
LINKED DOCUMENT 5: GREENHOUSE GAS ACCOUNTING-RELATED ISSUES 

A.  Consistency of Greenhouse Gas Accounting in Loan Documents  

1.  Accounting for Greenhouse Gas Emissions and Common Problems 

 

1. Tracking of efforts to manage climate change involves the systematic acquisition of new 

information as well as new kinds of analyses for project appraisal prior to project approval. The Asian 

Development Bank (ADB) and other international financial institutions (IFIs) have agreed to harmonize 

their accounting of projects’ impacts regarding greenhouse gas (GHG) emissions.
1

 Key points are: 

(i) IFIs will screen each proposed project for likely significant GHG emissions. It is possible 

to exclude certain sectors (or projects) from screening, based on explicit de minimis 

criteria. However, IFIs will undertake GHG accounting for all direct investments included 

within the screening criteria.   

(ii) IFIs will undertake the accounting based on internationally established methodologies 

for ex-ante accounting. Definitions, assumptions, and methodologies will be recorded 

and made available to third parties. 

(iii) Each IFI will estimate the gross (or absolute) GHG emissions that a project is expected 

to produce on an annual basis for a representative year once it is operating at normal 

capacity. 

(iv) Each IFI will estimate the net GHG emissions (or GHG emissions savings) that a project 

is expected to make on an annual basis once it is operating at normal capacity. The net 

emissions will be calculated based on a comparison of the gross emissions with a 

baseline scenario. This baseline may be either a “without project” scenario or an 

“alternative” scenario that reflects the most likely alternative means of achieving the 

same project outcomes or level of service.  

(v) The boundary for net GHG accounting can be limited to a single activity, facility, or 

infrastructure. 

(vi) At a minimum, each IFI will report annually on the aggregate estimated net GHG 

emissions for screened-in mitigation projects approved during the year.  

 

2. Although the cited agreement harmonizing IFI accounting is quite recent, the methodological 

steps cited in items (iii) to (v) above have been the basis of GHG emissions accounting for years.
2

 While 

the GHG emissions savings is usually the parameter of most interest, it can be calculated only based on 

the difference between a project’s gross emissions and the baseline. In some kinds of project the gross 

emissions are taken to be zero (unless there are significant Scope 3 emissions), but in all cases it is 

crucial to calculate the baseline—also referred to as the counterfactual. To calculate the share of ADB’s 

assistance that can be allocated to clean energy, both parameters are needed. 

 

3. A few energy sector projects approved in 2009–2012 presented all the basic elements outlined 

above in their loan approval documents, that is: a clear summary of the assumptions underlying their 

calculation of baseline, gross, and net emissions. Among these projects are 

(i) A project to increase transmission capacity in India (Loan 2787-IND and Investment 

7338/2788-IND) in 2011. 

(ii) A wind power project in Pakistan (Investment 7348-PAK) in 2011.  

(iii) A solar power project in India (Investment 7354-IND) in 2012. 

                                                
1
  http://www.worldbank.org/content/dam/Worldbank/document/IFI_Framework_for_Harmonized_Approach%20to_Greenhouse_ 

Gas_Accounting.pdf 

2
  For instance, (i) United Nations Framework Convention on Climate Change (UNFCCC) Clean Development Mechanism (CDM). 

Glossary: CDM terms – Version 07.0. http://cdm.unfccc.int/Reference/Guidclarif/glos_CDM.pdf; (ii)  UNFCCC CDM. CDM 

Methodology Booklet – Fifth Edition. http://cdm.unfccc.int/methodologies/documentation/meth_ booklet.pdf 
 

 

http://www.worldbank.org/content/dam/Worldbank/document/IFI_Framework_for_Harmonized_Approach%20to_Greenhouse_%20Gas_Accounting.pdf
http://www.worldbank.org/content/dam/Worldbank/document/IFI_Framework_for_Harmonized_Approach%20to_Greenhouse_%20Gas_Accounting.pdf
http://cdm.unfccc.int/
http://cdm.unfccc.int/methodologies/documentation/
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4. For some projects, the presentation was somewhat less complete and in some cases was 

dispersed in more than one place, but the information was adequate for a third party to ascertain with 

reasonable certainty that the emissions estimate is accurate. Examples are 

(i) A multitranche financing facility (MFF) loan hydro project in India (MFF0023 – tranches 

2, 3, 4), though there it is difficult to disaggregate specific tranches (a common failing 

of MFFs). 

(ii) A combined-cycle gas turbine plant in Viet Nam (Loan 2814-VIE) in 2011. 

(iii) A solar power project in Thailand (Investment 7356-THA) in 2012—the grid emission 

factor was implicit but could be determined.  

(iv) The district heating component of an urban development project in the People’s 

Republic of China (PRC; Loan 2901-PRC) in 2012—the only district heating project 

giving the information needed to calculate gross emissions. 

 

5. However, the loan approval documents for the vast majority of the 63 energy sector projects 

surveyed
3

 had significant deficiencies. Table LD5.1 summarizes different aspects of the accounting of 

GHG emissions. Note: 

(i) Only four projects cited their gross emissions, and for one of them (a renewable energy 

project) it was unnecessary and erroneous. Only two of 15 projects with fossil fuel 

emissions gave their gross emissions. 

(ii) Only six projects gave a clear baseline value for emissions. 

(iii) Only five projects provided all the information needed to calculate the headline value 

for GHG emissions savings cited in the main Recommendation and Report of the 

President (RRP) document.
 4

  

(iv) About one third of the projects provided no additional information besides the 

estimate of GHG savings and energy output stated in the main RRP document. Indeed, 

half a dozen did not provide any estimates even in the main RRP document or other 

information with which to calculate GHG emissions savings. 

(v) In almost half of the projects that provided some additional information, there were 

inconsistencies between the value in the main RRP document or the Contribution to 

Results Framework and values given in the appendixes. In some cases the 

inconsistencies were large.  

 

6. The implication of the deficiencies summarized above is that many of the estimates of GHG 

savings have to be taken on faith, while with others the inconsistencies create uncertainties. All of this 

does not enhance the credibility of the estimates. 

 

 

                                                
3
   All of the projects surveyed in this evaluation were energy projects in seven countries (Bangladesh, PRC, India, Pakistan, 

Philippines, Thailand, and Viet Nam) with defined outputs. Two waste-to-energy projects in the PRC that are not classified as in 

the energy sector were included because they are, in essence, power generation plants. A number of nonsovereign loans to 

investment funds to finance undefined renewable energy and energy efficiency projects, or for corporate finance, were not 

included: 7291, 7300, 7304, 7320, 7331, 7353, and 7371. 

4
   When referring to the “main RRP document” we mean the main text of the report and the Design and Monitoring Framework 

(Appendix 1). The other appendixes of the RRP are referred to as “appendixes.” 
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Table LD5.1: Characteristics of the GHG Accounting in Loan Approval Documents 
a 

 

Projects 

in Sample 

Specifies Grid 

Emission 

Factor or 

Relevant 

Emission 

Coefficient? 

Gives All 

Parameters 

to Reproduce 

Value? 

Gives a 

Clear Value 

for Baseline 

Emissions 

Gives Value 

for Gross 

Emissions 

Gross 

Emissions 

Are Zero?  

(excl. Scope 

3 emissions) 

Additional 

Relevant 

Info besides 

Total Net 

GHG & 

Energy? 

Inconsistencies in 

Given GHG or 

Energy Values 

Acquisition of 

Carbon 

Credits 

Proposed? 

Total  63 15 5.5 6 4 48.5 43.0 20.5 33 

Country          

Bangladesh 6 2 0.5 2 0 2.5 6 2.5 3 

PRC 18 3 0 0 0 11 15 6 8 

India 20 6 2 1 1 20 11 2 11 

Pakistan 8 1 2 2 0 8 4 2 4 

Philippines 2 2 1 0 0 1 2 2 2 

Thailand 7 0 0 1 2 5 3 5 3 

Viet Nam 2 1 0 0 1 1 2 1 2 

Sovereign and hybrid 42 14 4.5 4 2 30.5 30 11.5 22.0 

Nonsovereign 21 1 1 2 2 18 13 9 11 

By technology/resource          

Hydroelectric 6 4 1 0 0 6 2 2 5 

Wind energy 6 1 1 1 0 6 2 1 4 

Solar energy 7.5 1 0.5 1 0 6.5 4.5 2 4.5 

Municipal & biomass 

waste 

6 0 0 0 1 6 6 5 3 

Natural gas generation 3 0 0 1 2 0 2 2 1 

Natural gas distribution 2 0 0 0 0 0 2 0 0 

Efficient coal generation 1 0 0 0 0 0 1 0 1 

Power plant retrofit/fuel 

switch 

1.5 0 0 0 0 0 1.5 1.5 0.5 

Demand-side energy 

efficiency 

9 6 2 2 0 7 9 4 7 

District heating 4 0 0 0 0 0 2 0 1 

Transmission evacuation-

renewable energy 

4 0 0 0 0 4 2 0 2 

Transmission and 

distribution upgrade 

13 3 1 1 1 13 9 3 4 

PRC = People’s Republic of China, GHG = greenhouse gas. 

a
  Some projects have distinct components whose quality of GHG accounting is significantly different; hence the references to half a project. 

Source: Independent Evaluation Department calculations based on loan approval documents. 
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7. A factor that may have contributed to the very uneven quality of GHG emissions accounting 

between projects and the low average level, is that the existing guidelines within ADB are less than lucid in 

defining the necessary calculations.
5

 For example, with reference to GHG emissions, the guidelines do not 

mention gross emissions or clearly explain the need to calculate the baseline. 

 

a. Comparisons of the overall quality of greenhouse gas accounting 

 

8. Individual projects were graded using the qualitative scale given in Table LD5.2, with scores ranging 

from zero (worst) to five (best). On this basis, a complementary perspective on the quality of accounting of 

GHG emissions is provided in Table LD5.3, which reflects the overall assessment of quality of accounting 

and its presentation in loan approval documents. 

 

Table LD5.2: Qualitative Scale for Grading Project Documents 

Scale Score Description 

Good 5 All parameters for GHG calculation present in one place.
 
a
 

Adequate 4 Parameters are given or can be inferred 

Barely 

adequate 

3 Some parameters lacking, information dispersed; but possible to approximate cited GHG 

savings 

Somewhat 

deficient 

2 Key parameters are lacking, significant inconsistencies in dispersed information, large 

uncertainty of GHG savings 

Inadequate 1 Impossible to reproduce even approximately the cited GHG savings, which must be taken on 

faith 

No Estimate 0 No estimate of energy or GHG savings, nor parameters with which to calculate. 

Not required - Estimate of GHG savings considered unnecessary (transmission line evacuating renewable 

energy) 

GHG = greenhouse gas. 

a
 A full set of parameters needed for GHG calculations present in one place in a project's documents does not necessarily mean that a 

technically sound calculation method has been employed for all the components of the calculation or that all the underlying 

assumptions are correct. However, in the case of the projects in the survey, the assumptions did seem reasonable. 

Source: Independent Evaluation Department. 

 

9. In this assessment of the overall quality of the accounting, there is necessarily an element of 

subjectivity. An assessment that judged the accounting to be “somewhat deficient” for a relatively simple 

project such as a wind farm or run-of-river hydro plant, where gross emissions are zero, might be classified 

as “Inadequate” for a more complex project. A key consideration is the ability of a third party to 

approximately reproduce the cited value of the GHG savings with the information presented in the project 

documents. 

 

10. The average index of quality of accounting for all projects in 2009–2012 was 2.2, which means 

slightly better than “somewhat deficient.” While necessarily an approximation, this approach has the 

advantage of permitting a rough comparison between groups of projects. Three comparisons are made in 

the table:  

(i) sovereign versus nonsovereign loans, 

(ii) projects that indicated the possibility of seeking carbon credits versus projects that did not, 

and 

(iii) projects in 2012 versus the entire study period (2009–2012). 

 

11. In the case of sovereign versus nonsovereign loans there was no significant difference in the index 

of quality, at least for all the loans in 2009–2012. 

 

12. Projects that sought carbon credits scored on average significantly higher in 2009–2012 than those 

that did not: 2.6 versus 1.8, that is, midway between “barely adequate” and “somewhat deficient” 

(projects that sought carbon credits) versus slightly worse than “somewhat deficient” (projects that did 

not). 

                                                
5
  ADB. 2011. Manual for Calculating Energy Output Indicators. Manila. 
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Table LD5.3: Scoring of Overall Quality of GHG Emissions Accounting in Loan Approval Documents 

Loans Approved in 2009–2012  

Number of Loans 
a 

Quality Index 

Estimate 
b 
 

Not 

Required 

Number of 

Estimate 

or Information Inadequate 

Somewhat 

Deficient 

Barely 

Adequate Adequate Good 

Total 

Projects 

See Scoring 

in Main Text 

Possible carbon credits 2 1 6.5 8 7 5.5 3 33 2.6 

Sovereign 2 1 4.5 3 5 5.5 1 22 2.6 

Nonsovereign 0 0 2 5 2 0 2 11 2.5 

Carbon credits not sought 2 4 9 6.5 6 1.5 1 30 1.8 

Sovereign 2 4 5 2.5 5 1.5 0 20 1.7 

Nonsovereign 0 0 4 4.0 1 0 1 10 2.0 

All projects 4 5 15.5 14.5 13 7 4 63 2.2 

Sovereign 4 5 9.5 5.5 10 7 1 42 2.2 

Nonsovereign 0 0 6 9 3 0 3 21 2.3 

Total 4 5 15.5 14.5 13 7 4 63 2.2 

Loans Approved in 2012  

Possible carbon credits 1 0 1 2 2 1 1 8 2.9 

Sovereign 1 0 0 1 2 1 0 5 3.0 

Nonsovereign 0 0 1 1 0 0 1 3 2.7 

Carbon credits not sought 0 0 3 1.5 3 1.5 1 10 2.6 

Sovereign 0 0 1 0.5 2 1.5 0 5 2.8 

Nonsovereign 0 0 2 1 1 0 1 5 2.4 

All projects 1 0 4 3.5 5 2.5 2 18 2.7 

Sovereign 1 0 1 1.5 4 2.5 0 10 2.9 

Nonsovereign 0 0 3 2 1 0 2 8 2.5 

GHG = greenhouse gas. 

a
  Some projects have distinct components whose quality of GHG accounting is also significantly different; hence the references to half a project.

  

b  
It appears the project teams interpret existing accounting guidelines as not requiring estimates of GHG emissions savings and energy savings for transmission projects that evacuate 

power from renewable energy generating plants. 
 

Source: Independent Evaluation Department calculations based on loan approval documents. 

.
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13. Projects approved in 2012 scored somewhat higher than the average for 2009–2012: 2.7 versus 

2.2. This is encouraging, since it suggests that the quality of GHG emissions accounting is improving 

even if though it still suffers significant deficiencies overall. In the 2012 sample the difference between 

projects seeking carbon credits and those that do not seems to have diminished slightly. There may also 

have been greater improvement in the quality of estimates for sovereign loans than for nonsovereign 

loans—but the sample size is too small to support a firm conclusion. 

 

b. Inconsistencies between Main Report and Recommendation of the President 

Document and Appendixes 

 

14. The estimate of the GHG savings is usually found in the main text of the RRP, the Design and 

Monitoring Framework (DMF), and/or the Contribution to the ADB Results Framework (CRF). As 

observed above, about one third of the time, the value in the main RRP document is not accompanied 

by any additional information regarding the assumptions and calculations that underlie it. 

 

15. In the cases where additional information is provided, it may be found in diverse places, such 

as (i) a footnote in the CRF, (ii) the main text of the RRP, (iii) the economic analysis appendix, and 

occasionally (iv) the environmental impact assessment (EIA) or (v) an ad hoc technical appendix. Often 

this supporting information is scattered in more than one place. 

 

16. In about half of the cases where there is additional information in the appendixes, the reader is 

confronted with inconsistencies either in the value of the GHG savings (vis-à-vis the main RRP 

document) or in some key parameter such as energy output. Many of these inconsistencies are 

relatively small, but sometimes they are large. This is of particular concern when the value for GHG 

savings in the main RRP document is different from the value used to calculate benefits in the 

economic or financial analysis. Some examples of large inconsistencies are as follows: 

 

(i) Loan 2769-BAN - Power System Efficiency Improvement Project: This project has two 

distinct components. The larger component by far is the retrofit of a natural gas-fired 

power plant. The CRF estimates the GHG emissions reduction to be 323,500 tons of 

carbon dioxide (CO
2
) per year (325,000 tons in the RRP) for the entire project and 

approximately 300,000 tons/year for the natural gas-fired plant. However, the volume 

of emissions savings implicit in the economic analysis (benefit stream divided by the 

price of a ton of CO
2
 at the exchange rate given) is 895,000 tons CO

2
/year. 

 

(ii) MFF0031 (Loan 2552/2553-PAK) - Energy Efficiency Investment Program: The DMF cites 

a value of 908,000 tons CO
2
/year. Supplementary Appendix I gives a value of 984,273 

tons/year, while Supplementary Appendix J gives 670,000 tons/year. 

 

(iii) Investment 7290-THA - Biomass Power Project: The RRP document cites a value of 

400,000 tons CO
2
/year. The calculation of GHG emissions reduction in the EIA results in 

a value of 685,176 tons CO
2
/year. The calculation in the EIA contains clear errors, such 

as attributing gross GHG emissions to the use of rice husks and wood plantation 

residues as fuel for the power plant.
6

  

 

(iv) Loan 2517-VIE - Renewable Energy Development and Network Expansion and 

Rehabilitation for Remote Communes Sector: The RRP document gives a value of GHG 

emissions reduction of 125,000 tons CO
2
/year and 100 gigawatt-hours (GWh) per year 

of electricity output for the project, which has two components. The economic analysis 

                                                
6
   Under the CDM methodology, biomass residues from sources (such as rice and wood plantations) where there is no change in 

stocks averaged over time are considered “renewable,” and no gross emissions are attributed to them in the calculation of 

GHG emissions savings (footnote 2). The calculation also takes as the counterfactual a small, highly inefficient coal-fired plant, 

when a grid emission factor for the Thai electrical system (which has a much lower value) should have been used. 
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provides a grid emission factor and assumes electricity output of 123 GWh/year for 

Component 1 but GHG savings of only 9,900 tons CO
2
/year. Parameters given in the 

Economic Analysis suggest a value of 73,980 tons CO
2
/year. No information whatsoever 

is provided about Component 2 in the documents available to the Independent 

Evaluation Department. 

 

17. By far the largest discrepancies are found in two municipal solid waste (MSW) to energy 

projects, Investment 7369-PRC and 7377-PRC. The RRP for the first project includes another larger 

project to generate power from agricultural wastes. It cites a value of 638,000 tons CO
2
/year of GHG 

savings from the two projects combined. Based on information in the RRP and appendixes, about one 

third of this can be attributed to the MSW to energy project, or about 213,000 tons CO
2
/year. In the 

economic analysis, the volume of GHG emissions savings for this project is assumed to be 1.84 million 

tons CO
2
/year. This value is implicit and must be calculated from the benefit stream and the price given 

for a ton of CO
2
. Similarly, in the case of Investment 7377, the RRP cites a GHG emissions saving of 

450,000 tons CO
2
/year, while the implicit volume in the economic analysis is 4.2 million tons CO

2
/year.  

 

18. In both cases there is about a ninefold increase. The increase may well be justified, because the 

projects should have a large methane abatement impact by diverting MSW from landfills. However, in 

neither case is any justification made for the huge increase, nor is it even acknowledged that the 

volume of GHG savings is different from the values cited in the RRP. 

 

2. Problems with Clean Energy Project Classification and Allocations of Investment 

 

19. As part of its strategy to contribute to developing member countries’ growing energy needs 

and their response to the challenges of climate change, ADB has sought to promote clean energy, i.e., 

energy investments that contribute to lower GHG emissions for the same production of economic 

goods and services. The 2009 Energy Policy targeted a value of $2 billion for assistance to clean energy 

by 2013. To effectively monitor and evaluate ADB’s progress, a methodology was established to 

quantify ADB’s clean energy investments (footnote 2).  

 

20. There are four broad classes of clean energy investments: 

(i) Renewable energy (RE) projects, which include both the production of energy from 

renewable energy sources such as hydro, wind, solar, and biomass wastes and 

transmission projects to evacuate electricity from renewable energy plants; 

(ii) Demand-side energy efficiency (EE-D) projects, whose purpose is improve the efficiency 

of energy use among consumers (including support to energy service companies and 

manufacturers of energy-efficient appliances); 

(iii) Supply-side energy efficiency (EE-S) projects, which include more efficient new power 

plants, retrofits of older plants to improve efficiency, and improvement or expansion of 

district heating systems; also includes strengthening of transmission and distribution 

(T&D) systems to reduce energy losses; and 

(iv) Cleaner fuels (CF), which basically involves switching to natural gas both for electricity 

generation and for other energy uses and includes investments in natural gas supply 

infrastructure. 

 

21. ADB’s clean energy investment is calculated by multiplying ADB’s assistance to a project (or 

relevant component) by the share of the total project investment that may be attributed to funding 

clean energy in that component. For the first two categories of projects—RE and EE-D projects (in 

industry and commercial buildings)—the share attributable to clean energy is by definition 100%.
7

 For 

                                                
7
   For energy efficiency components in other demand sectors such as water supply and sanitation, and transport, etc., the energy 

efficiency investment is proportional to improvement in the efficiency or to the reduction of emissions due to improvement in 

efficiency, as shown in the formula in this paragraph. However, all the projects covered in this evaluation were in the energy 

sector. 
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the other two categories the basic concept for calculating the percentage share is to determine the 

efficiency or emission factor that results from the project and compare it with the baseline scenario, as 

shown below: 

 

 = 

(E
b
-E

p
) 

x 100% 
E

b
 

Where: 

 = the percentage share of the investment for clean energy 

E
b
 = the baseline efficiency or emission factor 

E
p
 = the project efficiency or emission factor 

 

22. Note that E
b
 is equivalent to the baseline scenario (or counterfactual) for GHG emissions 

accounting, while E
p
 is equivalent to gross emissions.

8

 Hence, if the baseline and gross GHG emissions 

are explicit in the loan approval documents, calculation of the share of investment for clean energy is 

very straightforward. However, as shown in the previous section, these values are rarely available. 

 

23. In many cases of EE-S and CF projects, the shares of investment allocated to clean energy in the 

Clean Energy Investments Project Summary are questionable. Since the Summary does not provide any 

information regarding the calculation of the allocations made, it is sometimes not possible to judge 

whether they are high, low, or reasonable. We believe that appendixes or linked documents that 

summarize the calculations should be provided, at the very least for future projects. Another problem is 

the classification of projects: sometimes the allocation does not match the description of the project, 

sometimes the classification is incompatible with the allocation of investment to clean energy (e.g., a 

share of much less than 100% for an energy project classified as RE or EE-D), and sometimes different 

tranches of the same MFF are classified differently even when they support the same type of project.  

 

24. Examples of projects for which the allocation of investment is questionable and/or with 

problems of classification include the following: 

 

(i) Loan 2769-BAN - Power System Efficiency Improvement Project (EE-S/RE): The allocation 

of 34% to clean energy seems low, especially since one component of the project with 

17% of the investment is RE and has an allocation of close to 100%.
9

 Although the 

information provided has serious gaps, this suggests that the overall project allocation 

would be substantially above 40%. 

 

(ii) Loan 2658-PRC - Inner Mongolia Autonomous Region Environment Improvement 

Project - Phase 2 (EE-S): This project is Phase II of a very similar project (Loan 2260-PRC 

approved in 2006). The share of investment in the first phase that was allocated to 

Clean Energy was much higher (at 81%) compared with the second phase (where it is 

23%). It is difficult to judge which of the two allocations is more accurate, since a 

critical parameter, the project's gross emissions (or, alternatively, the baseline 

consumption), is lacking in both cases. 

 

(iii) MFF0011 - Madhya Pradesh Power Sector Investment Program, Tranche 5 (Loan 2520-

IND) and Tranche 6 (Loan 2732-IND): Tranche 5 receives no classification but allocates 

29% to clean energy. Tranche 6 is classified as EE-D and allocates 39% to clean energy. 

The EE-D classification is incorrect for a T&D upgrade and is inconsistent with the EE-S 

classification made for tranches 1-4 approved in 2007, while no information is provided 

to suggest why a change was made in the classification. The allocation appears to be 

somewhat high, but it is difficult to judge with the information available. 

                                                
8
  In practice the calculation of the share of clean energy investment for transmission and distribution upgrades which reduce 

losses are almost always based on the energy efficiency values (when calculations are shown) rather than GHG emissions. 

9
  There is a diesel generator in a hybrid off-grid system in one subcomponent that reduces the clean energy allocation. 
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(iv) MFF0038 - Assam Power Sector Enhancement Investment Program, Tranche 2 (Loan 

2677-IND) and Tranche 3 (Loan 2800-IND): The allocation of 25% to clean energy in 

Tranche 2 (EE-S) seems to be extremely high when one considers the very low GHG 

savings claimed by the project document. Tranche 3 is erroneously classified as RE and 

has an allocation of 7%, which would be far too low for a project classified as RE but is 

probably reasonable. In both cases the documentation needs to be substantially 

improved.  

 

(v) Loan 2964-PHI - Market Transformation through Introduction of Energy-Efficient 

Electric Vehicles Project: The project is classified as EE-D but has a clean energy 

allocation of 76%. This allocation may be reasonable, since there is substitution of 

electricity for fossil fuel, but there is a need to clarify the guidelines for this kind of 

project. 

 

(vi) Investment 7335-THA - Gulf JP NS Company Ltd (Nong Saeng Natural Gas Power 

Project) and Investment 7370-THA – Gulf JP UT Company Ltd (Ayudhaya Natural Gas 

Project): These two natural gas combined-cycle plants, with similar configurations, were 

approved a year apart. The clean energy allocation for the first is 23%, while that for 

the second is 58%. The basis for this difference is not clear. 

 

(vii) VIE 2517 - Renewable Energy Development and Network Expansion and Rehabilitation 

for Remote Communes Sector: The project is classified as RE due to a hydro 

component. However, the larger component (60% of the investment) is the extension 

of T&D lines to rural areas. The allocation of 52% of the investment to clean energy is 

inconsistent with the nominal classification. It may be consistent with the savings in the 

T&D component (it implies a 20% improvement), but there is absolutely no information 

about this component. 

 

25. There is a district heating component in a larger urban development project (Loan 2901-PRC - 

Integrated Development of Key Townships in Central Liaoning). This component is simply not registered 

in the Clean Energy Investments Project Summary,
10

 although it is one of the best documented district 

heating projects. 

B.  Other Issues 

 1.  Treatment of Transmission Projects to Evacuate Power from Renewable Energy 

 Resources 

 

26. The current guidelines (footnote 2) are not clear regarding the ex-ante accounting of the 

impacts on GHG emissions for transmission projects that evacuate power from renewable energy 

sources.  Project teams appear to have interpreted the guidelines as meaning that the GHG impacts of 

the project need not be presented. Thus, in the three most recent loan approval documents there is an 

item in the CRF for GHG emissions reduction, but it is left blank. In two cases there are footnotes 

providing relevant information, but no actual estimate of GHG savings attributable to the loan.
11

 This 

reticence is odd, since the same guidelines allocate 100% of the investment in this kind of project to 

clean energy and classify it as an RE project.  

 

                                                
10

  ADB. 2013. 2012 Clean Energy Investment Project Summaries. Manila. 

11
  There were four transmission projects of this kind in 2009–2012, all of which were in India. Three of them evacuated power 

from hydro complexes (2502 and 2924, tranches 3 & 4 of MFF0003; 2794, tranche 1 of MFF0062), while one was to evacuate 

power form a solar park in Gujarat (2778). Tranche 3 (2502) of MFF0003 does not have a Contribution to Results Framework. 

Chronologically it is the earliest of the projects. The cases where footnotes are provided in loans 2778 and 2794. 
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27. There is clearly a need to clarify the guidelines, preferably to make it explicit that this kind of 

project should present an estimate of GHG savings together with the relevant accounting. The current 

practice may prove to be a disincentive to ADB financing this kind of project, which is in fact an 

essential part of the energy supply chain, especially for RE projects. Leaving the attribution of GHG 

impacts to ex-post accounting may come too late to be of much significance to orient policy. 

 

28. In principle, one should allocate benefits of energy and GHG emissions reduction that are 

proportionate to the investment in the infrastructure to both generate electricity and bring it close to 

load centers. Obviously there are uncertainties for the ex-ante analysis, but in most cases, transmission 

projects of this type are part of a coherent plan that includes generation investments, so the estimates 

will not be without basis. 

 

29. The impact of this change can be significant. For example, during 2001–2008, treating benefits 

as zero would have reduced the electricity supply added by ADB’s overall power sector portfolio by 5% 

and GHG emissions savings by 26%. Conversely, including the benefits of this kind of project in 2009–

2012 would increase the portfolio’s energy output by about 7% and GHG savings by 10%. 

 

30. When clarifying the guidelines it will also be important to carefully define the set of 

investments in generation and transmission that are to be included in the calculation of the project’s 

share of the energy and GHG emission benefits. For example: (i) Which generation plants and other 

transmission facilities should be included? (ii) Should only generation and bulk transmission be 

considered, or also local secondary T&D lines to deliver power to the local population?
12

 

 2.  Pricing the Benefits of Greenhouse Gas Emissions Reduction  

 

31. Attributing the price for a unit reduction in GHG emissions and incorporating the benefits into 

the economic analysis of projects may raise a more complex set of issues than accounting for the 

volume of reductions. 

 

32. Until recently, the general practice has been to refer to the price of certificates of emission 

reduction (CERs) when the approval document was prepared. This approach was convenient, because 

there was an objective reference to a clear market price—although it did vary substantially. The collapse 

of the price of CERs from mid-2011 changed the situation.
13

  

 

33. Before the CER price collapse, the problem already existed that the market price of CO
2
 

emissions was probably lower than the “social price” of GHG emissions and hence could lead to a 

distortion in investments.
14

 The “social price” represents, in principle, an estimate of the cumulative 

future damages of GHG emissions discounted to the present. 

 

                                                
12

  There is a secondary issue of how to ascribe specific energy and GHG benefits in the transmission system to the transmission 

component. The transmission system may have lower energy losses or sodium hexafluoride (SF6) emissions than is standard 

practice (sodium hexafluoride—SF6—is the most potent GHG and the most important direct scope 1 emission of the 

transmission system). How do we quantify these specific savings—what baseline should we use? The detailed questions related 

to this issue are complicated and unlikely to change by much the allocation of energy and GHG benefits from renewable 

energy evacuation projects. They should not be allowed to postpone the clarification of guidelines proposed in this paragraph.   

13
  In 2007, the spot market price for CERs averaged about €9.00. In mid-2008, the price had risen to about €20.00 but then fell 

to about €8.00 by early 2009. Thereafter until mid-2011, the price fluctuated from €12.00 to €14.00. It then began to slide, 

reaching €4.00 in January 2012, then falling below €1.00 by November 2012. Values from the beginning of 2008 to the end of 

2011 from Figure 1 found in Hamilton and Stöver (footnote 8). Values for 2012 from http://upload.wikimedia.org/wikipedia/ 

commons/thumb/5/5d/Cers-spot-prices-2012.svg/500px-Cers-spot-prices-2012.svg.png. A good source for accompanying 

carbon prices is the Intercontinental Exchange - https://www.theice.com/emissions.jhtml. 

14
  K. Hamilton and J. Stöver. 2012. Economic Analysis of Projects in a Greenhouse World. World Bank Policy Research Working 

Paper N
o
 6117. World Bank Development Research Group, Environment and Energy Team. 

http://upload.wikimedia.org/wikipedia/%20commons/thumb/5/5d/Cers-spot-prices-2012.svg/500px-Cers-spot-prices-2012.svg.png
http://upload.wikimedia.org/wikipedia/%20commons/thumb/5/5d/Cers-spot-prices-2012.svg/500px-Cers-spot-prices-2012.svg.png
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34. However, this problem was more theoretical than practical for ADB teams preparing projects 

for approval. In addition, the “social price” of a unit of GHG emissions is highly uncertain, which 

complicated its use as a reference value. 

 

35. After the collapse of the CER price, its use as a reference for incorporating the value of CO
2 

avoidance became untenable. Hence, during 2012, project approval documents began to refer to the 

“social price” of a ton of CO
2
 equivalent. Assumed values were in the range of $11.00–$12.00 per 

ton— well within the historic range for CERs but substantially higher than contemporary carbon market 

prices cited in other projects.
15

 Meanwhile, the extended annual review reports (XARRs) of some 

renewable energy projects also made recourse to the “social price” of a ton of CO
2
 in order to achieve a 

minimum threshold economic internal rate of return of 10%.
16

 In these cases the price varied from 

$52.70 to $56.00 per ton of CO
2
 equivalent. 

 

36. The references cited for these values were (footnote 14) a World Bank research paper that 

analyzed how to incorporate the externality of GHG avoidance into project analysis and an academic 

survey of published estimates of the “social price” of GHG emissions,
17

 whose conclusions were also 

discussed in the World Bank paper. Curiously, the survey is also cited as the reference for the  

$11–$12/ton CER prices cited in the loan approval documents mentioned in the previous paragraph 

(footnote 11). 

 

37. The use of a “social price” per unit of emissions is perfectly justifiable. Indeed, it is in principle 

preferable to the previous practice, which was not well founded methodologically. For example, the 

sale price of electricity under a feed-in tariff regime has been the basis not only of the financial analysis 

but of the economic analysis of many non-hydro RE projects. This feed-in tariff already includes an 

unspecified component of government subsidy for RE. At the same time, the use of CERs (without 

comment or clarifications as to why they were chosen) implies that their market price is an adequate 

proxy for their “social cost.” This assumption, as already observed, is almost certainly wrong—although 

it could at least be described as “conservative.”  

 

38. However, the improvised way in which “social pricing” has been introduced in loan approval 

documents and the XARRs of earlier projects raises some problems.  

 

39. The methodology for incorporating the “social price” of CO
2
 in project analysis as described by 

Hamilton and Stöver (footnote 14) involves comparing a “low carbon” project with a “higher carbon” 

alternative, using a common given discount rate for both. As illustrated in their paper, this might be a 

wind farm versus a pulverized coal plant. Alternatively, the “high carbon” alternative could be the set 

of generation plants supplying the grid. In the latter case, the key parameters are the average grid 

emission factor and the marginal cost of expanding generation with the average characteristics of the 

grid’s supply (such as capacity factor). The price of CO
2
 needed to achieve the same cost of electricity 

output in the “high carbon” and “low carbon” alternatives is the “switching value.” This “switching 

value” is directly relevant for the least-cost analysis. 

 

40. The first problem is to establish the “social price” to be used for avoided CO
2
. It is inherently 

uncertain. Until now the choice of a value has been left to individual project teams, rather as though it 

were like selecting the appropriate CER price reference in the market. However, since a wide range of 

theoretical values is found in the literature, ADB should decide on a reference value for the “social 

price” of a ton of CO
2
 equivalent. ADB may also collaborate with other IFIs to come up with a reference 

                                                
15

  Projects 7376 in Thailand and 7377 in the PRC take the “social price” as the reference value: $9.00 (normalized to 2005) per 

ton in the first case and $12.00 per ton in the second. A project in Viet Nam (2814) approved in late 2011 uses a CER of 

$10/ton as the reference but observes that the “social price” would probably be higher. Contemporary projects in 2012 (7356, 

7368/69, and 2778) cited CER values of $4.60–$5.50 per ton of CO
2
 equivalent. 

16
 The projects were: TA7253-IND; TA7277-IND; TA7285-PRC. 

17
 R. Tol  2009. The Economic Effects of Climate Change. Journal of Economic Perspectives, 23(2), pp 29–51. 
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“social price” (or range of prices), since all IFIs confront the same issues. A precedent would be the 

approach taken to harmonize the reporting of GHG mitigation financing.
18

 This effort to provide 

guidelines for the “social price” of carbon should also include other key air pollutants, such as sulfur 

oxides, nitrogen oxides, and microparticulates. 

 

41. Beyond setting the “social price” for avoided CO
2
 emissions, there are methodological issues 

regarding how to incorporate the benefits of GHG emissions mitigation in project economic analysis. 

For example, it is usual for renewable energy projects to assume the price of some special feed-in tariff 

when calculating the benefits of electricity sales and then to add the environmental benefits from GHG 

savings using the reference price of carbon. However, this sale price probably already includes some 

subsidy to promote the supply of RE. Such subsidies are justifiable and, indeed, are necessary for most 

RE projects to be financially viable. However, it is important to avoid “double counting” of the benefits 

attributed to avoiding externalities. In the economic analyses of projects, the “social price” should not 

simply be added to the subsidized tariff. The subsidy should be subtracted from the “social price.” 

However, given the inherent uncertainties in the “social price,” the government might have the option 

of selecting a value within the range established in the guidelines (and within conditions established in 

those guidelines). Some governments clearly attribute higher “social prices” to various pollutants than 

others. Some flexibility is desirable. 

 

42. More generally, in some countries the distinction between incremental versus non-incremental 

demand is frequent. The price of energy supplying incremental demand is determined by estimating 

the “willingness to pay” of different classes of consumers. Presumably the benefits of avoided 

externalities such as GHG emissions can be added to this benefit stream. However, in some cases, 

questions are raised as to whether it is appropriate to attribute the benefits of GHG savings to 

supplying incremental demand. Clear guidelines are needed to orient and clarify the incorporation of 

clean energy benefits in the economic analysis of projects. 

 

 3.  A Place to Treat Climate Change Coherently in the Loan Approval Documents 

 

43. The estimate of the GHG savings is usually found in the main text of the RRP, the DMF, and/or 

the CRF; this estimate is often not accompanied by any additional information regarding the 

assumptions that underlie it. 

 

44. When there is a description of the calculation of GHG impacts or of relevant parameters and 

assumptions, it may be found in diverse places: (i) as a footnote in the CRF, (ii) in the main text of the 

RRP, (iii) in the economic analysis appendix, and occasionally (iv) in the EIA or (v) in an ad hoc technical 

appendix. Often this supporting information is found in more than one place, and there may be 

inconsistencies either in the value of the GHG savings or some key parameter (such as energy output) 

vis-à-vis the value in the main RRP text, DMF, or CRF. Many inconsistencies are relatively small, but 

sometimes they are large. It is of particular concern when the value for GHG savings in the main text of 

the RRP, DMF, or the CRF is different from the value used to calculate benefits in the economic or 

financial analysis. 

 

45. Another problem with some kinds of projects, such as fossil fuel power plants, natural gas 

infrastructure, and district heating systems, is that there can be a disconnect between the GHG savings 

cited in the loan approval documents and the share of ADB’s assistance that is allocated to clean 

energy. Sometimes the share of clean energy investment seems inconsistent with the GHG savings, and 

often there is not sufficient information available to verify the chosen allocation. 

 

 

                                                
18

  UNFCCC. December 2012. Joint MDB Report on Mitigation Finance – 2011; AfDB, ADB, EBRD, EIB, IDB, IFC, KfW, NEFCO, IBRD. 
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46. It is therefore recommended that a particular place be defined in the loan approval documents 

to present the relevant information in a coherent way by: 

(i) Summarizing the calculation of GHG emissions savings, the baseline emissions, and the 

gross emissions of the project (including Scope 3 emissions when relevant), providing 

necessary information on energy output, clearly defining the counterfactual, and 

providing any relevant coefficients (duly specified) such as grid emission factor, fuel 

emission factors, etc.; when there are distinct energy vectors (such as electricity and 

one or more fuels), their accounting should be clearly distinguished and an estimate 

made of the investment directed to each vector; and 

(ii) Summarizing the calculation of the share of ADB assistance that should be allocated to 

clean energy, including any relevant assumptions. Gross and baseline emissions from 

item (i) would be the primary reference. 

 

47. This central place for summarizing climate change impacts may also include a succinct 

description of any aspects of the project related to climate change adaptation or risks.  

 

48. The document may also establish the price of a ton of CO
2
 equivalent that will be used in the 

economic analysis. 

 

49. Finally, the mitigation and adaptation categories of the project could be specified (high, 

medium, low), with justifications as appropriate. 

 

50. The accounting of GHG emissions in this central place should be sufficiently detailed and clear 

to permit a third party to reproduce the calculation’s results. Project components with distinct 

counterfactuals or methodologies to calculate gross emissions should be treated separately. The 

assumptions in the aide-mémoire should be consistent with those used in the economic analysis. 

 4.  Scope 3 Emissions 

 

51. The GHG Protocol defines three kinds of emissions: 

(i) Scope 1 emissions are all direct emissions. 

(ii) Scope 2 emissions are indirect emissions from consumption of purchased heat, steam, 

or electricity. 

(iii) Scope 3 emissions are all other indirect emissions not covered in Scope 2. They include 

emissions embodied in the equipment purchased or installations built for a project 

(e.g., a dam), transport of goods (e.g., residues to supply a biomass-fired power plant), 

and emissions from wastes, residues, etc. 

 

52. Scope 3 emissions can be very complicated to calculate accurately, and for most energy 

projects their inclusion has a relatively small impact on the estimated GHG savings. For this reason they 

have very rarely been considered in ADB projects. 

 

53. However, for some kinds of projects, Scope 3 emissions can be significant or even be the 

dominant GHG impact. It is therefore important to identify the situations where they should be 

estimated. 

 

54. Scope 3 emissions may have an impact on the baseline GHG emissions—in which case their 

inclusion will increase the GHG savings, or the project’s gross emissions. In the latter case their 

inclusion will diminish the estimated savings. 
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55. The kinds of energy sector projects where Scope 3 emissions can have a significant impact on 

gross energy are as follows:
19

 

(i) Large hydro plants, especially those with large deep reservoirs and a relatively long 

residence time of water in the reservoir. In this kind of reservoir, anaerobic conditions 

will be created as submerged organic material slowly decomposes, and methane will be 

released. Given the very high greenhouse impact of methane, the consequences can be 

significant. The Clean Development Mechanism (CDM) guidelines (ACM0002) allow 

projects with an output of more than 10 watts per square meter (m
2

) to automatically 

receive full carbon credits, effectively exempting them from evaluating methane 

emissions.
20

 However, this criterion seems simplistic, since it ignores the depth of the 

reservoir and the residence time, not to mention the temperature of the water and the 

mass of organic material that is expected to remain in the reservoir. To attempt to 

define the threshold values for the relevant parameters goes well beyond the scope of 

this evaluation. This should be the subject of a specific technical review. However, it 

seems likely that one hydro project that used the automatic exemption cited above 

should in fact have had an evaluation.
21

 

 

Another possible Scope 3 emission associated with these projects is deforestation 

catalyzed by the construction of the dam. This includes direct clearing for the site, as 

well as collateral effects resulting from opening up a forested area to roads, migrations 

of workers, etc. The importance of these impacts depends in great part on the 

vegetation of the site and the current density of settlement. In sparsely populated areas 

with dense humid tropical forests, the impact can be very large, but this has not been 

the situation for recent ADB-supported hydro projects. 

 

The energy embodied in the dam and equipment is modest, usually amounting to only 

several months’ of output. This is small compared with the long lifetime of hydro 

plants. 

 

(ii) Solar electric plants, especially photovoltaic (PV) plants, which have very substantial 

energy embodied in the PV modules, as well as support structures (often made of 

aluminum) and other balance of plant. Table LD5.4 illustrates, there are considerable 

differences among PV technologies. The values shown are only intended to be broadly 

indicative, but current payback times for different kinds of systems range from about 

2.3 years (the least energy-intensive decentralized rooftop systems) to 4.8 years for the 

most energy-intensive utility system. 

 

 

 

 

 

 

 

 

 

 

                                                
19

  This survey did not cover operations in other sectors, such as transport or water and sanitation, where there are distinct 

situations wherein Scope 3 emissions may be significant. 

20
  Hydro plants having power density of reservoir of 4 to 10 watts/m

2
 must take into account the emissions from the water 

reservoir. 

21
  The project was Nam Ngum 3 (Loan 2818/2819), whose reservoir had a maximum depth of about 100 meters and an average 

residence time of 4.2 months. With such a long residence time, anaerobic conditions could be established (leading to methane 

production), especially if stratification of the water occurred. This project was studied for this evaluation, even though the Lao 

People’s Democratic Republic was not one of the countries in the sample. 
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Table LD5.4: Approximate Energy Payback Period for Photovoltaic Systems 

PV Technology 

PV Module Rooftop System 
a 

Ground Mount Utility System 
b 

Payback (years) Payback (years) Payback (years) Payback (years) 

Single crystal silicon 3.6 4.3 0.5 4.8 

Multicrystaline silicon 2.3 3.0 0.5 3.5 

Amorphous silicon 3.2 4.2 0.6 4.8 

Thin film 1.8 3.1 0.7 3.8 

Cadmium teluride (CdTe) 1.2 2.3 0.6 2.9 

CIGS 2.2 3.2 0.6 3.8 

CdTe = Cadmium telluride, CIGS = copper indium gallium selenide, PV = photovoltaic. 

Notes: Assumes a 16.5% capacity factor and insolation of 2,000 kWh/m
2
/year. 

a
  Includes balance of plant.           

b
  Includes balance of plant and ground mount for utility system. 

Source: Calculations based on National Center for Photovoltaics. www.nrel.gov/ncpv; and M. Dale and S.M. Benson. 2013. Energy 

Balance of the Global Photovoltaic Industry–Is the PV Industry a Net Electricity Producer? Environmental Science and Technology. 

 

56. Given the lifetime of 20–25 years (with degradation of output over this period), PV systems 

Scope 3 emissions may range from 10%–12% to 25% of lifetime output. While the tendency is for 

embodied energy to fall, the impact is likely to remain significant for some time. It is recommended 

that the GHG accounting for this kind of project address these emissions. It will also clearly be 

important for projects to specify what kind of PV system is being financed. 

 

57. The kinds of projects where Scope 3 emissions can have a significant impact on baseline energy 

are as follows: 

(i) Coal mine methane (CMM) capture projects can obtain relatively very large additional 

GHG savings. They were a significant part of the ADB portfolio in the People’s Republic 

of China in 2001–2008. However, no project claiming these benefits was approved 

during 2009–2012 (though one project distributed CMM). 

 

(ii) Abatement of methane from landfills can have a large impact. Although no project has 

claimed this kind of benefit (at least in the GHG savings cited in the RRP), three 

municipal waste projects appear to be eligible.   

 

58. Projects to produce energy from agricultural wastes may have Scope 3 impacts both in the 

baseline and on gross energy. With regard to the former, one project reduced methane emissions from 

animal farms, with substantial (though poorly documented) GHG benefits. On the other hand, biogas 

plants often used for energy recovery in rural areas must take care to avoid methane leakage. Other 

projects, such as those to use residues such as rice straw for electricity generation should be attentive 

to the emissions from transport if significant distances are involved (more than, say, 10 kilometers). It is 

well to bear in mind that, while these emissions will usually be small in economically viable projects, it 

is standard procedure in CDM projects to estimate them.
22

 

 5.  Accounting for Electricity and Thermal and/or Fuel Impacts 

 

59. A characteristic of some projects is that they may have an impact on both electricity and fuels. 

This is the case with almost all of the loans for EE-D projects. It is also true of several of the loans for 

district heating projects, which often have central plants that produce both heat and steam 

(cogeneration). As steam output increases to serve heating needs, electricity generation increases as 

well. 

 

60. In general the accounting in the loan approval documents does not adequately distinguish 

between the thermal (fuel) outputs or savings and those of electricity. District heating projects tend to 

                                                
22

  See AM0036, AM0042, ACM0006, and ACM0018 in CDM/UNFCCC/2013. 

http://www.nrel.gov/ncpv
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ignore the impact on electricity output altogether. While some energy efficiency projects do present 

separate estimated savings for electricity and fuels, they do not distinguish between the investments 

that target the different energy forms. This makes it difficult to prepare meaningful indicators of the 

economic efficiency of project investments in terms of GWh or tons of CO
2
 per $million of investment. 

 

61. It is important to remember that a unit of electricity in calorific terms (say a GWh or a 

Gigajoule) has very different economic, physical, and environmental characteristics from the equivalent 

unit, in calorific terms, of fuel. A GWh of electricity almost always costs far more to produce and 

commercialize than a GWh of fuel (especially coal) and involves a larger capital expenditure. It is a 

much higher value energy vector.
23

 At the same time, while the GHG emissions of a unit of a given 

fossil fuel are essentially a fixed value set by its chemical characteristics, the emissions resulting from 

the supply of a GWh of electricity can vary widely depending on the generation mix and line losses. 

 

62. When economic indicators, or indicators of GHG mitigation per unit of energy, mix electricity 

and fuels, these indicators lose much of their meaning. A value for the GWh of new annual supply per 

unit of investment that is economically viable for electricity, may well be far too low to be viable for 

coal. 

 6.  Use of Standard Energy Units 

 

63. To have unambiguous information, all energy outputs or savings should be presented, at least 

for the calculations presented in the accounting of GHG emissions, in standard international energy 

units: watt-hours (Gigawatt or Megawatt-hours), especially for electricity; and joules (Terajoules or 

Gigajoules) for fuels. 

 

64. Units of measure such as “tons of coal equivalent” are open to ambiguities, as they may 

change from one country to another. For example, the People’s Republic of China standard ton of coal 

equivalent has a very different energy value (29.3 GJ/ton lower heating value basis and 31.5 GJ/ton 

higher heating value) both from a ton of raw coal (which varies widely) or international values usually 

assigned to a ton of coal equivalent (the Intergovernmental Panel on Climate Change uses 22.2 GJ/ton). 

 

 

 

 

 

                                                
23

  There are also differences among fuels, say coal, oil and natural gas, but they are less significant and in any case, in the 

People’s Republic of China, the target fuel to be displaced is almost always coal.   


