avec un poids de 50 pour cent chacun. La 

seule différence pour le scénario relatif au secteur électrique est que les intensités d’émissions par 

PNB sont remplacées par les intensités d’émissions par unité d’électricité produite. Enfin, nous 

avons montré que la durabilité pleine pouvait être mise en œuvre et par conséquent, devait servir 

d’objectif.  

 

Cela nous a conduits à la troisième partie et l'idée de back-casting. Dans cette partie, nous avons 

analysé ce qui devait être fait pour réduire les émissions nocives de gaz du scénario « Business-

As-Usual » de l’AIE aux niveaux visés. Nous avons montré le rôle négatif joué par les 

subventions qui envoient des signaux erronés aux producteurs et aux consommateurs.  

 

La logique derrière ce travail a été une procédure en deux temps dans laquelle la première était 

liée aux prix alors que la deuxième utilisait les propriétés de cet instrument prix. Par conséquent, 

nous avons travaillé avec des modèles économétriques sur l’augmentation de prix nécessaire pour 

atteindre les scénarios de durabilité pleine. Nous avons constaté qu’une taxe carbone (ou tout 

équivalent tels une hausse des prix réels du charbon et du pétrole) devait augmenter de 8,89 pour 

cent par an pour atteindre le scénario de Durabilité Pleine et de 3,35 pour cent par an pour assurer 

la Durabilité Minimale. Deuxièmement, nous avons montré les effets d’un tel instrument prix et 

avons expliqué les canaux par lesquels une telle augmentation des prix fonctionnait. En effet, la 

tarification a un grand rôle à jouer, soit en rendant l'énergie plus chère et donc avec une plus 

grande valeur (efficacité énergétique), en rendant plus coûteux les combustibles polluants 

(changement du mix énergétique) ou par l'élaboration de nouvelles technologies moins polluantes 

et financièrement intéressantes (contrôle des émissions). Ainsi, nous avons montré certaines de 

ces solutions, soit technologiques soit de diversification, appliquées au secteur de l’électricité 

chinoise. Cela avait pour but de confirmer la viabilité de notre instrument prix. Ces idées ont été 

soutenues avec un modèle qui a souligné l'influence de la diversification et de l'efficacité sur les 

émissions de carbone par habitant. Enfin, nous avons analysé, grâce aux courbes de coût marginal 

d’abattement, l’ordre dans lesquels ces changements allaient se produire, mettant en exergue 

l’important rôle joué par la diversification dans la dé-carbonisation de l’économie chinoise. Ce 

travail nous a aussi permis de confronter nos modèles à une vérification empirique qui a validé 

nos modèles, scénarios et méthodologie.  

 

Certaines questions peuvent se poser sur notre travail notamment concernant l'augmentation des 

prix elle-même. Ceteris paribus, 8,89 pour cent par an est difficilement réalisable de sorte que le 
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scénario de Durabilité Pleine pourrait servir d’objectif pour le dioxyde de soufre et les oxydes 

d'azote, tandis qu’il sera plus tard à obtenir pour le dioxyde de carbone. Toutefois, toute 

augmentation de plus de 3,35 pour cent par an des prix réels permettrait de garantir le scénario de 

Durabilité Minimale. Ce serait déjà un certain succès et cela limiterait les émissions de gaz 

nocifs. En effet, le fait que le scénario de Durabilité Minimale soit un objectif politique réalisable 

est le message clé et ce travail présente également de nombreuses mesures prometteuses.  

 

On peut également se demander si la volonté politique est suffisante et douter de l'acceptabilité 

sociale de la réforme. Ce n’était pas notre but de répondre à cette question mais les coûts 

économiques de la Durabilité Minimale seraient limités. Une mise en œuvre de cette solution ne 

sera ni aisée ni dépourvue de heurts car plusieurs obstacles existent. Certaines personnes peuvent 

essayer de défendre leurs avantages et les dirigeants politiques pourraient être sous l'effet du soi-

disant «biais de mobilisation politique» (AIE, 1999; PNUE / AIE, 2001). Il est plus facile pour un 

petit groupe homogène de faire pression dans leur intérêt que pour les autres de faire pression 

pour l ' «intérêt général». Par exemple, les émeutes et les manifestations qui ont eu lieu en Inde 

en 2000, quand des plans pour augmenter les prix de l'électricité ont été faits (PNUE / AIE, 

2002). L'aversion au risque des investisseurs, l'absence de capacité des petites et moyennes 

entreprises, l'accès aux technologies d'efficacité énergétique, la disponibilité de financement et 

les ressources humaines peuvent être analysées comme des obstacles à l'amélioration de 

l'efficacité énergétique, à la suite d'une augmentation des prix de l'énergie (IGES, 2008). 

Toutefois, il convient de noter que même si incertain avant Copenhague, le climat politique de 

cadre pourrait aider la Chine dans le financement d'une partie des infrastructures nécessaires. En 

outre, nous croyons en la légitimité de cette réforme. La plupart de ces changements pourraient se 

produire à des coûts raisonnables, grâce à la coopération internationale par le biais de la politique 

climatique mondiale et de mécanismes de développement propre, par exemple. Et avec l'argent 

qui pourraient être économisé par le gouvernement (suppression des subventions), et celui qui 

sera collecté par le biais d'un prix sur la pollution, le gouvernement serait en mesure de financer 

de nouvelles infrastructures, ainsi que de mettre en œuvre des politiques visant à améliorer le sort 

des plus démunis.  

 

Concernant la valeur ajoutée de ce travail, à présent, on peut la penser quadruple. Tout d'abord, 

elle a permis de montrer que la Chine a toujours la possibilité de mettre en œuvre des actions qui 

la remettrait sur des rails durables, tout du moins d'un point de vue environnemental. En effet, les 

scénarios créés dans la deuxième partie ont montré que les trois scénarios de Durabilité Pleine 

pouvaient servir d’objectifs.  

 

Le deuxième point était de démontrer la viabilité d'un instrument prix, de déterminer le niveau 

d’augmentation nécessaire et aussi d'expliquer les voies par lesquelles il fonctionnait. Nous avons 

constaté que, bien que très inélastique, ces émissions étaient, comme prévu, négativement 
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corrélées aux prix réels implicites du carbone que nous avions élaborés. En ce qui concerne le 

dioxyde de soufre, les émissions sont également négativement corrélées au prix réel implicite de 

ce gaz, mais apparaissent plus élastiques. Cela valide les propositions de nombreux économistes 

et des organisations internationales d’éliminer les subventions et de mettre un prix sur les 

externalités en Chine. De plus, en augmentant les prix des sources d’énergie polluantes, la 

pollution peut être réduite à travers des canaux tels que l’efficacité énergétique, le contrôle des 

émissions ou la diversification.   

 

Le troisième concerne la dernière partie où, après avoir expliqué comment un changement dans la 

technologie et dans le mix énergétique pouvait permettre d'éviter certains des problèmes 

environnementaux, nous avons fourni un modèle économétrique justifiant ces deux idées. Il a été 

validé économétriquement que, sur la période 1980-2005, les émissions de dioxyde de carbone 

par habitant avaient été négativement corrélées à la diversification du mix électrique et à une 

amélioration de la technologie utilisée pour produire de l'électricité. De plus, on peut souligner 

que la diversification pourrait avoir un plus grand impact que les améliorations technologiques 

dans ce pays.   

 

Le quatrième et dernier point était une vérification empirique utilisant les courbes de coût 

marginal d’abattement. Nous avons comparé le niveau attendu de notre taxe carbone aux courbes 

de coût marginal d’abattement et avons conclu avec une chronologie des différents amendements 

susceptibles de se produire dans le secteur électrique, si une telle proposition était mise en œuvre. 

Tandis que nous avons évalué ce potentiel à 5,35 Gt en 2030 pour un tel prix, les calculs faits à 

partir des courbes de coût marginal d’abattement trouvent 5,4 Gt. De plus, le scénario du secteur 

électrique est aussi cohérent dans la mesure où nous attendions 3,3 Gt de CO2 de réduction et que 

les courbes de coût marginal d’abattement estiment ce potentiel à 2,8 Gt. Au final, cette 

vérification empirique valide nos modèles, scénarios et méthodologie. 

 

Améliorer ce travail pourrait prendre plusieurs formes. Cela peut se faire dans un autre pays, par 

exemple en Inde car elle représente également l'un des plus grands défis en termes 

d'environnement, à la fois local et mondial. L’inde est aussi en forte croissance, très peuplée et a 

une forte dépendance au charbon et à la biomasse qui induit des coûts en termes de santé 

publique très importants. De plus, elle est actuellement le cinquième émetteur mondial de 

dioxyde de carbone et pourrait devenir le troisième d’ici 2015. Et même si la structure politique 

diffère considérablement d’un pays à l’autre, les prix énergétiques en Inde sont aussi grandement 

subventionnés. Ainsi, un tel travail basé sur le back-casting pourrait être conduit pour ce pays 

afin de voir les niveaux d’émissions qui pourraient être demandés et comment les atteindre.  

 

Les autres moyens de compléter et d'améliorer ce travail serait d'approfondir, par exemple, les 

conséquences en termes de marché de l'énergie, de structure ou de réglementation d’une telle 
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proposition. La manière dont ces solutions seraient financées ainsi qu'un travail spécifique sur 

l'électrification des zones rurales pourrait également être une bonne amélioration de cette thèse. 

Ces thématiques ont été laissées de côté, à dessein, dans cette dissertation mais sont d’un grand 

intérêt pour ce pays. Enlever les subventions par exemple, amenderait la structure des marchés 

énergétiques. Le financement de ces nouveaux investissements pourrait se faire de différentes 

façons, ce qui nécessiterait une étude approfondie des mécanismes de financements 

internationaux et locaux. Enfin, l’électrification rurale qui réduirait la pollution locale entrainerait 

également des changements au niveau de la structure des marchés énergétiques, des 

infrastructures et des investissements.  

 

D’autres possibilités consisteraient à améliorer le travail économétrique (en utilisant des 

échantillons différents, par exemple à un niveau provincial) ou les scénarios en tenant compte 

d'une plus grande part de la notion de développement durable. En effet, le travail économétrique, 

au lieu de se faire au niveau du pays, pourrait être conduit à un niveau provincial ce qui 

permettrait de disposer d’un plus grand nombre de données et pourrait peut être souligner des 

tendances spécifiques à certaines provinces. D’autre part, nous avons vu que le développement 

durable englobe plusieurs domaines. Ainsi, un travail prenant en compte une plus grande partie 

de ce concept pourrait être une bonne façon d’améliorer cette dissertation.  
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“The energy future which we are creating is unsustainable. If we continue as before, the 

energy supply to meet the needs of the world economy over the next twenty-five years is 

too vulnerable to failure arising from under-investment, environmental catastrophe or 

sudden supply interruption.”8 

 

Even though China is far from being the responsible alone for this statement, its recent rise on the 

international stage has raised increasing concern. Over the last thirty years, Chinese growth rate 

has averaged approximately 10 percent and so China has gradually augmented its share in world 

trade and represents now about 8 percent of world trade in goods and service (IEA, 2007). To 

fuel its development, China has needed a lot of energy and so has become more and more 

dependant on other countries’ resources. Until the early 90s, it was almost self-sufficient energy-

wise, whereas it now relies on Russia, the Middle-East or Africa. It is today the second world’s 

largest energy consumer and by 2015 will have overtaken the US as world number 1. 

Nevertheless, its level of consumption on a per capita basis stands rather low as compared to 

industrialised countries. According to Brown (2005), if the Chinese were to use oil with the same 

intensity as Americans, they would need by 2031, 99 million barrels per day, when the projected 

production is 116.3, in 2030 (IEA, 2007). As for Sinton (2008), if China were to equal US per 

capita coal use, it would use twice as much as it now does. He also mentioned that equalling US 

per capita total primary energy consumption would drive Chinese consumption to represent 87 

percent of the 2006 world total. Thus, Chinese development may put pressure on the global 

security of supply. However, this essay will focus on the environmental issue that is related to 

energy.  

 

With a low level of CO2 emitted per capita, China is already the first world’s largest emitter. It is 

due to the heavy consumption of coal, emitting CO2, SO2 (of which it is also the first emitter in 

the world) and other impurities in the air, when burnt. Environment is then affected on a local, 

regional and global basis. The global pollution refers to climate change; the regional one to acid 

rain; while the local one is characterised by air or water pollution within a district, for example. 

Climate change might have tremendous implications on public health, coastal areas, food, 

ecosystems…Acid rain is affecting 40 percent of the Chinese territory and Japan, Korea and to a 

lesser extent Canada and the US are suffering from Chinese pollution through acid rain (IEA, 

2007). And on a local level, the World Bank (1997) found that total cost of pollution (urban and 

outdoor air pollution, acid rain, water pollution …) corresponded to 3.5 or 7.7 percent of GDP, 

depending on the methodology used (Human Capital or Willingness To Pay valuation).  

 

With China’s impressive growth, forecasts show that the level of both emission and consumption 

will not be sustainable on a global scale. Indeed, the path that China took, in the past few years, 

                                                 
8 IEA (2006), p. 3   
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was a very energy-intensive one; raising concern around the world. China and the world are at a 

critical crossroads now. If the most populated country in the world cannot achieve an 

environmentally sustainable pattern of growth, the resource capacity of the world could soon be 

exceeded and environment devastated.  

 

The concept of sustainable development was first mentioned in an IUCN report (1980) and then 

popularised by the UN Brundtland Commission (1987, point 49) that defined it as  

 

“a development that meets the needs of the present generation without compromising the 

ability of future generations to meet their own needs”.   

 

This means China has to find a way of keeping its significant growth rate without jeopardizing its 

future and the future of the world. Indeed, pollution is a great concern. Not only does it hamper 

agricultural productivity (regional pollution) or does it increase asthma or cancer (local one) but 

now, it can change the climate and so, the conditions in which and the way people live. In Martin 

Luther King’s own words9:  

 

“Human progress is neither automatic nor inevitable. We are faced now with the fact that 

tomorrow is today. We are confronted with the fierce urgency of now. In this unfolding 

conundrum of life and history there is such a thing as being too late…We may cry out 

desperately for time to pause in her passage, but time is deaf to every plea and rushes on. 

Over the bleached bones and jumbled residues of numerous civilizations are written the 

pathetic words: Too late.” 

 

This quote delivered in a sermon on social justice in 1967 still retains a powerful resonance. In 

2009, the world is also confronted to a fierce urgency for which it might soon also be too late. 

That crisis is climate change. To avoid irreversibilities, one needs to act now. Besides, some of 

the changes in the energy sector needed to curb CO2 emissions also reduce SO2 emissions and by 

doing so, decrease the burden on public health. Those issues merit public attention and immediate 

action as climate change, according to UNDP (2007) is “the defining human development issue of 

our generation”10.  

 

This dissertation aims at describing the environmental impact of the rising energy use in China 

and most importantly endeavours at answering the question: what solutions could be 

implemented now to achieve such an environmentally sustainable development?  

 

                                                 
9 King (1967) cited in UNDP (2007), p. 1  
10 UNDP (2007), p. 1  
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In economic theory and in absence of externalities, efficient pricing exists when the incremental 

cost of producing, transporting and distributing a commodity equals its market price (The World 

Bank, 2007). It is the reason why many scholars have advocated for a subsidy removal in China. 

As subsidies affect either the prices paid by producers or consumers or the prices received by 

producers, they create market distortions. Assuming that polluting fuels are most of the time 

subsidised, this leads to an over-optimal level of pollution. Reducing (or removing) subsidies 

enables to reduce the incentive to consume or to over-consume polluting sources of energy. The 

IEA (1999) showed that a subsidy removal in China would reduce CO2 emissions by 13.44 

percent while increasing GDP by approximately 0.37 percent and in 1992, Larsen, Shah (1992) 

advocated that economic policies should first and foremost remove fossil fuels subsidies in order 

to protect both local and global environment. The same rationale can be applied to internalising 

the externalities (and thus, putting on price on noxious emissions) that is one of the common 

ways to tackle pollution. This idea dates back to the works of Pigou and has been used with 

emissions trading in the Kyoto Protocol or in the US with the EPA’s Emissions Trading Program 

or with carbon taxes in Finland or Sweden (Blackman, Harrington, 1999).  

 

The notion of energy prices and a possible increase in China has already been tackled. Hang, Tu 

(2007) worked out coal, oil and electricity price elasticities in China to underline the positive 

impacts of higher energy prices on energy efficiency and security of supply. Shi, Polenske (2005) 

also confirmed that China’s energy intensity was negatively correlated with energy prices. And 

the above-mentioned study from the IEA (1999) also highlighted the positive effects of a subsidy 

removal on CO2 emissions in China.  

 

In this essay, we intend to show that the window of opportunity is not closed yet and that, thanks 

to a negative price elasticity of noxious emissions, this type of instrument could work in China. 

First of all, through a subsidy removal, the government would enable the energy prices to give 

correct signals to consumers that would therefore reduce the quantity of fossil fuels consumed 

and to producers that would go for better technologies or less polluting fuels. Then, by making 

the producers pay for the externalities they create through for example carbon emissions fees or a 

sulphur tax, the government would also reduce pollution. Overall, implementing an energy price 

increase would decrease energy intensity, help reduce the consumption of polluting fuels and so 

carbon and sulphur emissions, and improve public finance. 

 

In order to fulfil this task, our methodology will include back-casting and econometrics and it 

will structure our essay. We will firstly focus on Chinese energy demand and its environmental 

consequences by taking into consideration different surveys and forecasts of the Chinese energy 

mix, consumption and intensity and then analyse how these aspects impact the environment on a 

local, regional and global scale. Doing so, we will highlight the urgent need for action and the 

almost environmentally unsustainable way China is developing.  
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This will pose the question for a precise definition of what is sustainable and what is not. The 

second part aims at defining a so-called environmentally sustainable development first through 

the legacy of economists, then through its proper definition and finally with the creation of 

scenarios at the horizon 2030. Those scenarios will be drawn by giving guidelines of certain pre-

defined indicators at the horizon 2030, both for the Chinese economy as a whole and for the 

Chinese power sector in particular. In order to do so, we will apply environmental standards 

taken from existing indicators to the forecasted Chinese GDP and population in 2030.  

 

Those scenarios will enable a back-casting in the third and final part. This section will be more 

practical. As explained above, we will argue that the solution that should be favoured relates to 

prices, with a subsidy removal coupled with the internalisation of externalities. This will be the 

aim of the first point. To work out the level of price increase required to put China back on 

sustainable tracks, we will calculate the price elasticity of polluting emissions in China. The 

principle of our models will be to compose carbon and sulphur dioxide prices by using the 

respective share of coal and oil in the emissions. This idea can be linked to that of Eskeland et al. 

(1994) who used the price elasticities for each kind of energy sources and their relative shares in 

noxious emissions to calculate the different emission price elasticities. We will conclude this 

point by underlining some of the difficulties inherent to those changes. The second point will 

show how this price mechanism operates through technology upgrading and diversification. A 

number of opportunities concerning these two aspects in the power sector will be detailed. This 

idea will be backed up with an econometric model explaining the carbon emissions with 

technology and diversification. Lastly, we will review marginal abatement cost curves and 

compare them to the level of our tax to assess the expected changes following our proposal and 

will then be able to analyse the timing and which solutions would be preferred. We will also 

confront the expected reductions to the reductions required to reach our scenario in an attempt of 

empirical verification.  
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Introduction 

 

China has been growing at an extremely fast pace over the last thirty years (1980-2008). Indeed, 

growth averaged roughly 10 percent over this period. This has had dramatic consequences on 

numerous markets: in 2004, the most populated country in the world was consuming 55 percent 

of the global cement production and 36 percent of that of steel (Paul Scherrer Institut, 2006). The 

number of roads in China has more than doubled since 2001 and is now the second in the world, 

just after the US (Paul Scherrer Institut, 2006). China could even become the global leader in 

terms of GDP by 2050 (Paul Scherrer Institut, 2006).  

 

These huge developments have also affected the energy markets. China is now the second energy 

consumer and a major energy producer (Ball et al., 2003). Because of its size and population, 

developments of the Chinese energy sector have had tremendous implications on global energy 

markets. This consumption, though high in absolute terms, is still pretty low on a per capita basis. 

In 2005 a Chinese consumed on average 1.2 tons of oil equivalent. The same year, a Japanese 

was consuming 4.1 toe, a European 3.5 and an American 7.9, as shown on figure 1.1 with 2005 

figures (Rosen, Houser, 2007).  

 

Figure 1.1: Per Capita Energy Demand (toe, 2005) 

 
Source: Rosen, Houser (2007) 

 

This has even been more noticeable since China became more open and integrated to the global 

economy. Now any fluctuation in the Chinese demand impacts global markets and changes in 

global energy markets have, in return, effects on China. This Chinese impact will keep on 

growing as it is expected that Chinese will consume more and more energy and goods along with 

their enrichment. However, Chinese energy demand is not the biggest point of worry, as far as 

this essay in concerned. Indeed, when such a huge population rapidly increases its per capita 

income, repercussions on the environment can be massive (Banister, 1998). For instance, China 
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is already the first sulphur dioxide and carbon dioxide emitter in the world and this leads to an 

ever-increasing burden on public health, both at a regional and local level. Besides, the issue of 

global warming is also at stake. The goal of this part is to present the environmental 

consequences of this rising energy consumption. Hence, it will be divided into five points. After 

having briefly presented China from a political, social and economic point of view, we will turn 

to the description of its past, current and forecasted energy consumption, in terms of figures, fuel 

mixes, expected developments, contracts, etc. Then, an international comparison will be made on 

energy intensity before analysing the impact of the Chinese energy development on global, 

regional and local pollution. Lastly a brief word will be said on the Environmental Kuznets 

Curve.  

 

It is noteworthy that energy is a very broad subject. Indeed, energy-related topics affect any 

nations’ economy, firms and households both from an economic and from an environmental point 

of view. In our case, we will not address issues such as regulation, infrastructure or ownership 

structure.  
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1.1/ A brief political, economic and social overview of the country  

 

Located in East Asia, China is the third country in the world in terms of surface (9.6 million km²) 

and the most populated with 1.33 billion inhabitants (CIA, 2008). The population density is much 

higher along the coasts than inland and the east coastal areas are generally more populated, more 

educated, more advanced economy-wise and benefit from a better climate (Jiang et al., 2007).  

 

China has been one of the leading civilisations in the arts and sciences for many centuries. 

According to El Karouni (2008), the recent fast expansion should rather be analysed like a rebirth 

than a birth. Until the XIXth century, China was far ahead of Western economies (El Karouni, 

2008). However, during the XIXth and XXth centuries the country has been harried by civil 

unrest, starvation, military defeats … After World War II, Communists established the People’s 

Republic of China under Mao Zedong and his autocratic socialist system (CIA, 2008). Since 

then, the PRC has been characterised by its regime in which the Communist Party of China 

(CPC) has a role in all central and local state organs (IEA, 2007). The CPC is even the largest 

political party in the world with about 67 million affiliates (IEA, 2007).  

 

China’s 23 provinces, 5 autonomous regions and 4 province-level cities are represented in the 

2987 seats National People’s Congress, which is the highest level of state authority. It, among 

others, enacts laws, sets policy and appoints the President (CIA, 2008). The President is the head 

of the state and often is also the head of the CPC.  

 

There have been gradual changes in China in the last twenty-five years. In the economy sector, 

state enterprises have become more and more managerial independent and private sector has 

grown and since the early 90s, regional autonomy has been increased (IEA, 2007). Indeed, prior 

to 1978 and the opening up implemented by Deng Xiaoping and his successors, there was no 

private sector as such and it has now become the first destination of foreign direct investment 

flows (Helio International, 2006).  

 

Since 1980 China has been growing at a phenomenal pace of 9.8 percent per year, on average. It 

represents 5.5 percent of global GDP and China is currently ranked fourth nation in the world in 

GDP expressed at market exchange rates (IEA, 2007). This economic growth has substantially 

reduced poverty thanks to a rise in personal income. The main source of this growth is industry 

that contributed for 49 percent of Chinese GDP in 2004, as shown on figure 1.2.  
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Figure 1.2: Sector breakdown of GDP, 2004 

 
Source: International Energy Agency (2007) 

 

The service sector represents 39 percent while agriculture corresponds to the remaining 12 

percent. Industry accounts for a much higher share of GDP in China than in other countries, 

developing one and OECD members. One can reasonably believe that over the coming years, the 

agricultural share will decrease in favour of the services’. For instance, Zhihong (2004) estimates 

that a reasonable GDP mix by 2020 would be: 8, 49 and 43 percent respectively for the 

agriculture, industry and services.  

 

This development has been made along with the Chinese integration into the global economy. 

China has received massive foreign investments and is exporting lots of manufactured goods. 

Besides, it is in the middle of the current wave of economic globalisation with its integrated 

financial markets and increasing international trade and capital flows (IEA, 2007).  

 

China is now one of the most open economies. Indeed, it currently accounts for 8 percent of the 

world exports and for 6 percent of the world imports. Over the last seven years, these shares have 

even reached respectively 13 and 10 percent of the world increase (IEA, 2007). The figure below 

(1.3) shows the Chinese share in world trade in goods and services compared with four other 

countries, very active on the global markets, namely Germany, the US, India and Japan. On this 

chart, one can see that the Chinese curve has been steadily steepening between 1980 and 2000, 

and since then has skyrocketed to overtake the Japanese one.  

 



Part I: The environmental implications of the Chinese energy development 

  44  

Figure 1.3: Chinese, Indian and Japanese share in world trade in goods and 

services compared with Germany and the US:  

 
Source: International Energy Agency (2007) 

 

What derives from the Chinese activity on the global markets is that China is the world’s leading 

consumer and importer for many commodities. On table 1.4 below, one can notice that China is 

almost always ranked first in terms of metal, energy or agriculture consumption.  

 

Table 1.4: Consumption and world ranking of primary commodities for China, 

India and the US:  

 
Source: Streifel, (2006) 
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Economic growth comes from increased inputs of labour, capital but also and more importantly 

from productivity gains that have been positively influenced by the authority’s decisions to free 

the market (IEA, 2007). Hence, capitals have been moved to higher productivity sectors and more 

efficient use of capital and labour has been made.  

 

The Chinese growth has brought positive results in terms of poverty alleviation: millions of 

people have been lift out of poverty in the past twenty years, as shown on figure 1.5.  

 

Figure 1.5: Number of poor* 

 
Source: International Energy Agency (2007) 

 

The two principal explanations for this phenomenon are industrialisation and urbanisation (IEA, 

2007). The urban unemployment rate is pretty low (4.1 percent; IEA, 2007) which means that 

Chinese cities have been able to absorb rural migrants and provide them with a job. In 1975, the 

urban residents represented 17.4 percent of the population while they accounted for 41.8 percent 

in 2004 (Helio International, 2006). The remaining poor are mostly people that are not able to 

participate in this expanding economy namely the elderly, the disabled and those living in remote 

rural areas (IEA, 2007). Among the challenges that lie in front of China are the rapid urbanisation 

and the ageing of the country. Indeed, the population living in urban areas is expected to reach 60 

percent in 2030 and ageing, the downside of the one-child policy (figure 1.6), might put a heavy 

burden on public spending in the years to come. One of the fears is that China reaches aging 

levels before development levels of the Western, developed countries (Jiang et al., 2007).  
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Figure 1.6: Ageing  

 
Source: International Energy Agency (2007) 

  

Now, that the country has been briefly introduced we will turn to the sector that is of interest in 

this essay: energy.  

 

1.2/ Chinese energy demand and energy mix  

 

The aim of this section is to present the current and forecasted Chinese energy consumption, its 

trends and its drivers. It will be divided into two sub-parts. The first one will cover the past and 

current trends of the energy mix and Chinese consumption while the second one will focus on 

different forecasts, trying to find out what will be the future energy consumption and energy mix 

of China in the years to come.  

 

1.2.1/ Past trends and current energy mix  

 

In this part, we will first have a general overview of the Chinese energy consumption and 

production and will then study successively the different sources of energy, that is to say coal, 

oil, natural gas, power and the other sources (biomass and non-hydroelectric renewable energies), 

their use and their evolution.  

 

 

 



Part I: The environmental implications of the Chinese energy development 

  47  

1.2.1.1/ General Overview  

 

When in 1949, the Chinese independence was declared, the country was one of the least 

developed in the world energy-wise. The 550 million inhabitants had only 32 million tons of 

coal, 4.3 TWh of electricity and an unknown amount of biomass to heat or cook in rural regions 

(Locatelli, Martin-Amouroux, 2005). 20 years later, rural China is still relying on biomass but 

modern sources of energy are now used with coal mines development (600 million tons), oil 

exploitation (106 million tons) or natural gas (14.5 Gm3) (Locatelli, Martin-Amouroux, 2005). 

The energy consumption per capita is still pretty low (0.5 toe in 1978 – 1.19 in 2005) but the 

energy industry now exists (Locatelli, Martin-Amouroux, 2005). With 1.33 billion inhabitants 

and economic growth averaging 9.8% over the past thirty years, Chinese energy demand has 

soared to fuel its expanding industrial and commercial needs while households were experiencing 

rising living standards and thus, increasing their consumer goods’ needs. Figure 1.7 below 

highlights the growth in Chinese energy demand between 1971 and 2006 as well as the historic 

overwhelming reliance on coal and to a lesser extent on oil and biomass. We can also see that this 

demand has more than quadrupled over these 35 years and that the increase has even been faster 

since 2000. Now, China is the second largest energy consumer and accounts for 15 percent of the 

global total primary energy demand.  

 

Figure 1.7: Total primary energy demand in China, 1971-2006 (in ktoe)  

0

200000

400000

600000

800000

1000000

1200000

1400000

1600000

1800000

2000000

1
9

7
1

1
9

7
4

1
9

7
7

1
9

8
0

1
9

8
3

1
9

8
6

1
9

8
9

1
9

9
2

1
9

9
5

1
9

9
8

2
0

0
1

2
0

0
4

Other renewables

Biomass and waste

Hydro

Nuclear

Natural gas

Oil

Coal and coal products

 
Source: IEA Statistics 



Part I: The environmental implications of the Chinese energy development 

  48  

Over this period, China has changed from an almost self-sufficient energy consumer to one of the 

major players on the energy markets. For instance, until 1993, China was self-sufficient in terms 

of energy needs (The Brookings Institute, 2006). Even though on a per capita China is far from 

the Western levels, it is today the second world’s largest energy consumer. Its energy mix is now 

quite stabilised and is heavily reliant on coal with a share of 62.8 percent in 2005 (figure 1.8) and 

64 in 2006 (IEA, 2007; IEA, 2008).  

 

Figure 1.8: Total primary energy demand in China, 2005 

 

Source: International Energy Agency (2007) 

 

Confronting this figure with figure 1.9 shows the heavy reliance on coal based on huge reserves 

and on the weak role played by natural gas in China. While on average on Earth coal accounts for 

26 percent of the energy mix, it represents more than 60 percent in China. Its importance has 

even been increasing in recent years due to the surge in electricity needs, which is, as we will 

later see it, coal-based at 80 percent (IEA, 2007). Oil is less intensively used, because Chinese 

government has for long lauded self-sufficiency; even though oil use has been growing quickly 

recently. The importance of hydropower and nuclear power is smaller in China than worldwide. 

Nevertheless, China has got many projects concerning these two types of energy as well as other 

renewables. Lastly, biomass remains an important source of energy, even though its use has been 

considerably reduced in the last two decades. It is noteworthy that in China, unlike in other 

developed countries, biomass refers to non-commercial traditional biomass. But we will revert to 

this in the section devoted to biomass.  
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Figure 1.9: Global energy mix in 2006  
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Industry is the largest final user of energy in China with roughly 40 percent of total demand. In 

recent years, its share has increased reaching 42 percent in 2006 (IEA, 2007). It is followed by 

residential at 30 percent, then transport with its share increasing from 5 percent in 1980 to 11 

percent in 2005 and lastly, the commercial sector with 4 percent tied with agriculture (IEA, 

2007). Chinese energy demand is above all an industry-led demand with iron and steel, 

chemicals, cement and glass or non-ferrous industries (Rosen, Houser, 2007). But it is also 

becoming a consumption-driven demand thanks to the rise in per capita income and the 

emergence of a new middle-class, the average representative member of which has air 

conditioners, automobiles and other intensive energy consumer goods within reach. When a 

country reaches a GDP of $ 5,000 per capita, the industry sector is overtaken by transportation 

and consumption as driver of energy demand (Rosen, Houser, 2007). Between 1978 and today, 

the GDP per capita increased from $200 to $ 2,000. However, in several coastal regions, like 

Shanghai or Beijing, this mark has already been surpassed (Rosen, Houser, 2007). So, even 

though today the Chinese energy demand is still mainly industry-driven; it is expected that along 

with the enrichment of Chinese, the energy demand will be more and more influenced by 

consumer goods such as electrical appliances, or transportation needs. For instance, the number 
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of air conditioners per one hundred households grew from 8.09 in 1995 to 51.10 in 2002 (The 

World Bank, 2007a).  

 

We will now review the different types of energy with their use, major fields, developments…A 

point will also be made on the drivers of the coal and power demand since they are of great 

importance in the Chinese development.  

 

1.2.1.2/ Coal - drivers of demand 

 

China has huge coal reserves, third in the world after Russia and the United States, and represents 

approximately 12 percent of world reserves11 (figure 1.10).  

 

Figure 1.10: Proven coal reserves in leading producing countries, 2005 

 

Source: International Energy Agency (2008) 
 

China is currently, by far, the first coal producer and consumer worldwide. On a global 

production and consumption of 4,154 Mtce, China accounts for respectively 1,536 and 1,636 

Mtce while for instance, the US (the second consumer), Mexico and Canada combined consumed 

only 846 Mtce in 2005 (IEA, 2007). It accounts for 40 percent of the world’s total coal 

consumption (IEA, 2008). The strong use of coal in China can be explained by its reserves and 

the will of the Chinese government to be as energy-independent as possible. For instance to fight 

against the energy shortages of the 1980s, the government decided to promote small-scale coal 

mines possessed by towns or villages (APERC, 2004). China’s coal production comes from 778 

large state-owned mines (57 percent), 1,200 medium-sized state-owned mines (15 percent) and 
                                                 
11 Proven reserves amount at 115 billion tonnes, which yield to a reserves-to-production ratio of 50 years. However, 
coal resources may be calculated with exploration and mapping. They would then be evaluated at 1,003 billion 
tonnes, which would make Chinese the second in the world, only behind Russia’s (IEA, 2007).  
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23,400 village or township mines (28 percent) (Karplus, 2007). Nearly all those mines 

(underground for an overwhelming majority) have been disturbed by low recovery rates and poor 

safety records. Chinese mines are known to witness lots of accidents. Indeed, 5,798 workers die 

from a mining accident in 2000 in China and 5,208 in 2001 (Lawrence Berkeley National 

Laboratory, 2004; Ball et al., 2003). This is mainly due to the fact that laws that have been 

enacted to promote safety are not implemented, that there is also a lack of investment made by 

firms and the problem that China has to impose a safety culture. For example, at the end of the 

nineties, 72 percent of the accidents happened in township mines; a third of which work without 

permit and two-thirds of which without being able to comply with the minimum safety 

requirements (IEA, 1999). However, progresses have been made to reduce the rate of accidents. 

Between 1980 and 2002, the number of fatalities fell from 8.2 persons / Mt to 4.9 (UNDP, WB 

ESMAP, 2004). Yet, China has still fatality rates among the highest of the word and is 100 times 

larger than in the US coal industry (UNDP, WB ESMAP, 2004).  

 

What also justifies extensive use of coal is that it is relatively cheap12 compared to other fuels and 

is subsidised by the government13. However, as noted by Chevalier (2005), there was a fear that 

Chinese demand outpaces Chinese production because of power generation and steel industry. 

This is now the case and China was a net exporter every year, until 2007. That year, a surging 

demand for steam coal (mainly due to power generation) made China become a net importer 

(IEA, 2007). Between 2000 and 2007, Chinese coal consumption nearly doubled (EIA, 2008). 

This heavy reliance on coal has strong environmental consequences, as we will see later in this 

part.  

 

Coal is mainly used for power generation and the industry for steam and direct heat (notably in 

chemical, cement and paper industries) or in the process of steelmaking, as shown on figure 1.8. 

Indeed, 81 percent of coal consumed is used either for power generation, or in the industry. It can 

also bee seen from figure 1.11 where an overwhelming share of coal is consumed by the industry.  

 

                                                 
12 The lack of safety improvement can be analysed as another cause of this low cost 
13 We will revert to that notion in the third part 
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Figure 1.11: Coal balance sheet (in 10,000 tons)  

 
Source: National Bureau of Statistics of China (2007) 

 

1.2.1.3/ Oil  

 

China’s proven oil reserves were estimated at 16 billion barrels in 2008, the equivalent of 1.2 

percent of the world reserves (EIA, 2008). Its need for oil is increasing every year and is affecting 

the oil market. Until the early 1990s, China was a net oil exporter thanks to a significant growth 

of its oil production due to the introduction of high technologies. Twenty years ago, China was 

even the East Asia’s largest oil exporter (Zweig, Jianhai, 2005). Nevertheless, the small increase 

in its production in the 1990s has not been able to bridge the growing gap between oil supply and 

demand. Thus, Chinese production capacity is limited (although being the fifth oil producer in 

2006) and China is importing more and more oil every year. This has been particularly true since 

2000, which in terms of volume constitutes a breaking point. For example, its oil consumption 

doubled between 1995 and 2005 (Bustelo, 2005). It is now the second oil consumer in the world 

with 7.5 Mb/d in 2007 (IEA, 2008). The huge quantities at stake sparked tensions on the oil 

market and oil prices increased. The recent explosion in oil demand surprised both Beijing and 

the international markets. Most of the people forecasted oil demand to grow half as fast as GDP, 
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as it has been done the last two decades (Rosen, Houser, 2007). However, these assumptions 

were wrong on two grounds: the growth has been higher than expected as well as the oil-intensity 

of the growth (Rosen, Houser, 2007). Because of that, China also became the third oil importer 

behind the US and Japan, with 3.5 Mb/d imported in 2006 (IEA, 2007). The ever increasing gap 

between production and consumption and the decreasing self-sufficiency can be seen on figure 

1.12.  

 

Figure 1.12: China’s oil production, consumption and self sufficiency, 1990-2006 

 
Source: Cornelius, Story (2007) 

 

Oil is mainly used for industry and transport needs, and is therefore a key resource. In recent 

years, the number of registered cars has surged thanks to the increase in per capita income, 

available highways and the national automobile industry. The number of automobiles (that 

includes cars, trucks and motorcycles) grew from 6.3 million in 1990 to 12.9 million in 1995, 

22.3 million in 2000 and 36 million in 2003 which corresponds to a six fold increase in 13 years 

(Bustelo, 2005).  

 

This is probably why China’s influence is widening on oil regions such as the Middle East 

(mainly Saudi Arabia), Africa (Angola notably) or some part of the Asian Pacific region, to 

secure oil access. Indeed, the biggest suppliers are currently the Middle East and Africa, 

representing almost 80 percent of the oil imported to China, as shown on figure 1.13. China is 

also trying to strengthen its relationship with Russia through for example the Shanghai 

Cooperation Organisation created in 2001 by Russia, China, Kazakhstan, Kyrgyzstan, Tajikistan 

and Uzbekistan. One can also name the Eastern Siberia – Pacific Ocean pipeline (ESPO) that 

intends to deliver to China and Japan, via two separate routes (see annex 1.1). The construction 
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started in 2006 and until completion the oil will be delivered to China by rail (Gagarina, 2007). 

Theoretically, they should be served first, with approximately a capacity of 0.6 million barrels per 

day (IEA, 2007). The spur to China will be built by Transneft for the Russian part and by the 

China National Petroleum Company for the 992 kilometres from the Russia-China border to 

Daqing. The construction of this section started mid-May 2009 and should be completed by 

October 2010 (Watkins, 2009).  

 

Figure 1.13: China’s crude oil imports by origin in 2006 

 
Source: International Energy Agency (2007) 

 

In the late 80s China launched the policy of so-called “going-out”. It corresponds to acquiring 

equity stakes in exploration and production assets overseas. This policy’s goals were twofold: 

matching the increasing oil needs and creating competitive international companies. As for the 

energy security, it enables a country to possess oil reserves and to be able, in case of supply 

disruption or oil blockade, to reroute physical flows of oil. Besides, it can act as a sort of hedge in 

case of price hike as government would be able to cap the price and redirect the oil to the national 

market. As of 2007, Chinese National Oil Companies (NOC) held 0.6 Mb/d of oil production 

abroad (IEA, 2007). These companies have recently invested in countries such as Nigeria, 

Indonesia, Sudan, Angola or Kazakhstan and 40 to 50 percent of that oil is shipped to China 

(IEA, 2007). The Chinese NOC are seeking those resources abroad with the help and support of 

the government. Indeed, China cultivates bilateral relations with those countries by giving 

development assistance and aid (Zweig, Jianhai, 2005). Besides, the Chinese development 

strategy gives little room for morality as China has already signed deals with so-called pariah 

states that do not respect international regimes (Zweig, Jianhai, 2005). For instance, the Chinese 

have constructed a 1,650-km-long oil pipeline in Sudan (Michel, Beuret, 2008). China through 

China National Petroleum Company (CNPC) has invested a lot in this country and has enabled 

Sudan to become an oil-exporting country in 1999. Beijing has developed oil fields, built up the 
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three Sudanese oil refineries and two pipelines (Michel, Beuret, 2008). These two countries owe 

each other a lot. While China helped Sudan during the Darfur events by pleading at the UN and 

invested in this country, Sudan enabled China to train its manpower and its methods as well as to 

own oil (Michel, Beuret, 2008).  

 

1.2.1.4/ Natural gas  

 

China’s proven gas reserves amounted to 3,720 bcm in 2006, which account for 2 percent of 

world gas reserves (IEA, 2007). Even though, natural gas was burned some 2,500 years ago 

under shallow pans of seawater to collect salt; natural gas has not been, historically, a major 

component of the Chinese energy mix (Karplus, 2007). One can even notice that China has been 

one of the first country in the world to use natural gas when it produced and transported it in 

bamboo pipes 2,000 years ago (IEA, 2002). Until the 1990s, natural gas was used as feedstock 

for fertiliser plants, with little use in power generation. But natural gas has a big advantage: it is a 

non-pollutant source of energy. Its use has already been expanded since 1997 and domestic 

production has been increased from 26.2 Bcm in 2000 to 60 in 2006 (Ni, 2007). In terms of 

consumption, with the inauguration of the West-East pipeline (see annex 1.2) the share of gas 

consumption has gradually changed from fertiliser plants to city gas users, which now stand as 

the biggest consumer with 32 percent of total natural consumed in China in 2006 (Ni, 2007). 

Unfortunately, there is no real worldwide market yet for natural gas as transportation is 

expansive. Transportation costs are ten times higher than those of oil, because of the nature of the 

commodities itself. At the moment, there are three different markets: the US, Europe and Eastern 

Asia dominated by Japan. China will increase in the future its use of natural gas, with Liquefied 

Natural Gas (LNG) and pipelines transporting gas to China. China started to import liquefied gas 

in 2006 and the volumes are to rise in coming years (IEA, 2007). Indeed, the costs of LNG have 

significantly fallen over the past few years and are still declining. Two projects that have boosted 

China’s natural gas supply in recent years can already been named. The first one is the West-to-

East gas pipeline going from Talimu to the coastal city of Shanghai with a capacity of 12 billion 

cubic metres of gas per year (annex 1.2). The second one is Guangdong LNG project. It includes 

receiving terminals, re-gasification facilities, storage facilities and more than 300 km of pipelines. 

It is noteworthy that there is an extension project for the West-to-East pipeline that will see its 

capacity increase to 17 Bcm per year by 2010 (Ni, 2007).  

 

1.2.1.5/ Power mix – drivers of demand 

 

With total electricity generation of 2,544 TWh and installed capacity of 517 GW in 2005, 

Chinese electricity market is the second largest in the world, behind that of the US (IEA, 2007). 
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As noted by KPMG (2006), “in the China of today, nothing happens slowly”14. Indeed, between 

2000 and 2004, 127 GW of new power generation capacity were added, including 50.6 for the 

only year 2004 (Sun, 2005). In other words, China added in 2004 the generating capacity of 

Spain or California (Lin, 2007). The recent increase (period 2000 – 2005) in electricity 

generation can be seen on figure 1.14. One can notice that every year the consumption of 

electricity has grown by an almost double digit rate (between 9.9 and 15.4 percent) (KPMG, 

2006). Overall between 2000 and 2006, China saw a doubling of its electricity demand (IEA, 

2008).   

 

Figure 1.14: Chinese electricity consumption 

 
Source: KPMG (2006) 

 

Power generation represents slightly less than 40 percent of the total primary energy use in 

China. This share is a bit higher than in other countries, which shows both the relative importance 

of electricity in final demand and the relative inefficiency of the Chinese power plants; even 

though improvements have been made in recent years (IEA, 2007). Generally speaking, power 

can be generated through several ways: hydroelectricity, nuclear power, wind power or thermal 

plants using coal or natural gas. The current power mix in China reflects its heavy reliance on 

coal15, as shown on figure 1.15. These figures can be compared with the world average. In 2005, 

40 percent of the electricity generated came from coal, 20 from gas, 16 from hydro and 15 from 

nuclear (IEA, 2007).  

 

                                                 
14 KPMG (2006), p. 4  
15 It can even be noted that power generation is made of coal at 89 percent (IEA, 2007).  
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Figure 1.15: Electricity generation (up) and Installed capacity (low) in China in 

2006 
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Source: International Energy Agency (2008) 

  

Since the Chinese primary energy mix could be characterised by “being rich in coal and deficient 

in oil and natural gas”16, China relies heavily on coal for its power generation, even though, it 

can improve the environmental impact of its coal-fired unit, as it will be seen in the last part. The 

                                                 
16 Cap Gemini (2005) 
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proportion of power made from coal is so high that it accounts for 72 percent of the total installed 

capacity and for 80 percent of the total electricity generated (IEA, 2008). The coal share in those 

mixes has even been increasing in recent years due to high oil prices and repeated shortages (Ni, 

2007). This point will be further highlighted in the third part of the essay but one of the problems 

of the Chinese power mix is the high percentage of small scale thermal power units, as shown on 

figure 1.16. One can see that only 45 percent of those units are generating 300 MW or more. This 

leads to lower average efficiency in coal-fired power plants compared with international 

standards. However, the government recently decided to close the small thermal power plans of 

100 MW and less (Ni, 2007).  

 

Figure 1.16: Capacity Mix of Thermal Power Units (2004) 

 
Source: Ni (2007) 

 

As for hydropower, China has rich water resources and thus big room for development. It 

currently represents the other big part of the power mix with respectively 22.63 and 15.61 percent 

of the installed capacity and electricity generation (IEA, 2007). Besides, the annual growth rate 

for both of them is about 12 percent (Huang, Yan, 2008). Over the next decade, China has 

extensive plans to increase its hydroelectric capacity such as the Three Gorges Dam project under 

construction that remains the world’s largest and most ambitious project of this type. The Three 

Gorges Dam on the Yangtze River will have an installed capacity of 22.5 GW when it will be 

completed in 201117. It has currently 18.3 GW in operation and the electricity produced by this 

dam will be available within a thousands kilometres radius of the dam, as far as Shanghai and 

Guangzhou which are both well-developed cities (IEA, 2007).  

 

                                                 
17 http://en.wikipedia.org/wiki/Three_Gorges_Dam 
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Nuclear power, firstly used in 199118, accounts for only 2 percent of the total electricity 

generation, when the world’s average level is 15 percent (IEA, 2007).  

 

Wind energy accounts for 0.2 percent of total installed capacity. However, as it can be seen on 

table 1.17, wind energy has doubled its capacity between 2005 and 2006, thanks to an 

increasingly strong environmental policy and is the fastest growing power-generation technology 

(Lewis, 2007; Martinot, Junfeng, 2007).  

 

Table 1.17: Installed Wind Power Capacity in China, 1990-2006 

 
Source: Lewis (2007) 

 

Lastly, even though solar photovoltaic does not appear in the charts, its production capacity has 

increased from 350 MW in 2005 to 1,000 MW in 2006 (Martinot, Junfeng, 2007).  

 

It should be noted that the development of the electricity sector in China has been dramatic. In 

the early 80s, a large share of the country’s population had hardly enough fuel for basic heating 

and cooking needs and no access to electricity (IEA, 2007)19. Thanks to rigorous policies 

implemented, now, all but 10 million households have access to modern forms of energy: 

electricity, biogas or LPG available in numerous towns as well as improved stoves (IEA, 2007). 

Chinese electrification rate reached 99 percent in 2005. However, there are questions about the 

quality of the service. Indeed, are considered connected, any households that can light a bulb 

                                                 
18 CNNC started the construction of a nuclear power plant in Qinshan in 1985 that went into commercial operation in 
1991 (Xu, 2008) 
19 It can even be noted that in 1949 installed capacity amounted to 1.85 GW (Yang, 2006) 
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(IEA, 2007). Hence, there are still progresses to be made but the way and pace China has 

alleviated energy poverty is extremely impressive.  

 

In terms of consumption, most of the electricity generated in China is used by the industry, which 

accounts for more than 75 percent. The rest in consumed by residential (11.5), commercial (10) 

or agricultural sector (3) (Ni, 2007; figures as of 2006). The industrial demand for electricity is 

driven by continuous growth of steel, cement or aluminium sectors that are very energy-intensive. 

These statements can also be witnessed from the figure 1.18 where industry has the main share of 

the electricity consumption followed by non production consumption that refers to residential.  

 

Figure 1.18: Electricity balance sheet (in 100 million KWh) 

 
Source: National Bureau of Statistics of China (2007) 

 

1.2.1.6/ Miscellaneous: biomass and waste  

 

Biomass refers to non-fossilised and biodegradable organic materials originating from plant, 

animals and micro-organisms used as fuel. This includes products, by-products, residues and 

waste from agriculture, forestry and related industries as well as the non-fossilized and 

biodegradable organic fractions of industrial and municipal wastes. We can denote two types of 

bio-energy. The first one is referred to as traditional (combustion of wood, animal waste, and 
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crop residues for household cooking and heating); it is the most used in developing countries. In 

those areas, more than 2 billion people rely on those types of fuels and over half of them live in 

China or India (Chevalier, Ouedraogo, 2009). The second one is called modern and corresponds 

to the use of biomass for electricity and transportation and operates with more sophisticated 

conversion technologies such as gasification or fermentation (Rajagopal, Zilberman, 2007). There 

is a good correlation between per capita income and use of traditional biomass, as shown on 

figure 1.19. It has been calculated that when the per capita income of any given country was less 

than $ US 300, 90 percent or more of the population was relying on firewood and dung for 

cooking and that once this per capita income is greater than $ US 1,000 then most people would 

switch to modern types of fuels (Rajagopal, Zilberman, 2007). Given that a decent share of the 

global population is living with less than $ US 300, the traditional biomass accounts for 80 

percent of the global use of renewables, while ethanol and bio-diesel do not even represent 1 

percent of this global use. The 19 percent or so remaining are represented by wind, hydro, 

geothermal and tidal energy.  

 

Figure 1.19: Poverty and traditional energy use  

 
Source: Rajagopal, Zilberman (2007) 

 

In China, around 60 percent of the country’s 1.3 billion people still live in rural areas. Non-

commercial biomass energy, mainly firewood and agricultural waste, remains a quite significant 

source of energy for these populations. Most of biomass fuels are used for home cooking, heating 

or for agricultural needs. In energy terms, it was in the mid 1990s equivalent to the oil 

consumption but the biomass consumption has dropped since the 1980s. Indeed, coal and 
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electricity have become more and more available to all rural residents, reducing the biomass use. 

During the period 1991-1996, use of biomass was reduced by a quarter (Sinton, Fridley, 2000) 

and its share in the energy mix dropped from 23 in 1990 to 13 percent in 2005 (IEA, 2007). As 

Sinton, Fridley (2000) noted, around 20 million farmers become urban residents each year with 

the ongoing rapid urbanization in China. It will lead them to shift from traditional biomass to 

commercial energy for heating and cooking. Thus, the current trends of shrinking traditional use 

of biomass are about to decline further.  

 

A word should also be said about modern types of biomass: bio-fuels. Currently, China produces 

two kinds of bio-fuels namely fuel ethanol and bio-diesel. The rationale for developing those 

fuels is the same than in other countries: rising oil price, energy dependency with an expected 

surge in the car market… In the 1970s in the aftermath of the oils shocks, bio-fuels were 

developed in some countries but these developments were short lived (Rajagopal, Zilberman, 

2007). However, now, as oil supply is not forecasted to keep up with increasing oil demand, 

countries are massively considering bio-fuels (Rajagopal, Zilberman, 2007). The potential 

benefits of bio-fuels are their being an inexhaustible resource, that they can cut carbon emissions, 

rise farmers’ income, improve energy security and create new jobs (Rajagopal, Zilberman, 2007). 

Hence China is already the third largest consumer and producer of bio-fuels after Brazil and the 

US (Dong, 2007). In 2006, it has produced 1.2 billion litres of ethanol, while the US and Brazil 

respectively produced 18.4 and 17.5 billion litres (Rajagopal, Zilberman, 2007). The potential 

drawbacks of those fuels will be detailed in the next point.  

 

After having analysed the current energy mix and consumption, we will now study their 

forecasts.  

 

1.2.2/ Expected Chinese energy mix to the year 2030  

 

This part will aim at defining Chinese energy consumption in 203020 and its energy mix. The 

results presented can vary significantly from one study to another. They depend greatly on the 

assumptions made by the modellers on technology, energy prices or the choices that China will 

make in the forthcoming years on energy policies regarding environmental protection; 

renewables’ market penetration, energy conservation, etc. This part will be articulated on the 

same basis; hence we will first look at a general overview and then go into deeper details with 

each source of energy, its use and forecasted evolution.  

 

                                                 
20 A few figures will also be given for 2020, as numerous studies use this timeframe  
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1.2.2.1/ General Overview  

 

The Chinese energy consumption growth is expected to have tremendous implications on global 

energy markets. As shown on figure 1.20, China will be responsible for most of the increase in 

demand for many fuels. For instance, it will represent nearly 60 percent of the increase in coal 

demand to 2030 and roughly 30 percent of the overall energy demand increase.  

 

Figure 1.20: Shares of China and India in the Increase in World Primary Energy 

Demand by Fuel in the Reference Scenario, 2005-2030 

 
Source: International Energy Agency (2007)  

 

According to IEA (2008), the increase in the Chinese energy demand over the period 2006-2030 

will dwarf that of other countries. This increase is projected to represent nearly 2,000 Mtoe which 

corresponds to four-times the rise in energy demand of both Latin America and Africa or three-

times that of the OECD over the same period. The incremental primary energy demand by fuel 

according to the Reference Scenario of the IEA (2008) is displayed on figure 1.21.  
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Figure 1.21: Incremental primary energy demand by fuel in the Reference 

Scenario, 2006-2030 

 
Source: International Energy Agency (2008) 

 

More and more articles are written trying to forecast the Chinese future energy consumption. 

Table 1.22 below summarises the results by giving total energy demand as well as its breakdown 

by energy sources, according to several sources and scenarios. Results are given for 2030, if not 

stated otherwise.  

 

Table 1.22: Scenarios of China’s primary energy demand in 2030 

Source Total 

energy 

demand 

(Mtoe) 

Coal 

(%) 

Oil 

(%) 

Natural 

Gas 

(%) 

Nuclear 

(%) 

Hydro 

(%) 

Biomass 

and 

waste 

(%) 

Other 

(%) 

IEA, 2007,  

Ref. 

Scenario 

3,819 63 21 5 2 2 6 1 

IEA, 2007,  

Alternative 

Policy 

Scenario 

3,256 57 20 7 4 3 8 2 

EIA, 2008, 

Reference 

Scenario
21 

3,911 68 22 4 1 5 

                                                 
21 These figures were expressed in Quadrillion Btu (for total energy demand, coal, hydro and others),  million barrels 
of oil equivalent per day (for oil), trillion cubic feet (for natural gas) and billion KWh (for nuclear). They have been 
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Li, 200322 2,625 52.6 28.4 10.5 3.7 2.5 N/A 2.4 

ERI, 2003, 

Ordinary 

Efforts
23 

2,30024 63.2 26.7 6.7 3.3 N/A 

IEA, 2008, 

Ref. 

Scenario25 

3,885 63 21 5  2 2 6 1 

Shalizi 

(2007)26  

2,483.5 58.9 22.6 3.5 0.5 3 14.5 

 

Coal will remain the dominant fuel in 2030, with a share varying between 52.6 and 63.2 percent; 

and nuclear power as well as natural gas, hydro and other renewables will increase their shares at 

the expense of biomass.  

 

The demand will overall grow at a fast pace. In the IEA’s Reference Scenario (2007), demand is 

forecasted to grow at a rate of 3.2 percent per year on average between 2005 and 2030. Hence 

and as we will underline for each fuel, China will have to be more and more reliant on overseas’ 

sources of energy and therefore will more and more impact the global energy markets (KPMG, 

2006).  

 

Power generation will account for 53 percent of the increase in energy demand over the period 

2005-2030. Hence it will see its share increasing from 39 percent in 2005 to 43 in 2030 (IEA, 

2007).  

 

1.2.2.2/ Coal 

 

Chinese coal future depends heavily on investments. If some are made to improve coal mines 

productivity and transportation and to soften environmental consequences, then China will 

remain a strong-coal user. Otherwise, because of the local and global pollution, it might have to 

                                                                                                                                                              
converted by the author using the Canadian National Energy Board conversion table available on the Internet, 
http://www.neb-one.gc.ca/clf-nsi/rnrgynfmtn/sttstc/nrgycnvrsntbl/nrgycnvrsntbl-eng.html#a_s_01_ss_01 
22 It should be noted that this study does not incorporate biomass. Hence this explains part of the difference between 
this study and the other above-mentioned.  
23 Figures apply for 2020 and do not take into consideration biomass 
24 Results initially given in Mtce converted with a rate of 0.697 (1 Mtce = 0.697 Mtoe), according to 
http://www.eximid.de/index.php/about-coal/ 
25 Between IEA (2007) and IEA (2008), only the total demand has changed; the proportions of fuels used in it have 
not.  
26 Figures apply for 2020 
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decrease its dependency. Nevertheless, according to the vast majority of studies, China will still 

use more than 50 percent of coal in its energy mix in 2030.  

 

As shown in the Reference Scenario (IEA, 2007; IEA, 2008), coal could account for 63 percent 

on overall China’s primary energy demand. The primary coal user remains power sector and 

would represent two-thirds of the incremental demand over the period 2005-2030 (IEA, 2007; 

IEA, 2008). As already stated, China consumes today 40 percent of world’s coal and this share 

could reach 50 percent by 2030 (IEA, 2008). Its demand is projected to rise from 1,734 Mtce in 

2006 to 3,487 Mtce in 2030 (IEA, 2008). As for its production, it is expected to increase from 

2,316 Mtce in 2006 to 3,399 Mtce in 2030 (IEA, 2008), which may have tremendous 

consequences on the environment, as we will analyse this later.  

 

1.2.2.3/ Oil 

 

Chinese oil demand will rise from 7.5 Mb/d in 2007 to 16.6 Mb/d in 2030 according to the IEA 

(2008). This surge (a bit more than a two times increase) coupled with an overall decline in oil 

production will make imports become bigger and bigger. Its production is forecasted to decrease 

from 3.7 Mb/d in 2007 to 3.6 in 2015 and then rise a bit to 4.1 in 2030 (IEA, 2008).  

 

China has for long built up its energy policy on energetic self-sufficiency. As its foreign oil 

dependency might rise to 55% in 2010 and to 79% in 2030, China decided to have strong oil 

companies such as CNPC or CNOOC, that have to find oil anywhere in the world (IEA, 2007). 

For instance, they have already contracts in countries such as Iran, Russia, Kazakhstan, Gabon, 

Angola or Peru. In terms of evolution the IEA (2008) forecasted its oil imports to reach 7.6 Mb/d 

in 2015 and 12.5 Mb/d in 2030 from a “mere” 3.8 Mb/d in 2007. These figures are likely to cause 

strong tensions on oil markets. Depending on the scenario of the IEA (2007) chosen27, China will 

account between 30 and 41 percent of the increase in world primary oil demand. According to 

IEA (2008), oil will account for approximately 21 percent of the energy mix in 2030.  

 

China is forecasted to become the second world largest oil importer, overtaking Japan, around 

2010 and in 2030, it could import as much oil as the EU-27 (IEA, 2007). Figure 1.23 below 

shows its growing dependency on foreign oil.   

 

                                                 
27 There are three scenarios in the World Energy Outlook 2007 : Reference, Alternative Policy and High Growth  
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Figure 1.23: China’s oil balance in the IEA’s Reference Scenario  

 
Source: International Energy Agency (2007) 

 

It explains why security of supply has become a central and key issue for China. It now has oil 

emergency stocks and, as seen previously, has started a “going-out” policy intended to acquire 

equity stakes in oil assets overseas (IEA, 2007). It is expected that China will keep on being a 

major actor in Africa and the Middle East. However, the Chinese government agreed with the 

Chinese National Oil Companies to diversify oil suppliers and oil routes (The Brooking 

Institution, 2006). The main problem of this reliance on Middle-East is the fact that, in this case, 

oil is shipped through two critical shipping channels, namely the straits of Hormuz and the straits 

of Malacca (see figure 1.24). Hence, the government will try to reduce the dependence towards 

the Persian Gulf and try to bypass these straits. 
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Figure 1.24: Oil flows from the Middle-East  

 
Source: International Energy Agency (2008) 

 

For example, the straits of Malacca is 900 kilometers long with a flow of 12 million barrels per 

day in 2006 (Masuda, 2007). Besides, its narrowest point is only 500 meters wide. The straits of 

Hormuz, which lies at the mouth of the Persian Gulf, is the busiest oil-shipping route in the world 

with a flow of 17 million barrels per day (in 2006) corresponding to 20.7 percent of the global oil 

supply (IEA, 2008). Growing tensions recently highlighted the potential risks of piracy, terrorism 

and more generally speaking risks of supply disruptions. Therefore, countries have recently tried 

to bypass these two routes.  

 

China has recently tried to find agreements for the creation of pipelines. Indeed, oil can either be 

transported through pipelines, rail, roads or shipped. This partly explains the Chinese willingness 

to have oil from Africa or Former Soviet Union. The other reason is related to the diversification 

of oil suppliers. It enables to reduce the share of imports coming from the Middle-East. This is a 

strong motivation from the Chinese authorities as they fear a potential oil blockade in case of a 

conflict over Chinese Taipei (IEA, 2007). Consequently, the idea is to reduce imports from the 

Middle-East and from the sea. There have been many projects of oil pipelines involving different 

Asian countries. The ESPO has already been mentioned (annex 1.1) and one can also name the 

Kazakhstan-China pipeline, the eastern leg of which was completed in 2005 and for which there 

is discussion to increase the capacity (IEA, 2007). It delivered its first batch in 2006 and has two 

main advantages: it reduces Middle-East share and it travels overland; thus avoiding the two 

dangerous straits (The Brookings Institution, 2006).  
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The increase in oil demand will not yield to a huge increase in the energy mix share, as it will 

still account for roughly 20 percent in 2030. That is because Chinese government regards oil 

imports as a strategic vulnerability that could be exploited by foreign agents trying to influence 

China. Indeed, even though China now possesses strong companies and good relationships with 

oil exporting countries, it does not want to deepen its reliance on foreign oil too much. Most of 

this incremental demand comes from the transport sector that will see its share increase from 35 

to 55 percent of total oil demand. It is noteworthy that total vehicles on Chinese roads could 

reach 270 millions in 2030 (IEA, 2007). In that sense, the choice of vehicle fleet (Internal 

Combustion Engines, Electric vehicles …) will also have tremendous impacts on oil consumption 

as well as noxious gases emissions. One can underline the willingness of the Chinese to dominate 

the electric vehicle market and the fact that electric vehicles are seen as a national strategy to save 

energy and improve the environment28 (Bradsher, 2009).  

 

1.2.2.4/ Natural gas 

 

It is considered that natural gas will play an important role in the de-carbonisation of China. De-

carbonisation is defined as “the process of decreasing the amount of CO2 discharged per unit of 

energy”29. Natural gas use will increase faster than any other fuels and will see its share grow in 

the energy mix from 2 percent in 2005 to 5 percent  in the Reference Scenario in 2030 and will 

represent 221 Bcm (IEA, 2008). LNG will keep on being more and more used. Indeed costs are 

declining and the increasing investments made in LNG facilities will accelerate this trend. 

China’s installed LNG capacity processing will account for one-fifth of the capacity in the Asia 

Pacific region in 2011 and is considered as one of the highest growth area of the Chinese energy 

sector (Austin, 2005). It can be added that the greener the reforms undertaken will be, the more 

important the share of natural gas. In the Alternative Policy Scenario (IEA, 2007) it will account 

for 7 percent of the energy mix. The main drivers of the future gas demand will be residential use 

and power generation (IEA, 2002).  

 

Major gas developments in the near future such as pipelines from Russia (recent contract between 

Gazprom and CNPC signed in 2006), Kazakhstan, Turkmenistan and LNG terminals situated in 

different cities in China can be anticipated. As China holds only very few natural gas reserves, 

the potential for China to rise its production is therefore limited. Hence it has to find contracts to 

import gas, either via LNG or through pipelines. The predicted gap between demand and 

indigenous production is shown on figure 1.25.  

 

                                                 
28 Although on this point, the reductions in emissions might not be as high as expected since three quarters of the 
electricity come from coal combustion  
29 Li, Higano (2005), p. 2 
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Figure 1.25: China’s gas balance in the IEA’s Reference Scenario (bcm)  

 

Source: International Energy Agency (2007)  

 

In terms of project, one can name pipelines within China such as West-East II that will be 7,700 

km long (from Xinjiang to Guangdong) and will have a capacity of 30 Bcm a year (Ni, 2007).  It 

will be parallel to the first West-East pipeline that has already been mentioned. It is expected to 

be completed in 2010. The gas pipeline infrastructure is being displayed in annex 1.3. There are 

also projects of cross-country gas pipelines such as Myanmar, Russia, Uzbekistan, Kazakhstan or 

Turkmenistan (Ni, 2007). Lastly gas storage facilities in Dagang or Jintan as well as LNG 

terminals in Dapeng, in Putian or in Ningbo are being built. Besides, a dozen of other projects are 

being planned or proposed (Ni, 2007). Indeed, for the coastal areas, LNG imports seem to be a 

more credible option as these regions are out of reach as far as pipelines are concerned.  

 

1.2.2.5/ Power mix 

 

Like the energy mix, Chinese power mix is expected to remain extremely reliant on coal with a 

declining share of 84 percent because of the rise of use of natural gas, nuclear power, hydro, 

biomass and other renewables rise (IEA, 2007)30. The total generation is projected to grow by 

almost 5 percent on average until 2030 (IEA, 2007). The level of the increase is expected to be 

tremendous. According to KPMG (2006), the current major impact that Chinese power and 

energy sector are having on the world is a foretaste of what will happen in the future. Thus, in 

2030, the expected Chinese generation will be 8,472 TWh which is comparable with the current 

OECD North America and Europe generation combined (IEA, 2007). Cap Gemini (2005) also 

agrees on an important part for coal and gives a key role to nuclear and hydro for the adjustment 

of the power mix.  

                                                 
30 These figures are for the power generation. Coal, in the IEA’s reference scenario (IEA, 2007) would account for 
respectively 78 and 71 percent of the electricity generation and installed capacity in 2030.  
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Nuclear power is expected to rise five-fold but its share will remain quite low, at 3 percent (IEA, 

2007). China is becoming the world centre for nuclear power and thus some studies like KPMG 

(2005) are more optimistic regarding its share with 5 percent in 2030. More than 80 percent of 

nuclear plants built by 2015 in the world will be built in China (Chevalier, 2005). According to 

specialists, nuclear power represents the least dangerous energy in terms of environmental impact 

(Day, 2005). Yet, the nuclear power capacity increase is filled with economic and political 

uncertainty as waste is a sensitive issue. Nevertheless, China’s nuclear capacity represents the 

largest projected increase of any country in the world over the period 2001-2025 (Day, 2005) and 

China plans to increase its share in the energy mix to 4 percent by 2020 (Helio International, 

2006). However, the government’s target is 40 GW of nuclear power by 2020, which means that 

China has to add 31 GW of new plants to the already operating ones (IEA, 2007). According to 

Jiang et al. (2007), the government’s targets are to build at least 30 nuclear power plants over the 

period 2006-2020. This would increase total installed capacity to 12 GW by 2010 and according 

tot the EIA (2008), China will add a net 45 GW by 2030. As for the World Nuclear Association 

(2009), China has 12 nuclear reactors under construction and 12 more should be started this year. 

Additional reactors are also planned that should increase installed capacity to 50 or 60 GW by 

2020 and possibly to 120-160 GW by 2030. A map of China with nuclear reactors, in operation, 

under construction and planned is displayed in annex 1.4.  

 

China is already the largest hydro-electricity producer in the world with 397 TWh and this figure 

is likely to increase to 1,005 TWh in 2030 (IEA, 2007). In addition to the Three Gorges Dam, 

work continues on the 12.6 GW Xilodu project located on the Jisha River (due to completion in 

2020) and on the 6.3 GW Longtan project on Hongshui River. Besides, the Jingping Project on 

the Yalong River will have the world’s tallest dam (due to completion in 2014) and with its 21 

facilities will generate 34.62 GW (EIA, 2008). Overall, according to KPMG (2006), 

hydroelectricity would represent around 20 percent of the total electricity generated by 2020. It is 

expected to reach a capacity of 300 - 350 GW by 2020 and then stabilise (Martinot, Junfeng, 

2007) while other study forecasts it around 220 GW by 2020 (Deutsche Gesellschaft für 

Technische Zusammenarbeit, 2005).  

 

Lastly, the biggest increase will be for gas-fired power. According to the Cap Gemini Survey 

(2005), some regions with less coal and water resources will establish this type of power 

generation as a priority. By 2010 and even more by 2020, gas will be easier to obtain with 

facilitated transportation through Russian pipelines or LNG. China will also face increasing 

pressure from other countries, in order to reduce the CO2 emissions. Thus, gas, nuclear power, 

hydropower and even the renewable energies will have a role to play in the future.  

 

It should be noted that China plans to increase the share of renewable energies (including 

hydropower) to 15 percent by 2020 and has recently passed a law that might change things 
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significantly. Chinese increasing reliance on expensive foreign oil, rural energy poverty as well 

as the environmental consequences of coal-dependence (that will be detailed in a forthcoming 

point) have made the government see renewables as a viable option. As this objective is quite 

important and that China’s commitment appears to be real, strong and coordinated efforts will be 

needed to reach this share. And if renewables were to reach this share, this would strongly impact 

the structure of electricity generation in China. For instance, China is endowed with important 

wind resources as exploitable wind energy reserves amount to 253 GW in China (Liu et al., 

2002) and photovoltaic solar cell appeared for the first time on the Chinese research agenda 

(Karplus., 2007). Indeed according to Martinot, Junfeng, (2007) the total power generation from 

renewables could amount to 400 GW by 2020, nearly triple the current 135 GW in place and this 

figure could even be increased to 2,000 or even 3,000 GW by 2050. This increase will mainly be 

driven by hydro, solar and wind power. Wind power could exceed the government’s will of 30 

GW and maybe reach 60 GW by 2020 and between 100 and 200 GW by 2030 (Martinot, 

Junfeng, 2007). As for solar PV; between 2 and 10 GW by 2020 seems an achievable goal and 

this generation capacity could be increased to 20 – 40 GW by 2030 (Martinot, Junfeng, 2007).  

 

1.2.2.6/ Miscellaneous: biomass and waste  

 

As for the traditional biomass, its importance will decline along with the farmers becoming urban 

residents. Besides, many households in rural areas will have access to modern forms of energy 

for cooking and heating because they will become richer and modern energy more available 

(IEA, 2007). Along with the enrichment of Chinese people and more importantly, rural 

inhabitants, the use and need of traditional biomass will keep on decreasing.  

 

Concerning the bio-fuels, Chinese government set as a goal that 15 percent of transport fuel 

would be bio-fuels by 2020 (Dong, 2007). However, serious concerns about bio-fuels are being 

raised. For instance, the carbon benefits of those fuels are questioned. They use a significant 

amount of energy that comes from fossil fuels. Tillage, fertilisers, transport, steam and electricity 

for processing are necessary inputs to the production of bio-fuels and are also derived from fossil 

fuels. This, overall, raises the carbon content of the bio-fuels by the time they are consumed 

(Rajagopal, Zilberman, 2007).  The bio-fuels also pose a threat on other non-climate related 

environmental matters such as soil erosion, eutrophication, biodiversity loss or impacts of 

pesticides (Rajagopal, Zilberman, 2007). For example, the adverse changes occurring in the 

Cerrado region of Brazil or the rainforests in Borneo that are both, bio-diverse regions, have been 

respectively linked to the expansion of soybean and oil palm plantations (Rajagopal, Zilberman, 

2007). Lastly, the development of bio-fuels has drawbacks in terms of agriculture as it raises 

concern on food security. Indeed, corn and wheat are the major feedstock used in the case of bio-

fuels. The increase in demand in corn has two consequences: it raises price of that good which 
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can ultimately drive out of the market the poorest and then pose a significant threat on food 

security. Besides, as corn is used to feed hogs, the price of pork surges as well, which was 

witnessed in 2007. The second consequence is that corn is being more cultivated at the expense 

of other products, like soybean (Dong, 2007). In conclusion, bio-fuels have a mixed impact on 

the environment. They may reduce carbon emissions but contribute to other environmental 

problems and according to Rajagopal, Zilberman, (2007), issues such as bio-fuels’ impacts on 

energy, livestock, land, water, labour, farm income or agriculture need to be further investigated 

before stating on bio-fuels.  

 

To conclude on this part, one can recall that by 2030 China will become the first energy 

consumer in the world and that its growth in energy demand will be tremendous. Besides, the 

energy and power mixes will remain coal-dependant.  

 

All these figures raise two kinds of concerns and can be illustrated with the example of coal. 

Indeed, coal use in China has two major drawbacks: relative inefficiency compared to other fuels 

(low recovery rates and lower intrinsic energy value of a unit weight of coal compared to that of 

oil or natural gas) and huge environmental impact as it is used without clean coal technologies 

(Khan, 2008).  

 

The first concern is about the proportions themselves, as Chinese energy demand has grown 

higher than expected level, well beyond the objectives of the 10th Five-Year Plan. It could even 

reach a level that could jeopardize the sustainability of the security of supply of all the countries 

and thus raise commodity prices to unknown levels. Because of its population and its economy, if 

China were to continue on the path of developed countries, its energy consumption would 

probably even grow higher than forecasted by all studies and therefore, reach unsustainable 

levels. For example, if China were only to attain the level of per capita energy consumption of 

Japan or Germany, its energy consumption would be roughly 50 percent of the current world 

energy consumption (The World Bank, 2007a). To understand this issue that is not precisely in 

our scope, the next point will deal with energy intensity. Indeed, given the importance of fossil 

fuel in the Chinese energy mix and their contribution to local, regional and global pollution, the 

energy-output ratio has some significance for our topic. There is also the problem of 

infrastructure that is linked to this one. The second concern is on an environmental scale. Indeed, 

low-cost domestic coal has helped China reduce its dependency on foreign energy supplies. It 

made the energy system more resistant to supply disruption and sudden price increase. But at the 

same time, China has suffered from considerable environmental damages along the path to 

economic growth. This topic, the core of this essay, will be addressed in the fourth point of this 

part.  
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1.3/ Energy intensity 

 

First of all, energy intensity is defined as the overall energy use relative to economic output, 

generally GDP. Therefore using less energy to produce the same amount of output reduces the 

energy intensity. In some conditions, this can be used as a proxy for energy efficiency. As noted 

by US Department of Energy:  

 

“Declines in energy intensity are a proxy for efficiency improvements, provided a) energy 

intensity is represented at an appropriate level of disaggregation to provide meaningful 

interpretation and b) other explanatory and behavioural factors are isolated and 

accounted for”31.   

 

Energy efficiency is set at an activity or service level and improves when a given level of service 

is provided with less energy or that the same amount of energy enables to provide more outputs. 

At the level of the aggregate economy, energy efficiency is not a meaningful concept and one 

tends to use energy intensity.  

  

Over the period 1980-2000, China’s primary energy consumption more than doubled, rising from 

about 603 Mtoe to more than 1,300 Mtoe. This is equivalent to an average annual rate of 4.2 

percent. Over the same period, its GDP quadrupled, rising at an average annual rate of 9.7 

percent. This indicates an elasticity of the energy demand growth to GDP growth of 0.5, over this 

period (The World Bank, 2007a). The elasticity is defined as the ratio of energy demand growth 

over that of GDP. It shows how energy intensive the growth of a given economy is. This 

elasticity was good, far below those of industrialised countries, which is approximately 1. It is 

noteworthy that such a result is quite unusual for a developing country (Shealy, Dorian, 2008). 

Nevertheless, between 2000 and 2005, energy demand / GDP growth elasticity more than 

doubled. According to Austin (2005), energy elasticity of demand reached 1.5 in 2004. This 

means that for a one-percent-increase of Chinese GDP, Chinese energy consumption rose by 1.5 

percent. This dramatic surge has had huge consequences on forecasts of Chinese energy demand 

growth and has raised concern. If the energy consumption trend of the last few years were to 

continue for the next 15 years, energy consumption in 2020 would be twice as high as projections 

(The World Bank, 2007a). However in terms of energy intensity, China is still using energy on a 

far less effective way than OECD countries (Noel, Meidan, 2005). In 2002, Chinese energy 

intensity was 3.5 times higher than that of the US and 5 times higher than that of EU-15 (Noel, 

Meidan, 2005). Yet, reforms implemented in China since 1980 have brought significant results, 

and the energy intensity dropped by 65 percent between 1980 and 2002 (Noel, Meidan, 2005), 

                                                 
31 http://www1.eere.energy.gov/ba/pba/intensityindicators/efficiency_intensity.html 
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with a slight increase since the beginning of this century. The progresses and stagnation of 

Chinese energy intensity can be witnessed on figure 1.26.  

 

Figure 1.26: Energy Intensity of the Chinese Economy (1952-2006) 

 

 
Source: Rosen, Houser (2007) 

 

Another way to put it corresponds to the figure 1.27 on which GDP annual growth is compared to 

that of energy demand. One can then see that while GDP has been growing faster than energy use 

between 1980 and 2001, it is now outpaced by energy demand growth; hence increasing the 

energy intensity.  

 

Figure 1.27: Annual growth of GDP and energy use  

 
Source: Sinton et al. (2005) 
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Changes in energy intensity are usually classified into two categories namely technical change 

and structural change (Garbaccio et al., 1999). Technical change (also referred to as physical 

intensity change or real intensity change) corresponds to the amount of energy needed to produce 

a particular good or by a sector (Garbaccio et al., 1999). Structural change represents the change 

in total output by sector. Hence it encompasses sectoral shift, final demand shift or changes in 

pattern of imports and exports (Garbaccio et al., 1999).  

 

In order to have a better appraisal of the energy intensity issue, we will first review what has 

happened in industrialised countries then focus on China by differentiating the periods 1980-2000 

and 2000-2006.  

 

1.3.1/ History of energy intensity in other countries  

 

All the industrialised, advanced economies have followed the same energy path. At first, when 

they are at very low level of economic activity, most of the energy consumed is for heating and 

cooking in residential sector that represents more than half of the energy used (Schäfer, 2005). 

Then, along with the industrialisation and the construction of energy intensive infrastructure, the 

residential sector sees its share decline and energy intensity rises (Schäfer, 2005). Indeed, all their 

development models began with a rise in energy intensity with heavy industry having the biggest 

share in energy consumption. The length of this initial phase varies from one country to another 

but commonly, has lasted at least 20 years (The World Bank, 2007a). Lin, Polenske (1995) sees 

six reasons for the rise in energy intensity: industrialisation, increases in the capital-to-labour 

ratio, substitution of commercial energy for traditional energy, construction of modern 

infrastructure, motorisation and urbanisation. Hence, the majority of developing countries have 

increasing energy intensity. For instance, Levine et al. (1991, cited in Lin, Polenske, 1995) show 

that between 1972 and 1988, energy consumption grew 20 percent more than GDP in developing 

countries.  After reaching a peak level in energy intensity, a phase of declining starts. Along with 

the rise in income, there is a saturation effect and service sector increases its share in the 

economy at the expanse of the industry sector, more energy-consuming. This happened for 

instance in Eastern-European countries and in the Former Soviet Union in the mid-90s where 

about 30 to 40 percent of the households owned an automobile, 80 percent a washing-machine 

and 90 percent a refrigerator (Schäfer, 2005). Overall, this phase can last several decades. Finally, 

in the period of post-industrialisation, an economy tends to see the share of industry in final 

energy consumed decline because of decreasing industrial energy intensity and to increasing 

service sector. This rise and decline of the share in final energy demand of the three different 

sectors can be seen on figure 1.28, after a panel study of Schäfer (2005).  
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Figure 1.28: Sector shifts in final energy use of the residential sector, the 

industrial sector, agriculture, and services for 11 world regions between 1971 and 

1998. 

 
Source: Schäfer (2005) 

 

After this period, energy intensity of those countries tends to get locked into a narrow range for 

decades (The World Bank, 2007a). This is due to the fact that the investments in capital stocks 

that have been made have a long economic life and that improvements are limited (The World 

Bank, 2007a). The overall fluctuations of energy intensity in developed countries can be analysed 

on figure 1.29.  
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Figure 1.29: Energy intensity of industrialised countries (only commercial energy)  

 
Source: Goldemberg (1998) 

 

Even Japan, which is widely recognised as the most energy efficient country has had a period of 

high energy intensity during its industrialisation phase (The World Bank, 2007a). One can see on 

this graph that the US energy intensity rose during 70 years to peak at 0.9 toe per $ 1,000 of GDP 

while the UK climbed for 40 years to reach 1.05 toe per $ 1,000 of GDP. For these two countries, 

the increase in energy intensity was very steep. On the contrary, Japan or France had a more 

gradual increase. Japan, after 60 years of gradual increase, peaked at a much lower level than the 

US or the UK, with 0.3 toe per $ 1,000 of GDP.  

 

Over the last 40 years, Japan has had the most energy-efficient economy in the group of 

industrialised countries, as shown on figure 1.30.  
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Figure 1.30: GDP per koe of Energy Use 
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Source: The World Bank (2007a) 

 

On this figure, one can notice that for one kilogram of oil equivalent (koe), Japan produced more 

than $ 9 of GDP.  The country that produces the least wealth with 1 koe is the US with $ 4.6 of 

GDP. The fact that countries tend to be locked in is easily visible on this figure. Over 40 years, 

the US produced between $ 2.4 and 4.6 with one koe, while Japan managed to produce between $ 

6.8 and 9 with the same amount of energy. Once again, this highlights the huge investments in 

long economic life equipments and processes as well as behavioural patterns that are not easy to 

change (The World Bank, 2007a). On this point, one can refer to the way automobiles are 

considered in those different countries.  

 

After having described what has happened in other places in the world, we will now turn to the 

analysis of the Chinese energy intensity over the period 1980-2000.  

 

1.3.2/ Chinese energy intensity 1980-2000 

 

As already mentioned, the decrease in energy intensity achieved by China between 1980 and 

2000 is quite significant. This evolution has been made possible by reforms enacted in the 80s 

but most of all during the 8th and 9th Five-Year-Plans, that is to say early 90s (Noel, Meidan, 

2005).  Four reforms that have helped reduce the energy intensity can be named. First, the 

movement of price liberalisation that has moved closer Chinese energy prices to international 

one. This price increase (that will be reverted to in the third part) has made energy a more 

“valuable” good and thus, its consumption has been more effective. This movement started in the 

80s, accelerated in the 90s and is still ongoing. Even though prices are not yet on international 

levels, the level of subsidies has been considerably reduced. Prices serve as a signal and directly 

affect consumers’ behaviour. Hence a price liberalisation enables to consume energy more 

efficiently and thus, to decrease the level of energy needed to produce one dollar of GDP. The 
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second reform deals with the coal-mines. The government decided, in 1988, to rationalise the 

coal production and closed more than 25,000 ineffective, small mines (Noel, Meidan, 2005). The 

Chinese government also decided to restructure state-owned firms in a more effective way, and 

measures have been taken to improve coal use in electricity generation in particular, and to 

improve energy intensity, in general (Noel, Meidan, 2005). Besides, an effort has been made 

concerning energy efficiency investment with low-interest loans for promoting investments in 

energy efficiency as well as a tax credit for investments in energy conservation (Lin, 2005).  

 

To highlight the interest of such a decrease in energy intensity, one can take the example of 

figure 1.31. Although the figures from Sinton et al. (1998) are not up-to-date, it shows what 

would have been the Chinese energy consumption should the energy intensity had remained the 

same between 1977 and 1995. The total amount of energy used would have been twice as much 

as it was. It underlines the critical importance of enhancing energy intensity for a country.  

 

Figure 1.31: Actual energy consumption in China and energy consumption at 

frozen 1977 intensity 

 
Source: Sinton et al. (1998) 

 

According to Sinton et al. (1998) this improvement in energy intensity mostly comes from an 

improvement in technical efficiency. For them, the fact that energy intensity fell is not surprising, 

even though it is contrary to what is usually witnessed at similar stages of development. In the 

first decades of its existence, China adopted the Soviet model. Hence, numerous small factories 

were built all over the country to increase local self-sufficiency. This model also generated little 

domestic R&D and almost no trade in technology after the 50s (Sinton et al., 1998). Thus, the 

Chinese production sectors at the end of the 70 were among the most inefficient in the world. The 

economic reforms along with an increased trade had to correct for this excessively high energy 

intensity (Sinton et al., 1998). Structural change in the economy, surprisingly, accounted for a 
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little of this decrease in energy intensity. A few researchers, thanks to decomposition analysis, 

have shown that the biggest contributing factor to this drop was economic intensity change within 

industrial sub-sectors (Sinton et al., 1998). This is underlined on figure 1.32, where one can see 

that structural changes has actually most of the time pushed upward the energy intensity over the 

period 1980 – 1992.  

 

Figure 1.32: Divisia Index decomposition of energy intensity changes in China’s 

economy, 1980 – 1992 

 
Source: Sinton et al. (1998) 
 

Huang (1993) found using a Divisia index that 73 to 87 percent of the fall of energy intensity 

between 1980 and 1988 was due to technical change. Sinton, Levine (1994, cited in Garbaccio et 

al., 1999) calculated that 58 to 85 percent of energy savings between 1980 and 1990 were due to 

technical change. The findings obtained with a different method are similar in Garbaccio et al., 

(1999). As for Zhang (2003), he found that 88 percent of the cumulative energy savings in the 

Chinese industrial sector over the period 1990-1997 were because of real intensity change. More 

precisely, he thinks that this fall in energy intensity arises from a number of policies and 

measures towards energy conservation that have been implemented. Sun (1998) even mentions 

that structural shift in fact decreased energy efficiency between 1980 and 1994, except in 1981 

and 1984. Hence the negative figure in table 1.33. The dominant role of technological change in 

enhancing energy intensity is also confirmed by Ma, Stern (2008) over the period 1980 - 2003. 

Only Kambara (1992, cited in Liao et al., 2007), the World Bank (1992; cited in Sheehan, Sun, 

2007) and Fisher-Vanden et al. (2004) found that sectoral effects accounted for more than 50 

percent of China’s energy intensity decrease, as shown on table 1.33.  
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Table 1.33: Previous decomposition studies of China’s energy intensity changes 

 
Source: Liao et al. (2007) 

 

Overall, many observers believe that such a decrease has been possible thanks to economic 

reforms. For instance, changes in investment and energy-use behaviour among the major factors 

in intensity reductions have resulted from those reforms such as state-sponsored efficiency 

investments (Sinton et al., 1998). The bankruptcies and mergers induced by the programs of SOE 

reform have closed down many factories that were old and inefficient in terms of energy 

consumption (Sinton, Fridley, 2000). For example, in 1998 the cement production increased by 

0.9 percent compared to 1997 but the production in medium- and large-size production sites rose 

by 10.1 percent (Allaire, 2005). One can also name reforms in the coal and power sector that 

made small generators and small coal-mines to shut down (Sinton, Fridley, 2000). International 

trade as well as the phasing out of some state directed prices or investments have altered the 

relative profitability of some of the heavy industries that were the first beneficiaries of those 

policies (Fisher-Vanden et al., 2004). Hence, the sectoral shift over the period 1980-2000 relates 

to the gradual move away from heavy industry. Besides, rising incomes and changes in relative 

prices have changed consumer behaviour and increased demand for consumer and electronic 

goods (Fisher-Vanden et al., 2004). However, since the beginning of the new century, the trend 

in energy intensity in China has changed, as we will detail it, now.  

 

1.3.3/ Chinese energy intensity 2000-2006 

 

According to Boussena, Locatelli, (2006), the year 2000 can be analysed as a profound breaking 

point that might be long-lasting in the Chinese energy consumption. Since then, energy 

consumption has increased faster than GDP. The growth has been particularly strong in energy 

intensive sectors. As compared to OECD countries, the contribution of industry to GDP is far 

higher in China. Each unit of industrial production is 4 to 5 tons more energy-consuming than a 

unit of production in the services (Boussena, Locatelli, 2006). Besides, in China the biggest 
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growth has been registered in heavy industry that is even more energy-intensive. In 2005, 

production in light industry increased by 13 percent while that in heavy industry grew by 18 

percent (Boussena, Locatelli, 2006). This explains why Chinese energy intensity is both higher 

than in OECD countries and increasing. In 2004, energy consumption increased twice as much as 

GDP (Noel, Meidan, 2005). This increase, according to Noel, Meidan (2005) can be caused by 

the under-estimation of GDP growth by the Chinese government or by cyclical economic factors. 

Yet; even when accounting for those factors, the elasticity of energy demand to GDP remains 

higher than 1. So Noel, Meidan (2005) explain this increase by the huge increase in investment 

(in particular in infrastructure and building) that stimulates energy intensive industries such as 

cement and steelmaking. Besides, the middle class is reaching a level of wealth that enables it to 

consume goods that increase its energy consumption (electrical appliances, cars …) and thus, 

energy intensity. So, these factors remaining, Chinese energy consumption may keep on growing 

fester than GDP (Noel, Meidan, 2005). The Research Centre for Sustainable Development (2006) 

analyses the high economic growth as being one of the responsible for the recent rise in energy 

intensity, as it increases the need for energy-intensive material. According to He, Zhang (2005) 

(cited in Research Centre for Sustainable Development, 2006), the change in industrial structure 

is the main cause of rise in energy intensity. This is especially the case of heavy-chemical 

industry and the construction sector to support the demand of infrastructure development. The 

growth of urban residents has increased the need for consumer goods and automobiles. For 

example, between 2000 and 2003, 400,000 km of roads have been built and the annual 

automobile production rose from 600,000 vehicles to more than 2 million over the same period 

(Allaire, 2005). As for the construction sector the number of square meters being built increased 

from 1.6 billion in 2000 to 2.6 billion in 2003 (Allaire, 2005). These sectors, influenced by 

urbanisation, are impacting the cement and steel industry, both of them very energy-intensive. 

Another factor for this rise has been underlined by the World Bank (2007a). This report stresses 

two reasons for this rise: the easing of energy supply constraints coupled with a lack of 

investment in energy efficiency, as shown on figure 1.34. Indeed, one can easily see that 

investments in energy conservation have fallen since 1995. According to Lin (2005), the sharp 

drop in 1996 was due to the phasing out of investment programs managed by China Energy 

Conservation Investment Corporation (CECIC). Since then, it has rebounded. Besides, the 

decline shown on figure 1.34 is also due to the fact that total investments in energy infrastructure 

have sharply increased over this period. Hence, energy conservation investments as a percentage 

of the total energy investment (figure below) have declined in importance, from 13 percent in 

1983 to 4 percent in 2003. This shows that support to energy conservation in China has 

considerably fallen during the last two decades. This partly explains the recent surge in energy 

use (Lin, 2005). So, if the Chinese government wants to enhance its energy intensity, the 

proportion of efficiency investments will have to increase.  
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Figure 1.34: Declining Investment in Energy Efficiency (1981-2003) 

 
Source: Sinton et al (2005) 

 

The change in energy intensity has made the energy demand / GDP elasticity increase from 0.5 to 

more than 1. As the projections were calculated with a 0.5 elasticity, the 2020 forecasts are in 

some cases already almost accomplished. Indeed, by the end of 2005, the actual Chinese energy 

consumption was 90 percent of that of ERI’s so-called “Green Growth scenario” and 67 percent 

of the “Ordinary Efforts scenario” for 2020 (The World Bank, 2007a). According to the 10th 

Five-Year-Plan, China seems to be embarking on the path that industrialised countries have 

already experienced during their industrialisation (The World Bank, 2007a). The Chinese ability 

to reduce its energy intensity will be important at all levels. Keeping the current trend would 

embark China on an energy intensive path that would have consequences on both security of 

energy supply and the environment at a local and global level. We will dwell on this point later 

on. This explains the recently released Medium and Long Term Plan for Energy Conservation 

from the National Development and Reform Commission in 2004. This plan sets out specific 

targets for conservation in several sectors such as industrial, transport and building (IEA, 2007). 

The selected targets are shown on figure 1.35 and the plan calls to be at the 1990 international 

levels for major industrial equipments and at the current international levels for appliances and 

motor vehicles by 2010 (IEA, 2007).  
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Figure 1.35: Selected targets for improvements in energy efficiency in the 11th 

Five-Year-Plan for Energy  

 
Source: International Energy Agency (2007) 

 

There is also a programme intended to reduce energy intensity in the largest companies, called 

the Top 1,000 Enterprises Energy Efficiency Programme (IEA, 2007). Besides, efforts are also 

made in energy production and transformation. Indeed, energy-intensive sectors such as cement, 

brick and tile, steel, chemicals and non-ferrous metals or power generation are sectors were huge 

achievement are possible. Currently, China holds a wide range of technology from the worst to 

the best and could gain a lot by replacing or closing the worst (IEA, 2007).  

 

As already noticed industrialised countries have locked themselves into a narrow range of energy 

intensity for decades after having taken major development decisions (The World Bank, 2007a). 
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Hence, China has a small “window of opportunity”32 to change its current highly-energy intense 

development path to a more environmentally-friendly and energy efficient one. This is why 

China faces a huge challenge and a need for change to meet its fast-growing energy needs in a 

timely and sustainable (environmentally, economically and socially) way.  

 

A more and more widespread idea concerning that matter is the theory of tunnelling through33. 

The basic idea is to wonder why China should repeat industrialised countries’ trials and errors in 

terms of energy efficiency. It can benefit from the experience curves of those countries and the 

technologies, standards and organisations that they have put in place. So, the country could 

develop along a new path that is less energy-intensive by taking advantage of existing 

technologies. This idea is shown on figure 1.36.  

 

Figure 1.36: Tunnelling a Less Intensive Energy Path to Higher Per Capita Income 

 

 

 

 

 

 

 

 

 
Source: The World Bank (2007a) 
 

This daunting challenge needs to see bold policies implemented now in the power sector where 

current Chinese efficiency is much lower than that of OECD countries in particular and in the 

energy sector, in general. Before, analysing what should be done or what should be targeted at, 

we will turn to the description of the current environmental damages that are caused by the 

Chinese energy development.  

 

1.4/ Environmental consequences of the Chinese energy mix  

 

Any energy sources have drawbacks from an environmental point of view. Indeed, either 

exploiting an energy source creates unwanted and damaging by-products or it can drive other 

products’ supply down or simply, hazards exist and accidents may happen. For instance, forests 

                                                 
32 The World Bank (2007a) 
33 This theory will be reverted to in section 1.5 

China 
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may be over-cut down to get wood energy; radiation pollution may happen in case of nuclear 

power, a reservoir can flood farmland or bio-fuels can pose a direct threat to food security. 

Today, farmers have the choice between selling their harvest to the food or the bio-fuel industry. 

With the recent high oil price, the latter was paying better. It thus reduces the food supply and as 

such, may threaten food security. However, the two worst forms of energy are the traditional 

(also known as non-conventional) biomass and coal. Burning coal34, as well as wood or waste for 

the biomass, releases sulphur oxides, carbon oxides, nitrous oxides, and other impurities in the 

air. For instance, 70 percent of smoke dust emission, 90 percent of sulphur dioxide emission, 67 

percent of nitrogen oxide and 70 percent of carbon dioxide in China are due to coal combustion 

(The China Energy Sustainable Program, 2005; Zhang, 2007). Burning coal also releases 

mercury that is a global concern now. It is a neurotoxin that interferes with brain functions and 

nervous systems (NRDC, 2007). Mercury enters the environment as industrial air pollution from 

factories, notably when coal is burned. It then deposits into oceans and waters and contaminates 

the food chain (NRDC, 2007). Since it is a global pollutant, it disperses around the globe and 

affects the five continents. For example, the US EPA reported that a third of the US’s lakes and a 

quarter of its rivers are polluted with mercury and has recommended not to eat fish caught there 

(Pottinger et al., 2004). According to Pottinger et al. (2004), 30 percent or more of mercury in the 

American waters or soils come from other countries, in particular China and China is reported to 

be the world’s largest (non-natural) emitter of mercury. All theses emissions affect the 

environment on three levels. The emissions of carbon dioxide affect the global environment 

through global warming; the emissions of nitrous and sulphur dioxides affect the environment 

regionally through acid rain and local particulate emissions, among others, can pose a direct 

threat to human health on a local level. These three types of pollution will be successively 

analysed.  

 

Before then, one can cite the Environmental Performance Index from Yale Center for 

Environmental Law and Policy (2008). It corresponds to a composite index of current national 

environmental protection results and can be used to compare the state of the environment among 

the different countries. It takes into account environmental health and ecosystem vitality. On the 

149 countries ranked, China is number 105, showing how damaged its environment is.  Besides, 

Wen, Chen (2008) assessed the overall ecological cost at 22.2 percent of the Chinese GDP in 

2002. It should be noted that this notion of ecological cost encompasses all the environmental 

damages: cost of household pollution abatement, cost of water, air, noise pollution or loss of 

wetlands and farmland for instance. It shows how environmentally-damaging the current pace of 

Chinese development is. However, improvements have been made as this cost amounted 41.6 

percent in 1980 (Wen, Chen, 2008).  

                                                 
34 It is noteworthy that the extraction of coal also emits coal-bed gas that is most of the time methane. Methane 
belongs to the category of greenhouse gases and is 21 times more damaging than carbon dioxide (Yushi et al., 2008). 
Hence not only burning coal is environmentally damaging, but also extracting it and transporting it.  
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1.4.1/ Global consequences 

 

The whole issue of climate change can be summarised as shown on figure 1.37. Indeed, two 

systems interact: the Earth and the Human systems; and they both have consequences on each 

other. All these aspects will be detailed now.  

 

Figure 1.37: Schematic framework of anthropogenic climate change drivers, 

impacts and responses 

 
Source: Intergovernmental Panel on Climate Change (2007c) 

 

The climate system is a complex and interactive system. It includes the atmosphere, land surface, 

snow and ice, living things and oceans, rivers … (IPCC, 2007a). There are three ways to change 

the Earth’s radiation balance. First, by changing the Earth’s orbit or the Sun place and thus, 

amending the incoming solar radiation. Second, by changing the cloud cover or vegetation and 

hence, modifying the fraction of solar radiation that is reflected. Lastly, by changing the 

concentration of greenhouse gases35 in the atmosphere and then, altering the long-wave radiation 

                                                 
35 According to the US energy Administration,  
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from Earth to space (IPCC, 2007a). The overall climate system can be represented as on figure 

1.38. One can see that there is a certain amount of energy reaching the top of the atmosphere (342 

Wm-2). Then, 30 percent of this amount is reflected back by either, clouds, aerosol and 

atmospheric gases or by the surface. The energy that is not reflected back is then absorbed by the 

Earth’s surface and atmosphere (168 + 67 Wm-2 on figure 1.38). To balance this amount of 

incoming energy, the Earth must radiate back to space approximately the same amount of energy. 

It does so by emitting long-wave radiation. Everything on Earth does emit such radiation 

continuously. For 240 Wm-2 to be emitted, the Earth surface should be at – 19 °C. This 

temperature only exists at an altitude of 5km above the surface and the average surface 

temperature is 14 °C (IPCC, 2007a). The reason why surface temperature is warmer than those – 

19 °C is greenhouse gases, as they act as a partial blanket for the long-wave radiations coming 

from the surface. This is referred to as the natural greenhouse effect (IPCC, 2007a). However, 

human activities by releasing greenhouse gases increase the blanketing effect. For example, 

carbon dioxide concentration has increased by 35 percent since the industrial era (IPCC, 2007a). 

Thus, human kind has already greatly altered the composition of the atmosphere.  

 

Figure 1.38: Estimate of the Earth’s annual and global mean energy balance 

 
Source: Intergovernmental Panel on Climate Change (2007a) 

                                                                                                                                                              
“these gases allow sunlight to enter the atmosphere freely. When sunlight strikes the Earth’s surface, some of it is 
reflected back towards space as infrared radiation (heat). Greenhouse gases absorb this infrared radiation and trap 
the heat in the atmosphere”,  
http://www.eia.doe.gov/oiaf/1605/ggccebro/chapter1.html 
Among those gases, one may find methane, fluorocarbons and carbon dioxide; the latter being the biggest 
anthropogenic contributor to global warming.  



Part I: The environmental implications of the Chinese energy development 

  90  

As already stated, along the industrialisation process, mankind has emitted more and more carbon 

dioxide every year. The global concentration of carbon dioxide has risen from the pre-industrial 

level of 280 ppm to 379 ppm in 2005 (IPCC, 2007a) as shown on figure 1.39.  

 

Figure 1.39: Changes in greenhouse gases from ice core and modern data  

 

 
Source: Intergovernmental Panel on Climate Change (2007a) 

 

Thus, the continuous increase in CO2 concentration led to the phenomenon commonly referred to 

as climate change. As noticed by IPCC (2007a)  

 

“It is likely36 that there has been a substantial anthropogenic contribution to surface 

temperature increases in every continent except Antarctica since the middle of the 20th 

century”37 

 

One can see from the figure 1.40 below that the climate is already changing. Indeed, one can see 

that sea-level has risen as well as temperature, while snow cover is decreasing.  

                                                 
36 Probability of occurrence of more than 66 percent 
37 Intergovernmental Panel on Climate Change (2007a), p. 665  
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Figure 1.40: Changes in temperature, sea level and northern hemisphere snow 

cover  

 
Source: Intergovernmental Panel on Climate Change (2007a) 

 

This global warming is likely to continue. The only question left, that will have tremendous 

implications, is how much will be this increase. Depending on the scenario chosen, the increase 

for East Asia for example, will be between 2 and 6 °C at the horizon 2100 (figure 1.41). The 

median warming will be 3.3 °C (IPCC, 2007a). As for the IEA (2008), they found in their 

Reference Scenario a rise of 6°C above pre-industrial level could be reached, in absence of 

international policies.  
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Figure 1.41: MMD models simulation for temperature anomalies  

 
Source: Intergovernmental Panel on Climate Change (2007a) 

 

The effects of such an increase are numerous and will impact health, agriculture, forest, water 

resources, coastal areas, species and natural areas. Before detailing them, one can have an 

outlook of the potential implications of different temperature increases on those categories (figure 

1.42). And it is noteworthy that the stronger the increase in temperature, the stronger the effects. 

It should also be noted that for a temperature increase between 1 and 3 °C compared to 1980-

1999 levels, markets benefits may be found in some locations, while imposing costs elsewhere. 

For an increase of 4 °C, one could expect Global GDP losses of 1 to 5 percent, with greater losses 

in some regions (IPCC, 2007c). And, it is very likely38 that those figures are under-estimated 

(IPCC, 2007c).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                 
38 “Very likely” refers to a probability of occurrence of more than 90 percent, according to IPCC (2007c).  
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Figure 1.42: Examples of impacts associated with global average temperature 

change 

 
Source: Intergovernmental Panel on Climate Change (2007c) 

 

For a 3°C increase it is likely that on one hand, the water will become more available in high 

latitudes and moist tropics but on the other hand, hundreds of millions of people will be exposed 

to stress on water availability. And if the temperature were to increase by more than 4.5 °C, then 

water availability would be decreasing and droughts would be increasing in some places.  

 

Biodiversity will also be severely hit. The number of species at risk of extinction could rise to 

more than 40 percent around the world. Besides, in China, the rate of forest fire and the 

desertification would be increased, and the inland lakes as well as those of the Tibetan plateau 

would be shrinking (Yushi et al., 2008).  

As for food, if temperature increases by more than 3-4 °C, then almost all the countries will have 

decreasing agricultural productivity. Only few countries such as Russia would gain for a small 
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increase in temperature. For every 1°C increase in growing-season minimum temperature, the 

yield of rice is decreasing by 10 percent in Asia (IPCC, 2007b). Besides, in the case of Asia, 

water and agriculture sectors are the most sensitive to climate change as high temperature, severe 

droughts, floods and soil degradation are likely to affect severely agricultural productivity (IPCC, 

2007b; Tao et al., 2003). Reduction in the number of rainy days, rising frequency of El Nino and 

water stress have caused the agricultural production to decline in recent years in Asia (IPCC, 

2007b). As for China alone, a 2°C rise in mean temperature could induce a decrease in rain-fed 

rice yield of 5 – 12 percent (IPCC, 2007b). According to Yushi et al. (2008), reductions of 5 to 

10 percent in the Chinese agricultural yield and in nutritional value of agricultural products are to 

be expected by 2030. These results are corroborated by Lin, Zou (2006) as they say that rain-fed 

crops yield will decrease by 12 to 20 percent for wheat; by 15 to 22 percent for maize and by 8 to 

14 percent for rice by 2050. According to them, overall climate change would put an adverse 

impact on Chinese food production and hence on Chinese development as it could jeopardise its 

long-term food security. Wang et al. (2007) found that, although effects of climate change are not 

uniform throughout the country and may differ from one season to another, warming is likely to 

be harmful to the Chinese agriculture.  

 

Concerning coastal areas, the damages arising from floods and storms will be increasing. Indeed, 

melting glaciers will induce sea level rise and climate will probably become more and more 

severe. Hence, coastal areas are at risk and millions of people could experience flooding every 

year (including Shanghai’s 18 million inhabitants, for example). As most Chinese big cities (in 

terms of population and economic activities) are located along the coasts, a sea-rise level due to 

global warming would have huge impacts, as shown on figure 1.43 and according to IPCC 

(2007b), a 30 cm rise in sea level would inundate more than 81,000 km².  

 

Table 1.43: Calculated losses in Chinese delta regions as impacts from sea-level 

rise of 30 cm and 1 m for the price level from 2000 and an estimated price level for 

2030 in RMB:  

 
Source: Lau (2006) 
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When talking about costs in the climate change issue, one must mention the ongoing debate on 

discount rate. We do not intend to take stance on it, since we only display some figures to have 

an idea of what is at stake and will not endeavour to assess the costs at a given horizon. However, 

it is useful to recall this debate that re-started in the aftermath of the Stern Review. Discounting is 

the usual method used to compare costs or benefits that occur at different period in time. If the 

discount rate is zero, then costs or benefits are valued equally, no matter when they occur. If the 

discount rate is infinite then, only the present counts. Lastly, the greater the rate, the lower the 

value attached to the future (Australian Greenhouse Office, 2004). The usual rationale is that 

individuals tend to have a pure time preference and that they value more the present. The 

difficulty with climate change is that it involves intergenerational issues. And in that case, society 

may have a “duty of care” to future generations to avoid adverse consequences and a lower or a 

zero discount rate might be needed (Australian Greenhouse Office, 2004). It is the reason why 

while Nordhaus used discount rates up to 3 percent, Stern argued that inherent discounting was 

ethically inappropriate. This view was also criticised by Tol or Varian. Philosophers and some 

economists have argued that for social decisions, there was an ethical perspective for neutrality 

between generations. However this contradicts human behaviour (Hepburn, 2006). As noted by 

Varian (2006)39:  

 

“The choice of an appropriate social time discount rate has long been debated. Some very 

intelligent people have argued that giving future generations less weight than the current 

generation is “ethically indefensible.” Other equally intelligent people have argued that 

weighting generations equally leads to paradoxical and even nonsensical results.” 

 

To conclude on this point, even though small discrepancies in the social discount rate used yield 

significant difference in results, one must bear in mind that in both cases the costs are extremely 

high and that action is required.  

 

Every above-mentioned phenomenon will have effects on health as it will induce malnutrition 

that will affect the growth of children as well as cardio-respiratory and infectious diseases. 

Besides, heat waves and flooding will increase mortality. Lastly, there will be changes in diseases 

vectors leading to an increase in the health burden.  

 

However, as China is a developing country, it is not responsible for most of what is happening 

now. It accounts for 8 percent of the cumulative CO2 emissions over the period 1900-2005; while 

the US and the EU represent more than half of these emissions (IEA, 2007) (figure 1.44).  

 

                                                 
39 http://www.nytimes.com/2006/12/14/business/14scene.html?_r=1 
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Figure 1.44: Energy-related CO2 emission by region, 1900-2005 

 
Source: International Energy Agency (2007) 

 

Nevertheless, in the past few years, Chinese emissions have soared. According to IEA (2008), 

China overtook in 2007 the US as the first CO2 emitter worldwide. And in 2030, Chinese 

emissions are forecasted to be 66 percent higher than those of the US, ranked second (IEA, 

2007). As China will also have to pay the cost of global warming, there is a huge incentive for 

the Chinese government to endeavour to decrease the level of carbon dioxide emissions. Indeed, 

as shown on the table below (table 1.45), even by reducing by between 50 to 85 percent in 2050 

the 2000 emissions, an increase of 2 to 2.4 °C should be expected at the horizon 2100. Should the 

level remain the same, then an increase of 3 to 4 °C is expected. This highlights the emergency of 

the situation and the fact that even if China is not responsible for the current level of greenhouse 

gases concentration, it has an incentive to decrease its emissions and by doing so, with its size, 

could have a significant impact on reducing the total emission and hence, the overall climate 

change.  
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Table 1.45: Characteristics of post-TAR stabilisation scenarios and resulting long-

term equilibrium global average temperature and the sea level rise component 

from thermal expansion only  

 
Source: Intergovernmental Panel on Climate Change (2007c) 

 

There are two types of strategies in the case of global warming: adaptation and mitigation. The 

first one refers to the strategy of adapting to the possible impacts of climate change and thus, 

reducing their vulnerability to climate-related events such as floods, heat waves, food insecurity, 

storms…The latter corresponds to the idea of reducing the current level of emissions of 

greenhouse gases and decrease the possible strength of the change in climate. In this essay, we 

will not consider the adaptation strategy and will only focus in the third part on mitigation 

strategies that could be implemented in China. As developing Asia (and so, China) offers some of 

the most cost-effective solutions to decrease CO2 emissions, actions will take place there. The 

goal of this dissertation is to find ways to put the Chinese energy sector on sustainable tracks, 

which encompasses different types of pollution. So we do not intend to focus on ways to cope 

with climate change but only on ways to decrease the level of noxious to limit the adverse effects 

of pollution. Moreover, as already mentioned, reducing carbon emissions is more cost-effective 

in China than in many other countries and this will yield positive results at a global scale. 

Besides, it should be noted that the costs of action on a global basis are relatively low compared 

to the costs of climate change (HM Treasury, 2006; IPCC, 2007c; IGES, 2008).  

 

A small word should be said on international policy issues. As it has already been stated, climate 

change is a huge challenge for the international community. Current forecasts show that 

emissions will far exceed the level of 450 or 550 ppm that should be targeted at in order to lower 

the potential impacts of global warming (figure 1.46).  
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Figure 1.46: Greenhouse-gas concentration trajectories by scenario 

 
Source: International Energy Agency (2008) 

 

Hence, action is required urgently to reach one of those two targets. This means that a post-2012 

climate policy framework is needed to promote CO2 mitigation in all countries. What will be at 

stake in Copenhagen in 2009 is finding an agreement on how to implement a long-term carbon 

price, level of binding commitments (plus the question of developing countries), and a way to 

make all countries participate. The five largest-emitters represent nearly two-thirds of current 

CO2 emissions and this share should remain similar in 2030 according to the Reference Scenario 

(IEA, 2008). Besides, non-OECD countries will represent 62 percent of global CO2 emissions by 

2020 (IEA, 2008).  

 

Figure 1.47: The world’s five biggest emitters of energy-related CO2 

 
Source: International Energy Agency (2008) 

 

We will revert to that point later as, currently climate change is not the form of pollution that 

worries Chinese inhabitants the most. China relies heavily on coal and thus, suffers from air 

pollution at both local and regional level. And these two types of pollution have already visible 

costs and consequences.  
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1.4.2/ Regional consequences  

 

Regional pollution is embodied by acid rain which occurs when SO2 and NOX are mixed together 

in the air. It then leads to the creation of acidic compounds that are absorbed by clouds, which in 

turn makes rain or snow more acid (IEA, 2007). Acid deposition has been recognised as a 

potential environmental problem in China in the late 70s, early 80s (Larssen et al., 1999). At that 

time, it only occurred in two regions: Chongqing-Guiyang and Nanchang (He et al., 2002). In the 

90s, other regions such as southeast or north coastal areas were identified as acid rain areas (He et 

al., 2002). Nowadays, about 40 percent of China suffers from acid rain that is mainly occurring 

south of Yangtze River and in coastal areas (He et al., 2002). This evolution can be seen on 

figure 1.48.   

 

Figure 1.48: Acid rain level in China (a) during the early 1980s and (b) during the 

late 1990s 

 
Source: He. et al., (2002) 
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Acid rain has repercussions on vegetation, soils, crop yields, buildings, public health…Trees that 

are useful for timber, local climate regulation or wildlife, are weakened by acid rain; crop yields 

are reduced, lowering the agricultural production and thus, increasing the risk of food shortage; 

buildings are blackened and corrosion accelerates; and respiratory diseases occurrence rises. 

Besides, not only does it affect the place where the pollution is emitted, but it can also be 

transported over thousands miles. For example, Japan, Korea, and to a lesser extent Canada and 

the US are suffering from Chinese pollution through acid rain (IEA, 2007).  

 

As for rankings, China is already the first SO2 emitter in the world, by far and forecasts show that 

Chinese emissions of NOX and SOX will rise steadily (IEA, 2007). Measuring the impact of acid 

rain appears to be an inexact science as most of the studies differ widely. Anyhow, the figures 

shown are not encouraging. A forest damage assessment study has been carried out by Wang et 

al. (1996, cited in Larssen et al., 1999). They showed that in Liuzhou (Guangxi province) 84 of 

the 436 tree species investigated were affected. They also found that 32 percent of the forested 

areas in Sichuan Province were altered by acidification. According to Cao (1989), severe yield 

losses in harvest ranging from 5 to 25 percent should be expected in the most polluted Chinese 

cities. Chang and Hu (1996) found that the average yield for vegetables in Chongqing (China) 

has been reduced by 24.5 percent in 1993 and it resulted in a loss of 62 million Yuan (The World 

Bank, 1997). Another study undertaken by Zhang, Wen (2000, cited in Day, 2005) showed that 

the Chinese agricultural production has already been lowered by 5 to 10 percent by acid 

deposition. According to Finamore, Szymanski (2002), the Asian Development Bank assessed 

the damages due to acid rain at US $ 14 billion, nearly 2 percent of GDP. Lastly, a World Bank 

study (2007c) showed that crop losses in China due to SOX and acid rain represented 30 billion 

RMB in 2003. Besides, the material and buildings degradation it provokes has also a cost and the 

World Bank (2007c) estimated this cost at 6.7 billion RMB in 2003. Acid rain and air pollution 

are responsible for the degradation of more than 80 percent of the 33 U.N.-designated World 

Heritage sites located in China ; the most famous example being the 17-meter Leshan Giant 

Buddha, a sandstone landmark in Sichuan Province since the 7th century that might lose its nose 

and ears (Tier, 2007; Casey, 2007).  

 

It should be noted that technologies do exist to curb these emissions and that most of the 

developed countries have achieved huge improvements in terms of air quality, in spite of an 

increasing energy demand. Besides, cost-benefit analyses indicate that benefits on health or 

agriculture far outweigh costs of obtaining pollution reduction. Wang et al (2001, cited in Day, 

2005) predicted that benefits of a remedial action in the most severely hit areas would outweigh 

costs by a ratio from 1.25 to 2.51. We will revert to that point in the third part where solutions to 

lower the environmental impact will be discussed.  
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1.4.3/ Local consequences  

 

The reasons for the local pollution are the same, that is to say a heavy reliance on coal and non-

conventional biomass that both emit a lot of noxious gases (carbon oxides, sulphur oxides, 

nitrous oxides, particulate matter…). Therefore, China is greatly polluted. For instance, nitrogen 

dioxide is a lung irritant and increases the lung sensitivity to other pollutants and sulphur dioxide 

is an acidic gas that can lead to short-term lung irritation or long-term lung tissue changes and 

has negative impact on agricultural crops. According to WHO40, 17 percent of all deaths in the 

Asia-Pacific Region (in which the bulk of the population is represented by China) are related to 

environmental problems. This pollution can either be referred to as indoor air pollution (through 

use of biomass in most of the cases) or outdoor air pollution. It should also be noted that there is 

a growing gap between water resources, water quality and the ever-increasing needs of people or 

industries. The lack of access to good quality water could lead to a great danger for the 

population because of the spread and diffusion of microbes. China that represents 22 percent of 

the world population only holds 8 percent of its fresh water; which leads to the fact that 700 

million people drink water that does not meet the government’s minimum safety standards 

(Beach, 2001). China’s seven largest rivers are all dangerously polluted. A Chinese journal 

reported in 1992 that lead pollution concentrations in seven major Chinese cities were between 

3,600 and 5,216 percent higher than legally permissible standards (Beach, 2001). In 2004, 

approximately 25,000 km of Chinese rivers were unable to meet the quality standards for aquatic 

life and 90 percent of the urban sections of those rivers were heavily polluted (The World Bank, 

2007c). The water quality in more than half of the observed places is defined as class 4 or worse 

(lowest grade of Chinese water definition being class 5), as shown on figure 1.49. The majority 

of those rivers are so polluted that there is no fish in 80 % of them. The Yellow River reaches the 

Sea only 6 months per year; illustrating the problems that are already affecting Chinese waters 

(Chevalier, 2005). Lastly, we can add that waste discharge from coastal cities and from oil 

offshore operations are making the shoreline impure.  

 

Figure 1.49: Comparison of the water quality in the seven major rivers in 2006 

 
Source: Ministry of Environmental Protection (2006) 

                                                 
40 http://www.wpro.who.int/china/sites/ehe/overview.htm 
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Among those seven rivers, the most worrying remains the Yellow river, as it can be seen on 

figure 1.50.  

 

Figure 1.50: Water quality of the Yellow River basin in 2006  

 
Source: Ministry of Environmental Protection (2006) 
 

Overall the economic losses due to water pollution represent between 1.5 and 3 percent of 

Chinese GDP (OECD, 2001) while for Wen, Chen, (2008), it represented 6 percent of the GDP in 

2002.  

 

Indoor air pollution occurs mainly in poor areas as it is related to the use of traditional biomass. 

For instance, in developing countries like China, people tend to rely on wood, dung or crop 

residues for domestic energy. Even though biomass use is decreasing at the global scale, there is 

evidence that its use is increasing among the poor (Bruce et al., 2000). Poverty is then viewed as 

a barrier for the consumption of cleaner fuels. Most households in developing countries burn 

biomass in open fireplaces and, in that case, combustion is incomplete and results in substantial 

emissions which, due to poor ventilation, produce a high indoor pollution (Bruce et al., 2000). 

Exposure to this polluted air leads, among others, to respiratory illness, cancer, tuberculosis, low 

birth weight and eye disease (Bruce et al., 2000). For example, in China, it has been shown that 

two-thirds of women with lung cancer were non-smokers (Bruce et al., 2000). And according to 

Zhang, Smith (2007), indoor air pollution is responsible for more than 400,000 premature deaths 

annually in China. Another study based on the evaluation of Chinese exposure-response data of, 

among others, lung cancer or coronary diseases, found that between 720 and 1,200 thousand 

premature deaths were caused by indoor air pollution (Florig, 1997 cited in Smith, Metha, 2003). 

The WHO (2002) worked out a study in which they found that 423,000 deaths were attributable 

to household fossil fuel combustion, among which 52,000 were affected children under the age of 

5.  

 

As for outdoor air pollution, the burden of disease is mainly shared among developing countries, 

and Asia alone represents 65 percent of that global burden of disease related to outdoor air 

pollution (Cohen et al., 2005). For example, in the last ranking of the world’s most polluted 
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cities, China accounted for 20 of them41 and according to a World Health Organization report 

(2004), only 31 percent of the Chinese cities meet the WHO standards in terms of air quality. 

Besides, in the 11 Chinese biggest cities, 50,000 people die prematurely every year because of air 

pollution. Furthermore, in the ranking of the world’s worst polluted cities from the Blacksmith 

Institute (2007), three out of the five cities chosen in the category “air pollution” were Chinese 

and overall, two out of the ten worst were located in China. Table 1.51 below underlines the fact 

that the majority of the cities with high SO2 concentration are in China, with 10 out of 15 of the 

most polluted cities in the world.  

 

Table 1.51: Sulphur dioxide concentration in selected cities, 2007 

Country Cities Sulphur Dioxide (in 

micrograms per cubic meter, 

1995-2001) 

China Guiyang 424 

China Chongqing 340 

China Taiyuan 211 

Iran Teheran 209 

China Zibo 198 

China Qingdao 190 

China Jinan 132 

Brazil Rio de Janeiro 129 

Turkey Istanbul 120 

China Anshan 115 

Russian Fed. Moscow 109 

China Lanzhou 102 

China Liupanshui 102 

Japan Yokohama 100 

China Chenyang 99 

Source: The World Bank (2007b) 

 

One can also add that environmental pollution causes illness. For example, chronic obstructive 

pulmonary diseases and lower respiratory tract infections are both linked to air pollution and have 

accounted for 1.9 million deaths in 2003, that is to say 21 percent of all deaths in China (Li, 

Higano, 2005) against 6 percent worldwide42. Mortality of respiratory disease, cardiovascular 

disease and lung cancer is significantly different between highly polluted cities and less polluted 

cities in China (WHO / UNDP, 2001). According to OECD (2001), 7 percent of all death in 

                                                 
41 World Bank – China quick facts available at 
http://web.worldbank.org/WBSITE/EXTERNAL/COUNTRIES/EASTASIAPACIFICEXT/CHINAEXTN/0,,content
MDK:20680895~pagePK:1497618~piPK:217854~theSitePK:318950,00.html 
42 http://www.cmm.qc.ca/coalitiontransport/file/Presentation_Dr_lessard.pps#406,3,Impact sanitaire de la pollution 
atmosphérique : estimés quantitatifs 
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urban China (a bit less than 180,000) could be prevented should pollution be reduced to standard 

levels. Besides, 346,000 hospitalisations per year and 6.8 million emergency room visits were 

found linked with excess pollution levels in urban China (OECD, 2001; The World Bank, 1997). 

In Southern China only, air pollution is said to have caused 10,000 deaths; 440,000 annual 

hospital bed-days and 11 million outpatient visits in 2006 (Civic Exchange, 2008).  

 

A study from the WHO (2002) calculated the projected premature deaths as well as the burden of 

disease expressed in Disability-adjusted life years43 (DALYs) caused by outdoor air pollution, for 

the period 2001-2020. The figures they found for China are rather impressive. Respectively 

150,000 and 590,000 might die from indoor and outdoor air pollution every year, over this 

period. Besides, it is going to afflict people in other ways such as non lethal diseases. A total of 

18.5 million Disability-adjusted life years might be lost because of air pollution (both indoor and 

outdoor) (WHO, 2002).  

 

Table 1.52: Premature mortality and burden of disease due to air pollution, by 

region (projected annual averages for 2001-2020) 

 
Source: World Health Organization (2002) 

 

Table 1.53 below estimates the respiratory damages that could be avoided by meeting class 2 air 

quality standards in China. One can then notice that urban air pollution leads to 178,000 

premature deaths annually and to an additional 346,000 hospital admissions because of 

respiratory problems.  

 

                                                 
43 “DALYs (disability-adjusted life years) are a standard measure of the burden of disease. The concept combines 
life years lost due to premature death and fractions of years of healthy life lost as a result of illness or disability”,  
Lvovsky et al. (2000), p. 47  
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Table 1.53: Estimation of the respiratory damages that could be avoided by 

meeting class 2 air quality standards in China 

 
Source: World Health Organisation, United Nations Development Programme (2001) 

 

Table 1.54 below reports different studies trying to assess what are the costs of outdoor air 

pollution, in terms of mortality. It varies from 13,000 to 376,000. However, most of the studies 

agree on the fact that it represents more than 100,000 people.  

 

Table 1.54: Related studies to excess mortality due to outdoor air pollution in 

China 

 
Source: World Health Organisation, United Nations Development Programme (2001) 

 

There are two ways of calculating costs of these deaths. The first one, the human capital 

approach, showed that the economic cost of health impact was 43.8 billion RMB, corresponding 

to 0.6% of the GDP (WHO UNDP, 2001) (table 1.55).  
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Table 1.55: Estimated costs of health impacts due to air pollution 

 
Source: World Health Organisation, United Nations Development Programme (2001) 

 

The other approach, using the willingness to pay, assessed that the costs were between 85.5 and 

159.3 billion RMB, which corresponded to 1.1 to 2.0 % of GDP (WHO UNDP, 2001).  

 

Table 1.56 below reports the figures found, using these two different approaches (The World 

Bank, 1997).  

 

Table 1.56: Air and water pollution costs in China:  

(Millions of $ US)  

 
Source: The World Bank (1997) 

 

This study found that total cost of pollution (urban and outdoor air pollution, acid rain, water 

pollution …) corresponded to either 7.7 percent of GDP (using WTP valuation) or 3.5 percent 
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using Human Capital valuation. Another study conducted by Yang, Schreifels (2003) conclude it 

was closer to 2 percent of GDP. More generally speaking, it has been estimated that the direct 

cost of environmental damage due to pollution during the 1990s has represented approximately 7 

percent of Chinese GDP (Sinton, Fridley, 2000) and recently Wen, Chen (2008) assessed the 

economic losses of air pollution to 4.1 percent of GDP in 2002. According to Finamore, 

Szymanski (2002), if SO2 emissions are not controlled, economic losses could amount US $ 240 

billion over the next 10 years and overall environmental pollution could represent 10 percent of 

GDP. And in its last report on this topic, the World Bank (2007c) assessed the economic cost of 

Chinese pollution (both water and air) at 3 or 6 percent of the GDP in 2003, depending on the 

methodology used (Adjusted human capital approach or Value of statistical life).  

 

The problem of cars and their fast increase in big cities with rising living standards also raises 

concern about the environment. Indeed, the growing number of cars, buses or trucks that block 

traffic on China’s highways faster than new roads can be constructed, increases this problem. The 

recent and quick expansion of the motor vehicle fleet in large cities has increased air pollution 

from fossil fuels. For example, in a few very large cities such as Beijing, Shanghai, and 

Guangzhou, mobile sources of pollution account for 45 to 60 percent of NOX emissions and 85 

percent of carbon emissions (The World Bank, 2007a). Besides, forecasts indicate more than a 

sevenfold rise in the vehicle fleet between 2000 and 2020 (The World Bank, 2007a).  

 

In conclusion, China is severely hit by pollution which puts a heavy burden on population. There 

are many diseases and deaths caused by pollution and it also hampers the agricultural 

productivity and buildings’ longevity. A recent report (Yushi et al., 2008) calculated the total 

external costs of coal only, during all the life cycle: extraction, transportation, burning and for all 

the types of pollution, represented RMB 1,745 billion in 2007 or the equivalent of 7.1 per cent of 

China’s GDP for the same year. Therefore, it does represent a public issue that needs to be 

tackled urgently. It is noteworthy that some progresses have been made, though the issue is still 

heavy (Yi et al., 2007).   

 

There is one economic theory – the Environmental Kuznest Curve - that would tend to back up 

the idea that China will, at some point, care about its environment. It reads that when revenues of 

inhabitants of a given country exceed a certain level then they reduce the overall pollution, as 

they now care about they air they breathe and the environment in which they live. We will now 

briefly introduce it; just to have a general idea. Hence, we will not extensively debate on the level 

of the turning point.  
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1.5/ Environmental Kuznets Curve   

 

The Environmental Kuznets curve44 (EKC, hereafter) makes the hypothesis that pollution levels 

increase as the country develops but when incomes pass beyond a specific turning point, it begins 

to decrease. This is reflected in an inverted U-curve that expresses the relationship between 

pollution and income. This hypothesis was first proposed by Grossman and Krueger in 1991 and 

restated by the same authors in 1994 (Chousa et al., 2008). The upward trend in emission is due 

to the transition from an agriculture-based to an industry-based economy and the downward 

movement relates to the shift towards services, increase in industrial goods imports and 

stabilisation of GDP growth (Chousa et al., 2008). At low level of per capita income, when 

economic activity is mostly subsistence farming, one might expect good environmental 

conditions. Then, due to greater use of natural resources, dirty technologies and disregard of 

environmental degradation, the level of pollution increases (Yandle et al., 2004). Then later, in 

post-industrial stages, use of cleaner technologies, services-based activities combined with the 

willingness and the ability to improve the environmental state enhance the environment (Yandle 

et al., 2004).  

 

This view has been popularised by the International Bank for Reconstruction and Development 

(1992) as they noted that the demand for improvements in environmental quality rises with per 

capita income. If there were no change in structure or in technology in an economy, then 

pollution would increase proportionally to economic growth. This is referred to as scale effect 

(Stern, 2003a). The view in which economic growth and environmental quality are two 

conflicting goals is then entirely based on this scale effect (Stern, 2003a). The two other channels 

in which economic growth affect the environment are the technological effect (enhancement of 

existing technologies) and the composition effect (change in the structure of economy) (Dinda, 

2004). Supporters of the EKC advocate that  

 

“at higher levels of development, structural change towards information-intensive 

industries and services, coupled with increased environmental awareness, enforcement of 

environmental regulations, better technology and higher environmental expenditures, 

result in levelling off and gradual decline of environmental degradation”45 

 

The idea that pollution might decline when income grows dates back to the seventies when 

Vernon Ruttan said:  

 

                                                 
44 This curve is named after the Nobel Prize winner Simon Kuznets (1971) that stated that income inequality first 
rises and then falls as nations develop, resulting in an inverted U-curve (1955).  
45 Panayotou (1993) cited in Stern (2003a), p. 4  
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“In relatively high-income economies the income elasticity of demand for commodities 

and services related to sustenance is low and declines as income continues to rise, while 

the income elasticity of demand for more effective disposal of residuals and for 

environmental amenities is high and continues to rise. This is in sharp contrast to the 

situation in poor countries where the income elasticity of demand is high for sustenance 

and low for environmental amenities.”46  

 

So, one theory to explain the EKC is that the environment becomes a luxury good beyond a 

certain point of development. A typical EKC diagram can be represented as follows (figure 1.57).  

 

Figure 1.57: A Typical EKC Diagram 

 
Source: Yandle et al. (2004) 

 

Another representation can take this form (figure 1.58) with the level of development on the X-

axis. One can see that after an initial increase in air pollution concentration, it then stabilises 

before being reduced because of new technologies and standards. According to Fenger (1999) 

this path has been the one taken by industrialised cities that are now in the last stage.  

 

 

 

                                                 
46 Ruttan (1971) cited in Yandle et al. (2004), p. 5 
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Figure 1.58: Schematic presentation of a typical development of urban air 

pollution levels 

 

 
Source: Fenger (1999) 

 

However, this theory was recently challenged by Stern (2002; 2003a) as according to him, it does 

not stand on strong econometric footings47 (serial dependence of data used, stochastic trend in 

time series). As for him, it is essentially an empirical phenomenon that is econometrically weak. 

Empirical evidence has never proved that this theory could be applied to all pollutants, which has 

increased doubts over the EKC (Bella, 2006). According to Bella (2006), when pollutants are 

cleaned new ones emerge so that the total environmental impact does not decrease. And even 

when an empirical inverted U-shaped curve is found, the debate concerns the turning point in 

income. It is the reason why Bella (2006) advocates for a N-shaped curve: when a country 

develops, pollution increases then decreases to finally rise again. So, the classic inverted U-curve 

could be the starting point of a more complex movement (Bella, 2006). There is more than rising 

income to improve the environment. It also depends on policies or institutions. Increase in per 

capita income fosters the need for environmental quality and makes accessible resources to 

achieve it. But whether this willingness will turn in real environmental improvements depends 

heavily on policies, states, institutions and markets functioning (Yandle et al., 2004). Shen, 

Hashimoto. (2004) tested this curve for seven pollutants in China, using cross-province panel 

data. They found that in five cases (including SO2) an inverted U-shaped curve relationship and a 

N-shaped curve in the remaining two. De Groot et al, (2002) also tested whether such an inverted 

U-curve existed in China. They found a monotone negative relationship between pollution and 

income for wastewater (for all specifications); a typical Kuznets curve for waste gas (in levels) 

and a N-shaped curve for solid waste (in levels too).  

 

                                                 
47 “It is very easy to do bad econometrics and the history of the EKC exemplifies what can go wrong”,  
Stern (2003b), p. 1  
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From this curve has been derived by Munasinghe (1999) an appealing idea. He mentioned the 

possibility for developing countries to tunnel through the EKC (figure 1.59) by learning from 

past experiences of industrialised countries. Ideally this would be done before some irreversible 

environmental damages are done. The peak in environmental damage could be avoided. This 

could be an interesting solution for any developing countries that could then use the industrialised 

countries expertise and benefit from experiences that could enable them to lower their emissions.  

 

Figure 1.59: Tunnelling through the environmental Kuznets curve using 

sustainable strategies. 

 
Source: Munasinghe (1999) 

 

This idea was re-used by the World Bank (2007a) for which, as we have already mentioned it 

(figure 1.36) they apply this diagram for energy intensity. Still, developing countries among 

which China could tunnel through and then avoid the peak in energy intensity; though the 

“window of opportunity” for this change to occur is closing. So, China needs to do something 

about its environment and could use industrialised countries experiences to bypass the peak in 

environmental degradation.  
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Conclusion  

 

To conclude this part, we saw that China has been developing at a fast pace for the last thirty 

years that have witnessed several major changes in the economy. After the troubles of the XIXth 

and XXth centuries, China is becoming again a leading nation. It has one of the strongest 

economies and is increasingly involved in international markets.  

 

This can be seen from an energy consumption point of view too. China has for long been self-

sufficient but with its increasing energy needs, it had to become more and more reliant on other 

countries’ resources. It is already the third oil importer in the world and by 2030 it should 

become the world’s first energy consumer. Its energy mix, present and forecasted, is extremely 

coal-reliant. This raises concern on two grounds: the quantities at stake as well as the 

environmental consequences.  

 

We decided to focus on the environment. China is already the first emitter in carbon and sulphur 

dioxide in the world. This has repercussions on the environment, at all levels. Locally, it 

increases diseases and deaths; regionally, it hampers agricultural productivity and buildings’ 

longevity through acid rain and globally, it contributes to climate change. Pan Yue, deputy 

director of China's State Environmental Protection Administration (SEPA)48 declared 

successively in an interview in an online Australian newspaper in 2007 that “The model of 

economic development that we are currently pursuing is unsustainable”, “China’s current 

supplies of energy and natural resources are unsustainable” and “China’s environment is 

unsustainable”49. Even though it may not reflect a political consensus, it shows that there is a 

change of mind from high-level officials in the Chinese government. Besides, this highlights an 

urgent need for action.  

 

Lastly, we mentioned the Environmental Kuznets Curve and Munasinghe’s idea of tunnelling 

through. Indeed, the rest of this essay will now endeavour at finding how China can be back on 

environmentally sustainable tracks without necessarily reaching the peak in pollution that 

industrialised countries have experienced.  

 

                                                 
48 Since this interview, SEPA changed its name and became MEPA (Ministry of Environmental Protection of the 
People's Republic of China) in 2008 and Pan Yue acts currently as Vice-Minister 
49 Yue (2007)  
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Introduction 

 

 “Clean air is considered to be a basic requirement of human health and well-being. 

However, air pollution continues to pose a significant threat to health worldwide. 

According to a WHO assessment of the burden of disease due to air pollution, more than 

2 million premature deaths each year can be attributed to the effects of urban outdoor air 

pollution and indoor air pollution (caused by the burning of solid fuels). More than half of 

this disease burden is borne by the populations of developing countries.” 50 

 

This is the case of China. Indeed, in the first part, it has been highlighted that the Chinese 

environment was heavily polluted and that the trend of Chinese development was a point of 

worry. Some articles and reports have even defined the Chinese development as unsustainable; 

which poses the question for a precise definition of what is sustainable and what is unsustainable.  

 

One can recall that Zhang, Wen (2000, quoted in Day, 2005) found that acid deposition has 

already reduced the Chinese agricultural production by 5 to 10 percent, or that according to a 

World Health Organization report (2004), only 31 percent of the Chinese cities met the WHO 

standards in terms of air quality. More generally speaking, Sinton, Fridley (2000) estimated that 

the direct cost of environmental damage due to pollution during the 1990s had represented 

approximately 7 percent of Chinese GDP. These figures underline that one of the biggest 

environmental problem in China is air pollution, generated by burning fossil fuels.  

 

However, this is not the only point of worry concerning the pollution in China. Indeed, China 

recently overtook the United States as the first CO2 emitter worldwide and its contribution to 

global warming is significantly increasing every year.  

 

Therefore, this part will aim to create a scenario of so-called “environmentally sustainable 

development” in China, and in its power sector. Hence, two sets of scenario will be drawn and 

then, analysed. Indeed, the choice of using two sets of scenarios comes from the fact that the 

power sector is the most important source of CO2 and SO2 emissions and the second largest 

contributor of NOX emissions (European Environment Agency, 2006b). Currently, the Chinese 

power sector does not use the best technology available and thus, could be enhanced from an 

environmental point of view. Consequently, there is room for improvement by upgrading the 

quality of the power sector; these enhancements could even be made at a reasonable cost and at a 

fast pace. These scenarios will be used as a back-casting tool, that is to say these targets will be 

                                                 
50 World Health Organisation (2005), p. 5 
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examined in the third part to evaluate what should be implemented to put China back on 

sustainable tracks.  

 

Sustainable development has become, in the past few years, a guiding principle for public policy. 

Thus, hardly any research initiative can attract funding unless the words “sustainability” or 

“sustainable” appear in the proposal (Bell, Morse, 2000). As Lele (1991) noted: 

 

“Sustainable development has become the watchword for international aid agencies, the 

jargon of development planners, the theme of conferences and learned papers, and the 

slogan of developmental and environmental activists”51.  

 

However, it can be found difficult to translate this principle into policies as both present and 

future generations and also the three dimensions of this term (social, economic and 

environmental) interact, especially in developing countries as it is their first development.  

 

In order to create such scenarios, sustainable development will be defined, first through its 

history then through its three components: social, economical and environmental. After this, we 

will turn to the notion of environmentally sustainable development. Next, we will describe 

existing indicators of sustainable development and find the one that best assess our definition. 

Lastly, two scenarios will be drawn in which will be given guidelines of certain pre-defined 

indicators at the horizon 2030, both for the Chinese economy as a whole and for the Chinese 

power sector in particular. In order to do so, we will apply environmental standards taken from 

existing indicators to the forecasted Chinese GDP and population in 2030. Then, the last point 

will be devoted to discussing the values found with these scenarios.  

 

                                                 
51 Lele (1991), p. 607 
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2.1/ Sustainable development: history and concepts 

 

Sustainable development appeared for the first time in 1980 in an IUCN / UNEP / WWF report. It 

was then reused in the Brundtland Commission Report in 1987 and since then has been relayed in 

plenty of reports, books, academic articles…Even though this theory received a positive feedback 

recently, the idea of a certain scarcity of the natural resources or of a deterioration of the 

environment is not recent. Indeed this concept of scarcity is much older as it dates back to the 

first economic movement. Some even suggest that the issue of sustainable development is the 

same as the age old question “What is the good life?” evoked by Ancient Greeks (Hardi, Zdan, 

1997), while others think it dates back the Habsburg Empire for the management of forests as a 

renewable resource, around 1852 (Figuières et al., 2006).  

 

Alcouffe et al. (2002) showed there were three key dates for the sustainable movement: 1972 

(Stockholm conference and the notion of eco-development), 1987 (the World Commission on 

Environment and Development, WCED hereafter) and 1992 with the Earth Summit. However, 

this part will be articulated into only two parts. First, the roots, in which the legacy of the 

previous school of thoughts will be analysed and then, concept and literature of sustainable 

development will be under study from the 1987 WCED until nowadays. 

 

2.1.1/ Roots: From the Classical Economists to the WCED 

 

Although, one tends to assume that the environmental problem is automatically linked to 

industrial pollution, history already witnessed pollution problem millenniums ago (Mebratu, 

1998). Indeed, according to some economists, lead pollution is considered to be one of the 

reasons of the fall of Rome and there is growing compromise among archaeologists that the 

Babylonian Empire may have collapsed because of environmental degradation (Mebratu, 1998). 

As for the semantics, words like “ecology” or “natural resources” only became common during 

the XXth century. Before then, the authors made reference to “Nature” (Abdelmaki et al., 1997).  

 

As far as economists are concerned, although physiocrats analysed the interaction between 

economy and ecology, English Classical economists are the first to have really considered the 

environment and sustainability more generally speaking (Vivien, 1994, Pezzey, 2003). Malthus is 

seen as the first economist to have foreseen the limits to growth because of a certain form of 

resource scarcity (Mebratu, 1998). He wrote in is famous “An essay on the principle of 

population” (1798):  
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“The power of population is so superior to the power of the Earth to produce subsistence 

for man, that premature death must in some shape or other visit the human race”.52  

 

He thought that the population would be growing at a geometric rate while the resources would 

be increasing at an arithmetic rate. Even though history proved him wrong, he introduced in the 

economics a quite trendy concept nowadays: the potential scarcity of the resources. However, 

problems arising from climate change can make the Malthusian thoughts come back. Indeed, 

climate change threatens the agriculture with for example a reduced Australian corn harvest that 

led in 2007 to an increase of the price market. If this situation were to be repeated in the near 

future, this could prevent poor population from accessing this first-necessity good. According to 

Mebratu (1998), the Malthusian theory of “environmental limits” could be analysed as a 

precursor of the sustainable development theory.  

 

Fifty years later, Mill (1848), explained that environment (‘Nature’ in his work) should be 

preserved from unconstrained growth if people wanted to maintain their welfare. His conclusion 

was that people should be satisfied with a stationary state, if they wanted to last. Some 

economists will revert to this notion later, as we will see in one of the following points.  

 

Then, along with the Industrial Revolution of the XIXth century, some economists raised 

questions on the environment. The first economists-engineers were fully aware of the ineluctable 

exhaustion of the energetic resources. Indeed, Jevons in is 1865 “Coal Question” used a 

Malthusian argument. He observed that English coal consumption raised after the introduction of 

James Watt’s coal-fired steam engine. Watt’s innovation greatly enhanced Thomas Newcomen’s 

earlier engine. They enabled coal to become a more cost effective source of power. This led to an 

increased use of his steam engine in a wide range of industries which in turn, made total coal 

consumption soar, while the coal energy efficiency fell. This rise in coal consumption is known 

as the Jevons paradox. This explains why Jevons thought that coal demand would soar at a 

geometric rate and then would meet its natural limit.  

 

Now, economic literature has evolved and when talking about energy efficiency, this mechanism 

is referred to as the rebound effect, defined as:  

 

“The “rebound effect” is now the increase in demand for energy services and eventually 

in energy due to the de facto lower price of energy measured in terms of energy services 

or efficiency units”53 

 

                                                 
52 Malthus (1798), p. 51 
53 Birol, Keppler (2000), p. 461 
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In this period, Jevons was not the only economist concerned about the environment. A German 

School of thought developed in the early XXth century the notion of Raubwirtschaft which could 

be translated into destructive economy (Vivien, 1994). Another example of the awareness of the 

environmental problem is the identification of deforestation as a problem as early as 1850.  

 

Even the problem of global warming has been recognised in the XIXth century. As Grinevald 

noticed (1992) the idea of global warming was already present in 1824; although the concept of 

global warming has been highlighted by Arrhenuis in the early XXth century (as well as the link 

between industrial developments, fossil energy consumption and increase of the greenhouse 

gases concentration, greenhouse effect). Indeed he thought that emissions arising from industry 

would double the CO2 levels in 3 000 years (The Economist, 2006). Works by Carnot (1824), 

founder of thermodynamics, and Fourier (1827) showed that machines would affect the 

atmosphere because of what they emit. Fourier (1827) wrote:  

 

“The establishment and progress of human societies, the action of natural forces, can 

notably change, and in vast regions, the state of the surface, the distribution of water and 

the great movements of the air. Such effects are able to make to vary, in the course of 

many centuries, the average degree of heat; because the analytic expressions contain 

coefficients relating to the state of the surface and which greatly influence the 

temperature”54.  

 

The appraisal of the problem of global warming along with the German school of thought 

strongly contributed to the creation of the ecological economics. The neoclassical economy tried 

also to address the environmental problem and, as it will be shown in the third part, found that 

market solutions did exist. They also introduced the concept of sustainable development (Vivien, 

1994).  

 

Concerns over the environment started to take an international dimension only during the 1950s 

(UNEP, 2002). Indeed, books, articles and catastrophes galvanised the international community 

into action. We can quote Hardin in his 1968 “The tragedy of the commons”:  

 

“But the air and waters surrounding us cannot readily be fenced, and so the tragedy of 

the commons as a cesspool must be prevented by different means, by coercive laws or 

taxing devices that make it cheaper for the polluted to treat his pollutants that to 

discharge them untreated.”55.  

 

                                                 
54 Fourier (1827), p. 592 
55 Hardin (1968), p. 1245  
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In his article, Hardin wanted to illustrate the problems arising from the exploitation of a public 

good by too many individuals. He took the example of a herdsman who has benefits from his 

activities but has a cost due to the grass rarefaction. However, while his benefits remain his own, 

he shares the price of the costs with all the other breeders. So, his behaviour is to increase the size 

of its herd. However, all the breeders have the same interest and same behaviours so that the 

problem of grass rarefaction is accelerating, which leads at some point to the loss of the public 

good; the grass in this example. This story can also be applied to many other problems such as 

starvation, overpopulation, overexploitation from the fisheries in the international waters… 

(Bontems, Rotillon, 2003). Such an evolution occurs only when an individual exclusively 

considers her own costs and not her social cost and the influence she has over the natural 

resource. We will revert to that point in the third part.  

Rachel Carson’s Silent Spring (1962) can also be cited in the category of books of the early 60s. 

This book listed all the environmental consequences of the use of heavy pesticides (especially 

DDT) in agriculture in the US. It questioned the use of such chemical products without fully 

knowing all their effects on biodiversity and human beings. It advanced that DDT may cause 

cancer and that it was dangerous for animals especially birds. The title refers to a spring without 

any birds to sing; the spring remaining silent. This publication is still seen as one the events that 

started the environmental movement and has had a great success. Indeed after the release of the 

book, people predicted a doomsday (Khator, 2006). Following this work the DDT was banned in 

the US (in 1972) and consequently for agricultural use worldwide56.  

 

Boulding (1966) compared, in his article, the Earth to a spaceship in which there was a finite 

supply of energy, water and materials. Energy supply could be replaced by solar power and water 

and materials should be reused and recycled. He saw nuclear power, biotechnology, increased 

energy efficiency and solar power as ways to counter effect the exhaustion of fossil fuels. Viewed 

from now, this article defined a sort of sustainable future. It is a reason why it is seen as one of 

the starting point of ecological economics (Pearce, 2002).  

 

As for the catastrophes, we can take for example the Torrey Canyon, in March 1967, the super-

tanker spilled oil along the French northern coast; or the Swedish scientists who accused air 

pollution from Western Europe of being responsible for the death of fish and other organisms in 

the country’s lakes (UNEP, 2002).  

 

Another book in the sixties mentioned the overpopulation problem and the fact that resources 

(food in particular) would not match population growth and thus growing needs. Paul R. 

Ehrlich’s Population bomb (1968) is basically a repetition of a Malthusian argument.  

                                                 
56 http://en.wikipedia.org/wiki/DDT 
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“The battle to feed all of humanity is over. In the 1970s and 

1980s hundreds of millions of people will starve to death in spite of any crash 

programs embarked upon now. At this late date nothing can prevent a substantial 

increase in the world death rate…”57  

 

According to him population growth would outpace agricultural growth unless states control it. 

For example, he wrote that the United States could only have 150 millions inhabitants. History 

proved also him wrong as the food production growth rate has been higher than that of population 

growth. Although, starvation has not been eradicated (far from it) it cannot be linked to food 

shortages on a global scale. The idea of an overpopulation problem is still present in today’s 

literature. Hence, as for Jöst, Quaas (2006), newborns have an effect on the environment by 

affecting the production system. Indeed, the use of resources, as well as emissions due to goods 

producing, is influenced by the birth rate. So, the authors advocate, that for the same reason as 

taxing a polluting firm, the social planner should levy a tax on the household’s size.  

 

The same year as the publication of Ehrlich’s book, in 1968, the UNESCO organised a 

conference entitled “Intergovernmental Conference of Experts on the Scientific Basis for Rational 

Use and Conservation of the Resources of the Biosphere”, held in Paris. This conference stressed 

the necessity of an ecologically viable development and its report contained twenty 

recommendations, such as carrying research on pollution and ecosystems; teaching ecology at a 

university level and aim at preserving natural areas and endangered species.  

 

At the end of the 1960s, this environmental voice was only heard in the Western countries. 

Indeed, in the communist world, environment was constantly endangered in the name of 

industrialisation whereas in developing countries, environmental concerns were regarded as 

“luxury problems”. Indira Ghandi, India’s Prime Minister said at that time that “poverty is the 

worst form of pollution”58.  

 

However, the real beginning of so-called sustainable development was in 1972, when the 

Meadows report was handed in to the Club of Rome, which is an informal and international 

association of scientists, business executives and scholars that was formed in the late sixties, 

early seventies (Mitcham, 1995). It has been translated into thirty languages and 12 millions 

copies have been printed. More than a reference to Malthus, this report returned to Mill’s 

stationary state (Vivien, 2005). Indeed, Meadows et al. (1972) thought over the sustainability of 

the whole industry civilisation, considering the finiteness of the planet’s capacities to provide 

material inputs to modern economies (Pezzey, 2003). The main conclusion of this model was 

                                                 
57 Ehrlich (1968), p. xi  
58 Cited in United Nations Environment Programme (2002), p. 2 
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that, if the current trend were to be continued, the global economy would collapse by year 2000. 

And if this were not to happen, population and economic growth would have to cease (UNEP, 

2002). Even though this report has been widely criticised (notably for its models and now, for its 

conclusion), it has launched the thought on growth and its limits; that development could be 

limited by the finiteness of Earth’s resources. For example, it predicted that we would run out of 

the oil in 1992 (Meadows et al., 1972). Goodland et al. (1992) has also advanced that limits do 

exist to growth and that they have already been reached in several places. For these authors, 

growing into sustainability is not possible and a North / South redistribution is necessary.  

 

The same year was held the Stockholm Conference. This event was organised under growing 

pressure from Western countries’ public opinions. Indeed, above mentioned publications such as 

Silent Spring, The population bomb or The Limits to Growth described catastrophes and aimed at 

showing that either the world would not be habitable anymore in the future or that overpopulation 

would create huge problems (Reed, 1999). One of the principal conclusions was that developing 

countries should favour their development as poverty is responsible for most of the pollution 

problems (Vivien, 2005). Another one was that industrialised countries’ pollution hampered 

developing countries development and industrialisation (Reed, 1999). Unfortunately neither the 

Vietnam War nor the North / South and East / West oppositions helped the debate to progress 

(Vivien, 2005). Additionally, none of the principles enunciated during this conference has been 

enforced so far (Reed, 1999).  

 

The Meadows report stimulated mainstream economists such as Dasgupta and Heal, Solow or 

Stiglitz. This is why in 1974 an issue of the Review of Economic Studies was dedicated to the 

nature of economic growth with non-renewable natural resource as significant input. Essays from 

Dasgupta, Heal (1974), Stiglitz (1974) and Solow (1974) can be seen as the starting point of the 

literature. However, it is important to underline that the word sustainable does not appear in these 

articles.  

 

The first time, the word sustainable development actually appeared was is in an IUCN report 

written with the help of the WWF and the UNEP (IUCN, 1980, Brunel, 2007).  

 

"For development to be sustainable, it must take account of social and ecological factors, 

as well as economic ones; of the living and non-living resource base; and of the long-term 

as well as the short-term advantages and disadvantages of alternative action".59 

  

                                                 
59 IUCN (1980), p. 1 
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The document, entitled World Conservation Strategy – Living Resource Conservation for 

Sustainable Development, described the usefulness of the living resource conservation to human 

survival and sustainable development. It claimed that objectives of development and conservation 

did match (Reed, 1999).  It also called for a new international development strategy which should 

reduce inequalities and try to implement a more stable and dynamic world. Even though, 

sustainable development appeared in the title and through the document, the word was not 

popular yet. The Brundtland Commission has popularised the term and gave it its patent of 

nobility (Brunel, 2007).   

 

In 1983 the United Nations decided to create a Commission on environment and development 

under the presidency of Mrs Brundtland, the then Norwegian Prime Minister. This commission 

had three goals. First of all, set out a diagnostic in terms of environment and development and 

offer concrete and realistic solutions. Secondly, consider new ways of international cooperation 

in order to implement the expected changes and finally, aim at public awareness of these 

problems and at global mobilisation. 

 

It should be noted that this report was the third and last of a series of three reports from 

independent commissions led by European politicians (Mitcham, 1995). Indeed, Common Crisis 

(1980, 1983)60, written by the Independent Commission on International Development Issues 

headed by Willy Brandt and Common Security (1982) from the Independent Commission on 

Disarmament and Security Issues headed by Olof Palme were released before (Mitcham, 1995).  

 

Now that the evolution along history of the concept of scarcity of resources and the 

environmental degradation caused by human activities has been outlined, we will turn to the 

analysis of sustainable development itself.  

 

2.1.2/ Concept of sustainable development  

 

The report, “Our common future”, was published in 1987 and stated that there was just one crisis 

for which all the areas were interconnected: population, energy, pollution, poverty…This only 

crisis had only one solution, which was the implementation of a sustainable development. There 

were, even at that time, several definitions. The most popular and accepted one (even today) is  

 

                                                 
60 As for this Commission, two reports have been published. The first one, in 1980 was entitled North South while 
the second one, Common Crisis has been printed in 1983  
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“a development that meets the needs of the present generation without compromising the 

ability of future generations to meet their own needs”61.  

 

This publication voiced new environmental concern such as greenhouse gas emissions (with 

global warming and ozone layer depletion), deforestation or biodiversity. However, the more the 

term sustainability was used, the more definitions there were. In 1989 Pezzey counted 60 

definitions; in 1992, he even listed some of them in the appendix of one of his publications to 

highlight the conflict between them and in 1996 Dobson found more than 300 of them. As 

Pezzey (2003) noticed, there are more and more overlapping and conflicting definitions.  

 

Nevertheless, this publication was extremely important as for the first time, it officially linked 

development with environment. According to Mitcham (1995), it bridged the gap between no-

growth environmentalists and pro-growth “developmentalists”. Besides, it facilitated a real 

awareness of the fact that human activities posed a threat on Earth. It was the first time an 

international commission officially worried about the environmental consequences of 

industrialisation (Brunel, 2007). In this report, two strong ecological ideas were put forward. First 

of all, that priority should be given to Earth and that new ways of development had to be found. 

Secondly, that the Western way of development should not be applied to developing countries; 

otherwise, it would jeopardise Earth’s future (Brunel, 2007).  

 

It also helped launch a new agenda for environmental and development economics, such as a 

“world summit” on these topics. This conference was held in Rio in 1992, twenty years after that 

of Stockholm. During these ten days, that involved more than 100 heads of state, 170 

governments, 2,400 representatives from NGOs, and nearly 10,000 journalists, several texts were 

voted in and international commitments were announced among which two framework 

conventions, on climate change and biodiversity, were passed. A list of five agreements can be 

drawn from this Conference (Dalal-Clayton, 2006, Victor, 2006):  

� Agenda 21, which corresponds to a global plan of action for sustainable development. It 

ranges from trade and environment, through agriculture and desertification to capacity 

building and technology transfer.  

� The Rio Declaration on Environment and Development, which states twenty seven key of 

guiding principles for the integration of environment and development policies (the 

polluter pays principle for example).  

� The statement of Principles on Forests, which will remain the first global consensus on 

management and conservation of world’s forests.  

                                                 
61 UN Brundtland Commission (1987), point 49 
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� The Convention on Biological Diversity, a legally-binding agreement to conserve the 

world's genetic, species and ecosystem diversity 

� The Framework Convention on Climate Change, a legally-binding agreement to maintain 

greenhouses gases at a certain level which will not harm the atmosphere and thus provoke 

a climate change 

 

The last one will become the Kyoto Protocol, signed in 1997. It defines the differentiated 

commitments of the international community in order to reduce greenhouse gases emissions. This 

protocol includes three flexible mechanisms to allow countries to meet their targets. These 

mechanisms are emissions trading (such as the EU emissions trading scheme), Clean 

Development Mechanism and Joint Implementation. These mechanisms will be studied in the last 

part as potential solutions to reduce pollution in China.  

 

In 2002, another World Summit on Sustainable Development took place, this time in 

Johannesburg. It gathered international agencies, governments as well as scientific and social 

research centres for a total of some 21,000 participants (Anderson, Morgenstern, 2003).   

 

The results brought by this conference were not as high as expected mostly because of security 

problems and of the financial crisis. Besides, the year before, George W. Bush refused to ratify 

the Kyoto Protocol. Even though French president, J. Chirac, pronounced a well known speech62, 

newspapers and general opinion stated that this summit did not deliver anything63,64. As noticed 

by Anderson, Morgenstern (2003), this conference mainly set goals and talked about ideals but 

had not progressed on ways to carry them out.  

 

Nowadays, sustainable development encompasses three different areas. Indeed, if the needs of the 

present and future generations have to be met, three levels are required:  

� Economic. This refers to a certain level of income or assets which will enable people to 

live decently.  

� Social. This covers a wide range of topic from child development, education, water access 

to health care. This corresponds mostly to social, cultural and health needs. In order to 

                                                 
62 “Our house is burning down and we're blind to it. Nature, mutilated and overexploited, can no longer regenerate 
and we refuse to admit it. Humanity is suffering. It is suffering from poor development, in both the North and the 
South, and we stand indifferent. The earth and humankind are in danger and we are all responsible”,  
http://www.elysee.fr/elysee/elysee.fr/anglais_archives/speeches_and_documents/2002-
2001/speech_by_mr_jacques_chirac_president_of_the_french_republic_to_the_plenary_session_of_the_world_sum
mit_on_sustainable_development-johannesburg.10168.html 
63 “The big loser in this summit is poverty and sustainable development”,  
said Ted Van Hess of Eurodad quoted in http://www.globalpolicy.org/ngos/role/policymk/conf/2002/0903decry.htm 
64 “Disappointment as Earth Summit ends”,  
http://www.cbsnews.com/stories/2002/08/26/world/main519759.shtml 
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achieve this, a more equitable distribution of income between nations and within nations 

will be requested.  

� Environment. Future generations should still be able to enjoy a breathable atmosphere, 

water, and natural resource, generally speaking. This last point corresponds to 

maintaining the long-term viability of the ecosystems.  

 

And these three areas interact with each other as shown on figure 2.1. Indeed, for example, taxes 

and subsidies affect both the level of production and consumption which has an influence on the 

level of employment and pollution or environmental resources at large. This last point has also an 

impact on climate change and public health, which will alter the human capital then the level of 

employment and in return the level of production and eventually the income; showing the 

interaction of these three components. In order to highlight the fact that sustainable development 

is a matter of interaction between these three spheres; one can also take the example of the level 

of education which is directly linked to the notion of human capital. A modification of human 

capital in a society will affect the employment level and thus the production. This will have 

tremendous consequences on the society with a modification of produced assets, income and 

environmental resources. All these elements will also have, in return, repercussions on other 

aspects. This shows that a modification of one item in any of these three spheres will have a huge 

implications on the three components and then on all the society at large.   

 

Figure 2.1: Links between economic, social and environmental spheres 

 
Source: Harrison (2000) 
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In order to be more precise about the areas compromised in sustainable development, the OECD 

has listed some of the challenges to the implementation of the sustainable development in 

developing countries (OECD, 2001a):  

� Extreme poverty, which affects the lives of one out of five persons in the developing 

world. It also leads to other curses such as crime, disease or use of drugs;  

� Political instability, which hampers growth and socio economic progresses;  

� HIV-AIDS and malaria, which have a huge impact on existing rates of infant, child and 

maternal mortality as well as on the productive capacity of a nation;  

� Marginalisation which occurs in countries where you find huge external debt, slow 

economic growth or corruption for example. These countries are also suffering from 

protectionism from Northern countries and thus become more and more marginalised 

from the global economy;   

� Environmental degradation which combines the natural resource depletion (soil erosion, 

fish stocks decrease, loss of biodiversity…) and pollution (regional, local, global as well 

as quality of water or soil);   

� Population growth, which is expected to worsen all these pressures for the developing 

countries as 97% of the estimated increase of two billion people over the next twenty 

years will live in a developing country (OECD, 2001a). 

 

The first, second and fifth points affect the economic part; the first, second, third and fifth points 

the social part while the fourth and fifth are for the environmental part of sustainable 

development. Besides, one can also note that today’s energy and climate are also at stake in 

implementing a sustainable development in developing countries.   

 

As for Brunel (2007), she shows that this concept is quite gluttonous. Indeed, the social part 

encompasses health, alimentation, fight against poverty, population policies or working rights, 

for example. As for the economic part, the main challenges are sustainable agriculture, 

international trade, economic and transport policies, intellectual property or alimentation security. 

Finally, biodiversity conservation, water, renewable and non-renewable natural resources global 

warming, pollution or deforestation affect the environmental side.  

  

Dalal-Clayton et al. (1994) explained that sustainable development meant being able to maintain 

a certain quality of life over time because it was socially desirable, economically viable and 

ecologically sustainable. The balances between these three objectives are shown on figure 2.2. 

Indeed, sustainable development occurs only when the three different objectives (i.e. economic, 

environmental and social) are simultaneously met. By reaching two of these three objectives, one 

would only achieve a partial integration of sustainable development.   
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Figure 2.2: The systems of sustainable development 

 
Source: Dalal-Clayton et al. (1994) 

 

It should also be noted that sustainability requires both intragenerational equity (not harming the 

society today) and intergenerational equity (not harming the future). For instance, environment 

alteration is incompatible with intergenerational equity as future generations will not benefit from 

clean air, moderate climate as well as intragenerational equity as GDP and agriculture 

productivity can be hampered through acidification for example.   

The OECD (2001b) said about the sustainable development path that  

 

“Attaining this path requires eliminating those negative externalities that are responsible 

for natural resource depletion and environmental degradation. It also requires securing 

those public goods that are essential for economic development to last, such as those 

provided by well-functioning ecosystems, a healthy environment and a cohesive 

society.”65  

 

                                                 
65 OECD (2001b), p. 2 
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It highlights the fact that environment protection has a huge role to play in implementing 

sustainable development.  

 

According to Goodland (1999), by adding the term “development”, discussion becomes harder 

because development should be targeted on human well-being improvement (reduction of 

poverty, illiteracy, starvation…). 

 

Some authors have derived from these three objectives, three kinds of sustainability: social, 

economic and environmental. Goodland (1995, 1999) wrote about the notion of environmental 

sustainability and defined it as  

 

“a set of constraints on the four major activities regulating the scale of human economic 

sub-system: the use of (a) renewable and (b) non renewable resources on the source side 

and (c) pollution and (d) waste assimilation on the sink side”66.  

 

However, this definition is for us too broad. Indeed, it has been decided to focus on environment 

but only on a small part of it. Goodland’s definition of environmental sustainability encompasses 

too many areas. Only pollution matters, as far as this document is concerned: and only a small 

part of pollution, to be more precise. Thus, the notion of environment sustainability as defined by 

Goodland will not be used. The idea is to take the word sustainable development for its 

environmental component (and more precisely air pollution) and highlight the intragenerational 

(for Chinese, their neighbours and even the world as a whole with the CO2 emissions) and 

intergenerational equity.  

 

The OECD (2001d) highlighted a few elements to guide policies towards sustainable 

development in which one can find environmental-effectiveness. Policies targeting this 

environmental-effectiveness should secure four points according to this publication:  

� Regeneration defined as the fact that renewable resources should be used in an efficient 

way and their use should not exceed their natural regeneration;  

� Substitutability defined as the fact that non-renewable resources should be used in an 

efficient way and that their use should be limited thanks to the off-setting from renewable 

resources or other forms of capital;  

� Assimilation corresponds to the fact of limiting the emissions of polluting substances 

below the assimilative capacity of the environment and of keeping below a certain 

predefined threshold the concentration in order to protect human health and the 

environment;  

                                                 
66 Goodland (1999), p. 716 
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� Avoiding irreversibility i.e. avoiding the irreversible damaging effects of human activities 

on the environment or ecosystems.   

 

In our case, the last two one corresponds to the pollution that currently threatens the population 

either through local pollution (assimilation) or through climate change (avoiding irreversibility), 

while the concept of substitutability will be used in the next part. The assimilation and avoiding 

irreversibility concepts will be kept all along this research as a way to define an environmentally 

sustainable development. Indeed, they represent a way to define something environmentally 

unsustainable as they prevent future generations to benefit from the same environment and also 

affect the public health of current generations.  

 

Because it has been decided throughout this research to focus on the energy / environment link, 

one needs to define what the implications of energy in the concept of sustainable development 

are. As noticed by the IEA (2001), energy is fundamental for that matter as it affects the three 

levels of the sustainable development that have been underlined before. Indeed, energy supply 

security, defined as “adequate, affordable and reliable supplies of energy”67, strongly influences 

the economic sustainability since energy is vital for economic development. Concerning the 

social sustainability, the link is less clear but still does exist. Indeed, access to electricity 

improves the quality of life by enhancing public health, mobility and education possibilities 

(IEA, 2001). As for the environmental sustainability, it has already been shown the negative 

effects that energy use can have on the environment. One can mention that lung diseases were 

responsible for a quarter of all the deaths in coal-powered Victorian England (McNeill, 2000 

cited in IEA, 2001) or that energy is the major providers of carbon dioxide that is the main 

greenhouse gas that causes climate change. Besides, local pollution is still a big issue in lot of 

countries today, especially developing ones.  

 

This publication listed three approaches to reach the sustainability in the energy sector:  

� Maintaining per capita incomes. The idea of maintaining standards of living or welfare is 

a crucial component of the sustainability and leads to the question of weak and strong 

sustainability. Weak sustainability implies maintaining total capital constant over time; 

which allows substitution between man-made68 and natural capital (Pearce, Atkinson, 

1998). In this case, it is possible to deplete a natural resource if it is replaced by another 

resource. For example, higher level of education enables to deplete any natural resource if 

the total capital remains constant (Bontems, Rotillon, 2003). This is either defined as 

weak sustainability or Solow / Hartwick sustainability (Van der Bergh, Hofkes, 1998a, 

                                                 
67 International Energy Agency (2007a), p. 160 
68 Man made capital includes for example, machinery, infrastructure such as roads, airports…while natural capital 
includes renewable and non renewable resources as well as the environment.  
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1999). Indeed, the Hartwick’s rule defines the level of investment in produced capital that 

is needed to offset the declining stocks of a non-renewable resource (Hartwick, 1977). As 

for strong sustainability, economic / man-made and natural / ecological capital should 

remain constant over the time. This does not allow for substitution. A rationale for this 

might be the willingness to recognise natural capital as unique (Van der Bergh, 1999a, 

1999b) and to preserve it from any monetary evaluation (Bontems, Rotillon, 2003). 

Nevertheless, this non-declining wealth concept can be applied in the energy sector to oil 

reserves and financial wealth (IEA, 2001).  

� The Internalisation of energy externalities.  Energy consumption or production is 

accompanied by by-products that are sometimes harmful for human health or the 

environment. Pigou, a British economist, showed that the negative externalities caused by 

pollution would be internalized by the market, if polluters were to pay a tax equal to the 

social marginal cost of polluting emissions. Thus, in recent years, an effort has been made 

to quantify those negative external costs of energy. Indeed, by assessing the externalities 

of any energy sources and by internalising them into the economic decisions of energy 

producers, it would be possible to have a more efficient energy system.   

� The removal of perverse energy subsidies. Subsidising the energy sector has social, 

economic and environmental consequences. In reality, these subsidies are not as attractive 

as what people expect. In poor countries, these subsidies are aimed at improving the 

poorest fate. However, they tend to improve the fate of middle and higher income through 

corruption or just because the poorest have no access to electricity grid or cannot even 

buy subsidised energy. As for the economic consequences, this reduces incentives to a 

better energy conservation or energy efficiency. On an environmental level, subsidies that 

lower the price of fossil fuels will increase the quantity of such fuels consumed and thus 

the amount of noxious emissions or greenhouse gases released in the air. So, energy 

subsidies affect global warming and local air through an increase of the emission of CO2, 

SO2, NOX and particulates that are noxious to the environment.  

 

“Removing energy subsidies would support the three principal aims of sustainable 

development: social welfare, environmental protection and economic growth”69.  

 

The impact of subsidy removal will depend on country-specific circumstances such as 

energy policies, the state of development of the electricity markets, the performance of 

competitors in the market, the energy that is subsidised or the subsidy level… 

 

                                                 
69 Birol, Keppler (1999), p. xi 
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We will revert to the last two approaches, the internalisation of energy externalities and the 

removal of perverse energy subsidies, in the next part both theoretically and in the case of China.  

 

Now that sustainable development has been explained, we will turn to our second point which is 

the choice of indicators to assess what can be “asked” to China in terms of targets.  

 

2.2/ Explanation, description and choice of the indicators  

 

In the first part, environmental consequences of Chinese energy use have been highlighted. It has 

also been shown that Chinese way of development was not sustainable as far as environment was 

concerned.  

Then, the word sustainable development has been defined and it has been decided to use it for its 

environmental component and to focus more specifically on the air quality so that NOX and SO2 

will be under study now, as they are responsible for most of the local and regional pollution. A 

choice has also been made to take into account global warming as well so that the most 

emblematic greenhouse gases, the carbon dioxide, will be under study too. Indeed, one may recall 

that one of the rationales behind the term sustainable development is to avoid irreversibilities. 

Therefore, one must look at indicators to try to prevent specific predefined values to exceed 

certain levels.  

 

Even though environmental degradation in China has been underlined previously, we will have a 

glimpse at the sources of these three gases and their theoretical impacts on human beings.  Before 

that, we will study indicators, first theoretically then examples will be given and analysed before 

choosing the best for our scenarios.  

 

2.2.1/ Indicators and the framework  

 

The first time the term indicator has been used was in a pure scientific context: research in 

sociology. It appeared in a founding text of Lazarsfeld (1958, cited in Boulanger, 2004) devoted 

to the operationalisation of sociologic theory. In this text, the translation of theoretical concept 

into indices was clearly identified and examined (Boulanger, 2004). Following the publication of 

“Social Indicators” written by Bauer, Biderman and Gross (1966, and cited in Boulanger, 2004), 

a movement of social indicators has interacted with the political sphere (Perret, 2002). However, 

even if the term was “brand new” the idea of using indicator to help pass a law or a social reform 

was not. Indeed, use of statistical data has been found as early as late XVIIIth century in France 

and early XIXth century in the US, UK and Belgium (Boulanger, 2004).  After the movement of 
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social indicators during the sixties, there has been a decline, mainly due to the economic crisis of 

1974 and 1979 (Perret, 2002), until the late eighties, early nineties and the Agenda 21. However, 

economic indicators were used to develop and monitor economic policies and analyse their 

results, the Agenda 21 implemented new challenges (Custance, Hillier, 1998). Indeed, its chapter 

40 which is entitled “information for decision making” states that 

 

“Indicators of sustainable development need to be developed to provide solid bases for 

decision-making at all levels and to contribute to a self-regulating sustainability of 

integrated environment and development systems”70.  

 

Therefore, there was a need to find national indicators to assess progress towards sustainable 

development. Thus, one needed to take into consideration social and environmental indicators 

(Custance, Hillier, 1998).  

 

This call has even been renewed during the 13th session of the Commission on Sustainable 

Development in April 2005 whose report called on (Pinter et al., 2005):  

 

“Member States to continue to work on the development and application of indicators for 

sustainable development at the national level, including integration of gender aspects, on 

a voluntary basis, in line with their national conditions and priorities, and in this regard 

invites the international community to support the efforts of developing countries”71
 

 

As it has already been said earlier and shown with this quote, sustainable development has 

become recently an important objective for the policy makers and governments. This raises a 

question: when a government chooses to implement this concept as a policy, how to measure it 

and its achievement (Gilbert, Kuik, 1999)? This notion has been described as a “meliorative 

concept”72 offering a general concept but not very precise policy guidance.  

 

Indicators are defined by Kuik and Gilbert (1999) as 

 

“a bit of information that highlight what is happening in the large system; they are small 

windows that provide a glimpse on a big picture”73 

 

                                                 
70 United Nations, (1992), Agenda 21, available on 
http://www.un.org/esa/sustdev/documents/agenda21/english/agenda21chapter40.htm (for chapter 40) (point 40.4)  
71 United Nations, UNCSD, United Nations Commission for Sustainable Development (2005), p. 17 
72 Kuik, Gilbert (1999), p. 722  
73 Kuik, Gilbert (1999), p. 722 
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Clearly sustainable development is a big picture. Therefore indicators should provide a hint on 

the sustainability of the development. Indicators have several goals, either simplifying the 

situation, identifying the problem or communicating on this situation. Indeed, one major role of 

indicators is to provide a clear message of “what is happening to the environment to non-expert 

decision makers and the public at large”74 (OECD, 2002a). Thus, the basic challenge of indicator 

development is  

 

“how to reduce a large quantity of data down to its simplest form, retaining essential 

meaning for the questions that are being asked of the data”. 75 

 

Other definitions exist and the one that is the most commonly accepted is from the Organisation 

for Cooperation and Development (Bauler, 2004):  

 

“a parameter, or a value derived from parameters, which points to, provides information 

about, describes the state of a phenomenon / environment / area, with a significance 

extending beyond that directly associated with a parameter value” 76 

 

They can then be used to quantify the gap between current economic, social and environmental 

development on one hand, and sustainable development on the other hand.  

 

According to McCool, Stankey (2004), indicators have three main objectives. First, they describe 

existing conditions of systems that are often complex. Second, they make evaluation of policies 

easier as they test whether the system under study moves toward a more sustainable state. Third, 

they can be used to forecast future changes (McCool, Stankey, 2004). It is for example the case 

of the “Pressure – State – Response” framework, described on figure 2.3. In this figure, one can 

see that human activities pressure the environment and natural resources through different 

channels (energy, transport, industry…). This pollution affects environmental and natural 

resources. But, indicators can be used to give information to the agents so that they make the 

right decisions as far as the resources are concerned. We will revert to this figure later on in this 

part.  

                                                 
74 Organisation for Economic Co-operation and Development (2002a), p. 10  
75 Otto WR (1978) cited in Kuik, Gilbert (1999), p. 722  
76

 Organisation for Economic Co-operation and Development (2003a), p. 5  
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Figure 2.3: Pressure – State – Response Framework  

 
Source: Organisation for Economic Co-operation and Development (2003a) 

 

Another use of indicators is for benchmarking (Perret, 2002). Indeed, indicators are often the 

same from one country to another; it enables data and results to be compared. It is then a tool to 

compare the results of different policies to tackle a same issue or to understand how and why a 

situation can be so different between two countries.  

 

The same ideas are evoked in the United Nations Division for Sustainable Development paper 

(2001b). Indeed, according to it, indicators can give guidelines for decision making bodies in 

various ways by:  

� concerting physical and social science knowledge into units that facilitate the decision 

making;  

� measuring progress towards sustainable development;  

� providing a potential early announcement if the economic, social or environmental sphere 

were to be harmed;   

� making communication easier.  

 

It should be mentioned that we will not cover all the indicators available. Indeed, a joint initiative 

from the International federation of Environment Health (IFEH) and the International Institute for 

Sustainable Development (IISD) is in charge of collecting and monitoring indicators that track 

towards sustainable development. Prior to 2000, each of these laboratories was running a project 
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on sustainability indicators. Therefore, they decided to merge their databases in 2000. This 

became the Compendium of Sustainable Development Indicator Initiatives. Over the years this 

compendium has benefited from help of institutions such as the World Bank, UN Commission 

for Sustainable Development or Redefining Progress.  The database receives more than 1000 

visits per month (IFEH website). As of the 11th of June 2009, the Compendium listed 841 

entries77, which can be searched through location, initiative type, initiative scope, issue areas, etc. 

For this reason, only a selected number of indicators will be mentioned in this part.  

 

The Rio Summit called in 1992 for indicators that would be able to give revised measures of the 

Gross National Product (Pearce, 2002). Indeed according to Talberth et al. (2007), GDP ignores 

everything that happens outside the sphere of monetised exchanges, regardless its importance on 

the population’s well-being.  

 

The obvious advantage of such indicators is that it is pretty easy to see if the situation is 

improving or deteriorating (OECD, 2003b). Therefore, this kind of indicators is useful when 

someone decided to tackle the “Maintaining the per capita Incomes” issue. However, defining a 

common matrix and transferring all the components into one single unit is complex. Besides, 

over-simplifying a complex system might lead to misleading signals (OECD, 2003b).  

 

This method is often referred to as green accounting because its aim is to take into account the 

environment when calculating the national accounts. In order to do so, people need to convert 

different forms of capital into a same unit and then add them. They then adopt the principle of 

perfect substitutability among the different forms of capital to work this out. Therefore the idea of 

green accounting is to be linked with concept of weak sustainability, already discussed earlier 

(Alisjahbana, Yusuf, 2003).  

 

Hamilton (1994) explained that Green GDP was calculated as follows:  

gGDP = GDP + ES ± ED1 – DE – IR.  

 

In this equation, ES means Environmental services, ED1 Environmental damages, DE Defensive 

Expenditures and IR Invested resources Rent. Defensive expenditures refer to any expenditures 

undertaken by household, firms or governments in order to protect the environment (Hamilton, 

1994).  

 

Pearce et al. (1993) measured sustainable development on a net savings criterion; which has been 

relayed by Hamilton (1994) who gave it the name of genuine savings and enhanced its 

                                                 
77 http://www.iisd.org/measure/compendium/searchinitiatives.aspx 
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framework (Pearce, Atkinson, 1998). The idea of using genuine savings came from a simple 

observation. Savings and investments have a central place in economic theory so that depletion of 

natural resources and environment should be measured in terms of measurement of national 

savings (Hamilton, 2000). This indicator is named “genuine savings” to distinguish it from the 

usual national accounts (Hamilton, 2000). Genuine savings is defined as Gross National Product 

minus consumption, value of resources depletion and depreciation of produced assets plus the 

annuity value of future technological change (Atkinson et al., 1997). This gives an idea of 

whether an economy is on a sustainable path or not. It also gives advice to policy makers as 

policies resulting with negative genuine savings rate will lead to decline in welfare (Atkinson et 

al., 1997).  

 

The Index of Sustainable Economic Welfare has first been created by Daly and Cobb (1989) 

(Boulanger, 2004). It aims to replace the GDP, by taking into account social and environmental 

costs such as income inequality, air pollution, ozone layer depletion…To compensate for all these 

costs, the author also counted health and education spending in their calculation (Boulanger, 

2004).  

 

The Genuine Progress Indicator (GPI) is calculated every year since 1995 by the Californian 

Institute Redefining Progress. It is seen as a refinement of the ISEW as it takes other items into 

account such as the benefits from voluntary work and the losses from unemployment (Boulanger, 

2004). It received public attention in October 1995 when the US magazine published an article 

entitled “If GDP is up, why America is down?” (Sharpe, 2004). The figure 2.4 below compares 

over the period 1950-2004 both US GDP and GPI per capita.  

 

Figure 2.4: Real GDP and GPI per capita, 1950-2004, in $ 2000 

 
Source: Talberth et al. (2007) 
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This graph shows that until late seventies the real GPI and GDP per capita were roughly the 

same. Then, from 1980, the steady increase in GDP per capita and the growth in personal 

consumption expenditures, capital services … have been offset by the marginal costs related to 

rise in income inequality, natural resources depletion…This trend is found in many ISEW and 

GPI studies and is referred to as the “threshold effect” (Talberth et al., 2007).  

 

Another example of an indicator expressed in one common unit is the notion of “ecological 

footprint”. It is one of the aggregate indicator (as well as the almost equivalent Sustainable 

Progress Index (SPI)) that makes physical sense (Bossel, 1999). This formulates the area of land 

required to sustain a country, i.e. to maintain food, water, energy... The higher the value the 

ecological footprint is the more unsustainable the way this country or community develops 

(Morse, 2003). According to Bossel (1999), it gives an excellent overview of the major 

environmental consequences of human activities but it does not catch - and is not designed to - 

the social dimension. According to the 2005 update of the study, 1.39 Earths would be needed to 

ensure that the future generations are at least as well off as we are now (Venetoulis, Talberth, 

2005). This also means that Earth would need 1.39 year to regenerate what humanity used in 

2005. On figure 2.5 is represented the Earth ecological capacity compared with the human 

demand. One can see that from late seventies human demand exceeds Earth’s capacity. The gap 

is continuously increasing. It was overshooting by 20% in 1999 (Wackernagel et al., 2002) while 

it is now by 39%.    

 

Figure 2.5: Time trend of humanity’s ecological demand 

 
Source: Wackernagel et al. (2002) 

 

These indicators are able to assess whether an economy is developing in a sustainable way or not. 

However our goal to emphasize on air quality and CO2 would not be compatible with these kinds 

of green GDP as it encompasses too many areas and tends to drown the figures relative to air into 
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a big calculation. Thus, as a decision has been made to focus on the environment, we will now 

turn to the study of indicators that are assessing the quality of the environment.  

 

In terms of indicators focused on environment, one can cite the two indicators generated by the 

Yale Center for Environmental Law and Policy: the Environmental Performance Index and the 

Environmental Sustainability Index. Both of them are used as indicators of environmental 

conditions and are targeting at evaluating the environmental performance as well as the state of 

the environment. The Environmental Performance Index corresponds to a composite index of 

current national environmental protection results (Yale Center for Environmental Law and 

Policy, 2006) while the Environmental Sustainability Index (Yale Center for Environmental Law 

and Policy, 2005) assesses the ability of different countries to protect the environment over the 

next decades. 

 

The OECD mapped in 1993 the nature and use of environmental indicators and this became its 

framework entitled Pressure-State-Response that we have already seen before (figure 2.6).  

 

Figure 2.6: Nature and use of environmental indicators 

 
Source: Organisation for Economic Co-operation and Development (1993) 

 

This graph shows that there are three kinds of environmental indicators. They can either assess 

the environmental pressure, or describe the environmental conditions or evaluate the societal 

responses. These three types of indicators are used in different ways that have already been 

mentioned earlier, such as the review of environmental performance, the report of the state of the 
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environment and the integration of environmental concerns into sector-based or economic 

policies.  

 

This is the framework that will be used in our research. Indeed, it has been said that the Chinese 

energy sector is putting a too heavy burden on the Chinese (as well as the neighbours’) 

environment. Thus, we will find indicators assessing this environmental pressure in order to see 

in the next part, what can be done at the sectoral level.  

 

The OECD has published a table compromising 10 indicators that have proven their usefulness in 

tracking environmental improvements. Even though these indicators (listed in table 2.7) are 

neither final nor exhaustive they appear in the OECD’s country environmental performance 

review, showing how important and relevant they are (OECD, 2003a).   

 

Table 2.7: OECD key environmental indicators 

 
Source: Organisation for Economic Co-operation and Development (2003a) 

 

The table shows that one indicator is used to asses each of the ten issues that are threatening the 

environment in the OECD countries (OECD, 2003a). Indeed, these ten categories reflect major 

preoccupations and challenges in OECD member countries, according to this study. Even though 

China is not an OECD member, one must agree that air quality as well as climate change are 

among the preoccupations of this country. To be even more realistic, air quality is among the 
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preoccupations of the country itself while climate change caused by CO2 emissions are among 

the international community preoccupations. Though, they remain important and should therefore 

be taken into account in our study.  

 

Our goal is to derive from environmental indicators concrete parameters in order to create targets 

for China, at the horizon 2030, in terms of gases emissions. Thus, in the table 2.7 above, one can 

see that CO2 emissions intensities or index of greenhouse gas emissions are advised to be used. 

As we are only interested in CO2, only the first indicator will be studied later in this study. As for 

the air quality, it is recommended to use SOX and NOX emissions intensities as well as the 

population exposure to these gases. The later one refers to the indicator called “ambient level of 

concentration”. These two indicators will be reviewed to see whether they are convenient for the 

purpose of this study.  

 

In the first part of this study, the source of the environmental problem has been highlighted and 

the state of the environment has described. What is needed now is to find the environmental 

indicators that best assess and show environmental change and pressure so that we will be able in 

the third part to find the policy response needed.  

 

It should be noted that the German Environment Barometer, which was introduced in 1998 to 

measure environmental trends, uses indicators on six areas, among which climate and air (OECD, 

2005). In these cases, the key indicators chosen are annual total CO2 emissions in millions tonnes 

(for the climate) and emissions of SO2, NOX, NH3 and NMVOC (for the air). Thus, our choice of 

CO2, NOX and SO2 emissions intensities is in accordance with the German choice as well.  

 

Before studying as such indicators such as air quality through concentrations, through intensities 

and CO2 emissions intensities, we will present the three gases that have been selected.  

 

2.2.2/ Description of the three gases  

 

As it has already mentioned, there are three types of pollution: local, regional and global. By 

focusing on nitrogen and sulphur oxides, we cover an important share of the regional and local 

pollution caused by the energy sector; while with the carbon dioxide, we track the biggest 

contributor to the global warming. In this sub-part, their theoretical impacts will be reviewed.  
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2.2.2.1/ Nitrogen dioxide 

 

Many chemical species of nitrogen oxides (NOX) exist but the most interesting from human 

health point of view is the nitrogen dioxide (NO2). On a global scale, emissions from natural 

sources far outweigh those from human activities. As for the anthropogenic emissions, it is 

created by the combination of oxygen and nitrogen constituents in the air. It happens during all 

temperature combustion processes. The gas produced with this reaction is nitric oxide (NO) 

which rapidly reacts with the ozone to generate nitrogen dioxide which therefore destroys the 

ozone layer. This gas is either produced by vehicles or by electricity generation. So, basically, 

high concentrations are found in urban areas where can be found busy roads and/or electricity 

generation facilities. As for the medical problems, nitrogen dioxide is a lung irritant and increases 

the lung sensitivity to other pollutants. Besides, frequent exposure can cause a change in the 

structure of the lung and animal studies have underlined a reduction in the defence mechanisms 

of the lungs, in case of chronic exposure (OECD, 1999). For example, European studies have 

reported correlation between daily nitrogen dioxide concentration and visits to the emergency 

department by asthmatics in Barcelona, emergency hospitalisations for asthma in Paris and 

consultations for respiratory problems in Athens (WHO Regional Office for Europe, 2000d). In 

addition of all these health effects, this gas is also responsible for the nitrification of water. To 

illustrate this point, one can take the example of Scandinavian lakes (WHO Regional Office for 

Europe, 2000a).  

 

2.2.2.2/ Sulphur dioxide 

 

Natural sources, such as volcanoes, increase the level of sulphur dioxide. However, man-made 

contributions are of greater concern. This includes the use of sulphur containing fossil fuels for 

domestic heating and power generation and also motor vehicles (more specifically diesel cars) 

(WHO Regional Office for Europe, 2000c). As China relies heavily on coal, this explains the 

high level of sulphur dioxide concentration in most Chinese cities. Sulphur dioxide is an acidic 

gas that can lead to short-term lung irritation or long-term lung tissue changes. It can even alter 

the lung defence mechanisms. The effects on individuals differ along with sensitivity (asthma...). 

It also has negative impact on agricultural crops and when mixed with nitrogen oxides, it causes 

nitrification of lakes and building corrosion. Therefore, sulphur dioxide has even a regional 

impact and leads to a significant economic cost (OECD, 1999).  
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2.2.2.3/ Carbon dioxide 

 

As it has already been discussed, CO2 emissions are responsible for global warming. Indeed, it 

belongs to the category “greenhouse gases”. According to the US Energy Information 

Administration,  

 

“These gases allow sunlight to enter the atmosphere freely. When sunlight strikes the 

Earth’s surface, some of it is reflected back towards space as infrared radiation (heat). 

Greenhouse gases absorb this infrared radiation and trap the heat in the atmosphere.”78 

 

Then, as heat is trapped in the atmosphere, temperature increases in the long term, explaining the 

concept of global warming. Among the greenhouse gases, one can find methane, ozone and 

carbon dioxide that is the biggest anthropogenic contribution to global warming. Along the 

industrialisation process, mankind has emitted more and more carbon dioxide every year. Thus, 

the continuous increase in CO2 concentration led to the phenomenon commonly referred to as 

climate change that will impact in turn natural systems and human. These causal links in the 

climate change cycle are shown on figure 2.8. As already discussed in the first part, its effects are 

numerous: melting glaciers, increasing flood risks; declining crop yields, leading to possible 

starvation; ocean acidification, resulting in marine ecosystems depletion; rising sea levels; 

malnutrition and heat stress, leading to a possible increase of diseases such as malaria; 

displacement of population or species extinction (HM Treasury, 2006). For example, to highlight 

the problem induced on the food level, it has been shown that for every 1 Celsius degree increase 

in growing-season minimum temperature, the yield of rice was decreasing by 10 percent in Asia 

(Cruz et al., 2007). It has also been shown that climate was becoming more and more severe with 

an increase in droughts, cyclones, floods, heat-waves (Cruz et al., 2007) and this trend was likely 

to continue. And it should be noted that the more the increase in temperature will be, the stronger 

the effects (HM treasury, 2006).  

 

                                                 
78 http://www.eia.doe.gov/oiaf/1605/ggccebro/chapter1.html 
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Figure 2.8: Causal links in the climate change cycle:  

 
Source: International Energy Agency (2007b) 

 

2.2.3/ Choice of the indicators  

 

2.2.3.1/ Air quality through concentrations  

 

Air quality encompasses a wide range of gases such as carbon monoxide, lead, nitrogen oxides, 

ozone, suspended particles or sulphur dioxide. Since the beginning of this essay, two gases have 

been put forward, nitrogen oxides (or nitrogen dioxide) and sulphur dioxide. NOX and SO2 are 

dangerous for humans and can cause irreversible damages, as seen in the first part. However, they 

become dangerous only beyond a certain level of concentration in the air.  

 

Two different types of threshold exist: critical levels and critical loads (World Health 

Organisation Regional Office for Europe, 2000b). Critical levels are defined as the concentration 

in the atmosphere above which direct adverse effects on population or ecosystem may occur, 

according to present knowledge. Critical loads are defined as an estimate of a deposition under 

which significant harmful effects on specified sensitive elements of the environment do not 

occur, according to present knowledge (World Health Organisation Regional Office for Europe, 
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2000b). Generally, critical levels are expressed in terms of exposure (µg / m3 for a specific 

duration) and critical loads in terms of deposition over a period (kg / ha per year).  

 

The critical level can be linked to the indicator called “ambient concentration of air pollutants in 

urban areas” (IAEA, 2005) which provides a measure of the quality of the environment in terms 

of air quality. It also presents an indirect measurement of the exposure of a given population to 

threat posed on human health and on vegetation. Among its use, one can name the monitoring of 

trends in air pollution. It can also be used to analyse the link between air pollution and its health 

effects (WHO, 1999). There have been several treaties and convention signed on this topic, as it 

will be shown later in this part.  

 

As for the international targets and guidelines, they are given by the World Health Organisation. 

It gives figures not to be exceeded for long and short term exposure. The time periods chosen by 

the organisation for each pollutants take into consideration both health and ecological effects.  

 

This indicator is also used in the UN framework as one of the three indicators to be used in the 

atmosphere part (UN Division for Sustainable Development, 2001a).   

 

The guidelines for NOX and SO2 will now be presented and it should be noted that this aspect 

correspond to the “state” part in the Pressure-State-Response Framework.  

 

2.2.3.1.1/ Nitrogen dioxide 

 

As mentioned above, the guidelines in terms of nitrogen dioxide are given by the World Health 

Organisation. The first time it published a document of that kind was in 1987 (WHO, 2005). It 

gives figures for the main pollutants that should not be exceeded in order to avoid a health 

burden.  

 

As for the WHO (2005), NO2 concentration should not exceed 40µg / m3 for annual mean and 

200 µg/m3 for 1-hour mean. Concerning the short-term exposure (less than one hour), studies 

have shown severe health problem following an exposure at 500 µg / m3 of NO2 for an hour. 

Other studies of bronchial responsiveness among asthmatics revealed a rise in responsiveness 

from 200 µg / m3 on (WHO, 2005). Since this level has not been challenged by any other studies 

yet, it remains the guideline value (WHO, 2005). As for the long term exposure, 40µg / m3 for 

annual mean has been chosen even though there is no robust proof of the necessity to have a 

annual guideline for NO2 (WHO, 2005). Nevertheless, it has been done as a way to protect the 

public from the health effects of NO2. Indeed few studies have been undertaken on long term 
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exposure, but it is thought to decrease the lung function and to increase the risk of respiratory 

problems (WHO, 2003).  

 

2.2.3.1.2/ Sulphur dioxide 

 

According to the WHO (2005), short-term exposures (less than 10 minutes) at a SO2 

concentration exceeding 500 µg / m3 can lead to changes in pulmonary functions and respiratory 

symptoms. As for the long-term guidelines, WHO advises not to exceed a SO2 concentration of 

20 µg / m3 for 24-hour mean and the organisation announced that compliance with this daily 

guideline would ensure low level for the annual average.   

 

These figures have recently been reviewed and the 1-hour criteria (350 µg / m3) has been 

removed (WHO, 2005).  
 

However, this kind of indicators cannot be used to create scenarios as concentration cannot be 

converted into annual emissions. Indeed, concentration corresponds to a stock while annual 

emissions are a flow. Thus, one cannot express a level of stock into an annual flow.  

   

Nevertheless, as shown on figure 2.9, ambient air pollution and air pollution are correlated.  
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Figure 2.9 The impact pathway approach 

 
Source: Markandya (2003) 

 

On this graph, one can see that there is a path going from the emission of noxious gases to the 

deposition. This approach has been used for the Extern E project, in which the aim was to assess 

the external costs of electricity generation. Therefore, each source was taken and its ecological 

footprint was analysed (Markandya, 2003). These impacts at the end of the study are valuated 

into monetary terms because this unit is conceivable and that it is easier to carry out a cost benefit 

analysis with it (European Commission Community Research, 2005). In our case, one could take 

the example of a power plant emitting sulphur dioxide. It is transmitted in the air, during a phase 

where meteorology matters. Indeed, wind speed and direction have an incidence on the 

transmission of theses gases into the air. Once it has been transmitted, it has a specific 
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concentration in the air, called ambient air pollution. In our study, it has been said that one could 

not use ambient air pollution to create scenarios. Therefore, we will analyse now emissions as it 

is directly linked to these concentration. We will not focus on the monetary valuation of these 

emissions as it is not relevant as far as our scenarios are concerned.  

 

Therefore, we will now look at the indicator called “air quality through intensities”. Gases 

emissions do not allow comparison between countries. Indeed, they have different population, 

GDP, state of development or structure and thus, the comparison of their emissions level would 

not be relevant. This is why intensities are used. Consequently, the level of emissions per capita 

or per unit of GDP is compared between two countries. The same applies for CO2 emissions. This 

is why the next point will discuss SO2, NOX as well as CO2 emissions intensities per capita and 

per unit of GDP.  

 

2.2.3.2/ Air quality through intensities and CO2 emissions intensities 

 

The outline of this part will be pretty straightforward. After having discussed the intensity 

generally speaking and the intensity per capita of the three gases, we will turn to the analysis of 

their emission intensities per unit of GDP, before explaining how they will be used.  

 

These three types of indicators belongs, in the OECD pressure – state – response framework 

(figure 2.6), to the pressure part (OECD, 1993). Indeed, NOX, SOX and CO2 emissions are a 

direct pressure on the environment. The idea is to analyse what the current pressure is, what the 

pressure should be thanks to the scenarios and in the next part what are the responses to be given 

to implement to a more sustainable development.   

 

The relevance to environmentally sustainable development of the variation of CO2 emission 

intensities is that CO2 is one of the main climate change contributor as it has already been 

highlighted. Indeed, an increase of the amount of CO2 in the atmosphere leads to a rise in 

temperature, which has enormous consequences on agriculture, diseases; extreme weather 

events…International Agreements have already been signed and international targets exist thanks 

to the Kyoto Protocol. However, it should be underlined that China as a developing country has 

no binding commitments whatsoever. For the Annex I Party, the Kyoto Protocol sets that these 

countries should reduce by at least 5 percent their emissions from the 1990 level for the six main 

greenhouse gases (IAEA, 2005). Most of the data for this indicator comes from the International 

Energy Agency that tracks for all the countries the CO2 emissions from energy use and calculates 

the intensities.  
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The indicator called air pollutants emissions from energy systems has also a relevance to 

environmentally sustainable development. It aims at tracking the emissions of air pollutants into 

the atmosphere from energy activities. It can be used to evaluate the policies implemented by 

governments and their usefulness as well as describing the environmental pressure put by the 

energy sector. As for the relevance towards sustainable development, there is a growing 

consciousness of the negative effects on public health of an increase of those gases concentration, 

thus emissions. International Agreements and Protocols setting targets have been signed. 

However, they will be studied in the next point.  

 

The intensities per capita as well as intensities per GDP are tracked by the OECD to show 

changes over time. Indeed, it is helpful to see whether OECD countries are making progress on 

tackling the pollution. In the last OECD key environmental indicators publication (2007), one can 

see that most of the OECD countries have succeeded in reducing their NOX and SOX emissions 

intensities per GDP since 1990. As for the CO2 emissions, one can see that it is much more 

difficult and that decoupling CO2 emissions from GDP growth has not been done everywhere. As 

a consequence only a few OECD countries managed to reduce on a per capita basis, their 

emissions intensities since 1990.  

 

It should be noted that the Chinese government initiated a programme during the Ninth Five-

Year-Plan (1996-2000) to monitor pollution. It chose to cover 12 pollutants, either affecting the 

water or the air quality. The chosen pollutants for air quality were the SO2, smoke and dust 

emission. They were included because they were said to be the primary pollutants having 

negative effects on the Chinese air quality (OECD, 2005) 

 

Lastly, one must say that while intensity per unit of GDP underlines a need for competitiveness, 

the use of intensity per capita favours equity. Indeed, it is much fairer to use intensity per capita 

as it means that a human being from any place of the world has the same right to pollute than 

another one from another part of the world. While, intensity per GDP means that a developing 

country must reach emissions intensity of a country much more developed and thus less 

polluting. It forces them to accelerate their pollution mitigation which maybe leads them to 

jeopardise their growth.   

 

One comment should also be made on the second scenario, concerning the Chinese power sector. 

In that case, CO2, NOX or SO2 emissions will not be used as such. Indeed, the indicator, called 

“emissions from public electricity and heat production” that tracks CO2, SO2, and NOX emissions 

will be exploited. It has the same logic as the one studied above but only focuses on the 

emissions from the power sector. For the same reasons, emissions cannot be used as such. Hence, 

one needs to take emissions intensities. In the case of emissions arising from the power sector, 



Part II: Defining an environmentally sustainable development in China: An application to the 
Chinese power sector 

   149 

the two emissions intensities usually taken are either per capita or per unit of power produced. 

These two have the same properties than the one before that is to say intensity per capita gives an 

idea of what is fair as all the individuals are supposed equal while the intensity per unit of power 

produced emphasizes the competitiveness and the quality of the power sector.  

 

As it has already been explained, a level of emission in itself has no significance whatsoever. 

Therefore, emissions intensities are used. But, they need a benchmark to be assessed. This is 

what will be at stake in the next point: finding the benchmark for our indicators.  

 

2.2.3.3/ Study of the benchmark  

 

As already explained, the idea of an environmentally sustainable development is to avoid 

irreversibilities. In order to do so, we decided to use the Pressure-State-Response Framework 

created by the OECD. Then, we found indicators tracking the pressure put on the Chinese 

environment, after having identified the main three gases responsible for it. The indicators chosen 

are SO2, NOX and CO2 emissions intensities. The question that must now be answered is to 

whom compare China. The aim of this part is to create a scenario at the horizon 2030 so that 

policies implemented in the years to come will have already brought results. As the emissions 

intensities of different countries can be compared, it can be a sort of information for 

policymakers and it also could enhance public awareness as well as make the public understand 

the relative levels of pollution (OECD, 1999). Thus, it is important to take for benchmark a 

global leader. Therefore, the country (ies) or region chosen to be the benchmark should be among 

the leaders in the terms of pollution control. It is the reason why the benchmark will be the EU-

15 (i.e. the first fifteen members of the European Union79). Indeed, Europe is leading the fight 

against local, regional as well as global pollution and has among the weakest emissions 

intensities both per GDP and per capita; the last being weak compared to other developing 

countries. The choice to take the EU-15 and not the EU-25 or EU-27 is pretty easy to justify. The 

reason is that the EU-15 is more homogenous than the EU-25 or 27 and these fifteen countries 

started to tackle pollution together and have been doing so for a long time now; while the twelve 

additional members have been mitigating their gases for a fewer time.  

 

This point will be divided into two parts; the first one arguing that the EU-15 is a leader for local 

pollutants and the second showing that the EU-15 is leading the fight against global pollutants.  

 

                                                 
79 Namely (by alphabetic order): Austria, Belgium, Denmark, Finland, France, Germany, Greece, Ireland, Italy, 
Luxemburg, the Netherlands, Portugal, Spain, Sweden, United Kingdom, http://europa.eu/abc/history/1990-
1999/index_en.htm 
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2.2.3.3.1/ Local pollutants: EU-15 as a benchmark 

 

The aim of this point is to emphasize that the EU-15 has been for long trying to tackle the local 

pollution that is to say, in our case, to try to limit the emissions of SO2 and NOX. In order to show 

that, we will use a few dates to underline the fact that theses countries have signed numerous 

agreements on that topic. Besides, it should be kept in mind that in 1980, the EU-15 and China 

had a coal production in the same range: 359 Mtce for the EU-15 and 444 Mtce for China (IEA 

statistics). Now, Chinese production far exceeds those of the EU-15.   

 

Europe started to tackle the problem in the seventies. The first real evidence of ecological 

damage linked to acidification came from the Scandinavian lakes and rivers in the sixties and 

seventies (European Environment Agency, 2005a). At that time, many lakes became too acid for 

the fishes to live in. It also appeared in the eighties that numerous forests in Central Europe were 

suffering from acidification as well (European Environment Agency, 2005a).  

 

Therefore, Europe started a programme to reduce acid emission after the 1972 Stockholm 

Conference (European Environment Agency, 2005a). Then, the European Commission (along 

with 34 other governments) signed in 1979 the United Nations Economic Commission for 

Europe (UNECE) Convention on Long-Range Transboundary Air Pollution (CLRTAP). This 

Convention has been relayed by protocols to reduce emissions of sulphur (Helsinki, 1985; Oslo, 

1994; Gothenburg, 1999) and nitrogen oxides (Sofia, 1988; Gothenburg, 1999). These protocols 

gave targets to the countries. At the end of the eighties, Europe had adopted numerous 

agreements and protocols, giving it a whole framework to address the problems of acidification, 

eutrophication80 and ground-level ozone (European Environment Agency, 2005a). For instance, 

in 1985, in Helsinki, the Protocol on the Reduction of Sulphur Emissions gave a target of a 

reduction of sulphur dioxide emissions by 30 percent (from 1980 levels) by 199381. In 1994, most 

of the countries signed the second protocol (Oslo), in which they had to reduce by between 70 

and 80 percent their 1980 levels by 2000. Similar decreases have been agreed upon for the 

nitrogen dioxides. One can also name the 1988 large combustion plant directive that has been 

revised since (2001), the 1999 Protocol to abate acidification, eutrophication and ground-level 

ozone as well as the 2001 National Emissions Ceiling (also known as NEC Directive) that tried to 

address the problems of critical loads and that have capped emissions of sulphur and nitrogen 

oxides (European Environment Agency, 2005a). It should be noted that today, the Convention on 

Long-Range Transboundary Air Pollution has fifty one signatory countries, among which forty 

seven are European (Vestreng et al., 2007).  

                                                 
80 Eutrophication is defined as “the consequence of an excess input of nutrients that disturb ecosystems”,  
European Environment Agency (2005a) 
81 http://www.ace.mmu.ac.uk/eae/Acid_Rain/Older/International_Agreements.html 
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Nowadays, the targets are even stricter than those initially set by the Convention on Long-Range 

Transboundary Air Pollution (European Environment Agency, 2005a). For instance, the 1999 

Protocol sets targets to be reached in 2010. Each country has a specific target. Greece is the only 

country to be authorised to increase its SO2 emissions. For the other countries, these targets are 

quite ambitious. For example, Germany has to reduce its SO2 emissions by 90 percent from its 

1990 level, while the United Kingdom needs to cut its emissions by 83 percent (UNECE, 1999). 

And the targets from the NEC Directive are even more ambitious than the 1999 Gothenburg 

Protocol (Vestreng et al. 2007). Once again, these targets only apply for European countries.  

 

Because of all these Protocols, many large fossil-fuel burning power stations which are the 

biggest emitter of sulphur dioxide have installed flue-gas desulphurisation equipment in order to 

significantly reduce sulphur dioxide emissions (European Environment Agency, 2005a). Others 

have decided to amend their power mixes, lowering the share of coal-burning power plant and 

converting it to natural gas or replacing it by renewables or nuclear. Generally speaking, there are 

four ways to decrease the emissions resulting from the power sector, and not accounting for a 

decreased demand (European Environment Agency, 2006b):  

� One can increase the share of non-fossil fuels in the energy mix such as nuclear, hydro, 

wind… 

� One can increase the efficiency of the power plants that is to say the efficiency with 

which electricity is produced. Doing so enables to use less fuel to produce the same 

output of electricity;   

� One may also change the repartition of fossil fuels in the power mix. Indeed, one can for 

instance replace coal- or lignite- fired power plant with a gas-fired power plant which will 

result by lower emission;   

� Last way is to introduce abatement technologies such as Flue Gas Desulphurisation 

(FGD), combustion modification or flue gas treatment to reduce NOX emissions and 

Carbon Capture and Storage will be made available in the years to come for the CO2 

emissions.  

 

As a result of these different measures, European emissions have overall decreased between 1990 

and 2004, despite an increase of 33 percent of the electricity generated (European Environment 

Agency, 2006b).  

 

The figure 2.10 shows the evolution of the EU-15 power mix between 1975 and 2005. One can 

see the shares of coal and oil have been reduced while those of nuclear and natural gas have been 

increased. This has a positive impact both for the SO2 emissions and for the CO2 emissions in 

that case.  
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Figure 2.10: Structure of electricity production in the EU-15 

0%

20%

40%

60%

80%

100%

19
70

19
73

19
76

19
79

19
82

19
85

19
88

19
91

19
94

19
97

20
00

20
05

Combustible Renewable and
waste

Gas

Oil 

Coal 

Solar, tide wave, ocean, wind
and other sources of electricity

Geothermal 

Hydro

Nuclear

 
Source: IEA statistics, 2008 

 

These Protocols show the EU willingness to tackle this problem and thus can easily explain why 

the EU-15 has a smaller per capita and per GDP emissions intensities than the OECD or the 

USA, both in terms of sulphur dioxide and nitrogen dioxides.  

 

As for the sulphur emissions and because of these actions, they peaked in the late seventies and 

since 1980, they have been reduced by two-thirds (European Environment Agency, 2005a) 

(figure 2.11). This is the result of all the policies implemented from the late seventies and also of 

the realisation by the public opinion of the problems linked to the acidification of forests and 

lakes.  
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Figure 2.11: Historical Development of sulphur dioxide emissions in Europe (Unit: 

Tg SO2) 

 
Source: Vestreng et al. (2007) 

 

The figure 2.12 shows that among all the sectors, the energy sector is the main contributor of SO2 

emissions. But it also underlines that huge improvements have been made in that particular sector 

and that they represent the biggest part of the emissions reduction. Indeed, one can see that in 

1990, the combustion in energy and transformation industries accounted for 25 out of 40 Tg SO2 

emitted82. These industries managed to decrease their emissions to about 10 Tg in 2004. It should 

be noted that the three other sectors shown on this figure have also made progress as their shares 

decreased from 15 Tg out of 40 to 5 Tg out of 20 Tg SO2 emitted. Nevertheless, this figure shows 

that huge reductions can be achieved in the energy sector. Indeed, 15 Tg SO2 has been saved in 

fifteen years time. One could also mention in terms of reduction, the cap-and-trade programme 

called US Clean Air Act. Indeed thanks to the 1963 The Clean Air Act83 the emissions of sulphur 

dioxide from fossil fuel combustion have been greatly reduced from 18.25 Mt in 1975 to 10.1 Mt 

in 2002 with an increasing electricity demand (Ellerman, Dubroeucq, 2002). This kind of scheme 

will be discussed in the next part.  

 

                                                 
82 It should be bear in mind that this figure is not only for the EU-15 but for Europe 
83 And its Amendments of 1970 and 1990 
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Figure 2.12: Sector trends for sulphur dioxide emissions key sources 1980-2004 

(unit: Tg SO2) 

 
Source: Vestreng et al. (2007) 

 

If we were to look only at the EU-15 trends in the energy sector, we would find, as shown on 

figure 2.13, that the emissions resulting from electricity production have been almost cut by a 

factor four since between 1990 and 2002. These reductions have been made possible thanks to 

gas desulphurisation technologies, fuel switching, efficiency improvements as well as use of coal 

of lighter sulphur content. Some countries such as Austria, Denmark, Germany and the United 

Kingdom have even achieved a 90 percent reduction or more (European Environment Agency, 

2005a). If nothing had been done (i.e. if the structure of the European power industry had 

remained the same) the SO2 emissions would have increased by 33 percent over that period for 

the EU-25. What happened was a decrease of 77 percent of the SO2 emissions (European 

Environment Agency, 2006b).  
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Figure 2.13: Reductions in SO2 emissions from public electricity and heat 

production in the EU-15 

 

 
Source: European Environment Agency (2005a) 

 

As for the reductions in nitrogen oxides emissions, they have been far more modest than those of 

sulphur dioxide. These reductions are mostly due to the introduction of technological innovation 

on cars and to the improvement of the power sector as well as changes in the energy demand. 

However, the effect on car pollution has been undermined by an increase of road traffic and those 

of the power sector by the increase of electricity generation (OECD, 2001c).  

 

According to the European Environment Agency (2005b), NOX emissions fell by more than a 

quarter compared to the 1990 levels, in the EU 15. Even though, the power sector is not the main 

contributor to these reductions, improvements have been made as these emissions would have 

increased, should nothing have been done (European Environment Agency, 2006b). It should 
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also be noted that the increase of electricity consumption has partly offset the improvements 

made in that sector. Indeed, the figure 2.14 shows that the EU-25 NOX emissions decreased by 45 

percent over the period 1990-2004. But they would have increased by 33 percent if the structure 

of the power industry has remained the same.  

 

Figure 2.14: Estimated impacts of different factors on the reduction in emissions 

of NOX
 
from public electricity and heat production between 1990 and 2004, EU-25  

 
Source: European Environment Agency (2006b) 

 

It has been shown that the problems of nitrogen oxides and sulphur dioxide emissions have been 

taken into account for almost forty years in Europe thus explaining why emission intensities per 

capita and per GDP were relatively low. It should also be noted that these reductions in the power 

sector enabled the EU-15 to benefit from a low level of emissions of both SO2 and NOX per unit 

of power generate compared to the other countries.  

 

These two points justify our choice of using the EU-15 as a benchmark for the local pollutants in 

our two scenarios.  
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2.2.3.3.2/ Global pollutants: EU-15 as a benchmark 

 

In terms of CO2, the EU is also among the leading countries to tackle the issue of global 

warming. Indeed, as it has already been said most of the governments signed the United Nations 

Framework Convention on Climate Change at the Earth Summit in Rio in 1992. Its long term 

objective was  

 

“the stabilisation of greenhouse gas concentrations in the atmosphere at a level that 

would prevent dangerous anthropogenic interference with the climate system. Such a level 

should be achieved within a time-frame sufficient to allow ecosystems to adapt naturally 

to climate change, to ensure that food production is not threatened and to enable 

economic development to proceed in a sustainable manner”84 

 

More than 175 countries ratified this Convention including all the largest industrialised states. 

The first legally binding outcome of this Convention was the Kyoto Protocol first signed in 1997 

and that came into force in 2005 (European Environment Agency, 2005a). The protocol sets 

targets for six greenhouse gases including carbon dioxide. Only thirty five (industrialised) 

countries have binding commitments for the first period 2008 to 2012 known as the protocol's 

first compliance period (European Environment Agency, 2005a). As Australia ratified the Kyoto 

Protocol on December, 3rd 2007, the United States remains the only industrialised country not to 

have ratified the Protocol. The signatories of this protocol decided that industrialised countries 

should reduce their greenhouse gas emissions of about 2.8 percent below their 1990 level. In 

order to do so, countries have access to three flexible mechanisms called the Clean Development 

Mechanism (CDM), the Joint Implementation (JI) and emissions permits85.   

 

Europe is at the core of this dynamic. Indeed, the EU-15 represents almost half of the countries 

that have binding commitments. Besides, these fifteen countries accepted an eight percent 

reduction target at Kyoto that has been shared among them according to a burden-sharing 

agreement. Eight countries received reduction targets, two had to remain stable and five were 

allowed increases (European Environment Agency, 2005a).  

 

As a way to internalise the cost of pollution and to comply with Kyoto, the EU has launched an 

emission trading system called the European Trading Scheme (ETS)86. The aim of this system is 

                                                 
84 United Nations Framework Convention on Climate Change (1992), p. 4   
85 It should be kept in mind that negotiations are still engaged. For example, the parties gathered recently in Bali 
where they decided that the discussion concerning the second period should not occur after April 2008. And they will 
gather again in Copenhagen in 2009. 
86 This system concerns the 27 member states plus Norway, Iceland and Liechtenstein that should join them soon 
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to trade CO2 allowances. Each installation of member state received emission allowances and the 

one that are not needed by the companies can be traded on the market. The aim of such a system 

is for the producer to take into account the cost of the carbon. Besides, it can foster innovation as 

a way to save carbon allowances as now emissions reductions have a value. Lastly, this scheme is 

linked to the two other instruments of the Kyoto Protocol. This will allow European companies to 

earn carbon credits by investing in climate-friendly technologies in other countries, either through 

the Joint Implementation or through the Clean Development Mechanism.  

 

Among the factors that affect the CO2 emissions is the way electricity is generated, in other 

words the power mix. Figure 2.10 already highlighted the change in the EU-15 power mix that 

saw the shares of natural gas and nuclear increase while those of coal and oil were reduced. The 

role of nuclear in the de-carbonisation of an economy can be seen in France where CO2 emissions 

fell from 101 millions tons in 1973 to 32 millions tons in 2000 (while the electricity generated 

increased) (Barbier et al., 2004). This example also partly explains why the CO2 emitted in the 

power sector per unit of electricity produced is relatively low, in the EU-15.  

 

Even though the EU-15 Kyoto targets are unlikely to be met (European Environment Agency, 

2005b), these reasons explain why the EU-15 has low emissions intensity per GDP and low 

emissions intensity per capita for a group of industrialised countries.  

 

So to conclude this presentation of the indicators, we have chosen to apply current EU-15 

emissions intensities to the forecasted Chinese population, GDP and power produced at the 

horizon 2030.  

 

Now, the other assumptions of the scenario will be detailed, a business as usual scenario will be 

shown and four results will be given: two scenarios in which there are a Bottom Line entitled 

Minimal Sustainability and a Desirable target called Full Sustainability. Lastly, these objectives 

will be compared with forecasts and discussed.  

 

2.3 Our scenarios 

 

2.3.1 Definition of a scenario  

 

First of all, one should define what a scenario is before describing our scenarios. According to the 

European Environment Agency (2001), the word “scenario” has been borrowed from the theatre 

or cinema industry by the military strategic planners after World War II. As for environmental 
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economics, scenarios are defined as “images of the future or alternative futures” (Nakicenovic et 

al., 2000 cited in European Environment Agency, 2001). As for Chevalier (2009a), scenarios are 

images of possible future for which no probability of occurrence can be given. However, they 

help understand and identify trends and risks. There are three ways to classify scenarios 

(European Environment Agency, 2001): 

� Qualitative or quantitative. A qualitative scenario describes what can be possible in the 

future by sentences or charts but does not provide figures. This has advantages (easy to 

communicate information about the future) but also drawbacks (lack of numerical 

information). As for quantitative scenarios, they give the needed numerical information 

but numbers tend to be seen as a certainty. Besides, another drawback is that modelling 

can de difficult to understand for non-specialists (European Environment Agency, 2001).  

Each of them has advantages and drawbacks so that the choice of the type of scenario 

depends on what one needs to do with it. Our goal is to do a back-casting in the third part 

so a quantitative scenario is compulsory.  

� Exploratory or anticipatory. Exploratory scenarios, also known as descriptive scenarios, 

start in the present and explore different trends in the future. On the other hand, 

anticipatory scenarios, also known as prescriptive or normative scenarios, begin with a 

certain vision of the future that can be, according to the author, neutral, optimistic or 

pessimistic, and then work backwards to see how this future can emerge (European 

Environment Agency, 2001). In our case, this will be an anticipatory scenario. Three 

types of future will be defined, a business as usual one, one called Full Sustainability and 

another one called Minimal Sustainability and then, the third part will work backwards to 

see what to implement in the years to come in order to achieve one of these two scenarios.  

� Baseline or Policy. Baseline means a sort of business as usual perspective while the 

policy scenario details what would happen in case of environmental protection policies. 

Even though, our desirable scenario will definitely need environmental protection policies 

to be reached, this last kind of breakdown will not be relevant in our case. 

 

Now that a scenario, generally speaking, has been defined and that ours has been introduced, we 

will turn to the explanation of our two scenarios.  

 

2.3.2 Description of our 2 scenarios   

 

The table 2.15 summarises the current level (as of 2005) of emissions and emissions intensities 

per capita and per GDP for the EU-15 and China. It has been decided to use GDP with market 

exchange rates instead of with Purchasing Power Parity mainly for two reasons. The Purchasing 

Power Parity methodology is source of approximation (because of differences in quality of goods 
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and basket of goods used) and we do not intend to compare the standard of living among 

countries. Indeed, we only use GDP to compare the rate of emissions for a dollar of wealth 

created in a country.  

 

Table 2.15: Current level (2005) of Chinese and European emissions  

Gases 

EU-15 

Emissions 

(million 

tonnes) 

Chinese 

Emissions 

(million 

tonnes) 

EU-15 

emissions 

intensities 

per GDP 

(kg/ 1,000 

USD) 

Chinese 

emissions 

intensities 

per GDP 

(kg/ 1, 000 

USD) 

EU-15 

emissions 

intensities 

per capita 

(kg / 

capita) 

Chinese 

emissions 

intensities 

per capita 

(kg / 

capita) 

SO2 4.6 25.5  0.53 13.49 12.03 19.54  

NOX 9.1 18.3 1,04 9.68 23.59 14.03 

CO2 3,267 5,101 370 2,700 8,413.91 3,879 
Sources: European Environment Agency Database, 2008 

Hao (2007) 

International Energy Agency (2007a)  

International Energy Agency (2007c) 

International Energy Agency Statistics (2008) 

State Environmental Protection Administration (2006) 

 

One can see that although Chinese emissions are lower (at the exception of the sulphur dioxide) 

on a per capita basis, they outnumber by far that of EU-15 on a per GDP basis. This is a quite 

straightforward finding as China is a developing country and has not yet started to tackle 

pollution properly. For instance one can refer to the Environmental Kuznets Curve, analysed in 

the first part, to illustrate that point.  

 

One cannot ask China to have emissions intensities per GDP as low as Europe because of the fact 

that China will not be at the same stage of development. So, the next point will define what could 

be asked to China in terms of emission intensities. These intensities will be applied to forecasted 

GDP and population, assuming that the International Energy Agency (2007a) estimated that 

China would have 1,460 million inhabitants and its GDP would reach 8,111 billion dollars in 

2030.  
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2.3.2.1 Chinese scenarios 

 

Before presenting our two scenarios, one will first say a word on the Business-As-Usual scenario. 

The one that has been selected comes from the World Energy Outlook 2007 (IEA, 2007a). In its 

reference scenario, the IEA forecasts in 2030 Chinese SO2 emissions to reach 30 Mt; NOX 

emissions 21 Mt and CO2 emissions 11.5 Gt. This represents a significant increase compared to 

the current levels that have already proven their un-sustainability, from an environmental point of 

view.  Therefore, one needs to think of targets that could be asked to Chinese authorities to put 

back on environmentally sustainable tracks China and its power sector.  

 

As it has been highlighted previously, one cannot request the Chinese to emit as low per unit of 

GDP as Europeans. However, one can ask them to be on the trend of the EU-15 emissions 

intensities per capita; which would enable China to go on with its development without suffering 

too much from pollution constraint (i.e. cost of carbon, cost of production reduction…). This will 

be the bottom line scenario in terms of emissions, that is to say that if China were to exceed the 

current European trends per capita, this would put a too heavy burden on Chinese public health. 

Indeed, currently only less than a third of the Chinese cities reach the WHO standards in terms of 

air quality and one needs to improve the situation (WHO, 2004).  

 

Table 2.16: Minimal Sustainability scenario for China in 2030 

 Emissions (Mt) Intensity per inhabitant 

(kg per capita) 

Intensity per GDP (kg 

per 1,000 USD) 

SO2 18 2 12 

NOX  34 4 24 

CO2  12,284 1,514 8,414 
Source: the author 

 

This scenario would give 18 million tonnes of SO2, 34 million tonnes of NOX and 12.284 billion 

tonnes of CO2 emitted per year. These figures will be discussed at a later point.  

 

Yet, China could do a lot better, should it decide to tackle the issue of pollution now. The 

desirable scenario, more demanding, would use a mixed indicator taking into account both the 

per GDP and the per capita emissions intensities, with a weight of fifty percent each. As it has 

been underlined previously, while the emissions intensities per capita reflect a certain idea of 

equity and fairness, the emission intensities per unit of GDP give an idea of competitiveness. 

Therefore, using this mixed indicator enables to take these two dimensions into consideration. 

Hence, this scenario favours a kind of “competitive fairness”.  
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This would give results as follows:  

 

Table 2.17: Full Sustainability Scenario for China in 2030  

 Emissions (Mt) Intensity per inhabitant 

(kg per capita) 

Intensity per GDP (kg 

per 1,000 USD) 

SO2 11 2 7.5 

NOX  21 4 24 

CO2  6,144 757 4,208 
Source: the author 

 

This would give annual emissions in 2030 of 11 million tons of SO2, 21 of NOX and 6.14 billion 

tons of CO2. Once again, these results will be analysed later on.  

 

Now, the scenarios for the Chinese power sector will be detailed. The reason why focusing on 

this specific sector has already been underlined but can be seen on figure 2.18 (and also on figure 

2.12 for the sulphur dioxide). One can see that this sector is responsible for almost half of the 

CO2 emissions (this percentage being higher in case of SO2). Therefore, upgrading the 

environmental standards in the power industry would lead to considerable improvement towards 

the implementation of an environmentally sustainable development.  

 

Figure 2.18: CO2 emissions by sector in China  
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Besides, one can recall that in terms of electricity generation, there are huge differences between 

China and the EU-15. Indeed, while coal represented 78 percent of the Chinese power mix in 

2005 (IEA, 2007a); the EU-15 power mix was much more balanced (see figure 2.10). 

Furthermore, there are significant disparities in terms efficiency between Chinese and European 

power plants. Therefore, huge emissions reductions can be made in the Chinese power sector.  

 

2.3.2.2 Chinese Power sector scenarios 

 

Before presenting, our two scenarios, a word will be said on the Reference Scenario of the World 

Energy Outlook 2007 that corresponds to our Business As Usual scenario. The IEA (2007a) 

forecasts the SO2 emissions to reach 13 Mt while 6.2 Gt of CO2 would be emitted87.  Once again, 

this level of emissions is too high and the Chinese power sector could do a lot better. For 

instance, only 45 GW out of 389 GW of installed thermal capacity are equipped with a Flue Gas 

Desulphurisation unit (IEA, 2007a).  

The rationale behind those two scenarios will remain the same as the scenarios for China. Indeed, 

it will consist of a bottom line (Minimal Sustainability) and of a desirable (Full Sustainability) 

scenario. The only thing that will differ is, as we mentioned above, that the emission intensities 

per GDP are replaced by emission intensities per unit of power produced. Therefore, each of 

these scenarios will be found using the forecasted values of electricity produced and population at 

the horizon 2030. In the first case, one will take the emissions intensities per capita coming from 

the electricity and heat production and in the other case, one will take a mixed indicator that will 

remain the same (at least in its logic) as the one previously discussed.  

 

The table 2.19 presents the current level of the power industry emissions both for the EU-15 and 

for China.  

 

 

 

 

 

 

 

 

                                                 
87 The calculation has not been made for the nitrogen oxides.  
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Table 2.19: Current level (2005) of Chinese and EU-15 power sector emissions  

Gases 

EU 15 

power 

sector 

emissions 

(Mt)  

Chinese 

power 

sector 

emissions 

(Mt) 

EU-15 power 

sector 

emissions per 

unit of power 

produced (kg 

per MWh) 

Chinese 

power sector 

emissions per 

unit of power 

produced (kg 

per MWh)  

EU 15 

power 

sector 

emissions 

per capita 

(kg per 

capita) 

Chinese 

power sector 

emissions 

per capita 

(kg per 

capita) 

SO2 2.9 12.5 0.8 4 7.5 9.6 

NOX 1.8 6.2 88 0.5 2 4.6 4.8 

CO2 932.12 2,406.5 268.5 787.9 2,419 1,845 
Sources: European Environment Statistics (2008) 

International Energy Agency (2007a)  

International Energy Agency (2007c)  

International Energy Agency Statistics (2008) 

Hao (2007) 

 

On this table, one can draw different conclusions than those of table 2.15: the Chinese emit more 

both on a per unit of power produced basis and on a per capita basis (at the exception of carbon 

dioxide). Their energy sector is then far less competitive, from an environmental point of view.  

 

In order to calculate the two scenarios, one needs the forecasted population (that remains the 

same than in the previous point) as well as the electricity output in 2030. For this one, there are as 

many forecasts as articles on that topic. The one that will be taken comes from the World Energy 

Outlook 2007 partly devoted to China. In this publication, three scenarios have been made, the 

reference, the alternative and the high growth scenario. The values found for the electricity 

generation change dramatically from one scenario to another. Indeed, it ranges from 7,432 

terawatt hour (alternative scenario) to 10,840 terawatt hour (high growth scenario) passing by 

8,472 terawatt hour (reference scenario) (IEA, 2007a). The value that we will choose is the one 

from the alternative scenario as this will be used in the desirable scenario that assumes that 

policies will be enacted to tackle the pollution issue; hence increasing the energy efficiency of 

power plants and so reducing the amount of electricity needed.   

 

As already explained, the Minimal Sustainability scenario will use the emissions intensities per 

capita arising from the power sector. Results are shown in table 2.20, below:  

 

                                                 
88 According to Hao (2007), the power sector in China accounts for 34.6 percent of the NOX emissions. Hence, these 
emissions amounted at 18 * 0.346 = 6, 228 thousand tons of NOX in 2005 
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Table 2.20: Minimal Sustainability scenario for the Chinese power sector in 2030 

Gases  Emissions (Mt) Intensity per inhabitant 

(kg per capita) 

Intensity per unit of power 

produced (kg per MWh) 

SO2  11 7.5 1.3 

NOX  6.8 4.6 0.8 

CO2  3,531 2,419 417 
Source: the author 

 

This scenario would give 11 million tonnes of SO2, 6.8 million tonnes of NOX and 3.5 billion 

tonnes of CO2 emitted per year. These figures will be discussed at a later point.  

 

Yet, as already mentioned, China could do better, in terms of pollution control and try to bridge 

the gap with European standards. The desirable scenario, more demanding, would use a mixed 

indicator taking into account both the per capita and the per electricity produced emissions 

intensities, with a weight of fifty percent each. As it has been underlined previously, while the 

emissions intensities per capita reflect a certain idea of equity and fairness, the emission 

intensities per unit of electricity produced give a hint of competitiveness. Thus, using this kind of 

indicator enables to take these two dimensions into consideration. Hence, this scenario again 

favours a kind of “competitive fairness”.  

This would give results as follows:  

 

Table 2.21: Full Sustainability Scenario for the Chinese power sector in 2030 

Gases  Emissions (Mt) Intensity per inhabitant 

(kg per capita) 

Intensity per unit of power 

produced (kg per MWh) 

SO2  9 6.2 1 

NOX  5.6 3.8 0.7 

CO2  2,903 1,988 343 
Source: the author 

 

This would give annual emissions in 2030 of 9 million tons of SO2, 5.6 of NOX and 2.9 billion 

tons of CO2. Once again, these results will be analysed in a next point that will try to discuss the 

results given by these four scenarios.  
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2.3.3 Comments on these scenarios  

 

Now that two times two scenarios have been created, one has to discuss them to see whether they 

are realistic or not. In order to do so, we will review forecasts and articles to try to assess what 

the emissions of NOX, SO2 and CO2 are likely to be in 2030 and compare them to our own 

scenarios. The dichotomy will be kept that is to say, comments on the Chinese scenario will be 

made first and then, we will turn to the comments on the Chinese power sector scenarios. Before 

doing so, one may underline that should adaptation be taken into account, one may then increase 

targets for CO2 by 2030.   

 

2.3.3.1 Comments on the Chinese scenarios  

 

Figures found for the emissions depend upon the assumptions made while modelling. Indeed, the 

growth rate chosen, the oil price, the technology choice adopted, whether the Clean Development 

Mechanism as well as a price on carbon (or sulphur) will be used or even the policies enacted by 

the government towards or not a sustainable development have a huge importance while reading 

the results. Therefore, the forecasted values found for these three gases, listed in the table 2.22, 

may differ widely from one study to another. For clarity reasons and to facilitate comparisons, 

our results will be shown in the table.  

 

 

Table 2.22: SO2, NOX and CO2 forecasted emissions in 2030 (if not stated otherwise) 

Authors, (year) SO2 forecasts (in 

million tons) 

NOX forecasts (in 

million tons) 

CO2 forecasts (in 

Gigatons) 

Hao (2007) N/A 30 89 in 2020 N/A 

Timilsina(2007) N/A N/A 11.239 

Streets, Waldhoff 

(2000) 

30.6 90 in 2020 26.590 in 2020 N/A 

Hu, Jiang (2003) N/A N/A 9.9 91 

Wang et al.  (2005) N/A N/A 7.039 92 

                                                 
89 In his study, Hao works out another scenario with an implementation of strict pollution control. In that case, NOX 
emissions would drop to 15 Mt in 2020.  
90 Streets and Waldhoff provides another scenario named “high” in which they find 60.702 Mt of SO2 in 2020 and 
29.663 Mt of NOX at the same year.   
91 In their two other scenarios (market and policy) they found CO2 reductions of respectively 1.1 and 2.2 Gt of CO2 
in 2030, thanks to a carbon price and technology improvements.  
92 These results are obtained for the National Alternative Path that assumes a significant increase of the use of non-
fossil fuels such as renewables and nuclear as stated by the new law on renewables.  
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Teng et al (2007),  

MARKAL93 

N/A N/A 6.068 

Teng et al (2007),  

LEAP 

30.2 94 23 6.237 

Teng et al (2007),  

3E 

N/A N/A 6.270 

Teng et al (2007),  

YE 

N/A N/A 6.801 

Teng et al (2007),  

AIM 

N/A N/A 6.1 – 14.7 95 

Ohara et al (2006) N/A 10 – 25 96 in 2020 N/A 

Yang (2001) N/A N/A 7.5 – 9.5  

Energy Information 

Administration 

(2007) 

N/A N/A 10.143 – 12.5 97 

He, Roland-Holst 

(2005) 

45.903 N/A N/A 

Jiang et al (1999) 21 - 50 N/A 7.7 – 16.5 

ZhiDong (2003) 57 98 N/A 8.33 

Fan et al (2007) N/A N/A 5.65 - 7.96 in 2020 

Van Vuuren et al 

(2003) 

N/A N/A 9.5 

Jiang et al (2007)99, 

reference scenario 

18 22 8  

Jiang et al (2007), 

Policy scenario 

17 21 7.7 

Jiang et al (2007), 

high growth scenario 

21.5 26 8.8 

Cofala et al. (2006) 29.4 16.2 N/A 

                                                 
93 This study covers different sorts of models for China; each of them giving different results for CO2 emissions. 
Each line corresponds to a specific model that is stated above.  
94 It should be noted that in the scenario that favours the natural gas use, “only” 21Mt of SO2 are found in 2030.  
95 CO2 emissions span a large interval from 6.1 to 14.7 Gt for the moderate economic development scenarios. These 
differences are found because of different technological assumptions.  
96 Between 10 and 25 Mt of NOX emitted are found depending on the assumptions made in that model.  
97 There are five scenarios in this study: reference, high growth, low growth, high oil price and low oil price. The 
forecasted emissions range from 10.143 to 12.5 Gt in 2030 and the reference case is 11.239.  
98 These emissions could fall, in the best case (fuel switching, carbon tax…), to respectively 42 Mt and 6.46 Gt.  
99 In this publication, three scenarios are defined: the reference scenario as well as the policy and the high growth 
scenario 
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International 

Energy Agency 

(2007a), Reference 

scenario 

30 21 11.448 

International 

Energy Agency 

(2007a), Alternative 

Scenario  

24 16.8 8.8 

Rouhier (2009), 

Minimal 

Sustainability 

18 34 12.3 

Rouhier (2009), Full 

sustainability  

11 21 6.1 

 

One can see that the forecasted NOX emissions range from 10 Mt (though in 2020) to 30 Mt (in 

2020 again). If we were to look at the 2030 forecasts, one would find values between 16.2 and 26 

Mt. Therefore, the scenarios favouring 34 Mt for the Minimal Sustainability and 21 Mt for the 

Full Sustainability are consistent with these forecasts. Consequently, one can conclude that 

implementing one of these two scenarios (even the Full Sustainability one) is feasible. Indeed, the 

Minimal Sustainability scenario should be reached without too many difficulties while the 

desirable scenario will not be reached without active enforcement. Hence, the authorities could 

take as a target 21 Mt: this is demanding but remains doable should policies be enacted soon.  

 

As for the CO2 predicted values, they vary between 6.068 Gt and 16.6 Gt in 2030. The average 

values for these forecast is around 9.2 Gt. Therefore, our scenarios are also consistent with these 

findings. The Minimal Sustainability scenario should be reached as well unless Chinese annual 

rate of growth skyrocket and nothing is done from an environmental point of view. The desirable 

scenario with 6.1 Gt could be done as well but this would mean that China decides to tackle 

seriously the global pollution problem. But once again, China should aim at this desirable 

scenario. Besides, if the global community finds an agreement to target the 450 ppm or 500 ppm 

in 2030, then every country will have to commit to strong targets such as (at least) the desirable 

scenario for China.  

 

This seems to be the case as in April 2007, a draft of its First National Climate Change 

Assessment was released in which China stated that it aimed at reducing by 40 percent its carbon 

intensity by 2020 and by 80 percent by 2050 (Herzog, 2007, Graham-Harrisson, 2007). It is the 

first time China considers an emission target of any form (Herzog, 2007). Reducing the emission 
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intensity by 40 percent does not give a specific target for the emission as it will be related with 

the Chinese GDP of that time.  

 

For the last gas, the sulphur dioxide, the targets will require efforts and policies to be attained. 

Indeed, the forecasts differ widely and range from 17 to 57 Mt of SO2 emitted in 2030. Thus, 

even our Minimal Sustainability scenario will be hard to get. Despite these difficulties, our 

scenarios are consistent with the willingness shown by the latest Chinese declarations. Tackling 

the SO2 issue seems to be a new priority with the Eleventh and Tenth Five Year Plans asking for 

decrease. Even though, these reductions have not been achieved yet100, one can see that it is 

starting to preoccupy the Chinese authorities. The last Five Year Plan (the Eleventh, covering 

2006-2010) aims at lowering the SO2 emissions in 2010 by 10 percent on the 2005 levels. 

Therefore, we will keep our two scenarios as consistent with the forecast (for the bottom line) and 

with the ambitious ideas of the government (for the desirable). Besides, it should be noted that, 

among these three gases, the easiest to reduce is the sulphur dioxide. For example and as it will 

be seen in the next point, the implementation of new power plant will reduce firstly the SO2 

emissions and would do so on a large scale. So, as SO2 emissions induce a problem on the 

Chinese public health, it is in China’s own interest to curb as soon as possible the SO2 emissions. 

Therefore, the SO2 target could also be feasible.  

 

This idea of reducing or limiting the emissions of noxious gases while continuing to grow is 

referred to as decoupling in the literature. It is defined by the OECD (2002b) as the fact of 

“breaking the link between environmental bads and economic goods”101. The NOX, SO2 and CO2 

emissions intensities per GDP are robust to be decoupled (OECD, 2002b). For instance, since the 

early eighties, a strong decoupling has been noticed in the European countries (and in the OECD 

countries at large), thanks to the early commitment to reduce SOX and NOX emissions (OECD, 

2001c). This decoupling have been possible thanks to structural changes in the economy, changes 

in energy demand and pollution control policies as well as technical progress (OECD, 2001c). A 

decoupling has been witnessed for NOX emissions as well but less than for SOX emissions, as it 

has been already mentioned earlier. As for the CO2, the OECD emissions have slightly increased 

since 1990 while the overall GDP have risen by 25 percent.  

 

Consequently, one can conclude that these scenarios for China as a whole can be asked, 

notwithstanding the difficulties to implement the Full Sustainability SO2 scenario.  

 

We will now turn to our last point, the justification of the power sector scenarios.  

                                                 
100 The actual 2005 SO2 emissions were 42 percent higher that what they were planned to be with the Tenth Five 
Year Plan (Kejun, 2007) 
101 Organisation for Economic Co-operation and Development (2002b), p. 1 
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2.3.3.2 Comments on the Chinese power sector scenarios 

 

Once again, figures found for the forecasts depend on the assumptions used for the model. It 

should also be noted that only a few studies have tried to forecast what will be the emissions of 

these gases arising from the power sector in 2030 (or 2020). The table 2.23 below lists their 

results. Once again, our scenarios will be displayed in this table to facilitate comparisons.  

 

Table 2.23: Projected emissions of NOX, SO2 and CO2 from the Chinese power 

sector in 2030 (if not stated otherwise) 

Authors, (year) SO2 forecasts (in 

million tons) 

NOX forecasts (in 

million tons) 

CO2 forecasts (in 

gigatons) 

Streets, Waldhoff 

(2000) 

2 102 in 2020 10.7 in 2020 N/A 

Hu, Jiang (2003) N/A N/A 3.5 

Wang et al. (2005) N/A N/A 1.459 103 

ZhiDong (2003) 25.42 N/A 3.32  

International 

Energy Agency 

(2007a), Reference 

scenario 

13 N/A 6.202 

International 

Energy Agency 

(2007a), Alternative 

scenario 

N/A N/A 4.726 

Rouhier (2009), 

Minimal 

Sustainability 

11 6.8 3.531 

Rouhier (2009), Full 

Sustainability 

9 5.6 2.903 

 

These results are hard to judge as there are only a few studies. For example, there is only one 

figure for the NOX emissions and it is only in 2020. Streets, Waldhoff (2000) found 10.7 Mt of 

NOX. Our scenarios state that China should aim at 6.8 Mt (Minimal Sustainability) or 4.9 Mt 

                                                 
102 In their “high” scenario, findings from NOX are similar while they differ widely for SO2. Indeed, in the high 
scenario emissions of 17.4 Mt in 2020 are found.  
103 These results are obtained for the National Alternative Path that assumes a significant increase of the use of non-
fossil fuels such as renewables and nuclear as stated by the new law on renewables.  
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(Full Sustainability). Hence, they seem to be a bit too high compared to the forecasts. But one 

could argue that this study has been made in 2000, that the figure is only for 2020 and that China 

should try to tend towards these figures that are more sustainable than those forecasted. Besides, 

if we were to estimate the share of the power sector in our scenarios by a simple calculation, we 

would find 20 percent and 26 percent104. These findings are consistent with the reality. Indeed, in 

the EU-15, the power sector currently represents 17 percent of the NOX emissions while it 

accounts for 35 percent of the current Chinese emissions. Therefore, along with the development 

of the car ownership105 in China, the share of the power sector will decrease to a value ranging 

from 17 to 35 percent. Consequently, our scenarios for the power sector would be consistent with 

those assumptions and hence, will be kept.  

 

As for the CO2 calculation, our scenarios express that the CO2 emissions from the power sector 

should lie between 2.9 and 3.5 Gt. The values found with the forecasts lie between 1.5 (with a 

very ambitious program of de-carbonisation of the power sector implemented) and 6.2 Gt, which 

measures the values of what would occur should nothing be changed in terms of policy106. Thus, 

our two scenarios will also be kept as such, being consistent with the forecasts and with the share 

of the power sector107.  

 

As for the SO2 forecasts, they differ widely ranging from 2 (in 2020) to 25.4. Therefore, it is 

quite difficult to have a clear vision of what is expected to be the power sector contribution of 

SO2. The latest publication among these three is the IEA World Energy Outlook 2007108 in which 

they found 13 Mt in their reference scenario, a figure that, thus, could be improved should right 

policies be implemented in time. Our scenarios favour 11 Mt for the Minimal Sustainability and 9 

Mt for the Full Sustainability one. Therefore, the desirable one could be reached. Indeed, among 

these three gases the easiest one to tackle is the SO2. As it has been shown with the EU-15 

example (and more generally with the OECD countries), the best decoupling has been witnessed 

for the sulphur dioxide. Indeed, as pointed out by figure 2.24, the intensity per unit of power of 

conventional thermal power plant in the EU-25 has dropped for the three gases but most 

importantly for the sulphur dioxide from a base 100 in 1990 to merely 20 in 2004.  

 

                                                 
104 By dividing the values obtained for the bottom line scenarios and for the desirable, one obtains:  6.77 / 34.446 = 
0.20 and 5.56 / 21.449 = 0.26  
105 It should be noted that as underlined in the first part, the choice regarding the transportation sector (Internal 
Combustion Engines, Electric cars, hybrid…) will have tremendous implications on the environment.  
106 The IEA Reference Scenario is quite conservative as it is really a Business As Usual scenario. It assumes that all 
the policies enacted will be kept and that no new one will be implemented.  
107 By dividing the values obtained for the Minimal Sustainability scenarios and for the Full Sustainability, one 
obtains:  3.5 / 12.3 = 0.29 and 2.9 / 6.1 = 0.47. It should be noted that the current share are 31 and 56 percent for the 
EU-15 and China. Therefore, it is likely that the 2030 share of the Chinese power sector will lie between (or be 
approximately equal to one of) those two values; which is the case for our scenarios.  
108 That also corresponds to our Business As Usual scenario 
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Figure 2.24: Emissions intensity of public conventional thermal power production, 

EU-25 

 
Source: European Environment Agency (2006a) 

 

Generally speaking these reductions have been made possible for various reasons: the closure of 

old and inefficient coal-fired power plant and their replacement with either more efficient coal-

fired or with gas-fired power plant or even with plant based on renewables or nuclear (European 

Environment Agency, 2006a) reduced the CO2 emissions for the power production. Indeed, it 

should be kept in mind that gas has 40 percent less carbon content than coal and 25 less than oil 

(European Environment Agency, 2006a). As for the reduction in nitrogen oxides, it comes from 

end-of-pipe abatement techniques and the choice of less polluting fuels (European Environment 

Agency, 2006a). The huge decrease in sulphur dioxide emission intensity occurred thanks to the 

declining use of old and inefficient coal- or lignite-fired power plant and the extensive use of flue 

gas desulphurisation technologies (European Environment Agency, 2006a). Flue-gas 

Desulphurisation is “an abatement end-of-pipe technology, which is fitted to large combustion 

plants such as power plants”109. Its use has been driven by national efforts and also by the EU 

willingness to tackle the sulphur diocese issue. Indeed, one can refer to the EU Directive 

88/609/EEC that limits the emissions of certain atmospheric pollutants from large combustion 

plants. Therefore, one could think of a similar decree from the Chinese authorities.  

 

                                                 
109 European Environment Agency, (2006a), p. 3  
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Consequently, all these reasons make us believe that both our Full Sustainability scenarios for 

China and for its power sector can be implemented and should be aimed at.  
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Conclusion 

 

To conclude with this part, we reviewed the history of the environmental thinking in the 

economic theory to highlight what was sustainable development. We, then, analysed what was 

the environmentally sustainable development and the way we understood it.  

 

Once the concept defined we tried to get the indicators that best assessed our definition. We 

found that in order to create scenarios of environmentally sustainable development both for China 

and its power sector, the best way was to focus on three gases that were responsible for the three 

kinds of pollution that we underlined in the first part, i.e. sulphur dioxide and nitrogen oxides for 

the local and regional pollution and the carbon dioxide for the global one. As noted Bossel 

(1999), the sustainability concept that one adopts has consequences, as it directs the choice of 

certain indicators at the neglect of others. Therefore, it defines and limits the problems and 

systems that one takes into account. Hence, it is one of the limitations of our scenarios. For these 

scenarios, we decided to focus on emissions intensities that can be either per capita, per GDP 

(when talking about the country) or per electricity produced (when focusing on the power sector). 

As expressed by Timilsina (2007), intensity based scenarios are politically-attractive because 

they are interpreted as not necessarily decreasing the economic outputs. Indeed, according to 

Pizer (2005) intensity targets can be described as performance standards. Thus, it not only avoids 

the idea of limiting growth but also has a positive ring to it.  

  

Then, we chose to use the EU-15 as a benchmark for these three gases as it was among the 

leaders in terms of pollution removal. Next, we created two times two scenarios using the 

forecasted values for the Chinese GDP, population and electricity generated in 2030. One is 

applied to China while the other one is for the Chinese power sector. Both of them are 

quantitative and anticipatory and in each of these two cases, there is one bottom line and one 

desirable scenario referred to as Minimal Sustainability and Full Sustainability.  

 

Lastly, we showed that both of the Full Sustainability scenarios we worked out could be 

implemented and therefore, should be targeted at. Consequently, the next part will try to see what 

should be implemented in the years to come to reach the desirable level of emissions in 2030. 

This part will mostly focus on the Chinese power sector as it is responsible for a big share of this 

pollution burden and that a lot of possibilities exist to reduce quickly the noxious emissions 

arising from that particular sector.  
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Introduction  

 

In the first part, it has been highlighted that the current Chinese development path was not 

sustainable from an environmental point of view. Besides, it has been shown that the benefits of 

reducing pollution far outweighed the costs. Therefore, an urgent need for action has been 

underlined that is referred to, by the World Bank, as “the closing window of opportunity” (2007).  

 

The second part dealt with the definition of an environmentally sustainable development. We 

decided to take the OECD definition (2001b). Thus, for an environmentally sustainable 

development to be reached, four points will have to be secured: regeneration, substitutability, 

assimilation and avoiding irreversibility.  

 

Then, we tried, by using indicators and the OECD Pressure-State-Response framework to assess 

targets for NOX, SOX and CO2 emissions at the horizon 2030, in order to reach an 

environmentally sustainable development. We decided to focus on these three gases as they were 

responsible for the three kinds of pollution that were underlined in the first part namely local, 

regional and global. The horizon 2030 was chosen as it will provide enough time to benefit from 

the policies implemented now and in the coming years. Therefore, two scenarios were created, 

one ambitious called Full Sustainability and another one less ambitious but still challenging 

called Minimal Sustainability. Each of these two scenarios was carried out for the Chinese 

economy as a whole and for the Chinese power sector in particular; as it is responsible for most 

of the emissions of the three gases mentioned above. The rationale behind those two scenarios 

(power sector / whole economy) remains the same. While the Minimal Sustainability applies the 

current EU-15 emissions intensities per capita to the forecasted Chinese population at the horizon 

2030; the Full Sustainability Scenario favours a kind of “competitive fairness”. Indeed, it uses a 

mixed indicator taking into account both the per GDP and the per capita emissions intensities, 

with a weight of fifty percent each, for the whole economy. The only difference for the power 

sector scenario is that emission intensities per GDP are replaced by emission intensities per unit 

of power produced.  

 

Thus, the aim of this part is to assess which policies should be enacted to enable the 

implementation of the Full Sustainability scenario. The question posed by this chapter is then 

how to make the emissions decrease from the ‘Business As Usual’ forecasts to the level of 

emissions that would be environmentally sustainable. The table 3.1 below recalls the level of 

emission of the Business As Usual scenario and of the Full and Minimal Sustainability scenarios, 

both for the Chinese economy and for the Chinese power sector.  
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Table 3.1: Summary of the different levels of emissions for the three scenarios:  

 Emissions (Mt), Business 

As Usual 

Emissions (Mt), 

Full Sustainability 

Emissions (Mt), 

Minimal  

Sustainability 

SO2, Chinese economy 30 11 18 

NOX, Chinese economy 21 21 34 

CO2, Chinese economy 11,500 6,144 12,284 

SO2, power sector 13 9 11 

NOX, power sector N/A 5.6 6.8 

CO2, power sector 6,200 2,903 3,531 

Sources: International Energy Agency (2007a) 

The author  
   

We can see from this table that implementing those scenarios will be particularly challenging for 

the sulphur dioxide economy-wide and for the carbon dioxide at the power sector level. However, 

it is important to target these scenarios as too many sulphur or carbon dioxide emissions would 

jeopardise either Chinese or World population’s future. One can think of the effects of global 

warming or simply of local pollution to illustrate this point.  

 

In economic theory and in absence of externalities, efficient pricing exists when the incremental 

cost of producing, transporting and distributing a commodity equals its market price (The World 

Bank, 2007). As subsidies affect either the prices paid by producers or consumers or the prices 

received by producers, they create market distortions. Assuming that polluting fuels are most of 

the time subsidised, this leads to an over-optimal level of pollution. Reducing (or removing) 

subsidies enables to reduce the incentive to consume or to over-consume polluting sources of 

energy. The same rationale can be applied to internalising the externalities (and thus, putting a 

price on noxious emissions) that is one of the common ways to tackle pollution. This idea dates 

back to the works of Pigou and has been used with emissions trading in the Kyoto Protocol or in 

the US with the EPA’s Emissions Trading Program or with carbon taxes in Finland or Sweden 

(Blackman, Harrington, 1999). Hence, we will argue in this part, that a price-based solution 

should be favoured. First of all, through a subsidy removal, the government would enable the 

energy prices to give correct signals to consumers that would therefore reduce the quantity of 

fossil fuels consumed and to producers that would go for better technologies or less polluting 

fuels. Indeed, as noted by Larsen, Shah (1992), economic policies should first and foremost 

remove fossil fuels subsidies in order to protect both local and global environment. Then, by 

making the producers pay for the externalities they create through for example carbon emissions 

fees or a sulphur tax, the government would also reduce pollution. This will be the aim of the first 

point. In order to work out the level of price increase required to put China back on a sustainable 
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track, we will calculate the price elasticity of polluting emissions in China. We will assume that a 

carbon tax110 will be implemented for clarity reasons. Even though we do not intend to take 

stance on the tax / permit issue, this will enable us, eventually, to compare marginal abatement 

costs to the level of the tax. We will conclude this point by underlining some of the difficulties 

inherent to those changes.  

 

Then, in a second point, we will show how the price mechanism operates. This will be divided 

into six sections. After having recalled the most recent changes concerning prices on Chinese 

energy markets, we will analyse the changes occurring after an energy price increase from a 

theoretical, technological change, and diversification perspective. This will aim at showing that 

an energy price increase induces technological improvements, which benefit the economy as the 

current technologies used in the Chinese power sector and in the Chinese economy, in generally, 

are far from being state-of-the-art. Thus, China could emit less per unit of GDP produced and 

also gain in energy efficiency. It will also be shown that a more diversified energy mix would 

yield positive results in terms of pollution. Both solutions would be facilitated by a higher price 

of energy, as we will see in this section. For clarity reasons, we will only illustrate the changes 

that will occur in the Chinese power sector. Indeed, as already mentioned in the second part, the 

power sector is the most important source of CO2 and SO2 emissions and the second largest 

contributor of NOX emissions. However, the same incentives would be created at the whole 

economy level and the same implications on technology as well as on diversification would be 

witnessed. These two ideas will be backed up with an econometric model. Lastly, we will 

confront our carbon dioxide econometric models to marginal abatement cost curves in an attempt 

of empirical verification.  

 

                                                 
110 Or any equivalent measures 
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3.1/ Price instrument 

 

The aim of this chapter is to show the consequences of a correct energy pricing, first through a 

subsidy removal and then through an internalisation of the price of pollution emissions, that 

could take the form, for instance of a tax.   

 

To do so, we will first analyse what theory teaches both in terms of subsidy and externalities. We 

will then calculate the price elasticity of carbon and sulphur emissions in China. We will be able 

to see which price increase should be chosen to reach the Full Sustainability scenario for the 

Chinese economy.  

 

3.1.1 / Theoretical consequences of energy subsidies and their removal 

 

Even though energy subsidies are widespread in all countries, it should be noted that non-OECD 

countries spend in possible energy subsidies roughly twice the absolute level of OECD countries 

(Barde, Honkatukia, 2003).  

 

In economic theory, with competitively determined prices, markets will “clear”, thus reducing the 

risks of shortages and surpluses. In the absence of externalities111, efficient pricing exists when 

the incremental cost of producing, transporting and distributing a commodity equals its market 

price. The commodity price is efficient because the value of the commodity given by the 

consumer is equal or greater than production cost. This occurs without state intervention when 

“workable competition” exists, which means that there are enough sellers and buyers (no one is 

able to influence prices i.e. everyone is a price taker), that information about quantities, prices 

and products is costlessly obtainable and that there are no transaction costs. The link between 

energy consumption and production and environment has already been highlighted in previous 

sections: getting market signals right so that prices reflect the true costs of producing and 

consuming energy should be a guiding principle in order to implement environmentally 

sustainable development. Indeed, competitive prices help achieve an economically efficient use 

of the resources: the consumers will know the prices that producers will require for a certain 

amount of each commodity on the market and the producers will know the expectations and 

willingness to pay of consumers for each type of energy. Besides, it will also enable right 

incentives to be sent to investors. For instance, generators are not likely to invest if they do not 

think they will be able to recover their expenses (IEA, 2006b).  

                                                 
111 We will revert to this point in the next section of this chapter 
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For these reasons, Bate, Montgomery (2004) compare economic freedom with energy efficiency 

(figure 3.2). They used data from the Economic Freedom of the World (EFW) index developed 

by the Fraser Institute to assess economic freedom. This index is constructed with forty-two 

variables that can be classified into five areas: size of government, legal structure and security of 

property rights, access to sound money, freedom to trade internationally and regulation of credit, 

labour and business (Gwartney et al., 2008). According to Bate, Montgomery, the freer an 

economy is, the more energy-efficient it will be. This aims at proving that freeing an economy 

will be beneficial for the country itself. Free countries tend to use energy in a more efficient way, 

thus reducing the energy intensity. This could be a good solution for China, as we will see it in 

this part.  

 

Figure 3.2: Economic Freedom compared to Energy per Dollar (Btu per 1995$) of GDP 

(2001) 

 
Source: Bate, Montgomery (2004) 

 

In China, price signals sent by the commodity markets are distorted as energy subsidies exist. 

They have strong implications for sustainable development as they increase both economic and 

environmental costs. Indeed, subsidising energy harms the environment through an increase of 

emissions (greenhouse gases, for example) and might even further deforestation.  

 

In order to have a better understanding of energy subsidies, they will be firstly defined then their 

consequences will be studied and finally, we will look at the expected effect of their removal.  
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3.1.1.1/ Definition of an energy subsidy 

 

First of all, it is noteworthy that this question does not necessarily imply a straightforward 

answer. Indeed, there is enormous discussion on the precise definition of a subsidy and very little 

information on the level of subsidies in each country (IEA, 2006a). The narrowest definition is a 

direct payment from the government to the producer or to the consumer. Nevertheless, this is not 

the only way in which the government can influence market prices or costs. It can also use 

indirect intervention that broader definition aims at catching. The IAE (1999, p. 43) defines 

energy subsidies as:  

  

“any government action that concerns primarily the energy sector that lowers the cost of 

energy production, raises the price received by energy producers or lowers the price paid 

by energy consumers”.  

 

This definition aggregates a lot of instruments that are listed below (table 3.3).  
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Table 3.3: Types of energy subsidy  

 
Source: United Nations Environment Programme and International Energy Agency (2002) 

 

Among these energy subsidies, one can see that there are direct and indirect types of subsidies. A 

grant or a tax exemption will have direct effect on prices while regulation that favours a 

particular type of energy or public research and development will operate indirectly.   

 

Direct financial transfers are, for example, used in Denmark to promote investments in energy 

efficiency or in the USA or Australia to foster research and development via tax credits (OECD, 

2002). Preferential tax treatments can be used, like in the US, to offer tax benefits to producer 

(OECD, 2002). Trade restrictions correspond to trade embargoes, quotas…and energy-related 

services provided directly by government at less than full cost are frequents in the OECD 

countries to improve combustion efficiency, for example. Lastly, regulation has been introduced 

in the energy sector, through demand guarantees or price controls in lots of countries, especially 

non-OECD members, to support indigenous companies. Besides, it should be noted that in non-

OECD countries, subsidies promote, most of the time, polluting energies such as fossil fuels.  
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The simplest form of subsidy is the per-unit direct cash payment to producers or consumers. 

Nevertheless, it is not the most widespread type for two reasons (UNEP / IEA, 2002). First of all, 

it puts a burden on national treasury. Governments prefer keeping subsidies off-budget as they 

might be the target of pressure groups that want to decrease the overall tax burden. This is why 

the most common subsidies are price controls that set prices below costs. This is easier when an 

energy company is state-owned given that some compensation is required to ensure commercial 

sustainability. Subsidies to home-grown energy production are also common and are aimed at 

protecting jobs. However, they have been declining over the past few years with the liberalisation 

of international trade and the increase of market-oriented energy policies. Finally, an increasingly 

popular subsidy aims at increasing the renewables consumption. One can name, for example, the 

subsidisation of fuels produced from agricultural products.  

 

According to a UNEP / IEA publication (2001), the rationale behind all energy-subsidising 

programmes is, at least, one of the following:  

� To protect employment in a indigenous sector against international competition;   

� To foster regional development;   

� To decrease dependence on imports;  

� To reduce costs of and / or provide access to modern energy services;  

� To protect the environment.  

 

Energy subsidies are thus used as a way to keep energy prices below true costs for welfare 

reasons (UNEP / IEA, 2001).  

 

3.1.1.2/ Consequences of energy subsidies 

 

Subsidising the energy sector has social, economic and environmental consequences. Indeed, the 

reason why a subsidy is given is to support an economic, social or environmental goal. However, 

a subsidy does not automatically have a negative impact on all of these topics. For example, 

subsidies to renewable or energy-efficient technologies will not be environmentally negative even 

though they might have negative consequences on social or economic aspects.  

 

3.1.1.2.1/ Social consequences 

 

Subsidies with social goals are widely used in developing countries. Their effect varies according 

to the type of subsidy. They are aimed at improving the poors’ living conditions by making fuels 
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more affordable and by enhancing electricity access. It lessens indoor pollution and provides a 

reduction in the time women and children spend gathering fuel and, therefore, increases the time 

they can spend on productive activities, like farming, and education. Besides, as noted by 

Keppler (2007), the idea of energy consumption causing economic growth is appealing. Energy 

(and more particularly electricity) consumption enables positive impacts on health, education and 

can increase GDP in return. Lighting or air-conditioning can be seen as prerequisites for local 

firms to develop (Keppler, 2007).  

 

Theoretically, this seems attractive. Unfortunately, in reality, this benefits most of the time to the 

energy producers, equipment suppliers and can even sometimes leave the poor worse off. 

According to UNEP / IEA (2002), there are three reasons:  

� The poorest households may not have physical access to energy or may not even be able 

to buy subsidised energy. One can take the example of a rural community or a poor 

suburb that is not connected to the electricity grid;  

� If the poor are able to benefit from an energy subsidy, their consumption is modest and 

they will less benefit from this subsidisation than higher income households. Indeed the 

richer households tend to consume more energy than poor ones; 

� Generally, middle and higher income households tend to get the biggest part of subsidised 

energy in countries where it is rationed, through petty corruption and favouritism. 

 

One can quote the current Indian Prime Minister Manmohan Singh:  

 

“While existing users enjoy low electricity prices, millions and millions of small farmers 

are denied the benefits of using electricity by the present pricing policies which leave the 

State Electricity Boards bankrupt so that they do not have enough resources to invest in 

expansion of capacity”112.  

 

One can also take the example given in Hope, Singh (1995) to illustrate the first two above-

mentioned reasons: gasoline subsidies would not benefit the poorest as they do not own any 

vehicles (or at a lower rate than in other income groups). Another example concerns the subsidies 

on kerosene and Liquefied Petroleum Gas in India that were intended to help the poor, in order to 

make them consume less biomass. However, this goal has not been met. It has been shown that 

40 percent of the subsidies benefited the richest 7 percent of the population (IEA, 2007a). The 

Committee on Pricing and Taxation of Petroleum Products announced that by limiting this 

scheme to only the households living under the poverty line would cut down by 40 percent the 

quantity of subsidised kerosene consumed (IEA, 2007a). 

                                                 
112 Singh (1996) cited in International Energy Agency (1999), p. 16  
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Hence these kinds of subsidy do leave the poor worse off. The money spent by the government in 

gasoline subsidies will not be used to enhance their living standards through public policies and 

besides, they will suffer from pollution.  

 

3.1.1.2.2/ Economic consequences 

 

According to UNEP / IEA (2002), the loss of economic efficiency depends on the type of 

subsidies but can be visible in one or more of the following ways:  

� Subsidies to consumption or production lead to higher energy use because of a lower 

price. This reduces incentives to a better energy conservation or energy efficiency. One 

can take the example of the disregard for energy efficiency during the Soviet Era (UNEP / 

IEA, 2002); 

� By reducing the price that producers receive, a subsidy will lower the return on 

investment made by energy providers. Thus, this reduces incentives to invest in better, 

more up-to-date infrastructures and explain why in lots of developing countries that 

subsidise energy, technologies are dirty and out-of-date because of structural under-

investment. Indeed, prices that are set correctly will enable producers to fund themselves 

the requisite investments; 

� Energy subsidies, by protecting producers from competition, reduce incentives to increase 

their productivity;  

� Direct subsidies (grants, tax exemptions…) operate as a drain on government national 

treasury. For instance, the Iranian government’s direct spending on energy subsidies 

represented 8 percent of its budget in 1997 (UNEP / IEA, 2002). One can also note that 

the government of Thailand introduced a price ceiling on petroleum products in January 

2004, assuming that the rise in oil price will be short-lived. It forecasted the total fiscal 

cost to be lower than US $ 128 million. When it withdrew the subsidies (in October 2004 

for gasoline and July 2005 for diesel), it had spent US $ 2.2 billion (Bacon, Kojima, 

2006);  

� Price caps below the market-clearing price might lead to physical shortages, which leads 

to costly arrangements;  

� Subsidies increase energy consumption. Thus, it may boost demand for imports or lower 

the ability to export energy. This may hamper the balance of payments and the energy 

supply security;  

� Subsidies to specific technologies harm the development of other technologies, that might 

have become more economically and environmentally attractive. This is what is referred 

to as the lock-in effect (OECD, 2005, Pieters, 2002). It means that a certain technology 
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simply by being widely applied (thanks to a subsidy) has a competitive advantage over 

new technologies. This lock-in effect reduces the positive impact of technical change on 

the environment.  

 

Generally, part of or all of those consequences result in the well-known deadweight loss, which is 

defined as a loss of economic efficiency that occurs when equilibrium is not Pareto-optimal.  

 

3.1.1.2.3/ Environmental consequences 

 

Like the social or economic consequences, the environmental effect depends on the type of the 

subsidy and on the type of energy that is subsidised.  

 

Subsidies that lower the price of fossil fuels will increase the quantity of such fuels consumed 

and thus the amount of noxious emissions or greenhouse gases. The graph 3.4 below 

demonstrates how bad for the environment a subsidy can be, assuming that the production or 

consumption of fuels emits polluting particles.  

 

The introduction of a per-unit production subsidy makes the supply curve shift from S to Sps. This 

will make the price fall from P to Pps and the quantity rise to Qps. In terms of environmental 

damage, the subsidy will correspond to an increase from E to Eps.  

 

If a per-unit consumption subsidy is introduced, then the demand curve will shift from D to Dcs 

resulting in a decrease of the price P to Pcs and a rise of the quantity from Q to Qcs. As for the 

environment, the damage will reach Ecs.   

 

In order to precisely determine the actual impact of a given subsidy, the demand, supply and 

environmental damage curves need to be known. The less sensitive to price demand and supply 

will be, the less subsidies will affect the environment.   
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Graph 3.4: The environmental effect of subsidies  

 
Source: United Nations Environment Programme and International Energy Agency (2002) 

 

Nevertheless, the effect of a subsidy is not always negative for the environment. For example, 

subsidies to fossil fuels in poor countries can induce a shift from firewood to oil products so that 

it reduces deforestation. Another example would be subsidies to cleaner energy production or 

renewable. Thus, this would have a positive impact on the environment. But, in non-OECD 

countries, most of the time, the subsidies are not helping the environment through renewables. 

Besides, subsidies may not be the most efficient way of achieving greenhouse gases reductions.  

  

So, energy subsidies tend to have an impact on global warming and on local air through an 

increase in CO2, SO2, NOX and particulates emissions that are noxious to the environment.  
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3.1.1.3/ Consequences of their removal 

 

“Removing energy subsidies would support the three principal aims of sustainable 

development: social welfare, environmental protection and economic growth”113.  

 

As seen in the previous point, subsidies are most of the time bad on an economic, social and / or 

environmental level. Even when they support one of these three topics, they cannot support the 

three of them simultaneously so that their removal would create advantages on at least one of 

these topics. This explains the introductory citation: removing subsidies improves government 

budget, reduces pollution (both local and global) and enables the funds allocated to subsidies to 

go to social redistribution. It should be noted that the removal of perverse energy subsidies is one 

of the three approaches to reach sustainability in the energy sector according to the IEA (2001). 

On the same topic, one can also quote Bacon, Kojima (2006) who underline the positive 

implications of a subsidy removal:  

 

“Fuel price subsidies help the poor, but at a large cost to society and to governments. 

Governments should look for opportunities to move away from fuel price subsidies as 

rapidly as possible and replace them with targeted assistance to the poor”114 

 

Besides, withdrawing these price distortions would give adequate signals to investors, producers 

and consumers thus reducing over-consumption and enabling right investments to be done. This 

would increase energy efficiency which is also a way to improve (or implement) a sustainable 

development. Furthermore, if subsidies encourage the use of fossil fuels, their removal will 

reduce greenhouse gas emissions at a negative cost (Fischer, Toman, 2000).  

 

The impact of subsidy removal will depend on country-specific circumstances such as energy 

policies, the state of development of the electricity markets, the performance of competitors in 

the market, the energy that is subsidised or the subsidy level…A table summarising the different 

effects of a subsidy removal depending on its type is shown in annex 3.1.  

 

One of the first papers that tried to assess the implications of a subsidy removal was a 

background paper for the World Development Report from Larsen, Shah (1992). Even if the 

calculations are not relevant anymore as the USSR collapsed and China as well as the other 

developing countries changed a lot, the findings were that removing subsidy would greatly 

                                                 
113 Birol, Keppler (1999), p. 1 
114 Bacon, Kojima (2006), p. 4  
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reduce CO2 emissions and improve welfare. These results still stand for China and the other 

developing countries.  

 

A study has been conducted by the IEA in the World Energy outlook in 1999 to analyse the 

effects of a subsidy removal in eight countries. They used a “price-gap” approach: they compare 

current energy prices to what they would be without subsidies. The difference between them is 

referred to as “price-gap”. Then, by using this price gap and the elasticity of demand (see annex 

3.2), they worked out what would be the consumption without these distortions. In annex 3.3 are 

also listed the main characteristics of these countries. All of these countries are heavy subsidisers 

and would win to remove them (see table 3.5 below).  

 

Table 3.5: The effects of subsidy removal  

 
Source: International Energy Agency (1999) 

 

As shown in table 3.5, their removal would increase GDP for all the countries under study. 

Indeed, selling energy below true costs is seen as a burden for the economy as a whole and 

energy subsidies are a drain on countries budget. So removing them would make these countries 

gain substantial economic growth.  
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The analysis shows that withdrawing subsidies in these eight countries would:  

� Make the primary energy consumption fall by almost 13 percent; 

� Reduce CO2 emissions by 16 percent;  

� Increase GDP by roughly 1 percent;  

� Lower pollution, both local and global.  

 

Besides, this would have a positive impact on the world as well, through a reduction of energy 

consumption by 3.5 percent. This would also result in an improved energy efficiency: CO2 

emissions would be reduced by 4.59 percent.  

 

Lastly, China, in particular, would see its GDP increase by 0.37 percent while reducing its energy 

consumption by 9.41 percent and its CO2 emissions by 13.44 percent.  

 

Before having an overview of other studies that have been made on this topic, we will first briefly 

present the level of subsidies in the Chinese energy sector today.   

 

The current Chinese energy pricing has for consequences an inefficient resource allocation, as it 

has been illustrated in the previous point. The problem is that these distortions created by 

government control are likely to increase if nothing is done. With the integration of oil and 

natural gas global markets, domestic prices will not match market prices and other subsidies will 

be required or surpluses will be created. In the first case, this would afflict state budget and in the 

second one, this would handicap consumers (World Bank, 2007). So liberalisation would 

improve the efficiency of the resource allocation but also the efficiency of the sector and would 

be consistent with the environmental goal. As it has been underlined, subsidies have a long 

tradition in China. Subsidies to grain, cotton and oil alone were equal to almost 3 percent of GDP 

during the early 1980s. They then fell to about 1 percent in the mid-1990s (Birol, Keppler, 1999).  

 

China is ranked third among the non-OECD countries concerning the amount of subsidies given 

to the energy sector (table 3.6).  
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Table 3.6: Energy subsidies by fuel in non-OECD countries, 2007 

 
Source: International Energy Agency (2008b) 

 

Chinese subsidies almost reached US $ 40 billion in 2007. When comparing this with table 3.7, 

the level of subsidies has increased. In 2005 it reached 25 billion dollars. China subsidised the 

four sectors: oil products, natural gas, electricity and coal. On the contrary, Russia almost only 

subsidises natural gas and electricity. However, as we will see later in this part, China has 

recently undertaken a subsidy removal movement. This is why the level of subsidy of coal and 

gas has decreased. However due to the rise in the oil barrel price in 2006 and 2007, the subsidies 

for oil products have spiked. Lastly, electricity is still subsidised as well.  
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Table 3.7: Economic value of energy subsidies in non-OECD countries, 2005 

 
Source: International Energy Agency (2006c)  

 

In percentage of the end-users price, as shown in table 3.8, one can see that Chinese natural gas is 

the most subsidised commodity in China.  
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Table 3.8: Consumption subsidy as percentage of final energy prices in non-OECD 

countries, 2005 

 
Source: International Energy Agency (2006c)   
 

Saunders, Schneider (2000), tried to assess the improvement resulting from a subsidy removal. 

This study was based upon the results found by Rajkumar in his World Bank working paper 

(1996) (table 3.9).  

 

Table 3.9: Subsidy rates on energy commodities, 1995-1996 

 
Source: Rajkumar (1996) 
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They then computed these subsidy rates with others figures from the IMF and other studies in 

order to forecast the “business as usual” world energy consumption in 2010. They use a multi-

region and multi-sector, dynamic general equilibrium model of the world economy, and then, 

analysed the impact of a subsidy removal on fossil fuel consumption, greenhouse gases emissions 

and economic growth in 2010. The Chinese energy consumption would drop by almost 1.5 

percent after the removal. As for CO2 emissions, they would fall by 1.1 percent at a global level 

and by less than 1 percent in China (table 3.10).  

 

Table 3.10: Change in emission of greenhouse gases following removal of subsidies, 2010, 

relative to the reference case 

 
Source: Saunders, Schneider (2000) 

 

Finally, economic growth would increase by 0.4 percent in developing countries after the 

removal.  

 

The results are smaller than those found in the World Energy Outlook 1999. This can be 

explained by the fact that Saunders and Schneider used a general equilibrium while the IEA used 

a single country approach. Besides, the estimates of the subsidy rates differ between the IEA and 

the World Bank. When the World Bank takes an average 11 percent subsidy on coal in China, the 

International Energy Agency finds that there is a 73 percent subsidy on coking coal and an 8 

percent subsidy on steaming coal (annex 3.4). Knowing how coal-reliant China is, this impacts a 

lot the results. But, in either case, the subsidy removal makes a significant difference.  

 

Another paper also presented at the ABARE conference tried to assess the impacts of a subsidy 

removal both on coal production and transport on the Chinese economy (Schneider et al., 2000). 

Prices would rise by 5.5 percent by 2010, which in turn would afflict demand and output (see 

table 3.11).  
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Table 3.11: Impacts of reforms on China’s coal industry, 2010 

 
Source: Schneider et al. (2000) 

 

The sectors that would be afflicted most would be the most coal-reliant: iron, steel or electricity. 

However, this would stimulate sectors such as agriculture, services and other manufactures, less 

coal-intensive.  

 

This increase in prices would make imports more attractive. Chinese coal imports would soar by 

a ratio of two and a half compared to the reference case. As for Chinese GDP, this study showed 

that the level would not differ much from the baseline case and that China would gain on an 

environmental level.  

 

A 1997 Anderson, McKibbin paper assessed the effect of a worldwide subsidy removal. With a 

G-cubed multi-country model, they elaborated different scenarios. One of them is a phase-out of 

OECD production subsidies along with a phase-out of market distortions in non-OECD countries. 

They also removed taxes on coal or subsidy on coal consumption so that coal prices in non-

OECD countries would be at the international level. The rise in coal prices would lead, in the 

non-OECD countries, to an expansion of production and a diminution of consumption. This 

increase in production relative to consumption would induce a rise in net exports from these 

countries to OECD countries, resulting in a fall of market prices. As for the global carbon 

emissions, they would fall by 8 percent by 2005, compared to the reference case (see figure 3.12).  
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Figure 3.12: Percentage change (from baseline) in CO2 emissions with the removal of coal 

producer subsidies and import restrictions in Western Europe and Japan and coal 

producer taxes and consumer subsidies in non-OECD economies 

 
Source: Anderson, McKibbin (1997) 

 

The CO2 emission reduction is higher than in the scenario where coal subsidy removal just occurs 

in OECD economies, falling from 5 to 8 percent. This shows that the effect of eliminating coal 

consumption subsidy outweighs the effect of the increase of coal production in the non-OECD 

countries.  

 

The non-OECD countries gain also from GDP rise, as shown in figure 3.13, due to efficiency 

gains from withdrawing production and consumption distortions. Indeed, good signals are sent so 

that resources are allocated to the best available sectors, yielding higher rates of return.  
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Figure 3.13: Percentage change (from baseline) in GDP with the removal of coal producer 

subsidies and import restrictions in Western Europe and Japan and coal producer taxes 

and consumer subsidies in non-OECD economies 

 
Source: Anderson, McKibbin (1997) 

  

This paper shows that reforms toward subsidy removal and markets liberalisation should be 

implemented, as the economy both gains on an environmental and on an economic basis.  

 

IGES (2008) showed that energy subsidies tend to promote inefficient technologies and to under-

investment in energy efficiency. Hence, reducing or withdrawing those subsidies could generate 

economic gains, reduction in energy consumption and in CO2 emissions (table 3.14). As for 

China, it would increase GDP by 0.4 percent while reducing energy consumption by 9.4 percent 

and CO2 emissions by 13.4 percent. Besides, it would reduce the government’s expenditures that 

could be re-allocated to others social policies.  

 

Table 3.14: Impact of removing subsidies on energy consumption in selected 

countries 

 
Source: Institute for Global Environmental Strategies (2008) 
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Finally in a recent working paper, Bajona, Kelly (2006) intended to show that reducing subsidies 

in China would considerably reduce pollution. They calibrated their model to China in 1997 and 

assumed that China would reduce their subsidies as required by the World Trade Organisation 

agreement. They found that the Total Suspended Particulates would be 17.6 percent lower than 

the baseline scenario in which no subsidy reduction would occur. They also found that chemical 

oxygen demand would be 7.6 percent lower and sulphur 22.9 percent lower. On the contrary, 

total suspended solids would rise by 0.5 percent. These reductions in pollution occur without any 

changes in abatement policy, but exclusively due to subsidy removal. According to this paper, 

lessening the subsidy level has three effects. First, it reduces pollution-causing capital 

accumulation. Second, if subsidised firms are more pollution intensive, then decreasing subsidies 

enables capital and labour to move from more to less pollution intensive firms.  Finally, subsidy 

removal concentrates capital and labour in more productive firms which increases output and thus 

pollution. This text shows that in three out of the four pollutants studied, the two first effects 

outweigh the third.  

 

To sum it up, subsidies create market distortions. Assuming that, polluting fuels are most of the 

time subsidised, this leads to an over-optimal level of pollution. Reducing (or removing) 

subsidies enables to reduce the incentive to consume or to over-consume polluting sources of 

energy. This increases energy efficiency and so helps reduce noxious emissions, energy 

consumption while increasing GDP. This has been detailed in the studies we mentioned. Besides, 

examples have been given showing that subsidies have not always achieved their primary goals 

although contradictory opinions exist. For example, Ailawadi, Bhattacharyya (2006 cited in 

Lahiri-Dutt, 2006) think that a subsidy and cross-subsidy removal would only increase the price 

of energy and prevent the poor from accessing other sources of energy than traditional biomass. 

They recommend local initiatives based on subsidies. However, we do think that the money 

saved by the government while removing subsidies could be used for targeted assistance and 

incentives would be provided to enhance energy efficiency and to reduce pollution.   

 

A question that is of great importance for our study has recently been raised by subsidy experts, 

in the World Energy Outlook 1999 (IEA, 1999): “do un-internalised negative externalities 

constitute a subsidy?”. The answer that they provided was quite straightforward. In economic 

theory, prices should reflect all costs. Therefore, from that point of view, not making pay 

someone creating a negative externality constitutes a subsidy. However, externalities tend to 

involve new, ongoing phenomena which make economic evaluation of theses costs difficult.  

Thus, according to the IEA (1999), if a widely accepted estimate of an externality exists, it should 

be included in the price. If not, it should not. They take the example of the US SO2 market. When 

it was created, a price on SO2 was incorporated in the costs of producing electricity from a coal-

fired power plant. Therefore, exempting company from that cost would constitute a subsidy. In 
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that sense, it is noteworthy that in 2009, we are in a similar situation with regard to CO2. Indeed, 

a price on this gas is being implemented at an international level and so, non-internalisation of 

CO2 is a subsidy in this matter. Lastly, one can mention that internationalisation of energy 

externalities is one of the three approaches to reach sustainability in the energy sector (IEA, 

2001). We will now turn to our next point, which deals with the internalisation of externalities.  

 

3.1.2/ Theory of externalities and environmental policy  

 

External effects have been studied by economists ever since Marshall and Pigou (Verhoef, 1999). 

In presence of externalities, market prices do not reflect their full costs and thus the market does 

not operate efficiently.  

 

Externalities are market imperfections that lead to inefficient production or consumption. 

Therefore this point will be articulated as follows: after having economically analysed the 

pollution, we will quickly study three main ideas (taken from three founding articles of the 

literature) on how to internalise these negative externalities before reviewing what the available 

mechanisms are nowadays.   

 

3.1.2.1/ Economic analysis of pollution 

 

When analysing the pollution from an economic point of view, one first needs to define three 

concepts that constitute the foundation of this notion of pollution (Vallee, 2002): externalities, 

public goods and property rights. After having defined those three terms, we will look at the 

implications of pollution on the market.  

 

3.1.2.1.1/ Definition of three important notions  

 

Externalities (also known as external effect) 

A common and accepted definition of an externality is 

 

“A cost or benefit that is not included in the market price of a good (…). An externality is 

produced when the economic activity of one (or a group of) actor(s) has a positive or 

negative impact on the welfare function of another actor (or group of actors) and when 
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the former fails to be fully compensated or to fully compensate the latter for that impact. 

Externality is one type of market failure that causes inefficiency”115 

 

This definition shows that the well-being of a consumer or the conditions for which a firm is 

profitable are directly influenced by the actions of a third part, without the increase or decrease in 

welfare being compensated (Vallee, 2002). Therefore, an external effect does not allow the 

optimal allocation of the resources.  

 

In that sense, one can quote Sir Nicholas Stern (2006):  

 

“The science tells us that greenhouse gas emissions are an externality; in other words, 

our emissions affect the lives of others. When people do not pay for the consequences of 

their actions we have market failure. This is the greatest market failure the world has 

seen. It is an externality that goes beyond those of ordinary congestion or pollution”116 

   

Public goods  

The environment is considered as a public good, in the economic literature. A public good has 

two main characteristics: non-rivalry and non-excludability (Leveque, 1998). Non-rivalry means 

that a good can be consumed simultaneously by many people without the quantity and the quality 

of the good consumed by an individual being deprived by the others’ consumption. Non-

excludability signifies that is it not possible to exclude someone from consuming this good. 

Hence, in our case, the environment or the air are perfect public goods117 and pollution could be 

considered as a public bad (Valle, 2002).  

 

Property rights  

Following Coase (1960), the market can only lead to the social optimum if the resources that are 

traded have well defined property rights. These rights need to fulfil four criteria (Valle, 2002):  

� Universality: any resources have an exclusive owner and property rights are clearly 

defined;  

� Exclusivity: all the costs and benefits generated by the ownership of the good should be 

bore by or given to the owner;  

� Transferability: the agents can trade their property rights;   

� Applicability: the property rights should be respected and protected against others’ 

behaviour.  

  

                                                 
115 Virdis (2001), p. 197  
116 Stern (2006), p. 1 
117 As opposed to imperfect public goods like club goods  
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One might add that the definition and application of such property rights must be possible at 

sufficiently low cost.  

 

We will come back to that specific point of property rights with the Coase theorem.  

  

In a nutshell, pollution affects the environment because of negative externalities (pollution 

through electricity generation for example) enabled by a lack of property rights.  

 

3.1.2.1.2/ Competitive equilibrium and the effect of pollution  

 

An externality can be analysed as a subsidy so its effects on pollution and on the market, 

generally speaking, will be roughly the same. Competitive, or Walrasian, market equilibrium is 

the traditional concept of economic equilibrium. It is particularly appropriate for the analysis of 

commodity markets with flexible prices and many traders. This equilibrium is serving as the 

benchmark of efficiency in economic analysis. It crucially relies on the five assumptions of a 

competitive environment, which means that buyers and sellers take the prices as a given 

parameter (atomicity), that products are perfect substitutes (homogeneity), that all consumers and 

firms have perfect information, that there is equal access to technologies and that entry is free.  

 

After their maximisation programme, producers will set their output level by equalling price and 

marginal cost while consumers will set quantity by equalling price to marginal utility. As prices 

increase, the producers are willing to supply more while consumers are willing to purchase fewer 

units. Therefore, there only exists one equilibrium price that is referred to as the market clearing 

price, all the goods that will be produced at that particular price will be sold on the market.  

 

Economic theory proved that under the five assumptions of perfect competition, this equilibrium 

was optimal, which means that no intervention is required and that competition will succeed by 

itself to coordinate all the activities of the different individuals, acting in the public interest.  

 

To better understand what is at stake, let us take the example of a partial equilibrium. As 

represented in graph 3.15, the standard case shows the optimal workings of market mechanism. 

For the level of output Q0, marginal private cost (MPC) equals marginal private benefits (MPB), 

and thus the market forces secure social welfare maximisation (the bold triangle, on the figure), 

without state intervention. 
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Graph 3.15:  Representation of a partial equilibrium without externalities 

 
Source: Verhoef (1999) 

 

We will now assume that the firm, when producing its good, emits a certain quantity of pollution. 

Translated into monetary terms, this pollution (a harmful good) is defined by an external cost.  

 

Without any public intervention, competitive equilibrium satisfies the two maximisation 

conditions of the producer and the consumer. The results are still the equality between price, 

marginal cost and marginal utility. On a market that is working efficiently, prices are indicators 

that reflect the relative scarcity or utility of any given good and they influence the agents towards 

their profit or utility maximisation.  

 

Nevertheless, in presence of external effects such as pollution, the equilibrium obtained from 

price-takers’ decentralised decisions does not lead to a collective equilibrium anymore. In this 

case, on one hand there is too much pollution and on the other hand the quantity produced of 

good is too large. Indeed, the over-optimal quantity of released pollution enables to reduce the 

producer marginal cost, which incites him to increase his production. Because competitive firms 

do not have to pay the costs associated with pollution, they underestimate the true costs of 

production and charge too little for their product, resulting in too large sales and too much 

pollution (graph 3.16). 

 

On this graph, the pollution social optimum corresponds to the intersection between the Marginal 

Social Cost (MSC), that is equal to the sum of marginal external cost (MEC) and marginal 

private cost (MPC), and the Marginal Private Benefits (MPB).  
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Graph 3.16: Pollution Social Optimum 

 
Source: Verhoef (1999) 

 

Q0 corresponds to the pollution level reached without any public intervention, that is to say when 

the producer does not take into account the external effects. This point maximises private but not 

social welfare. Point Q corresponds to the socially optimal pollution level. External effects 

correspond to a case of “market failure” in which the regulator has to intervene. Thus, the 

regulator has to put in place a policy leading the producer to change its pollution level from Q0 to 

Q.  

 

Our example could be the case of an energy producer in China who prefers coal, cheap and 

abundant but polluting, to natural gas or renewables, more expensive but with a lesser social 

costs. The aim of the regulator is then to find incentives to lower the CO2 or SO2 emissions.  

 

 

3.1.2.2/ How to internalise these externalities - Lessons from the theory 

 

Two standard ways are offered by economic literature to tackle externalities: Pigouvian taxes or 

the instauration of a market through a pervasive definition of property rights (the Coaseian 

analysis). We will also review Weitzman’s article that addresses this issue in imperfect 

information.  
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3.1.2.2.1/ Pigouvian taxes 

 

Pigou’s (1920) analysis assumes the existence of a regulator in charge of the public interest. He 

uses a tax on noxious emissions, at a rate t; that is to say that he imposes to each firm to pay t for 

each pollution unit emitted. t will then be part of the producer cost function. The regulator, 

perfectly informed, will set t* equal to the marginal abatement cost (at the point where it 

equalises marginal social cost). Thus, the firm will choose in a decentralised way to emit the 

optimal pollution quantity Q and so minimises the abatement costs. The establishment of this tax 

enables the firm to produce an optimal amount of both pollution and good. In other words, Pigou 

showed that the negative externalities caused by pollution would be internalised by the market, if 

polluters were to pay a tax equal to the social marginal cost of polluting emissions. 

 

The graph 3.17 below shows the effect of subsidies and externalities on the environmental 

damage created by the use of a given good (on this graph MR stands for Marginal Return). The 

World Bank takes the example of a farmer who uses pesticides. Theoretically, he will use the 

input until marginal return obtained from using it equals the cost of this input. On this graph, this 

is shown at the intersection (MR) and (P). The use of this input creates an environmental damage 

(D).  
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Graph 3.17: Effect of a subsidy and green tax on the environmental damage 

 
Source: The World Bank (1997b) 

 

Increasing the price from P to PG thanks to a “green tax” enables to reduce significantly the 

environmental damage from D to DE. This shows that setting a price on the externality would 

reduce the pollution and that in perfect information, the regulator could get rid of the externalities 

by setting the level of the tax to the marginal abatement cost. It is noteworthy that this graph also 

helps understand the interest of a subsidy removal. Suppose that the input is being subsidised, 

then its consumption increases and so does the environmental damage from D to DS. So 

removing this subsidy in this case, improves the state of the environment.  
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3.1.2.2.2/ The Coase theorem 

 

As for Coase, externalities are not a market failure but the consequences of not having property 

rights for the public good “environment” (Vallée, 2002).  

 

The Coase theorem118 states that:  

 

“where there is costless bargaining between the generator and the victim of an 

externality, the optimal outcome will emerge so long as either party holds the pertinent 

property right – it does not matter which one”119  

 

This theorem has been criticised on several points, notably the fact that there should have no 

transaction costs. However, this theorem is the root of Dales idea (1968) to implement a system 

of tradeable emissions permits that we will study later.  

 

3.1.2.2.3/ Weitzman’s “Prices vs. quantities”  

 

Weitzman’s article aims at determining what is the best way of regulation in the face of market 

failures. In particular, this one aims at pollution. He wonders what the most effective solution is 

to fight against certain forms of emissions, between fixing quotas of emissions and making pay 

adequate taxes on pollution.  

 

The title of his paper being “Prices vs. quantities”, it defines the quantities as quotas or objectives 

of a level of production. On the contrary, the purpose of the policies using the prices as 

instruments is to control costs at “precise parametric prices”. 

 

He uses a model where a commodity q is produced at a cost C (q) and getting benefit B (q). The 

commodity can be, according to the example of Weitzman, clean air. The problem of the planner 

is rather simple in situation of perfect information. Indeed, the choice of the instrument does not 

have any influence on the final result. The planner announces the production of q* units of the 

commodity or a price p* maximizing q p* - C (Q) and the social optimum will be reached. 

Nevertheless, in reality, there exists a difference between these two instruments and the results 

                                                 
118 It should be noted that the term theorem has for the first time been used in the Stigler’s economics textbook 
(1966) (Bontems, Rotillon, 2003). He wrote that:  
“No matter where the law places the liability for the damages […] the Coase theorem thus asserts that under perfect 
competition private and social costs will be equal”  
Stigler (1966), p. 113 
119 Baumol, Oates (1988), chapter 3 
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observed in concrete situations do not converge. This is due to the fact that the regulator is 

exposed to asymmetry of information and knows neither the costs of abatement nor the damage 

caused by pollution. In this situation, the equality between price and quantity instruments no 

longer holds and the question which arises is not how the optimum can be reached but which 

instruments best approach total welfare and in which circumstances. 

 

For that, he introduces the term θ into the expression of C and defines it as a differential of 

information and makes the same for B with the term ή. The program of maximisation does not 

yield, in any of the two cases, an optimum ex post. The author is interested then in the study of 

the comparative advantage of prices over quantities:  

 

 
 

The solution of this equation leads to the fundamental result of this paper: 

    

 
 

The interest of this paper lies in the analysis of the sign of the advantage of prices over quantities 

in order to know when the policies based on prices have a good chance to be more effective than 

those based on quantities.  

 

It appears that graphically, it depends on the absolute value of the ratio between the slopes of 

Marginal Abatement Cost (MAC) curve and Marginal Social Cost (MSC) curve. If the ratio is 

greater than one (i.e. MAC is steeper than MSC) then quantity instruments should be preferred 

over price instrument. Symmetrically, if the ratio is lower than one, then a price instrument would 

yield better results (Bontems, Rotillon, 2003). As noted by Keppler (2008), in case of steep 

marginal abatement curves, incorrectly set standards would yield important welfare losses while 

incorrectly set taxes would not have great impacts. Inversely, should the marginal abatement 

curve be flat, quantity instruments would become the preferable option. Those two polar cases 

are shown in graph 3.18.  
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Graph 3.18: Situation where a quantity instrument is favoured (left) and when a 

price instrument is (right)  

(Ratio lower than one)       (Ratio greater than one)  

 
Source: the author after Glachant (2004)  

 

This article showed that the policies bringing into play prices or quantities instruments were 

neither optimal nor similar in terms of outcome. Each one is adapted in precise situations and 

they are not interchangeable due to the asymmetry of information.  

 

As noted by Virdis (2001),  

 

“There exists a vast economic literature on the relative efficiency of various policy 

approaches to address externality problems, and on the merits of price and market 

instruments (taxes, subsidies and pollution permit trading) versus “command and 

control” instruments (prohibitions, standards, directives, etc.). Following this debate, 

governments in the last decade have changed their environmental policy portfolio 

towards more market-oriented and decentralised approaches. The debate, however, is not 

over, as in many situations insufficient or asymmetric information, high transaction or 

policy implementation costs, or the social hazard of some activities, leave little practical 

room for policy choice. Although inefficient in many situations and difficult to enforce, 

mandatory standards are sometimes the only viable solution. Furthermore, policy making 

often has to serve and reconcile multiple objectives, not only health and environmental 

protection.”120 

 

                                                 
120 Virdis (2001), p. 208 
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This quote underlines the difficulty arising from asymmetry of information, choice of instruments 

and more generally, the practical problem that any government wishing to address the pollution 

issue faces.  

 

3.1.2.3/ Presentation of the different available instruments  

 

A number of environmental regulatory instruments exist. The table 3.19 below lists them into 

four categories. It should be kept in mind that no country has yet been able to develop the perfect 

system to balance environmental sustainability and citizens’ desired quality of life (The 

Regulatory Assistance Project, 2002). According to Goulder, Parry (2008), no single instrument 

is superior to others along all criteria (cost-effectiveness, benefits or costs distribution, risk 

minimisation…); even the ranking along a single criteria depends on many circumstances and the 

choice of a particular instrument induces significant trade-offs. However, countries (mostly 

OECD ones121) have tried several instruments that we will review now.  

 

Table 3.19: A classification of environmental regulatory instruments122 123 

 
Direct Instruments Indirect Instruments 

Market-

Based 

(prices) 

• Emissions fees 

• Marketable permits 

Environmental taxes 

(motor vehicles, fuels 

polluting substances –e.g. 

SO2) 

Regulatory 

(quantities)  

• Emissions standards 

• Energy efficiency standards 

(buildings, vehicles) 

Technology standards 

 

Source: The World Bank, (2007) 

 

In their framework, the authors made the distinction (i) between the instruments that dictate the 

level of abatement and the technology that should be used and those who creates incentives to 

decrease the level of pollution and (ii) between the instruments that necessitate the regulator to 

                                                 
121 On that point, one can refer to the Environmental Kuznets curve.  
122 This table taken from a World Bank report is inspired by Blackman, Harrington (1999). In their article, market-
based instruments are referred to as economic incentives while regulatory mechanisms are named command-and-
control.  
123 The mention “Prices” and “Quantities” have been added on the table by the author and did not appear on the 
original graph in the World Bank report.   
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track the emissions level and those that do not. In the table 3.19 above, the instruments that 

require the regulator to monitor are entitled direct instruments while the others are called indirect 

instruments. Policies that create financial incentives are referred to as market-based while 

instruments that dictate abatement decisions are known as regulatory. A third type, that will not 

be discussed here, can be named: “Suasive” instruments. According to O’Connor (1996) they 

rely on the voluntary reduction of pollution from the producers. This choice can for example be 

motivated by the fear of bad publicity or the opportunity to have a favourable one. For instance, 

with the growing conscience of environmental problems, consumers may be willing to buy only 

“eco-label” products or to boycott products that have a too big impact on the environment 

(O’Connor, 1996).  

 

We will now give a brief outlook of each of these kinds of instruments and illustrate them with 

examples of their use, in various countries. Considerations such as equity in terms of benefits 

distribution across income or generation groups or precise cost-effectiveness are not in our scope. 

The aim of this point is only to present instruments that could be used in our scheme. It is 

noteworthy that since we will advocate for market-based instruments, we will only devote little 

space to regulatory ones.  

 

3.1.2.3.1/ Regulatory instruments 

 

There exist two types of regulatory instruments that we will quickly review: performance-based 

and technology-based. The reason why only little space will be devoted to these regulatory 

solutions is the fact that we will not choose any of them as they are not as efficient as market-

based instruments. Indeed, according to O’Connor (1996), the regulatory instruments prove to be 

inefficient on both static and dynamic grounds because they do not take into consideration the 

marginal compliance costs and also because they give only little incentive to improve the 

techniques used once compliance has been achieved. Nevertheless, in some particular cases, 

regulatory instruments might be more useful than market-based (O’Connor, 1996). For instance, 

if the goal is to minimise exposure to a given highly toxic substance then a regulatory instrument 

(like a ban on production or sale) might be preferred over a prohibitive tax (O’Connor, 1996). 

One can also add that regulatory instruments allow little flexibility in order to achieve the desired 

reduction (Stavins, 2004, Jaffe et al., 2003) and that, on the contrary, market-based instruments 

provide continual incentives to reduce emissions (Harrington, Morgenstern, 2004). They also do 

not take into consideration the firms’ ability to abate as they treat all sources alike and hence, 

high-cost polluter will face difficulties to comply while a low-cost polluter will have no incentive 

to abate more than the target (Helfand, Berck, 2003).  
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When talking about regulatory instruments, one refers to standards that can take many forms. 

Indeed, restrictions can be set on overall emissions as well as on emissions per unit of output or 

of input, or mandated use can be set on a particular kind of pollution control technology 

(Helfand, 1991).  

 

3.1.2.3.1.1/ Technology standards 

 

This occurs when a specific pollution-control technology has been chosen and that any firm must 

use it. Unlike emission standards, technology standards decree certain technologies to be chosen 

(Elazegui, 2002). According to Wagner (2000), this kind of standard is more enforceable and 

predictable than other approaches and is also adaptable to new technologies. However, a 

technology mandate for end-of-pipe treatment for example, does not create any incentive to 

amend the power mix towards cleaner inputs; while a mandate on the power mix will not 

generate any incentive on end-of-pipe technologies (Goulder, Parry, 2008). Hence, these 

standards do not offer great incentives for firms in enhancing their production process beyond the 

mandate and tend to freeze the technology used and thus, reduce the innovation ability of firms. 

As no financial incentives exist to exceed control targets it discourages the adoption of new 

technologies (Jaffe et al., 2003). As noted by Breyer124 (1982, cited in Besanko, 1987 – p.20):  

 

“…design standards limit the firm’s flexibility. A firm that finds a cheaper or more 

effective way of achieving the regulation’s objective must undertake the heavy burden of 

forcing a change in the standard before it can use its new method. For the same reason, a 

design standard tends to freeze existing technology and to favour those firms already 

equipped with that technology over potentially innovative new competitors.”125  

 

Emissions standards (or performance-based) that according to Breyer (1982) enables more 

flexibility as they are directly linked to the problem that must be addressed.  

 

3.1.2.3.1.2 / Emissions standards 

 

Also known as performance standards, they require that a certain firm’s output meet pre-defined 

conditions. For instance, it can be a maximum emission rate per kilowatt-hour of electricity 

generated, fuel economy requirement for vehicles or energy efficiency standards for appliances or 

buildings (Goulder, Parry, 2008). Unlike technology standards, they offer flexibility to firms in 

                                                 
124 In this quote, design standards are the equivalent of technology-based standards.  
125 Breyer (1982), p. 105 
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choosing how they will meet the targets. For example, in the case of electricity generation, the 

firm can either change its power mix or decide to add scrubbers. In the case of cars, the 

manufacturers can change the vehicle size, weight, shape or use other materials or advanced 

engine technologies. Because of this flexibility, emissions standards tend to be more cost-

effective than technology standards (Goulder, Perry, 2008).  

 

They are used to set a limit on the amount of emissions a facility can generate (Stavins, 2004). 

An example is the Philippine Clean Air Act of 1999 that allows maximum level of emissions 

from vehicles (Elazegui, 2002). However, setting such an emission standard does not necessarily 

reduce pollution as the number of polluting firms needs also to be checked (Elazegui, 2002). 

Lastly, these standards do not incite firms to abate their pollution level below the targets, even 

when they can. Examples also include the Corporate Average Fuel Economy (CAFE, hereafter) 

standard that has been established in 1975 in the US (Greene, 1998). According to Greene 

(1998), the CAFE worked as it played a great role in the increase in on-road fuel economy for 

light-duty vehicles from 1975 to 1995. This increase reduced gasoline with an effectiveness of 

80-90 percent, taking into account the rebound effect (Greene, 1998).  

 

3.1.2.3.2/ Market-based instruments 

 

Market-based instruments influence behaviours through market signals. There are three main 

instruments available when the solution of market based instruments has been chosen126: indirect 

instrument such as environmental taxes or a direct instrument (taxes or permits). A brief 

overview of these solutions will be given with a few examples of their use in developed countries 

or China.  

 

3.1.2.3.2.1/ Environmental taxes 

 

Three types of environmental taxes exist: taxes on final products that are responsible for pollution 

(such as motor vehicles), taxes on goods that serves usually as inputs into an activity that is 

polluting (such as coal) and taxes on polluting substances contained into those inputs (such as the 

sulphur that is contained in coal) (Blackman, Harrington, 1999).   

 

                                                 
126 It should be noted that another distinction exists in Stavins (2001 and 2003): pollution charges, tradeable permits, 
market friction reductions and government subsidy reductions. However, we decided to stick to the World Bank 
breakdown (2007) that relied onto Blackman, Harrington (1999).   
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These instruments have two effects: raise the government revenues and tackle pollution. These 

two impacts are inversely related (Blackman, Harrington, 1999) and they depend on the price 

elasticity of demand for the good that is being taxed. If the good’s demand is elastic, then an 

increase of the price through a tax will have a huge impact on the demand and it will lead to a 

significant decrease of pollution but will not generate much revenue for the government. On the 

contrary, if demand is inelastic, then the price increase will not have too much of an impact on 

demand; and thus, the environmental consequences from the tax will be moderate while 

government revenues will be high. Blackman, Harrington (1999) showed that in the short run, the 

fiscal impact was higher; while, in the long run, it was the environmental impact.  

 

However, these instruments have a number of disadvantages. The first one is that they may not 

provide enough incentives to properly tackle pollution. Indeed, in the case of a tax on motor 

vehicles or on electricity (case of a tax on final products) they only incite people to reduce either 

their motor size or the amount of electricity they consume but not the emissions intensity. 

Therefore, taxing polluting substances is better than taxing inputs, in turn better than taxing 

products, from an environmental point of view. A tax on polluting input (such as coal in the 

electricity generation) might create an incentive to reduce the level of emissions per unit of 

electricity but will not provide a spur to use clean coal (Blackman, Harrington, 1999). On the 

same basis, a tax on the polluting content of an input (such as sulphur in coal in our example), 

would not have a positive effect on technology as a producer implementing a end-of-the-pipe 

pollution abatement equipment would pay the same tax as another producer keeping its old power 

plant (Blackman, Harrington, 1999). Two other disadvantages are that it may affect other 

activities that are not initially targeted and that they might become unpopular as these costs are 

visible and may be incurred by non-polluters (Blackman, Harrington, 1999).  

 

These indirect market-based instruments have been instituted in various OECD countries. The 

energy tax implemented in the Netherlands in 1996 brought fairly good results as it enabled a 

yearly average demand reduction of 8 percent for electricity and 4.4 for natural gas (Berkhout et 

al., 2004). The Swedish tax, set up in 1991, seems to have had positive effects; even though these 

are difficult to assess (Blackman, Harrington, 1999). Ghalwash (2006) showed that Swedish 

consumers reacted more strongly to a tax increase than to a producer price increase. In his article, 

he made the difference between the producer price on one hand and the environmental tax on the 

other so that when working out his econometric model, he could differentiate the two effects and 

thus, the two elasticities. He found that for example, the elasticity for the electricity price was -

0.61 while the price elasticity of an electricity tax was much higher at – 1.8. So, the 

environmental tax can work as a signalling device. Even though this result might not be applied 

to China as Swedish and Chinese consumers do not have the same eco-consciousness, it is still 
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interesting to see the behavioural change due to the introduction of an environmental tax in an 

OECD country.   

 

However, these kinds of instruments may be powerful alternative to direct instruments when, for 

example, the relationship between emissions and damages to society is not widely accepted or 

when the costs of implementing them (monitoring costs, notably) are too high (Eskeland et al., 

1994).  

 

3.1.2.3.2.2/ Tradeable permits  

 

Tradeable permits appeared for the fist time in the economic literature in 1966. At that time, 

Crocker advocated for the government to set a cap for overall emissions and to let the market 

decide the price of the externality instead of setting the price through an emission fee (Burtraw et 

al., 2005). The 1968 Dales’ “Pollution, Property and Prices” popularised the idea with the 

example of water pollution but the author made it clear that this could also be applied to air 

pollution.   

 

The principle is that the government (or the body in charge of the scheme; for instance the EU in 

the ETS) sets a pollution level, distributes permits according to it and the market freely 

determines the price of the externality. A company that does not want or can not reduce its 

emissions will have then to buy additional permits from other companies.  

 

It should be noted that some authors introduce a distinction between tradeable permits. Stavins 

(2001) describes two kinds of tradeable permits systems: credit programmes and cap-and-trade 

systems. In the case of a credit programme, credits are given when a source decreases its level of 

emissions below the desired target. Then, these credits can either be used by the firm or another 

one to meet the targets. The most famous example is the EPA’s Emissions Trading Program, the 

oldest US air permit programme that has had significant impact but less than what his proponents 

have hoped (Blackman, Harrington, 1999). It began in 1974 and endeavoured at improving air 

quality through a reduction of volatile organic compounds, nitrogen oxides, carbon monoxide, 

sulphur dioxide and particulates (Stavins, 2001). Companies that were given credits could either 

use them against higher emissions elsewhere or trade them with other companies (Stavins, 2001). 

Other examples include the lead trading that has been a great success, the heavy duty motor 

vehicle engine emission trading, the Canadians Pilot Emission Reduction Trading (PERT) and 

Greenhouse Gas Emission Reduction Trading (GERT) (Stavins, 2001; Kerr, Newell, 2003). The 

other kind of tradeable permit is the cap-and-trade programme. The idea is to allocate among the 

firms permits that can be traded among them. The sum of the permits is the overall level of 
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pollution desired by the government. One of the most famous and most successful is the US 

Sulphur Dioxide Program. In 1990, because of the negative effects of sulphur dioxide (acid rain 

causing health and ecosystems problems), a cap-and-trade programme for sulphur dioxide 

emitted from power plants (then extended to other industries in 1995) has been launched (The 

Regulatory Assistance Project, 2002). The industry was given a number of permits that were 

shared among firms and each firm had to surrender a permit for every emission from one of its 

power plants. Permits that were not used by a plant could either be reallocated to another one by 

the same firm or traded with another company (Burtraw et al., 2005). This programme initially 

aimed at halving the SO2 emissions by 2000 from the 1980 level. The results have been better 

than expected as the reduction has been greater at a lower cost (50 percent less) (The Regulatory 

Assistance Project, 2002). Carlson et al. (2000, cited in Burtraw et al., 2005) estimated that the 

cost savings realised thanks to this programme were of about US $ 1.6 billion per year, when 

compared with the cost of a policy that would have forced scrubbing to the same level of 

emissions. Another study (Ellerman et al., 2000, cited in Burtraw et al., 2005) found that the cost 

savings were about 55 percent of total compliance costs under a regulatory approach. Lastly, it 

should be noted that although the trading volume has been relatively high, the price of a permit 

has been smaller than anticipated (The Regulatory Assistance Project, 2002). As for cap-and-

trade programmes the CFC trading programme under the Montreal Protocol should also be 

mentioned, as well as, of course, the EU ETS.   

 

China has also experienced trading programmes as a way to tackle pollution and the SEPA has 

launched pilot trading programmes in several provinces or towns. This has been made into three 

stages. From 1990 to 1995, the concept worked out; from 1996 to 2001 theory and concepts were 

investigated and from 2002, pilot programmes have been launched (Yang et al., 2004) such as the 

SO
2 

Emission Trading in Jiangsu Province as well as the SO
2 

Emission Trading in Taiyuan City 

(Wang et al., 2001). In Jiangsu, a developed region in China affected by acid rain, the programme 

targeted the power sector. The two power plants located in different cities even conducted the 

first inter-city SO2 trade in China (Wang et al., 2001). And the first emissions allowances trading 

centre opened in China (in Jiaxing City, Zhejiang Province) on November 14th, 2007 (Yushi et 

al., 2008). A number of authors (Wang et al., 2001; Yang et al., 2004; Ellerman, 2001) advocate 

for an emission trading programme to be implemented on a national basis. Indeed, it would give a 

price to sulphur. Besides, since the Ninth Five-Year-Plan (1996-2000), the Chinese government 

has been giving caps for twelve pollutants with the Total Emission Control (TEC) policy. Then, 

the SEPA assigns individual TEC to provinces, autonomous regions or municipalities (Yang, 

Schreifels, 2003) and setting an overall target is one of the key attributes of a trading scheme. 

Furthermore, according to Yang et al. (2004) national and regional experts have recognised that 

an emission trading programme could lower the cost of reaching the TEC limits. Ellerman (2001, 

2002) puts forward the idea of keeping the actual levy system while implementing a SO2 trading 
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scheme. According to him, these two instruments can coexist127 if the SO2 trading scheme is 

defined as the primary instrument. The pollution levy would only be used as a way to reinforce 

the tradeable permit system.  

 

Things are on the verge to change since for instance a website (Business Green Website), 

announced in November 2008 that the government was to enforce a compulsory carbon trading 

scheme as part of the new strategy to create a low carbon civilisation. More recently, Shanghai 

launched the Shanghai Environment and Energy Exchange (SEEE) (Carbon Finance Website, 

2008; Solve Climate Website, 2009). 300 companies contributing to more than 80 percent of 

Pudong’s total emissions will be given quotas. Those who exceed the allotted amount will have 

to purchase credits from other firms on the SEEE (Foreign Policy Blogs – China, 2009). Sulphur 

dioxide and chemical oxygen demand will be the first two gases traded on that platform, once 

this scheme will take effect, later this year (Solve Climate Website, 2009). The SEEE will also 

provide information and consultancy on energy-saving and pollutants discharge reduction, 

project-designing, project appraisal business planning, marketing … (Shanghai Environment and 

Energy Exchange Website, 2009). The SEEE plans to launch a similar platform trading carbon 

dioxide. However the final decision remains in the hands of the central government that retains 

exclusive authorisation power (Foreign Policy Blogs – China, 2009). According to Solve Climate 

Website (2009), the Shanghai government will set the price, instead of letting the market 

determine the value of a credit and the cap will be based on existing environmental regulations. 

This is intended to bring compliance, not revenues.  

 

3.1.2.3.2.3/ Emissions fees  

 

Emissions fees (also known as pollution charges) are the application of Pigouvian taxes: a fee or 

tax on the amount of pollution generated by a company or facility. In Pigou’s framework, the 

level of the tax was set equal to the marginal abatement cost, at the point where it equalises 

marginal social cost. However, the regulator can choose another level depending on its 

objective128. One can quote Hoeller, Wallin (1991) on this topic:  

 

                                                 
127 This coexistence is also advocated in Morgenstern et al. (2004) among the three available solutions in Taiyuan. 
They want a SO2 trading scheme to be implemented and say that, in two out of their three cases, the two systems 
could coexist because the levy was quite low. The three ideas are to keep the levies and implement a trading scheme, 
to eliminate the charges and implement a trading scheme and to give away allowances but set a small surcharge for 
each allowance that would be equal to the levy rate.   
128 Besides, it might not be easy for the regulator to assess exactly the marginal abatement cost.  
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“Policy should aim at equating the marginal cost of reducing GHG129 emissions with the 

marginal benefits from avoiding global warming. However, little is known about the 

damages associated with climate change, so that the marginal benefits of avoiding 

climate change are difficult to estimate. The valuation of damages is further complicated 

because they are likely to occur only after several decades”130  

 

Emissions fees are quite attractive as they set a price directly on pollution and enable pollution 

reduction to have tangible savings (The Regulatory Assistance Project, 2002). This strategy, at 

least, raises money for the government that can be either used to offset other taxes, improve the 

environment or for other purposes and if the fees are important enough, it creates an incentive to 

lower the level of pollution and can even lead to a full internalisation of the externality (The 

Regulatory Assistance Project, 2002)131. On the drawback side, however, problems such as 

massive resistance can occur because of the fact that income distribution is affected and also, 

because national competitiveness can be reduced by so-called “pollution havens” (IEA, 2001).  

 

A good example of the use of emissions fees to fight against pollution is Sweden. In 1991, a 

carbon tax was also introduced in Sweden as a complement of the current energy tax system, 

while the energy taxes were reduced by 50 percent (Johansson, 2000). A sulphur tax was also 

implemented on coal and heavy fuel oil (Johansson, 2000). The level of energy, carbon and 

sulphur taxes in Sweden in 2000 can be seen in figure 3.20.  

 

Figure 3.20: Energy, carbon and sulphur taxes in the energy sector 

 
Source: Johansson (2000)  

                                                 
129 Greenhouse gases 
130 Hoeller, Wallin (1991), p.7  
131 The same than for environmental taxes apply here. Indeed, levying an emission fee enable to lower pollution and 
to raise revenues and these two effects are inversely related.  
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The carbon tax achieved significant results as it has been shown that, in 1995, CO2 emissions 

were 15 percent lower than they would have been should nothing have changed in terms of 

energy and carbon taxes. And by the year 2000, they would have been 20 to 25 percent higher if 

the 1990132 instruments had not been implemented (Johansson, 2000). Besides, almost 90 percent 

of these reductions are said to come from reformed tax system, while the remaining 10 arise from 

investment grants and programmes on energy efficiency (Johansson, 2000). Emissions fees on 

nitrogen oxides were put in place in 1992 and have achieved remarkable reductions in these 

gases’ emissions (Blackman, Harrington, 1999). A fee of US $ 5,200 per ton of nitrogen oxides 

emitted from electricity and heat generating activities was charged and continuous monitoring 

was set up to measure emissions (Blackman, Harrington, 1999). The programme achieved a 40 

percent reduction of the emissions from monitored plants in the first two years (Blackman, 

Harrington, 1999). The sulphur tax enabled reductions of about 30 percent over the period 1989-

1995 (Johansson, 2000).  

 

Other OECD countries have implemented such Pigouvian taxes. For example, in 1991, Norway 

put in place Pigouvian carbon taxes that are among the highest in the world, measured in per ton 

CO2 (Bruvoll, Larsen, 2002). Those taxes are differentiated by sector and work as the main 

climate policy instrument (Bruvoll, Larsen, 2002). On average and weighted by sector, Bruvoll, 

Larsen (2002) found that the carbon tax was equal to US $ 21 per ton of CO2 in 1999. Over the 

period 1990-1999, CO2 emissions increased by 19 percent while GDP rose by 35 percent. Hence, 

CO2 emissions per GDP were reduced over that period by 12 percent. Bruvoll, Larsen (2002) 

found that the most important factors for this reduction were a more efficient use of energy and 

energy mix diversification. They also found that the effects of carbon taxes were rather small 

since they only contributed to a reduction in emissions of 2.3 percent; although it should be noted 

that Mountford (2001) found that the Norwegian CO2 tax decreased CO2 emissions from 

stationary plants by 21 percent over the first four years of implementation. Lastly, Van den 

Noord, Vourc’h (1999) found that this CO2 tax may have reduced CO2 emissions from 

households, transport and stationary sources by 3 to 4 percent between 1991 and 1993. One can 

also name Denmark, Finland or the Netherlands as countries that have put in place CO2 and / or 

sulphur taxes in the early 90s (Hoeller, Coppel, 1992). For instance, the Danish sulphur tax 

enabled a reduction of 34,000 tons of CO2 between 1996 and 2000 (Mountford, 2001). Denmark 

also implemented in 1993 a carbon tax on energy consumption and in 1996 a new tax scheme 

was introduced (OECD, 1997).  

 

There have also been endeavours in China and Poland but the emissions fee systems in these 

countries have been less successful, as far as pollution is concerned (Blackman, Harrington, 

                                                 
132 Even though the carbon and sulphur tax were implemented in 1991 and nitrogen tax in 1992, they were voted in a 
bill passed by the parliament in June 1990 (Roseveare, 2001)  
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1999). According to Blackman, Harrington (1999), these two schemes have had little effect on 

the environment because of the low level of the fee (much smaller than in Sweden), a weak 

monitoring and enforcement and also because many polluters were out of the scope of the 

system, notably small firms and non-industrial sources. In the case of China133, the country has 

had an effluent charge system since 1979 and this has helped reduce both water and air pollution 

due to rapid industrial growth (Stavins, 2001). This scheme also helped the government to raise 

revenues that have been useful to finance environmental projects. In 2002, these pollution 

charges generated RMB 1.15 billion (equivalent to US$ 140 million) that have been used to 

implement pollution control and for general environmental improvement (Yang et al., 2004). 80 

percent of the fees collected are used to help finance pollution control projects, and the remaining 

20 percent refund local administration and monitoring activities (Stavins, 2001). However, these 

fees are often much lower than the marginal abatement cost and thus do not provide a strong 

enough incentive (Yang, Schreifels, 2003). Wheeler et al. (2000, cited in Stavins, 2001) found 

that the charges in Zhengzhou were fifty times lower than the actual marginal abatement cost and 

according to Ellerman (2001) the level of the tax should be at least six times higher in most of the 

regions to start being effective. From July, 1st 2004 a fine of RMB 0.6 per pollution unit of NOX 

was levied and from July, 1st 2005 such a fine was also charged per pollution unit of SO2. In both 

cases, a unit of pollution weighs 0.95 kg (Yushi et al., 2008). However, the rate is quite low and 

is based neither on value of natural resources nor on the losses associated to their exploitation 

(Yushi et al. 2008). So it only provides little incentive for firms to limit their emission. However 

improvements have been made as before 2003, those fees were just 50 percent of the cost of 

pollution control and treatment (Yushi et al., 2008).  

 

Hirschberg, Kypreos, (2005) showed that a greater sulphur tax would have a positive effect on 

pollution. By taking the example of the electricity generation in the Shandong, they illustrated 

that it would decrease the number of traditional coal-fired power plant and increase the number of 

power plant using scrubbers or “advanced coal” i.e. power plant with higher efficiency rate. 

Overall, the share of coal would remain roughly the same but it would be used in a much cleaner 

way. They also demonstrated that the current tax of US $ 50 per ton of SO2 had no effect 

whatsoever but increasing it to US $ 500 or US $ 1,500 per ton of SO2 would bring significant 

results (graph 3.21).  

 

                                                 
133 It should be noted that a third instrument is being used in China as a way to tackle sulphur dioxide pollution. In 
addition to Total Emission Control and the pollution levy system, China has the “Two Control Zones” (TCZ). The 
government identified two zones that were affected either with acid rain (pH lower or equal than 4.5) or sulphur 
dioxide. The SO2 concentration and emissions are monitored and targets are given for the cities in this zone.  
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Graph 3.21: SO2 tax effects – Shangdong emission in 2030 

 
Source: Hirschberg, Kypreos (2005) 

 

Other authors advocate for a carbon tax to be implemented. Cooper (2004)134 is in favour of a tax 

on the carbon content of energy that would discourage from using coal. According to him, higher 

energy prices do have an impact on consumption in the long run. Skeer, Wang (2006) favour a 

carbon charge as a way to foster natural gas for electricity generation at the expense of coal-fired 

power plants.  

 

In our case, we will put forward environmental taxes or emission fees but our goal is not to 

justify an economic instrument over another one: it is only a way for us to use our calculation and 

show how important it is to internalise the costs of externality. The idea is either to increase 

implicit carbon (or sulphur) tax by raising coal and oil prices (environmental tax) or to implement 

a carbon or sulphur tax as such (emission fees). The level of the tax will be calculated in the next 

point, thanks to the price required to reach the Full Sustainability scenario, as defined previously. 

It should be noted, however, that this solution (environmental taxes) has been advocated by the 

World Bank (1997a). They were in favour of a tax based on the quality of the coal i.e. a tax that 

would put a much heavier burden on a bad quality coal according to its sulphur and ashes 

content. Ideally, this tax would be collected by local fuel companies that distribute the fuel and 

would lead over-time to a decreased consumption of coal and to an increase in the quality chosen. 

The report also puts forward the implementation of a tax to mitigate the social costs induced by 

                                                 
134 He primarily advocates for a carbon tax to be implemented in China but also acknowledges the fact that it could 
be achieved with a broad international agreement 
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coal. According to this publication, if health were to be included, the price of coal (in 1995) 

would be increased by 100 percent in Beijing.  

 

3.1.3/ Econometric modelling 

 

The objective of this point is to analyse how carbon and sulphur dioxide emissions react to a 

change in coal and oil prices. We assume that the price paid by consumers is equal to the cost of 

producing plus the tax that we are to calculate. This point will be articulated as follows: after 

having explained the rationale behind our work, we will turn to the calculation itself before 

giving the results and commenting them.  

 

3.1.3.1/ Rationale  

 

As it has been said, the aim of this part is to find ways to decrease the CO2, SO2 and NOX 

emissions from their “Business-As-Usual” scenarios level to the Full Sustainability scenario 

figures that have been worked out in the second part. The scenario for the NOX emissions is quite 

easily reachable, we will not elaborate on it. Indeed, the Full Sustainability scenario gives the 

same results as the “Business-As-Usual” one. Hence in this part, only the sulphur dioxide and the 

carbon dioxide emissions will be addressed.  

 

Concerning the carbon dioxide, the efforts that should be made can be represented as on the 

graph 3.22.   
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Graph 3.22: Business-as-usual and Full Sustainability Scenario in the case of CO2 
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Source: the author and International Energy Agency (2007a) 

 

The necessary reduction corresponds to a decrease of approximately 5 Gt over the period 2005 – 

2030. We will assume that our proposal will be enacted now. That is, one would have to find 

ways to enable these reductions to happen in only 22 years (that is to say the period 2009-2030).  

 

In the case of sulphur dioxide, the required reductions to reach the so-called environmentally 

sustainable development are represented below:  
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Graph 3.23: Business-as-usual and Full Sustainability Scenario in the case of SO2 
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Source: The author and International Energy Agency (2007a) 
 

The same rationale will be applied that is to say that the needed reductions correspond to a 

decrease of approximately 9 Mt over the period 2005 – 2030.  

 

3.1.3.2/ Models  

 

The principle of this model is to estimate price elasticities of carbon dioxide and sulphur dioxide 

emissions. In order to do so, we take quantities of noxious gases emitted every year and explain 

those emissions with gross domestic product, urbanisation rate, energy consumption and prices. 

The coefficient applied to prices will correspond to price elasticity. These price elasticities will 

then be compared with the required decrease in sulphur and carbon dioxide emission to 2030 and 

the tax level will be extracted from it. So we need to compose a carbon dioxide and a sulphur 

dioxide price. As these emissions arise mostly from the combustion of coal and oil, we will not 

take natural gas into consideration135. Each of these prices will be calculated using the respective 

share of coal and oil in their emissions. For instance, in 2005, carbon dioxide emissions were due 

to coal for 83.55 percent and the remaining 16.45 percent corresponded to oil (IEA database, 

2008). As for sulphur dioxide emissions, they came from coal for 91.6 percent and from oil for 

8.4 percent (Li, 2003). The real prices are given by the Chinese Statistical Yearbook (National 

Bureau of Statistics of China, 2007). Hence, what we will use can be defined as the real implicit 

carbon and sulphur prices. This idea can be linked to Eskeland et al. (1994) who used the price 

                                                 
135 Over the studied period, it represents less than 2 percent in both cases for each year (IEA database, 2008).  
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elasticities for each kind of energy sources (oil, coal, natural gas, electricity …) and their relative 

shares in noxious emissions (TSP, SOX, NOX, VOC, CO) to work out the different emission price 

elasticities.  

 

We will now study two models for carbon dioxide and sulphur dioxide separately. With the 

sample periods differing (1980 – 2005 for the carbon dioxide and 1985 – 2005 for the sulphur 

dioxide), the possible unit roots might differ too.  

 

3.1.3.2.1/ Methodology and data  

 

The methodology consists of using econometric regression models to study the correlation 

between real implicit carbon (or sulphur) dioxide price and carbon (or sulphur) dioxide emissions 

over time in China. The variables that will be used to explain the variations of the per capita 

noxious gases emissions (coming from the International Energy Agency statistics for the CO2 or 

from the National Bureau of Statistics of China for the SO2) are:  

� per capita real Gross Domestic Product in constant US dollars (from the International 

Monetary Fund statistics);  

� the real price of those emissions, as explained above;  

� the urbanisation rate (from the National Bureau of Statistics of China);  

� per capita energy consumption and energy consumption for energy other than coal (from 

the IEA statistics). 

 

The reason for using per capita variables is because population growth would otherwise have 

increased national income and national emissions, thus overstating the link between variables 

(Keppler, 2007). Besides, the choice has been made to work at market exchange rates instead of 

purchasing power parity or local currency, as it would have introduced another bias, as currency 

regimes in developing countries are sometimes arbitrary (Keppler, 2007). In addition, since oil 

and coal are internationally traded commodities, it is more logical to use market exchange rates 

since it also defines the domestic opportunity cost.  

 

The data, as annual time series, can be represented as follows:  
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Figure 3.24: Representation of the CO2 (left) and SO2 (right) explanatory variables 

as well as emissions – logarithmic scaling  

0.1

1.0

10.0

100.0

1000.0

2000.0

80 82 84 86 88 90 92 94 96 98 00 02 04

EM
P

URB_RATE
GDP

ECONS

0.2

2.0

20.0

200.0

600.0

86 88 90 92 94 96 98 00 02 04

EM
P

GDP
URB_RATE

OTHER_ECONS

 
Source: EViews  

 

In this section, “em” stands for emissions. They are expressed in million tons and are 

continuously increasing over the period of study, both for CO2 and SO2. “econs” for the carbon 

dioxide model, represents the per capita consumption of energy and is also growing over the 

period. It enables us to catch part of the structural changes that have occurred in the energy 

sector. “other_econs”, for the SO2 model, represents per capita consumption of other forms of 

energy than coal and is increasing. “gdp” corresponds to per capita real Gross Domestic Product 

in constant US dollars and has also been rising over the period. It permits to take into account the 

increased emission due to the enrichment of the population. One can see that GDP has been 

increasing faster than energy consumption over the last thirty years (as it was mentioned in the 

first part). “urb_rate” means urbanisation rate and as explained in the first part has also been 

growing. It allows accounting for structural changes that have occurred in the country. Lastly, “p” 

stands for price, either of CO2 or SO2. Its calculation has already been detailed and uses ex-

factory price indices coupled with shares of oil and coal in CO2 / SO2 emissions. Even though 

expressed in real terms, prices have been increasing too.  

 

These data (as annual time series), expressed in log, can be represented as follows:  
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Figure 3.25: Representation of the CO2 (left) and SO2 (right) explanatory variables 

as well as emissions, expressed in log  
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Source: EViews  

 

Before detailing the two models, a word should be said on spurious regressions. According to 

Keppler (2007), the standard techniques of econometrics such as Ordinary Least Squares have 

been developed for stationary series, for which mean, variance and auto-variance need to be 

constant over time. According to Davidson, MacKinon (2004), using standard regressions 

methods on non-stationary series can yield misleading results. However, most economic time 

series are non-stationary in levels and energy variables are no exception (Asafu-Adjaye, 2000; 

Keppler, 2007). Keppler (2007) sees two principal reasons for that: technical change that 

continuously brings structural breaks in economic relationships and economic growth that is not 

regular and easily predictable. Such non-stationarity, if not accounted for, can lead to spurious 

regressions. Besides, another complicating feature is co-integration between non-stationary 

variables, which also leads to spurious regressions (Engers, 2004). In presence of co-integrated 

non-stationary time series, the Error Correction Model (ECM) developed by Engle, Granger 

(1987) and refined by Johansen (1988) ought to be used136. According to Masih, Masih (1996), 

when a number of variables are co-integrated, there always exists a corresponding error-

correction representation that will make the dependant variable a function of the changes in 

explanatory variables as well as of the level of disequilibrium in the co-integrated variables that 

will be captured in the error-correction term. Specified in first differences, the ECM enables 

correction for shocks that would have driven away the variables from their long-run trends 

                                                 
136 According to Johansen (1988), the idea of using co-integrated vectors to study non-stationary series can even be 
dated back to the work of Granger (1981), Granger, Weiss (1983) and Granger, Engle (1985) and the connection to 
error correction models has been investigated by Davidson (1986), Stock (1987), and Johansen (1988) among others.  
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(Keppler, 2007). It thus exploits the fact that a linear combination of non-stationary variables can 

make the series stationary (Keppler, 2007). Before detailing the two Error Correction Models, 

one needs first to test for non-stationarity and then, for co-integration.  

 

To proceed for a co-integration test, one must validate that the variables are integrated of the 

same order. A variable is called integrated of order d, I(d), if it has to be differentiated d times to 

become stationary. We apply the Augmented Dickey-Fuller (ADF)137 unit-root test to analyse the 

stationarity characteristics of the variables. Table 3.26 reports the different values for both the 

period 1980-2005 (CO2) and 1985-2005 (SO2).  

 

Table 3.26: Augmented Dickey-Fuller (ADF) unit-root test results  

Variables Form 1980-2005 (CO2) 1985-2005 (SO2) 

Level 0.101897  -1.133639 
Log(em)  

1st Difference -2.727300 *  -4.069925 *** 

Level 1.478468  1.213491 
Log(p) 

1st Difference -2.909002 *  -2.386126 

Level 0.501331  0.784509 
Log(gdp) 

1st Difference -4.229938 *** -3.813211 ** 

Level 0.146648 0.673607 
Log(urb_rate) 

1st Difference -2.996482 ** -1.578873 

Level 0.286684 Log(econs) 

1st Difference -2.412078 
N/A 

Level 2.735328 Log(other_econs) 

1st Difference 
N/A 

-3.332891 **  

Critical values are given by MacKinnon (1996). The symbols (*) (**) (***) respectively denote 

the 10, 5 and 1 percent significance level.  
Source: Eviews  

 

The results presented in table 3.26 suggest that for the CO2 model (period 1980-2005), the null 

hypothesis of a unit root (that is to say testing for non-stationarity) is accepted when the series 

log(em), log(p), log(gdp) and log(urb_rate) are in level but is rejected when these series are in 

first differences. This means that those series are I(1), the significance level depending on the 

series. As for the series log(econs), it appears to be I(2) with ADF. However, ADF tests may not 

be always reliable for small samples and other tests such as Dickey Fuller - GLS (also known as 

DF-GLS) performed by Elliott et al. (1996) have shown that this series was I(1) at 5 percent. It is 

                                                 
137 There exists various ways to test for a unit root but according to Davidson, MacKinnon (2004), the Augmented 
Dickey-Fuller approach is the most popular.  
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noteworthy that the Ng-Perron test showed similar results. According to Baum, Sperling (2001) 

this test, similar to an augmented Dickey-Fuller has better results in small-sample size; which is 

our case. Hence our choice to take this series as I(1).  

 

As for the other specification (SO2 over the period 1985-2005) the same conclusion applies for 

log(em), log(gdp) and log(other_econs). This calculation has not been made for log(coal_cons) or 

log(econs) since the models incorporating this variable were not satisfying. Concerning the two 

other variables (p and urb_rate) taken in log, they appear to be I(2) with ADF. However, as 

already stated ADF tests may not be reliable for small samples and other tests such as Dickey 

Fuller - GLS138 (also known as DF-GLS) showed that these two series were I(1)139. Hence our 

choice to take those two series as I(1).  

 

Thus as, for our two models, all the needed variables are integrated of the same order; we are 

now able to test the presence of co-integration. As noted in Lin (2003), the Johansen-Juselius 

method (1990) is preferred over the Engle-Granger two-step procedure in a multivariate context 

to test for co-integration. The results of the Johansen co-integration test140 are given below for 

CO2 and SO2.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                 
138 Ng-Perron test also showed that log(p) could be taken as I(1) 
139 At respectively 5 and 10 percent for log(p) and log(urb_rate)  
140 For clarity reasons, only the trace test will be shown here.  
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Table 3.27: Johansen co-integration results for the CO2, 1980-2005:  

     

     

Hypothesized  Trace 0.05  

No. of CE(s) Eigenvalue Statistic Critical Value Prob.** 

     

     

None *  0.730202  91.10328  69.81889  0.0004 

At most 1 *  0.641575  59.66128  47.85613  0.0027 

At most 2 *  0.576279  35.03640  29.79707  0.0114 

At most 3  0.442381  14.42807  15.49471  0.0719 

At most 4  0.016945  0.410175  3.841466  0.5219 

     

     

 Trace test indicates 3 cointegrating eqn(s) at the 0.05 level 

 * denotes rejection of the hypothesis at the 0.05 level 

 **MacKinnon-Haug-Michelis (1999) p-values  

Source: EViews  

 

Table 3.28: Johansen co-integration results for the SO2, 1985-2005:  

     
     

Hypothesized  Trace 0.05  

No. of CE(s) Eigenvalue Statistic Critical Value Prob.** 

     
     

None *  0.787214  86.85318  69.81889  0.0012 

At most 1 *  0.760082  57.45126  47.85613  0.0049 

At most 2 *  0.596143  30.32957  29.79707  0.0434 

At most 3  0.492303  13.10240  15.49471  0.1111 

At most 4  0.011661  0.222862  3.841466  0.6369 

     
     

 Trace test indicates 3 cointegrating eqn(s) at the 0.05 level 

 * denotes rejection of the hypothesis at the 0.05 level 

 **MacKinnon-Haug-Michelis (1999) p-values  

Source: EViews  
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There exist 3 relations of co-integration in the case of CO2 (and even, an additional 4th at 10 

percent of significance) and 3 relations of co-integration in the case of SO2. As co-integration has 

been established, we will now turn to our Error Correction Models. The Error Correction Models 

are obtained in a two step-procedure (Keppler, 2007). First one needs to estimate the long-term 

Ordinary Least Squares equations that will give the error-correction term. This term will be used 

in the second period where the short-run dynamics will be estimated. These two steps will now 

be presented first in the case of the carbon dioxide and then in the case of sulphur dioxide.  

 

3.1.3.2.1.3/ The Carbon dioxide model 

 

One needs first to estimate the long-run relationships between variables through an Ordinary 

Least Squares method (figure 3.29).  

 

Figure 3.29: CO2 Long-Term OLS equations  

      
     

Variable Coefficient Std. Error t-Statistic Prob.   

     

     

C -7.483714 0.171151 -43.72578 0.0000 

LOG(P) -0.084529 0.011495 -7.353510 0.0000 

LOG(GDP) 0.088846 0.016983 5.231544 0.0000 

LOG(URB_RATE) -0.188491 0.044212 -4.263309 0.0003 

LOG(ECONS) 1.252287 0.025129 49.83451 0.0000 

     
     

R-squared 0.999319     Mean dependent var 0.763280 

Adjusted R-squared 0.999189     S.D. dependent var 0.252806 

S.E. of regression 0.007200     Akaike info criterion -6.858476 

Sum squared resid 0.001089     Schwarz criterion -6.616535 

Log likelihood 94.16019     F-statistic 7700.427 

Durbin-Watson stat 0.957669     Prob(F-statistic) 0.000000 

     
     

Source: EViews  

 

That equation can be written as:  
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log(em) t = -7.484 - 0.085*log(p) t + 0.089*log(gdp) t - 0.188*log(urb_rate) t + 1.252*log(econs) t  

+ ε t            (eq 3.1) 

 

This equation can be re-written in order to express the error-correction term:  

 

ecterm t = e t = log(em) t + 7.484 + 0.085*log(p) t - 0.089*log(gdp) t + 0.188*log(urb_rate) t - 

1.252*log(econs) t            (eq 3.2) 

 

Then, one needs to insert the lagged error-correction term to run the second step (table 3.30).  

 

Table 3.30: CO2 Short run dynamics with the error-correction term  

     
     Variable Coefficient Std. Error t-Statistic Prob.   

     
     C -0.006263 0.004501 -1.391614 0.1820 

DLOG(P) -0.057016 0.019091 -2.986496 0.0083 

DLOG(GDP) 0.152289 0.061099 2.492491 0.0233 

DLOG(URB_RATE) -0.161708 0.095925 -1.685778 0.1101 

DLOG(ECONS) 1.280339 0.035455 36.11163 0.0000 

DLOG(EM(-1)) -0.031316 0.028788 -1.087832 0.2919 

ECTERM(-1) -0.555059 0.252822 -2.195450 0.0423 

     
     R-squared 0.992495     Mean dependent var 0.040787 

Adjusted R-squared 0.989846     S.D. dependent var 0.051321 

S.E. of regression 0.005172     Akaike info criterion -7.452791 

Sum squared resid 0.000455     Schwarz criterion -7.109192 

Log likelihood 96.43349     F-statistic 374.6751 

Durbin-Watson stat 1.783782     Prob(F-statistic) 0.000000 

     
     

Source : EViews 

 

This regression gives the following equation  

 

∆log(em) t = -0.006 - 0.057*∆log(p) t + 0.152*∆log(gdp) t - 0.162*∆log(urb_rate) t + 

1.280*∆log(econs) t - 0.031*∆log(em(t -1)) - 0.555*ecterm(t -1) + ε t    (eq 3.3) 

 

That can be re-written as follows by replacing the error-correction term by its value (see equation 

3.2):  
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∆log(em) t = -4.160 - 0.057*∆log(p) t + 0.152*∆log(gdp) t - 0.162*∆log(urb_rate) t + 

1.280*∆log(econs) t - 0.031*∆log(em(t -1)) – 0.555* [log(em) t + 0.085*log(p) t - 0.089*log(gdp) t 

+ 0.188*log(urb_rate) t - 1.252*log(econs) t ]  + ε t       (eq 3.4) 

 

The last equation (3.4) is the Error-Correction Model for the carbon dioxide in China over the 

period 1980-2005. Over the long-run, all the variables are significant; and over the short-run the 

variables ∆log(urb_rate) and ∆log(em(t-1)) are not significant. The Durbin Watson statistics141 that 

tests the correlation among the residuals (1.784) as well as the adjusted R² (0.990) are also 

significant. They show that there is no serial correlation (Durbin Watson) and so warrant the 

results. The signs as well as absolute values of the coefficients will be discussed after the sulphur 

dioxide model. Before detailing it, we will attest that the residuals can be considered as white 

noise (figure 3.31).  

 

Figure 3.31: CO2 correlogram  

 
Source: EViews  

 

 

 

 

 

                                                 
141 It varies between 0 and 4 and a value of DW around 2 means that there is no correlation among the residuals, at 
the first order (Lardic, Mignon, 2003) 
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3.1.3.2.1.4/ The sulphur dioxide model 

 

The same methodology will be applied for the sulphur dioxide; hence, one needs first to estimate 

the long-run relationships between variables through an Ordinary Least Squares method (figure 

3.32). One can notice that the variables used for this regression are the same, at the exception of 

energy consumption. Indeed, all the possibilities tried with energy consumption were not 

satisfactory from a statistical point of view.  

 

Figure 3.32: SO2 Long-Term OLS equations  

     
     Variable Coefficient Std. Error t-Statistic Prob.   

     
     C -14.36219 3.488522 -4.116983 0.0008 

LOG(P) -0.375977 0.165330 -2.274108 0.0371 

LOG(GDP) 1.185552 0.147623 8.030938 0.0000 

LOG(URB_RATE) -4.081888 0.608021 -6.713395 0.0000 

LOG(OTHER_ECONS) 2.223590 0.572766 3.882196 0.0013 

     
     R-squared 0.904231     Mean dependent var 2.728038 

Adjusted R-squared 0.880288     S.D. dependent var 0.149268 

S.E. of regression 0.051646     Akaike info criterion -2.884557 

Sum squared resid 0.042677     Schwarz criterion -2.635862 

Log likelihood 35.28785     F-statistic 37.76705 

Durbin-Watson stat 2.197608     Prob(F-statistic) 0.000000 

     
     

Source: EViews  

 

That equation can be written as:  

 

log(em) t = -14.362 - 0.376*log(p) t + 1.186*log(gdp) t - 4.082*log(urb_rate) t + 

2.224*log(other_econs) t + ε t        (eq. 3.5) 

 

This equation can be re-written in order to express the error-correction term:  

 

ecterm t = e t = log(em) t + 14.362 + 0.376*log(p) t - 1.186*log(gdp) t + 4.082*log(urb_rate) t - 

2.224*log(other_econs) t + ε t        (eq 3.6) 

 

Then, as before, one needs to insert the lagged error-correction term to run the second step (table 

3.33).  
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Table 3.33: SO2 Short run dynamics with the error-correction term  

     
     Variable Coefficient Std. Error t-Statistic Prob.   

     
     C -0.014363 0.046920 -0.306127 0.7648 

DLOG(P) -0.324351 0.180085 -1.801103 0.0969 

DLOG(GDP) 0.747560 0.513337 1.456277 0.1710 

DLOG(URB_RATE) -1.975820 1.096340 -1.802197 0.0967 

DLOG(OTHER_ECONS) 1.579001 0.572767 2.756793 0.0174 

DLOG(EM(-1)) 0.117034 0.142971 0.818585 0.4290 

ECTERM(-1) -1.370761 0.286705 -4.781081 0.0004 

     
     R-squared 0.799370     Mean dependent var 0.027801 

Adjusted R-squared 0.699055     S.D. dependent var 0.087084 

S.E. of regression 0.047773     Akaike info criterion -2.967410 

Sum squared resid 0.027387     Schwarz criterion -2.619459 

Log likelihood 35.19040     F-statistic 7.968607 

Durbin-Watson stat 1.985665     Prob(F-statistic) 0.001253 

     
     

Source : EViews 

 

This regression gives the following equation  

 

∆log(em) t = -0.014 - 0.324*∆log(p) t + 0.748*∆log(gdp) t - 1.976*∆log(urb_rate) t + 

1.579*∆log(other_econs) t + 0.117*∆log(em(t -1)) - 1.371*ecterm(t -1) + ε t              (3.7) 

 

That can be re-written as follows by replacing the error-correction term by its value (given in 

equation 3.6):  

 

∆log(em) t = -19.701 - 0.324*∆log(p) t + 0.748*∆log(gdp) t - 1.976*∆log(urb_rate) t + 

1.579*∆log(other_econs) t + 0.117*∆log(em(t -1)) - 1.371*[log(em) (t-1)  + 0.376*log(p) (t-1)  - 

1.186*log(gdp) (t-1)  + 4.082*log(urb_rate) (t-1)  - 2.224*log(other_econs) (t -1)] + ε t         (3.8) 

 

The last equation (3.8) is the Error-Correction Model for the sulphur dioxide in China over the 

period 1985-2005. One can notice that over the long-run, all the variables are significant; and 

over the short-run the variables ∆log(gdp) and ∆log(em(t-1)) are not significant (at 10 percent). 

The Durbin Watson statistic (1.986) as well as the adjusted R² (0.699) are also significant. Once 

again, no serial correlation exists and this corroborates the results. Now, we will attest that the 

residuals can be considered as white noise (figure 3.34).  
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Figure 3.34: SO2 correlogram  

 
Source : EViews  

 

3.1.3.3/ Results: explanation and discussion  

 

A number of conclusions can be drawn from the two models above. First of all, one can notice 

that in absolute values the long-term coefficients are greater than their short-term counterparts. 

This is expected as time is needed for a change to occur or consumption behaviours to be 

amended.  

 

The signs of the coefficients vary in the same direction in the two models, both in short- and 

long-term. Consistent with intuition and economic theory, they are positive for per capita Gross 

Domestic Product and per capita consumption of energy (both in general and for other energy 

sources than coal) and negative for the urbanisation rate and, of course, prices. As for GDP, this 

is straightforward. The richer inhabitants get, the more they consume and among the extra-goods 

consumed, there is a strong probability that carbon or sulphur dioxide are emitted during 

production. One can think of electric appliances or travels, for instance. As for consumption of 

energy as well as other types of fuel than coal, it seems logical that the more energy is consumed 

on a per capita basis, the more gases per capita will be emitted. Concerning the urbanisation rate, 

one could have expected a positive sign. At least, it is a common expectation for a developed 

country. However, in the case of China, it seems plausible to find a negative sign. The 

urbanisation process that has taken place along this period has been accompanied by a certain 

progress in terms of environmental protection. For instance, the use of energy in rural 
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communities is far less efficient than in urban areas. Increasing in proportion the number of 

people living in cities will have for consequence a reduction in the per capita emissions as for 

instance, the electricity they will use, has been less carbon- or sulphur-intensive to produce. 

Besides, this movement (as well as partial liberalisation of energy markets) has also witnessed 

the closure of small coal-mines located in rural areas. Hence, this has also played a great role in 

enhancing the coal sector and explains the negative relationship both at short-term and long-term 

between the urbanisation rate and per capita emissions. In that case, the urbanisation rate can be 

analysed as both a pure statistical indicator of the share of urban population and as a proxy of the 

improvements that came along with urbanisation.  

 

Before commenting on the last and most important in this context coefficient, the price elasticity, 

one should first define it. This concept is widely used in economics and refers to the variation in 

demand when the price varies. Elasticities can be parted into two categories: elastic, for those 

which have an absolute value of elasticity greater than 1 and inelastic for the other. Price 

elasticities are typically negative, which means that when the price increases, demand falls. For 

instance a - 0.02 elasticity therefore means that for a 1 percent increase in price, the demand will 

fall by 0.02 percent. Different elasticities for the same good means different demand curves, as 

shown on the graph below; the dashed line being the elastic one.  

 

Graph 3.35: Relationship of supply and demand with two different demand curves 

 
Source: RAND (2005) 

 

Let us now take an example: if the price of coal or oil was to change due to a carbon tax, then it 

would affect the supply curve and hence the cost function of an electricity producer. The new 

equilibrium point would be given at the intersection of the new supply curve and the demand 
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curve. And the results would be different depending on the demand curve and hence elasticities. 

In a case of a relatively inelastic curve (D1), price would rise with only little effect on demand. 

Should the demand curve be more elastic (D’1), both the equilibrium quantity and price would be 

set lower. The differences between the different sets of equilibrium depend on the magnitude of 

variations between the two elasticities.  

 

Figure 3.36: Impact of a shift in the supply curve 

 
Source: RAND (2005) 

 

It is noteworthy that another figure could have been drawn with this time, a shift in the demand 

curves to take into account the modification of the demand function through a price change and 

thus how consumers react to a price rise for instance.    

 

In our case, the short-term and long-term elasticities are negative in the two models and are much 

higher (in absolute values) for the sulphur dioxide. These were the signs expected as an increase 

of the emissions price would make it more expensive to pollute and thus would reduce the level 

of emissions. As for the CO2, short-term elasticity is equal to – 0.057 and the long-term one to – 

0.085. This means that a 10 percent increase of the real implicit carbon price will reduce by 0.85 

percent the per capita carbon dioxide emissions, in the long term. As for the sulphur dioxide, the 

short-term price-elasticity is equal to – 0.324 while that of long-term is – 0.376. Hence a 10 

percent increase in the real implicit sulphur dioxide price will lead, over the long-run to a 

decrease of the per capita sulphur dioxide emissions of 3.76 percent.   

 

Consequently, an increase of the real implicit emission prices would be a potentially working 

instrument to mitigate carbon and sulphur dioxide emissions in China. Our goal is to reach the 
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emission level advocated in the Full Sustainability scenarios that were previously defined, and at 

least not to emit more than those of the Minimal Sustainability scenarios. For the Full 

Sustainability scenario, this would result in a decrease of 5.356 Gt of CO2 in 2030. Indeed, while 

“Business-As-Usual” scenario estimates the Chinese CO2 emissions at 11.5 Gt in 2030, the Full 

Sustainability is 6.144 Gt. Hence, the emissions need to be reduced by 46.57 percent. With a 

long-term price-elasticity of – 0.085, this would correspond to an annual increase of the real 

implicit carbon dioxide price of 8.89 percent. As the Minimal Sustainability scenario shows 

greater values than the “Business-As-Usual”, it will be obtained regardless of an increase in real 

implicit price of CO2.  

 

As for sulphur dioxide, the Business-As-Usual scenario forecasts the SO2 emissions at 30 Mt in 

2030 and the Full Sustainability and Minimal Sustainability scenarios have set targets 

respectively at 11 and 18 Mt, at that time. This corresponds to a decrease of 63.33 and 40 percent. 

With a price-elasticity of – 0.376, this would correspond to an annual increase in the real implicit 

sulphur dioxide price of 4.59 and 3.35 percent.  

 

The two implicit prices are composed of the coal and oil prices. One can assume to facilitate the 

calculations that these prices will be increased in the same proportions. Hence an annual increase 

of these two prices by 3.35 percent will lead to the two Minimal Sustainability scenarios to be 

achieved. If the increase was to be equal or greater than 4.59 percent per year then, the CO2 

Minimal Sustainability scenario and the SO2 Full Sustainability Scenario would be achieved. 

Lastly, should the prices increase by at least 8.89 percent per year then the two Full Sustainability 

Scenarios would be reached. These calculations have been made ceteris paribus, i.e. not taking 

into account the dynamic effects of the two models. As the urbanisation rate, per capita emissions 

or even energy consumption will vary; it will impact per capita emissions in turn. However, we 

do not intend to forecast the whole picture but only to see consequences of a price increase. One 

could also think of a CO2 tax that would increase by 8.89 percent per year in real price. This 

would be a proxy for the carbon shadow price and this would be equal to the opportunity cost 

resulting for each ton of CO2 avoided. This is what will be assumed for the rest of this essay. We 

will then be able to compare the level of the tax with marginal abatement cost for CO2 in a 

forthcoming point.  
 

This policy could result in a two-steps procedure. During the first years, the subsidies that still 

affect the energy markets would be gradually removed and in a second phase, a tax could be set 

on the polluting fuels in order to incorporate the cost of pollution in the consumers’ or producers’ 
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programme142. For example, with a 5 percent increase per annum in the real price of coal and 

taking a subsidy percentage of 17 percent143, the subsidy would be fully removed within 3 years. 

It should be noted that the point of our study is not to assess the potential benefits of a direct tax 

over an indirect tax or over a trading scheme. Indeed, we advocate for an internalisation of the 

pollution good through an increase of the price of coal and oil that are responsible for most of the 

pollution that we focus on. We found through our econometric work that over the next 22 years 

(2009-2030), the real prices (or the carbon tax) should be raised by 8.89 percent in the best case 

or at least by 3.35 percent per annum144. Even though we do think that the government should 

aim at the Full Sustainability Scenarios, because of the current cost of local and regional 

pollution as well as the estimated cost of global warming, it will be difficult to achieve an 

increase in real price of nearly 9 percent per year. Besides, we do not intend to discuss the 

problems arising from monitoring, enforcement etc. of such a scheme. Our aim is not the 

institutional framework and how it is built or who should be in charge of, or other questions 

arising from these issues. What we are interested in is the level of the price increase required to 

achieve our sustainable scenarios and the channels through which these price increases will work 

positively on the Chinese power sectors.  

 

The limitations of our econometric work should be mentioned. There are (at least) four of them. 

First of all, the assumptions that the series log(p) and log(urb_rate) (in the sulphur dioxide model) 

and log(econs) (in the carbon dioxide model) were integrated of order 1 and not order 2 are a 

limitation; even though those tests are usually not perfectly reliable on small samples and that 

other tests have shown that those series could be I(1). The second one corresponds to the fact that 

some elements are not incorporated in our models and could be analysed as a lack. In the case of 

the sulphur dioxide, energy consumption does not appear for purely statistical reasons, even 

though it would have been logical to have it in on an economic ground. As for the carbon dioxide 

model, the implications of the post-2012 policies are not there. It is logical (as it is based on past 

data) but it will have an impact on future emissions as for instance China is the first market in 

terms of Clean Development Mechanisms. The third one corresponds to the fact that the 

coefficient associated with ∆log(urb_rate) in the carbon dioxide model is not significant, 

although we are more interested in long term variations. The last limitation, surely the most 

important, is the fact that our rationale is to use past behaviours to explain future trends. Indeed, 

we have assumed that the patterns that were true over 1980-2005 will remain so between 2009 

                                                 
142 For instance, this could take the form of a tax on coal and oil or of a tax on the sulphur and / or carbon contents of 
these two energies or of a trading scheme of carbon or sulphur arising from the combustion of coal and oil. Other 
possibilities can also be thought of.  
143 See table 3.8. Even though, the level of subsidy has decreased since 2005, especially for coal, the author has not 
in his possession, a more recent subsidy rate for coal.  
144 Any figures between 4.59 and 8.89 would be good as it would reduce the cost of local and regional pollution. And 
the greater the increase in price, the better it will be, as it will induce a reduction in the cost of pollution in China and 
will limit the CO2 emissions responsible for global warming.   
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and 2030. In terms of signs, we still expect per capita Gross Domestic Product as well as per 

capita energy consumption to positively influence per capita emissions. We also think that real 

prices will negatively impact per capita emissions. However, we could expect, at some point, the 

sign of the coefficient relative to the urbanisation rate to change. Indeed, when the electrification 

of rural areas is as effective as that of urban regions then, urbanisation will go along with an 

increase of traffic, and consumption of electric appliances and other carbon- and sulphur-

intensive goods. It will then have a positive influence on per capita emissions. As for the price, 

the question of whether the figures itself for the elasticity will change remains unanswered for 

now. It is a limitation but we assumed that it will remain the same, for both the carbon and 

sulphur dioxides.  

 

We will now turn to the last point of this part that is devoted to the study of the barriers to these 

kinds of changes; to the inertia that is inherent to them and to the limitations of our proposal.  

 

3.1.4/ Inertia, barriers and limitations 

 

The economic theory differentiates two types of improvements of a given situation: strongly or 

weakly Pareto-superior situation. These are named after the Italian economist, Vilfredo Pareto 

who introduced the concept of Pareto efficiency. Strongly Pareto-situation refers to a situation 

where at least one person is better off and nobody worse off while weakly means that the 

winner’s gains are greater than loser’s losses. The regulator should implement any policy that is 

weakly Pareto-superior so that subsidies should be removed, as gains outweigh losses. However, 

even if a subsidy is recognised as being wrong and unnecessary, its removal can be hard on a 

political and institutional level. Indeed, most of the time, this subsidy is widespread in the 

economy and only a small groups of firms or individuals get the benefits from it. They might 

probably try to defend their advantages and political leaders might be under the effect of so-

called “political mobilisation bias” (IEA, 1999; UNEP / IEA, 2001). It is easier for a small and 

homogenous group to lobby for them than for the others to lobby for the “general interest”. 

Historically, in countries where fuels are subsidised by the government, price increases have 

often met strong opposition (Bacon, Kojima, 2006). Examples include the riots and 

demonstrations that occurred in India in 2000 when plans to raise electricity prices were made 

(UNEP, 2002) or the violent demonstrations against fuel price increase in Venezuela, Nigeria and 

Indonesia (Bacon, Kojima, 2006). It is quite hard to have people understand that their benefits are 

not economically justified on a global basis. It is even harder to have them understand it when the 

environmental problem at stake is global as it is the case with greenhouse gas emissions or 
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regional in the case of acid rain145. It is one of the reasons why contradictory opinions about 

subsidies exist. For example, Ailawadi, Bhattacharyya (2006, cited in Lahiri-Dutt, 2006) think 

that a subsidy and cross-subsidy removal would only increase the price of energy and prevent the 

poor from accessing to other sources of energy than traditional biomass. Thus, they recommend 

local initiatives based on subsidies. It is true that a subsidy removal associated with a price on the 

externalities will increase the price of energy and affect the poor, who would be incited to 

consume mostly cheap and easily available energy like traditional biomass. But this problem can 

be overcome with an electrification access improvement in rural regions, policies addressing 

social aspects and communication on the effects of traditional biomass. Removing subsidies 

would enable the government to spend less money and so, would increase the investment 

capacity towards the poor through targeted assistance. However, the government will have to be 

careful on how it reduces and then withdraws energy subsidies. There are ways to remove 

subsidies without too much of social disorder. One can either provide targeted subsidies, 

compensation or use an effective advertising campaign (Bacon, Kojima, 2006). For instance, one 

can issue vouchers or smart cards that enable targeted people (low-income for example) to buy a 

certain amount of fuel at a reduced price. Another idea is to compensate the lower-income 

households for the subsidy removal by giving them cash or another benefit. Such a solution poses 

the question of the accuracy of the list of low-income households and the cash-transfer 

mechanism that could outweigh the benefits, if the administrative costs are too high (Bacon, 

Kojima, 2006).  

 

Even though this solution, advocated among others by the International Energy Agency or the 

World Bank, of subsidy removal plus externality pricing will face difficulties such as “political 

mobilisation bias”, we do think that it should be implemented and that in the medium term, the 

positive effects will outweigh the negative ones. Indeed, as noticed by the IEA (2006b), the factor 

of generator efficiency comes into play. Long-term efficiency improvement can be expected 

which would reduce the costs and thus, limit prices’ rise. In that sense, the World Bank (2004) 

showed that overall, market-oriented reforms in the infrastructure sectors foster economic growth 

and increase economic opportunities for the poor. Besides, the Chinese government has already 

started a programme of subsidy reduction that is bringing rather good results without political and 

social unrest. More generally speaking, the last thirty years have seen market-oriented reforms in 

the Chinese energy sector (as well as other sectors like banking, services, state-owned 

enterprises, etc.) and those reforms have had certain achievements, even though in most cases, 

they are only in the initial stage (The China Energy Sustainable Program, 2005a). Furthermore, 

the costs associated with pollution are pretty high as local and regional pollution cause a 

reduction of GDP of 2 to 7 percent according to studies and global warming could be responsible 

                                                 
145 Without integrating the cost of climate change, one can recall that the cost of pollution in China lies between 2 
and 7 percent of the GDP, as it has been outlined in the first part.  
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for an additional 5 to 20 percent (HM Treasury, 2006). Thus, the costs at stake imply a great and 

fast change in policy. Besides, some of these solutions that will be reviewed in a next point 

(either technical or related to diversification) are cost-competitive without a price on carbon or 

sulphur. Another noteworthy point relates to financing those new infrastructures: depending on 

the post-2012 regime that will be discussed in Copenhagen in 2009, Clean Development 

Mechanisms can be an additional source for financing clean energy as well as the World Bank or 

the Asian Development Bank146 that can make new clean projects even more attractive. So 

implementing this idea is politically and economically sound but on top of political mobilisation 

bias it might also face other barriers. Generally speaking inertia comes from lack of information, 

knowledge, social pressure as well as persistence of habits.  

 

Such a scheme will induce an increased need for laws or investments that might create financial 

or market barriers. Besides, the above mentioned climate regime will be a key in the 

implementation of new technologies as it represents an important source of finance for China that 

is one of the biggest recipient of international CDM projects. If the framework is not attractive 

for long-term projects then developing countries (as well as climate) will suffer from it.  

 

Among the barriers other than so-called political mobilisation bias, one can find risk aversion. 

These kinds of investments are long-term and costly. According to IGES (2008), only energy 

efficiency investments with proven short pay-back periods and little investment cost get final 

clearance from top management. Besides, in the case of China, corporate management of steel or 

chemical firms (that are energy-intensive) are less sensitive to energy efficiency improvements. 

As they run, most of the time, state-owned enterprises, they can ignore market forces or 

incentives and use tools such as monopoly pricing and their ability to absorb losses (IGES, 2008). 

Another barriers underlined by IGES (2008) is the missing capacity of small and medium 

enterprises. Indeed, most of the time, they are very energy-inefficient but due to lack of skills, 

funds and management tied to short-term profits, energy efficiency improvements are far from 

being the priority. Lastly, three other barriers related to supporting systems can be outlined: 

access to energy efficient technologies, availability of finance and human resources (IGES, 

2008). As for the first one, it can be quite expensive to transfer new technologies from developed 

countries to upgrade obsolete technologies. Besides, these transfers of technology are often 

influenced by institutional as well as policies barriers such as intellectual property rights147 

(IGES, 2008). Another problem is the availability of finance as most companies have no ready 

access to money or do not benefit from banks’ confidence. According to IGES (2008), private 

                                                 
146 According to IGES (2008), the ADB launched a new program called Climate Change Fund in May 2008, with an 
initial allocation of $40 million. Its aim is to facilitate greater investments in Asia - Pacific developing countries to 
address the causes and impacts of climate change. 
147 However, one can notice that according to Watson et al (2007), the Clean Development Mechanisms do have the 
potential to facilitate the transfer of low carbon technologies.  
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financial institution work on a risk minimisation approach that makes most of the Energy 

Efficiency projects not acceptable. And international finance options such as Clean Development 

Mechanism lack of information. Lastly, another barrier lies in the fact that most employees are 

under-trained and managers do not see benefits on economic and environmental grounds of those 

projects (IGES, 2008; Thiruchelvam et al., 2003). Sauter, Watson (2008) underline other barriers 

in the specific case of technological leapfrogging in developing countries: absorptive capacity, 

technological capabilities, knowledge, institutions, the accumulative nature of knowledge, and 

the international technology market. According to the authors, the absorptive capacity of a 

country is a rather vague notion that can be defined as “the ability to learn and implement the 

technologies and associated practices of already developed countries”148. Hence, technological 

capacities, knowledge and institutions influence this capacity. Emissions monitoring as well as 

local enforcements might represent another difficulty. As for the diversification, the barriers 

remain the same as those of energy efficiency. But one can underline the importance of financing 

the required infrastructure.  

 

Our proposal would reduce some of those barriers by increasing the financial incentives but 

might create social disorder with so-called “political mobilisation bias”. However, as underlined 

in IGES (2008), when energy standards for industrial equipment are combined with sectoral 

targets and financial incentives, energy efficiency is improved. This corresponds to our scheme. 

Indeed, it would add financial incentives on top of the existing targets and standards that are set 

by the government.  

 

Now, we will turn to the second point of this chapter that reviews the solutions that are induced 

by higher energy prices such as technology improvement, energy savings or diversification of the 

energy mix. Prices at true values will make the implementation of better technologies easier, 

which will in turn lower the environmental impact and will make cheaper non-polluting fuels.  

 

3.2/ Induced effects of increased energy prices  

 

In the previous point, econometric models have been worked out in order to assess the price 

elasticity of Chinese emissions. This kind of work uses the properties of price instruments as a 

price increase does not, by itself, yield to pollution reduction. This reduction is due to changes in 

behaviour or investments that are induced by this price modification. Public policies affecting the 

development and diffusion of new technologies are considered to be of one the most important 

                                                 
148 Sauter, Watson (2008), p. 9 
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tools for environmental protection (Kneese, Schultz (1978), cited in Pizer et al., 2002). As noted 

by Eskeland et al. (1994):   

 

“Fuel substitution and energy conservation are the two main transmission mechanisms by 

which changes in energy pricing policies affect emissions”149 

 

In this part, we will first give an overview of those changes; then offer an outlook of the recent 

Chinese energy market reforms in terms of prices before showing what are the most likely 

amendments in terms of technology and diversification that could be expected thanks to our 

proposal. This last idea will be split into two categories: one qualitative assessment followed by 

one quantitative assessment composed of an econometric model and a marginal abatement cost 

curves analysis; these two being applied to carbon dioxide.  

 

3.2.1/ Rationale behind higher energy prices  

 

According to the International Energy Agency (2006b), the improvements in environmental 

performance of any given power system arise from three different channels: changes in fuel, 

improvements in efficiency and emissions control. Pricing has a big role to play in any of these 

three channels, either by making energy more expensive and thus, more valuable (energy 

efficiency), by making polluting fuels more expensive (fuel switching) or by making new and 

less polluting technologies financially interesting (emissions control). For example, changes in 

relative energy prices induce substitution of energy by other factors and also the development of 

new energy-saving technologies (Kumar, 2006). The idea of relative prices fostering innovation 

dates back to Hicks (1932) and his “induced innovation” hypothesis. In his own words:  

 

“a change in relative prices of factors of production is itself a spur to invention, and to 

invention of a particular kind — directed to economizing the use of a factor which has 

become relatively expensive”150 

 

The notion of induced innovation suggested by Hicks has then been further developed in the 60s 

and 70s in articles from Ahmad (1966), Kamien, Schwartz (1968) and Binswanger (1974) (Popp, 

2001). Recently papers such as Popp (2002), Newell et al. (1999) or Jaffe et al. (2005) have 

investigated the link between policy or prices and environmentally-friendly innovations or energy 

efficiency improvements for Birol, Keppler (2000).  

 

                                                 
149 Eskeland et al. (1994), p. 2 
150 Hicks (1932), pp. 124-125 
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According to Jaffe et al. (2005), “technological change does not exist in a vacuum”151. Thus, 

environmental policy interventions (for instance, environmental taxes, cap and trade systems...) 

create incentives that influence the type of technologies that are chosen and the pace at which 

they are developed. Hence, should energy prices increase, it would encourage innovation. For 

instance, Kumar (2006) demonstrated induced technological progress after the two world oil 

shocks of 1974 and 1980 that triggered energy price increases and similarly, in another paper 

(Kumar, Managi, 2007) found important energy price-induced technological progress at the 

world level when long-term oil prices were rising. Pizer et al. (2002) showed that there was a 

positive correlation between technology adoption and energy prices and that the doubling of 

energy prices from 1970 to 1980 resulted in a 2-3 percent rate of growth of energy efficiency in 

the early 80s, while the average over the last fifty years is just 1.3 percent.  

 

Popp (2001, 2002) found that roughly a third of the overall response of energy use to prices can 

be linked to induced innovation, with the rest associated with factor substitution. Hence, one can 

see that energy prices work as an incentive to innovation, R&D investment and diversification.  

 

According to Jaffe et al. (2000), raising price of fossil fuels through tradeable carbon permits or 

taxes on the carbon content of products will have three effects over the long run. First, this may 

cause less energy to be consumed. Second, it could induce more efficient technologies to be 

chosen among the available menu of equipment. Third, strong carbon policies may also 

encourage investments in research and development of efficient machines so that the menu of 

equipment would be enhanced. The last two effects refer to the endogeneity of technological 

change (Jaffe et al., 2000).  

 

Figure 3.37 below shows the impact of an energy price increase. The initial situation is E0, with 

an energy price of P0 and located on the demand curve D (A0, σ0) defined by its level of 

technology (A) and its energy price elasticity of demand for the particular technology (σ). Then, 

an energy price increase occurs that results in a decrease of energy demand to E1. This reduction 

can either be due to the adoption of a new technology (demand curve shifts to DA (A1, σ0)) or due 

to substitution (D σ (A0, σ1)) (Linn, 2006).  

 

                                                 
151 Jaffe et al. (2005), p. 165 
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Figure 3.37: Substitution elasticity vs. technological change 

 
Source: Linn (2006) 

 

In an article, Newell et al. (1999) tried to assess the role played by energy price changes in 

energy efficiency improvements concerning the room air conditioners and gas water heaters. 

They found a substantial positive relationship between changes in prices of energy relative to 

production inputs and the rate of energy-efficiency improvements. This tends to confirm Hicks’ 

“induced innovation” hypothesis.  

 

Even though this innovation is not likely to take place in China for the time being, it could create 

an incentive to change existing technology in the country and make people use newer 

technologies that are for example currently used in developed countries. Indeed, China could 

leapfrog existing technologies. As noted by Goldemberg (1998):  

 

“But developing countries have a fundamental choice: they can mimic the industrialised 

nations, and go through an economic development that is dirty, wasteful, and creates an 

enormous legacy of environmental pollution; or they can leapfrog over some of the steps 

originally followed by industrialised countries, and incorporate currently-available 

modern and efficient technologies into their development process. LDCs152 are important 

                                                 
152 Least Developed Countries 
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theatres for innovation and leapfrogging, especially in energy-intensive, basic materials 

industries such as steel, chemicals and cement.”153  

 

This can be linked to the notion of tunnelling through from the World Bank and Munasinghe that 

has been mentioned in the first part. Besides, this leapfrogging will be facilitated by financial 

mechanisms such as Clean Development Mechanisms.  

 

The sooner this scheme will be implemented the better for both China and the world since SO2, 

NOX and CO2 emissions would be reduced (or at least, be fewer than expected)154. Another 

explanation lies in the fact that China would import less coal, which would also be something 

positive for the country, reducing its dependence on this type of energy. Indeed, China tends to 

import coal now since the coal mines located in the West of the country are quite remote from the 

cities that need it; making cheaper to import by ships than to transport it throughout the country.  

 

Subsidies and their consequences on consumption and pollution have already been evoked. 

Before analysing the two channels that are affected by an energy price increase, one will present 

first the past and current reforms that have occurred on Chinese energy markets in the past few 

years. It should be borne in mind that only potential changes in the Chinese power sector will be 

detailed, for simplicity reasons. However, the same incentives would operate at the economy 

level and the same consequences would occur both in terms of technological change and fuel 

switching.  

 

3.2.2/ Past and current reforms of the Chinese energy markets 

 

In the past few years, efforts have been made by the Chinese authorities to reduce subsidies and 

to start liberalising the energy markets. One can then see efforts in the early 90s on the figure 

3.38. This will be analysed only from a price reform point of view and break-downed by energy 

sources.  

 

                                                 
153 Goldemberg (1998), p. 730 
154 It should also be kept in mind that as long as no incentives to move away from coal or to use coal in a cleaner 
way, will be implemented, then investments in inefficient coal-fired power plants that last between 20 and 30 years 
will be made.  
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Figure 3.38: Ex-factory price indexes for energy and industrial products, 1980 - 

1998 

 
Source: Sinton, Fridley (2000) 

 

3.2.2.1/ Coal 

 

Until the 90s, the biggest subsidies were to be found in the coal sector because it had for a long 

time been protected from “the outside world”. Coal has for a long period long been sold to power 

generators at heavily subsidised prices (IEA, 2006b). Before the coal price reform of 1996, a dual 

pricing system was in place: coal from state mines was priced at artificially low level (implying 

losses) with no incentive whatsoever to improve quality and coal from village mines was sold on 

an open market. The 1996 price reform allowed the state mines prices to float, which 

automatically raised the prices. This worked as a signal to village state mines that undercut state 

companies’ prices by increasing their production. This reform enabled the state aid to decrease 

from 5.75 billion Yuan in 1992 to 0.6 billion Yuan in 1996 (IEA, 1999). This also provided 

overall profit in 1997; even though they proved to be unsustainable as losses occurred in 1998 

(IEA, 1999). Subsidy rate for coal has fallen from 61 percent in 1984 to 11 percent in 1995 

(OECD, 2001a). This subsidy reform proved to be efficient as it contributed to both better energy 

conservation and environmental protection. As noted by the OECD (2001a), this reform has led 

to a reduction of energy consumption (in oil equivalent) of 0.3 billion metric tons and to a 

decrease of CO2 emissions of 1.1 billion metric tons, compared to what would have happened if 

that reform had not taken place. These findings are shared by Wu (2003), who also thinks that the 

reduction of the government subsidies led to an improvement in management and energy 

efficiency.   
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Today, even though a “coal-for-power” formula is still applied, coal prices are mostly market-

driven (Wu, 2003; IEA, 2006b). For instance, wholesale coal prices rose by 40 percent in 2004, 

because of international prices (IEA, 2006b). Besides, even though electricity prices are still 

controlled, the National Development and Reform Commission announced in 2006 that the price 

of coal sold to electricity generators would be set freely without any state intervention (IEA, 

2007a). So, in the future, one can expect price of coal to reflect the full cost of production and 

supply. Furthermore, barriers to trade might be removed because of China’s accession to WTO 

(IEA, 2007a). However, coal price for powering practice is still not yet determined by supply and 

demand in the market (Research Centre for Sustainable Development, 2006).  

 

Direct subsidies can still be found today, with for example, taxation relief subsidies to loss 

making enterprises, or implicit financial subsidies (through low interest loans, for instance). 

There are also indirect subsidies like those received via transport. Coal is the most transport-

intensive good of the Chinese economy and thus benefits from high transport subsidisation: rail 

transport price is 20 percent lower than actual cost (IEA, 1999). In a more recent report, Yushi et 

al. (2008) found a cost deviation of 7.20 percent for external costs of coal transportation, notably 

due to environmental costs and external costs of overloading not taken into account. Another 

form of subsidy is the lack of safety in township mines that has already been mentioned. Yushi et 

al. (2008) worked out the importance of subsidy in coal price. They found that the price of coal 

was distorted due to a lack of investment in safety, an under-compensation for dead workers or 

low cost of land. Overall, they found that the price of coal was undervalued by 17.73 percent.  

 

Table 3.39: Quantitative Price Distortion Resulting from Government Control on 

Coal Price 

 
Source: Yushi et al. (2008) 
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But the gradual subsidy removal has been generating benefits notably in terms of coal-mines 

efficiency, because now, China is consolidating its state-owned mine companies with the creation 

of bigger and more efficient companies (IEA, 2007a).  

 

3.2.2.2/ Power 

 

The Chinese electricity industry was born in 1882 with the establishment of the first generation 

plant in Shanghai (Lam, 2004) but frequent wars and government takeovers made it grow slowly 

(Yang, 2006). Later, the Chinese Government, led by the Communist Party, nationalised all the 

electrical infrastructure soon after it took power in 1949. The newly nationalised assets were 

given to State Owned Enterprises (SOEs) which were in charge of generation, transmission and 

distribution. These vertically integrated SOEs were under the supervision of the Minister of 

Electric Power Industry also known as MEPI (Zhang, Heller, 2004). MEPI had collaborative 

relationships with State Development Planning Commission (SDPC), the chief economic 

planning and tariff-setting agency in order to project demand for power, plan new projects and set 

tariffs for new plants. So, demand and supply in the electric market were decided by central 

planning and not by firms’ choices. In this system, prices were the “symbol of government policy 

priorities”155. The power tariffs set by the SDPC were not rational from a market point of view 

and had no link with the real cost of supplying electricity (Zhang, Heller, 2004). At that time, 

coal was sold at subsidised prices, sometimes less than half of the production costs. Low 

financing costs along with subsidised coal prices enabled power companies to charge low-tariffs 

(Lam, 2004). Low end-user tariffs were given priority to industry and higher end-users tariffs 

were set for less important sectors, such as services. For instance during the Chinese 

industrialisation and in order to improve electricity development, low coal charge was allocated 

for the power sector (Zhang, Heller, 2004). However, general inefficiency of the central planned 

system caused the government to start ambitious reforms that will now be under study. The 

shortages that occurred in the early 80s caused lots of factories to shut down a few days a week 

because of a lack of electricity. According to government estimates, electricity shortages 

accounted for 17 percent of the annual power consumption, that is to say 15 GW of capacity and 

700 TWh of generation (Zhang, Heller, 2004). So there was a need to bridge the gap between 

demand and supply. This is why the first reform included different measures aimed at broaden 

sources of financing and increase electricity prices in order to attract potential investors (Zhang, 

Heller, 2004). SOEs and foreign companies were able to build and own generation facilities. 

Three new and independent producers arrived on the market: provincial governments, local 

                                                 
155 Xu, Yi-chong (2002) cited in Zhang, Heller (2004), p. 24 
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governments and non-governmental enterprises. By the end of the 90s, their share of national 

total installed capacity grew to 54 percent.   

 

The second reform aimed at putting in place a two-track pricing. For the power plants built prior 

to 1985, the prices were set by the SDPC as they benefited from subsidised capital costs and 

cheaper fuel supplied. A much higher price was set for new power plants which guaranteed a rate 

of return of 12-15 percent (Zhang, Heller, 2004).  

 

All these reforms were necessary to lure new actors and new dynamics in this sector. Another set 

of reforms started in 1997 to separate government from business operations. A new entity, SPC, 

was created to take over all the MEPI’s assets, as this minister was eliminated. The policy 

making functions of the MEPI were transferred to the newly-created Electric Power Department, 

owned by the State Economic and Trade Commission. A few provinces were even chosen to try 

to promote competition in order to lower costs and increase sales. Therefore, government reduced 

its role of direct control and planning and tried to introduce market incentives. However, this set 

of reforms was not as successful as the previous one. Indeed the government sees electricity as a 

key asset of both energy security and economic development. So, it just switched from direct to 

indirect control with both supervising SOE’s access to financial markets and project approval 

(Zhang, Heller, 2004).  

 

Table 3.40 shows the change in the power sector following the different reforms that occurred 

until 2000 and the improvement of the situation.  
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Table 3.40: Changes in the power sector as a result of reforms 

 
Source: Berrah et al., (2001) 
 

The last set of reforms occurred in December 2002 with the announcement by the government of 

its will to introduce deregulation towards a competitive utility market. It is aimed at improving 

efficiency, lowering costs, optimising resource allocation and even introducing into the pricing 

mechanism an environmental charge and an incentive for renewables (Zhang, Heller, 2004). In 

that sense, the State Power Corporation has been broken up into five new generating companies 

and two national grid companies (IEA, 2006b). Although electricity prices in China tend to 

reflect more and more market forces, they are still set and managed at central, provincial and 

municipal levels, remaining largely government-administrated (Lam, 2004). According to Shiwei 

et al. (1997), despite the substantial progress made by the Chinese power sector thanks to the 

recent price reforms, it still does not meet two of the major government’s objectives: increasing 

investment and improving the resources use. As for them, this is due to the lack of a clear pricing 

and also because prices are set out without taking account economic efficiency or the willingness 

to pay of the final users.  

 

One can also add that as prices are based upon to the wealth of the regions; regions with low-

tariffs are still struggling to attract investors (Lam, 2004). So, huge challenges are facing Chinese 

authority, as they need to discuss the way competition will be implemented and also the way 

pricing will be done in order to reflect the capital costs of power generation and transmission to 

attract new investments.  
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Lastly, a mechanism exists that links the price of coal and the price of electricity. If the price of 

coal rises by 5 percent or more over six months, electricity price is adjusted accordingly. In this 

case, the company bears 30 percent of the increase and the remaining 70 are reflected in the 

electricity price. If the rise in coal price is lower than 5 percent, then the change is calculated in 

the next period when the total increase is 5 percent or more (Yushi et al., 2008). And sometimes, 

the government can decide the price, even though coal price may have increased by more than 5 

percent. For instance, in 2006 and 2007, it did not implement the mechanism, although the price 

of coal rose by more than 5 percent (Yushi et al., 2008). This in turn impacts the price of coal and 

it has been estimated that it was undervalued by 4.8 percent because of it (Yushi et al. 2008).  

 

3.2.2.3/ Oil 

 

As for oil, market mechanisms did not play a role in the 80s under the “dual –track” price system. 

Producers were allowed to sell their above-quota products in the market and regions were 

allowed to import oil products by paying with their foreign exchange reserves. Consequently, 

domestic products and imports grew rapidly but the gap between local and international prices 

was widening too. This led to excessive imports and sometimes, smuggling in some regions (Wu, 

2003). This is why the dual-track system was abandoned on May, 1st 1994 and the central 

government took back tight control on prices and imports. The next reform, in June 1998, 

occurred because of the demand for price liberalisation due to the growth of both international 

competition and oil imports. Since then, central government has set the regional price of refined 

products according to the Singaporean oil market so that prices have moved close to international 

prices (Wu, 2003). More recently, in June and July 2008, the government agreed to pass on part 

of the global oil price surge by increasing the price of petrol. Indeed, since price of crude oil was 

high (and linked with international markets) and the tariff set by the government pretty low, the 

refineries were suffering huge losses (China Daily, 2008). Lastly, a new proposal has been agreed 

upon and became effective on January, 1st 2009. This indirectly links fuel price to international 

levels; even though government has still a power on it. It is done by adding a tax as well as a 

transportation fee (French Xinhuan Net, 2008a; 2008b).  

 

3.2.2.4/ Natural Gas 

 

Within the energy sector, natural gas has been highly regulated by the government. For long, the 

small natural gas production has been reserved for fertiliser producers and prices have thus been 

kept low (even for residential use). For example, in 1995, the highest-price for natural gas was 

charged to the commercial sector while the lowest-price was reserved for the fertiliser producers 
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that were consuming one third of the global consumption (The World Bank, 1997a). One can also 

compare the price ratio between natural gas and crude oil according to their calorific value. While 

internationally, this relationship is equal to 1.05, in China it is 0.4 (Research Centre for 

Sustainable Development, 2006). One can then conclude that natural gas prices are greatly 

subsidised compared to substitute oil. These low prices offered little incentives for exploration 

and development of new fields. Investors were reluctant to commit as they did not receive 

enough money to cover their investments so that natural gas market suffered from a lack of 

investment (The World Bank, 2007). This partially explains why natural gas has a small share in 

the energy mix (Zhao, 2001). Recently, with a partial removal of the subsidies, prices have 

increased. However, they remain lower than the international prices. As in the other Chinese 

energy sectors, further liberalisation reforms are expected in the natural gas market (Wu, 2003).  

3.2.2.5/ Other  

 

Lastly, another kind of subsidies affects the whole Chinese economy but more particularly the 

energy- and carbon-intensive sectors. Even though a capital market reform is due to be 

implemented in the near term, government-directed loans to keep afloat losing-money firms do 

still exist. These government-directed subsidised loans are financed by households as they 

receive a lower rate of return on their savings as they would have if market was operating. On the 

total of outstanding loans in 1997, 27 percent were considered non-performing (Fisher-Vanden, 

Ho, 2007). Table 3.41 provides a list of capital subsidies existing in the Chinese economy.  
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Table 3.41: Capital subsidies by industry  

 
Source: Fisher-Vanden, Ho (2007) 

 

The most-subsidised sectors are the energy- and carbon- intensive ones such as coal-mining, 

crude petroleum, electric power. An economy without these subsidies would be less energy- and 

carbon-intensive as only the best, more efficient companies would survive (Fisher-Vanden, Ho, 

2007).  

 

It is noteworthy that a movement of subsidy removal and market liberalisation has already started 

in the Chinese energy industry. For instance, between 2005 and 2006, subsidies in the energy 

sector have been reduced by 58 percent (IEA, 2007a). However, this movement is not yet 

completed as subsidies remain present in all the components of this sector, either directly or 

indirectly. We will now look properly at the expected effects of a subsidy removal coupled with 

the internalisation of the negative externalities.  
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3.2.3/ Induced effects on technology  

 

An energy price increase will have effects on the level of investment in energy efficiency 

improving technologies and a price on carbon or sulphur will have effects on technologies that 

reduce pollution. Hence, in this point we will review some of the technologies that could be 

chosen should such a price mechanism be implemented. It is worth noting that we will not 

consider the financial mechanisms that will be used to finance those infrastructures as such. For 

instance, it could be either pure Chinese capital or from mixed origins or financed with an 

international organisation such as the Asian Development Bank, the World Bank or even through 

the Clean Development Mechanism scheme156, 157.  

 

3.2.3.1/ Technological improvements regarding pollution  

 

Reductions could be witnessed in other sectors in China but we will only investigate potential 

reductions arising in the Chinese power sector. For example, the standby power is an area of 

possible improvements in China (IEA, 2006d) but will only be slightly considered in the energy 

efficiency improvement section. China’s energy infrastructure is growing at an unprecedented 

pace. Between 2000 and 2004, 127 GW of new power generation capacity were added, including 

50.6 for the only year 2004 (Sun, 2005). In other words, in 2004, China added the generating 

capacity of Spain or California (Lin, 2007). And the trend is even being accelerated since 

between 2005 and 2006, 105 GW of generating capacity were added (IEA, 2008b; IEA, 2007a). 

As China plans to add an additional 400 to 450 GW by 2020, the question of the technology used 

(as well as the energy chosen) is extremely important and will have dramatic implications on the 

environment.  

 

The total potential for greenhouse gas emissions reduction is huge and is probably one of the 

biggest in the world. Indeed according to IGES (2008), models suggest that China may have the 

world’s largest technical emission reduction potential with approximately 3.5 Gt of CO2 

equivalent by 2020. As shown in figure 3.42, some of those technical improvements could be 

implemented without a price on carbon that is to say that they are as such cost-competitive. In 

                                                 
156 China can now benefit from assistance from developed countries through numerous channels such as the Green 
Aid Plan (GAP), the Clean Development Mechanism (CDM), the Global Environment Facility (GEF) or the Carbon 
Fund (CF) (Takeshita, Yamaji, 2002).  
157 As already mentioned, this is not in our scope but the idea behind the article of Masui and Kobayashi (2000) is 
interesting: the developed countries, when investing in China to earn Certified Emissions Reduction, will also help 
decrease the sulphur dioxide emissions. Indeed, most of the projects that aim at reducing CO2 also work for SO2. 
Besides, as Chinese technologies are not up-to-date, a dollar invested there will save more CO2 emissions than in an 
OECD country, for instance. Hence, China presents some of the world’s cost-effective mitigation strategies (Institute 
for Global Environmental Strategies, 2008).  
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China, those readily cost-competitive options amount to approximately 2.3 Gt of CO2 equivalent 

and correspond to potential throughout the economy as a whole.  

 

Figure 3.42: Greenhouse Gas Emissions Reduction potential in 2020, in various 

regions  

 

 
Source: Hanaoka et al. (2008) 

 

In China (like in India or in the US) most of the electricity generated comes form Pulverised Coal 

(PC) combustion. This technology undergoes technological improvements that both increase 

efficiency and reduce noxious emissions (MIT, 2007). Some of these improvements will be 

reviewed now. In this part, solutions such as Flue Gas Desulphurisation (FGD), Clean Coal 

Technologies (CCT) or Carbon Capture and Storage (CCS) will be described both from a 

theoretical and technical angle and applied to China. Indeed, China is heavily reliant on coal and 

the fact that it has low resources in oil and gas coupled with its willingness to remain as energy 

independent as possible makes observers believe that China will remain a strong coal user. Hence 

the idea of finding solutions to use coal in a safer and cleaner way.  

 

There exists several ways to describe and structure Clean Coal Technologies. For instance, it can 

be broken down into four categories that are Carbon capture and storage, coal preparation, 

gasification and removing pollutants. This approach is the one chosen by the BBC website. The 

CIAB / IEA (2008) has identified four groups of CCT that can have an impact on CO2 emissions: 

coal upgrading, efficiency improvements at existing power plants, advanced technologies such as 
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IGCC and near-zero emissions technologies. Their expected reductions in carbon dioxide 

emissions are shown in figure 3.43.  

 

Figure 3.43: Reductions in emissions of CO2 through clean coal technological 

innovation 

  
Source: Coal Industry Advisory Board, International Energy Agency, (2008) 

 

However, the outline we will use is close to the one of Takeshita, Yamaji (2002). According to 

them, Clean Coal Technologies are classified into three categories:  

� Before the combustion (e.g. coal washing). In this case, combustion efficiency is 

increased and sulphur content improved but these improvements are made with an 

increase of fuel price;  

� During the combustion where technologies are in power plants (e.g. IGCC). In this 

category, combustion efficiency as well as sulphur emissions rates are enhanced but 

capital costs increase;  

� After the combustion with technology represented in installed facilities (e.g. FGD). Here, 

sulphur oxides emission rates are greatly improved without a large capital cost increase 

but efficiency decreases.  

� Besides, we will add a fourth category namely Carbon Capture and Storage.  

 

According to Zhou et al. (2000), the cheapest and easiest way to tackle sulphur dioxide pollution 

is to wash coal as it removes ash and sulphur (shown in figure 3.44).  
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Figure 3.44: Coal washing process diagram 

 
Source: BBC Website, (2005), http://news.bbc.co.uk/2/hi/science/nature/4468076.stm 

 

In 2000, less than 20 percent of the coal burnt in China was washed. Coal washing enables to 

decrease the amount of ash in raw coal which expedites combustion and increases the energy 

content per kilogram, as shown on figure 3.45 (Philibert, Podkanski, 2005). This operation also 

permits, in most cases, to reduce the amount of sulphur content of coal which decreases the level 

of sulphur dioxide emitted when coal is burnt (Philibert, Podkanski, 2005). These two benefits 

(reducing pollution while increasing efficiency) have a cost but the Chinese government regards 

coal washing as an important strategy (Glomsrod, Taoyuan, 2005).  

 

Figure 3.45: Performance and cost of power plant emissions control technologies 

 
Source: Battelle Memorial Institute (1998) 

 

Ultra Supercritical (USC) power generation technology coupled with pollution control 

technology is, according to Zhao, Gallagher (2007), technically mature, environmentally-

friendly, cost-effective and greatly efficient. Ultra Supercritical units currently operating in the 

world have an efficiency of 43 to 47 percent, 4 percentage points higher than a Supercritical unit 

and 6 percentage points higher than a sub-critical unit (Expert Group on the Clean Coal 

Technology Subject, 2004; cited in Zhao, Gallagher, 2007). The authors argue that compared to 
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other technologies, USC plants are mature and can be commercialised rapidly and on a large 

scale in China. Lastly, they mention that while Integrated Gasification Combined Cycle (IGCC) 

or Circulating Fluidized Bed (CFB) plants are currently limited at 300 MW, there are USC of 

1,000 MW operating in the world. Accelerating the pace of construction of USC is a practical and 

feasible way to meet the increasing energy demand in a sustainable manner.  

 

Williams (2001) advocates for gasification to generate synthesis gas from coal, in order to limit 

the noxious emissions arising from coal combustion. Under this technology coal could be made 

as clean a fuel as natural gas in terms of air pollution and these technologies could be 

implemented cost-effectively. This strategy for coal could put China on a path characterised by 

near-zero emissions of both air pollutants and greenhouse gases. Cao (2004) also defines the 

Integrated Gasification Combined Cycle (IGCC) technology as one the main technology options 

for electricity generation in China. The main advantage of this technology is while nearly 

removing SOX and particulates emissions, it might lower the carbon emissions (Battelle 

Memorial Institute, 1998). In the table 3.46 and figure 3.47 below are listed the different kinds of 

technologies for electricity generation as well as their cost and SO2 emissions. One can see that 

there is a huge potential for China. Indeed, it is currently using, most of the time, subcritical 

pulverised plant with important sulphur dioxide releases. By switching to another technology, 

such as IGCC for instance, it could greatly reduce its environmental burden.  

 

Table 3.46: Characteristics of advanced electricity generation technology options  

Power 

generation 

technology 

options 

Capital 

investment 

(USD/KW) 

Economic  

life 

(year)  

Efficiency 

 

Fuel 

cost 

(cent/kwh) 

 

Fixed 

and 

variable 

costs 

(cent/kwh) 

SO2 

emissions 

(g/kwh) 

PM10 

emissions 

(g/kwh) 

Baseline 

Subcritical 

Pulverized 

Plant 

680 30 32% 0.968 0.871 10.97 0.957 

IGCC 1150 30 39.5% 0.784 0.981 0.09 0.194 

AFBC 950 30 37.5% 0.826 0.888 0.47 0.817 

PFBC 1125 30 39.5% 0.784 0.969 0.44 0.582 

OILCC 600 20 40% 2.331 0.58 0.62 0.361 

GASCC 800 20 40% 2.079 0.8 0.04 0.032 

Source: Cao (2004) 
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Figure 3.47: SOX, NOX and particulate emission between different technologies 

 
Source: Zhao et al. (2008) 
 

The way an IGCC power plant operates can be seen on figure 3.48. In a first step, the solid or 

liquid fuel is converted into syngas, which is a mixture of hydrogen and carbon monoxide 

(Maurstad O., 2005; MIT, 2007). The second step is the conversion of syngas to electricity in a 

combined cycle power block that is made of a gas turbine process and a steam turbine process 

that comprises a Heat Recovery Steam Generator (HRSG). The exhaust heat is recovered to 

produce steam (Liu et al., 2008). The current efficiency is around 40 percent and could be 

increased to above 50 percent in the future (Liu et al., 2008). However, this rate is lowered when 

carbon capture and storage is installed. The CCS technology will be detailed further in this part 

and the diagramme representing an IGCC power plant with this technology, can be seen in annex 

3.5. It is noteworthy that a feasibility study of a 300-400 MW IGCC power plant in Shangdong 

Province has been agreed upon (IEA, 2004).  
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Figure 3.48:  IGCC process without CO
2 

capture  

 
Source: Maurstad (2005)  

 

Other authors found the IGCC a potential option to tackle the pollution issue in China and in 

developing countries, more generally speaking. Sims et al. (2003) compared the cost of 

mitigating carbon emissions in non-annex 1 countries (such as China), according to the 

generating technology chosen. The results (table 3.49 below) show that in those countries, IGCC 

supercritical can be a viable option as well as gas or nuclear (the two latter will be reviewed in 

the next part).  

 

Table 3.49: Cost estimates of alternative mitigation technologies in the power 

generation sector compared to baseline coal-fired power stations and potential 

reductions in Carbon emissions to 2010 and 2020 for non-Annex I countries 

 
PF, pulverised fuel; fgd, flue gas desulphurisation; IGCC, integrated gasification combined cycle 
Source: Sims et al. (2003) 
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In its 2007 report, the NDRC highlighted the importance of technology in addressing climate 

change and that of technology transfers and cooperation and found that technological 

improvements on coal-fired power plants could save 110 Mt of CO2 by 2020.  

 

As already stated, the clean coal technologies (CCT) could play an important role in addressing 

those environmental issues as it would enable China to keep on relying on coal and reducing its 

environmental burden at the same time. CCT is a technical system made of several technologies 

used at different levels of the process such as coal mining, combustion, conversion and pollution 

control (Steenhof, Fulton, 2007). Table 3.50 below compares the technical characteristics of a 

CCT and of a sub-critical coal-fired power plant, which is currently the most widely used 

throughout China.  

 

Table 3.50: Characteristics of sub-critical generation units versus clean coal 

technology 

 
Source: Steenhof, Fulton (2007) 

 

Thermal efficiency and carbon emissions rates are much better in the CCT case. Switching to 

these kinds of technologies would enable huge savings in coal consumption and noxious 

emissions. For instance, should a fourth of the 1,500 TWh of electricity generated from coal in 

2003 had come from supercritical power plants, the 530 million tonnes of coal that were needed 

would have been reduced by 4 percent (or 20 million tonnes) (Steenhof, Fulton, 2007). The stage 

of development of CCT differs from one technology to another in China. While coal-washing, 

Flue Gas Desulphurisation, Circulating Fluidized Bed Combustion are in commercial operation; 

supercritical units and large coal gasification technology are only under development (Steenhof, 

Fulton, 2007).  

 

The table below displays the emission of carbon in different cases and Chinese coal-fired power 

plants emit much more CO2 per KWh generated than global standard. It is even clearer with 

advanced cleaner coal or supercritical coal with carbon capture. Indeed, the emissions are 

reduced respectively by 22, 36 and 92 percent. This could lead in the last case to a reduction 

310.8 Mt of CO2 per power plant over its lifetime. It underlines the importance of an early 
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technology transfer. UNDP (2007) shows that an accelerated technology transfer in the Chinese 

coal sector would enable to save 1.8 Gt of CO2 in 2030.  

 

Table 3.51: Carbon emissions are linked to coal plant technology 

 
Source: United Nations Development Programme (2007) 

 

Even though this solution has an important initial cost, wet Flue Gas Desulphurisation (or wet 

FGD) can get more than 95 percent of desulfurisation efficiency (Xu et al., 2000). FGD is the 

widest applied solutions to tackle SO2 and enables an industrial plant to reduce up to 99 percent 

of its emissions (Kaminski, 2003). This measure can be broken down into four different 

categories (Kaminski, 2003):  

� Wet-scrubber technologies;  

� Spray-dry scrubber technologies;  

� Dry-scrubber technologies;  

� Combined SO2 / NOx removal-process technologies.  

 

The first one is the solution that is the most widely used with a market share of approximately 84 

percent (Kaminski, 2003).  

 

Table 3.52 below (and table 3.45) shows key data on desulphurisation processes. IGCC and 

PFBC have been added as these two technologies also remove sulphur dioxide. Wet FGD 

removes more sulphur dioxide but is more expensive and involves a bigger generation efficiency 

loss than the semi-dry FGD (Ma, 2002).  

 



Part III: An environmentally sustainable development strategy for China: An application to the 
Chinese power sector 

  265 

Table 3.52: Desulphurization technologies 

 
Source: Ma (2002) 

 

In table 3.53 below are displayed the different data for clean coal technologies in terms of 

efficiency cost and emissions rates.  

 

Table 3.53: Assumed clean coal technologies data 

 
Source: Takeshita, Yamaji (2002) 

 

While SOX emissions are greatly reduced by the introduction of technologies such as FGD or 

process such as coal washing, CO2 emissions are not affected by those choices. Takeshita, 

Yamaji (2002) found that coal washing and FGD were the best solutions to reduce SOX 

emissions. Those emissions could be reduced to 10 percent of their 2002 levels in 2022 by their 

simultaneous introduction. Yet, CO2 emissions would not be tackled in that case. According to 

them, natural gas-fired and nuclear power plant, and in a least extent Supercritical coal-fired 

power plant are best to address the CO2 issue.  

 

The China Energy Sustainable Program (2005b) made an assessment of the potential adoption of 

clean coal technologies in China at the horizon 2020 and its expected effects. Three options were 
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made depending on the level of technological development: low, medium and high. In the 

medium option, they found that the SO2 emissions arising from the power sector would be 

reduced by 5.648 million tons a year.  

 

As for CO2 emissions, a potential way to tackle them is the implementation of the CCS 

technology. Figure 3.54 below shows the expected growth of CO2 capture and storage, according 

to the IEA scenario (2008c). Most of growth will occur between 2020 and 2040. In 2050, 5.1 Gt 

could be captured and stored, mostly from the power sector. It should be noted that those 

calculations apply to the whole world and not only to China.  

 

Figure 3.54: Growth of CO2 Capture and Storage in the ACT Map Scenario 

 
Source: International Energy Agency (2008c) 

 

Carbon dioxide can be found naturally in underground reservoirs in various parts of the world 

and part of it is released when oil or gas is extracted (Sims et al., 2003). Hence, theses sites can 

serve as potential storage for the captured carbon dioxide. The carbon capture and storage (CCS) 

is one the most cited technology to address climate change. The IEA (2007b) found that it 

represented 20 percent of CO2 savings in its stabilisation scenario. It is worth noting that all coal-

fired power plants can be retrofitted to capture CO2. The technical comparison of Pulverised Coal 

(PC) and Integrated Gasification Combined Cycle (IGCC) power plant can be found in table 

3.55. One can notice that the carbon capture and storage technology greatly reduces the 

efficiency of plants (between 20 and 30 percent less, depending on the technology) when 

retrofitted; but on the other hand, reduces the carbon dioxide emissions by more than 80 percent.  

 



Part III: An environmentally sustainable development strategy for China: An application to the 
Chinese power sector 

  267 

Table 3.55: Technical Comparison of PC, Baseline IGCC and Pre-investment IGCC 

 
Source: Sekar (2005) 

 

In principle, the CCS technology can be applied to any fossil-fuel or biomass combustion activity 

but only large point sources rejecting huge amounts of CO2 can benefit from the economies of 

scale that will make this technology cost-effective. Hence, power generation is one of the best 

candidates (IEA, 2004). The CCS process can be decomposed into three stages: capturing the 

CO2 and compressing it, transporting the CO2 by tanker or pipeline and storing the CO2 (IEA, 

2007b). As for the CO2 storage, several options can be considered. It can be used to enhance oil, 

gas or coal bed methane recovery, be stored in depleted oil or gas reservoirs or in deep saline 

aquifers or stored in oceans via tankers or pipelines (Heddle et al., 2003). The difference between 

storage in oil reservoirs and enhancing oil recovery is that in the second case CO2 is seen as a 

value added product (Heddle et al., 2003). According to the IEA (2008c), most of the CO2 

storage will be made in deep saline formations by 2050. As for China, preliminary estimates 

show that storage volumes are 12 Gt of CO2 located in 68 un-mineable coal-beds with methane 

recovery, 7 Gt split in 46 oil and gas reservoirs and 1,000 Gt CO2 to 2,000 Gt CO2 divided in 24 

deep saline formations (IEA, 2008c). Some of these possibilities are represented in figure 3.56.  
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Figure 3.56: Schematic diagramme of a CCS system  

 
Source: CO2 capture project (http://www.co2captureproject.org/technologies/tech_index.htm) cited in Liang et al. 

(2007) 

 

CO2 enhanced oil recovery has been applied for nearly three decades and thus, this technology is 

mature, even though it was developed from an oil recovery point of view and not from the 

viewpoint of CO2 storage (IEA, 2004).  For example, the US CO2 enhanced oil recovery was 206 

thousands barrels per day in 2003 (IEA, 2004).  

 

As installing a CCS process leads to an important loss of efficiency, the first step is to invest in 

high efficiency power plants (IEA, 2004). The other problem of this technology is its cost. The 

cost of employing a full CCS system on a fossil fuel-fired power plant is mostly driven by the 

cost of capture (IPCC, 2005). Overall, the deployment of CCS becomes cost-effective when 

carbon price reaches 25-30 US $ / t CO2 (IPCC, 2005). A more recent study (IEA, 2008c) 

showed the costs were US $ 40-55 / t for coal-fired plants, and US $ 50-90 for gas-fired plants, 

for a tonne of CO2 captured. The table presented in annex 3.6 summarises performances of new 

fossil fuel-fired power plants (size range 300 – 800 MW) with current commercial technology. It 

significantly decreases emissions of carbon dioxide: for example, CO2 emissions per KWh are 85 

percent lower for coal-burning power plant and the same reductions can be achieved for a NGCC 

or IGCC power plant. However, the costs are significantly higher with the capture technology: 

while the cost of electricity generated is roughly 40 to 70 percent higher with coal-burning power 
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plant or NGCC; it increases by 20 to 55 percent in the case of IGCC (IPCC, 2005). Results are 

summarised for the whole technology in table 3.57.  

 

Table 3.57: Range of total costs for CO2 capture, transport, and geological storage 

based on current technology for new power plants:  

 
Source: Intergovernmental Panel on Climate Change (2005) 

 

Even though prices of electricity generation do increase a lot (between 21 and 91 percent 

depending on the technology and other variables), carbon dioxide avoided range between 81 and 

91 percent; which would make electricity almost carbon free, even if it is made from coal. 

Besides, the costs are greatly reduced when using enhanced oil recovery as storage. As it reduces 

costs of oil recovery, the increase in costs due to CCS technology fall and lie between -10 and 63 

percent, depending on the technology chosen (IPCC, 2005). This technology could bring 

interesting results for China, as it would enable it to use coal in a more environmental-friendly 

manner. This is why China has included CCS as a leading-edge technology in its 11th Five-year-

Plan (2006-2010) (IEA, 2008c). Besides, China participates actively in the IEA and the Carbon 

Sequestration Leadership Forum activities and is part of numerous multilateral and bilateral 

programmes with for instance, the US, the EU, Japan or Australia (IEA, 2008c). Table 3.58 

below displays the Chinese roadmap for the Carbon Capture and Storage technology.  
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Table 3.58: China Coal Research Institute Technology Roadmap for CCS 

 
Source: International Energy Agency (2008c) 

 

The figure below shows the expected effect of the introduction of a SO2 tax in the Shangdong 

province. On the left, one can see the power mix in the Business-As-Usual scenario while on the 

right is displayed the power mix after the introduction of a sulphur tax158.  

 

Figure 3.59: Electricity Production in Shangdong by Technology  

 
Source: Hirschberg, Kypreos (2005) 

 

“Plain”, non-treated coal will almost not be used anymore in 2030, while the bulk of the 

electricity will be generated with power plants that either have FGD or with advanced coal 

technologies like IGCC or CCS, for example. That will considerably lower the level of the 

overall SO2 and CO2 emissions. For instance, while the BAU SO2 emissions in Shangdong 

                                                 
158 Among the three levels of sulphur, this graph shows the consequences of the introduction of the highest tax 
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represent about 5 Mt (including almost 3 from the electricity sector), they drop to 1.2 (and 0.3 

from the electricity sector) in the high sulphur tax case.  

 

By letting prices represent the full costs in China, one can expect similar results, that is to say that 

more and more power plants will have flue gas desulphurisation (some could even be retrofitted), 

that coal will increasingly be washed and that more performing plants will be built. Also, one 

should bear in mind that CCS technology might have an important role to play at the end of our 

study period. So, our proposal could provide incentives to foster the development and use of new 

and more efficient technologies.  

 

3.2.3.2/ Technological improvements regarding energy efficiency  

 

The efficiency of current Chinese power plants stands well below international standards. Figure 

3.60 shows current Indian and Chinese coal-fired power plants’ efficiency and emissions as well 

as OECD, state-of-the-art and R&D plants. One can then notice the potential gains for China to 

upgrade its efficiency to OECD or even state-of-the-art level and to take advantage of R&D 

through technology transfer. This difference is also increased by the fact that China uses mostly 

small power plants. For instance 43 percent of the Chinese power plants are sized between 6 and 

300 MW (Zhao et al., 2008).  

 

Figure 3.60: CO2 emissions from coal-fired power plants 

 
Source: International Energy Agency (2006e) 
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Kroeze C. et al. (2004) investigated the potential effect of different solutions to reduce emissions 

of greenhouse gases compared to a “Business-As-Usual” scenario for the period 1990-2020. As 

the current level of Chinese infrastructure is pretty low compared to international standards, the 

potential for Energy Efficiency Improvement is considerable in China. In this study, they found 

that implementing best practice technologies in numerous end use sectors would reduce by 29 

percent the electricity demand in 2020 and the greenhouse gases emissions would be cut by 43 

percent relative to the “Business-As-Usual” scenario.  

 

To underline the current difference in power plant efficiency, the CIAB (2005) estimated that 

China could save 127.6 million tons of CO2 per year, only by gaining 3 percentage point of 

average efficiency (table 3.61).  

 

Table 3.61: CO2 Reduction through Efficiency Increase 

Potential of Coal-based Power Generation in China, India and Russia that Account for some 

40% of Global Coal-fired Power Plant Capacity 

 
Source: Coal Industry Advisory Board, International Energy Agency (2005) 

 

In 2004, the average efficiency of a Chinese coal-fired power plant was 30 percent, while that of 

OECD countries was 36; which means that each unit of electricity produced in China releases 20 

percent more of carbon dioxide than in OECD (CIAB / IEA, 2005). The calculation assumes that 

on average Chinese plant will increase their efficiency up to 33 percent. Hence, these reductions 

are quite conservative in the medium term.  

 

Another IEA study (2006a) contained a similar calculation: in 2003, the hard coal-fired power 

plants in China had an efficiency of 33 percent while those of Japan had an efficiency of 42 

percent. If the Chinese plants were as efficient as the average Japanese, then the Chinese coal 

demand would be reduced by 21 percent. Currently, the average coal consumption in Chinese 

power plants is 50 gce / kWh higher than in the state-of-the-art Ultra Supercritical power plants. 

This means that a reduction equivalent to 100 Mtce a year could be performed if China were to 

use the best available technologies (IEA, 2008a). And when compared to other countries, Chinese 

fossil fuel-fired power plants generating efficiency is respectively 11%, 8%, and 10% lower than 
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that of the United Kingdom, Japan and Germany and are 6 percent below world average (Graus et 

al, 2007). According to Graus et al. (2007), the potential savings are estimated at approximately 

3,500 PJ of energy savings and more than 300 Mt of carbon dioxide (figure 3.62).  

 

Figure 3.62: CO2 savings potential with highest efficiencies in selected countries. 

 

 
Source: Graus et al. (2007) 

 

The same idea lies in the article of Mandal (2006). According to him, if the average generating 

efficiency of Chinese and Indian power plants was in the range of 40-54 percent, by applying the 

advanced super critical technologies, then their coal demand would be reduced by 30 percent in 

2015.  

 

Relatively low prices do not provide any incentives to invest in performing technologies. The 

energy price increase we are in favour of would create such incentives to facilitate the 

implementation of new, more performing technologies in China that would reduce coal 

consumption and thus, pollution.  

 

The World Bank (1997a) tried to assess the possible reduction in coal consumption, should China 

adopt the best technology available. This study published in 1997 is not up to date anymore, but 

still it has some significance as China is still far from benefiting from the best energy 
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technologies. Hence, technological leapfrogging is a great opportunity for China to decrease its 

coal intensity and thus, to improve its environment through noxious emissions reduction.  

 

Table 3.63: Adopting best-practice technology could reduce China's coal 

consumption by 20 percent 

 

Source: The World Bank (1997a) 

 

The same hypothesis has been made by Gupta et al. (2001). In their report, they found that end-

use efficiency improvements would reduce total demand for electricity by 29 percent by 2020. 

This would result in a fall of sulphur dioxide and carbon dioxide emissions respectively of 45 and 

43 percent, relative to the “Business-As-Usual” scenario (table 3.64).  

 

Table 3.64: Emissions of air pollutants from electricity production in China in 1990 

and in 2020 in the Business-as-Usual scenario (BAU) and under the best practice 

assumptions for End-use Efficiency Improvement (EEI)  

Units: Tg CO2-equivalents per year for greenhouse gases (GHG) and Tg SO2-equivalents per 

year for sulphur emissions 

 
Source: Gupta et al. (2001) 

 

The same study found that by increasing by 2 percentage points efficiency of existing power 

plants and by setting at 45 percent efficiency of new ones, this would lead to a 9 percent 
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reduction of both greenhouse gases and sulphur dioxide emissions in 2020, relative to the BAU 

(Gupta et al., 2001).  

 

On figure 3.65 below are shown the different options to reduce CO2 emissions in the IEA Blue 

Map Scenario by 2050 and their contribution (IEA, 2008a). By only focusing on power 

generation, we have not talked about issues such end use fuel switching, end use electricity 

efficiency or end use fuel efficiency. These issues, although important and representing about 

half of the potential CO2 reductions, are beyond our scope.  

 

Figure 3.65: Contribution of emission reduction options, 2005-2050159 

 
Source: International Energy Agency (2008a) 

 

Now that we saw the main areas where technological improvements could occur in the Chinese 

power sector, we will turn to the other main effects of a pollutant energy price increase: the 

diversification of the power mix.  

 

3.2.4 / Induced effects on the diversification of the energy mix  

 

Any source of energy has advantages and drawbacks and they are all characterised by social and 

economic costs. Indeed, economic costs are the costs needed to produce or extract the energy and 

to convey it to consumers while the social costs are all the risks and pollution caused by this 

source of energy. So, it appears that a good energy policy could be diversification. Indeed, China 

could try to reduce the importance of coal in its energy mix and diversify sources of supply, 

which basically means to develop use of oil and natural gas, hydropower, nuclear and renewable 

                                                 
159 The figures do not only apply for China and are applicable to the World as a whole 
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energies like wind energy or biomass160. In this part, we will not consider issues such as market 

improvements, infrastructure or distribution developments that should take place for an increase 

in consumption of these fuels to occur. We will assume that those developments will take place 

along with our proposal.  

 

Even though we will advocate for a diversification of the energy mix, we are fully aware of the 

difficulty of the task. Indeed, switching away from coal in this country is quite challenging as 

coal represents an indigenous, abundant and cheap source of energy. Even in coastal areas, where 

coal prices are quite high, coal is still a fuel of choice because of its ease of storage, use and 

availability (IEA, 2006b). Other types of energy tend to have huge drawbacks compared to coal. 

For instance, natural gas prices are high; fuel goes most of the time to high-value uses (home, 

industry…) and nuclear power needs big investment and time to be built (IEA, 2006b). However, 

even a small substitution from coal to natural gas or other cleaner type of energy, in the energy 

mix would be a good opportunity to reduce the Chinese environmental burden. And this 

diversification could be induced by an energy price increase (or the implementation of a carbon 

tax). Indeed, should the polluting energies become more expensive; other less polluting energy 

would be favoured.  

 

For instance, the Battelle Memorial Institute ranked the different options according to their 

overall costs that include technical, environmental and fuel costs, as shown in figure 3.66.  

 

Figure 3.66: Electric Power Options 

 
Source: Battelle Memorial Institute (1998) 

  

The two most favoured options are gas and wind, with overall moderate costs. In this part, we 

will analyse what could be the possible effects of the implementation of “our” price increase on 

energy diversification. This could lead to a greater use of either lower emissions fuel such as 

natural gas or renewable as well as alternative, less conventional sources of energy such as coal-

bed methane.  
                                                 
160 Commercial biomass, at the difference of what is currently used in China, traditional biomass with a high social 
cost as it has been shown in the first part.  
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3.2.4.1/ An increased use of lower emission fuels 

 

Unlike coal or oil, natural gas produces virtually no sulphur dioxide and particulate emissions 

and emits much less carbon dioxide. It has clearly a huge advantage over these two other types of 

fossil fuels from an environmental point of view and it is the reason why Li, Higano (2005) think 

this energy will have an important role to play in the “de-carbonisation”161 of the Chinese 

economy. Indeed, substituting natural gas for coal in large heating boiler, industrial boiler or 

household cooking range enables strong reductions in SO2 emissions, smoke dust, etc. 

(Xianqiang, Xiurui, 2001).  The two authors even advocate for command-and-control to push 

natural gas. Indeed, they take the example of Beijing in the designation of non-coal regions, in 

which coal-burning facilities must be replaced by natural gas or other clean fuel. This has worked 

quite well in helping control pollution. Their paper investigates the expected benefits of 

substituting natural gas to coal. Even though this paper is not directly oriented towards the 

Chinese power sector, they found that 10 billion cubic meter of natural gas could replace 2.88 

million tons of coal and that could lead to a reduction of 31.8 kt of sulphur dioxide emissions, as 

shown in table 3.67.  

 

Table 3.67: Pollutant Emission Reduction from Natural Gas Substitution in Beijing 

Reduced emission 

10,000tonne/yr 

Burning facility Natural gas 

allocation 

1 billion m3/yr 

Coal replaced 

10,000tonne/yr 

SO2 TSP 

Household cooking ranges 0.85 52.02 0.105 0.027 

Catering cooking ranges 0.58 19.87 0.134 0.096 

Drinking/bath water 

boilers 

0.64 17.96 0.151 0.069 

Industrial boilers 5.05 142.53 1.978 0.439 

Large heating boilers 2.88 55.78 0.813 0.195 

Total  10 288.16 3.18 0.83 
Source: Xianqiang, Xiurui (2001) 

 

In the above-mentioned study by Kroeze et al. (2004), a reduction of greenhouse gases from 

electricity production of 11 percent has been made possible by replacing old oil- and coal-fired 

power plant by natural gas. As we previously underlined it, historically, gas prices were 

                                                 
161 The process of de-carbonisation is being defined as “the process of decreasing the amount of CO2 discharged per 
unit usage of energy” 
Li, Higano (2005), p. 2 
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artificially kept low in order to subsidise fertiliser and industrial production. But low prices offer 

no incentive to explore or develop new fields (The World Bank, 2007). Recently, policies have 

raised gas prices to ensure recovery of infrastructure costs. Nevertheless, it is still not enough to 

induce firms into widely investing in this market. By letting the market decide the prices and stop 

subsidising industries, China would permit firms to invest normally into sectors such as natural 

gas. Besides, coupling this “market” price with a price on pollution would enable natural gas 

prices to be more economically interesting for firms. Then, they would invest and natural gas 

share could increase. If gas were to represent 9 percent of the Chinese energy mix in 2020, 

reductions in particulate, sulphur dioxide and carbon emission would be drastic (see table 3.68). 

This figure is to be compared with the one given by the International Energy Agency (2007a) 

with 5 to 7 percent of the energy mix in 2030, and 4 to 5 in 2015, depending on the scenario 

chosen (Reference or Alternative). To achieve these reductions, huge commitments towards 

natural gas should be made in the coming years (in terms of storage facilities, pipelines, fields 

development or distribution network, for instance).  

 

Table 3.68: Effect of boosting gas consumption to 9 percent in total demand in 

2020 

 
Source: Logan, Dongkun (1999)  

 

Assumptions used for these calculations are, according to the authors, “conservative” and savings 

could even be more important. So it is in China’s interest to implement a competitive energy 

market (price reform, role of international investors…) and then to create incentives, such as a 

correct pricing taking every cost into account and to invest in lower emissions sources of energy 

(Locatelli, 2004). Indeed, social costs should be reflected in prices and thus, firms would choose 

the best technology and type of energy, taking all the components into consideration.  

 

Gupta et al. (2001) investigated the case where natural gas use in the power sector was increasing 

from 1006 PJ to 3500 PJ, reducing the need for new oil- or coal-fired power plant. This would 

lead to a reduction of greenhouse gases and sulphur dioxide emissions of respectively 11 and 21 

percent in 2020, compared to the BAU. Besides it should be noted that increasing natural gas’ 
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share in China’s energy mix has other, non-environmental, advantages such as reducing foreign 

oil dependency and restraining the burden put on limited production capacity in coal (ERI, 2006).  

 

Table 3.69 below shows the relative advantage of natural gas-fired power plant over coal-fired in 

terms of SO2 emissions, as it basically removes the sulphur dioxide emissions and it also cut CO2 

emissions by a third and reduces NOX emission by 95 percent (ERI, 2006). Even with 

desulphurisation, a coal-fired power plant will still emit more SO2 than a gas-fired one.  

Table 3.69: SO2 Emission Intensities of Different Power Generation Types 

 
Source: Energy Resources Institute (ERI) of National Development and Reform Commission, and Power Economic 

Research Center of State Grid Corporation, (2006) 

 

Reducing noxious emissions could also result from the use of renewable (hydro- or wind power) 

or alternative energy sources such as coal-bed methane, as we will now study it.   

 

3.2.4.2/ An increased use of renewable and alternative energy sources 

 

One of the recommendations made by Helio International (2006) is to make use of coalmine 

methane, coal bed methane162, and gas from oil fields. Every year large amounts of these gases 

are released into the air, causing global warming and endangering the life of coalminers. These 

gases are also clean energy and valuable resources. The commercial use of these gases could be 

increased through for example, compulsory legislation or positive policy incentives. They also 

recommend providing a greater support to renewable energy. They are not competitive at the 

moment because of their high unit costs. Renewable energy development needs the support of the 

Chinese government. China has very good spots for the development of solar energy, wind 

power, and power generation with agricultural waste. Even if, in recent years Chinese 

                                                 
162 “Coal mine methane should be distinguished from coal bed methane: coal mine methane is the gas that is 
released immediately prior to or during coal mining activities, and thus has climate change impacts; coal bed 
methane is harvested as a natural gas resource”,  
International Energy Agency (2008a), p. 417 
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government has heavily invested in renewables, due to the scale of the country and its energy 

needs, it still represents on a very small fraction on the total energy mix.  

 

These resources are currently under-used and thus are wasted every day. Renewables have 

remarkably advanced over the last twenty years but it still needs to be pushed through 

governmental support and policies. For example, a correct pricing of the energy would enable 

firms to commit investment in energy capacities. Besides, a carbon tax would make renewable 

energies more attractive. Indeed, by increasing coal price, it would make renewables more cost-

competitive and firms would be incited to invest.  

 

3.2.4.2.1/ Alternative energy sources development and expected benefits 

 

All coalmines, especially those underground, emit methane, which is a greenhouse gas. 

Underground methane is highly explosive and needs to be gathered and then ventilated in order to 

assure workers’ safety. This is the second most significant greenhouse gas (after CO2) and is 21 

times more effective than carbon dioxide at trapping heat in the atmosphere (IEA, 2008a). Many 

coal mines in China have high methane content and inefficient drainage caused, in 2003, the 

death of more than 6,000 workers in underground accidents (The World Bank, 2005). Once 

captured, coal-bed methane can be used like natural gas. It is a high quality, clean energy that can 

be used by households or industries. According to the World Bank (2005), 8 to 12 billion cubic 

meters have been vented into the atmosphere in 2004 during mining operations in China. The 

purity of the captured methane, between 35 and 75 percent enables it to be used on site for power 

generation, sold for local use or purified for sale as pipeline gas; the latter option being only 

possible in case of large projects (IEA, 2008b). The Chinese reserves are evaluated at 30-55 

trillion m3 while its natural gas reserves are estimated to be 25-40 times lower (Michaelowa et 

al., 2000; Logan, Dongkun, 1999). As China is the world’s largest coal producing country, it 

benefits from abundant coal-bed methane resources linked to its coal exploitation. In January 

1998, Texaco contracted with the China United Coalbed Methane Corporation (CUCBM) a 

project that became operational in 2001. This has been followed by several contracts and 

CUCBM forecasted capacity is 10 billion m3 in 2010 (Michaelowa et al., 2003). By increasing its 

Coal-bed methane capacity, China will decrease greenhouse gases emissions in two ways 

(methane will not be vented into the atmosphere and a clean energy will be used instead of coal) 

as well as reduce explosions in mines and will even generate revenues for the mining companies. 

This is why NDRC (2007) sees this solution as a way to improve the coal industry as it would 

decrease the number of accidents, reduce pollution and improve rates of resource utilisation. 

Developing this type of energy could reduce greenhouse gases emissions by 200 Mt of CO2 

equivalent by 2010 (NDRC, 2007). Besides, in developing countries such as China, the Coal-
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mine methane projects can benefit from the Clean Development Mechanisms. This is why many 

projects have been started in China (IEA, 2008b).  

 

3.2.4.2.2/ Renewable development and expected benefits  

 

China has a technical wind potential of 250 GW (Zhengming et al., 1999). This is a promising 

field for CDM projects. Indeed, foreign investors could be tempted to invest in China. The 

installed capacity has been growing for the past few years but the level is still quite low. It only 

uses 2,588 MW (in 2006) over the 250 GW of wind potential, due to high power costs, technical 

difficulties and distorted markets. However, an increase of fossil-fuels costs would make it more 

interesting on a financial ground.  

 

Despite the major potential, installed large-scale wind power has grown irregularly and much less 

than in other countries. This is why for Gipe (2000) “China continues to prove a great 

disappointment”163. However, according to Sinton et al. (2000), by developing 20 percent of its 

wind resources (50 GW), China could displace the need for 60 Mt of coal which would reduce 

sulphur dioxide emissions by 1Mt and that of carbon by 30 Mt.  

 

Wind and solar power could provide electricity for rural users in Inner Mongolia Autonomous 

Region (IMAR) (Zhou, Byrne, 2002). IMAR is rich in wind and solar energy and these two 

sources are complementary. In winter, wind is high whereas sun is low and in summer, this is the 

contrary. The same study has been applied to Qinghai Province and to Xinjiang Uygur 

Autonomous Region. In both cases, wind energy would not be enough but solar resources are 

abundant. So, providing these regions with technologies that could use these resources and 

transform them into energy would be efficient, as it would significantly reduce pollution. This 

would also be more interesting for these populations on an economic basis, as shown in table 

3.70.  

                                                 
163 Gipe (2000), p. 138  
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Table 3.70: Levelized cost for Photovoltaic (PV), Wind and Hybrid system in Inner 

Mongolia Autonomous Region (IMAR), Xinjiang and Qinghai 

 
Source: Zhou, Byrne, (2002) 

 

The least cost configuration would be wind only and hybrid systems for IMAR and Photovoltaic 

or hybrid system for Qinghai and Xinjiang. In these three provinces, renewable energy systems 

are economically superior to conventional energy options. This statement is true before taking 

into account social and environmental benefits (Zhou, Byrne, 2002). So if the Chinese energy 

markets were competitive and if energy prices reflected their external effects as well, these 

renewable energies would be even more interesting for these populations and maybe this would 

create the incentives needed to commit these investments. The size of the Chinese market could 

also provide good incentives to foreign firms (along with CDM) to invest in those technologies to 

improve them and lower their prices.  

 

Another study (Lew, 2000) highlights the same idea. China is endowed (in the North and in the 

Southeast) with world-class wind resources and this solution would be in some regions, like 

IMAR, cost-competitive. Besides, its resources are usually complementary to coal and 

hydropower resources (Lew, 2000). In the Southeast coast of China, coal is expensive due to the 

fact that local coal supply is limited and that it has to be transported over a long distance. 

Therefore, its important wind resources have very good prospects (Lew, 2000). And according to 

Liu et al. (2002), the great potential for wind power in China provides a good basis for 

development of wind-farms, assuming that this source of energy has reached technical maturity. 

They see this type of energy as a credible alternative to coal-fired power generation.  

 

Generally speaking renewable energy in China are under-utilised. As shown in table 3.71, the 

potential capacity for renewables in China far exceeds the actual use.  
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Table 3.71: Existing (2004) and potential capacity for renewable energy in China 

 
Source: Cherni, Kentish (2007) 

 

Renewables are far less used than they could potentially be and this is due to several barriers such 

as high cost of development, failure to connect to the grid or institutional barriers (few low-

interest loans, for example) (Cherni, Kentish, 2007). However the recent “Renewable Energy 

Promotion Law” that came into effect on January 1st 2006, enables the promotion of renewable 

energy technologies. This is the first policy of this kind in China (Cherni, Kentish, 2007). This 

law helped remove some of the barriers to the development of renewables. So, this law is a good 

opportunity to see renewables’ use increase in China. This would have even a greater effect 

should the fossil-fuel become more expensive, as the renewables would become comparatively 

cheaper. It should also be underlined that an increase of renewables in the energy mix would help 

increase the security of supply as most of these sources are indigenous.  

 

China is accelerating the development of nuclear and the government is targeting 40 GW of 

nuclear capacity by 2020 (Nguyen, 2007; IEA, 2006b; IEA, 2007a)164. The competitiveness of 

nuclear power plant has been increased in recent years and an assessment from the IEA showed 

the cost-competitiveness of nuclear power compared to coal-fired and gas-fired technologies 

(Nguyen, 2007). As much of the cost of nuclear power comes from capital and operation and 

maintenance costs, a rise in energy or uranium prices would have little effect on electricity costs. 

On the contrary, as gas-fired or coal-fired power plant are much more fuel-dependant, then an 

increase in fuels prices would have a dramatic effect on electricity costs, as shown on figure 3.72.   

 

                                                 
164 Besides, we saw in the first part that this figure could even reach 120-160 GW in 2030 
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Figure 3.72: Impact of a 50 percent increase in fuel prices on generating costs 

 
Source: Nguyen (2007)  
 

This shows that an increase in coal prices through a subsidy removal and a tax would make 

nuclear more cost-effective and hence could spur investment towards a less carbon-intensive way 

of generating electricity. Implementing a carbon tax would have the same outcome. Hence, 

increasing fossil fuel prices would create incentives to build new nuclear power plants instead of 

coal- or gas-fired plants. This would decrease the overall Chinese carbon emission as well as 

increase its energy security. Besides, as the coal production zones (mainly in the Western of 

China) are far from the coal consuming zones (mainly coastal areas), it would reduce 

transportation issues that raise coal costs.  

 

In their China's National Climate Change Programme, the National Development and Reform 

Commission (2007) listed a few measures to tackle the greenhouse gases emissions issue. The 

report notifies that by 2010, 500 Mt of CO2 can be saved through the development of 

hydropower; 50 Mt thanks to nuclear power and 60 Mt with the utilisation of solar, wind, tidal 

and geothermal energy. These figures relate to 2010; hence, further improvements could be 

expected, should it be done during 20 years.  

Zhu et al. (2005) assessed the potential reductions in noxious gases emissions thanks to a 

substitution of coal-fired power plant by hydropower in Northeast China. The results, displayed 

in table 3.73, show that 0.1 Mt of sulphur dioxide and 25 Mt of carbon dioxide would be saved 

for each 5 GW of hydro installed instead of coal-fired power plant. Assuming that the potential 

capacity is far from being used in the case of hydro-power, this leaves big room for 

environmental improvements.  
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Table 3.73: Reduction of emissions as a result of substitution of hydro for coal-

fired electricity in Northeast China 

 
Source: Zhu et al. (2005) 

 

Table 3.74 below shows average efficiency and average CO2 intensity by fuel in China in 2000. 

One can notice that any substitution away from coal would have positive environmental 

implications as coal emits for instance twice as much CO2 as natural gas while renewables do not 

emit carbon at all.  

 

Table 3.74: Breakout by fuel type electricity sector in 2000 

 
Source: Cai et al. (2007) 

 

According to ADB (2006), for each percentage increase in total power generation of nuclear 

power or hydropower (and renewable more generally speaking), 4 million tons of coal would be 

saved and this would leave to a reduction of carbon emissions of roughly 2 million tons (or the 

equivalent of 7.3 million tons of CO2).  

 

Some of these technologies are already cost-competitive, even without putting a price on negative 

externalities and these costs are expected to decrease in the years to come, as new materials might 

be discovered and that economies of scale will be exploited (OECD, 2006).  

 

The examples given in the latter two points (technological improvements and diversification), 

have shown different solutions that can either limit the emissions of noxious gases or reduce the 
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use of coal (which in turn will also reduce emissions of polluting gases). These options have not 

incorporated the benefits that would be witnessed in other sectors of the economy or obtained 

through other channels such as end-use energy efficiency improvements. Hence, this price 

increase solution could lead to the needed reduction in noxious gases (among which sulphur 

dioxide and carbon dioxide correspond to the biggest threat) that would put the Chinese power 

sector and the Chinese economy as a whole back on sustainable tracks; and thus, enable it to 

reach the Full Sustainability scenario defined previously.  

 

However, changes are not easy to implement and numerous barriers exist, as we have already 

mentioned. Before confronting our econometric models to marginal abatement cost curves, we 

will present a model incorporating the two elements that we have just studied.  

 

3.2.5/ Efficiency and Diversification from an econometric point of view  

 

The aim of this point is to bring a mathematical proof of the usefulness of an enhancement of the 

efficiency in the power sector as well as a diversification of the energy mix, thanks to an 

econometric model. This time, we will not run two models for clarity reasons and also because 

we merely intend to give a statistical approval on what has been said earlier. The model we will 

run will only focus on carbon dioxide emissions.  

 

3.2.5.1/ Methodology and data  

 

These emissions will be taken on a per capita basis and come from the same database than in the 

previous econometric work, that is to say the IEA database. They will be explained by three 

variables. As we want to highlight the importance of the power sector, the first two variables will 

be the consumption of electricity per capita (called “elec” in the model) and a proxy for the 

efficiency of the power generation in China (“eff” in the model). The third variable will be an 

indicator of the diversification of the Chinese energy mix (“swi”). Data on electricity per capita is 

obtained thanks to the National Bureau of Statistics of China (2007) for the total consumption 

divided by the population given by the OECD database. Then, in order to assess the efficiency of 

the power sector we use the ratio of coal consumed by the power generation sector divided by the 

electricity generated from coal. If one needs less coal to produce the same amount of electricity, 

then the ratio will decrease so that the bigger the ratio, the less efficient the sector is. Assuming 

that most of the electricity generated comes from coal, it is a good proxy of the level of efficiency 

of this sector. The database used has been that of the International Energy Agency and the period 

covered is the same as before, i.e. 1980-2005.  
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The last variable will be the Shannon-Wiener Index (also known as Shannon Index or Shannon-

Weaver Index) that will be used as an indicator of the diversification of the energy mix. When 

talking about diversification, one has to refer to Stirling. Stirling (1999) used diversity as a 

concept with three subordinates:  

� Variety defined as the number of options in the portfolio, in which the quantity in 

question (energy in our case) can be partitioned;  

� Balance that refers to the pattern in the spread of the quantity across the different 

categories;  

� Disparity, taken as the nature and degree to which the sources differ from each other.  

 

He addressed the question of capturing the notion of diversity in one single and quantitative 

index. However, as noted by Jansen et al. (2004), there is no easy way to capture disparity. Thus, 

according to Hill (1973, cited in Stirling, 1999), if one only takes into account variety and 

balance, then indicators take the form of:  

 

∆a = Σi (pi
a) 1/(1-a)                 (3.9) 

 

Two indicators of this type are well known: the Herfindahl-Hirschman concentration index, when 

setting a = 2 and the Shannon-Wiener Index, when setting a = 1. The dual concept diversity index 

that is the most appropriate in that case is the Shannon-Wiener Index165. We will use this 

formulation as our indicator to account for the diversification of the Chinese energy mix:  

 

∆1 = - Σi (pi) ln pi                                      (3.10) 

 

Where pi is the share of primary energy source i in total primary energy supply. These shares 

have been found on the IEA database and the working period remains the same (1980-2005). It is 

noteworthy that this indicator is widely used to account for the diversification of energy sources 

(Grubb et al., 2006; Jansen et al., 2004 among others). Lastly, the higher the value taken by this 

index, the more diverse the mix is.  
 

One can then start the econometric work by representing the three variables as well as the 

emissions in logarithms (figure 3.75). One can see that emissions as well as electricity 

consumption are increasing over the period. Since our proxy for the efficiency is decreasing, the 

power sector has been more and more efficient. Lastly, the energy mix has become more diverse, 

                                                 
165 Besides, it is the one preferred by Stirling:  
“there are good reasons to prefer the Shannon function as a robust general ‘nonparametric’ measure of dual 
concept diversity”,  
Stirling (1999), p. 57 
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at the exception of the last few years when the growth of energy demand has largely been met 

with coal.  

 

Figure 3.75: Representation of the explanatory variables as well as emissions, 

expressed in log  
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Source: EViews 

 

Again, the first step is to look for possible integration of the variables. A variable is called 

integrated of order d, I(d), if it has to be differentiated d times to become stationary. We apply the 

Augmented Dickey-Fuller (ADF) unit-root test to analyse the stationarity characteristics of the 

variables (table 3.76).  
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Table 3.76: Augmented Dickey-Fuller (ADF) unit-root test results  

Variables Form Value 

Level 0.101897 
Log(em)  

1st Difference - 2.727300 *  

Level - 0.309119 
Log(elec) 

1st Difference - 3.296436 ** 

Level - 2.316279 
Log(eff) 

1st Difference - 4.153984 *** 

Level - 1.371839 
Log(swi) 

1st Difference - 3.736682 **  

Critical values are given by MacKinnon (1996). The symbols (*) (**) (***) respectively denote 

the 10, 5 and 1 percent significance level.  
Source: Eviews  

 

The results presented in table 3.76 suggest that the null hypothesis of a unit root (that is to say 

testing for non-stationarity) is accepted when the four series are in level but is rejected when 

these series are in first differences. Then, it means that those series are I(1), the percentage 

significance level depending on the series. As those variables are all integrated of the same order, 

we will now test for co-integration and for the same reasons that before, we will use the Johansen 

procedure. The results of this co-integration test166 are given below.  

 

Table 3.77: Johansen co-integration results for the diversity / efficiency model:  

     
     Hypothesized  Trace 0.05  

No. of CE(s) Eigenvalue Statistic Critical Value Prob.** 

     
     None *  0.731014  53.70087  47.85613  0.0128 

At most 1  0.456294  22.18656  29.79707  0.2883 

At most 2  0.267815  7.562228  15.49471  0.5133 

At most 3  0.003365  0.080889  3.841466  0.7761 

     
      Trace test indicates 1 cointegrating eqn(s) at the 0.05 level 

 * denotes rejection of the hypothesis at the 0.05 level 

 **MacKinnon-Haug-Michelis (1999) p-values  

Source: EViews  

 

As a relation of co-integration exists among those variables, an Error Correction Models can be 

set up. The methodology remains the same and the two steps will now be presented.  

                                                 
166 For clarity reasons, only the trace test will be displayed now  



Part III: An environmentally sustainable development strategy for China: An application to the 
Chinese power sector 

  290 

3.2.5.2/ The Diversity / Efficiency model 

 

One needs first to estimate the long-run relationships between variables through an Ordinary 

Least Squares method (figure 3.78).  

 

Figure 3.78: Long-Term OLS equations  

     
     Variable Coefficient Std. Error t-Statistic Prob.   

     
     C 1.530895 0.145695 10.50756 0.0000 

LOG(ELEC) 0.547126 0.023708 23.07744 0.0000 

LOG(EFF) 0.350695 0.107848 3.251750 0.0037 

LOG(SWI) -1.604768 0.234759 -6.835815 0.0000 

     
     R-squared 0.984790     Mean dependent var 0.763280 

Adjusted R-squared 0.982716     S.D. dependent var 0.252806 

S.E. of regression 0.033236     Akaike info criterion -3.829698 

Sum squared resid 0.024303     Schwarz criterion -3.636145 

Log likelihood 53.78608     F-statistic 474.7967 

Durbin-Watson stat 0.423327     Prob(F-statistic) 0.000000 

     
     

Source: EViews  

 

This equation can be written as:  

 

log(em) t = 1.531 + 0.547*log(elec) t + 0.351*log(eff) t - 1.605*log(swi) t + ε t           (eq 3.11) 

 

This can be re-written as follows, in order to express the error-correction term:  

 

ecterm t = e t = log(em) t - 1.531 - 0.547*log(elec) t - 0.351*log(eff) t + 1.605*log(swi) t + ε t             

                 (eq 3.12) 

 

Then, one needs to insert the lagged error-correction term to run the second step (table 3.79).  
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Table 3.79: Short run dynamics with the error-correction term  

     
     Variable Coefficient Std. Error t-Statistic Prob.   

     
     C -0.018934 0.008952 -2.115071 0.0486 

DLOG(ELEC) 0.722476 0.126356 5.717787 0.0000 

DLOG(EFF) 0.143118 0.078734 1.817748 0.0858 

DLOG(SWI) -1.947181 0.200061 -9.732953 0.0000 

DLOG(EM(-1)) 0.112435 0.081379 1.381626 0.1840 

ECTERM(-1) -0.304503 0.121172 -2.512983 0.0217 

     
     R-squared 0.937642     Mean dependent var 0.040787 

Adjusted R-squared 0.920320     S.D. dependent var 0.051321 

S.E. of regression 0.014487     Akaike info criterion -5.418847 

Sum squared resid 0.003778     Schwarz criterion -5.124334 

Log likelihood 71.02617     F-statistic 54.13110 

Durbin-Watson stat 1.858294     Prob(F-statistic) 0.000000 

     
     

Source : EViews 

 

This regression gives the following equation  

 

∆log(em) t = -0.019 + 0.722*∆log(elec) t + 0.143*∆log(eff) t - 1.947*∆log(swi) t + 

0.112*∆log(em(t-1)) - 0.305*ecterm(t-1) + ε t                             (3.13) 

 

That can be re-written as follows by replacing the lagged error-correction term by its value (see 

equation 3.12):  

 

∆log(em) t = -0.019 + 0.722*∆log(elec) t + 0.143*∆log(eff) t - 1.947*∆log(swi) t + 

0.112*∆log(em(t-1)) - 0.305*[log(em) (t-1) - 1.531 - 0.547*log(elec) (t-1) - 0.351*log(eff) (t-1) + 

1.605*log(swi) (t-1)] + ε t                            (3.14) 

 

The last equation (3.14) is the Error-Correction Model applied to the diversification / efficiency 

issues in China, over the period 1980-2005. Over the long-run, all the variables are significant; 

and over the short-run only the variables ∆log(em(t-1)) is not significant at 10 percent. The Durbin 

Watson statistic (1.858) shows that there is no serial correlation and thus, warrants the results. 

The adjusted R² (0.920) is also significant. Before detailing the results, we will attest that the 

residuals can be considered as white noise (figure 3.80).  
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Figure 3.80: Residuals correlogram  

 
Source: EViews  

 

3.2.5.3/ Conclusion and limitations of the Diversity / Efficiency Model 

 

When looking at the signs of the variables’ coefficients (eq 3.14), one can notice that they are as 

expected. An increase in the per capita consumption of electricity will induce both at short- and 

long-term a rise in per capita CO2 emissions. The efficiency coefficient being positive, we can 

conclude that the more efficient the production of electricity from coal is, the less carbon dioxide 

will be emitted, on a per capita basis. The negative coefficient associated to the Shannon-Wiener 

Index underlines the fact the more diverse the energy mix, the better it is, from an emission point 

of view. Besides, the different t-statistics are, in general, fairly good. Lastly, the speed of 

adjustment of the system is – 0.305, which means that each year 30.5 percent of any divergence 

from the long-term relationship will be cleared.  

 

Overall, this model corroborates the idea behind the second part that a more efficient use of the 

coal (in the economy and in the power sector in particular) as well as a more diverse energy mix 

will yield positive results for the Chinese environment. Indeed, we have had a qualitative analysis 

so far, showing what could be done and areas likely to be improved both from a technological 

and from a diversification point of view. We reviewed new technologies and possible upgrades of 

current Chinese technologies and locations where other sources than coal could be cost-

competitive. The Diversity / Efficiency Model backs up these ideas, as it proves that the per 

capita emissions are positively correlated to the efficiency and negatively to the Shanon-Wiener 

Index. What should be underlined in this case is the coefficient of the Shanon-Wiener compared 

to that of efficiency. Indeed, our quantitative analysis shows that a diversification would yield 
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better results in terms of pollution mitigation than an improvement of the efficiency of the power 

sector.  

 

The main limitations of the models are the choice of the indicators. Indeed, another way of 

defining the efficiency or the diversification could have been chosen. However, we do think that 

these specifications capture part or the totality of those notions. Another one is the fact that this 

model is used as a way to predict future behaviours, although it is based on past data.  

 

We will now review marginal abatement cost curves and compare them to the level of our tax to 

assess the expected changes following our proposal and will then be able to analyse the timing 

and which solutions would be preferred. We will also confront the expected reductions to the 

reductions required to reach the Full Sustainability scenario in an attempt of empirical 

verification.  

 

3.2.6/ A more sustainable power mix 

 

This last point will aim at pointing out what changes could occur within the Chinese power sector 

following the introduction of a carbon tax or any equivalent measures. For clarity, we will 

assume that a carbon tax will be implemented, which will enable us to compare marginal 

abatement costs to the level of the tax. So after calculating the level of this tax over the period 

2009-2030, we will review studies on marginal abatement costs curves and conclude with the 

order in which technological or diversification solutions may arise. Although we intend to focus 

on the Chinese power sector, we will mention opportunities to reduce carbon emissions in other 

sectors.  

 

One may recall that while the Business-As-Usual scenario forecasted Chinese CO2 emissions at 

11.5 Gt in 2030, the Full Sustainability Scenario advocated for them to be reduced at only 6.1 Gt 

in 2030. Demonstrating with marginal abatement cost curves that a carbon tax would enable a 

reduction of approximately 5.4 Gt in CO2 emissions at this horizon would simultaneously 

empirically validate our scenarios, our econometric works and our solution. We will also look 

more specifically at the Chinese power sector, trying to validate the results concerning the power 

sector too.  

 

To be consistent with our previous econometric works, we calculate the first year carbon dioxide 

price by using the price of coal and oil. We take the average 2005 value of steam coal and diesel 

and then, by taking into consideration coal’s and oil’s shares in CO2 emissions and their 

respective carbon content, we calculate a CO2 price for the year 2005. By taking 8.89 percent of 
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this value (on the basis of our econometric work), we calculated our first-period (2009) CO2 tax 

level. Then, we assume an increase by 8.89 percent every year, excluding inflation167. Those 

simple calculations can be found in annex 3.7.  

 

The idea behind marginal abatement cost curves is to analyse and calculate the cost of shadow 

prices for carbon emission reduction. Different technologies or fuels are evaluated and the carbon 

abatement is calculated as being the difference between the full cost of abatement option and that 

of baseline scenario divided by the reduction in carbon emissions due to abatement option. For 

instance, the abatement cost of a gas-fired power plant is the difference between the cost of 

building and running such a plant and costs of running a coal-fired power plant of comparable 

size. Then, this figure is divided by the expected reduction in greenhouse gases. The result can be 

either positive or negative. A negative cost implies a situation where there is net saving for the 

economy. On the other side, a positive value means that abatement may be achieved but would 

incur costs over the option’s lifetime. These options are then classified, their potential assessed 

and the solutions mapped. Those kind of reports take into account while assessing technologies, 

technical applicability, technical maturity, material supply and different other constraints. There 

are only few studies on marginal abatement costs and even fewer applied to China. Hence, we 

will first review reports at an international level and will finish by two reports that focus on 

China.  

 

The English Department for Environment, Food and Rural Affairs (DEFRA) published a report 

on marginal abatement cost curves in 2006. They focused on three sectors: domestic, non-

domestic and industrial and applied their calculations to the UK. They defined the carbon social 

cost at a price between £35 and £140 per ton of carbon and found a potential of 14.6 Mt of carbon 

in 2020 for cost-effective abatements. Since, it is neither applied to China nor to power sector, we 

will not elaborate on it.  

 

The Netherlands Environmental Assessment Agency (2007) explored the question of marginal 

abatement cost curves for the EU-27. They found that, although the curves can vary significantly 

from one country to another, numerous reductions were possible at negative costs. The table 3.81 

below displays some of those cost-effective measures. One can see that a more effective lighting 

or using natural gas in the power sector could provide huge reductions in CO2 emissions while 

being simultaneously cost-effective in Europe.  

 

                                                 
167 We will assume the inflation rate over 2009-2030 to be equivalent to the one over the period 1987-2007 i.e. 6.424 
percent  
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Table 3.81: Summary of the most important cost-effective measures in 2020 for 

Europe  

 
Source: Netherlands Environmental Assessment Agency (2007)  

 

Enkvist et al. (2007) worked on abatement potentials and costs at a global level (figure 3.82). 

Again, several options are cost-effective notably in terms of buildings. According to this study, 

more than 20 percent of those reductions could occur in the power sector and 17 in China. In the 

power sector, nuclear has an abatement cost varying between 0 and 5 Euros per ton of CO2 

avoided. Wind power has abatement cost of 20 Euros per ton while carbon capture and storage 

could cost between 20 and 30 Euros per ton of GHG avoided by 2030.   
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Figure 3.82: Global cost curve for greenhouse gas abatement beyond “Business-

As-Usual” (in Gt CO2 equivalent)  

 
Source: Enkvist et al. (2007) 

 

Mogren (2007) presented findings from a Vattenfall study in which 26.7 Gt of CO2 equivalent 

could be avoided at less than 40 Euros per ton (figure 3.83). Once again, huge potential exists at 

negative cost in the buildings or lighting. In the power sector, the most cost-competitive solutions 

are small hydro and nuclear, then CCS with Enhanced Oil Recovery (EOR), wind, solar, 

CCS…China alone could reduce by 4.6 Gt its emissions and its power sector has a potential of 

1.7 Gt. Over these 4.6 Gt, 1 is obtainable at negative costs, 1.2 with a cost between 0 and 20 

Euros per ton and the remaining 2.4 have a cost of abatement varying between 20 and 40.  
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Figure 3.83: Global cost curve of GHG abatement opportunities beyond business 

as usual 

 
Source: Mogren (2007)  

 

McKinsey & Company (2009b) investigated abatement potential at a cost below than 60 Euros 

per ton (figure 3.84). They are evaluated at 38 Gt CO2 equivalent. These measures fall into three 

categories: energy efficiency opportunities (notably in buildings and vehicles) that are often cost-

effective, low-carbon energy supply (such as nuclear, hydro, wind, CCS…) and terrestrial carbon 

in forestry and agriculture. As for the power sector, they estimated the abatement cost of small 

hydro to be negative, that of nuclear to be less than 10 Euros per ton, followed by CCS with EOR 

(between 10 and 15), wind (around 15), solar (between 15 and 20) and CCS (between 30 and 45).  
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Figure 3.84: Global GHG abatement cost curve beyond Business-As-Usual - 2030 

 
Source: McKinsey & Company (2009b)  

 

IPCC (2005) evaluated the costs of carbon capture and storage. Table 3.57 and annex 3.6 show 

their results. Applying a CCS on a coal-fired power plant is more cost-competitive than doing so 

on a natural gas-fired power plant. The representative value for new IGCC power plant is 23 US 

$ per ton of CO2 avoided while that of a new PC plant is 41 and that of a new NGCC plant 53. In 

these three cases, combining CCS with EOR makes it more competitive and in some cases, it 

may become cost-competitive.  

 

IPCC (2007) listed the different values for switching away from coal for different kind of 

regions: OECD, Economies In Transition (EIT) and non-OECD countries. The cost ranges found 

for the non-OECD countries, which China is part of, vary according to the source. While coal-to-

gas switching would cost between 0 and 11 US $ per ton, the nuclear, hydro or wind could be 

cost-competitive. As already found in other reports, CCS applied to a coal-fired power plant 

necessitates a lower cost of CO2 than CCS applied to a gas-fired power plant. Table 3.85 displays 

the expected shares for different options across each cost ranges.   
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Table 3.85: Shares spread across each cost range (2006 US$/tCO2-eq) for each 

region for different technologies  

Source: Intergovernmental Panel on Climate Change (2007) 

 

One can see that in non-OECD countries, nuclear and in a lesser extent hydro, wind, bio-energy 

and geothermal can be cost-competitive in some cases. Solar PV and CCS appear to be the most 

expensive solutions to reduce CO2 emissions, at least in 2030. One could expect those costs to 

decrease in a longer run, since CCS will only be deployed after 2015.   
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Each country has its specificity regarding natural resources or learning curves. Hence, studies 

focusing on China are more relevant than the other. Hanaoka et al. (2008) showed that numerous 

emission reductions were possible at negative costs in China and that an overall potential of 3.5 

Gt of CO2 equivalent existed at costs below US $ 100 per ton (figure 3.42).  

 

Energy Research Centre of the Netherlands (2007) investigated the marginal abatement cost 

curves for non-annex 1 countries and then explored the specific question of China. In figure 3.86 

is shown the cumulative CO2 emission reductions that are possible between – 50 and 50 US $ per 

ton of CO2 avoided. The potential reductions are estimated at 615 Mt of CO2 equivalent, 38 

percent of which can be achieved at negative costs, and 560 Mt of CO2 equivalent can be avoided 

with a cost between – 50 and 50 US $ per ton.  

 

Figure 3.86: Total abatement potential in China to the year 2010 

 
Source: Energy Research Centre to the Netherlands (2007)  

 

Focusing on the electricity sector (figure 3.87), one can see that about 100 Mt of CO2 equivalent 

can be avoided with a cost ranging from – 50 to 50 US $ per ton by 2010.  
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Figure 3.87: Abatement potential in the Chinese electricity sector to the year 2010 

 
Source: Energy Research Centre to the Netherlands (2007)  

 

Only Circulating Fluidized Bed Combustion is cost-competitive and other solutions such as 

renovation of thermal power plant or supercritical coal have abatement costs below 6 US $ per 

ton (figure 3.88). It is noteworthy that this study does not take into consideration nuclear power 

plant since they are only exploring options that could use Clean Development Mechanisms. 

Besides, renewables display high abatement costs since it is from a 2010 perspective and that 

they will not benefit from their learning curves.  
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Figure 3.88: Identified GHG emissions reduction options for the Chinese 

electricity sector, 2010  

 

 
Source: Energy Research Centre to the Netherlands (2007)  

 

We will now introduce another study made by McKinsey & Company (2009a) since it is both the 

most recent, that it is applied to China and that it faces the same horizon that we do i.e. 2030. It is 

worth noting that most of the possible reductions in CO2 emissions are expected to come from 

other sectors than the power one (even though it represents the sector with the biggest potential). 

For instance, McKinsey & Company focused on five areas: buildings and appliances, road 

transportation, emissions-intensive industries, power generation and agriculture and forestry 

(figure 3.89).  
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Figure 3.89: Technical abatement potential across five clusters – 2030 

 
Source: McKinsey & Company (2009a)  

 

A word will be said on each of those areas after what, we will revert to the power sector. As it 

can be seen, reductions, ranging from 0.6 to 2.8 Gt of CO2 equivalent are possible within those 

sectors. As for the buildings and appliances sectors, 1.1 Gt can be saved. According to this report, 

it is the sector that shows the lowest cost overall to reducing greenhouse gases emissions as 70 

percent of them can be achieved at a negative cost. Reductions in this sector cover efficient 

building envelopes - that affect heating and cooling building capacity and hence its electricity 

consumption -, efficient heating, ventilation, air conditioning systems, energy-efficient lighting 

and improvements in current construction processes. The cost curve for this sector can be seen 

below (figure 3.90) and one can then easily notice that most of those changes could occur at 

negative costs.  
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Figure 3.90: Marginal Abatement cost curve for buildings and appliances sector in 

2030 

 
Source: McKinsey & Company (2009a)  

 

The road transportation sector tackles the issue of the Chinese vehicle fleet. This will have 

tremendous implications. Indeed, the number of cars in China is skyrocketing and will likely 

continue to do so, with increasing living standards. Compared to the previous sector, road 

transportation has much higher abatement costs (figure 3.91). One of the reasons is that the 

technologies required to reduce GHG emissions in that sector are not commercialised yet or are 

still costly. For instance, internal combustion engines might not be commercialised before 2015 

and electric vehicles, though more mature, are more expensive (McKinsey & Company, 2009a).  
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Figure 3.91: Marginal Abatement cost curve for transportation sector in 2030 

 
Source: McKinsey & Company (2009a)  

 

The emissions-intensive industry sector is where lies the second biggest potential in terms of 

emission reduction. McKinsey & Company focused on five industries: steel, chemicals, cement, 

coal mining and waste management. Abatement potentials include waste and by-products 

recovery and re-use such as coal-bed methane (in the coal-mining industry) for which we have 

already explained the rationale, improving energy efficiency, notably in the steel and the 

chemicals industry with for instance the use of combined cycle power plant, or carbon capture 

and storage in the cement, steel, chemical industries but with a much higher abatement cost 

(figure 3.92). One can conclude that there are numerous reductions that could be made at 

negative or low cost.  
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Figure 3.92: Marginal Abatement cost curve for industry and waste sector in 2030 

 

 
Source: McKinsey & Company (2009a)  

 

The abatement potential in the forestry and agriculture sector is embodied by afforestation and 

reforestation, forest management, methane utilisation, livestock management or grassland 

management. The greater part of those reductions could be made at less than 20 Euros per ton of 

CO2 equivalent (figure 3.93).  
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Figure 3.93: Marginal Abatement cost curve for agriculture and forestry sector in 

2030 

 
Source: McKinsey & Company (2009a)  

 

We will now revert to the power sector. Figure 3.94 below summarises several findings of the 

study. One can notice that three types of solutions exist: some at negative or slightly positive 

costs, some for which costs are between 20 and 40 Euros per ton of CO2 and those for which their 

abatement costs is above.  
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Figure 3.94: Marginal Abatement cost curve for power sector in 2030 

 
Source: McKinsey & Company (2009a)  

 

As already discussed, reducing emissions can take different channels. One can use cleaner energy 

like nuclear power, wind, solar, hydro…This report finds an abatement cost of 3 Euros per ton in 

the case of nuclear. In the case of renewables, the costs can vary a lot according to the location 

and the distribution of the resources. While in Inner Mongolia or Eastern China, the onshore 

wind can generate electricity at fairly low costs, the coastal regions and Central China have a 

weaker potential, hence a much higher abatement cost. Offshore wind could also be a solution but 

has a rather high abatement cost at 25 Euros per ton. As for solar power, it also depends greatly 

on the location. Provinces such as Tibet or Qinghai benefit from very abundant potential. 

However they are quite remote locations and thus connecting Concentrating Solar Power (CSP) 

to the grid would be costly and difficult. This explains an abatement cost in this case of 

approximately 40 Euros per ton. Other regions such as Central China that have abundant solar 

resources could use solar photovoltaic at 18 Euros per ton. By contrast, other regions less 

endowed such as northeast and east China would face greater costs at 63 Euros.  

 

Another channel corresponds to the cleaner coal-based power-generating technology (that refers 

to the technological part in our previous breakdown). This study analyses two technologies: 



Part III: An environmentally sustainable development strategy for China: An application to the 
Chinese power sector 

  309 

IGCC and CCS. For the first one, they find an abatement cost of 32 Euros per ton while for the 

latter, several cases need to be distinguished. The most competitive solution, though limited in its 

reduction potential, is the CCS combined with Enhanced Oil Recovery. This technology has a 

negative abatement cost at 3 Euros per ton and the report assesses its potential at 60 megatons of 

CO2 by 2030. Apart from this specific case, CCS remains expensive, with value ranging from 60 

Euros for a new CCS coal to almost 100 Euros in the case of gas CCS retrofit. Lastly, use of 

those technologies is not expected before 2020 in China.  

 

Generally speaking, those figures are consistent with the one previously shown and discussed.  

For instance, they are in line with IPCC (2007) and only differs from Energy Research Centre of 

the Netherlands because their timeline (2010 vs. 2030) and goals diverge (ECN investigates the 

case of CDM). They can be summarised in a table (table 3.95) to show the different abatement 

costs (as well as abatement potentials).  

 

Table 3.95: Marginal abatement costs in the power sector, according to McKinsey 

& Company (2009)  

 Abatement Cost (€ / ton 

CO2) 

Abatement potential  

(Mt CO2 equivalent) 

Nuclear 3 470 

Wind (onshore) strong  16 170 

Wind (onshore) weak 100 40 

Wind (offshore) 25 400 

Solar PV, very abundant region 18 230 

Solar PV, abundant region 63 220 

IGCC 32 140 

CCS new 60 (new) 

40 percent higher if retrofit 

730 

CCS-EOR - 3  60 

Source: McKinsey & Company (2009a)  

 

It is noteworthy that the figures were not given as such for hydro power and natural gas-fired 

power plant. However, one can notice from figure 3.94 that small hydro has a negative abatement 

cost and hence should be implemented. As for switching from a coal- to a gas-fired power plant, 
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IPCC (2007) found it was approximately between 0 and 11 US $ per ton; hence we will use 10 

US $ per ton of CO2 equivalent for natural gas.  

 

We can draw a graph with the level of our tax and the figures above mentioned168. It will give us 

a kind of timeline in which solutions will be preferred over others, and at what expected date. In 

brackets will also appear the potential reductions for those technologies or types of fuels. It 

should be kept in mind that on this graph are only displayed solutions regarding the power sector. 

Hence numerous abatement potentials in other sectors are not shown. They correspond to the 

areas underlined in the four other clusters above-mentioned. For example, one can recall that 

many solutions are cost-competitive in other sectors or at costs below 20 Euros per ton.    

 

                                                 
168 To convert US $ into Euros, we will use the average conversion rate of the period 2004-2008 i.e. 1.317. Hence 
natural gas costs 7.59 € per ton of CO2 avoided.  
http://www.x-rates.com/d/USD/EUR/hist2004.html 
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Graph 3.96: Expected timeline of changes in the Chinese power sector, 2009-2030  

(CO2 prices expressed in Euros – light line excluding inflation – dark line including)  

(Figures in brackets represent the reduction potential expressed in Mt for those solutions)  
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By considering the CO2 price including inflation, one can see that small hydro and CCS-EOR 

could be implemented as soon as 2009 since they are cost-competitive. Nuclear would become 

financially competitive in 2010, natural gas-fired power plant in 2016, wind (strong onshore 

spots) and solar (PV in abundant region) in 2022, wind (offshore) in 2025, IGCC in 2026 while 

CCS on new facilities would only become competitive in 2030.  
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Before finishing this point, we will wrap everything up by comparing these expected reductions 

with the level of reduction obtained with our econometric work. Looking at figures 3.90 to 3.94, 

one can see that according to McKinsey (2009a), a price of 58.61 Euros would enable reductions 

of approximately:   

� 1.1 Gt of CO2 equivalent in buildings and appliances sectors;  

� 0.45 Gt of CO2 equivalent in transportation sector;  

� 1.4 Gt of CO2 equivalent in industry and waste sector;  

� 0.6 Gt of CO2 equivalent in agriculture and forestry sector; 

� 2.8 Gt of CO2 equivalent in power sector (around 1 arising from end-user reductions and 

an additional 1.8 from abatement potential in power sector per se).  

 

Overall, this means a potential of abatement of roughly 5.35 Gt169 of CO2 equivalent at the 

horizon 2030 for these five clusters, which represent the bulk of abatement potentials for the 

whole Chinese economy. Our econometric work found that with such a carbon price level, 

reductions of about 5.4 Gt of CO2 equivalent would occur. So, our results are totally in line with 

this empirical verification which strengthens the value of our model.  

 

As for the Chinese power sector, the abatement potential is 2.8170 Gt while our Business-As-

Usual scenario forecasts 6.2 Gt and that our Full Sustainability scenario targets 2.9 Gt in 2030. 

Once again these results are in line with this empirical work. Hence, it both validates the CO2 

econometric model and this work of empirical verification based on McKinsey report (2009a).  

 

To conclude on this point, a few things must be highlighted. First of all, as it was already 

previously mentioned, the political willingness to make those changes occur will be an important 

key, notably to reduce coal share. However, replacing coal with renewables will increase the 

security of supply since it will be based on indigenous resources while coal will increasingly be 

imported. It could then incite the government to make this shift possible. Besides, some of the 

changes are cost-competitive, even without a carbon tax, like small hydro, passive design or 

efficient lighting in the case of buildings and appliances.  

 

The second point that should be underlined relates to the findings in the power sector and the fact 

that they are consistent with our Diversity / Efficiency Model. Indeed, diversification was in the 

model a very powerful tool to reduce carbon emissions. Looking at the marginal abatement cost 

curve from McKinsey & Company (2009a) or other studies, one can notice that nuclear, natural 

                                                 
169 In this calculation, we do not take into account the 1 Gt in power sector that comes from end-user reductions since 
they are already incorporated in buildings or industry sectors  
170 In this case we do take into account the additional 1 Gt since we are only focusing on the power sector and its 
emissions   



Part III: An environmentally sustainable development strategy for China: An application to the 
Chinese power sector 

  313 

gas and in a lesser extent wind and solar power have a big role to play in the de-carbonisation of 

the Chinese power sector. Technologies such as CCS are more expensive, at the exception of 

CCS combined with Enhanced Oil Recovery that would enable reducing the carbon emissions at 

negative cost. However, this solution is limited in volume.  

 

The last point that should be emphasized is the question of timing. We have already mentioned 

that the window to put China back on an environmentally sustainable track is closing and that 

reforms should be implemented now in order to achieve such a kind of development. Annex 3.8 

shows the impact for the power sector of waiting five years to implement those changes. One can 

notice that almost 1.5 Gt of CO2 equivalent are at stake. Waiting in the power sector means 

building and running a coal-fired power plant instead of renewables or nuclear. Besides, it can 

result in not benefiting as much from learning curves. The figure 3.97 below extends this idea to 

the five areas that have been underlined.  

 

Figure 3.97: Impact of five-year delay of implementation  

 
Source: McKinsey & Company (2009a)  
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One can then see that even though the power sector would be the most affected, the four other 

areas still take advantage of an early implementation, with notably the buildings sector with for 

instance, buildings codes or efficient lighting.  

 

To conclude on this point, it has been shown what would be the expected changes in the Chinese 

economy and more precisely in the power sector should a carbon tax (or an equivalent) be 

implemented. The notion of timing has already been underlined and the importance of 

implementing it as soon as possible. The findings of the Diversity / Efficiency Model have been 

corroborated by the fact that diversification has, in most of the cases, lower abatement costs that 

technology-related options such as IGCC or CCS. Lastly, studying marginal abatement cost 

curves for our CO2 tax level, we found a potential of abatement for the whole Chinese economy 

of roughly 5.35 Gt of CO2 by 2030. With our econometric work, we found that such a tax level 

would enable carbon dioxide emission to be reduced by 5.4 Gt. So, our results are fully in line 

with this empirical verification which strengthens the value of our model on price elasticity and 

of our scenarios in a way. We applied the same rationale to the power sector and found abatement 

potential of 2.8 Gt while one needs a reduction in carbon dioxide emissions of 3.3 Gt to reach the 

Full Sustainability Scenario. These results are also in line with this empirical work. Hence, it also 

validates the CO2 econometric model and our scenarios for the power sector. This is one of the 

key findings of this point: this empirical verification has highlighted the consistency of our three 

carbon dioxide models as well as of our two scenarios for this gas. And since our scenarios and 

tax level (carbon emissions price elasticity calculated with econometric models) are consistent 

with up-to-date studies from McKinsey (2009a) on marginal abatement cost curves, this also 

legitimates the methodology of back-casting that has structured our entire essay.  
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Conclusion  

 

The aim of this part was to think of policies and solutions to decrease the level of noxious 

emissions from Business-As-Usual to Full Sustainability Scenario. Doing so, we underlined the 

negative role played by subsidies as well as the crucial part played by a correct pricing of energy.  

 

Then, thanks to econometric models, we worked out the required price increases to reach the Full 

and Minimal Sustainability Scenarios that have been created in the second part. A carbon tax (or 

an equivalent such as coal and oil real prices increases) should be implemented and rise by 8.89 

percent per annum to reach the Full Sustainability scenario and by 3.35 percent per annum to 

secure the Minimal Sustainability Scenario. It is important to implement it as soon as possible 

since any coal-fired power plant built now will have a lifetime of 20 to 30 years and hence will 

heavily pollute, along this period. A five year-delay could indeed result in 1.5 Gt of CO2 

equivalent (McKinsey, 2009a).   

 

Even though this solution will be hard to implement and might face social dissent; we do believe 

in its legitimacy. Indeed, Yushi et al. (2008) assessed the direct external cost of coal at RMB 

1,745 billion. They performed a cost-benefit analysis of the full internalisation of the coal 

external costs, and found that the total added social wealth of such a solution was about RMB 

942.3 billion. Besides, most of these changes could occur at reasonable costs thanks to 

international co-operation through the global climate policy and the Clean Development 

Mechanisms, for instance. And with the money that would be saved by the government (subsidy 

removal) plus the money that will be collected through a price on pollution, government would 

be able to finance new infrastructure as well as implement policies to improve poors’ fate. 

 

Such a price increase would then affect energy efficiency as well as diversification. Indeed, as 

already mentioned pricing has a big role to play, either by making energy more expensive and 

thus, more valuable (energy efficiency), by making polluting fuels more expensive (fuel 

switching) or by making new and less polluting technologies financially interesting (emissions 

control). We saw that there were numerous solutions to use coal in a cleaner and safer way and 

there also existed solutions to decrease the reliance on coal. These ideas were backed up with a 

model that underlined the influence of diversification and efficiency on per capita carbon 

emissions. This model even put forward diversification as a possible preferred option.  

 

Lastly, our two carbon dioxide econometric models were confronted to an empirical verification. 

We compared the expected level of our carbon tax to marginal abatement cost curves and 

concluded with an expected timeline of changes that would occur in the power sector, should 



Part III: An environmentally sustainable development strategy for China: An application to the 
Chinese power sector 

  316 

such a tax be implemented. We found that options such as small hydro or nuclear would be 

implemented in the first years of the scheme while IGCC would need to wait until 2025 to be 

cost-competitive, underlining the advantage of diversification over technology improvements. 

Our price-elasticity carbon model was found in line with the abatement potential given by the 

marginal abatement cost curves (McKinsey & Company, 2009a) for a carbon price of 58.61 

Euros per ton in 2030. While we assessed this potential at 5.35 Gt by 2030 for such a price, the 

calculation using the marginal abatement cost curves gave 5.4 Gt. Besides, the scenario for the 

Chinese power sector is also consistent with those findings since we expected 3.3 Gt to be saved 

and that the curves estimated a potential of 2.8 Gt. Overall, this empirical verification validates 

our models, scenarios and methodology.  
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The question we were attempting to answer throughout this dissertation was what solutions 

should be implemented now to achieve an environmentally sustainable development in China. To 

do so, we used a methodology of back-casting that has structured our essay. While the first part 

detailed the situation and underlined the problem, the second one tried to show what could define 

a target of environmental sustainability and the third one endeavoured at finding solutions to 

reach this target, namely subsidy removal coupled with the internalisation of externalities. This 

price-based solution would, in turn, enable technology improvements and diversification, thus 

reducing pollution.  

 

In the first part, we detailed past and forecasted use of energy in China. We showed an increasing 

need for energy as well as the strong reliance on coal and its environmental implications. China is 

already the first emitter in carbon and sulphur dioxide in the world. This has tremendous 

repercussions on the environment, at all levels. Locally, it increases diseases (asthmas, 

cancers…) and deaths; regionally, it hampers crop yields and buildings’ longevity through acid 

rain and globally, it contributes to climate change that will have consequences on ecosystems, 

food, public health…The state of environment in China has even been judged as unsustainable 

by Yue (2007). We concluded this part by mentioning Munasinghe’s idea of tunnelling through. 

This idea enables a country to develop without necessarily reaching the peak in pollution (as in 

an Environmental Kuznets Curve) that industrialised countries have experienced.  

 

We then turned to the definition of so-called environmentally sustainable development. We 

defined the concept and explained the way we understood it. Once the concept defined we tried to 

specify the indicators that best assessed our definition. We found that in order to create scenarios 

of environmentally sustainable development both for China and its power sector, the best way 

was to focus on the three gases that were responsible for the three kinds of pollution that we 

underlined in the first part, i.e. sulphur dioxide and nitrogen oxides for the local and regional 

pollution and the carbon dioxide for the global one. For these scenarios, we decided to focus on 

emissions intensities that can be either per capita, per GDP (when talking about the country) or 

per electricity produced (when focusing on the power sector). Then, we chose to use the EU-15 

as a benchmark for these three gases as it was among the leaders in terms of pollution removal. 

Next, we created two times two scenarios using the forecasted values for the Chinese GDP, 

population and electricity generated in 2030. One was applied to China while the other one was 

for the Chinese power sector. In each of these two cases, there is one bottom line and one 

desirable scenario referred to as Minimal Sustainability and Full Sustainability. The Minimal 

Sustainability applies the current EU-15 emissions intensities per capita to the forecasted Chinese 

population at the horizon 2030 and the Full Sustainability Scenario favours a kind of 

“competitive fairness”. It uses a mixed indicator taking into account both the per GDP and the per 

capita emissions intensities, with a weight of fifty percent each, for the whole economy. The only 

difference for the power sector scenario is that emission intensities per GDP are replaced by 
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emission intensities per unit of power produced. Lastly, we showed that both of the Full 

Sustainability scenarios we worked out could be implemented and therefore, should be targeted 

at.  

 

This led us to the third part and the idea of back-casting. In this part, we intended to analyse what 

should be done in order to reduce noxious gases emissions from the IEA’s Business-As-Usual 

scenario to the targeted level. We showed the negative role played by subsidies as they send 

wrong signals to producers and consumers.  

 

The rationale behind this work was a two-step procedure in which the first one was price-related 

while the second one used the properties of such a price instrument. Hence, we worked out with 

econometric models the required price increases to reach the Full Sustainability scenarios. We 

found that a carbon tax (or the equivalent such as coal and oil real prices increases) should rise by 

8.89 percent per annum to reach the Full Sustainability scenarios and by 3.35 percent per annum 

to secure the Minimal Sustainability Scenarios. Secondly, we showed the expected effect of such 

a price instrument and explained the channels through which such a price increase would operate. 

Indeed, pricing has a big role to play, either by making energy more expensive and thus, more 

valuable (energy efficiency), by making polluting fuels more costly (fuel switching) or by 

making new and less polluting technologies financially interesting (emissions control). Hence, 

we showed some of those solutions, either technology- or measures-based, applied to the Chinese 

power sector. This was intended to confirm the viability of our price-based solution. These ideas 

were backed up with a model that underlined the influence of diversification and efficiency on 

per capita carbon emissions. Lastly, we worked out thanks to marginal abatement cost curves 

what was the expected timeline of those changes with notably diversification playing a huge role 

in the de-carbonisation of China. This work also helped us to confront our models to an empirical 

verification which validated our models, scenarios and methodology.  

 

Some questions may arise from our work notably concerning the price increase itself. Ceteris 

paribus, 8.89 percent per year is difficult so that the Full Sustainability Scenario could be 

targeted at for sulphur and nitrogen oxides while it would be harder to obtain for carbon dioxide. 

However, any increase of more than 3.35 percent in real prices per year would secure Minimal 

Sustainability scenario and this would already be a certain achievement and would limit noxious 

gases emissions. Indeed the fact that Minimal Sustainability is a feasible policy objective is the 

key message and this work also provides numerous promising measures.   

 

One can also wonder whether there is sufficient political willingness and doubt the social 

acceptability of the reform. It was not our goal to answer this question but economic costs of 

Minimal Sustainability would be limited. An implementation of this solution will be neither easy 

nor smooth as several barriers may exist. Some people might try to defend their advantages and 
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political leaders might be under the effect of so-called “political mobilisation bias” (IEA, 1999; 

UNEP / IEA, 2001). It is easier for a small and homogenous group to lobby for them than for the 

others to lobby for the “general interest”. Examples include the riots and demonstrations that 

occurred in India in 2000 when plans to raise electricity prices were made (UNEP / IEA, 2002). 

Risk aversion of investors, missing capacity of small and medium enterprises, access to energy 

efficient technologies, availability of finance and human resources can be analysed as barriers to 

energy efficiency improvements, following an energy price increase (IGES, 2008). However, it 

should be noted that even though uncertain before Copenhagen, the climate policy framework 

might help China in financing part of the required infrastructure. Besides, we do believe in this 

reform’s legitimacy. Most of these changes could occur at reasonable costs thanks to 

international co-operation through the global climate policy and the Clean Development 

Mechanisms, for instance. And with the money that would be saved by the government (subsidy 

removal) plus the money that will be collected through a price on pollution, government would 

be able to finance new infrastructure as well as implement policies to improve poor’s fate. 

 

Turning to the value added of this dissertation, we can find it fourfold. First of all, it has enabled 

to show that China has still the possibility to implement actions now that would put it back on 

sustainable tracks, at least from an environmental point of view. Indeed, the scenarios created in 

the second part showed that the three Full Sustainability scenarios should be targeted at.  

 

The second point was to demonstrate the viability of a price instrument, to asses the level or the 

price and also to explain the channels through which it would operate. We found that although 

highly inelastic, those emissions were, as expected, negatively correlated to the real implicit 

carbon price that we worked out. As for the sulphur dioxide, the emissions are also negatively 

correlated to the real implicit sulphur price, although more elastic. It validates the proposals of 

numerous economists and international organisations to remove subsidies and to put a price on 

externalities in China. Besides, by raising the price of polluting sources of energy, one can then, 

through channels such as energy efficiency, emissions control or fuel switching, reduce the 

emissions of noxious gases.  

 

The third point concerns the last part where after having explained how a change in technology 

and in the energy mix could help prevent some of the environmental problems, we provided an 

econometric model justifying those two ideas. It has been econometrically shown over 1980-

2005 that per capita carbon dioxide emissions were negatively correlated with a diversification of 

the power mix and with an upgrading of the technology used to generate electricity. Besides, one 

can underline that diversification may have a greater impact than efficiency improvements in this 

country.  
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The fourth and last point was an empirical verification with marginal abatement costs curves. We 

compared the expected level of our carbon tax to marginal abatement cost curves and concluded 

with an expected timeline of changes that would occur in the power sector, should such a tax be 

implemented. While we assessed this potential at 5.35 Gt by 2030 for such a price, the 

calculation using the marginal abatement cost curves gave 5.4 Gt. Besides, the scenario for the 

Chinese power sector is also consistent with those findings since we expected 3.3 Gt to be saved 

and that the curves estimated a potential of 2.8 Gt. Overall, this empirical verification validates 

our models, scenarios and methodology.  

 

Further improving this work could take several forms. It could either be done in another country; 

typically India as it also represents one of the biggest challenge in terms of environment, both 

local and global. India is also a fast-growing country, is highly populated and has a strong 

reliance on coal and biomass that incurs a heavy burden in terms of public health. Besides, it is 

already the 5th emitter of carbon dioxide in the world and should become number 3 by 2015. And 

even though the political framework differs widely from one country to another, energy prices in 

India are also greatly subsidised. Hence, such a work based on back-casting could be achieved for 

this country to see what kind of guidelines could be targeted at, and how those scenarios could be 

reached.  

 

The other ways to complement and improve this work would be to deepen it with for instance the 

expected consequences in terms of energy market, structure or regulation. The way those 

solutions would be financed as well as a specific work on rural electrification could also be a 

good further study area to this dissertation. Those areas have been, on purpose, left out from this 

dissertation but are of great interest for this country. Removing subsidies would for instance 

amend the structure of energy markets. Financing those new investments could be done with a 

variety of schemes that would necessitate an in-depth study of international as well as local 

finance mechanisms. Lastly, rural electrification that would reduce local pollution would also 

incur changes in energy markets structure, energy infrastructure and energy investments.  

 

One more potential improvements would be to enhance the econometric work (using different 

samples for example at the province level) or to improve the scenarios taking into account a 

bigger share of the sustainable development concept. Indeed, the econometric work, instead of 

being at a country-level, could be done at the province-level, and then enable a bigger set of data 

to be used and this could even underline trends specific to some provinces. Also, we saw that 

sustainable development encompasses several areas. Hence a work taking into account a bigger 

share of this concept would be a good way to improve this work.   
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Annex 1.1: The ESPO pipeline  

 
Source: Masuda (2007) 
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Annex 1.2: The West-East Gas Pipeline 

 

 
Source: International Energy Agency (2002) 
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Annex 1.3: Gas pipeline infrastructure in China  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

Source: Ni (2007) 
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Annex 1.4: Nuclear power reactors in mainland China and Taiwan  

 
Source: World Nuclear Association (2009)  
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Annex 3.1: Environmental impacts of subsidy removal  
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Source: Barde, Honkatukia (2003) 
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Annex 3.2: Price elasticities of demand according to fuel and sector 

 
Source: International Energy Agency (1999) 
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Annex 3.3: Main energy characteristics of the countries studied 

 
Source: International Energy Agency (1999) 
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Annex 3.4: Energy subsidies in China: summary of results 

 
Source: International Energy Agency (1999) 
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Annex 3.5: IGCC process with CO
2 
capture  

 
Source: Maurstad (2005) 
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Annex 3.6: Summary of new plant performance and CO2 capture cost 

based on current technology 

 
Source: Intergovernmental Panel on Climate Change (2005) 
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Annex 3.7: Calculation of the carbon tax  

 

First Step: Average Value in 2005 of coal and oil prices.  

 

The chosen values correspond to diesel174 and steam coal 175 and are expressed in US dollar / ton  

 Diesel Steam coal 

January  499.10 51.98 

February  498.98 50.54 

March  499.85 50.31 

April 501.61 51.34 

May 512.80 51.29 

June 521.47 51.59 

July 556.05 63.61 

August  570.96 50.52 

September 572.40 51.54 

October 509.29 48.82 

November 512.06 49.80 

December  586.65 52.71 

Average 528.44 52.00 

 

Second Step: Calculation of the needed amount of coal and oil to emit 1 ton of CO2, assuming 

that 83.55 percent of the CO2 emissions come from coal combustion and 16.45 from oil  

 

- Since 1 metric ton of coal equals 746 kg of carbon176, the 835.5 kg of CO2 corresponds to 

305.45 kg of coal  

- Since 1 gallon of diesel (equivalent to 3.217 kg of diesel) emits 10.1 kg of CO2
177, the 

164.5 kg of CO2 correspond to 52.40 kg of diesel.  

 

 

 

 

                                                 
174 http://www.beconchina.org/energy_price.htm  
175 Lawrence Berkeley National Laboratory (2008)  
176 http://bioenergy.ornl.gov/papers/misc/energy_conv.html  
177 http://www.epa.gov/OMS/climate/420f05001.htm#calculating 
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Third step: Calculation of the implicit CO2 price in 2005 

 

With the required amount of coal and oil and their average value in 2005, a ton of CO2 in 2005 

was worth 43.57 US $.  

 

Fourth step: Level of the tax (2009-2030) in US $ / ton and in Euros / ton  

 

The first-year value is obtained by taking 8.8 percent of the 2005 CO2 price; the other increases 

by 8.89 percent every year, excluding inflation. The table below includes four values: two 

excluding inflation, the others including it. It has been assumed that the inflation over 2009-2030 

will be the average Chinese inflation rate over the last twenty-one years (that is to say 6.424 

percent178). And two are expressed in Euros, while the two other are in US $. As already 

mentioned, the exchange rate used to convert the values expressed in US $ into Euros are the 

average value over the period 2004-2008179.  

 

Year CO2 tax, excl. 

inflation (US $) 

CO2 tax, incl. 

inflation (US $) 

CO2 tax, excl. 

inflation (€) 

CO2 tax, incl. 

inflation (€) 

2009 3.87 3.87 2.94 2.94 

2010 4.22 4.47 3.20 3.39 

2011 4.59 5.15 3.49 3.91 

2012 5.00 5.94 3.80 4.51 

2013 5.45 6.85 4.13 5.20 

2014 5.93 7.90 4.50 6.00 

2015 6.46 9.11 4.90 6.91 

2016 7.03 10.50 5.34 7.97 

2017 7.66 12.11 5.81 9.19 

2018 8.34 13.97 6.33 10.60 

2019 9.08 16.10 6.89 12.23 

2020 9.89 18.57 7.50 14.10 

2021 10.76 21.42 8.17 16.26 

2022 11.72 24.69 8.90 18.75 

2023 12.76 28.48 9.69 21.62 

2024 13.90 32.84 10.55 24.93 

2025 15.13 37.87 11.49 28.75 

2026 16.48 43.66 12.51 33.15 

2027 17.94 50.35 13.62 38.23 

                                                 
178 World Bank data over the period 1987-2007  
179 http://www.x-rates.com/d/USD/EUR/hist2004.html 
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2028 19.54 58.06 14.83 44.08 

2029 21.28 66.95 16.15 50.83 

2030 23.17 77.21 17.59 58.61 
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Annex 3.8: Impact of five-year delay of implementation –power sector- 

2030  

 
Source: McKinsey & Company (2009a)  
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Résumé  
La Chine consomme plus de 60 pour cent de charbon dans son bouquet énergétique. Cette 
dépendance a de fortes conséquences sur l'environnement avec notamment les émissions de CO2 
et de SO2 pour laquelle la Chine est le premier émetteur. Cela a déjà d'énormes implications sur 
le plan local, régional et mondial. Non seulement la pollution réduit la productivité de 
l'agriculture (régionale) et accroît l'asthme ou le cancer (locale), mais maintenant, elle peut 
changer le climat et les conditions dans lesquelles les gens vivent.  
Cette thèse vise à décrire l'impact environnemental de l'utilisation croissante de l'énergie en 
Chine et, surtout, à répondre à la question : quelles solutions pourraient être mises en œuvre pour 
parvenir à un développement écologiquement durable?  
Dans cet essai, nous souhaitons montrer que la fenêtre d'opportunité n'est pas encore fermée et 
que, grâce à une élasticité-prix négative des émissions nocives, une solution basée sur les prix 
pourrait fonctionner en Chine. Tout d'abord, par le biais d'une suppression des subventions, le 
gouvernement devrait permettre aux prix de corriger les signaux envoyés aux consommateurs 
(réduisant ainsi la quantité de combustibles fossiles consommés) et aux producteurs (qui iraient 
vers de meilleures technologies ou vers des carburants moins polluants). Ensuite, en faisant payer 
les producteurs pour les externalités qu'ils créent avec par exemple une taxe, le gouvernement 
pourrait également réduire la pollution. Globalement, la mise en œuvre de cette solution devrait 
diminuer l'intensité énergétique, la consommation de combustibles polluants, les émissions de 
carbone et de soufre, et améliorer les finances publiques.  
 
Mots-clés : Développement Durable - Chine, Dioxyde de carbone – prix – Chine, Politique 
énergétique – Chine, Pollution – lutte contre - Chine 
 
 
Abstract   
China uses more than 60 percent of coal in its energy mix. This heavy reliance has strong 
environmental consequences notably with SO2 and CO2 emissions for which China is the world 
first emitter. This already has tremendous implications on a local, regional and global scale. 
Therefore, there is an urgent need for decisive actions bringing the energy sector back on 
sustainable tracks. Indeed, pollution is a great concern. Not only does it hamper agricultural 
productivity (regional pollution) or does it increase asthma or cancer (local one) but now, it can 
change the climate and so, the conditions in which and the way people live. 
This dissertation aims at describing the environmental impact of the rising energy use in China 
and most importantly endeavours at answering the question: what solutions could be 
implemented now to achieve an environmentally sustainable development?  
In this essay, we intend to show that the window of opportunity is not closed yet and that, thanks 
to a negative price elasticity of noxious emissions, price instruments could work in China. First 
of all, through a subsidy removal, the government would enable the energy prices to give correct 
signals to the consumers that would therefore reduce the quantity of fossil fuels consumed and to 
producers that would go for better technologies or less polluting fuels. Then, by making the 
producers pay for the externalities they create through for example carbon emissions fees, the 
government would also reduce pollution. Overall, implementing an energy price increase would 
increase energy intensity, help reduce the consumption of polluting fuels and so carbon and 
sulphur emissions, and improve public finance.  
 
Keywords: Sustainable development - China, Carbon dioxide – price – China, Energy policy – 
China, pollution prevention – China    
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