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Preface 

UN-Energy was created in 2004 as the United Nations’ principal interagency mechanism in 
the field of energy. Its creation responds to a request in the Johannesburg Plan of 
Implementation, adopted by the 2002 World Summit on Sustainable Development, for a new 
collaborative mechanism between UN agencies, programmes and institutions. 

UN-Energy has published several reports. The first was prepared for the September 2005 
World Summit, “The Energy Challenge for Achieving the Millennium Development Goals”, 
showing the key role energy access plays for countries to achieve the MDGs. A second 
report was presented at the May 2006 session of the UN Commission on Sustainable 
Development (CSD-14), “Energy in the United Nations: An Overview of UN-Energy 
Activities”. For the May 2007 CSD-15 UN-Energy brought forward “Sustainable Bio-Energy: 
A Framework for Decision-Makers” to help inform dialogue in one critical area of future 
energy policy choice. 

Another critical energy policy issue is how renewable energy can be promoted as countries 
plan for sustainable development. UN-Energy therefore decided to look at how the tools for 
energy modelling could be evolved. In May 2006, for CSD-14, UN-Energy presented 
“Assessing Policy Options for Increasing the Use of Renewable Energy for Sustainable 
Development: Modelling Energy Scenarios for Ghana”. The Ghana study was carried out by 
five UN organizations and the Energy Commission of Ghana. It was led by the International 
Atomic Energy Agency (IAEA) and included the Department of Economic and Social Affairs 
(DESA) in the UN Secretariat, the Food and Agriculture Organization (FAO), the UN 
Environment Programme (UNEP) and the UN Industrial Development Organization (UNIDO).  

UN-Energy now presents a similar study for Sichuan, China. Together these two reports are 
the first UN-Energy reports to present analytic results from interagency cooperation that, 
without UN-Energy, would not have happened. This report analyzes alternative provincial 
policies to increase the share of renewables in the energy supply mix of Sichuan, China. It 
was initiated in response to the Johannesburg Plan of Implementation’s call to “with a sense 
of urgency, substantially increase the global share of renewable energy sources”. The study 
again combines the IAEA models for analyzing national energy systems with data provided 
by UNEP, DESA and other public sources. It is important to note that this is a demonstration 
study, not a comprehensive analysis of policy options for Sichuan, but it provides generic 
insights on policy options to promote the use of renewable energy sources. 

The study also demonstrates the kind of policy work that UN-Energy can undertake as it 
seeks to evolve the joint capacity of the UN system to assist nations in facing the energy 
challenges of the 21st century. UN-Energy seeks to institutionalize a collaborative approach 
in an area that has not previously been subject to such approaches in the UN system. UN-
Energy would appreciate views by readers of our reports in order to guide our future work. 

 

Mats Karlsson 

Chair, UN-Energy 

June, 2007 
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Summary 
The WSSD’s Johannesburg Plan of Implementation (JPOI) in Paragraph 20(e) calls on 
Governments and other stakeholders to, “With a sense of urgency, substantially increase the 
global share of renewable energy sources with the objective of increasing its contribution to 
total energy supply”. This paper reports initial results of a study of alternative provincial 
policies to increase the share of renewables in the province of Sichuan, P.R. China. It 
complements a similar paper, released by UN-Energy at the 14th session of the Commission 
on Sustainable Development, on alternative national policies to increase the share of 
renewables in Ghana. Both studies were initiated by the UN Department of Economic and 
Social Affairs (DESA), facilitated by UN-Energy and led by the International Atomic Energy 
Agency (IAEA).  

The study of Sichuan, China uses data on energy resources, production, conversion and use 
in the province from published and publicly available material, and it uses energy system 
analysis models from the IAEA. For specificity in the context of developing countries, it 
analyzes policy options as applied to the current energy system of Sichuan province. The 
study, however, is intended to provide general insights on the relative effectiveness and 
costs of generic policy options to increase the share of renewables. It is not a comprehensive 
analysis of policy options for Sichuan. 

Based on the energy data, the IAEA energy models were used to generate a baseline least-
cost scenario of the Sichuan energy system through 2025. This describes the development 
of the energy system that would minimize total discounted energy system costs based on the 
technology and resource costs input to the model. In this ‘base case’ scenario renewable 
energy sources account for a growing share of Sichuan’s primary energy, rising from 8.8% in 
2003 to 12.4% in 2025. 

Alternative scenarios were developed by adding constraints to the models to represent five 
different policy options to increase the share of renewables relative to the base case. The 
Mandatory Market Share (MMS) scenario requires a certain percentage of primary energy 
supply to come from renewable sources of energy by specific dates. The Public Benefit Fund 
(PBF) scenario creates a fund that is used to partly finance renewable energy projects. There 
are two variations, the PBF 'wire charge' scenario in which the fund is financed by a levy on 
electricity transmission and the 'pollution tax' scenario in which it is financed by a levy on 
sulphur dioxide emissions from specific power plants. The Wind Concession Programme 
(WCP) scenario auctions wind rights to private developers such that the lowest bid per 
kilowatt hour wins a geographic concession. The Clean Development Mechanism (CDM) 
scenario allows the sale of certified emission reductions (CERs) generated by renewables on 
the international market. 

While the results are only illustrative with respect to the specific energy situation of Sichuan, 
they do suggest the following generic insights. 

• All renewable energy policies tested in this analysis are policy options that can lead 
to an increase in investments in renewable energy technologies and an increase in 
the contribution of renewable energy to total energy supply.  

• Policies aimed at increasing the share of renewables need to take into account the 
renewable resources that are available. In the case of Sichuan province, the 
renewable energy resources potential, apart from large hydro, is limited and, 
therefore, energy policies to promote renewables may only have a limited impact. 

• Similarly, if a policy increases the use of one renewable resource at the expense of 
another renewable resource (wind in place of hydropower in the case of Sichuan) it 
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will have less of an impact on the overall objective of increasing the share of 
renewables in the total energy mix. 

• While CDM projects have the advantage of bringing in outside investment, the price 
for certified emission reductions (CERs) may be too low for CDM project activity to 
help increase the domestic share of renewables, depending on the cost gap 
between renewables and the non-renewable alternatives they would replace. 

• Renewable energy policies may lead to a loss of revenue or premature closure of 
existing power plants, and may also require regulatory responses as a result of 
additional investment requirements for the transmission and distribution 
infrastructure. However, strong growth in electricity demand is likely to limit these 
incidents.   
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Assessing Policy Options for Increasing the Use of Renewable Energy1 for 
Sustainable Development: Modelling Energy Scenarios for Sichuan, China 

 
1 INTRODUCTION 

The World Summit on Sustainable Development (WSSD) requested in its Johannesburg 
Plan of Implementation that a new collaborative mechanism between United Nations 
agencies, programmes and institutions be formed. In response, UN-Energy was created in 
2004 as the principal interagency coordinating mechanism in the field of energy within the 
UN system. Its purpose is to help ensure coherence in the UN system’s multi-disciplinary 
response to WSSD and to collectively engage non-UN stakeholders. 

One of the joint activities agreed by UN-Energy is directly related to a major energy-related 
objective of WSSD, namely, “increasing the proportion of energy obtained from renewable 
energy sources”. In this regard, UN-Energy agreed to conduct case studies for two countries 
in different situations and regions. The first study, based on Ghana, was presented at CSD-
14. This is the second study. It is based on China, given China’s large and rapidly growing 
energy use. Because China’s size means aggregate analyses at the national level can hide 
useful provincial level insights, it was decided to conduct the pilot study at the provincial 
level, specifically for Sichuan Province.  

The International Atomic Energy Agency’s (IAEA’s) energy-environment planning and 
analysis tools were used for this case study to compare policy options in the context of a 
comprehensive provincial energy system. The specific tools used include MAED2 and 
MESSAGE3 (see also Appendix I). These IAEA energy models were used to generate a base 
case socio-economic development scenario of Sichuan Province from 2005 to 2025. This 
scenario describes the development of the energy system that would minimise total 
discounted energy system costs based on the technology and resource costs input to the 
models. This was then compared with different scenarios reflecting the consequences of 
various policy alternatives. 

The quantitative characterization of the Sichuan energy system is based mainly on published 
and publicly available material. While this is not an all-inclusive analysis of policy options for 
Sichuan Province, especially in view of the fast transition and multiple future pathways for 
energy and economic development, the study aims at providing general insights on the 
relative effectiveness and costs of policy options for “increasing the proportion of energy 
obtained from renewable energy sources”.  

The renewable energy policy options resemble policies or targets that are either already 
adopted elsewhere in China, are currently being finalised for implementation, or are being 
discussed in the literature as being appropriate policy instruments for this area. They were 
analyzed by adding appropriate constraints and cost adjustment mechanisms to the IAEA 
models. 

• The Mandatory Market Share (MMS) scenario requires a certain percentage of 
primary energy supply to come from renewable sources of energy by a specific date.  

___________________________________________________________________________ 
1 In this report “renewable” includes wind, solar (thermal and photovoltaic), hydropower at all scales, and bio 
energy (traditional, e.g. fuelwood, and modern, e.g. bio-ethanol and bio-diesel). 
2 MAED Model for Analysis of Energy Demand 
3 MESSAGE Model for Energy Supply Strategy Alternatives and their General Environmental Impact 
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• The Public Benefit Fund (PBF) scenario creates a fund that is used to partly finance 
renewable energy projects. There are two variations, one in which the fund is 
financed by a levy on electricity transmission and another in which it is financed by a 
levy on pollution.  

• The Wind Concession Programme (WCP) scenario auctions wind rights to private 
developers such that the lowest bid per kilowatt hour wins a geographic concession. 

• The Clean Development Mechanism (CDM) scenario allows the sale of certified 
(carbon) emission reductions (CERs) generated by renewables on the international 
market. 

2 SUMMARY DESCRIPTION OF SICHUAN’S ENERGY SYSTEM AND ECONOMIC 
SITUATION 

At the end of the 1970s China entered a period of high economic growth, which is still 
continuing. From 1980 to 2005 its real gross domestic product (GDP) expanded by a factor 
of 9.7, with an average annual economic growth rate of 9.5% (RCSD, 2006).  

In China, as elsewhere, economic growth has brought increased energy demand. Although 
energy demand grew slower than GDP, energy use in 2005 nonetheless quadrupled 
compared to 1980, with an annual growth rate of 5.7%. This contrasts sharply with average 
global growth during the same period of 1.6% per year (ibid.). 

More recently, energy use in China increased from 38.1 exajoule4 (EJ) in 2000 to 64.5 EJ in 
2005 - a near doubling in just five years (RCSD, 2006). Industrialisation, a principal driver of 
the observed rapid energy demand growth, is still accelerating, and double-digit growth in 
this sector is likely to continue for at least the next 5 to 10 years. In this regard, the latest 
World Energy Outlook (IEA, 2006) projects primary energy demand to double by 2030, with 
the majority of the marginal increase to be supplied from coal.  

At present, Sichuan Province is one of the less well-off provinces in China in which 
significant disparities exist between rural and urban populations. However, GDP is expected 
to grow significantly alongside energy demand, improving the economic situation in both rural 
and urban regions of Sichuan.  

Figure 1 illustrates the significant growth in energy and electricity demand, as well as in 
GDP, for Sichuan Province as projected in the MAED analysis specifically developed for this 
study. 

With continuing rapid increases in energy and electricity demand driven by strong economic 
growth, China faces a series of challenges. These include air pollution, acid rain, ecological 
degradation, climate change, and the adequacy and security of energy supplies. In terms of 
energy use and greenhouse gas (GHG) emissions, China is now ranked second in the world, 
and first with regard to sulphur dioxide (SO2) emissions, which in 2005 amounted to 25 
million tonnes of SO2. As such, energy policy in China is not merely a domestic issue, but 
has a significant impact on the world energy market as well as the global and regional natural 
environment. 

___________________________________________________________________________ 
4 1 EJ = 23 884 590 tonnes of oil equivalent (toe) 
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Figure 1: Energy and economic trends (indexed) for Sichuan Province 

 Accelerating the uptake of renewable energy sources may help address these issues, since, 
amongst other effects, they can reduce the pollution intensity of electricity generation, 
provide electricity to rural areas more economically and thus address existing rural-urban 
disparity. 

Figure 2 compares the energy use in urban and rural areas. The left panel contrasts the per 
capita final energy use for the years 2000 and 2003. The average level of final energy 
demand in rural areas is very similar to that in urban areas. However, final energy describes 
energy input rather than energy services or the utility that one derives from the use of the 
energy input. Rural areas use primarily traditional fuels at low conversion efficiency 
compared to urban areas where commercial fuels are being used at much higher levels of 
conversion efficiency. Once the conversion efficiency is considered, in the right panel of 
Figure 2, a different picture emerges. The right panel depicts useful energy use (or energy 
services) per capita. It reveals the underlying energy disparities and highlights the fact that 
urban residents receive approximately twice the energy service from a similar level of energy 
inputs.  

Figure 2:  Per capita final energy (left) and useful energy (right) for urban and rural dwellers 
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The disparity in the use of commercial fuels is even greater. In 2003 rural residents were 
using only 2.3 PJ per capita which is about one-third of the commercial energy used by 
urban residents. The disparity is even starker in terms of electricity use. On average rural 
inhabitants use less than one-fifth of the per capita electricity used by urban inhabitants, 
which was just above 400 kWh per capita. in 2003. 

To take advantage of renewable energy opportunities, the Chinese government has initiated 
substantial efforts towards providing clean energy services. In 2005, Vice Premier Zeng 
Peiyan declared that the government wanted 15% of China's primary energy supply to come 
from renewables by 2020, compared with 7.7% in 2005 (Jun Ying, 2007). This vision guided 
the preparation and enactment of the Renewable Energy Law (REL) in early 2006. Its aim is 
to establish strong foundations for large-scale investments in renewables based on a 
financial and regulatory environment in which more risks would be shouldered by state actors 
so that investors can be more confident about adequate returns (ibid.). 

 
2.1 Brief Overview of Sichuan Province’s Electricity System 

Tables 1 and 2 provide an overview of electricity generation and installed generating capacity 
in Sichuan Province. Table 1 shows the installed capacities and generation for hydro and 
thermal power plants for the years 2003 and 2004. Table 2 shows a more detailed 
breakdown of energy sources and technologies for the year 2003 which is the base year in 
this study. Appendix II shows a detailed energy balance of Sichuan Province. 

Table 1: Electricity generation and generating capacity in Sichuan, China 

2003 2004 
 

Hydro Thermal Total Hydro Thermal Total 
Capacity MW 12 341 6 103 18 445 13 383 6 900 20 283 
Generation (GWh) 50 000 32 756 82 756 58 900 34 600 93 500 
Generation PJ 180 118 297 212 124 336 

 
 

Table 2: Estimated electricity generation and generating capacity by fuel, 2003 

Note: Table 1 is based on official Chinese data for the years 2003 and 2004. In Table 2 assumptions are made for 
the technology specific breakdown of hydro and thermal capacities. For hydro, these assumptions are based on 
Rong (2006), and for thermal capacities these assumptions are based on the official energy balance of Sichuan 
Province. 
 

The Institute of Development Studies reports that rural electrification schemes in China have 
led to 96% electrification of villages and 94% of households, either through provincial grids or 
small autonomous grid systems. In Sichuan the electrification rate is 97%, while 
electrification of the poor is at 82% (van der Linden et al, 2003). With a population of roughly 
80 million this leaves approximately 2.4 million people without access to electricity in the 
province of Sichuan. A recent study published by the SETC /UNDP/GEF (2005) provides a 
similar figure of 650 000 unelectrified households by the end of 2000, which equates to 
nearly 2.2 million people if one takes the average Sichuan household size in 2000 of 3.32 
people (UNESCAP, 2006).    

 
Large 
hydro 

Small 
hydro Coal Oil Gas Total 

thermal Total 

Capacity (MW) 7 255 5 086 5970 15 118 6 103 18 445 
Generation (GWh) 29 390 20 610 32 046 79 631 32 756 82 756 
Generation (PJ) 106 74 115.4 0.3 2.3 118 297 
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However, van der Linden et al. (2003) assume the official total number of unelectrified 
households is underestimated since a village is considered electrified when a government 
building in the village has electricity, although other households in the village may not. A 
revised figure by van der Linden et al. shows a significantly higher estimate of 1.18 million 
unelectrified households, mostly situated in the hilly and mountainous western and northern 
parts of Sichuan which are difficult and costly to electrify through grid extension. The cost of 
electricity generation by diesel generator sets, for example, which is often used in remote 
areas, can reach 4.5 Yuan/kWh5 (SETC/UNDP/GEF, 2005). Under these circumstances 
decentralised RETs may offer a more economic option for supplying poor rural communities 
in the mountainous and hilly parts of Sichuan. 

2.2 Energy Resources and Supply Options in Sichuan Province 

Renewable energy resources in Sichuan are generally plentiful, but their overall economic 
supply potential is low. 

AnnualAnnualAnnual

Figure 3: Solar (left) and wind (right) resource potential in Sichuan (outlined in red), China. 
Source: SWERA (2007), Wind-Project (2005)

AnnualAnnualAnnualAnnualAnnualAnnual

Figure 3: Solar (left) and wind (right) resource potential in Sichuan (outlined in red), China. 
Source: SWERA (2007), Wind-Project (2005)  

Solar resources are good in the western part of Sichuan (5-8 kWh/m2/day), but modest (2.5-
6 kWh/m2/day) in the rest of the province (see Figure 3, left). Van der Linden et al. (2003) 
report some 20 000 solar home systems and some 50 villages powered by solar photovoltaic 
(PV) installations in Sichuan.  

Wind resources in Sichuan appear to be limited (see Figure 3, right) although the Western 
part of the province has a good potential for small wind turbine installations (van der Linden 
et al, 2003) and some useable potential for large-scale turbines. Biomass energy, primarily 
wood and agricultural residues, is abundant and the increased use of biogas (instead of 
direct combustion) can improve energy services and thus living conditions in rural areas. 

Hydropower potential in Sichuan is enormous. Currently less than 20% of the estimated 
economic potential has been developed, leaving substantial opportunities for further 
development. The province’s theoretical potential for hydropower development is 143 GW, 
accounting for one-fourth of China's total, while the technically exploitable potential is 

___________________________________________________________________________ 
5 On 14 March 2007 1US$ = 7.7 Yuan; 1EUR = 10.2 Yuan 
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estimated at 103 GW and the economically realisable potential is approximately 76 GW. Of 
the total realisable potential, small and medium-sized hydro together are estimated at 
25.32 GW. (In China small hydro is defined as less than or equal to 25 MW. Medium-sized 
hydro is from 25 MW to 100 MW.) Sichuan’s hydropower potential is the greatest among all 
Chinese provinces (New Energy, 2006). The Sichuan provincial government has decided to 
build the province into the biggest hydropower generator in China during 2005-2010, a policy 
that will also entail significant exports of hydroelectricity to neighbouring provinces. In the 
analysis presented below, large hydropower (>100 MW) projects, as well as small and 
medium-sized hydro, are considered a renewable form of energy. However, where relevant, 
comparative results are also provided that separate large hydropower from the other 
renewable energy sources.    

Table 3 provides an overview of Sichuan's economic resource endowment for fossil fuels, 
biomass fuel, hydropower and wind. 
 
Table 3: Total resource endowment, Sichuan 

Fossil fuel PJ Biomass  PJ Hydro MW Wind MW 
 Coal 94 504  Firewood 165  Large 75 000  Central 1 000 
 Gas 79 139  Crop residue 282  Small 25 000  Decentral 189 
 Oil 90    Micro 500     

 

Sichuan also has significant coal and natural gas resources which, together with existing 
hydropower, currently provide the bulk of the province's electricity supply. The province has 
also some oil reserves that are currently being exploited, but most fuel to meet transport 
demand is imported.  

Biofuel is anticipated to play an increasingly important role. Already, China is the world's third 
largest producer of bio-ethanol producing approximately 1 million tonnes in 2005 (Jun Ying, 
2007). The Energy Bureau (EB) of the National Development Reform Commission (NDRC) is 
anticipating production of 2 million tonnes in 2010 and 5 million tonnes in 2020. While bio-
diesel production is still at a very early stage of development (the government has recently 
decided to actively support the industry including a jatropha plant6 (ibid.)), production is 
anticipated to grow to 0.2 and 1 million tonnes by 2010 and 2020 respectively. For Sichuan 
province, total production estimates for both bio-ethanol and bio-diesel are 0.2 million tonnes 
in 2010 and 1 million tonnes in 2020 (see Table 4 for details).  

The following fuel prices are used as basic reference assumptions in the modelling analysis. 
The cost of coal and gas for electricity generation are 30 US$/tonne (1 US$/GJ) (Monthly 
Coal Report, 2006; UNDP/WB, 2004) and 3.3 US$/gigajoule (GJ) (Skeer & Wang, 2006) 
respectively. The cost for transport fuel is 10.6 US$/GJ, which is based on a 50 US$/bbl 
price plus a 22% premium for transport fuels. The production costs for bio-ethanol and bio-
diesel are 17.3 US$/GJ and 9.4 US$/GJ respectively (GTZ, 2006). 

Table 4 provides an overview of the potential for resource exploitation from current levels 
(2003) until 2030. Appendix III provides an overview of the techno-economic data for existing 
and future power plants as used in the MESSAGE model. 

___________________________________________________________________________ 
6 The oil from Jatropha curcas seeds can be used for making bio-diesel and is already used successfully in many 
projects in India.   
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Table 4: Techno-economic resource exploitation potential 
  2003 (actual) 2010 2020 2030 
Fossil fuels (PJ)     
   Coal 1 417 2 384 2 530 2 685 
   Gas7 403 701 1 012 1 246 
   Oil 6 7.6 7.6 7.6 
Biomass (PJ)     
   Total 329 377 423 463 
Biofuel (thousand t)     
   Bio-ethanol 59 182 833 1 611 
   Bio-diesel 0 18 167 403 
Wind (MW)     
   Wind (central) 0 100 500 1 000 
   Wind (decentral) <1 35 93 189 
Hydro (MW)     
   Large hydro 7 255 16 000 30 000 50 000 
   Small hydro 5 086 10 000 16 000 25 000 
   Micro hydro 17 100 260 500 

Source: These potentials were derived from the China Statistical Yearbook (2004), the "Eleventh five-year plan" 
of Sichuan Province and data received from Tsinghua University, China.  

 

3 ENERGY AND RENEWABLES POLICIES IN CHINA AND SICHUAN  

Over the past few years several government strategy and planning documents have been 
published that prioritise key areas for energy development 

• In 2004, the China National Energy Strategy and Policy 2020 (NESP) by the 
Development Research Centre identified energy security, economic growth, equity 
and improved well-being as high policy-level goals (LBNL, 2005).  

• With regard to energy development, China’s Agenda 21, as summarised by Weidou 
and Johansson (2004), emphasizes the importance of delivering the power needed 
for economic growth and sustainable development, in order to ensure that energy 
supply and use are conducted in ways that safeguard public health and the 
environment, to achieve an equitable distribution of [modern] energy services 
throughout the nation and to create the conditions for a secure supply of energy. 

• China's Medium and Long term National Planning of Renewable Development has 
been ratified by the National Congress. The capacity for renewable energy 
generation is targeted to reach 30% of total generating capacity by 2020. 
Hydropower should account for 300 GW, wind for 30 GW, solar for 1.8 GW, and 
biomass generation for 30 GW (RCSD, 2006). 

• The 11th Five Year Plan established the following initiatives as central to energy 
policy in China: energy conservation; the diversification of energy sources; 
optimization of the demand and supply structure; and the development of stable, 
economic, clean and safe energy (Zhang, 2006). Renewable energy technologies 
should be promoted and supported through fiscal policies, tax structures, investment 

___________________________________________________________________________ 
7 The MESSAGE scenarios developed for this report assume gas exports of 127 PJ per annum over the entire 
study period in line with existing gas exports to neighbouring provinces, as reported in the energy balance 
(Appendix II) 
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policies and a compulsory market share to increase the percentage of renewable 
energy use in the primary energy mix (ibid.).  

• The REL is the cornerstone of renewable energy development in China with the 
aims of promoting the use of renewable energy, increasing energy supplies, 
improving the energy structure, enhancing energy security and protecting the 
environment. Amongst other things, the Chinese REL aims at developing a total 
volume target for renewable energy although specific targets are in the process of 
being determined. The newly approved REL also stipulates the establishment of a 
renewable energy special fund. The Ministry of Finance (MOF) is currently working 
with the NDRC to determine the scale of the special fund and options for its 
administration (CSEP, 2005). For example, the NDRC recommends several fund-
raising options for a Public Benefit Fund (PBF), such as wire charges, pollution fees 
and government financing (ibid.). In addition, the REL stipulates that utilities must 
purchase the full volume of qualified renewable energy power at a fixed power price 
(ibid.).  

RETs are also supported through a range of other provincial and national support 
programmes, most notably the Township Electrification Programme for off-grid 
renewables and the WCP for grid-connected renewables (LBNL, 2005).  

In Sichuan, several additional national and provincial government energy policies are in 
effect as listed below (Sichuan Guojiao Energy & Environmental Engineering, 2006). 
These have not, however, been explicitly incorporated into this study’s modelling exercise 
as that would require additional assumptions about project specific implementation 

• The national government provides Sichuan with 120 million Yuan annually of low 
interest loans for renewable energy projects. 

• The Provincial Government of Sichuan allocates 60 to 80 million Yuan per year 
for renewable energy projects.  

• For each large or medium-sized biogas project that is included in the national 
plan, the Government provides a grant of Yuan 600 to 900 thousand.  

• For each large or medium-sized biogas project that is included in the provincial 
plan, the Government provides a grant of Yuan 500 to 600 thousand. 

• For each household biogas pond in rural areas, the Government provides 
assistance of Yuan 1 600 (Yuan 1 000 from the National Government and Yuan 
600 Yuan the Provincial Government of Sichuan). 

4 DEVELOPMENT OF FUTURE ENERGY NEEDS 

4.1 Methodological Approach 

The IAEA’s energy planning tools MAED and MESSAGE have been used for this study (see 
Appendix I for more detailed descriptions). MAED uses a bottom-up approach to project 
future energy demand based on medium- to long-term scenarios of socio-economic, 
technological and demographic development. Energy demand is disaggregated into a large 
number of end-use categories corresponding to different sectors, goods and services. The 
influences of social, economic and technological driving factors are estimated and combined 
in each different category to present an overall picture of future energy demand growth under 
the assumptions of that scenario.  

The end-use categories considered in this study are: agriculture, construction, mining, 
manufacturing, transport, service, urban households and rural households. Manufacturing is 
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further sub-divided into heavy and light industries. Based on densities of energy use, the 
end-use categories are re-organized into eight different groups that match the energy supply 
infrastructure, mainly in terms of centralised or decentralised supplies. These groupings are: 
electricity for urban areas, electricity for rural areas, electricity for industries, thermal uses in 
urban areas, thermal uses in rural areas, thermal uses in industries, fuels for transportation 
and coking coal for industry. 

MESSAGE has been used to develop six energy supply scenarios (i.e. one base case 
scenario and five policy scenarios) meeting the demands calculated by MAED. MESSAGE is 
an optimisation model and is used to calculate a least cost composition of energy sources 
and technologies subject to infrastructure or policy constraints such as finance, market 
penetration rates for new technologies, fuel availability, trade, environmental emissions, etc. 
The MESSAGE model provides a flexible framework to model diverse energy supply 
systems. 

Energy use and supply in rural and urban areas have been split into separate categories to 
analyse different structures of energy supply-demand and suitability of supply technologies 
and fuels.  

4.2 General Demographic and Economic Assumptions  

This section outlines some key assumptions on economic and demographic development 
that have been used in determining energy demand levels in Sichuan province for all 
scenarios. 

 

  

 

 

 

 

 

 

 
Figure 4: GDP per capita in rural and urban areas (left), urban population as % of total population (right) 

A large contributor to China’s economic growth has been industrial activities that are centred 
around and in urban areas, which has resulted in significant income disparity. The left panel 
in Figure 4 shows the projected growth in GDP per capita for rural and urban populations, 
both which grow four-fold by 2025. In 2003 GDP per capita in rural areas was approximately 
US$ 500 and thereby less than a third of the urban GDP per capita. As a result of this 
income disparity the past trend of rural-urban migration is assumed to continue, as shown in 
the right panel of Figure 4, since the urban economy offers greater economic prospects for 
rural inhabitants. However, rapid urbanisation will shift energy demand patterns and energy 
supply options since, as energy loads become more concentrated, substantially increased 
amounts of commercial fuels are required. In contrast, the rural population is getting smaller 
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in absolute terms, which impacts the prevalence of dispersed energy loads at lower load 
densities and the different forms of energy supply options that such loads may require.   

4.3 Selected Projections on Energy Intensity, Efficiency and Fuel Penetration  

In addition to the demographic and economic developments shown in the previous section, 
the level and distribution of future energy demand estimated by MAED depends on 
assumptions about technology innovation, improvements in operating performance, and the 
rational use of energy. The impact of such improvements is reflected in aggregate 
parameters, such as the energy intensity of various economic sectors (Figure 5) and 
measures of energy efficiency (Figure 6). Energy intensity is a measure of the amount of 
energy used for each unit of economic output, and Figure 5 presents selected energy 
intensity parameters used in MAED to determine energy demand levels for Sichuan 
Province. Significant improvements in energy intensities are foreseen for a wide variety of 
different sectors, including manufacturing, the service sector, individual transport and 
industries.  

Figure 6 shows, as one example of the assumed improvements in energy efficiency for 
various end-use categories, the increases in the weighted average efficiencies for fossil fuel 

 

Figure 5: Relative improvement of selected energy intensities in GJ/US$ (unless 
otherwise stated)  

Figure 6: Energy efficiency improvements of useful (final) energy for selected economic 
sub-sectors 
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use and modern biomass over the study period. Similar efficiency improvements are 
assumed for other fuels, such as traditional biomass, and for other sectors, such as in 
transport. Fuel switching also plays a significant role in determining the level and composition 
of future energy demand, and the use of electricity as a share of total useful energy 
increases in all sectors at the expense of either fossil fuels, traditional fuels or both. 

4.4 Energy and Electricity Demand Projections 

Figures 7 and 8 show the final energy and electricity demands calculated by MAED based on 
the full set of demographic, economic and technological assumptions illustrated in the 
previous sections.  

 

 

 

 

 

 

 

 

 

 

 

 
Figure 7: Final energy demand by sector (left), useful (final) energy demand per capita (right) 

The left panel of Figure 7 shows the final energy demand for each sector. The largest 
consumer is the manufacturing sector, with a share of approximately 55% in 2003 and a 
projected share of 62% in 2025. However, the most significant growth over the study period 
is in the service and transport sectors at the expense of lower growth rates in the agricultural, 
construction, and mining sectors (ACM), urban households, and especially rural households. 
The right panel in Figure 7 shows the difference in useful (end-use) energy demand per 
capita for rural and urban populations. The useful per capita energy demand in urban 
households is much higher than in rural households, although the gap narrows slightly with 
time (green line).  

The left panel of Figure 8 shows the electricity demand for each sector. Compared to overall 
energy use, the manufacturing industry’s share of total electricity demand is even larger, 
approximately 70% throughout the whole study period. Electricity growth is particularly strong 
in the service sector (14-fold) and the transport sector (5-fold). Electricity growth varies 
between rural and urban households. In urban households, electricity demand increases 
more than five-fold (mainly as a result of a larger urban population and better income); in 
rural households it less than doubles. This is mainly due to a decreasing rural population and 
smaller rural households. However, this still implies that on a per capita basis electricity use 
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in rural areas is growing more significantly. The right panel of Figure 8 shows the difference 
in per capita electricity demand between rural and urban residents. Although electricity 
demand for urban residents is much higher than for rural residents, the relative gap is 
projected to diminish with time (green line). While the per capita electricity use in urban areas 
approximately doubles, the increase in rural areas is nearly a factor of five. 

 
4.5 Energy Supply Alternatives 

This section presents results from the IAEA’s energy supply optimisation model MESSAGE. 
MESSAGE calculates the least-cost energy mix for the demand projections, resource 
potentials and technology parameters for Sichuan Province as described above. The policy 
options tested here (MMS, PBF, CDM, and WCP) are assessed against a base case energy 
supply scenario which is the cost optimal supply strategy without any policy intervention.   

For all scenarios, the following basic assumptions have been made about the interactions 
between centralized and decentralized electricity generation. Electricity consumers fall into 
three major categories: industry, rural households and urban households. The central grid is 
connected to industry and urban households to directly meet their electricity demands. For 
rural households, electricity demand can be met either from the central grid via grid 
extensions specifically designed to feed rural communities (taking into consideration both 
investment costs and transmission losses) or from distributed generation technologies (both 
renewable and fossil) that either directly meet household demand or feed into community 
mini-grids for rural supplies. The expansion route chosen by MESSAGE is that which 
ultimately leads to the lowest total discounted system costs, taking into account the different 
costs of the various supply and network options at both the central and rural levels. 

4.5.1 Base Case 

The left panel in Figure 9 shows the primary energy supply structure calculated by 
MESSAGE for the base case. Fossil fuels dominate primary energy supply over the course 
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of the analysis, supplying roughly 80%. The right panel shows in greater detail the supply 
that comes from renewable energy sources other than large hydropower over the time 
horizon of the study. Together renewable sources other than large hydropower provide only 
5% of primary energy in the final period, a decrease from 14% in 2003. Amongst them, 
biomass dominates supply with approximately 92 % in the final period of the analysis.  

  

 

 

 

 

 

 

 

 

Figure 9: Primary energy supply structure, Sichuan Province8 

The two principal conclusions that can be drawn from Figure 9 are that renewable energy 
sources, other than large hydropower, play only a minor role in the base case scenario, and 
that the small share of renewables other than large hydropower is dominated by non-electric 
uses of renewables, especially by traditional biomass. 

Figure 10 shows the base case results for electricity generation. The left panel depicts 
projected centralized electricity generation. Small and large hydropower increasingly 
dominate the power supply9, fluctuating between 50% and 60% except in 2010 when coal 
fired generation is greater. The right panel shows the electricity generation mix serving rural 
communities. Initially almost all electricity comes from the central grid, but then the share 
from the central grid slowly declines as electricity generation from micro hydro, biomass 
power plants, diesel generators and small scale wind turbines penetrate the rural economy. 
By the end of the study period distributed generators supply roughly 45% of all electricity in 
rural regions, and 75% of the supply from distributed generators is from renewable sources. 
As is evident from a comparison of the scales of the left and right panels of Figure 10, the 
rural electricity supply is only a fraction of, and still heavily reliant on, centralised generation. 

Figure 11 shows electricity generating capacity for the base case, with centralized capacity 
on the left and rural capacity on the right. The high capacity for diesel generators in the rural 
areas (right panel) is required to meet peak loads. 

___________________________________________________________________________ 
8 Please note that the scale in the graph on the right starts with 300 PJ to ease visual analysis, and also that solar 
energy in this instance refers to energy from solar thermal installations since there are no significant installations 
of solar PV 
9 A substantial share of electricity (due to the formidable hydroelectric potential in Sichuan Province) is exported 
to neighbouring provinces. The projections for electricity exports are based on Rong (2006), and grow from 32 PJ 
in 2003 to 151 PJ in 2010, and stabilise at 605 PJ in 2020.  
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The present value of the total system cost10 of the base case over the entire study period is 
just under US$ 94 billion. The weighted average levelised delivered cost of electricity (LDC) 
is approximately 4.6 cents/kWh. 

 

Figure 10: Centralized (left) and rural (right) electricity supply structure in Sichuan Province 

 

Figure 11: Centralized (left) and rural (right) generating capacity in Sichuan Province 

 
Table 5 summarizes the contribution of renewable energy in the base case. The first column 
shows that the share of renewables in the primary energy supply increases from under 9% to 
over 12% over the study period. This is due mainly to the increased use of biomass and the 
exploitation of large hydropower resources. The next two columns show the share of 
renewables in electricity generation and highlight the role of large central hydropower 
generation, without which the renewables contribution would be reduced by more than half. 
The next column highlights that renewables are projected to take on a much larger role in 
supplying electricity in rural areas, growing from just 1.2% in 2003 to one-third of rural 
electricity supply in 2025. The right column shows the contribution from bio-fuels in the 
transport fuel mix. 

___________________________________________________________________________ 
10 This study uses an 8% discount rate 
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Table 5: Projected contribution from renewable energy in Sichuan Province for the base case scenario 

 

% of 
primary 
energy 

% of 
electricity 
generation 

% of electricity 
generation (without 

large hydro) 

% rural 
electricity 

supply 
% of transport 

fuel 

2003 8.8 61.2 25.2 1.2 0.0 
2010 6.8 44.1 23.5 10.5 0.1 
2020 11.8 62.9 25.0 27.5 0.7 
2025 12.4 59.6 24.9 33.8 0.9 

 

4.5.2 Mandatory Market Share 

In energy policy, mandatory targets for shares of renewable energy have become 
increasingly frequent. According to the REN21 Global Status Report (REN21, 2006), 49 
countries around the world have renewable energy development targets. Such targets serve 
as important signals for investors, entrepreneurs and the public.  

At present, the EB of the NDRC is formulating China’s Medium and Long Term Planning for 
Renewable Energy Development. According to the EB/NDRC, renewable energy sources, 
excluding traditional biomass but including large hydropower, should contribute 10% and 
15% of China's total primary energy supply by 2010 and 2020 respectively.  

Such targets are straightforward to model in MESSAGE, but more difficult to implement in 
practice. The results from MESSAGE, however, indicate the most cost-effective mix of 
renewable energy technologies and bio-fuels for reaching specific MMS targets by specific 
dates. They thus indicate the technologies and economic sectors on which governments may 
wish to focus specific policy mechanisms or incentives, e.g. tradable renewable energy 
certificates. Thus, the MMS scenario can provide guidance as to which specific technologies 
can help reach the renewables target at least cost or, conversely, which technologies will 
need greatest support to contribute to a RE share.  

The MMS scenario for Sichuan Province applies the official Chinese target of renewables 
(excluding traditional biomass) contributing 10% and 15% of China's total primary energy 
supply by 2010 and 2020 respectively. These are the official targets for the country as a 
whole; the analysis applies them directly to Sichuan. In the base case renewable energy 
contributes 6.8% and 11.8% in 2010 and 2020 respectively (Table 5), so that the MMS 
scenario requires increases in the contribution of renewables by 3.2% for both target years.  

Cost effective renewable energy supply options to meet the additional requirement of the 
MMS target exist in both the non-electric and the electricity sector. Figure 12 shows the 
differences in energy supply (left) and generating capacity (right) between the base case and 
the MMS scenario. The left panel (i.e. energy supply) indicates that, among other things, in 
the earlier part of the study period (i.e. the 2010 and 2015 time steps) the MMS scenario 
brings on-line more of Sichuan’s low-cost hydropower potential than is developed in the base 
case. In the later part of the study period, the MMS scenario brings on-line significantly more 
high-cost hydropower, because all the low cost options have been developed by then. The 
later periods also bring greater use of biofuels (for transport) than in the base case. In all 
periods, the MMS scenario uses less coal than does the base case, and in the final period it 
uses less nuclear power and fewer imports. The figure also shows other, more minor 
differences. The corresponding capacity differences for electricity generation are shown in 
the right panel.  

The fact that in the right panel of Figure 12 the positive bars are longer than the negative 
bars indicates that electricity use in the MMS scenario is greater than electricity use in the 
base case. This reflects, first, the fact that there are more opportunities to use renewable 
energy sources for electricity generation than to use them to meet other energy demands (for 
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transport, for example) and, second, that electricity generated for renewables can often 
substitute for thermal energy from non-renewable sources in both the industry and household 
sectors. What the right graph does not show is that increased electricity generation also 
requires increased transmission capacity, a fact that may be important for policy formulation 
and regulatory responses.  

  

Figure 12:  Differences in energy supply (left) and electricity capacity (right) between the base case and 
MMS scenarios 

 
Table 6 compares the contribution from renewable energy sources in the MMS scenario with 
the base case. Note that the table shows the difference in the MMS scenario relative to the 
base case and not the absolute contribution. By the end of the study period the greatest 
difference is the 17% increase in the supply of renewable electricity in the rural economy, 
reflecting displacement of diesel generators by photovoltaic solar power and decentralised 
wind-turbines. Biofuel use increases by 2.6 percentage points over the base case for a total 
contribution in the MMS scenario of 3.5%. 

Table 6:   Percentage point differences in the renewable energy supply between the MMS and base case 
scenarios. 

 

% of 
primary 
energy 

% of 
electricity 
generation 

% of electricity 
generation (without 

large hydro) 

% rural 
electricity 

supply 
% of transport 

fuel 

2003 0.0 0.0 0.0 0.0 0.0 
2010 3.2 18.5 4.7 -0.2 0.0 
2020 3.2 8.9 0.1 18.2 3.4 
2025 2.6 9.7 -0.2 17.3 2.6 

  

The present value of the additional cost premium to meet the mandatory market shares 
specified in the MMS scenario is around US$ 1.2 billion above the cost of the base case. In 
absolute terms this is substantial, but it amounts to a cost increase of approximately 1.3% 
relative to the total base case system cost of approximately US$ 94 billion. For electricity, the 
additional cost amounts to an increase in the weighted average LDC of 0.2 cent/kWh. With 
regard to transport fuel, the additional supply of biofuel increases the transport fuel cost by 
0.11 US$/GJ, an increase of approximately 1% compared to the base case. 
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4.5.3 Wind Concession Programme 

The key objective of the Chinese WCP is to increase the wind power capacity - through a 
competitive bidding process for wind farm development - at the lowest possible cost while at 
the same time maintaining control over development decisions (Lewis, 2004). To date, the 
NDRC has approved four sets of tenders totalling 1100 MW of wind capacity for all of China. 
Bidders specify a feed-in price at which they would be willing to sell electricity from their 
proposed wind farms. The low bidder wins, and is guaranteed its specified feed-in price. This 
programme is designed to reduce risk and uncertainty and will hopefully lead to large-scale, 
market-driven development opportunities, and provide the government an opportunity for 
institutional capacity building in the area of wind project development (ibid.).  

Currently the WCP also requires that at least 70% of the components of a wind turbine are 
provided by Chinese companies. The reasoning behind this domestic contribution is that the 
domestic manufacturing capability is still not fully mature in the wind industry, and additional 
manufacturing experience would benefit the industry in the long term and may even influence 
development of wind power in the short-term (Morthorst et al, 2006). 

A recent "Study on the Pricing Policy of Wind Power in China" provides details on eight WCP 
tenders across China (Li Junfeng et al, 2006). The winning bids were for feed-in sale prices 
ranging from approximately US$ 0.048 to 0.064 per kWh. The average winning feed-in price 
for the eight tenders was around US$ 0.06/kWh. Based on Li Junfeng et al.’s results, the 
WCP scenario in this study therefore approximates the costs of WCP wind power in Sichuan 
using the average empirical price of US$ 0.06/kWh. 

Table 4 showed the potential for centralized wind power generation in Sichuan growing from 
zero in 2003 to 1000 MW in 2030. For the WCP scenario, the MESSAGE model brings all 
this capacity on-line at an increasing pace. Thus the capacity added in each time period is 
100 MW during the 2010 period, 150 MW for the 2015 period, 250 MW for 2020 and an 
additional 250 MW for 2025. This results in a total installed capacity of 750 MW large-scale 
central grid connected wind farms in the study’s final 2025 time period. The cost of all power 
generated by this increased capacity is assumed to be uniform at US$ 0.06/kWh as 
described above. 

Figure 13 summarises the changes in electricity generation (left) and generating capacity 
(right) between the base case and the WCP scenario. The figure shows that the introduction 
of large-scale wind turbines leads to lower generation and capacity requirements for large 
hydropower plants and advanced coal power plants. So, wind is displacing both renewables 
and conventional resources. The left panel also shows that the intermittency in the wind is 
balanced by operating conventional coal power plants more than in the base case. However 
the right panel also highlights that this can be done using existing capacities and that no 
additional dispatchable or firm generators are needed in order to cope with the intermittent 
energy contribution from wind farms. The higher capacity requirement in the WCP scenario is 
related to the lower capacity factor of wind turbines in comparison to the capacity factors of 
large hydropower and advanced coal power plants. 

However, the addition of wind farms at the stipulated quantities and feed-in price leads to a 
higher overall energy system cost. The present value of the total additional cost resulting 
from the requirements of the WCP scenario is approximately US$ 80 million, which is 
negligible compared to the total base case system cost of approximately US$ 94 billion. The 
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LDC difference to the base case is negligible. But while the relative cost of the WCP scenario 
would be low, so would be the impact on the policy objective of increasing the share of 
renewables in Sichuan’s energy mix. 

The WCP scenario results in only a 0.5% increase in the renewable share (excluding large 
hydropower) of electricity generation by 2025. When large hydropower is included in the 
definition of renewables, the impact of the additional wind power is of little consequence, 
both because of the size of Sichuan’s large hydropower capacity and because of the WCP 
scenario’s substitution of wind for large hydropower as shown in the right panel of Figure 13. 
Thus the small impact of the WCP scenario appears to be due primarily to two factors: first, 
the limited wind resources in Sichuan (Table 4) and, second, the fact that the energy source 
most displaced by the WCP scenario’s added wind capacity is, in fact, another renewable 
energy source, large hydropower (right panel of Figure 13).  

4.5.4 Public Benefit Fund 

A public benefit fund (PBF) typically creates a fund through a levy or tax that is then 
redistributed for investment in projects that are in the public interest, but which would not 
attract investment without being subsidized by the fund. As a policy tool, a PBF can be 
applied independent of any restructuring of targeted economic sectors, and therefore can 
either complement or substitute for alternative regulatory approaches. 

Typically funds are used to support smaller scale renewable energy projects, energy 
efficiency projects, training, consumer education, low interest loans and other financing 
mechanisms, but they could also be used to support technologies that are still undergoing 
research and development. 

China’s newly approved REL has stipulated the establishment of a renewable energy special 
fund. Currently the MOF is working with the NDRC to determine the scale of this fund and 
options for its administration (CSEP, 2005).   

In this modelling exercise two policy variations of a PBF are tested. In the first, a wire charge 
is placed on central transmission at a rate of US$ 0.5/MWh. In the second, a pollution tax is 
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levied on the emission of sulphur dioxide (SO2) from coal fired power plants at 
US$ 100/tonne. In both cases, the fund is used to subsidise renewable energy projects at the 
following assumed rates:  

• wind turbines   US$ 400/kW 
• solar PV    difference between capacity cost and  US$ 1000/kW11 
• ethanol production  US$ 7/GJ 

The following sections summarise the results of the two PBF scenarios with respect to 
changes in generating capacity and system operation. 

4.5.4.1 Wire charge 
A wire charge placed on centralised production uniformly discriminates against all centralised 
power generators and favours distributed generation technologies (both fossil and 
renewable). In Sichuan Province the implementation of the wire charge could generate 
substantial funds due to the volume of total central electricity demand.  

Over the entire study period the fund collects revenues that total approximately 
US$ 2.6 billion (undiscounted), which in turn are used to subsidise bio-ethanol, centralised 
wind farms and solar PV. The left panel in Figure 14 shows that biofuel steadily grows in 
comparison to the base case. The right panel shows that the subsidy leads to an additional 
capacity of 750 MW of centralised wind, 150 MW of decentralised wind, and 250 MW of solar 
PV by the end of the final period. In the cases of both centralized and decentralized wind, the 
maximum technically possible wind capacity has been installed.  

Figure 14: Differences in energy supply (left) and electricity capacity (right) between the base case and 
PBF (wire charge) scenarios 

The right panel in the figure also shows that additional wind and PV capacity replace high-
cost large hydropower as well as advanced coal capacity and some diesel capacity. The 
intermittency in the wind and solar radiation is balanced using existing conventional coal fired 
___________________________________________________________________________ 
11 The capital cost of solar PV is falling due to technology learning at a rate of 40% per decade (IEA, 2003). The 
subsidy used here ensures that the capital cost of PV is constant at US$ 1000/kW. For example, in the initial 
period the subsidy is US$ 3000/kW, while in the last period the subsidy has reduced to US$ 400/kW. 
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power plants (and imports) as indicated by their greater operation in the left graph. Increased 
rural electricity generation also leads to a small reduction in the grid capacity linking rural 
areas with the central grid network.  

 With respect to the objective of increasing the share of renewables in the energy supply mix, 
the PBF (wire charge) scenario shows that biofuels in transport can be increased 
significantly, while in electricity generation the improvements are only marginal. Biofuels as a 
share of transport fuel increases threefold (i.e. by 2.2 percentage points) from 0.9% to 3%. 
For electricity generation, the wire-charge increases the contribution from renewables by 8.9 
percentage points in the rural areas, which equates to a relative increase of nearly 30% in 
comparison to the base case. Overall, the share of renewable sources of energy in the 
primary energy supply mix increases by 0.4% percentage points to 12.8% (see Table 7).    

The present value of the additional costs to the energy system over the study period in this 
case are approximately US$ 800 million, again compared to the present value of the total 
energy system cost of US$ 94 billion. For electricity, this results in an increase in the LDC of 
less than one-tenth of a cent per kWh. The majority of the additional cost is in the subsidy for 
bio-ethanol, which increases the transport fuel cost by approximately US$ 0.14 GJ which is, 
in the final time step, equivalent to a price escalation of 1.3%. 

 
Table 7:  Percentage point difference in renewable energy supply between wire charge and base case 

scenarios 

 

% of 
primary 
energy 

% of 
electricity 
generation 

% of electricity 
generation (without 

large hydro) 

% rural 
electricity 

supply 
% of transport 

fuel 

2003 0.1 0.0 0.0 0.0 0.5 
2010 0.0 0.0 0.0 0.4 1.4 
2020 0.5 0.4 0.5 2.0 2.8 
2025 0.4 -0.1 0.7 8.9 2.2 

The levy collects money into a fund out of which additional system costs can be covered.  It 
is important to set the correct and efficient level of the levy for the fund, so that the taxes are 
not unnecessarily high, creating a fund far in excess of investment needs given the physical 
limitations of  system expansion. For example, a sensitivity analysis reveals that a doubling 
of the wire charge in Sichuan Province would not significantly change the rate at which 
renewable energy sources are expanded. The amount collected would simply far exceed the 
investment needs defined by the opportunities for renewable energy project implementation. 
However, the case shows that when tax revenues are appropriately earmarked for 
supporting renewable energy projects, they can increase the share of renewables in the 
energy supply mix, especially in the rural areas. 

4.5.4.2 Pollution tax 
In the PBF (pollution tax) scenario a tax of US$ 100 per tonne of SO2 is imposed on coal 
fired power plants. On one hand, the tax generates revenues to support renewables, and on 
the other hand it affects consumer choices. Depending on how high such a tax were set, and 
how it were structured, it could reduce coal fired generation and change the generation mix, 
or it could provide an incentive for investing in pollution control equipment. In the PBF 
(pollution tax) scenario presented here the tax is set at a level intended to collect revenues 
only, although ultimately the subsidizing of renewable energy sources from this fund 
displaces some coal fired power generation, even despite the needed for intermittent backup 
power.  
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The left panel in Figure 15 shows that the fund (which collects a total of US$ 3.1 billion in the 
course of the study period) allows the production of increasing amounts of biofuel, as well as 
the generation of electricity from wind turbines and some solar PV. Wind and solar electricity 
(together with increased use from conventional coal fired power plants and electricity 
imports) reduces electricity generation from advanced coal fired power plants and large 
hydropower (and, in the 2020 period, electricity imports). The right panel shows that the fund 
allows the construction of 750 MW of centralized wind power, 150 MW of decentralized wind 
turbines and 250 MW of solar PV. No additional firm capacity is installed, which indicates that 
the existing installed firm capacities have sufficient reserve to manage the intermittent output 
from the installed renewables. In comparison to the base case, the construction of wind 
turbines and PV modules reduces the capacities of large hydropower, advanced coal and 
diesel generators in rural areas. The greater use of solar PV in rural areas also leads to 
fewer grid extensions between the central grid and the rural economy.  

The present value of the additional cost of the PBF (pollution tax) scenario over the study 
period is approximately US$ 1 billion, which, as with the other scenarios, is small relative to 
the total system cost of the base case. The levelised electricity cost increases by less than 
one-tenth of a US cent. Transport fuel increases by US$ 0.18/GJ, which, in the final time 
period, is a 1.7% increase compared to the base case (Table 8). In the final period the share 
of renewable electricity in the rural economy is 8.9 percentage points higher than in the base 
case. In fact, since some generation from central hydropower is lost due to the imposition of 
the pollution tax, the overall provincial contribution from renewables in the electricity supply 
mix slightly decreases (unless large hydro generators are excluded as a renewable energy 
source). However, the increased use of biofuel increases the share of renewables in the 
province’s primary energy supply mix by 0.6 percentage points. 

Table 8: Percentage point difference in renewable energy supply between PBF (pollution tax) and base 
case scenarios 

 

% of 
primary 
energy 

% of 
electricity 
generation 

% of electricity 
generation (without 

large hydro) 

% rural 
electricity 

supply 
% of transport 

fuel 

2003 0.1 0.0 0.0 0.0 0.5 
2010 0.0 0.0 0.0 0.4 1.4 
2020 0.6 0.4 0.5 2.0 3.4 
2025 0.6 -0.1 0.7 8.9 3.5 
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Figure 15:  Differences in energy supply (left) and electricity capacity (right) between base-case and 
PBF (pollution tax) scenarios 
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4.5.5 CDM  

The Clean Development Mechanism (CDM) provides Annex I Parties with the opportunity to 
contribute to projects that reduce emissions by non-Annex I Parties in return for certified 
emission reductions (CERs) that the Annex I parties can apply to their own emission limits 
under the Kyoto Protocol. At the same time the CDM generates investment in developing 
countries, especially from the private sector, and promotes the transfer of environmentally-
friendly technologies. 

In the CDM scenario it is assumed that CERs have a market sale price of US$ 20 per tonne 
of CO2. In the light of present prices for issued CERs12, around US$ 11-13/tCO2 
(CarbonPositive, 2007), the assumed price seems high. However, the higher price is used for 
several reasons. 

• At prices below US$ 10/tCO2 the model results suggest that there is insufficient 
financial incentive in Sichuan to invest in CDM projects.  

• At prices in the range of US$ 10-20/tCO2 the installation of small amounts (70 MW) 
of centralised wind turbines becomes an economic option, but there are very few 
related policy insights to be gained.  

• It is not inconceivable that prices will be in excess of US$ 20/tCO2 especially if the 
Kyoto Protocol is extended after 2012 with more stringent GHG reduction targets 
that bring into play more costly carbon mitigation options. In fact, EU emission 
allowances were already traded above US$ 20/tCO2 in the futures market, and 
CERs can be converted to EU emission allowances under the provisions of the 
'linking directive'. 

• At prices of US$ 20/tCO2 and higher the model suggests a greater diversity of 
renewable energy developments, which are worth exploring for their policy insights. 

Figure 16 summarises the changes in electricity generation and installed capacity with 
respect to the base case if CERs are assumed to have a market value of US$ 20/tCO2. The 
panel on the left indicates that wind power, both centralized and decentralized, replaces 
electricity from diesel generators in the final period of the study. The right graph shows that 
the additional wind capacity does not replace significant amounts of firm capacity, which is 
still needed due the intermittent behaviour of wind power.  

The results in Figure 16 suggest two additional policy concerns: 

• While conventional coal capacity is operated less due to the increased use of CDM-
supported wind power (left panel), this is not matched by a reduction in coal power 
plant capacity (right panel). This is due to the fact that the coal fire power plants have 
already been built. A potential problem may arise if the coal plants’ lost revenues 
cause their owners to close coal plants earlier than planned. While this is unlikely 
given the low quantities of electricity replaced by CDM projects in the CDM scenario, 
it may become a problem if CDM activity is greater.  

• The CDM scenario also raises the issue of network-related expenses. Typically, the 
connection to the grid of new generators may require additional network related 
investments, which may go beyond the connection charges typically paid for by the 

___________________________________________________________________________ 
12 The price for issued CERs is closely related to the forward market price for the second commitment period (i.e. 
2008-12) of the European Union Emissions Trading Scheme (EU-ETS), but at a discount. Between July 2006 and 
February 2007 carbon futures traded around EUR 15-20 (US$ 19-26) per tonne CO2 under the EU-ETS 
(Tendances Carbone, 2007). Currently, however, CERs are trading between EUR 4-11 (US$ 5-14) per tonne CO2 
depending on, for example, country, project type and risk-sharing arrangements.  
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project developer, such as line extensions and reinforcements. Depending on the 
regulatory framework, the project developer who first needs the additional grid 
capacity may or may not have to pay. In cases where all necessary grid-upgrades are 
borne by the project developer (i.e. deep connection charges), certain projects may 
be rendered uneconomic in comparison to regulatory frameworks in which the 
additional network costs are shared (i.e. shallow connection charges). The 
disincentive may be especially strong for first movers, creating an important barrier-
to-entry. MESSAGE can model both alternatives and provide policy insights on the 
effectiveness with which different network regulations might support distributed 
generators.   

The CDM scenario results in lower energy system costs (present value) than the base case 
scenario, by approximately US$ 1.6 million, because CER revenues of US$ 18 million 
exceed additional investment and operation costs, and the costs of upgrading the rural grid 
links. The effect on the levelised electricity cost is negligible, but so is the impact of the CDM 
on the share of renewable energy in the total supply mix. At a CER price of 20 US$/tCO2 
there is no additional use of biofuels. The only impact is in the increased contribution of 
renewables in the rural economy where renewable electricity supply increases by 0.7 
percentage points in comparison to the base case.  

 
5 CONCLUSIONS 

Together with the earlier study of renewable policy options in Ghana, this report intends to 
provide general insights on the relative effectiveness and costs of generic policy options to 
increase the share of renewables in a country’s, or province’s, energy mix and to illustrate 
how analytical tools and data available from UN-Energy members can be used to gain such 
insights. This study is not a comprehensive analysis of policy options for Sichuan, but the 
conclusions presented here are illustrative for the potential impacts of dedicated energy 
policy towards the implementation of the JPOI.   

• Sichuan Province has sizable untapped hydropower reserves, for alls categories of 
capacity, small, medium and large. In the base case scenario, these are exploited 
extensively in the next few decades, even in the absence of explicit policies to 
promote renewable energy sources. Nonetheless, by the end of the study period, 
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there remain substantial untapped (high-cost) large hydropower resources. This is 
true for all the scenarios developed in this study.    

• Of the policy scenarios tested, the MMS scenario produces the largest increase in 
the share of renewables in Sichuan’s energy mix. By definition, this scenario 
identifies the most cost-effective way to increase the share of renewables to the 
specified target, and its principal cost-effective choice is to expand the use of 
hydropower, in all categories. Hydropower increases are supplemented by smaller 
increases in principally biofuels, wind power and some solar PV. Compared to the 
base case scenario, significantly less energy is generated by coal-fired power plants 
and, in the final period, by nuclear power. The present value of the additional cost of 
the energy system in the MMS scenario is US$ 1.2 billion, or 1.3% of the base case 
system cost. 

• The WCP scenario uses the wind resources of Sichuan to their maximum economic 
potential, but the resulting change in the share of renewables in the energy mix is 
insignificant. This is due to the limited wind resources in Sichuan and the fact that 
the energy source most displaced by the WCP scenario’s added wind capacity is, in 
fact, another renewable energy source, large hydropower. The relative cost of this 
scenario is low, but so is its impact. 

• The PBF (wire charge) scenario has an impact principally on the share of 
renewables in rural electricity generation and on the use of biofuels. Part of the 
increase in the share of renewables in rural electricity generation is due to the 
combined effect of increasing the cost of centralized electricity (because of the wire 
charge) and decreasing the cost or decentralized alternatives (because of the 
subsidies). In the PBF (pollution tax) scenario the increase in rural electricity 
generation is less because the tax is only on coal generation, not all centralized 
sources. Both PBF scenarios have a greater impact on the share of renewables 
than does the WCP scenario, although they also cost ten times more, but their 
impact is due more to the increase in biofuels than to changes in the electricity mix. 
While the shares of wind and solar PV rise, they do so largely at the expense of 
another renewable, hydropower. 

• The CDM scenario, by attracting investment from outside the country, results in a 
net decrease in Sichuan’s total energy system cost. At the CER price assumed in 
the scenario of US$ 20/tCO2 only wind projects attract CDM investments. As already 
noted in connection with the WCP scenario, Sichuan’s wind resources are limited, 
and the resulting increase in wind power is insignificant on the scale of the 
Sichuan’s total energy use. 

Generic insights from these results include the following. 

• All renewable energy policies tested in this analysis are policy options that can lead 
to an increase in investments in renewable energy technologies and an increase in 
the contribution of renewable energy to total energy supply.  

• Policies aimed at increasing the share of renewables need to take into account the 
renewable resources that are available. In the case of Sichuan province, the 
renewable energy resources potential, apart from large hydro, is limited and, 
therefore, energy policies to promote renewables may only have a limited impact. 

• Similarly, if a policy increases the use of one renewable resource at the expense of 
another renewable resource (wind in place of hydropower in the case of Sichuan) it 
will have less of an impact on the overall objective of increasing the share of 
renewables in the total energy mix. 

• While CDM projects have the advantage of bringing in outside investment, the price 
for certified emission reductions (CERs) may be too low for CDM project activity to 
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help increase the domestic share of renewables, depending on the cost gap 
between renewables and the non-renewable alternatives they would replace. 

• Renewable energy policies may lead to a loss of revenue or premature closure of 
existing power plants, and may also require regulatory responses as a result of 
additional investment requirements for the transmission and distribution 
infrastructure. However, strong growth in electricity demand is likely to limit these 
incidents.   
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ACRONYMS 

(t)   tonne (metric) 
ACM   agriculture, construction and mining 
CDM   Clean Development Mechanism 
CER   Certified Emission Reduction 
CO2   carbon dioxide 
EB   Energy Bureau 
EJ   exajoule 
GDP   gross domestic product 
GJ   gigajoule 
GW   gigawatt 
GWh   gigawatt hour 
IAEA   International Atomic Energy Agency 
IEA   International Energy Agency 
JPOI   Johannesburg Plan of Implementation 
kW   kilowatt 
kWh    kilowatt hour 
LDC   levelised delivery cost of electricity  
MAED  Model for Analysis of Energy Demand 
MESSAGE  Model for Energy Supply Strategy Alternatives and their General Environmental 
   Impact 
MMS   mandatory market share 
MOF   Ministry of Finance 
MW   megawatt 
MWh   megawatt hour 
NDRC  National Development Reform Commission 
p.a.   per annum 
p.c.   per capita 
PBF   public benefit fund 
PJ   petajoule 
PV   photovoltaic 
RE   renewable energy 
REL   Renewable Energy Law 
RETs   renewable energy technologies 
SO2   sulphur dioxide 
toe   tonnes of oil equivalent   
UN   United Nations 
UNFCCC  United Nations Framework Convention on Climate Change 
WCP   Wind Concession Programme 
WSSD  World Summit on Sustainable Development 
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APPENDIX I: THE MAED AND MESSAGE MODELS 

Model for Assessment of Energy Demand (MAED) 

MAED evaluates future energy demand based on medium- to long-term scenarios of socio-
economic, technological and demographic developments. The model relates systematically 
the specific energy demand for producing various goods and services identified in the model, 
to the corresponding social, economic and technological factors that affect this demand. 
Energy demand is disaggregated into a large number of end-use categories; each one 
corresponding to a given service or to the production of a certain good. The nature and level 
of the demand for goods and services are a function of several determining factors; including 
population growth, number of inhabitants per dwelling, number of electrical appliances used 
in households, peoples’ mobility and preferences for transportation modes, national priorities 
for the development of certain industries or economic sectors, the evolution of the efficiency 
of certain types of equipment, market penetration of new technologies or energy forms, etc. 
The expected future trends for these determining factors, which constitute “scenarios”, are 
exogenously introduced. 

An understanding of these determining factors permits the evaluation of the various 
categories of energy demand for each economic sector considered. The total energy 
demand for each end-use category is aggregated into three main “energy consumer” sectors: 
household/service; industry, including agriculture, mining, construction and manufacturing; 
and the transportation sector. The model provides a systematic accounting framework for 
evaluating the effect on energy demand of a change in economics or in the standard of living 
of the population. The starting point for using MAED is the reconstruction of base year 
energy demand patterns within the model. This requires compiling and reconciling necessary 
data from different sources, deriving and calculating various input parameters and adjusting 
them to establish a base year energy balance. This helps to calibrate the model to the 
specific situation of the country. 

The next step is developing future scenarios, specific to a country’s situation and objectives. 
The scenarios can be sub-divided into two sub-scenarios: 

• one related to the socio-economic system describing the fundamental characteristics of 
the social and economic evolution of the country; 

• the second related to the technological factors affecting the calculation of energy 
demand, for example, the efficiency and market penetration potential of each alternative 
energy form. 

The key to plausible and useful scenarios is internal consistency of assumptions, especially 
for social, economic and technological evolution. A good understanding of the dynamic 
interplay among various driving forces or determining factors is necessary. The model 
output, i.e. future energy demand, is just a reflection of these scenario assumptions. The 
evaluation of output and the modification of initial assumptions is the basic process by which 
reasonable results are derived. 

The model focuses exclusively on energy demand, and even more specifically on demand 
for specified energy services. When various energy forms, i.e. electricity, fossil fuels, etc., are 
competing for a given end-use category of energy demand, this demand is calculated first in 
terms of useful energy and then converted into final energy, taking into account market 
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penetration and the efficiency of each alternative energy source, both specified as scenario 
parameters. Non-substitutable energy uses such as motor fuels for cars, electricity for 
specific uses (electrolysis, lighting, etc.) are calculated directly in terms of final energy. 

Demand for fossil fuels is therefore not broken down in terms of coal, gas or oil, because this 
energy supply mix largely depends on the technological possibilities of supply and relative 
prices of these fuels, aspects that are outside the scope of the MAED analysis. The 
substitution of fossil fuels by alternative “new” energy forms (i.e. solar, district heat, etc.) is 
nevertheless estimated, due to the importance of the structural changes in energy demand 
that these energy forms may introduce in the future. Since these substitutions will be 
essentially determined by policy decisions, they are to be taken into account at the stage of 
formulating and writing the scenarios of development. 

Model for Energy Supply Systems and their General Environmental Impacts 
(MESSAGE) 

MESSAGE is designed to formulate and evaluate alternative energy supply strategies 
consonant with user-defined constraints on new investment limits, market penetration rates 
for new technologies, fuel availability and trade, environmental emissions, etc. It was 
originally developed at the International Institute for Applied Systems Analysis (IIASA). The 
IAEA acquired the latest version of the model and added a user-interface to facilitate its 
applications. The underlying principle of the model is the optimisation of an objective function 
under a set of constraints. 

The backbone of MESSAGE is the technical description of the modelled system. This 
includes the definition of the categories of energy forms considered (e.g., primary energy, 
final energy, useful energy), the energy forms (commodities) actually used (e.g., coal or 
district heat), as well as energy services (e.g., useful space heat provided by energy). 
Technologies are defined by their inputs and outputs, their efficiency, and the degree of 
variability if more than one input or output exists, e.g., the possible production patterns of a 
refinery or a pass-out-turbine.  

These energy carriers and technologies are combined to construct so-called energy chains, 
where the energy flows from supply to demand. The definitional limitations on supplying 
energy carriers are that they can belong to any category except useful energy, they have to 
be chosen in light of the actual problem, and limits on availability inside the region or area 
and on import possibilities have to be specified. The technical system provides the basic set 
of constraints to the model, together with demand, that is exogenous to the model. Demand 
must be met by the energy flowing from domestic resources and from imports through the 
modelled energy chain(s). 

The model takes into account existing installations, their vintage and their retirement at the 
end of their useful life. During the optimisation process, this determines the need to construct 
new capacity of various technologies. Knowing new capacity requirements permits the user 
to assess the effects of system growth on the economy. 

The investment requirements can be distributed over the construction time of the plant and 
can be subdivided into different categories to reflect more accurately the requirements from 
significant industrial and commercial sectors. The requirements for basic materials and for 
non-energy inputs during construction and operation of a plant can also be accounted for, by 
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tracing their flow from the relevant originating industries either in monetary terms or in 
physical units. 

For some energy carriers, assuring timely availability entails considerable cost and 
management effort. Electricity has to be provided by the utility at exactly the same time it is 
consumed. MESSAGE simulates this situation by subdividing each year into an optional 
number of so-called “load regions.” The parts of the year can be aggregated into one load 
region according to different criteria, for example, sorted according to power requirements or 
aggregation of typical demand patterns (summer/winter, day/night). The latter (semi-ordered) 
load representation creates the opportunity to model energy storage as the transfer of energy 
(e.g., from night to day, or from summer to winter). Including a load curve further improves 
the representation of power requirements and the utilization of different types of power 
plants. 

Environmental aspects can be analysed by keeping track of, and if necessary limiting, the 
amounts of pollutants emitted by various technologies at each step of the energy chains. 
This helps to evaluate the impact of environmental regulations on energy system 
development. 

The most powerful feature of MESSAGE is that it provides the opportunity to define 
constraints between all types of technology-related variables. The user could, inter alia, limit 
one technology in relation to some other technologies (e.g., a maximum share of wind 
energy that can be handled in an electricity network), give exogenous limits on sets of 
technologies (e.g., a common limit on all technologies emitting SO2, that would be defined in 
millions tonnes of SO2), or define additional constraints between production and installed 
capacity (e.g., ensure take-or-pay clauses in international gas contracts forcing customers to 
consume or pay for a minimum share of their contracted level during summer months). The 
model is extremely flexible and can also be used to analyse energy and electricity markets 
and climate change issues. 
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APPENDIX II: ENERGY BALANCE IN PETAJOULE (PJ), SICHUAN (2003)13 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

___________________________________________________________________________ 
13 Note: This energy balance is based on official Chinese data provided by Tsinghua University 

PJ Crude 
Coal 

Washed 
coal 

Other 
Coal Coke Crude 

Oil 
Oil 
Products 

Nat. 
Gas Hydro Electricity Biomass Heat Total 

Production 1 417 0 0 0 6 0 403 180 0 329 0 2 335 
Imports 48 45 0 17 26 200 0 0 5 0 0 341 
Exports -90 0 0 0 0 -3 -127 0 -30 0 0 -249 
Total Primary Supply 1 376 45 0 17 32 196 276 180 -25 329 0 2 426 
Petroleum Refineries 0 0 0 0 -31 26 0 0 0 0 0  
Electricity Plants -413 0 0 0 -0.5 -0.5 -8 -180 298 0 0  
Coke Production -8 -159 0 162 0 0 0 0 0 0 0  
Coal Wash -163 116 43 0 0 0 0 0 0 0 0  
Coal Production 0 0 0 0 0 0 0 0 0 0 0  
District Heat -37 0 0 0 0 0 -1 0 0 0 32  
Transmission & Distribution Losses -14 -0.1 0 -0.3 0 -0.2 -6 0 -27 0 -0.1  
Total Transformation -635 -43 43 162 -32 26 -15 0 271 0 32  
Total Final Energy 741 2 43 178 0.3 223 261 0 246 329 32 2 056 
Agriculture 2 0 0 0 0 29 0 0 4 0 0 35 
Industry 531 2 43 175 0.3 26 188 0 169 0 32 1 167 
Construction 3 0 0 1 0 13 4 0 3 0 0 25 
Transport, storage, communication 3 0 0 0 0 118 3 0 6 0 0 130 
Commercial and service 11 0.1 0 1 0 18 7 0 8 0 0 45 
Household 185 0 0 0 0 2 59 0 43 329 0 617 
     urban 43 0 0 0 0 1 59 0 25 0 0 128 
     rural 142 0 0 0 0 0.9 0 0 17 329 0 489 
other 6 0 0.1 0.3 0 17 0.2 0 12 0 0 36 
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APPENDIX III: TECHNO-ECONOMIC DATA FOR EXISTING AND FUTURE POWER PLANTS 

 
* 8% discount rate 
** Cost ranges exist where fuels are being sourced from within Sichuan Province (low cost) and from neighbouring provinces (high cost) 
Sources: Based on data from Chen Chenlan (2005); Wu Quehua (2005); Zhang, Zhengmin (2002), WADE (2005), Chen, Wenyin (2003, 2005), Eleventh five-year plan;  Glomsrod 
and Taoyuran (2005); Energy Fund (2002); SETC/UNDP/GEF (2005), ITDG (2007); Larson et al. (2003); Skeer & Wang (2006); Monthly Coal Report (2005); UNDP/WB (2004), 
Leung et al (2004), Rong (2006). 
*** The seasonal intermittency and availability factor of hydro-resources is based on nine officially submitted CDM Project Design Documents (PDDs) for Sichuan Province. The 
seasonal and daily variation in wind velocity and solar irradiation is based on NASA's Surface meteorology and Solar Energy Database Release 5.1

overnight 
investment cost 

fixed O&M 
cost 

variable 
O&M cost fuel cost availability*** efficiency construction 

time lifetime levelised 
generation cost* 

  (US$/kW) (US$/kW) (US$/GJ) (US$/GJ) share   (years) (years) (US cents/kWh) 
coal 430 18 0.9 1-1.3** 0.80 28% 4 30 2.4-2.8** 
advanced coal 550 12 0.8 1-1.3** 0.80 36% 4 30 2.2-2.5** 
oil 410 16 0.7 4.9-6.6** 0.80 28% 3 30 7.3-9.4** 
diesel genset 125 10 0.3 8-10.7** 0.85 20% 1 10 14.9-19.7 
open cycle gas turbine 380 16 0.4 3.7 0.80 28% 3 30 5.6 
combined cycle gas turbine 580 30 0.7 3.7 0.80 50% 3 30 4.1 
large hydro (low) 1 100 11 0.0 0.0 0.46 n.a. 5 40 2.6 
large hydro (high) 1 500 15 0.0 0.0 0.46 n.a. 5 40 3.5 
small hydro 850 11 0.0 0.0 0.46 n.a. 3 40 2.0 
micro hydro 483 12 0.0 0.0 0.49 n.a. 1 40 1.2 
nuclear power 2 000 52 3.2 0.2 0.80 n.a. 5 30 4.5 
wind (central) 1 100 12 0.0 0.0 0.25 n.a. 2 25 5.3 
wind (decentral) 1 210 18 0.0 0.0 0.21 n.a. 1 25 7.1 
solar PV 4 000 60 0.0 0.0 0.23 n.a. 1 25 21.6 
solar thermal 550 5 0.0 0.0 0.40 n.a. 1 25 1.6 
biomass 430 0 0.3 1.1 0.57 17% 1 15 3.4 
biogas plant 310 0 0.2 1.1 0.80 75% 1 20 1.0 
heat plant 50 10 0.1 1.0 0.80 84% 3 30 0.7 
coal wash 6 0.5 0.2 1.0 0.80 98% 2 25 0.5 
coke making 50 4.2 0.0 13-2.5** 0.80 97% 3 30 0.6-1.1 
refinery 40 7.7 0.0 3.4-8.8** 0.85 84% 3 30 1.6-3.9 
central grid 1 000 8.76 0.0 0.0 0.95 82% 5 30 1.2 
rural grid extension 1 500 10 0.0 0.0 0.95 92% 5 25 1.8 
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UN-Energy Membership 

The following agencies, programmes and organizations constitute the membership of UN-
Energy: 

Economic Commission for Africa (ECA) 

Economic Commission for Europe (ECE) 

Economic Commission for Latin America and the Caribbean (ECLAC) 

Economic and Social Commission for Asia and the Pacific (ESCAP) 

Economic and Social Commission for Western Asia (ESCWA) 

The Food and Agriculture Organization (FAO) 

The International Atomic Energy Agency (IAEA) 

United Nations Human Settlements Programme (HABITAT) 

United Nations Conference on Trade and Development (UNCTAD) 

United Nations Development Programme (UNDP) 

United Nations Educational, Scientific and Cultural Organization (UNESCO) 

United Nations Environment Programme (UNEP) 

United Nations Framework Convention on Climate Change (UNFCCC) 

United Nations Industrial Development Organization (UNIDO) 

United Nations International Research and Training Institute for the Advancement of Women 
(INSTRAW) 

World Health Organization (WHO) 

World Meteorological Organization (WMO) 

The World Bank Group (WBG) 

Department of Economic and Social Affairs (DESA) 

Chief Executives Board Secretariat 

 




