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 I. Introduction 
 
1. The Asian Development Bank (ADB) has defined project sustainability as the probability that 
human, institutional, financial, and natural resources are sufficient to maintain the outcome achieved 
over the economic life of the project and that any risks can be managed.  
 
2. In this report, the Independent Evaluation Department (IED) adds a second definition of 
sustainability, related to the environment. The emphasis is on climate change mitigation, because 
metrics are not consistently available for other environmental impacts of energy sector projects. In the 
future an effort should be made to systematically include other environmental impacts (such as air and 
water pollution). This “climate-friendly” dimension will be considered in parallel with the traditional 
institutional and financial definition of sustainability.  
 
3. The addition of an environmental or more specifically a climate change perspective in this 
evaluation is appropriate because 

i. the term “sustainability,” at a political level, has taken on a strong environmental 
meaning (exemplified above all in relation to climate change);   

ii. the energy sector plays a direct and pivotal role in climate change (and other 
environmental issues), and  

iii. the question of climate change is urgent because developing Asia now accounts for 
more than 35% of global carbon dioxide (CO2) emissions, and this share is set to 
increase significantly, primarily due to energy use. 

 
4. Other sectors of ADB investment, such as agriculture, transport, and water, have strong 
linkages with environmental sustainability in general and climate change mitigation in particular. 
However, the linkages in the energy sector tend to be more direct and better documented in project 
documents. For example, they already routinely include a key climate change metric—tons of carbon 
dioxide equivalent (tCO2e) emissions avoided—as well as other relevant indicators. This makes energy a 
good sector within ADB’s portfolio to start addressing climate change and environmental sustainability 
and their relation with other project performance indicators in the Annual Evaluation Review (AER). 
 
5. As will be discussed in the next section, there has been a large change in the mix of types of 
energy projects over the past decade. For example, non-hydro renewables, waste-to-energy, and 
demand-side energy efficiency were almost non-existent categories before about 2006. Since about 
2009 they have constituted a significant share of energy project volume, whether one considers 
sovereign loans, nonsovereign loans, or technical assistance (TA) activities. These and other changes in 
the mix of projects have definitely increased ADB’s contribution to mitigating greenhouse gas (GHG) 
emissions, though the impact on adaptation is much less clear. 
 
6. At the same time, the institutional and financial sustainability issues confronting these new 
types of projects are somewhat different. Until now, the energy sector has been one of the best 
performing sectors in the ADB’s overall portfolio, as is illustrated in Table 1 for sovereign loan 
operations.1 
 
7. Will the shift to a portfolio of projects that contribute more to climate change (or other 
environmental) sustainability have an adverse impact on the institutional/financial sustainability of 
projects? 
 
 

1   An equivalent sustainability rating does not exist for nonsovereign operations, though as discussed later in this report, it is 
likely that the share of energy operations that can be considered as sustainable is likely to be quite close to that for sovereign 
operations. 
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Table 1: Sovereign Operations Completed in 2000–2013 Rated for Sustainability by Major Sector  
(percentage of operations) 

Sector (number of operations rated) Sustainable Breakdown by Category 
 (MLS+LS) MLS  LS   LLS   US  
Agriculture and Natural Resources (166)  54   2   52   40   7  
Education (84)  80   8   71   15   5  
Energy (83)  80   18   61   18   2  
Finance (65)  68   5   63   25   8  
Health and Social Protection (37)   86   8   78   11   3  
Industry and Trade (26)  65   15   50   23   12  
Multisector (67)   67   4   63   27   6  
Public Sector Management (56)  55   14   41   32   13  
Transport and ICT (133)   71   8   64   26   2  
Water and Other Municipal Infrastructure & 
Services (94)  48   4   44   43   10  
TOTAL (811)   65   7   58   28   6  
ICT = information and communication technology, LLS = less likely sustainable, LS = likely sustainable, MLS = most likely 
sustainable, US = unlikely sustainable. 
Notes: There were 859 completed projects/programs from 2000 to 2013 based on project/program completion report (PCR) 
circulation. Forty-eight of the completed projects/programs did not have the latest rating. The data are based on aggregate 
results of PCRs, PCR validation reports (PVRs), and project/program performance evaluation reports (PPERs) using PVR or PPER 
ratings in all cases where both PCR and PVR or PPER ratings are available. 
 
8. The report reviews the success and institutional/financial sustainability of operations in different 
subsectors and considers how the shifts occurring in ADB’s portfolio may impact on the 
institutional/financial sustainability of operations.2 As part of this review, the risks to project success 
and sustainability are addressed in two ways: First, there is a survey of the frequency of citation of 
specific risks in project evaluation and approval documents. Second, there is a more qualitative 
discussion of the risks that appear to be particularly prominent with different subsectors of energy 
projects. It is hoped that this can help identify key points that will merit attention in order to allow 
improving climate change (and environmental) sustainability to go hand-in-hand with improved ratings 
of institutional/financial sustainability. 
  
9. Besides considering the possible interrelations of climate change sustainability with operations’ 
institutional/financial sustainability, this report will also briefly consider the possible trade-offs with 
energy security and affordability. These were the broad imperatives, besides environmental 
sustainability, that were highlighted in the Asian Development Outlook 2013. The tripartite nature of 
the energy challenge calls for a careful balancing act to avoid unsatisfactory trade-offs that weaken one 
or more of these three pillars and so defeat the Asian quest for energy security at acceptable 
environmental cost. 
 

 II. ADB’s Energy Portfolio and Its Impact on Climate Change Mitigation 
 
10. The size and make-up of ADB’s energy portfolio have changed considerably over the years, 
especially since about 2008. In recent years, this change has been driven in good part by Strategy 2020, 
published in 2008 (ADB, 2008) and the Energy Policy guidelines published in 2009 (ADB, 2009).3 In 
addition, there have been more specific targets, such as the Asia Solar Energy Initiative announced in 
May, 2010, which targeted support for 3,000 megawatts (MW) of solar power by 2013.  

 

2  Any conclusions are necessarily preliminary, given the limitations of comparing projects that have been completed and 
evaluated with those still in implementation.  

3  Policies do not emerge overnight. Strategy 2020 and the 2009 Energy Policy were built on earlier initiatives, including the 
Energy Efficiency Initiative (EEI), a formal ADB effort with quantified lending targets, and the Carbon Markets Initiative, which 
helped prepare for carbon financing of many projects over the subsequent few years. At about the same time, the G8 Glen 
Eagles meeting in 2005 also laid out the Clean Energy Investment Framework (CEIF) for the multilateral development banks 
(MDBs, 2008). 
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11. Implementation of this policy change was facilitated by the establishment of the Clean Energy 
Financing Partnership Facility with ADB and development partner support. The facility allows for 
leveraging and catalyzing investments in the design of clean energy projects and the implementation of 
pilot projects across the region. Although this review focuses on loan operations, nonlending 
operations have played a significant role in energy sector work, wherein ADB has strategically used TA 
resources for advocacy of clean energy projects, capacity development, and demonstration of new 
technologies—often a prerequisite for future lending.  

 
12. ADB has also joined international efforts to monitor financing for climate change and the 
results achieved. As part of this effort, ADB began reporting the Clean Energy components of its 
lending in 2003 and set a target of $2 billion in 2013 (which was achieved in 2011). The energy 
program is one of two sector programs that have significantly expanded their share of ADB’s financing 
over the 2000s, from 16% during 2003–2007 ($5.8 billion) to 26% during 2008–2012 ($16.8 billion).4  
 
13. Table 2 illustrates the changes in ADB financing and total investment in energy projects 
supported since the beginning of the millennium. It compares the average annual levels of financing 
and investment of operations approved in 2001–2008 and 2009–2012 in seven countries that have 
accounted for more than 80% of ADB lending during these two periods.5   
 
Table 2: ADB Financing and Total Investment in Projects Supported in Selected Countriesa during 2001–

2008 and 2009–2012, by Energy Subsector 
(average annual value over the period in US$ million, constant prices 2005) 

Energy Subsector ADB Financing Total Investment 
 2001–2008 2009–2012 2001–2008 2009–2012 
Electricity Supply & Savings ($2005) 

b $676 $1,538 $2,672 $3,910 
Hydro and pumped storage 13% 12% 10% 11% 
Other renewable 4% 25% 2% 28% 
Coal-fired generation 15% 2% 43% 2% 
Other fossil fuel generation (natural gas) 13% 15% 15% 26% 
Demand-side energy efficiency 1% 2% 0% 2% 
Transmission power evacuation-RE 14% 5% 7% 3% 
Transmission power evacuation-thermal 4% 0% 3% 0% 
Transmission & distribution upgrade 37% 38% 19% 28% 
Fuels and Thermal Energy ($2005) 

b $110 $328 $535 $631 
Municipal & biomass waste 0% 5% 0% 5% 
Natural gas supply infrastructure (GID) 61% 31% 64% 33% 
Demand-side energy efficiency 0% 38% 0% 33% 
District heating 34% 25% 34% 28% 
Coal mine methane supply infrastructure 6% 1% 2% 1% 
a The countries are Bangladesh, People’s Republic of China, India, Pakistan, Philippines, Thailand, and Viet Nam. The survey 
included only operations with an explicitly identified project (or subprojects) with quantifiable impacts. Hence a number of 
operations with funds or for corporate finance were excluded, including loans 7291, 7300, 7304, 7320, 7331, 7353, and 7371. 
b Values in US dollars are normalized to 2005 for the period 2001–2008 by project based on the manufacturing unit value (MUV) 
index. For 2009–2012, weighted average normalization factors based on all projects in the period were used for electricity and 
fuels projects. There are separately calculated normalization factors for electricity and fuels. 
Source: IED calculations based on loan approval documents. 
 
14. The average annual level of lending (in US$ of 2005) to the energy sector increased by almost 
140% in this sample of countries. By far the larger part of the lending was destined for electricity 
supply and use—86% during 2001–2008 and 82% in 2009–2012. However, lending for fuel supply and 
use increased somewhat faster, by 197% versus 127% for electricity. When monitoring the financing 

4   ADB. 2013. Strategy 2020: Implementation Progress 2008-2012. Manila.  
5   The seven countries are Bangladesh, People’s Republic of China, India, Pakistan, Philippines, Thailand, and Viet Nam.  

 3 

                                                



2014 Annual Evaluation Review, Linked Document F 
 

and results of projects, it is important to clearly and systematically distinguish between investments in 
electricity and those in fuels, because the economic and technical indicators are very different.6 
 
15. The change in the composition of the portfolio has been as significant as its increase in size. 
The share of renewable energy (RE) and demand-side energy efficiency (EE) 7  projects increased 
dramatically, for both electricity and fuels. 8 In the power sector, the share of RE and demand-side EE 
went from 5% of ADB financing for electricity in 2001–2008 to 27% in 2009–2012. In terms of 
investment mobilized, their combined share went from 2% to 30%. For fuels, the share of RE (in the 
form of biomass wastes) and demand-side EE went from zero to 43% (ADB financing) and zero to 38% 
(total investment mobilized). 
 
16. At the same time the share of lending for power generation from fossil fuels fell substantially, 
from 28% to 17%. The share of natural gas-fired plants actually increased slightly (from 13% to 15% of 
lending). However, the share of coal-fired plants collapsed from 15% to only 2% of financing. The 
change is even starker if one considers that, whereas in 2001–2008 three subcritical (hence less 
efficient) coal plants were approved, 9  the only coal-fired plant approved in 2009–2012 was an 
advanced coal gasification-combined cycle facility requiring substantial technology transfer (including 
for operation).10 
 
17. The consequences of this shift in lending priorities, in terms of physical results, have been 
substantial. Table 3 summarizes the evolution of the annual average energy output and net emissions 
of GHG by type of energy project. The average annual energy output from coal-fired plants supported 
by ADB fell thirty-fold, while that from natural gas-fired plants roughly tripled. At the same time, coal 
went from a large negative impact on net emissions savings (that is, the plants’ emissions per gigawatt-
hour [GWh] were higher than the average emissions per GWh of the country’s power system—known 
as the average grid emission factor) to a small increase. 11 Natural gas-fired plants also seemed to 
become more efficient, since net emission savings of CO2 increased proportionately more than output. 
 
 

6   ADB still does not systematically distinguish between investments in fuels and electricity. For a discussion see Linked Document 
4 in IED/EKB, 2014. 

7  Demand-side EE refers to EE measures with consumers (industries, commercial, residential households, etc.). Although EE 
measures may be associated with measures to reduce peak demand, the focus is on reducing energy use to perform an 
equivalent energy service. Supply-side EE improves the energy supply chain, for example, reducing transmission line losses, 
upgrading district heating networks, and the retrofitting of an old plant to generate power more efficiently. 

8   By fuels we refer to the supply of energy to consumers in the form of fuels or heat (e.g., district heating) rather than electricity.  
This distinction is made in every publication of national energy balances. 

9   In Philippines and Thailand. 
10  See Loan 2616, approved in 2010, for the Tianjin Integrated Gasification Combined Cycle Power Plant. One justification for the 

project, besides the efficiency, is that coal-gasification technology for power generation provides improved conditions for 
carbon storage and sequestration (CSS). However, a CSS scheme was not part of the project. ADB also approved a super-critical 
coal-fired power plant in Pakistan in 2013. 

11  The average grid emission factor is an acceptable methodology under the United Nations Framework Convention on Climate 
Change (UNFCCC) guidelines. The AER does not argue that this is the best counterfactual for all projects, but it is the most 
robust for comparing many dozens of projects over more than a decade in a large number of countries. In this review, it is 
important to maintain a consistent standard. The UNFCCC prefers project-specific counterfactuals for large power generation 
projects, and the ADB might apply this. For smaller projects however, like most renewable energy projects, the grid emission 
factor can be consistently applied. This would also be the case for transmission and distribution projects. As long as a 
justification for the specific counterfactual is made and the accounting of baseline and the project’s own gross emissions are 
clear, this flexibility presents no problems. For additional detail see Linked Document 6 (section B2) in IED/TES, 2014. 
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Table 3: Impacts of Project Categories on Energy and GHG Emissions Mitigation in Selected Countriesa 
during 2001–2008 and 2009–2012 (average annual value over the period) 

Electricity Supply and Savings Net Emissions Saved  
(tCO2e/year) 

Energy   
(GWh/year) 

 2001–2008 2009–2012 2001–2008 2009–2012 
Hydro and pumped storage 161,946  618,699  587  844  
Other renewable 80,971  1,145,156 b  98  1,695  
Coal-fired generation (920,101) c 93,000 c  9,226  311  
Other fossil fuel generation 351,224 c  1,376,879 c  2,636  7,630  
Demand-side energy efficiency 24,259  394,842  26  757  
Transmission power evacuation-RE 551,622  0 d 719  0 d  
Transmission power evacuation-
thermal 

(38,768) 0  548  0  

Transmission & distribution upgrade 356,698  485,008  581  672  
Total Seven Countries 567,851  4,113,584  14,421  11,908  
Fuels and Thermal Energy Net Emissions Saved  

(tCO2e/year) 
Energy   

(GWh/year) 
 2001-2008 2009-2012 2001-2008 2009-2012 
Municipal & biomass waste 0  250,000  0  88  
Natural gas supply infrastructure 
(GID) 

926,285  100,046  13,893  5,902  

Demand-side energy efficiency 0  657,995  0  1,859  
District heating 299,690  694,262  1,852  2,096  
Coal mine methane supply 
infrastructure 

364,564  30,255  217  65  

Total Seven Countries 1,590,539  1,732,558  15,961  10,009  
Municipal & biomass waste 0% 14% 0% 1% 
Natural gas supply infrastructure 
(GID) 

58% 6% 87% 59% 

Demand-side energy efficiency 0% 38% 0% 19% 
District heating 19% 40% 12% 21% 
Coal mine methane supply 
infrastructure 

23% 2% 1% 1% 

a The countries are Bangladesh, People’s Republic of China, India, Pakistan, Philippines, Thailand, and Viet Nam. 
b Value for net emissions of “Other renewables” does not include substantial methane resulting from urban 
municipal waste-to-energy projects, which are included in this category. 
c The counterfactual for the gross emissions per GWh of coal-fired and natural gas-fired plants is the average grid 
emission factor. 
d Transmission power evacuation from renewable power plants (almost all hydro) was not credited with energy and 
GHG mitigation benefits in 2009–2012 due to deficiencies in the documentation of some projects regarding the 
information needed to allocate these benefits to the transmission component. It is roughly estimated that the 
average annual net emissions mitigation attributable to these projects was about 325,000 tCO2, while the energy 
benefit was about 405 GWh. There were no transmission projects to evacuate power from fossil fuel thermal plants 
approved in 2009–2012. The ambiguities regarding the allocation of energy and GHG benefits to this kind of project 
are discussed in Real-time Evaluation of ADB’s Initiatives to Support Access to Climate Finance– Linked Document 5 
(IED/TES, 2014). 
Source: IED calculations based on loan approval documents. 

 
18. The output from “other renewables” (solar, wind, small hydro, and waste-to-energy)12 and 
demand-side EE increased dramatically from a very small base. Though their share of electricity output 
(GWh) during 2009–2012 was still modest, “other RE” and demand-side EE were, together, the largest 
source of CO2 mitigation in the power sector, having increased fifteen-fold relative to the previous 
period. In the fuels/thermal sector, energy from wastes and demand-side EE increased from nothing to 
account for 20% of energy supplied-or-saved, and 52% of net GHG emissions mitigation. The shares of 

12  Geothermal energy is also in this category, but there were no ADB projects using this resource from 2001 to 2012. 
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district heating, which was already a prominent area of ADB financing in 2001–2008, also increased 
substantially. 
 
19. Table 4 summarizes the information in the previous two tables and adds some economic and 
technical indicators that shed light on the expected performance of the projects and the impacts of the 
change in the portfolio. Two indicators of economic performance stand out. 
 
20. The annual energy supplied per unit of total investment mobilized by ADB lending (GWh/$ 
million) fell by 44% in the power sector and 47% in the fuels/thermal energy sector. This decline implies 
that the new portfolio was, on average, substantially more capital intensive per unit of energy supplied 
(or saved, in the case of efficiency projects). This result is to be expected, given the increased share of 
renewables, which at the same time have lower operating costs. 
 
21. On the other hand, in the power sector GHG emissions mitigation per unit of total investment 
mobilized by ADB lending (CO2 equivalent (e)/$million) almost quintupled, from 213 to 1,052 
tCO2e/$million. The gross emissions per unit of electricity (tCO2e/$million) fell dramatically, by 62% 
(from 681 tCO2e/GWh to 259), due mostly to the near elimination of coal-fired plants and the increase 
in output from zero emissions sources (renewable energy, including hydro, and demand-side EE). This 
led to a sharp increase in the emissions saved per GWh of electricity supplied, from only 39 tCO2e in 
2001–2008 to 345 tCO2e in 2009–2012. 
 
22. In the fuels/thermal sector not only was there a large decline in energy supplied per unit of 
total investment (47% as observed above), there was also a small decline in the indicator of GHG 
emissions mitigation per unit of total investment mobilized. At the same time, also contrary to the 
experience in the power sector, gross GHG emissions per unit of energy supplied increased 
substantially—from 197 to 302 tCO2e/GWhthermal.  
 
23. These disparities (even of the trajectory of change) are another example why it is useful to 
carefully distinguish electricity from fuels when evaluating the performance of projects supported by 
ADB. 13  This distinction is not yet incorporated in the methodology for preparing ADB project 
documents, but should be. The lack of a clear distinction between electricity and thermal/fuel outputs 
makes it difficult to prepare meaningful indicators of the economic efficiency of project investments in 
terms of GWh or tCO2e/$ million of investment. These indicators are not only important to accompany 
the performance of energy projects; they are also relevant for preparing strategies that adequately 
balance environmental, energy security, and affordability objectives. 
 
24. The decline in the indicator of GHG emissions mitigation per unit of investment in the 
fuels/thermal subsector does not necessarily mean that ADB’s emphasis on clean energy has been less 
clear than in the electricity sector. For a start, the net emissions savings per unit of energy supplied 
increased significantly—from 100 tCO2e/GWhthermal to 173. In addition, the overall trajectory of the 
relatively small volume of fuels projects is dominated by the changes in India, where there were two 
large liquefied natural gas (LNG) projects in 2001–2008 and none in 2009–2012.14 Stripping out these 
two exceptional projects, the indicator of economic efficiency for added fuel supply/savings remained 

13  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 than the equivalent unit, in calorific terms, of fuel. A GWh of electricity almost 
always costs far more to produce and commercialize than 1 GWh of fuel (especially coal) and involves a larger capital 
expenditure. It is a much higher value energy vector, in both economic and thermodynamic terms. 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. 

14  Both the energy output and GHG emissions reduction in ADB’s fuels portfolio in 2001–2008 were dominated by two large LNG 
regasification plants in India that were financed with highly leveraged loans (i.e., ADB financing was only a small part of the 
project investment). All of the energy and GHG mitigation benefits of the regasified LNG were attributed to the projects, 
despite the fact that the realization of these benefits would depend also on downstream investments in infrastructure. 
Interestingly, a third phase of the same LNG regasification plant in India was approved in 2013. This points to the observation 
that the sample period of 2009–2012 is rather short, only half that of 2001–2008. 
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relatively stable from 2001–2008 to 2009–2012, while that for GHG emissions mitigation improved by 
about a quarter.  
 

Table 4: Indicators for Investment Projects in Selected Countries with Quantifiable GHG Impacts 
Item 2001–2008 2009–2012 
Electricity Supply and Savings 

 
 

ADB's annual average lending in the period ($ million) a 676  1,538 
Annual average capital investment mobilized in the period ($ million)a 2,672  3,910 
Annual average energy supplied from ADB projects in the period 
(GWh) 14,421  11,908 

   Annual average GHG emissions of ADB projects (tCO2e) 9,814,405  3,082,982 
Annual average GHG emission savings (tCO2e) 567,851  4,113,584 
Annual average GHG savings attributable to ADB (tCO2e) d 143,666  1,609,318 

   Annual energy supplied per unit of investment (GWh/$million) 5.4 3.0 
Annual GHG emission savings per unit of investment (tCO2e/$ million) 213 1052 
Gross GHG emissions per unit of energy (tCO2e/GWh) 681  259 
GHG emissions savings per unit of energy produced or saved 
(tCO2e/GWh) c 39  345 

   Fuel and Thermal Energy Supply and Savings b 

  ADB's annual average lending in the period ($ million) a 110  328 
Annual average capital investment mobilized in the period ($ million)a 535  631 
Annual average energy supplied from ADB projects in the period 
(GWh) 15,961  10,009 

   Annual average GHG emissions of ADB projects (tCO2e) 3,151,429  3,019,640 
Annual average GHG emission saving (tCO2e) 1,590,539  1,732,558 
Annual average GHG savings attributable to ADB (tCO2e) d 327,163  902,931 

   Annual energy supplied per unit of investment (GWh/$million) 29.8 15.9 
Net annual GHG emission savings per unit of investment (tCO2e/$ 
million) 2,972 2,745 
Gross GHG emissions per unit of energy (tCO2e/GWh) 197  302 
GHG emissions savings per unit energy produced or saved 
(tCO2e/GWh) 100  173 

a Values in US dollars are normalized to 2005 for 2001–2008 by project based on the manufacturing unit value (MUV) index from 
http://go.worldbank.org/SZXEODLF60. For 2009–2012, weighted average normalization factors based on all projects in the period 
were used for electricity and fuels projects. There are separately calculated normalization factors for electricity and fuels, with 
different factors for total investment and the ADB financing in each category. 
b Includes two demand-side EE projects with electricity and direct fuel savings that cannot be distinguished for the purposes of 
allocating investment to the different energy vectors. 
c To estimate the emissions saved per unit of electricity  produced (or saved) by a project, one subtracts the gross emissions of the 
project per GWh (that is, the emissions associated with supplying the electricity) from the value of the baseline or counterfactual. 
In this report, the baseline is assumed to be the average emissions associated with supplying 1 GWh of electricity on a country’s 
grid. 
d Based on the share of the investment financed by ADB 
Source: IED calculations based on loan approval documents. 

 
25. Meanwhile, what can be said here is that, while there has been a relatively large increase in the 
share of investments that go towards the more efficient use of fuels, there has been almost no 
investment in “near zero” GHG emissions alternatives for fuel supply. That is, other than a small part of 
one project in the People’s Republic of China (PRC), there has been no investment in biomass fuels to 
substitute for fossil fuels in thermal or transport uses. This is in strong contrast to the power sector, 
where the role of new renewables (including biomass wastes) has expanded considerably. The 
preferred energy market for biomass residues has been power generation (or combined heat and 

 7 



2014 Annual Evaluation Review, Linked Document F 
 

power) rather than the supply of fuel end-uses. Given the concerns regarding the competition of 
biofuels with land resources for agriculture, this reticence is understandable. 
 

 A. Comparison of Sovereign and Nonsovereign Operations 
 
26. Unfortunately, it is not possible at present to distinguish between sovereign and nonsovereign 
operations for 2001–2008. However, Table 5.A compares some key indicators for 2009–2012. 
 
27. In terms of the volume of ADB financing, sovereign operations were much larger than 
nonsovereign operations, accounting for 72% of financing in the electricity market and 85% in the 
fuel/thermal market (which was a bit less than 1/5 of the electricity market in terms of volume of 
financing). 
 
28. However, the share of nonsovereign operations to mobilized investment in the electricity 
market—46% of the total—was almost as large as that of sovereign operations. The share of GHG 
mitigation was almost exactly the same. The share of generation or efficiency savings added to the 
electricity market was actually much larger: 64% versus 36%. 
 
29. This result is due in part to the fact that nonsovereign operations were, on average, more 
highly leveraged, i.e., the share of total investment financed by ADB was smaller. In addition, 
nonsovereign operations were concentrated in non-hydro renewables and generation from natural gas, 
with some participation in hydro. In contrast, more than 60% of sovereign loans were for transmission 
and distribution projects, for which the attributed energy and GHG benefits are usually small per unit 
of investment.15  
 
30. In the fuel/thermal energy market the comparison of nonsovereign with sovereign operations is 
very different. The share of mobilized investment (15%) is the same as the share of ADB financing. The 
share of energy added is smaller (11%) and of GHG emissions mitigation smaller yet (6%). One reason 
for the proportionally smaller impact of nonsovereign operations is that they are concentrated in 
natural gas distribution infrastructure (where the volume of investment is comparable to that in 
sovereign operations). This category, like electricity transmission and distribution projects cited above, 
usually has relatively small energy and GHG benefits attributed per unit of investment. District heating 
and demand-side EE projects, which have higher energy and GHG benefits per unit of investment, were 
almost all financed via sovereign operations. 
 
31. It is noteworthy that in the two “new” areas where ADB’s energy portfolio expanded 
dramatically in 2009–2012—non-hydro renewables and demand-side EE—more than 85% of 
investment in the former has been through nonsovereign operations, while the reverse is true for 
demand-side EE.16 This is curious, at least at first sight, since demand-side EE projects are mostly with 
the private sector. Though analyzing the reasons for the predominance so far of sovereign loans for 
demand-side EE is beyond the resources of this review, the difference in approach may be a 
consequence of the more complex business and policy context for consolidating a market for demand-
side EE projects. 

15  Indeed, transmission projects to evacuate power from renewable energy generation projects do not have any energy or GHG 
mitigation benefits attributed to them under current ADB reporting. 

16  Sovereign operations accounted for more than 95% of investment in EE in the sample countries. There were two nonsovereign 
operations approved for funds that might invest in both RE and EE, and one focused on EE. These were not included in the 
sample, because they had no defined output on which to base energy or GHG calculations. The loans not considered for this 
reason include the following: 7304, 7353 (both RE/EE), and 7371 (EE). We suspect that much the greater part of the RE/EE 
funds’ investments will have been in RE. 
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Table 5: Sovereign and Nonsovereign Investments in Energy in Selected Countries, 2009–2012 
 

A. By Energy Resource and Technology 
Energy Vector and 
Resource 

ADB Financing Total Investment  Energy GHG Savings 
106 US$ Sovereign Nonsov  106 US$ Sovereign Nonsov  GWh/yr Sovereign Nonsov t CO2eyr Sovereign Nonsov 

Electricity             
Hydro and pumped 
storage $890 89% 11% $2,001 78% 22% 3,376 81% 19% 2,474,796 89% 11% 
Other renewable a $1,815 14% 86% $5,262 10% 90% 6,779 1% 99% 4,580,622 1% 99% 
Coal-fired 
generation $140 100%  $420 100%  1,245 100%  372,000 100%  
Other fossil fuel 
generation b $1,062 67% 33% $4,813 33% 67% 30,518 24% 76% 5,507,517 39% 61% 
Demand-side 
energy efficiency $156 100%  $302 100%  3,026 100%  1,579,369 100%  
Transmission power 
evacuation $394 100%  $534 100%  NA c NA c   NA c NA c   
Transmission & 
distribution 
upgrade $2,775 100%  $5,152 100%  2,688 100%  1,940,032 100%  
Total Seven 
Countries $7,231 72% 28% $18,484 54% 46% 47,632 36% 64% 16,454,336 50% 50% 
Fuels/Thermal              
Municipal and 
biomass waste $78 100%  $153 100%  350 100%  1,000,000 100%  
Natural gas supply 
infrastructure  $475 58% 42% $961 58% 42% 23,606 83% 17% 400,182 25% 75% 
Demand-side 
energy efficiency $582 95% 5% $975 95% 5% 7,437 95% 5% 2,631,979 94% 6% 
District heating $390 100%  $840 100%  8,382 100%  2,777,048 100%  
Coal mine methane 
supply 
infrastructure $11 100%  $19 100%  260 100%  121,021 100%  
Total Seven 
Countries $1,536 85% 15% $2,947 85% 15% 40,035 89% 11% 6,930,230 94% 6% 
Notes: Cells where the % share is zero are shaded.         
a Includes wind power, solar power, geothermal power, and energy from biomass wastes, including municipal solid waste. 
b All projects use natural gas. Some are “greenfield” projects (all of which are combined-cycle plants), and some are retrofits (upgrading to combined-cycle). 
c There is no estimate in the project documents of the share of either the energy or GHG mitigation benefits that can be attributed to the transmission component of developing 
the power plant (all from renewable resources in this period). 
Source: IED calculations based on loan approval documents.       
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B. By Country 
 
Country ADB Financing ($106) Total Investment (106 US$) 
 Total Sovereign Nonsovereign Total Sovereign Nonsovereign 
 Electricity Fuels Electricity Fuels Electricity Fuels Electricity Fuels Electricity Fuels Electricity Fuels 
Bangladesh $488 $348 100% 91%  9% $985 $692 100% 93%  7% 
PRC $1,230 $889 29% 77% 71% 23% $3,734 $1,751 26% 77% 74% 23% 
India $3,144  92%  8%  $6,648  86%  14%  
Pakistan $1,191  83%  17%  $2,221  62%  38%  
Philippines $31 $300 100% 100%   $47 $504 100% 100%   
Thailand $687    100%  $3,859    100%  
Viet Nam $461  100%    $991  100%    
Total $7,231 $1,536 72% 85% 28% 15% $18,484 $2,947 54% 85% 46% 15% 
Notes: Cells where the % share is zero are shaded. 
Source: IED calculations based on loan approval documents.       
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32. Besides being focused in a few subsectors, nonsovereign energy operations tend also to be 
somewhat concentrated in a few countries (see Table 5.B). In the electricity market, there were 
significant nonsovereign investments in three countries: Thailand (100% of investment), PRC (74%), and 
Pakistan (38%). The nonsovereign share in India was small (14%). In the fuels market the focus was 
narrower, mostly in the PRC. Time constraints did not permit the inclusion of projects in 2013. By 
extending the sample period, the geographic spread of nonsovereign operations would probably be 
somewhat greater. In particular the share of nonsovereign operations in India would increase. 
 

 B. Evolution of ADB’s Energy Portfolio: Differences between Countries 
 
33. The trends since 2001–2008 in overall energy sector lending and impacts summarized in Table 
4 are the sum of the changes in the portfolio of the seven countries making up the sample. Table 6 
shows changes in the indicators for each country. 
 
Table 6: Energy and GHG Mitigation Impacts of ADB Energy Sector Financing in Seven Survey Countries 

(average annual values in each period) 
Item Power Supply Projects Fuel Supply Projects 
 2001–2008 2009–2012 2001–2008 2009–2012 
Bangladesh     
Net energy supplied (GWh/year) 430  709  1,580  5,510  
Total investment mobilized ($million) 163  203  58  151  
Approved ADB financing ($million) 94  100  32  76  
Annual GHG savings (tCO2e/yr) 37,259  410,417  125,774  242,799  
Gross emissions per unit of energy 
(tCO2e/GWh) 470 4  202 180  
GHG savings per unit of energy 
(tCO2e/GWh) 87 579  80 44 

Annual energy per unit of investment 
(GWh/$106) 2.6 3.5 27.2 36.5 
GHG savings per unit of investment 
(tCO2e/$106) 229  2,025  2,162  1,608  
People's Republic of China     
Net energy supplied (GWh/year) 886  1,712  4,217  4,111  
Total investment mobilized ($million) 221  812  351  375  
Approved ADB financing ($million) 59  266  59  190  
Annual GHG savings (tCO2e/yr) 443,830  1,073,374  797,387  1,422,259  
Gross emissions per unit of energy 
(tCO2e/GWh) 365 147  185 488  
GHG savings per unit of energy 
(tCO2e/GWh) 501 627  189 346 

Annual energy per unit of investment 
(GWh/$106) 4.0 2.1 12.0 11.0 
GHG savings per unit of investment 
(tCO2e/$106) 2,012  1,322  2,270  3,792  
India      
Net energy supplied (GWh/year) 8,175  1,223  10,165   
Total investment mobilized ($million) 1,336  1,401  126   
Approved ADB financing ($million) 262  666  20   
Annual GHG savings (tCO2e/yr) 278,307  995,533  667,379   
Gross emissions per unit of energy 
(tCO2e/GWh) 775 0  202  
GHG savings per unit of energy 
(tCO2e/GWh) 34 814  66  
Annual energy per unit of investment 
(GWh/$106) 6.1 0.9 80.8  
GHG savings per unit of investment 
(tCO2e/$106) 208  711  5,306   
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Item Power Supply Projects Fuel Supply Projects 
 2001–2008 2009–2012 2001–2008 2009–2012 
Pakistan     
Net energy supplied (GWh/year) 1,048  943    
Total investment mobilized ($million) 307  472    
Approved ADB financing ($million) 115  254    
Annual GHG savings (tCO2e/yr) 201,369  412,900    
Gross emissions per unit of energy 
(tCO2e/GWh) 302 0  

 
 

GHG savings per unit of energy 
(tCO2e/GWh) 192 438  

 
 

Annual energy per unit of investment 
(GWh/$106) 3.4 2.0 

 
 

GHG savings per unit of investment 
(tCO2e/$106) 656  875  

 
 

Philippines     
Net energy supplied (GWh/year) 327  94   388  
Total investment mobilized ($million) 137  11   105  
Approved ADB financing ($million) 27  7   63  
Annual GHG savings (tCO2e/yr) (139,955) 75,000   67,500  
Gross emissions per unit of energy 
(tCO2e/GWh) 984  0  

 
60  

GHG savings per unit of energy 
(tCO2e/GWh) (428) 800  

 
174 

Annual energy per unit of investment 
(GWh/$106) 2.4 8.8 

 
3.7 

GHG savings per unit of investment 
(tCO2e/$106) (1,021) 7,055  

 
643  

Thailand     
Net energy supplied (GWh/year) 1,339  6,100    
Total investment mobilized ($million) 113  805    
Approved ADB financing ($million) 12  147    
Annual GHG savings (tCO2e/yr) (421,448) 989,135    
Gross emissions per unit of energy 
(tCO2e/GWh) 894  391  

  

GHG savings per unit of energy 
(tCO2e/GWh) (315) 162  

  

Annual energy per unit of investment 
(GWh/$106) 11.8 7.6 

  

GHG savings per unit of investment 
(tCO2e/$106) (3,724) 1,229  

  

Viet Nam     
Net energy supplied (GWh/year) 2,216  1,128    
Total investment mobilized ($million) 395  207    
Approved ADB financing ($million) 107  98    
Annual GHG savings (tCO2e/yr) 168,487  171,245    
Gross emissions per unit of energy 
(tCO2e/GWh) 505 392  

  

GHG savings per unit of energy 
(tCO2e/GWh) 76 152  

  

Annual energy per unit of investment 
(GWh/$106) 5.6 5.4 

  

GHG savings per unit of investment 
(tCO2e/$106) 426  827  

  

a  Values in US dollars are normalized to 2005 for both periods. 
Source: IED calculations based on loan approval documents.  
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34. As can be seen in Table 6 and more clearly in Table 7, which highlights the number of sample 
countries following a given trajectory of change in a parameter (increase versus decrease), the 
evolution of the indicators included, has been quite different from one country to another. Indeed, for 
only two indicators was the trajectory of change always (or almost always) the same as observed for 
the overall portfolio: GHG savings per unit of energy (tCO2e/GWh) and GHG savings per unit of 
investment (tCO2e/$106).  
 

Table 7: Differences between Countries in Trajectory of Parameters of ADB Electricity Portfolio  
Average trajectory of seven countries for each parameter is shaded in the appropriate cell. 

 Change in Annualized Rate between  
2001–2008 and 2009–2012 

Parameter Increase Little change (=/- 20%) Decrease 
Net energy supplied (GWh/year) 3 1 3 
Total investment mobilized ($million) 4 1 2 
Approved ADB financing ($million) 4 2 1 
GHG savings per unit of energy (tCO2e/GWh) 7 0 0 
Annual energy per unit of investment 
(GWh/$106) 

2 1 4 

GHG savings per unit of investment 
(tCO2e/$106) 

6 0 1 

Source: IED calculations based on loan approval documents.       

 
35. In some countries ADB financing and the investment mobilized increased dramatically; in others 
it declined or changed little. Whereas the energy supplied per unit of investment fell substantially in the 
overall portfolio, in two countries it increased and in in one it barely changed.    
 

 C. Rating Performance in Climate Change and Environmental Sustainability 
 
36. The possibility was considered of developing a new evaluation rating, of the sort used to rate 
project success or institutional/financial sustainability, which summarizes whether a project is, say, 
“high,” “low,” or “negative” in terms of climate change. Some means of categorizing projects provides 
a reference for correlating performance with relation to climate change to other evaluation parameters 
related to project success or institutional/financial sustainability. However, the conceptual and 
methodological issues facing such a rating are challenging,17 and it is not clear how much it would 
enhance insights regarding the energy portfolio.  
 
37. Fortunately, there are more specific indicators that can be used to estimate the contribution of 
individual projects and of a portfolio over time, to climate change mitigation or adaptation objectives. 
Several of these indicators are already used in ADB. For others, the information is available (or should 
be) in project documents, but would need some processing. So far, there are more indicators for 
climate change mitigation than for adaptation. For mitigation there are the following: 
 

i. Indicators of physical impacts. (a) gross GHG emissions per unit of energy added to the 
system— which gives the intrinsic “carbon footprint” of the given technology; (b) net 
GHG emissions reduction per unit of energy added to the system—this compares the 
GHG emissions per unit of energy of the technology with those of the energy system in 
the country. It is important to remember that the GHG emissions per unit of energy, 
especially of electricity from the grid, can vary widely from one country to another, due 
to differences in the mix of generation. For example, in one country coal may dominate 

17  For example, consider a large-scale power generation project (A) with substantial gross GHG emissions per GWh but also 
significant emissions mitigation relative to the average supply from the existing grid. Then consider a smaller utility-scale 
project (B) with zero gross emissions, but whose cost per ton of CO2 saved is higher than that of (A). Should the projects have 
the same rating, or if not, which should have the higher rating? This example only considers the mitigation side of climate 
change objectives. How would one incorporate the adaptation side? 
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electricity supply while in another country natural gas (with lower emissions per GWh) 
and/or hydro (with no emissions) may dominate. The same technology with the same 
gross GHG emissions may result in very different values for net emissions savings in 
different countries.18 

ii. Indicators of the economic efficiency of physical impacts. (a) for GHG emissions 
mitigation—tCO2 e/$million of total investment and of ADB financing; (b) for energy— 
GWh (electrical or thermal) per $million of total investment and of ADB financing. 

iii. Indicator of financing input. This tracks the share of total ADB financing considered to 
be for investment in clean energy. This indicator has been used since 2003 to 
accompany investments in renewable energy and EE. It is also associated with a 
classification of clean energy projects (for the most recent annual report, see 
ADB/RSDD, 2013). Coverage is not limited to the energy sector; the indicator covers 
other sectors and in principle identifies substantial EE investments in these sectors. 

 
38. The indicators of the economic efficiency of project impacts (item 2 above)—such as tCO2e and 
GWh per $million of total investment and of ADB financing—appear to be key inputs for ratings of 
project success. Hence, in order to avoid circularity of references, they should probably not be among 
the climate change chosen indicators to cross with ratings of success and institutional/financial 
sustainability. 
 
39. A possible indicator for mitigation efforts that can be crossed with ratings of success and 
institutional/financial sustainability is clean energy investment and its share of total ADB financing in a 
given sector, such as energy. As can be seen in Figure 1, the share of clean energy in ADB’s 
nonsovereign energy lending has increased dramatically over time.  On the other hand, the share of 
sovereign lending has barely increased since 2006. As a consequence, the volume of nonsovereign 
clean energy investments has been larger than of sovereign since 2006, despite the smaller volume of 
lending. 
  

18  A relevant example is supercritical coal-fired power plants in India and Pakistan. Since the average grid emission factor (i.e., a 
measure of tCO2e/GWh of electricity supplied by the power generation and transmission system) is much higher in India (about 
800–820 tCO2e/GWh) than in Pakistan (about 425–450 tCO2e/GWh), a supercritical coal plant with gross emissions of about 
750 tCO2e/GWh (the case of the Jamshoro project in Pakistan—project 47094) will have a positive emissions mitigation impact 
per GWh in India relative to the average grid emission factor, while the same plant in Pakistan would have a large negative 
impact. 
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Figure 1: Share of ADB Energy Financing to Clean Energy Investment, 2003–2012 

 
Notes: Only energy sector projects in the Clean Energy Investment Summary are included, with three exceptions among 
nonsovereign operations: loan 7187 in 2003, loan 7296 in 2009, and loan 7377 in 2012). The first was an investment fund 
devoted to clean energy, but classified in the financial sector. The second and third were for plants to generate electricity from 
municipal solid waste. 
Sources: IED database on approved projects and the Clean Energy Investment Summary. 

 
40. It should be observed that the IED report Real-time Evaluation of ADB Efforts in Climate Change 
Finance (IED/TES, 2014; currently in preparation) found fairly frequent errors or ambiguities in the Clean 
Energy Investment Project Summaries. As this indicator is widely used, the quality of the entries should 
be improved. A good start would be to make available clear summary descriptions of the calculation 
for each project. The same report also found deficiencies in the preparation of indicators of climate 
change mitigation, such as projects’ gross and net emissions, though the quality of the estimates in 
project documents has been improving. 19   The development of indicators for climate change 
adaptation is far less advanced than for mitigation. There is currently a simple low-medium-high rating. 
 
41. While the emphasis here is on climate change mitigation, it is important to develop ratings and 
metrics that cover the broader environmental sustainability of projects. Climate change mitigation is 
only one aspect of environmental sustainability. Preparing and implementing a broader sustainability 
rating system is a complex challenge. The benefits of having such a rating system for infrastructure 
projects and the issues involved are summarized in Hirsch, 2012. Metrics for specific impacts (e.g., air 

19  The values for GHG emissions shown in Table 2 incorporate revisions made in IED/TES, 2014 to some of the original estimates 
in project documents, although potentially large benefits from methane abatement in waste-to-energy projects could not be 
included due to lack of necessary information.  
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and water pollutants) are also needed to incorporate the “social costs” of externalities in the economic 
analysis of projects, as discussed in paragraphs 139-144 and 174. 
 

 III. Financial and Institutional Sustainability 
 
42. This report considers the financial and institutional sustainability of two broad categories of 
projects. The first category comprises projects that have been completed. Evaluations by ADB of 
completed projects’ success and sustainability are found in self-evaluation documents such as project 
completion reports (PCRs) and documents of IED. In the case of sovereign operations, only projects 
completed since 2000 have been reviewed, since that was the first year in which sustainability 
assessments were made for completed sovereign operations. Evaluations of nonsovereign operations 
cover only 2006–2013 since there was a change in methodology in 2006 (the current methodology is 
summarized in the next section). 
 
43. The second category comprises projects that have been approved but are still under 
implementation. The focus is on projects approved during 2009–2013. The approach to reviewing the 
sustainability of this category of projects must be very different from that used to review the portfolio 
of completed projects. First, the approved projects are still being implemented, so any assessment of 
sustainability (or success, to which sustainability is closely correlated) is necessarily far more subjective. 
Second, the approved projects have not been subjected to a detailed evaluation of their results, 
success, and sustainability. These evaluations upon project completion represent a considerable effort 
of data collection and analysis. In contrast, any assessments of sustainability made in this review would 
be very superficial.  Comparing the ratings of the two categories would be like comparing apples and 
oranges. 
 
44. Hence, no attempt is made here to rate the expected success or sustainability of individual 
projects. Instead, we review factors that can influence the success and financial/institutional 
sustainability of different kinds of energy projects. Loan approval documents have been reviewed, 
including the summary of risks in the reports and recommendations of the President. In addition, other 
documents have served as a reference, such as country partnership strategies (CPSs), sector 
assessments, and relevant IED and other studies. A survey was made of the frequency of citation of 
given risks to sustainability and success in project approval documents. Additional considerations will 
also be made in a less quantitative manner. 
 
45. None of the completed projects were approved after 2007, and many projects approved 
between 2000 and 2007 have not yet been completed and evaluated. Since sustainability is affected 
not only by the type of project, but by the country in which it is implemented, the survey will also 
discriminate results by country in the survey. The sample of the more detailed survey includes eight 
countries: Bangladesh, PRC, India, Indonesia, Pakistan, Philippines, Thailand, and Viet Nam 
 

 A. Institutional-Financial Sustainability of Completed Projects 
 
46. ADB’s operations in the energy sector have historically had a relatively large share of projects 
ranked as at least relatively successful and at least “likely to be sustainable.” Considering the 83 
sovereign loan operations that were completed and evaluated between 2000 and 2013, 80% were 
considered to have been “successful” or “highly successful.” The same share (80%) were considered to 
have been “likely sustainable” or “most likely sustainable” (see Table 1). In both cases the performance 
of the energy sector is considerably higher than the average for ADB’s operations, for which the 
respective values were 64% (successful) and 65% (sustainable). 
 
47. There is, unsurprisingly, a very high correlation between sovereign operations deemed to have 
been successful and sustainable, as shown in Figure 2. The values in the figure imply that if a project is 
considered to be “sustainable” there is a 94% chance that it will also be considered “successful.”  The 
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same probability holds for the inverse: if a project is considered to be “successful” there is a 94% 
chance that it will also be considered “sustainable.”   
 
Figure 2: Sustainability versus Success Ratings of Completed Sovereign Energy Operations, 2000–2013 

 
Notes: There were 93 completed sovereign energy projects from 2000 to 2013, of which only 83 were rated. 
The data are based on aggregate results of project/program completion reports (PCRs), PCR validation reports 
(PVRs), and project/program performance evaluation reports (PPERs) using PVR or PPER ratings in all cases 
where both PCR and PVR or PPER ratings are available. 

 
48. The correlation between “success” and “sustainability” ratings in the energy sector appears to 
be much higher than for ADB sovereign operations in general.  
 
49. The sample of nonsovereign operations available for quantitative analysis is much smaller than 
that for sovereign operations, and there are difficulties in making quantitative comparisons between 
the two. Since 2006, the methodology for rating the performance of nonsovereign operations has been 
different from that for sovereign operations. There is no specific assessment of “sustainability,” and the 
criteria for rating successful performance are distinct from those for sovereign operations (OED/ADB, 
2007). 
 
50. To make the broad comparison shown in Table 8 between sectors financed by nonsovereign 
operations, the rating parameter “business success” was used. This parameter, though narrow, is 
closely linked to the financial sustainability of a project, since the threshold for “success” is a financial 
internal rate of return equal to or higher than the weighted average cost of capital. It has been taken 
as the nearest proxy for the “sustainability” rating for sovereign operations. 
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Table 8: Business Success Ratings of Nonsovereign Projects Evaluated from 2006 to 2013 
by Type of Project 

Type of Project No. of Projectsa Business Success Ratingb 
Private Equity Funds 12   8% 
Financial Institutions 18   56% 
Energy Projects 15   80% 
Other Infrastructure Projects   6 100% 
Total 51 57% 

        a  Number of projects evaluated from 2006 to 2013 using new guidelines for evaluating nonsovereign operations. 
        b Percentage of projects rated satisfactory or highly satisfactory in the criterion of business success—the financial 

internal rate of return is equal to or higher than the weighted average cost of capital. Business success is taken 
to be a crude proxy for sustainability as evaluated in sovereign operations. 

     Source: IED database. 
 
51. As with sovereign operations, the performance of energy sector projects—with a business 
success rate of 80%—is better than the average for nonsovereign operations. The relatively low rate of 
business success of operations targeting financial institutions (not to mention private equity) is 
noteworthy. As is observed elsewhere in this report, energy sector projects targeting demand-side EE 
(and to a lesser extent, new forms of RE) will often have characteristics closer to those of operations 
with financial institutions than to typical infrastructure projects.20 This may have consequences for the 
expected rates of success and sustainability, although it would be premature to draw conclusions 
without a closer analysis of the key issues involved in the performance of financial operations. 
 
52. Although the sample of projects available under the existing performance evaluation 
methodology is small, we have broken down the energy sector operations by subsector in Table 9. Also, 
besides the Business Success (proxy for sustainability) rating, we consider the Overall Success rating. 
Under this broader ranking, which adds economic sustainability and environmental performance as 
well as criteria concerning ADB’s side of the operation,21 the share of “successful” projects somewhat 
surprisingly increases to 93%. The only unsuccessful project was a conventional energy power plant, 
whereas under the business success criterion there were two more relatively “unsuccessful” projects, 
one in transmission and distribution and one in RE. Since the number of operations in these two other 
subsectors is very small, the impact of this adjustment on the headline “share of successful projects” is 
substantial. 
  

20  The EE and RE projects in question are executed through financial intermediaries that offer a product that is new or innovative 
for the target market segment. At the time of approval it is often unknown what the specific project investments will be. 

21  The overall performance evaluation considers (i) development impact, (ii) ADB investment profitability, (iii) ADB work quality, 
and (iv) ADB additionality. To rate “development impact,” the following criteria are considered: (i) private sector development; 
(ii) business success; (iii) contribution to economic development (economic sustainability;, and (iv) environment, social, health, 
and safety performance. The rating of criterion “contribution to economic development” is linked to the project’s estimated 
economic internal rate of return. 
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Table 9: Business success and overall success ratings for non-sovereign energy subsectors, 2006-2013 

  

Business Success Rating 
(proxy for sustainability)c Overall Success Rating 

  Number of (rated successful or better) (rated successful or better) 
Subsector Projects Number % Number % 

Conventional Energy a 8 7 88% 7 88% 
Electricity Transmission & 
Distribution 2 1 50% 2 100% 

Pipelines 2 2 100% 2 100% 

Renewable Energy b 3 2 67% 3 100% 

Total Energy Sector 15 12 80% 14 93% 
a Comprised of six power generation plants and two LNG regasification plants. 
b Wind power plants. 
c This is a proxy for the financial sustainability of the project. A successful project has a financial internal rate of return equal to or 
higher than the weighted average cost of capital.  

Source: IED database. 

 
53. Another possible implication of this divergence is that the correlation between successful and 
sustainable projects is lower among nonsovereign operations than among sovereign operations. 
However, the differences in methodology between nonsovereign and sovereign operations and the very 
small sample size preclude making any conclusions. 
 

1. Ratings by Energy Subsector 
 
54. Energy sector operations include a wide variety of types of projects. It would not be surprising 
to find differences in the average ratings of different types of projects, and there are. Table 10 
summarizes the average sustainability ratings of sovereign loans in the subsector categories used in 
ADB’s database. 
 

Table 10: Sovereign Energy Operations Completed and Rated for Sustainability, 2000–2013, by 
Subsector (% of Operations) 

Energy Subsector Sustainable Breakdown by Category 
         (number of operations rated) (MLS+LS) MLS LS LLS US 
Conventional Energy/Pipelines (11) a  100   36  64  -     -    
District heating (6)  50   -     50   50   -    
Electricity Transmission and Distribution 
(37) 

 84   16   68   14   3  

Energy Efficiency and Conservation (3) b  100   33   67   -     -    
Energy Sector Development (13)   54   8   46   46   -    
Large Hydropower (12)  83   25   58   8   8  
Renewable Energy (1)   100   -     100   -     -    
Total (83)  80   18   61   18   2  
Notes: There were 93 completed sovereign energy projects from 2000 to 2013, of which only 83 were rated. 
The data are based on aggregate results of project/program completion reports (PCRs), PCR validation reports (PVRs), and 
project/program performance evaluation reports (PPERs) using PVR or PPER ratings in all cases where both PCR and PVR or PPER 
ratings are available. 
Sustainability ratings: LLS = less likely sustainable, LS = likely sustainable, MLS = most likely sustainable, US = unlikely 
sustainable. 
a In the original database there was a separate category for “pipelines,” with only one project. Since there were also pipeline 
projects in the category “conventional energy,” the categories were merged.  
b In the original database, two district heating projects were classified as being “energy utility services” and four as “energy 
efficiency and conservation.” Given the distinctive characteristics of district heating projects, they have been classified together. 
In this table the subsector “energy efficiency and conservation” includes only demand-side EE projects. 
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55. Two subsectors of project had sustainability ratings well below the energy sector average were 
• District heating, with 50% considered sustainable.22 
• Energy sector development, with 54% considered sustainable. Operations in this 

category are distinct from those in other sectors, since they have a focus on enabling 
policy rather than implementing specific projects. Common themes are regulatory 
reform (including energy pricing and the introduction of competitive markets) and 
financial restructuring. 

 
56. The ratings of nonsovereign operations were summarized in the previous section, though as 
observed, the sample is too small to make significant comparisons between subsectors. 
 

2. Ratings by Country 
 
57. The shares of sovereign energy operations rated as relatively successful23 and sustainable24 are 
shown for the developing member countries (DMCs) in Table 11. As already observed, the average 
share of both successful and sustainable operations in ADB’s portfolio was 80%. However, in some of 
the 18 countries all operations were considered to be successful (9) or sustainable (6). Among the 
remaining countries the share of successful ratings varied from zero (in two countries with only one 
project) to 77%, while the share of sustainable ratings varied from zero (the same two countries) to 
94%. 
 
58. The number of projects evaluated in a country varied from one to eighteen (PRC). In four 
countries only one project was evaluated; in two countries, two projects; and in six countries, three 
projects. That is, 2/3 of the countries have very small samples of evaluated projects—which obviously 
reduces the usefulness of a quantitative comparison between countries of the results. It is nevertheless 
noteworthy that there is relatively little difference between countries with three or fewer projects and 
those with more in the shares of successful and sustainable projects. 
 
59. In the next section of this report we analyze the risk factors identified in ADB project 
documents for both completed and approved operations in a sample of eight countries. As can be seen 
in Table 11, the performance of the evaluated projects in these countries was slightly better than the 
average for ADB’s energy portfolio: an 82% share of successful projects and an 84% share of 
sustainable projects. 
 
 
 

22  This subsector does not appear in ADB’s classification, where projects may appear either as “Energy Utility Services” or as 
“Energy Efficiency and Conservation.” Given the strong particularities of projects of this kind, it seems better to treat them as a 
single category. 

23  The success ratings considered to be above the threshold for “successful” are: generally successful (GS), successful (S), and 
highly successful (HS). 

24  The sustainability ratings considered to be above the threshold for “sustainable” are: MLS = most likely sustainable, LS = likely 
sustainable. 
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Table 11: Evaluation Resultsa for Sovereign Energy Operations by Developing Member Country 

Country (number of operations rated)  
Success Rating  Sustainability Rating 
Proportion (%) Breakdown by Category (%) 

HS/GS/S LSb US  (MLS+LS)  MLS  LS   LLS   US  

Bangladesh (8)   100   -     -     88   13   75   13   -    

Bhutan (3)   100   -     -     100   -     100   -     -    

Cambodia (3)   67   33   -     67   -     67   33   -    

China, People's Rep. of (18)   100   -     -     94   28   67   6   -    

India (13)   77   15   8   85   15   69   15   -    

Indonesia (6)  50   50   -     67   17   50   33   -    

Kyrgyz Republic (1)   100   -     -     100   -     100   -     -    

Lao People's Democratic Republic (4)   100   -     -     100   -     100   -     -    

Maldives (2)   50   50   -     50   -     50   50   -    

Mongolia (3)   33   67   -     33   -     33   67   -    

Nepal (3)   100   -     -     67   -     67   33   -    

Pakistan (3)   67   33   -     33   -     33   67   -    

Philippines (8)   50   50   -     75   25   50   13   13  

Samoa (1)   -     -     100   -     -     -     -     100  

Sri Lanka (1)   100   -     -     100   -     100   -     -    

Tajikistan (1)   -     100   -     -     -     -     100   -    

Thailand (2)   100   -     -     100   100   -     -     -    

Viet Nam (3)   100   -     -     100   67   33   -     -    

Grand Total (83)   80   18   2   80   18   61   18   2  

Countries in this review’s sampleb   82   16   2   84   25   59   15   2  
Success ratings: GS = generally successful, HS = highly successful, LS = less than successful, S = successful, US = unsuccessful. 
Sustainability ratings: LLS = less likely sustainable, LS = likely sustainable, MLS = most likely sustainable, US = unlikely sustainable. 
a In May 2012, the Independent Evaluation Department changed the previous rating category of "partly successful" to "less than successful" to clarify that such a category indicates 
"below the line" performance 
b The countries are: Bangladesh, PRC, India, Pakistan, Philippines, Thailand, and Viet Nam. 
Source: Based on aggregate results of project/program completion reports (PCRs), PCR validation reports (PVRs), and project/program performance evaluation reports (PPERs) using 
PVR or PPER ratings in all cases where both PCR and PVR or PPER ratings are available. 
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 B. Factors Influencing Success and Sustainability of Projects  
 
60. We have taken several approaches to try to identify the key factors influencing projects’ success 
and sustainability. First, we surveyed the risks to success and sustainability identified in the evaluation 
documents of completed projects and in the approval documents of operations approved in 2009–
2013. This provides at least a rough picture of the most important risks as perceived by ADB. Both 
sovereign and nonsovereign operations have been considered. We further disaggregate the results by 
energy subsector and country in the sample. 
 
61. Complementing this survey, we have also briefly reviewed in a more qualitative manner the key 
issues that confront different types of project, and projects in different countries.   
 
62. Building from this analysis, we then consider, in a preliminary manner, how the changes in 
ADB’s energy portfolio may affect the overall ratings of success and sustainability. An underlying 
question is whether and how the shift to a more environmentally sustainable portfolio may negatively 
impact the historically high ratings enjoyed by the energy sector. We also seek to identify some key 
points that merit attention in order to maintain or improve the institutional/financial sustainability of 
the portfolio as it continues to evolve. 
 

1. Survey of Risks Cited in ADB Project Documents 
 
63. The results of the survey of risks and issues cited in project documents that can affect projects’ 
success and sustainability are summarized in Table 12, which covers 
 

i. completed sovereign energy operations, 
ii. completed nonsovereign operations, 
iii. approved sovereign energy operations, and 
iv. approved nonsovereign energy operations. 

 
64. The table shows the number of projects in each category and the percentage of projects for 
which a specific risk is cited in each of these categories. It also provides a ranking of the most 
prominent risks or issues in each category. 
 
65. It is interesting to observe that the frequency and range of risks cited are much greater for 
approved operations than for completed operations. For sovereign operations, the average number of 
risks cited per approved project was 2.9, while it was only 1.3 for completed projects. For non-
sovereign operations the average values were 1.8 and 0.8, respectively. 
 
66. The greater frequency of citation of risks in approved projects (more than double) is not 
surprising when one remembers that in the approval documents all the important possible risks should 
be considered. In many cases there are mitigating measures for these risks in the proposed project plan. 
In contrast, the evaluation reports for completed projects will focus on the factors that actually turned 
out to be a problem as the project was implemented, though there may still be some residual risks— 
especially for sustainability. Hence it is to be expected (or at least hoped) that the range and frequency 
of cited risks will be smaller for completed projects. This observation points to an interesting possible 
analysis to be done: compare the citations of risks in project approval and final evaluation documents.  
That would be a way to help assess how well the project approval process identified the most 
important risks and dealt with them; and how this capability has evolved over time. 
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Table 12: Risks and Issues Affecting Project Sustainability among Approved and Completed Energy Operations in Selected DMCs, 2009–2013 
(cells in which no risk or negative issue was cited are shaded) 

Risks and Issues Affecting Sustainability Approved Completed Approved Completed 
 Sovereign Non-

sovereign 
Sovereign Non-

sovereign 
Sovereign Nonsovereign Sovereign Non-

sovereign 
 % % % % Rank Rank Rank Rank 
A. System         
   • Project maintenance/operational risk 20% 48% 13% 21% 5 1 4 2 
   • Production  below projected levels/design standard 13% 9%   7% 8       
B. Capacity                 
   • Institutional capacity/corporate governance/financial 
governance 61% 6% 22% 7% 1   3   
   • Lack of competent staff for the project 11%   4%   9       
   • Corruption 9%               
C. Financing                 
   • Lack of interest among investors or of counterpart 
funding a 38% 18% 9%   4 3     
   • Inadequate tariff/lack of cost recovery 41% 15% 48% 29% 3 4 1 1 
   • Lack or delay of government subsidy/funding 11% 3%     9       
   • Cost overrun 5% 12%       6     
   • Credit risk 14% 12%     6 6     
D. Technology                 
   • Technology risks 7% 9%             
E. Other Risk                 
   • Government support for the project/political and 
regulatory risk 46% 33% 30% 14% 2 2 2 3 
   • Limited demand for the project 14% 15%     6 4     
Number of operations  56   33  23 14         
Number of citations of risk or negative factors  162   60   29   11          
Risks or negative issues per operation  2.9   1.8   1.3   0.8          

a Includes counterparty risk and insufficient investment from Independent Power Producer (IPP). 
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67. It is also intriguing that the citation of risks is substantially higher, on average, in sovereign 
operations than in nonsovereign operations, whether they be approved or completed. It is not clear 
whether this is due to the possibility that sovereign operations may present a greater diversity of risks 
or to differences in reporting. 
 
68. While all of the risks (or groups of risks and issues) identified in the table are cited at least once 
in project documents, some are rarely cited and do not even appear in some categories of 
operation/status. Among these least cited risks are lack of competent staff for the project, corruption, 
lack of or delay in government subsidy/funding, and technology risks. 
 
69. The ranking of the more prominent risks varies greatly between approved and completed 
projects and between sovereign and nonsovereign operations.  
 
70. Among sovereign approved projects, the four most frequently cited risks were 

i. Institutional capacity/corporate governance/financial governance (61% of projects); 
ii. government support for the project/political and regulatory risk (46%); 
iii. inadequate tariff/lack of cost recovery (41%); and 
iv. lack of interest among investors or of counterpart funding (38%). 

“Project maintenance/operational risk” appears as a distant 5th place, cited for 20% of projects. 
 
71. By comparison, the most frequently cited risks for nonsovereign approved projects were 

i. Project maintenance/operational risk (48% of projects);25 
ii. government support for the project/political and regulatory risk (33%); 
iii. lack of interest among investors or of counterpart funding (18%); and 
iv. limited demand for the project and inadequate tariff/lack of cost recovery, which were 

tied for 4th place, being cited in 15% of the projects. 
 

72. While there is substantial overlap of the top five risks, the order is quite different. The top risk 
cited for nonsovereign operations is the 5th rated risk for sovereign ones, while the top risk cited for 
sovereign projects—institutional capacity/corporate governance/financial governance—does not even 
appear among the first five for nonsovereign operations, being cited in only 6% of the projects. 
 
73. Among completed projects, the focus is on a smaller number of risks, as was observed above. 
For both sovereign and nonsovereign operations the most frequently cited risk was inadequate 
tariff/lack of cost recovery. The second most frequently cited risk for completed sovereign projects was 
government support for the project/political and regulatory risk, which was the third most cited 
nonsovereign risk. As was found with approved projects, institutional capacity/corporate 
governance/financial governance was a significant risk for completed sovereign operations but not for 
nonsovereign ones, while project maintenance/operational risk continued to be a major preoccupation 
for nonsovereign operations (the second most frequently cited) but much less for sovereign operations. 
 
74. Distilling the discussion above, and giving somewhat more emphasis to the evaluations for 
completed projects, the most important and hard to mitigate risks appear to be 

i. inadequate tariff/lack of cost recovery; 
ii. government support for the project/political and regulatory risk; 
iii. project maintenance/operational risk (especially for nonsovereign operations);26 and 

25  The high frequency of project maintenance/operational risk in nonsovereign projects is surprising at first sight. One normally 
presumes that project maintenance standards will be higher with private sector projects. It seems that most of the perceived 
risk regards operations, especially with regard to renewable energy projects. In the case of variable renewables the availability 
of the necessary grid capacity is a major issue, while several municipal solid waste projects could confront various operational 
risks regarding supply of fuel. As shown in Table 13, approved renewable energy projects (which are a large share the 
nonsovereign operations energy portfolio) have a high level of perceived maintenance/operational risk (52% of projects). 
Conventional energy projects also appear to confront some operational issues. 
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iv. institutional capacity/corporate governance/financial governance (especially for 
sovereign operations). 

 
75. This is from the perspective of the overall energy portfolio. In individual subsectors the situation 
may be different, as is discussed in the next section. 
 
76. Table 13 summarizes the survey’s results regarding the type of risk cited for each energy 
subsector. It shows the percentage of projects of each subsector where a given risk was cited. It also 
highlights the three most frequently cited risks in each subsector. 
 
77. Table 14 complements this information, providing the average number of citations of risk per 
operation—both total and of the four most prominent risks identified in paragraph 75 above. Together 
they provide a very rough indicator of ADB’s perception of the level of risk in different subsectors and 
where those risks lie. It is curious to observe that the subsector Energy Sector Development, which had 
the second lowest performance among completed operations in terms of sustainability (see Table 10), 
also had relatively few risks cited per operation among approved projects. However, the sample here is 
very small, and the risks depend greatly on the nature of the program assistance and the country’s 
context. 
 
78. The distribution of subsectors with a relatively high frequency of cited risks does not, by itself, 
seem to portend a change in the overall performance of approved energy projects relative to 
completed projects. 
 
 
 

26  As discussed in the previous footnote, the high frequency of project maintenance/operational risk in nonsovereign operations 
appears to be due primarily to operational perceived risks. The level is higher among approved projects than among completed 
projects, but is still significant among the latter, as shown in Table 12 (21% of nonsovereign operations). 
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Table 13: Risks and Issues Affecting the Sustainability of Approved Sovereign and Nonsovereign Operations in Energy Subsectors in Selected 
DMCs 

The cells for the three most frequently cited risks for a given subsector are shaded. 

Subsectors  (number of operations)  

System Capacity Technology 

Project 
Maintenance/ 

Operational Risk 

Production 
below Projected 
Levels / Design 

Standard 

Institutional Capacity / 
Corporate Governance 
Issues / Weak Financial 

Governance 

Lack of 
Competent 
Staff for the 

Project 

Corruption Technology 
Risks 

Conventional Energy/Pipelines (8) 25% 25% 38% 0% 12% 12% 
Electricity Transmission &  Distribution (30) 13% 0% 53% 7% 13% 3% 
Energy Efficiency & Conservation (11) 36% 18% 64% 27% 0% 18% 
Energy Sector Development (2)  0% 0% 100% 0% 0% 0% 
District Heating (3)  33% 0% 100% 0% 0% 0% 
Hydropower Generation (4)  0% 75% 0% 0% 0% 0% 
Renewable Energy (31) 52% 10% 16% 3% 0% 10% 
Total (89) 30% 11% 40% 7% 6% 8% 
 

Subsectors  (number of operations)  

Financing Other Risk 
Lack of Interest 

among Investors / 
Lack of Counterpart 

Funding 

Inadequate 
Tariff / Lack of 
Cost Recovery 

Lack of or Delay in 
Government 

Subsidy or Funding 

Cost 
Overrun 

Credit 
Risk 

Government Support 
for the Project / Political 

and Regulatory Risk 

Demand 
Risk 

Conventional Energy/Pipelines(8) 13% 50% 0% 0% 12% 50% 25% 
Electricity Transmission &  Distribution (30) 37% 47% 13% 7% 10% 50% 7% 
Energy Efficiency & Conservation (11) 55% 18% 9% 9% 18% 64% 18% 
Energy Sector Development (2)  0% 0% 0% 0% 100% 0% 0% 
District Heating (3)  0% 100% 0% 0% 0% 0% 33% 
Hydropower Generation (4)  75% 25% 25% 0% 25% 100% 0% 
Renewable Energy (31) 19% 13% 3% 13% 10% 23% 19% 
Total (89) 30% 31% 8% 8% 13% 42% 15% 

      a The subsector “energy utility services” has been renamed “district heating.” 
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Table 14: Average Frequency of Citations of Risk per Operation (sovereign and nonsovereign) for 
Approved Projects 

Subsectors (number of operations) Average Number of Citations per Operation 
 Total Four Key Risks for Completion 
Conventional Energy / Pipelines (8) 2.7 1.7 
Electricity Transmission and Distribution 
(30) 2.6 1.6 
Energy Efficiency & Conservation (11) 3.5 1.8 
Energy Sector Development (2)  2.0 1.0 
District Heating (3)  2.7 2.3 
Hydropower Generation (4)  3.3 1.3 
Renewable Energy (31) 1.9 1.0 
Total (89) 2.5 1.4 
Source: IED database. 
 

2. Considerations Regarding Sustainability of Different Energy Subsectors 
 
79. This section complements the quantitative analysis of the projects surveyed in the previous 
section. It briefly discusses the most prominent issues facing the sustainability of operations in different 
energy subsectors.  
 
80. One subsector is not addressed here: energy sector development. As observed in section III.A.1, 
operations in this category are distinct from those in other subsectors. They have a focus on enabling 
policy—such as regulatory reform or financial restructuring—rather than implementing specific 
projects. This subsector was one of the two with the lowest share of operations rated as sustainable. 
However, the evaluation of specific projects is highly dependent on country context. In any case, the 
number of projects in this category has fallen dramatically. There were 13 out of a total of 83 
completed operations, but only 2 out of 89 operations in the sample of projects approved 2009–2013. 
 

a. Conventional Energy 
 
81. The subsector “conventional energy” embraces a wide variety of kinds of energy supply projects 
including interventions at almost all stages of the natural gas supply chain (development of gas fields, 
LNG regasification plants, transmission and distribution), nonconventional gas supply (until now, coal 
mine methane), greenfield coal- and natural gas-fired power plants, and power plant retrofits to 
improve efficiency. Confusingly, there are two other subsectors—pipelines and energy utility services—
in which some natural gas transmission and distribution projects are also classified. These three 
subsectors—conventional fuels, pipelines, and energy utility services—constitute an important case 
wherein the traditional classification used by ADB breaks down badly.27 On the one hand, very different 
kinds of projects are lumped together, while on the other hand similar kinds of projects are divided. It 
would be far more appropriate to have another classification that more closely follows the distinctions 
between broad markets, for example, power generation from fossil fuels and gas supply infrastructure. 
 
82. The messy classification of conventional energy projects severely handicaps the use of the IED 
database for meaningful analysis of their success, sustainability, or even their impacts. Subject to this 
caveat, the survey of approved projects (Table 13) found that the three most prominent sets of risks 
and issues, all having similar frequency (40%–50%),28 were 
 

i. government support for the project/political and regulatory risk; 
ii. inadequate tariff/lack of cost recovery; and 
iii. institutional capacity/corporate governance issues. 

27  Another case is the subsector “energy efficiency and conservation,” which divides projects of district heating with “energy 
utility services.” This case is discussed elsewhere in this report. 

28  Including the subsector “pipelines” which included only one project. 
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83. In addition, a significant share of projects faced the risk of “production below projected levels” 
and “project maintenance/operational” risks. 
 
84. Fossil fuel generation has been the backbone of Asia’s expansion of electricity supply. ADB’s 
share of financing in this area has been, overall, very modest—both in absolute terms and even 
compared with some other subsectors. Where it has had a somewhat more significant role is 

i. introducing a relatively new technology or supply chain in the context of some 
countries, e.g., coal-fired plants in Pakistan and Thailand using imported coal, more 
efficient coal-fired plants in PRC (gasifier/combined cycle) and India (super-critical); and 

ii. supporting private sector investment in power generation, as part of a broader reform 
agenda, as in Bangladesh and Thailand. 

 
85. This emphasis on somewhat new configurations (technical or economic) probably increases the 
potential risks of some of ADB’s projects. However, all completed projects in the survey have been 
evaluated as sustainable. 
 

b. Generation from Large Hydro 
 
86. ADB has a long history of financing large hydro projects. The most prominent risks and issues 
for large hydro are quite distinct from those in the other energy subsectors. This is due to the capital 
intensity, long development and implementation lead times, and unique environmental and social 
safeguard issues of the projects. It is notable that for hydro’s three most prominent risks in Table 13, 
the frequency of that risk is the highest of any of the subsectors in the survey: 

i. government support for the project / political and regulatory risk (100%); 
ii. production below projected levels / design standard (75%); and 
iii. lack of interest among investors / lack of counterpart funding (75%). 

 
87. One of the most commonly cited risks in other subsectors—insufficient tariff—is much less 
frequently cited for large hydro. This may be due to the fact that the projects that ADB finances usually 
represent one of the lowest cost options for system expansion in the country.29 
 
88. The high level of political and regulatory risk (item [i] in paragraph 87) is linked above all to the 
issues surrounding the licensing of the plants—which is directly related to environmental and social 
safeguards. While the operation of hydro plants produces almost no air pollution impacts, including 
(usually) no significant GHG emissions,30 the impact on river ecology can be very large. For example, 
fish stocks—on which local populations often depend—can be adversely affected. In addition, large 
hydro projects usually require the acquisition of land for reservoirs and can (depending on the site) 
require the resettlement of local populations.  
 
89. Resettlement and compensation for acquired land are perhaps the thorniest of environmental 
and social safeguards issues for energy supply projects in general.31 The problem tends to more severe 
for hydro, because the area that needs to be acquired can be relatively large (compared, say, to a 
thermal generation plant of equivalent capacity); there is a definitive and total change of land use 
(transmission lines and wind farms require easements for substantial areas, but agricultural or pastoral 

29  The levelized cost of hydro varies dramatically from site to site. However, the specific sites developed in ADB projects appear to 
have been quite low cost.   

30  In some cases methane emissions from inundated biomass may be a problem. This may be the case where reservoirs are large 
relative to power output (i.e., less than 10 watts per square meter of reservoir area according to Clean Development 
Mechanism [CDM] norms), the volume of biomass that is inundated is large, and/or the reservoir is deep with long residence 
times. There may also be problems of deforestation at more remote hydro sites in heavily forested areas. 

31  “Experience from power supply-side projects since 2003 suggests that the most difficult issue appears to be related to land 
acquisition, especially when project-affected persons need to be resettled and compensated for loss of land, livelihood, 
property, and/or other tangible or intangible assets.” (IED/EKB, 2011; Appendix 9) 
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activities can continue on most of the land); the land can be relatively valuable, precisely because it is 
close to a river (solar farms are always located in areas that tend to be sparsely populated and for 
which alternative productive uses have a low value). It does not help that many governments 
throughout developing Asia, Africa, and Latin America have often handled these safeguards issues in a 
less than exemplary manner. Over the years (from the 1970s), this has led to the formation of a 
network of local and international NGOs that are focused on these issues. Alongside nuclear energy 
(which is not part of ADB’s portfolio), hydro probably faces the most vigilant civil society engagement 
with project planning and implementation of any power sector supply technology. While some more 
authoritarian governments may simply ignore this pressure, multilateral development banks cannot.   
 
90. One important consequence of this challenge has been an increasing emphasis on run-of-river 
plants. These have the advantage of usually having substantially smaller reservoirs, sometimes there is 
almost no reservoir area at all. (Large reservoirs are the source of many safeguards issues.) However, 
this emphasis on run-of-river plants has a downside, because these plants have no active storage 
capacity. From an energy perspective, storage can help even out seasonal variations in river flow, or 
even, in some cases, annual variations. Smaller volumes of storage can also help with short-term 
management of the grid’s supply/demand balance. With storage, hydro plants can react quickly to 
changing loads, providing peak power and/or compensating for variations in output from variable 
renewables such as wind and solar. Indeed, hydro (with storage) is probably the best supply technology 
available today to complement these other variable renewables, facilitating their incorporation in the 
grid. 32  Finally, without storage, hydro plants cannot provide other benefits that are potentially 
associated with dams, such as flood control and water storage for irrigation, recreational uses and 
water supply in general. 
 
91. Another prominent risk is the possibility of energy output being below projected levels (para. 
87[ii]). Due to large annual variations in river flow, this can occur in the short term even if the plant’s 
average lifetime annual output is the same as projected. This is not a serious problem in itself, but the 
possibility has to be recognized in the loan payment terms to avoid short-term repayment difficulties. 
More serious are the longer term possibilities that the analysis of the hydrology of the river basin has 
been inadequate (for example, accurate measurements available for too short a period); or that climate 
change may alter the basic hydrology of the basin. In some cases average river flows may decrease 
and/or the seasonal variability may be greater. Hydro is probably the most sensitive of all energy supply 
technologies to changes in the world’s climate patterns. 
 
92. The third prominent risk is the lack of counterpart funding (para. 87[iii]). This is due to the 
relatively high capital cost per kilowatt (kW) of hydro capacity and the long lead times for constructing 
larger plants. This risk can cause delays in project implementation. However, it is unlikely to have an 
impact on longer term project sustainability unless the delays affect the timely implementation of 
agreements under the environmental and social safeguards. 
 
93. Although controversial, large hydro is likely to continue to be in ADB’s portfolio. Undeveloped 
resources in Asia are still quite large, though unevenly distributed. There are also significant benefits, in 
principle, from the perspective of climate change mitigation. The capital intensity of large hydro 
provides an incentive for countries to seek outside financing. By participating, ADB can help ensure 
higher standards in the treatment of environmental and social safeguards issues, as well as helping 
countries address the uncertainties regarding adaptations to climate change. In addition, hydro 
development is likely to increasingly involve intercountry transfers and exchange of power. This is an 
important theme in ADB’s overall policy for energy. 

 

32  Brazil and the Nordic countries in Europe provide good examples of the complementation of wind and hydro. Curiously, 
despite the importance of hydro storage as a parameter of power system operation, almost no information is provided on 
hydro storage (in energy terms) by any country. The main exception is Brazil, which regularly publishes values (in GWh) for 
existing and planned storage capacity. 
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c. Generation from Other Renewables 
 
94. The subsector covers a very diverse group of resources and technologies. In the ADB’s portfolio 
there are the following: 
 
95. Small hydro. The definition of small varies from country to country but is never more than 30 
MW and is usually closer to 10 MW. Small hydro is almost always run-of-river (i.e., there is no energy 
storage) and varies substantially on a seasonal and annual basis. The capital cost per kW installed varies 
widely from site to site but tends to be higher than in large hydro, while capacity factors tend to be 
somewhat lower (usually 30%–40%).  
 
96. Wind power. This is a variable resource whose exploitation has evolved primarily towards large 
turbines (usually 1.5 MW or more) grouped in wind farms with a capacity that usually varies between 
30 and 200 MW. The average wind speed varies greatly from geographical region to region, and the 
best quality resources (i.e., high average wind speeds) are usually found in a relatively small area of a 
country.33 Not all countries have significant areas with good quality resources (Bangladesh, Indonesia, 
and Thailand are examples). Development has tended to be concentrated in a few areas with the best 
wind resource.34 The largest high-quality wind resources also tend to be found in areas that are distant 
from the main load centers, which present challenges for transmission. The capacity factor in sites with 
good quality resources should be at least 30% and in high-quality sites can exceed 40%. However, a 
substantial amount of capacity has been built in Asia (principally in India) with capacity factors of 
about 25%. 
 
97. Solar power. This is a variable and predictably intermittent resource. There are two very distinct 
groups of technologies to produce power: photovoltaics (PV) and concentrated solar thermal power 
(CSP). PV can use diffuse radiation, which varies less (and tends to be more abundant in most 
geographical areas) than direct radiation. On the other hand, CSP plants usually store thermal energy. 
That means that output does not vary immediately with radiation; output can, to some extent, be 
dispatched (i.e., someone can control it). And capacity factors tend to be higher in CSP systems—25% 
or more versus 16%–20% for PV systems. CSP plants are necessarily utility scale, with at least 20 MW of 
generation capacity. PV systems are much less sensitive to scale and may be as attractive in self 
generation plants as in utility-scale plants selling all their output to the grid. ADB has supported 
projects within both groups of technologies, almost always at utility scale, though initiatives with CSP 
have been concentrated in India. 
 
98. Biomass wastes. These may be converted to useful energy forms through very different 
technologies, in part because the wastes themselves have distinctive characteristics. ADB’s portfolio 
includes projects that convert 
 

i. agricultural crop or wood residues into electricity with steam cycle generation 
technology, 

ii. municipal solid wastes into electricity with steam cycle generation technology, and 
iii. animal wastes into gaseous fuel using biodigestors. 
 

99. The output from these plants is fairly constant, and capacity factors are high. In the cases of (ii) 
and (iii) especially, the environmental benefits of the projects can be large and may even outweigh the 

33  Possible exceptions are Kazakhstan, Mongolia, and parts of northern and western PRC, where there are large windswept areas. 
However, those are also remote from load centers. 

34  The energy output varies with the cube of the wind speed, which means that a 20% increase in wind speed produces more 
than 70% more power. This accentuates the attraction of areas with the highest average wind speeds. In addition, the logistics 
of constructing wind farms are not trivial, given the large size of some components such as rotor blades (which are usually 50–
80 meters in length).  This puts a premium on sites with minimally adequate transport infrastructure. 
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energy benefits. The resource is widely distributed in both urban and rural areas throughout Asia, and 
most plants would be relatively small (10 MW or less). 
 
100. Geothermal power. This is the most recent addition to ADB’s portfolio. It is a base load 
generation resource of great relevance in a few countries (above all Indonesia and Philippines) and of 
little interest elsewhere, at least with existing technology.35 The business model for developing this 
resource is closer to that for exploiting natural gas than to that for the resources cited above. There is 
an expensive and high-risk exploration phase to define the exploitable resource. Indeed, most 
companies involved in developing this resource have links with the oil and gas industry. 
 
101. Given the huge diversity in the characteristics of these resources/technologies—in terms of 
technology, economics, energy market niche, and business development agents—their risk profiles will 
be diverse as well. Unfortunately, due to limited resources of time, the quantitative analysis of risks 
summarized in the previous section is an average of the diverse segments. It is noteworthy and 
symptomatic of this fact that, even though this subsector had (surprisingly) the lowest average 
frequency of cited risks of any energy subsector (Table 14), the risks were spread over more types of 
risk than in any other subsector (see Table 13). 
 
102. The risk category that does stand out is project maintenance / operational risk. It was cited far 
more than any other risk in this subsector and, at the same time, Other Renewables was the subsector 
where this risk was most frequently cited. This may be due to a variety of factors: the relative novelty of 
many of the technologies and consequent need for new specialized skills down the supply chain, and 
the high maintenance requirements of both waste-to-energy and geothermal plants. 
 
103. Less-than-projected output has been a recurrent problem for wind and small hydro plants, 
though it is not often cited in the survey of risks here. The problem is often due to the fact that the 
measurements needed to define the resource have covered a relatively short time period. Though it is 
too early to tell, this seems to be a smaller problem for solar power, since the annual variation in solar 
insolation is smaller. The availability of grid capacity to evacuate the power has been a problem in some 
cases (e.g., wind power in northern PRC) and is likely to become more common. 
 

d. Electricity Transmission and Distribution 
 
104. This has traditionally been the largest subsector in ADB’s portfolio and continues to be. It is 
composed of several rather distinct kinds of projects: distribution and subtransmission expansion and 
upgrades (including rural electrification); bulk transmission, including general upgrades (sometimes 
associated with distribution upgrades); regional interties within countries; interconnections between 
countries; and the evacuation of power from specific generation projects (usually hydro). Some 
transmission and distribution (T&D) operations also have a generation component (e.g., rural 
electrification) or even an end-use efficiency component, which is usually much smaller. The vast 
majority of projects have been sovereign operations, reflecting the predominant public sector 
ownership of T&D assets in most countries. 
 
105. In the survey of approved projects (Table 13), three sets of risks and issues stood out, having 
similar frequencies: 

i. institutional capacity/corporate governance issues (53%); 
ii. government support for the project/political and regulatory risk (50%); and 
iii. inadequate tariff/lack of cost recovery (47%). 

 

35  Existing technology exploits “hydro-thermal” resources, tapping hot water in geological formations. “Hot dry rock” 
technology, using fracturing techniques, could hugely expand the geographical scope. However, it is highly controversial as 
well and is not yet ready for commercial development. 
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106. The first two sets of risks are consistent with the more detailed assessment of an earlier cohort 
of T&D projects (IED/EKB, 2011). It emphasized that inadequacies in project management contributed 
to implementation delays in more than 25% of the operations despite the fact that the project 
management office was usually set up in an organization whose core competence was T&D. Among 
the key difficulties cited are weak contract management, weaknesses in decision making, and 
insufficient technical skills coupled with inadequate capacity development. Bidding and procurement-
related issues have been a frequent source of delay. Compliance with environmental and social 
safeguards has also often been a difficulty (related to political and regulatory risk).  
 
107. In the longer term, the main risk for sustainability is likely to be an inadequate tariff. In a 
context of fairly rapid expansion of the power system and limited resources, maintenance of long-lived 
T&D assets often receives lower priority than expansion of the grid. 
 

e. Demand-side Energy Efficiency 
 
108. Although demand-side EE projects are potentially very attractive due to their relatively high 
benefits per unit of investment—in both energy and environmental terms—their development and 
replication has proven to be tricky. Many governments do not give priority to this area. Consequently, 
ADB’s portfolio of energy efficiency projects in the energy sector is still quite small.36 In the sample of 
seven countries covered in Table 5, during 2009–2012 only about 8.4% of energy sector loans and 
6.0% of the investment mobilized were in this segment.37 
 
109. ADB has taken four main lines of action to support EE activity over the past decade:  

i. Distribution of compact fluorescent lamps (CFL). Programs in which households receive 
CFLs through especially structured distribution channels, either for free or for a highly 
subsidized price 

ii. Programs to invest in EE in public services (e.g., water supply and public lighting) and 
government buildings. 

iii. Programs to create a business and financial environment for EE retrofits in industry and 
buildings.  

iv. Transportation energy efficiency. Transport infrastructure projects with EE impacts 
(such as railways and waterway) are not included. They can be important, but have 
distinct characteristics and face somewhat different issues. The only transport EE 
project in the sample is the electric tricycle (e-trike) project in the Philippines (loan 2964 
approved in 2012).  

 
110. Sometimes there is more than one kind of activity in a project targeting EE. Sometimes the EE 
activity is a small component of a larger energy supply project or of a project in a non-energy sector. 
 
111. Classification of EE projects is a problem that complicates analysis of projects in the ADB’s 
database. The category energy efficiency and conservation is ambiguous and often includes supply-side 
EE projects such as district heating, or other unrelated initiatives. For example, of the eight completed 
energy sector projects identified as energy efficiency and conservation in the database, only three were 
in fact demand-side EE projects. At the same time, there were six completed non-energy sector projects 
that had a demand-side EE component. However, they have not been analyzed here.  

36  There are some projects outside the energy sector with demand-side EE components embedded in them. For example, six 
projects in several countries (not just the sample countries) have been completed in transport (2), agriculture (1), and water 
and sanitation (3), all having demand-side EE components. 

37  These shares fall to 4.6% and 3.4%, respectively if one does not include the large electric tricycle (e-trike) project in the 
Philippines (loan 2964 approved in 2012), which is essentially a project to substitute electricity for gasoline, though there are 
EE benefits. The EE components of most non-energy sector projects have not been included. Their inclusion would increase the 
share of EE in total energy financing by a relatively small amount (in 2001–2008 it would be by only 1.5% of total energy 
sector financing). 
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112. The lines of action that the ADB has followed over the past decade certainly do not exhaust the 
possible approaches to promoting EE that might be taken.38  However, our focus here is on the risks to 
project success and sustainability of what has been and is being implemented. We briefly describe 
these lines of action and the prime risks that they face. 
 
113. Distribution of compact fluorescent lamps. These programs were popular among MDBs a few 
years ago for several reasons. First, there had been a precipitous drop (of roughly 75%) in the 
international wholesale price of CFLs between the late 1990s and 2002/3 (EERE/USDOE, 2011). This 
meant that incandescent bulbs could be substituted at low cost with very high returns; very large 
energy savings; and, in many Asian countries, very large carbon credits as well. At the same time, the 
market penetration of CFLs was still very low in many countries. Often the economic internal rate of 
return (EIRR) and the GHG mitigation were both so high that it was possible to contemplate the 
financing of free CFLs for households simply by earning carbon credits via the certified substitution of 
incandescent bulbs. 
 
114. Unsurprisingly, this approach was attractive to politicians. It was also attractive to those 
promoting EE, because it not only served as a mass marketing example of the benefits of EE, it also 
helped to engage the incipient financial market for carbon credits with EE. 
 
115. However, in order to obtain the carbon credits it was necessary to organize and manage the 
distribution of CFLs so that the substitution of incandescent bulbs in the target households could be 
verified by fairly exacting standards. This challenge was identified as a risk in the project approval 
documents. 39  The difficulties were not trivial and appear to have led to significant delays in the 
implementation of the projects. PCRs are not yet available for these projects. However, it is quite 
possible that before the CFL distribution could be properly organized and implemented, the bottom 
had fallen out of the carbon credit market in late 2011. This collapse undermined the logic and 
financial viability of the CFL program, though not its economic viability.40 The collapse of the carbon 
credit market has had consequences for the financing of many kinds of clean energy projects, but none 
was more susceptible than CFL distribution. No new projects along this line have been approved in the 
last several years, at least in the sample countries. However, CFLs do appear to be rapidly penetrating 
many Asian markets. 
 
116. EE in public services and government buildings. There have been very few energy sector 
projects with components implementing this kind of activity. Among these energy projects, public 
sector EE is typically a relatively small component of a larger project, be it for EE (PHI-2507) or for 
energy supply (INO-2619). The volume of investment in public sector EE may actually be greater in 
projects in the water and sanitation sector. Some water sector projects have an EE component, since 
electricity is a significant cost. However, time constraints have not permitted the identification and 
review of these projects. 
 
117. The difficulties faced involve government procurement and budgeting procedures, which can 
immensely complicate project and subproject preparation and approval, as well as creating risks for 
project developers and financing. Providing capacity and the incentives for government agencies to 
prepare EE subproject bid documents is also a significant challenge. However, while there are many 

38  For example, there has been no support for standards and labeling. This kind of initiative requires grants rather than loans. The 
review here does not cover one approach that ADB tried earlier. In the 1990s, there was an EE component in some industrial 
modernization and expansion projects in PRC, India, and elsewhere.  Verification of the results of these projects, in terms of EE 
gains, was generally very poor (IED/EKB, 2011). In any case, this kind of direct lending to industry for general expansion and 
modernization of production appears to have been discontinued within ADB. 

39  See, for example, PAK-0031 (2552/2553 approved in 2009) and PHI-2507 (also approved in 2009). 
40  The possibility of a collapse in the carbon credit market was not considered in the project approval documents. This is 

understandable, given the conditions of the carbon market when these projects were being prepared (2007–2009) and their 
proposed timetables. To the consultants’ knowledge, no energy project documents discussed the risk of a collapse of the 
carbon market, even when carbon financing was part of the financing plan (usually a rather small part). 
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difficulties, successful programs can be developed (Singh et al., 2010). The key contribution of 
multilateral development banks (MDBs) may be less financing than TA for developing an appropriate 
strategy and approach to managing the program. 
 
118. EE retrofits in industry and buildings. This has been the most important category of ADB’s 
support for EE, in terms of volume of financing. It is also an appropriate area for emphasis, since the 
market potential is large and the key challenge is to create a business and financial environment for 
implementing a sequence of clearly definable projects. This challenge is consistent with ADB’s core 
functions (e.g., making loans or providing equity) and its strategy to emphasize private sector 
development and private sector operations, knowledge solutions, and partnerships (three of the drivers 
of change highlighted in Strategy 2020). 
 
119. These are primarily projects in the private sector (though as observed in paragraph 32, most are 
currently packaged as sovereign operations). Knowledge solutions and partnerships are certainly 
critical, because the barriers to consolidating this activity are formidable, despite its economic 
attractiveness. As an earlier IED report highlighted (IED/EKB, 2011), there is 

i. poor awareness of readily available EE options and their benefits on the part of 
business consumers of energy; 

ii. a perception of EE lending as being high-risk by most commercial banks, aggravated by 
the dispersed and diverse nature of energy consumers; 

iii. relatively poor credibility of many EE service providers; and 
iv. insufficient capacities to audit, monitor, and verify energy use and energy savings in 

various end-user categories. 
 

120. There are solutions to all these barriers, but they require going up a learning curve and an 
effort that is sustained over time (World Bank, 2008). 
 
121. ADB is a relative late-comer to this EE market. As such it can learn from the experience of other 
players, especially the World Bank and the International Finance Corporation (IFC). Most of ADB’s 
financing in this area is in the PRC. By 2010, when ADB’s first EE project of this type was beginning,41 
more than $4 billion of Energy Service Companies projects had been implemented in the PRC—
catalyzed by the World Bank Group’s initiatives over the previous 15 years. Outside of the PRC, results 
have been much patchier.  
 
122. This experience highlights the importance, and difficulty, of identifying the most appropriate 
financial intermediary to take a pioneering role, as well as structuring the business model. To enhance 
and sustain investment in EE requires a merging of two very different communities of practice: (i) 
financing institutions and financial intermediation practices; and (ii) EE equipment and service 
providers, who may also be project developers. 
 
123. Overall, this kind of activity often has more in common with ADB’s nonsovereign operations in 
financing than with those in energy infrastructure and as such may have success rates closer to those 
experienced with financing—which are distinctly lower than those for energy as was shown in Tables 1 
and 8 (which summarize sovereign and nonsovereign operations). As already observed, in this area ADB 
must recognize that it, like its stakeholders, is going up a learning curve. 
 
124. A general question is sometimes raised regarding the sustainability of demand-side EE projects. 
Called the rebound effect, it refers to how an increase in efficiency, by effectively reducing the cost of 
the energy service, results in increased use of this energy service. This issue was given considerable 
prominence in a background article for the Asian Development Outlook 2013 (Lee et al., 2014), 
wherein it was implied that the rebound could even be more than 100% of the claimed savings—but it 

41 Loan 2426 under MFF-020: Guangdong Energy Efficiency and Environment Improvement Investment Program, Tranche 1. 
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was vague as to when this might occur. The question is too complex to be fully reviewed here. 
However, we believe that, while rebound effects do occur, they are unlikely to be as large as is 
sometimes implied,42 especially in the kinds of projects that constitute the bulk of ADB’s demand-side 
EE portfolio.43 The rebound effect does not justify a reassessment of ADB’s commitment to EE. At the 
same time, the question points to the need for adequate verification and monitoring of project results, 
which is important in any case. 
 

f. District Heating 
 
125. District heating has had one of the lowest shares of sustainable projects of any energy 
subsector. The prime risk for the sustainability of district heating projects is the low level of the 
regulated price for heating services. There is a strong political tendency, found in all DMCs where 
district heating is common, to set the price of heat at a very low level, which does not remunerate 
investments or allow adequate maintenance. This is true even in countries such as the PRC, where 
average electricity prices are more or less adequate to maintain the financial equilibrium of the power 
sector.  
 
126. This posture may be due to the fact that this service is essential to populations of all income 
levels for survival in the harsh winters, while individual metering of household consumption is not 
common. 
 
127. The ADB projects are typically a combination of retrofit of an old (and dilapidated) district 
heating system, together with some expansion of the service area. In PRC and Kazakhstan the project 
may also include supplying coal bed methane (CBM) to substitute for coal as the fuel source, an 
investment that can have an extraordinarily high GHG mitigation impact. 
 
128. The problem of an inadequate tariff for heating services cannot be solved at the project level. It 
inevitably involves a higher level policy dialogue. For example, the PPER for the Shanxi Environment 
Improvement Project (loan number 1715 in 1999) recommended that “follow-up action for continued 
policy dialogue with responsible authorities is needed in follow-on engagements to revise prices of 

42  The rebound effect (sometimes known as “Jevon's Paradox”) refers to the possibility that improvements in the efficiency of 
energy use can increase the consumption of energy. It is sometimes alleged that the “rebound effect” will cancel much of the 
gain from improved energy efficiency. The view that the “rebound effect” is large is highly controversial. However, basic 
economic theory suggests that there may be some impact on energy consumption which offsets some of the gains from 
specific energy efficiency measures. There are two effects: direct and indirect. The direct effect refers to the fact that, since the 
cost of the energy service goes down, the consumption of that service increases (broadly equivalent to price elasticity). The 
indirect effect refers to the money saved by the consumer with the energy efficiency measure (including any increase in 
consumption referred to above). This money will be spent on other goods and services. The indirect effect should be quite 
small for the simple reason that the energy intensity (kWh/$) of the average of the economy’s good and services is far lower 
than that of the energy which was saved. It is probable that the overall rebound effect is somewhat higher in developing 
countries than in richer countries, partly because the income elasticity for energy services is higher. 
The question is complex and, though the literature is large it is stronger on theoretical speculation than on market analysis. It 
is impossible to make estimates of any precision regarding the EE measures which the ADB is financing. However, though the 
effect may be significant in a few cases where the cost of the energy service has fallen dramatically (e.g. CFLs versus 
incandescent bulbs), it is unlikely to represent more than a small fraction of the efficiency gains in most cases. It is also 
noteworthy that much of the increase in consumption is due to gains in welfare and GDP, which are also policy objectives. This 
suggests that from the perspective of longer-term scenarios (e.g. 2030 or after) the rebound effect may be smaller than in the 
short and medium term. 
The existence of the question, and the uncertainties surrounding it, underlines the importance of monitoring the energy use of 
beneficiaries before and after the implementation of EE projects. Broader reviews of the impact of successful EE programs 
would also be warranted.  

43  Most EE interventions supported by ADB involve retrofits of more efficient equipment and practices in industry, commercial 
buildings, and public services such as water supply. In these market segments the dynamic is quite different than in 
households; the use of energy services is more closely associated with output. Savings in operational expenses tend to be 
allocated to other activities, not simply spent on more energy use. To the extent that EE measures help make an entity more 
competitive, they may contribute to greater future output. However, this in itself is an economic benefit. Not only that, from 
the perspective of this entity (as well as the economy as a whole) the absolute efficiency gains would then be larger, since the 
same % saving occurs with each unit of output. 
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clean products and services, such as coal mine methane (CMM), and centralized district heating, by 
focusing on (i) the financial and other consequences of a non-remunerative tariff regime for provincial 
and city price control bureaus; and (ii) surveys that help assess willingness to pay for various customer 
categories, with findings provided to the price control bureaus." (PPER for PRC 1715, p. 22)  
 

3. Influence of Country Context and Implications for Economic Sustainability 
 
129. The probability of a project’s success and/or institutional/financial sustainability can be strongly 
influenced by the policies and business environment of the host country. For example, the probability 
of a project being sustainable should be lower in countries where financial and institutional governance 
is weak and the average price received by energy suppliers does not cover the full cost of supply.44 
Besides the difficulties these factors can cause for the performance of projects that are implemented, 
another consequence may be limitations on the kind of project that can even be seriously considered. 
Here we briefly discuss the issues in the power sector. 
 
130. Some factors influencing a project’s institutional/financial sustainability can be quantified and 
hence readily summarized for the purposes of comparison between countries, and within countries 
over time. In the power sector the most obvious factor is whether the average electricity price is lower 
than the cost of operating and maintaining existing assets and of financing needed expansion. The 
problem of an inadequate average tariff can be exacerbated if losses—especially commercial 
(unmetered) losses—are high.  
 
131. In principle, almost all countries that keep electricity prices below cost have subsidy 
mechanisms to close the revenue gap. Unfortunately, these mechanisms usually do not cover all of the 
revenue deficit. The shortfall is likely to become especially large when costs increase (e.g., fuel prices 
increase sharply) or the country faces an economic or fiscal crisis. At such times the shortfall can 
increase dramatically, with pernicious effects on maintenance and investment in new supply. 
 
132. India is a well-documented example that serves to illustrate the problems. Despite the fact that 
the main fuel for power generation is domestic coal, whose price is held 30%–50% below international 
levels,45 the revenue of the utilities was, on average, only 76% of the cost of their expenditures in 
2009/2010. Every year the utilities present their estimates of the needed subsidy to cover the difference 
(called the “booked subsidy”) to the relevant government authorities. However, the value of the 
subsidy actually approved (called the released subsidy) is usually less than requested. In 2007/2008 the 
shortfall was about 15% of the booked subsidy or about INR 30 billion (roughly $ 0.75 billion). In 
2009/2010, the shortfall rose to 44% and INR 150 billion ($ 3.25 billion).46 
 
133. While individual projects may be protected by special covenants from unpredictable swings in 
the adequacy of the power sector’s revenue that protection may only mean that the disequilibrium is 
shifted somewhere else in the sector.  
 
134. Another factor that should be considered is whether the country suffers from chronic shortages 
of supply capacity. The cost to the economy of the attendant load shedding can be very great. The 
problem is usually found in countries where electricity prices are below costs, though it may be 
exacerbated by high economic growth. 
 

44 It is the average price that is crucial. There may be cross-subsidies between classes of consumers. 
45  The price controls on coal have in turn inhibited expansion of domestic coal supply, so that the monopoly producer Coal India 

cannot meet its delivery commitments and more expensive coal must be imported (Energy Sector Assessment; Country 
Partnership Strategy for India: 2013–2017). About 35% of the increase in coal consumption during 2000–2011 was supplied 
by imports, according to the International Energy Agency’s Energy Balances. 

46  Power Finance Corporation Limited; Performance of State Power Utilities for the years 2007–08 to 2009–10; 2010. Cited in 
IISD, 2012. Interestingly, according to the same source, the “booked subsidy” in 2009/2010 was itself only a bit more than half 
of the estimated revenue shortfall of approximately INR 610 billion. 
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135. In a country with chronic shortages there may be a disincentive to develop projects with longer 
implementation periods (e.g., hydro and some demand-side EE) or higher capital costs (some higher 
efficiency generation from fossil fuels, most RE, and hydro), especially if the power sector’s financial 
condition is weak—which is often the root cause of the chronic shortages. This situation provides a less 
generally favorable context for developing clean energy projects and, most relevant to our concern here 
with risks, may also raise issues of sustained government support. 
 
136. These are not problems that can be quickly solved, given the political difficulties involved. The 
ADB should be (and often is) engaged over the long term with the government, providing TA and 
advice to address the problem. If the country is showing progress then there are grounds for hoping 
that ADB’s investments can contribute more fully to achieving the stated objectives (of the project 
itself, or perhaps more relevant, of the CPS). Otherwise, the project may merely be a kind of aspirin, 
helping a government to muddle on with one less headache. 
 
137. As such it is important to track the evolution over time, especially in countries where these 
problems weigh heavily on the power sector’s performance, of the severity of these factors: prices 
lower than costs, high losses, subsidies, and subsidy shortfalls. These parameters are also important for 
preparing a realistic economic analysis (as distinct from financial analysis) of ADB’s proposed 
interventions. Unfortunately, in the preparations for the AER little evidence was found that these 
parameters are in fact being tracked over time, except on an occasional ad hoc basis. 
 
138. We have referred elsewhere in this report to the dramatic shift that has occurred in ADB’s 
portfolio of electricity generation projects since about 2007/2008 (though the comparisons in Table 5 
are between 2001–2008 and 2009–2012). Unfortunately, the methodology currently used for the 
economic analysis of projects does not provide an objective basis for judging whether this shift has 
been economically rational, or, to use the theme of this report is “economically sustainable.”  
 
139. A World Bank study (Hamilton and Stöver, 2012), cited in a number of recent project evaluation 
and approval documents concerning renewable energy projects, outlined a basic methodology for 
comparing low and high GHG-emitting technologies for power generation. A basic premise of this 
methodology is that, in comparing the alternatives, it is necessary to put a “social price” on various 
externalities (in this case the emphasis was on GHG emissions in terms of CO2 equivalent). At the same 
time, the cost of both alternatives should be considered, without subsidies. 
 
140. What one sees in dozens of ADB energy sector economic analyses is a mix of quite different 
approaches. Often a distinction is made between incremental and non-incremental demand (especially 
in countries with chronic shortages). For incremental demand it is usual to estimate the willingness to 
pay of different classes of consumers. This approach does not involve any comparison of supply 
alternatives.  
 
141. For non-incremental demand (or in analyses where no distinction is made), various baselines of 
alternative supply may be used. In countries with chronic shortages it is sometimes taken to be the 
expensive back-up capacity of consumers. Sometimes reference is made to the wholesale price of 
electricity (though without any accounting of subsidies that may be implicit in that price). In most 
renewable energy projects the feed-in tariff (or an equivalent) for that energy resource has been used. 
Then credits for GHG emissions reduction have been added to calculate the project’s economic 
benefits. The reference value for these credits, until recently, was the Clean Development Mechanism 
(CDM) market value. While this was an objective and convenient reference, it was inappropriate under 
the methodology proposed in (Hamilton and Stöver, 2012). In its place the social price of carbon 
should be used.  
 
142. At the same time, the price of the feed-in tariff probably already includes some subsidy to 
promote the supply of renewable energy. It is important to avoid double counting of the benefits 
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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. As will 
be discussed in paragraph 174, ADB should establish guidelines for values of the social price. These 
guidelines (which would probably represent a range of values) would ideally be developed in 
collaboration with other international financial institutions (IFIs), countries, and other stakeholders.47 At 
the same time, any implicit subsidies in the wholesale price of electricity (the standard price for 
electricity without special feed-in prices) should be considered, such as the subsidy for coal in the 
example of India described above. 
 
143. Summarizing, the existing ADB methodology for economic analysis—especially of non-hydro RE 
projects— seems basically flawed. In particular, it does not provide an objective basis for judging 
whether the shift to the RE subsector has been economically rational, or economically sustainable as 
observed above. It seems that new guidelines for economic analysis in this subsector would be 
appropriate. In other energy subsectors the difficulties are less acute. We do not necessarily propose a 
revamping of methodologies for them. There is a strong logic for the approach currently taken. 
However, the existing guidelines were developed in 1997, when environmental externality was less of 
an issue. Analyses in all subsectors would benefit from a clearer, more systematic treatment of 
subsidies (implicit and explicit) and the social costs of externalities (related both to climate change and 
other environmental impacts). Fortunately, a process has begun to systematically revise the guidelines 
for economic analysis, which hopefully will address the concerns raised here.48  
 

 IV. Environmental Sustainability and Its Trade-offs 
 
144. This section builds from the analysis in section III to consider how the change in ADB’s energy 
portfolio, with its increased emphasis on environmental sustainability and especially climate change 
mitigation, may influence performance in terms of existing criteria for projects’ institutional-financial 
sustainability.   
 
145. In addition, this section considers possible trade-offs with other key objectives for Asian energy 
development: access to affordable energy and energy security.   
 

 A. Are There Trade-offs with the Institutional-Financial Sustainability of Projects? 
 
146. In general, the shift in ADB’s energy portfolio has occurred since 2007/2008. At the same time, 
the interval between the date of a project’s approval and completion means that no projects approved 
from 2009 on have yet been evaluated. Only a few projects—three sovereign (of a total of 83 evaluated 
between 2000 and 2013) and five nonsovereign operations (of 15 evaluated between 2006 and 2013) 
were approved in 2007 and 2008. 
 
147. This lag means that there are almost no evaluations available for some subsectors that have 
become prominent. Only four RE projects have been evaluated of a total of 98 sovereign and 
nonsovereign operations, while there are only three demand-side EE projects. In the portfolio of 89 
operations approved in 2009–2013 in eight sample countries, RE projects account for 35% of the 
projects and EE for 12%. In addition, the pioneering RE and EE projects that have been evaluated may 
have faced additional risks, given ADB’s relative lack of experience in these new areas. 
 
148. To provide some perspective on factors that may influence the performance of projects now 
being implemented, we analyzed the citations of risks in documents for completed and approved 
projects. The diversity and frequency of cited risks is substantially higher for approved projects, but this 
is to be expected, since approval documents consider possible risks (in part in order to mitigate them), 

47  The question is also discussed in Linked Document 4 of IED/TES, 2014. 
48  The review of the guidelines (TA 8507, approved in November, 2013) is headed by the Economics and Research Department 

and should be completed by June 2015. 
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while evaluation documents (the reference for completed projects) emphasize factors that had a 
negative impact in practice on the projects’ performance. A comparison of the frequency and types of 
risks for each subsector of approved projects did find differences among subsectors. However, the 
distribution of subsectors with a relatively high frequency of cited risks is such that they do not portend 
a change in the overall performance of approved energy projects relative to completed projects. 
 
149. The review in section III of the available information suggests that there is no indication, based 
on information available so far, that ADB’s shift to a more environmentally sustainable energy portfolio 
is having a negative impact on the institutional/financial sustainability of projects or their success rate. 
This is necessarily a preliminary conclusion and depends on the contracted feed-in tariffs for renewable 
energy being maintained in real terms. The profile of the most prominent risks will change somewhat, 
but some change is inevitable as the region develops, and, overall, the risks that have been most 
important are 

i. inadequate tariff/lack of cost recovery; 
ii. government support for the project/political and regulatory risk; 
iii. project maintenance/operational risk (especially for nonsovereign operations); and 
iv. institutional capacity/corporate governance/financial governance (especially for 

sovereign operations) are likely to remain prominent. 
 
150. The real test of the success and sustainability of ADB’s shift in the energy portfolio will be the 
buy-in of DMC governments, businesses, and society to the projects that ADB is financing. This in turn 
will depend heavily on the balance reached in ADB’s portfolio between environmental sustainability 
and other key imperatives facing the region’s energy development. The appropriate balance may vary 
from country to country. 
 

 B. Are There Trade-offs with Affordable Access and Energy Security Objectives? 
 

151. The Asian Development Outlook 2013, in its theme chapter on Asia’s Energy Challenge, 
highlighted three key challenges: 

i. adequacy and reliability of energy supply (energy security); 
ii. affordable access to energy—especially electricity and clean fuels for residential cooking 

and heating; and 
iii. environmental sustainability. 

 
152. In this section we look at possible trade-offs between the objectives of environmental 
sustainability (principally related to climate change) and the objectives of energy security and 
affordable access to energy. 
 
153. In general, environmentally superior technologies have a higher initial capital cost and, with the 
big exception of EE, have a higher levelized cost per unit of energy provided.49 This will be particularly 
the case when the technologies are new and do not yet have structured supply chains or economies of 
scale. This higher cost creates a tension between environmental objectives and those for energy security 
(adequacy and reliability) and affordable access to energy. 
 

1. Affordable Access to Energy 
 
154. The challenge of affordable access to energy has two quite distinct dimensions. First, there is 
the imperative of providing access to modern energy vectors to all the population.  The second 
imperative is to provide affordable energy to the economy in general. The first imperative is strongly 

49  Though the levelized cost of EE measures is generally much lower than providing the equivalent supply, EE may involve higher 
initial capital costs for the energy consumer. Unfortunately, it has proven to be difficult to identify financing strategies for 
MDBs to promote EE, especially demand-side EE. 
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related to the goal of inclusion of poorer segments of the population in development. The second, 
while relevant, is linked more indirectly to this goal. 
 

a. Providing Basic Access to Modern Energy Vectors 
 
155. This imperative is sharpest for electricity. Without electricity, households and businesses are 
bereft of (or pay dearly for) a host services provided by electric motors, communications and 
computing devices, electric lighting (which is far more efficient than kerosene and is higher quality), 
etc. Communities without access to electricity, which are almost always poor and usually rural, suffer a 
severe handicap in their efforts to increase their income. 
 
156. Countries in developing Asia vary widely in their level of access to electricity, as shown in Table 
15. In some countries (such as PRC and Viet Nam), access is close to being universal. In those countries 
where it is not, providing near universal access to electricity is an urgent priority of every government.  
 

Table 15: Number and Share of Population without Modern Energy Services in 2010 
 

 Without Access to Electricity Dependent on Biomass for 
Cooking 

 Population Share of Population Share of 
 (million) Population (million) Population 
Developing Asia 628 18% 1,814 51% 
Bangladesh 88 54% 149 91% 
People's Republic of China 4 0% 387 29% 
India 293 25% 772 66% 
Indonesia 63 27% 128 55% 
Pakistan 56 33% 111 64% 
Philippines 16 17% 47 50% 
Viet Nam 2 2% 49 56% 
Rest of Developing Asia 106 34% 171 54% 

   Source: Taken from Table 2.1.6 in Asian Development Outlook 2013. 
 
157. The existence of a large share of the population without access to electricity can make it 
problematic to invest on a significant scale in utility-scale plants, which are substantially more 
expensive (such as solar and wind) than the conventional alternatives.50 This is especially the case in 
countries where average tariffs are artificially low and utilities have insufficient cash flow to invest in 
the needed expansion of supply—a situation often found in countries where a large share of the 
population does not have access to electricity (Table 15).51 This is because providing access to unserved 
populations generally requires some subsidy, due to the higher cost of supplying isolated communities 
(almost all of the urban population has access to electricity), the small loads, and the low income of the 
consumers.  
 
158. By almost any sociopolitical calculus the expeditious inclusion of these unserved communities 
has a very high priority and will usually (and probably often should) trump investment in higher cost 
generation options for the grid that are motivated primarily by climate change mitigation objectives.52 
Once the share of the population without access to electricity is very small (probably somewhere 
between 2% and 5%), this consideration will weigh much less. 

50  In the culture of the power sector, “substantial” can mean an increase of as little as 10%–20% in the levelized cost of supply. 
51 This statement does not mean there is a rule that countries in this situation will not invest in utility-scale RE. India is an obvious 

exception, with almost 4% of generation from wind and solar. 
52 This statement does not apply to relatively lower cost investments to reduce the local pollution emissions of power generation, 

which have immediate negative impacts on large urban and rural populations.  These investments usually also result in lower 
GHG emissions, but the reduction is usually fairly modest. An exception is the modernization and expansion of district heating 
systems, where power is usually cogenerated with heat. In these upgrades the reduction of both local and GHG emissions can 
be significant. 
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159. At the same time, the high cost of connecting many isolated rural communities by extending 
the grid opens an opportunity for small-scale RE technologies such as mini or micro-hydro; biomass or 
waste residues; and, above all, solar PV.53 In these circumstances, they are the low-cost option to begin 
supplying electricity (the same may well be true in some island states with very small grids). Bangladesh 
is the country where this logic has been applied most consistently. Approximately 2.7 million 
households have achieved a minimum access to electricity since 2003 with small PV systems, with 
approximately 70,000 households being added each month. As a consequence, Bangladesh may have 
the fourth largest installed PV capacity in developing Asia.54 
 
160. The substitution, or improved use, of traditional fuels for residential use—mostly for cooking— 
is a related but somewhat less politically urgent issue. As shown in Table 15, the population without 
access to modern fuels for cooking is much larger than that without access to electricity.55 While the 
consequences for development—creating the context for a population to increase its income—may be 
less dramatic than the lack of access to electricity, the lack of modern fuels can have diverse negative 
impacts including threats to health, local deforestation, and large allocations of low productivity labor.    
 
161. Substitution of traditional biomass fuels (principally fuel wood and animal dung) will probably 
occur via two broad routes: (i) the use of natural gas liquids such as propane and butane (the route 
taken in Latin America); or (ii) improved use of biomass wastes, either through gasification in 
biodigestors or improved stoves for solid fuels (in this case one is modernizing the use of a traditional 
biomass fuel, rather than substituting it).   
 
162. Option (i) is a predictable consequence of rising incomes, given the large advantages of 
convenience and reduced indoor pollution. Option (ii) can occur with little or no increase in income, 
but is far more complex to implement and requires access to credit for the initial investment. ADB has 
approved only one loan since 2009 that addresses the problem of household fuel for cooking in rural 
communities,56 though there have been several grants under the Energy for All Program. Given ADB’s 
emphasis on improving the conditions of the female gender and the importance of household fuel use 
for women, it would seem appropriate for ADB to begin to seek innovative projects in this area for 
both options, but especially (ii), since market agents are less organized to implement this option and it 
involves lower CO2 emissions. 57    
 

b. Providing Affordable Energy 
 
163. The second imperative is to provide affordable energy to the economy in general. Given its 
weight in ADB’s portfolio, and the analyses available, the emphasis here is on electricity. Whereas 

53 Small-scale hydroelectric resources, when available, can be an excellent resource. Unfortunately, they are not an option for 
most unserved populations. Biomass and wastes can provide small-scale power in many rural environments. However, the 
operation, maintenance, and management of these systems are complex. High quality solar energy (above 1,800 kWh/m2) is 
available throughout most of Asia. PV systems require minimal maintenance (though even this can be a challenge) and can be 
mass produced. As discussed elsewhere in this report, the cost of basic solar modules has been falling dramatically. High 
quality wind power resources are highly localized, somewhat like hydro, and are unlikely to be an option for most unserved 
communities. Unlike PV, wind plants also have substantial economies of scale, which makes them of less interest for small-
scale generation. Water pumping, which can be viable even with relatively low average wind speeds, may have applications for 
a larger population than electricity generation. 

54 Assuming only 50 watts per household, the total capacity would be 135 MW. The estimate of the number of households is 
from: Hasna J. Khan; Off-grid Rural Electrification in Bangladesh. Success Story of the National Solar Home Program and a Solar 
Mini-grid Service; presentation at Lawrence Berkeley National Laboratory, March 5, 2014. The Bangladesh experience suggests 
a new area where ADB might work: creating a reliable secondary market for small PV systems as households upgrade or are 
connected to the grid. 

55  In some colder climates space heating is also supplied by traditional biomass fuels. 
56  Loan PRC-2632, approved in 2010: Integrated Renewable Biomass Energy Development Sector Project (formerly Rural Energy 

and Ecosystem Rehabilitation [Phase II]). Only a small part of the fuel output in this project is to supply fuel for rural 
households. 

57  DMCs may be reluctant to borrow for this kind of project, so grants and TA may play a crucial role.  
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providing access to electricity to (almost) all the population appears to be a relatively short- and 
medium-term objective, and has been largely achieved in some countries, the question of affordable 
electricity is universal and extends into the longer term. The discussion that follows focuses on the 
supply-side impact on the average cost. There are other issues of affordability with regard to specific 
groups of consumers, such as low-income ones, who may receive targeted subsidies. With electricity it 
is possible to target subsidies with considerable precision, and the cost, even of a substantial subsidy 
for the lowest consumption classes, is generally not large, because the very poor consume little 
electricity per capita. 
 
164. The higher cost of most RE supply and of the most efficient (and clean) fossil fuel generation 
raises issues of affordability. There are very strong political pressures for countries to maintain their 
energy/electricity prices at the lowest possible level. Indeed, in some countries, the average tariff paid 
does not cover the existing costs of supply and the problem may be exacerbated by high commercial 
losses (unmetered consumption). In such countries it is difficult to imagine a significant expansion of 
higher cost RE or fossil fuel technologies that would be financially sustainable if these circumstances 
continue (though individual projects may be sustainable, due to special covenants).58 
 
165. Once this obstacle is overcome, there is the more general question of the affordability of the 
average cost of electricity supply and how it may evolve as countries invest in cleaner, and more 
expensive, electricity supply. This question is to some extent relevant to the competitiveness of 
countries’ economies, since electricity is a basic input. 
 
166. As long as the share of electricity supply from more expensive RE is small, this is not much of a 
problem. However, countries that embark on a policy of subsidizing electricity supply on a large scale 
from more expensive renewable energy sources run the risk of increasing their average electricity cost 
more than is politically acceptable. Spain is a recent example of how a country can overreach and be 
forced to effectively default on contracted subsidies.  
 
167. The question is too complex to be fully addressed in this short review. A proper analysis 
requires the preparation of scenarios of the mix of supply and the costs of different sources of 
generation and the associated transmission. However, several broad observations can be made. 
 
168. First, the affordability of electricity is expected to increase substantially in most countries, as 
shown in Figure 3. In this graph, the indicator for the affordability of electricity is the expected 
electricity outlay (EOL), which is defined as the fraction of per capita gross domestic product (GDP) 
needed to supply 1,000 kWh, based on the levelized energy cost (LEC). In the form of an equation, it is 
 

EOL [%] = 1000 kilowatt hours * LEC /GDP per capita 
where LEC is the levelized electricity cost (2010 $/kilowatt hour) for an economy in year t, based 
on the estimated cost of each resource and the mix of resources. 

 
169. For example, in the PRC the EOL is projected to fall by about 70%, in Indonesia by 67%, in India 
by 56%, in Viet Nam by 50%, by 38% in Pakistan, and by 20% in Thailand. 
 
170. This reduction in EOL, which represents an increase in affordability, is due above all to 
increasing incomes in the countries. As is clear from Figure 4, the indicator falls sharply with per capita 
income. However, as incomes rise, the demand for energy services also increases. A more useful 

58  India has supported a substantial expansion of wind power and is embarking on an ambitious solar power program. Since the 
power sector has problems with low average tariffs and large unmetered consumption, this would appear to represent an 
exception to the statement in the text. However, the output of these plants is still very small relative to the entire system. 
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indicator of affordability for the economy at large would be the share of GDP required to supply the 
electricity, which would include the impact of changing electricity intensity of the economy.59 
 
171. The energy and economic projections from which the indicator has been calculated were 
prepared at the Institute of Energy Economics, Japan (Fueyo, et al., 2014). Although in some countries 
the share of coal will fall under this scenario (in the PRC, for example, it is reduced from 78% in 2010 to 
58% in 2035 due to the increased penetration of natural gas, nuclear, and RE). The use of coal-fired 
generation is projected to increase in others. It is, explicitly, a kind of business-as-usual scenario. As 
such it could be a useful baseline reference to compare the economic and environmental impacts of 
scenarios that reflect a higher priority for GHG emissions. Since this kind of modeling requires 
considerable effort to build from scratch, having such a modeling platform available can greatly 
facilitate the preparation of scenarios. 
 
172. The expected fall in electricity outlay under the business-as-usual scenario means that there 
does appear to be some margin for an increase in the average cost of electricity supply, due to a 
stronger emphasis on clean energy supply, without sacrificing economic growth. However, determining 
how large this margin for increase might be, and what a given increase in average cost could signify for 
the mix of generation and the environmental impacts, requires a full-scale modeling exercise such as 
that proposed in the previous paragraph. 
 
173. The values shown in the two figures do not include environmental and social externalities. 
Important examples are the social cost of GHG emissions and of other pollutants from the combustion 
of fuels such as nitrogen oxides, sulfur oxides, and fine particulates. If these externalities were 
monetized and included, the net increase in the levelized cost would be smaller. However, as a basis for 
this analysis, ADB should prepare guidelines for attributing economic values to these different 
emissions. Until now the values that have been used in the economic analysis of some projects have 
been ad hoc choices of particular teams. Preparation of these guidelines requires careful study and 
ideally should be done in collaboration with other IFIs (such as the World Bank) and ADB’s DMCs.60 
 
 
 
 
 

59  It is recommended that the analysis in Fueyo et al., 2014 be extended to include an analysis of the electricity intensity of the 
economy (e.g., kWh/$1,000), in parallel with that already made for primary energy intensity. It would seem that the necessary 
information is already available to that team, so it should not involve much work. 

60  The issue is discussed in somewhat more detail in IED/TES, 2014 – linked document 4. 
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Figure 3: Change in Expected Electricity Outlays Based on Levelized 
Electricity Cost between 2012 and 2035 

Figure 4: Expected Electricity Outlays Based on Levelized Electricity 
Costs in 2012 

  
Source: Fueyo et al., 2014 – Figure 3.18 Source: Fueyo et al., 2014 – Figure 3.14 
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174. One of the objectives of subsidies, whatever their form (feed-in tariffs, concessional financing, 
etc.), is to contribute to a reduction in costs for the targeted technologies. In many cases these 
technologies are new in a country. Pioneer plants face first-mover risks and are more expensive because 
supply chains are not developed. So the first challenge is to get domestic costs for RE technologies 
down close to international levels. 
 
175. Even then, some technologies will continue to be significantly more expensive under current 
conditions than baseline alternatives with higher carbon emissions. The extent to which this gap will 
persist in the future depends on how costs evolve. The expansion of the market for some RE 
technologies has stimulated innovation and created economies of scale, which have brought down 
costs. The most important examples are wind power and solar PV. By a few years ago wind power costs 
had fallen such that, in relatively good sites (i.e., with a capacity factor of 25% or more) the cost of 
electricity in PRC and India (countries with consolidated wind power markets) was about $60–
$65/MWh at the busbar (assuming a 10% discount rate). At that value, attributing a modest cost to 
carbon emissions ($10–$15/tCO2e) can make wind power competitive with coal-fired plants, 61 even 
allowing about $5/MWh to include ancillary services (such as back-up generation capacity and spinning 
reserve for fast response) to help firm up wind power.62 
 
176. The ongoing reduction in the cost of power from solar photovoltaics has been even more 
dramatic, though from a much higher cost level. Figure 5 relates the price of PV modules to cumulative 
additions to capacity for both the sum of all PV technologies and for individual technologies. 
 
177. The long-term learning curve has implied a cost reduction of almost 20% with each doubling of 
cumulative production of PV modules. However, the rate of cost reduction since 2006 has been higher, 
about 29% for each doubling. Each of the major categories of PV technology—monocrystaline silicon, 
muticrystaline, and thin films—has seen major cost reductions in this period. Symptomatic of the 
competitive ferment in this industry, no clear winner has yet emerged. As a consequence of this 
dynamism, the cost of the PV module is already less than half the cost of the complete system. This will 
have important implications for designing plants. For example, decentralized arrays (often referred to 
as rooftop systems), which have less elaborate balance-of-plant requirements than utility-scale plants, 
should become relatively more advantageous. For some classes of consumers in countries with 
relatively high electricity prices and time-of-day pricing, decentralized PV systems are on the threshold 
of being competitive. This is an area wherein ADB has yet to be involved, since its focus has been on 
utility-scale plants (and to a lesser extent, very small off-grid PV systems). 
 
 
 
 
 

61  The reference is the wholesale price of electricity for utilities in India and the wholesale price electricity from coal-fired plants in 
the PRC.  

62  The variability of wind implies back-up costs for the grid to supply electricity reliably. These costs become more prominent as 
the share of these variable resources in the generation mix increases. An analysis was made of the increased need for “ancillary 
services” to firm up power in a scenario where wind provides 20% of the generating capacity (EERE/USDOE, 2008). In that 
context the cost appeared to be up to about US$5/MWh. 
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Figure 5: Price Learning Curve by Technology (cumulative production up through 2012) 

Note: The figure provides values for the “learning rate” (LR) for PV systems over 1980–2012 and 2006–2012. It also gives LRs for 
the three groups of technology during 2006–2012. The LR is the percentage reduction of cost associated with a doubling of 
cumulative installed capacity. For example, the LR for all PV systems in 2006–2012 was 29.2%. 
Source: Fraunhofer Institute, 2012 

 
178. Solar PV technology is of special interest, because good quality solar resources can be found in 
almost all of developing Asia. It is inherently unclear how far the cost reduction process will go or how 
fast, but the reduction in PV system cost has already been much faster than was generally anticipated 
just a few years ago.63 
 
179. In the end, the limiting factor on the rate of introduction of wind and solar will probably not 
be the cost of electricity where it is generated, but the adaptations need to incorporate the variable 
output from these sources.64 This is part of the broader challenge of energy reliability discussed in the 
next section. 

 
2. Energy Security—Adequacy and Reliability of Supply  

 
180. Energy security—maintaining adequate and reliable supplies of energy—is a primordial 
objective of all governments, including those in developing Asian countries. The challenge is increased 
by the rapidly growing energy demand of most countries in the region. 
 
181. There are several dimensions to the question of energy security: economic, geopolitical, and 
technical. The economic aspect of energy security is strongly linked to the issue of affordability, which 
was discussed in the previous section with regard to electricity supply. The projected investment 
needed to supply expanded fuel and electricity is immense, even in business-as-usual scenarios with a 

63  An assessment published in 2007 by the World Bank estimated that the investment per kW of solar PV systems would fall by 
about 22% between 2005 and 2015 (the probable cost case for a generic 5 MW grid connected plant in Table A1.6 of ESMAP, 
2007). Between the 2nd quarter of 2006 and the 4th quarter of 2012, PV system costs in Germany fell by 72% (Fraunhofer 
Institute, 2012). In both cases batteries for storage are not included. 

64  Not all renewable energy sources have variable output. Geothermal and biomass waste-to-energy plants provide base load 
power, while the time-scale of variability of small hydro output is much longer than from wind and solar: days and months, 
rather than minutes. 
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relatively modest increase in the share of low carbon sources. Since RE, as well as nuclear power, have 
high up-front capital costs relative to coal- and natural gas-fired plants, the expansion of their share 
implies even larger investments. 
 
182. This is one reason why EE measures, which usually require a much lower investment than that 
needed to provide the equivalent supply, are an especially important part of any strategy to mitigate 
GHG emissions related to energy. Greater EE means that the same (or very similar) energy services can 
be provided with a smaller energy supply. From the perspective of the economy, it is the cost of the 
energy service, not the cost of the energy, which is crucial in the long term.65 
 
183. Unfortunately, ADB has experienced much more difficulty, in supporting effective EE than RE 
projects, especially outside of the PRC. As observed in one of the background papers for the Asian 
Development Outlook 2013 (Ross, 2014), there is a danger that ADB will overinvest in RE relative to EE.  
 
184. The geopolitical aspect of energy security is most strongly linked to issues of import 
dependence. Though some countries in developing Asia are exporters of fossil fuels, the region as a 
whole (which excludes the Middle East), is a substantial net importer of fuel, above all of oil, followed 
by natural gas and then coal. The dependence on imports is projected to increase significantly in most 
countries over the next 20 years (Fueyo et al., 2014), with even some traditionally self-sufficient 
countries (such as Indonesia, Turkmenistan, and Uzbekistan) becoming significant net importers. 
 
185. With regard to the power sector, which is the main focus of this report, trade in electricity 
between countries is still minimal, despite encouragement by the ADB. The main exception is Lao 
People’s Democratic Republic (Lao PDR)/Thailand, though there are smaller connections between 
Indonesia and Malaysia and Singapore, and ADB recently financed an interconnection between 
Bangladesh and India. The most important impact of import dependence is the importation of fuel 
with which to generate electricity—basically natural gas and coal. This dependence on imported fuel 
for electricity is clearly set to increase, though no specific quantitative analysis was available for this 
report.  
 
186. In general, increasing the use of RE resources for electricity generation should reduce the 
region’s dependence on imported fuels. However, it will probably also lead to more trade in electricity 
between countries, if politics permit. In the first instance, countries will develop their domestic RE 
resources. However, two key RE resources—hydro and wind—are not evenly distributed, and their 
optimal exploitation will tend to drive increased trade between countries. There is considerable 
international experience with hydro that supports this conclusion. Indeed, hydro has been the prime 
motive for many of the initial interconnections between countries. Examples are Brazil/Paraguay (the 
Itaipu hydro plant), the interconnection of Central America, the interconnection of the Nordic countries 
in Europe, the lines exporting power from Canada to the United States, and the export of power from 
Lao PDR to Thailand. There is clearly substantial potential for this kind of trade in South Asia and the 
Mekong Basin, based on hydro. In the case of wind power there is the case PRC/Mongolia. 
 
187. However, the advantages of interconnection are not restricted to exporting power from one 
country to another. Economies can result from exchanging power over a larger area, exploiting the 
possibilities of complementation of variable output. In complementation, when the natural flow of one 
RE resource is low in one place, this may be compensated for by it being high in another. It can also 
mean exploiting differences in the variability of different RE resources. For example, there is often a 
negative correlation between seasonal output of wind and hydro. Increasing the electrical 
interconnections between countries permits them to benefit from these economies of 

65  In the short term, the higher cost of energy will pass through to the cost of energy services, since there is little time to make 
investments in EE. Since we are considering a gradual structural increase in energy supply costs, not fuel price volatility, the 
longer term perspective is much more relevant. 
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complementation. With complementation, the flow of energy can be in both directions, not just one, 
as happens with interconnections to export power. 
 
188. Other benefits from increasing the integration of power systems in neighboring countries are 
not related specifically to the development of RE resources, such as access to more reserve capacity; 
balancing supply and loads across a wider area (including time-zone differences); and, for smaller 
countries, permitting the entry of larger generation plants. ADB has a well-established policy of 
encouraging the integration of regional energy infrastructure. The shift towards greater emphasis on 
developing RE reinforces this preexisting ADB policy. 
 
189. A large part of the technical dimension of energy security directly concerns the reliability of 
energy supply. In the case of the power sector it involves above all the design and operation of the 
grid, though adequate O&M of generation assets is also important. Large-scale interconnections, 
including between countries as discussed above, can enhance reliability overall (though they do present 
some new vulnerabilities). At the same time, distributed generation, where electricity is generated close 
to the site of the load, can also enhance reliability and mitigates the vulnerabilities of large 
interconnections.  
 
190. The most important forms of distributed generation today are cogeneration of heat and power 
and back-up power. Cogeneration, which is an efficient use of fuels, 66 could expand substantially as 
natural gas becomes more widely available. Back-up power, as deployed today usually as diesel gen 
sets, is very inefficient and is almost never included in the operation of the grid—being a purely 
defensive investment of consumers to protect themselves from shortages on the grid. 
 
191. A new source of distributed generation is solar PV systems. With the reduction of costs they are 
beginning to be economically viable for some classes of consumers who pay higher tariffs. These PV 
systems will operate regardless of whether there is a shortage on the grid, though they may have a 
traditional back-up function as well if batteries are added. 
 
192. Adapting the grid to incorporate a growing number of cogeneration and PV systems, as well as 
possibly using some traditional back-up capacity as a system reserve, will require an upgrade of 
distribution systems that is part of the wider move to what is called the smart grid. This involves 
innovations from metering and the consumer interface with the grid to large interconnections.  
 
193. So far, ADB’s participation in smart grid investments has been quite small,67 as has been its 
participation in distributed generation on the grid,68 though there has also been some TA. This may 
change for several reasons. As ADB goes beyond the phase of supporting pioneer utility-scale RE plants, 
the focus may change towards adapting the grid - building on the bank’s large experience with 
transmission and distribution systems. This is occurring in the Pacific Islands and in India with a series 
of projects receiving CTF resources and seems ripe to happen in Thailand, where rapid expansion of PV 
systems is already facing grid-related constraints (Napier-Moore, 2013). Besides enabling RE and 
distributed generation, the “smart grid” can also make other contributions to reliability, such as 

66  With cogeneration, or combined heat and power (CHP), electricity is generated together with heat for thermal end-uses. 
Diverse thermal end-uses can be supplied by CHP systems, including cooling with absorption chillers, which are driven by 
waste heat. A single CHP plant can have more than one thermal end-use, and both heating and cooling loads can be supplied 
(sometimes referred to as “rigeneration”). 

67  Projects that may have elements of “smart grid” investments are in Uzbekistan (loan 2779, approved in 2011) and India (loan 
3052 & 8275, approved in 2013). 

68  Possible examples of ADB investment in distributed generation are CHP (cogeneration) plants in some district heating projects 
in PRC and Kazakhstan (though their emphasis has tended to be on the heat distribution system). Some small on-grid hydro 
plants have been financed in rural areas of PRC, Nepal, Sri Lanka, and Viet Nam. Distributed generation on the grid is distinct 
from small off-grid systems, though there are a few projects of this kind as well. There may also be TA developing future 
projects; however, this evaluation did not include a review of TA and grants.  
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improving load management, quickly localizing faults, etc. More broadly, the challenge of reliable 
supply and initiatives to improve reliability, such as the smart grid and distributed generation, are at 
the intersection between energy infrastructure and the problems of climate change adaptation. Climate 
change adaptation is a growing concern for ADB. 
 
194. Hence, as was observed above regarding greater regional integration, a growing emphasis on 
RE can reinforce another ADB policy objective—in this case improving the reliability of electricity supply 
in the context of climate change. 
 

 V. Conclusions and Suggestions 
 
195. ADB’s portfolio of energy projects has grown considerably over the past decade, and their 
share of ADB’s total operations has increased. This growth has been accompanied by a major shift in 
the kinds of projects being financed, especially in the power sector. Although there has been continuity 
in the flow of T&D projects (which have always constituted a large segment of ADB’s energy lending), 
there has been a big change in the mix of generation projects, while lending for demand-side EE 
projects has grown to a significant level from almost nothing. As a consequence of these changes, the 
“carbon footprint” of ADB’s operations has fallen substantially, and the GHG mitigation per unit of 
investment has increased dramatically. In this and other ways, ADB’s portfolio is becoming more 
sustainable from an environmental perspective. 
 
196. A first question is what this shift to a more environmentally sustainable portfolio implies for the 
performance of projects in terms of their success and institutional/financial sustainability. No evidence 
has yet been found that ADB’s shift to a more environmentally sustainable energy portfolio is having a 
negative impact on the overall institutional/financial sustainability of projects or their success rate—
though this conclusion is necessarily preliminary because very few projects approved since the shift 
began have been evaluated. Overall, the risks that have been most important in the past are likely to 
remain prominent, though there will be some changes due to the evolution of the region and the 
characteristics of some newer categories of projects, such as end-use EE. 
 
197. There are doubts about the optimism of some evaluations of past projects in countries where 
inadequate average tariffs and high unmetered consumption imply chronic lack of revenue for system 
expansion and maintenance. Reducing these subsidies to consumers is politically difficult and can only 
be done gradually. However, in some countries there has been progress in this area, and ADB’s long-
term engagement with the country may well have contributed to it.69 
 
198. This point to the fact that the most important basis for the success and sustainability of ADB’s 
energy portfolio has been and will be the financial health of the energy sector and the buy-in of 
governments and businesses to the projects ADB is financing.  
 
199. Looking to the future, this buy-in will be conditioned by the balance struck between 
environmental sustainability and other strategic imperatives facing the region, especially 

i. affordable access to energy, both for the economy in general and for segments of the 
population without access to modern forms of energy; and 

ii. adequacy and reliability of energy supply (energy security). 
 

200. The tripartite nature of the energy challenge calls for a careful balancing act to avoid 
unsatisfactory trade-offs between these objectives, which may defeat the Asian quest for energy 
security. Without a paradigm shift in current energy supply and use, Asia will struggle to deliver the 
inclusive growth needed to lift millions of its citizens out of poverty. Evidently, the appropriate balance 
will vary from country to country, given the wide disparities in resource endowments, income, etc. 

69  Unfortunately, ADB does not appear to keep track of the evolution over time of these indicators in countries where there are 
chronic shortfalls in revenue, so it is not possible to be at all precise about the degree of improvement. 
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201. Yet while there are tensions between environmental sustainability and the objectives of 
adequate, reliable, and affordable energy supply, they do not necessarily amount to a sharp trade-off 
between the objectives. Indeed, there can be many points of convergence between these objectives if 
strategies are adequately defined. Examples discussed earlier include:  

i. The increased use of RE for power generation should diminish the need for fuels 
imported from outside the region. At the same time, the development of some RE 
sources (especially hydro and wind) reinforces the existing ADB policy of encouraging 
the integration of regional energy infrastructure—which has diverse benefits for both 
energy affordability and reliability.  

ii. Improvements in EE are usually considerably less expensive than the equivalent 
expansion of supply, even if allowance is made for rebound effects (see paragraph 
125). They thus contribute not only to environmental sustainability but also to energy 
affordability and adequate supply.   

iii. Distributed generation, which includes both RE and efficient fossil fuel plants (e.g., 
combined heat and power—CHP), can contribute both to energy affordability and 
security. It is in turn closely linked to the deployment of the smart grid, which can make 
diverse contributions to system reliability and reduce system costs. Together, they are 
likely to be a prominent part of the adaptation to climate change—another growing 
concern for the ADB and the countries of developing Asia —as well as to mitigation. 

 
202. The preparation of projects is necessarily a dialogue among ADB and the government and other 
stakeholders in each country. In addition, only a relatively small share of the region’s huge investment 
in energy infrastructure is financed by ADB. Clearly ADB should target initiatives where it can add most 
value in a given country, given its competencies and strategic objectives, as well as its history of 
interaction in that country. 
 
203. As already observed in Chapter 4 of the AER, the tendency is for GHG emissions from energy 
use in developing Asia to continue to increase in the coming years. Many factors contribute to this 
trend: (i) even if the share of coal-fired generation falls, the installed capacity will increase. (ii) Natural 
gas will increase its share, especially if non-conventional resources can be tapped. Some of this 
expansion will substitute for coal, but while natural gas has lower emissions than coal, they are still 
substantial. (iii) Even if renewable energy technologies expand quickly, they start from a very small 
base, while issues of affordability and reliability (integration in the operation of the grid) can limit their 
rate of expansion. (iv) Increasing energy efficiency has the advantage of being a low cost and low 
carbon way to increase the supply of energy services, but projects are difficult to implement (most 
agents are low on the “learning curve”) and many governments do not yet give this approach much 
priority. 
 
204. Nevertheless, while GHG emissions will increase, the ADB can still have an impact on how fast 
they increase and influence the pace of a transition to energy systems with a structurally lower carbon 
impact. This will require a sustained commitment and a constant effort to identify areas where there is 
real potential (be they with fossil fuels or renewable energy) and where the ADB brings specific 
competences or comparative advantages which can leverage the limited financing that it can provide 
relative to the immense investments in the energy sector. Many of these areas may be difficult for 
implementing projects (examples are demand-side energy efficiency or recovering coal bed methane), 
but that may be precisely where ADB can add most value, if there really is a significant potential to be 
tapped 
 
205. The identification of areas for action is an iterative process, involving both planning and 
evaluation of past experience. On the planning side, the modeling of economic and energy alternatives 
can provide useful insights for developing strategies. This kind of modeling requires considerable effort 
to build from scratch. However, ADB has platforms at hand (such as those used in the preparation of 
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the Asian Development Outlook 2013) that can facilitate the preparation of scenarios to compare the 
economic, energy, and environmental impacts. This kind of analysis should be continued and refined to 
better capture the longer term strategic challenges. It may facilitate identifying lines of action with the 
host countries. 
 
206. Pricing of environmental externalities is very deficient today, both for project appraisal and 
longer term analysis. GHG emissions are the only externality that is regularly priced and that has been 
done in a haphazard way. ADB should seek to define the “social price” of the most prominent 
pollutants (or a range of prices, given the uncertainties involved) as a guideline for the economic 
analysis of projects. Ideally, this effort should be harmonized with other MDBs and with countries in 
the region.   
 
207. Also, more attention needs to be paid in economic analyses to the subsidies, implicit or explicit, 
in the energy prices used to calculate the benefits. These range from fossil fuel subsidies on the one 
hand to subsidized feed-in tariffs for RE sources on the other. In the case of RE projects in particular, it 
is probably necessary to change the approach taken to calculating the EIRR, as was discussed in 
paragraphs 139-144. As matters stand, it is not possible to judge objectively whether the shift in ADB’s 
portfolio towards a mix with much lower GHG emissions was economically justifiable (or, one might 
say, economically sustainable), even though almost all projects seem likely to pass their EIRR thresholds. 
We believe, overall, that the shift has been economically justifiable—but improved information would 
be needed to prove it. 
 
208. At a more mundane level, the quantification of the expected environmental impacts of specific 
projects—especially, but not only GHG emissions, is still deficient, though it has improved substantially 
in recent years. Interestingly, the errors identified have probably led to an underestimate, overall, of 
GHG mitigation impacts. Without a credible estimate of these project impacts it is not possible to have 
an accurate assessment of environmental performance. 
 
209. Another problem that hinders the adequate evaluation of projects from many perspectives (not 
just sustainability) is deficiencies in the system of project classification and the often haphazard way 
that the classification is applied to specific projects. Thus, one finds overlaps among categories such as 
Conventional Fuels (which includes everything from LNG regasification plants to gas distribution 
systems and coal-fired generation plants), Pipelines, and Energy Utility Services—a point discussed in 
paragraphs 82-83 (and in the notes to Table 10). Another key area of confusion discussed in the text 
are the categories Energy Efficiency and Conservation and Energy Utility Services, which would be more 
appropriately divided into demand-side EE and district heating (see paragraph 112 and notes to the 
Table 10). Clarifying the classification system would facilitate the future evaluation of projects. 
 
210. Finally, a general observation: Over the past several decades ADB has gradually moved from a 
role marked strongly by filling the financing gap for energy sector investments to playing a more active 
role in transforming markets. The transformation emphasis in the 1990s and early 2000s was on 
structural reforms in the energy sector (e.g., liberalizing markets, more private sector participation). 
More recently a new ingredient has been added—climate change and/or clean energy. Of course, some 
projects have a stronger element of market transformation than others. 
 
211. Evaluating the impact of a project on market transformation is inherently much more complex 
than evaluating whether a project succeeded in narrower terms. This is because market transformation 
means changing a set of practices among the target agents. For example, market transformation in 
end-use EE (where the concept is most often applied) means that people or businesses start investing, 
as a normal practice, in some kinds of equipment that were previously exotic, or use new business 
models to make that investment. It means that you have to look at what agents are doing outside of 
the project and how the project may have contributed to that change. It may often be almost 
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impossible to judge the transformative impact of a single project (especially in a timely manner), so this 
kind of evaluation may be most appropriate at the level of the evaluation of the country strategy. 
 
212. The question is asked; could the ADB have done more to transform the market (particularly 
regarding climate change)? Such “what if” questions are hard to answer, especially since ADB’s 
portfolio is an outcome not only of initiatives from within ADB, but also of negotiations with the 
countries. It necessarily must take account of their priorities. With the wisdom of hindsight one can 
probably find areas where a more effective approach could have been taken—but what that alternative 
approach could realistically have been will likely be a matter of subjective judgment in many cases.  
 
213. What we can say is that ADB should in all likelihood be able to do more in the future and 
should prepare itself to do this. Part of the preparation is learning from experience—rigorously 
evaluating past projects (especially electricity generation, RE, and end-use EE projects), adding the 
perspective of market transformation. Another element is to sharpen the strategic focus—the macro 
modeling exercises and suggestions for upcoming agenda items discussed above are examples. This 
work may facilitate the identification of appropriate lines of action together with the host countries. 
Finally, as also suggested above, improved accounting of GHG emissions, as well as more systematic 
accounting of environmental externalities and energy subsidies in the economic analyses, will provide a 
sounder basis for project appraisal. 
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