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Abstract 
Energy efficiency is often seen as a tool for reducing energy consumption and generating cost savings 
rather than for producing additional goods or improving the level of services, such as increasing a 
company’s manufacturing output or increasing quantity, quality, and continuity of water supply. This 
research report discusses the importance of recognizing such benefits from energy efficiency in low and 
middle-income countries, which are characterized by unmet demand for essential goods or services and 
higher economic growth rates. It further discusses how the additional utility resulting from the so-called 
“rebound effect” can be valued as economic benefit. Based on a review of literature and of guidance 
material for economic analysis in multilateral development banks and a review of a sample of economic 
analyses of World Bank energy efficiency projects, the authors suggest an extension of current World 
Bank guidelines for economic analysis to better describe how an improvement in the level of goods or 
service provision resulting from energy efficiency measures can be quantified. The research report 
presents an example of an economic analysis for a brownfield project, in which existing air-conditioning 
units are replaced by more efficient ones, and for a greenfield project, in which new air-conditioning 
units are installed in yet unconditioned space. 
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1 Introduction 
Many economic actors, particularly in developing countries, under-invest in demand-side energy 
efficiency (EE) despite its primary role in low-carbon transition scenarios (IEA, 2018, pp. 25-26), the 
multiple benefits of EE (IEA, 2019), and the typically high economic rates of return (see Section 2.3). 
According to the Regulatory Indicators for Sustainable Energy (RISE), a set of indicators to help compare 
national policy and regulatory frameworks for sustainable energy, low-income countries are particularly 
lagging behind in terms of EE regulations (World Bank, 2020).  

Besides a range of well-known barriers to implementing EE (see Table 1), a key part of the lack of appeal 
in developing countries is that EE is often seen as a tool for reducing energy consumption and 
generating cost savings rather than for producing additional goods or improving the level of services 
that developing countries need to raise the standards of living of their populations. For example, EE 
measures can help expand a city’s water supply system with improved quality, quantity, and reliability of 
supply; more efficient space-conditioning can improve attendance and learning in schools; energy- 
efficient manufacturing equipment and processes can increase a company’s manufacturing output while 
keeping energy costs down. Although valuation of these benefits may present challenges, a framework 
for economic analysis should recognize them to strengthen the rationale and narrative for EE 
investments that increase supply of goods and services.  

Table 1. Barriers to implementing EE  
Barrier Description 
Policy and 
regulatory issues 

Low energy pricing, lack of codes or standards, failure to enforce codes and standards 
where they do exist, import duties on efficient equipment, and weaknesses within 
relevant institutions. 

High project 
development and 
transaction costs 

High transaction cost involved in conducting energy audits and measurement and 
verification, comparing alternative technologies, and making what are often small and 
dispersed project investments. 

Lack of awareness 
and information 

Lack of credible energy consumption data, information on EE potential and 
opportunities, and evaluations of EE programs and their costs/impacts. 

Poor incentives  For example, the entities making capital investment decisions are not the same as those 
that pay the energy bills and would benefit from EE, or they have competing priorities, 
or expect to see assured returns in a relatively short time frame. 

Behavioral inertia Reluctance to do things differently, try new approaches, or take action in the face of 
perceived risk. This may be strengthened where consumers are not charged cost-
reflective energy tariffs. 

High upfront cost High upfront cost of EE measures and lack of access to financing. 
Source: World Bank (2016; 2018) 

The purpose of this research report is to answer the question: “How should we frame the economic 
analysis for EE projects in developing countries, where an increase in goods or service delivery is a 
principal contributor to development?” Building on a review of literature and current approaches used 
by multilateral development banks (MDBs), the research report extends the guidance for economic 
analysis of EE projects at the World Bank to describe how such analysis can be carried out for EE projects 
that aim to improve the level of goods or services provided. Thus, the target group of the report is MDBs 
and government staff that work on EE in developing countries and economic analysis of EE projects. 
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2 Review of literature and recent practice 
The research effort included a review of literature and guidance material for economic analysis in MDBs 
(Annex A includes a list of literature reviewed), a consultation process with international EE experts 
(including MDBs, academia, think tanks, and nongovernmental organizations), and a review of a sample 
of economic analyses of World Bank EE projects. The main objective of the review and consultation 
process was to determine the extent to which literature identifies a different role for EE in developing 
countries than in developed ones, how economic analyses for EE investments in developing countries 
are currently being carried out, and how other benefits that go beyond energy savings are reflected in 
the economic analysis. The main findings of this effort are discussed in the following sections.  

2.1 Energy efficiency as a tool for generating energy savings 
Much of the discourse on EE has primarily centered around generating energy savings and the 
associated greenhouse gas (GHG) emission reductions as key drivers for EE policies and national goals 
(European Commission, 2019; Belzer, Bender, & Cort, 2017; Wei & Liao, 2016; IEA, 2019). These benefits 
have resonated well with many developed countries where living standards are high and the demand for 
essential services such as electricity for appliances and lighting, water supply and sanitation, space 
heating or cooling, etc., is met for most of the population. The focus on energy savings is reflected in the 
approaches used by MDBs and other international organizations to evaluate EE projects. According to 
guidance/technical notes and publications on evaluating EE projects1, the main economic benefits of EE 
projects are related to the economic cost of the energy saved and associated GHG emission reductions. 
Although there is recognition that other economic benefits can be substantial in some cases, the 
guidance documents usually note that these are difficult to quantify.  

Given this focus on energy savings, the rebound effect (or take-back effect), which is the reduction in 
expected energy savings from EE measures because of behavioral responses (Sorrell, 2007; Borenstein, 
2014; Figus, Turner, McGregor, & Katris, 2017; Gillingham, Rapson, & Wagner, 2015; Barker & Foxon, 
2008; Zhou, Liu, Feng, Liu, & Lu, 2018), has a negative connotation and is often believed to reduce the 
economic benefits of an EE measure. For example, improved fuel efficiency in cars can lead to an 
increase in road travel as the cost of each kilometer drops, or improved lighting efficiency in households 
can reduce the incentive to switch off lights in empty rooms. The total rebound effect has two 
components: (i) the direct rebound effect—the increase in consumption of a good or service caused by 
the lower cost of that good or service; and (ii) the indirect rebound effect—the increase in consumption 
of goods or services, other than the one for which costs have decreased, with the money saved. In the 
case of replacing residential lights with more energy-efficient ones, the direct effect would be the 
increase in the hours that lights are kept on due to the lower cost of their operation2 and the indirect 
effect could be an increase in the operating hours of residential fans due to savings from operating 
lights.  

 
1 For e.g., the World Bank (World Bank, 2017, p. 37-39), Inter-American Development Bank (Inter-American Development Bank, 2017), 
European Investment Bank (European Investment Bank, 2013), European Commission (European Commission, 2014), U.S. National Renewable 
Energy Laboratory (Li, Haeri, & Reynolds, 2018), and the UK Government (UK Government, 2018, p. 69). 
 
2 Note that systems for energy management in nonresidential sectors would limit rebound effects of this nature. For example, lighting in public 
buildings would be limited to working hours or may even be scheduled to turn off automatically. 
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The reduction in expected energy savings due to the rebound effect is often seen to lower the 
associated GHG emission reductions, diminishing climate change benefits. This concern is particularly 
relevant for EE projects funded by climate funds. However, the increase in consumption due to the 
rebound effect can provide economic benefits as it creates additional utility to the user and, more 
broadly, to the economy (IEA, 2014, p. 23; Ryan & Campbell, 2014, p. 18; de la Rue du Can, McNeil, & 
Leventis, 2015; van den Bergh, 2011). A literature review carried out by Economic Consulting Associates 
(2014), which reviewed 163 academic papers and other published studies containing 241 different 
reported estimates of the magnitude of rebound effects, summarized ranges of rebound effects for 
different sectors and country groups (Table 2). The rebound effect tends to be larger in low- or middle-
income countries than in high-income countries, particularly in the residential sector, mostly because of 
the unmet demand for energy-consuming services and higher economic growth rates in low- and 
middle-income countries. The existence of the direct rebound effect is largely accepted in literature; 
however, there is much greater controversy over the indirect rebound effect and its magnitude. In some 
cases, the rebound effect could even exceed 100 percent, wiping out any energy savings (but generating 
other benefits).  

Table 2. Ranges of the rebound effect  

 
Source: Economic Consulting Associates (2014) 

While there is some recognition that the rebound effect results in additional utility,  reviewed guidance 
notes on evaluating EE projects often simply state that the additional utility is difficult to quantify (World 
Bank, 2017, p. 146; European Investment Bank, 2013, p. 125). A few guidance notes, e.g., UK 
Government (2019), note that the direct rebound effect should be valued since there is a directly related 
welfare benefit. According to this guideline, the direct rebound effect should be valued at the retail 
price of the energy as this captures the gain in welfare (the retail price acts as a proxy for the 
consumer’s willingness-to-pay, [WTP]). It is not essential to value the indirect rebound effects as this 
requires an analysis of changes in disposable income and expenditure that is disproportionate in most 
appraisals.  

2.2 Energy efficiency for more goods and services 
While the discussion in developed countries focuses on energy savings and the rebound effect, many 
low- and middle-income countries are looking to increase their energy supply to meet their increasing 
energy demand, even as the energy intensity of their economies declines. Across the developing world, 
energy consumption has nearly doubled since 2000 and is projected to increase by another 40 percent 
through 2030 (Benoit, 2019). Implementing EE measures would limit the increase in energy 
consumption as these economies grow and make progress toward the SDGs. However, while EE is being 
supported in developing countries, they still under-invest in demand-side EE, lag behind in terms of EE 
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regulations (World Bank, 2020), and do not implement many economically viable EE investments (IEA, 
2019). 

Although the majority of available literature on EE focuses on energy savings, there have been efforts in 
recent years to better recognize the multiple benefits of EE, including benefits outside of the energy 
sector (IEA, 2014; World Bank, 2017). These include, but are not limited to health benefits, improved 
comfort levels, increased property values, increased competitiveness of businesses and industry, job 
creation, and GDP growth (see Figure 1 and Table 3), which contribute to progress toward various SDGs. 

Figure 1. The multiple benefits of EE  

 
Source: IEA (2014) 
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Table 3. Most commonly cited multiple benefits of EE  
Benefits Indicators Methods 
Energy savings Unit of energy saved in kWh or monetary value Measurement 
O&M cost reductions Replacement and inspection rate of equipment 

and monetary value 
Measurement 

Health impacts Hospitalization and mortality rates, medical costs Measurement 
Labor productivity Days off work, days off school Measurement 
Comfort Indoor temperature, humidity level, and 

monetary value 
Survey of willingness to 
pay or comparison 

Energy access Energy services provided (lumen-hours in the case 
of lighting, useful energy in the case of heating or 
cooling) 

Measurement 

Water savings Quantity of water saved (liters) and monetary 
value 

Measurement 

Property values Monetary value Measurement 
Safety Number of accidents prevented Measurement 
Competitiveness Market share, cost per unit of output, energy 

intensity 
Measurement 

Avoided capacity Avoided capacity (kW) and saved monetary value Power sector modeling 
Avoided transmission & 
distribution 

Avoided kWh losses and saved monetary value Power sector modeling 

Avoided peak load Avoided peak capacity (kW) and saved monetary 
value 

Power sector modeling 

Reduced credit and collection 
costs 

Saved monetary value Measurement 

Increased reliability Value added ($) produced, number of avoided 
power outages 

Modeling and 
measurement 

Energy security Avoided energy imports (terajoules, etc.) and 
saved monetary value 

Modeling 

Public budget savings Saved monetary value Measurement 
Avoided energy subsidy Saved monetary value Modeling 
Indirect public budget Saved monetary value Modeling 
GHG emissions Ton of CO2 equivalent and saved monetary value 

of avoided damages 
Measurement and 
emissions factors 

Pollutant emissions Ton of pollutants reduced and saved monetary 
value of avoided damages 

Measurement and 
concentration 
modeling 

Ozone depleting substance Ton of ozone depleting potential and saved 
monetary value of avoided damages 

Measurement and 
emissions factors 

GDP growth Monetary value Macroeconomic 
modeling 

Job creation Net number of jobs created Macroeconomic 
modeling 

Energy price $/kWh reduction Macroeconomic 
modeling 

Energy poverty Number of households Survey 
Source: World Bank (2017) 

 

While it is relatively straightforward to estimate the economic benefit of energy savings (typically valued 
at the avoided cost of energy generated and distributed to the consumer), it is often a challenge to 
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measure the economic benefits of these multiple benefits. A study, carried out as part of a Horizon 2020 
research project “Calculating and Operationalizing the Multiple Benefits for Energy Efficiency in Europe”, 
concluded that including multiple impacts in evaluating low-carbon energy options and policies 
significantly increases the economic benefits, but is a complex task that lacks appropriately elaborated 
methodologies. A review of selected social cost-benefit analysis case studies attempting a full coverage 
of co-benefits in the buildings and industry sectors found that co-benefits and nonclimate benefits were 
between 53 percent and 350 percent of direct benefits in Net Present Value (NPV) calculations (Ürge-
Vorsatz, et al., 2016). Many of the multiple benefits of EE contribute to economic growth in both 
developed countries (World Bank, 2017; ECONorthwest, 2016; ECONothwest, 2016; CADMUS, 2015; 
Belzer, Bender, & Cort, 2017; Malone, et al., 2014; Ryan & Campbell, 2014; Vivid Economics, 2013) and 
developing countries (TERI, 2018; United Nations Environment Programme, 2017; Cantore, Calì, & 
Velde, 2016; Cantore, 2011; Farrell & Remes, 2009). In addition, EE also provides poverty alleviation 
benefits at the household level, even in advanced economies. For example, EE programs for lower-
income households in the United States were found to promote economic growth for these households 
through creating jobs, lowering energy bills, keeping money in the local economy, and providing other 
social benefits (Oppenheim, 2015).  

The recognition of the multiple benefits of EE is a step toward more comprehensively capturing the 
economic benefits of EE measures. However, the point being made in this paper is that the economic 
benefits of additional outputs–goods and services–that an energy intensive process can produce 
through EE investments  are not fully recognized. As described earlier, in high-income countries, where 
livings standards are high, demand for essential energy-consuming services is met for most of the 
population, and economic growth rates are moderate, energy savings represent a significant share of 
the economic benefit from EE measures. In low- and middle-income countries, which are characterized 
by unmet demand for essential goods or services and higher economic growth rates, the relative 
importance of benefits from EE measures shifts from energy savings toward provision of more goods 
and better services to the population. 

2.3 Review of a sample of economic analyses from World Bank projects 
A sample of economic analyses from 26 World Bank projects that included EE components (approved 
between 2016 and 2019) was reviewed. The objective of the review was to identify what economic 
benefits, besides energy savings, were quantified in EE projects. Fifteen projects were led by the Energy 
Practice; five by the Social, Urban, Rural, & Resilience Practice; two by the Water Practice; and one each 
by the Agriculture, Education, Environment & Natural Resources, and Transport Practices. The projects 
led by the Energy Agriculture, and Environment & Natural Resources Practices had project objectives 
that focused on increasing EE, reducing energy consumption, and/or reducing GHG emissions. Most (9 
out of 11) projects led by Practices other than Energy had project objectives related to the Practice’s 
sector (but included EE components). 

The economic analysis of all 15 projects led by the Energy Practice and the two projects led by the 
Agriculture and Environment & Natural Resources Practices respectively, quantified the benefits from 
energy savings and/or associated GHG emission reductions. One project also quantified benefits outside 
the energy sector (local health benefit approximated by the avoided damages of fossil fuel generation 
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on human health). The nine projects that had objectives unrelated to the energy sector quantified 
benefits such as improved road safety, avoided public and private costs of flood damage, or reduced 
pollution from sewage discharge. In most of these projects (6 out of 9), the economic analysis also 
quantified the benefits from energy savings; the economic analysis in the remaining three projects did 
not mention benefits from EE. 

In projects that included EE retrofits of public buildings, the improvement in comfort levels in the 
buildings (improved indoor temperatures, improved lighting conditions) was typically captured through 
quantifying energy savings compared to an adjusted baseline energy consumption, as described in the 
“Guidance Note on Measurement and Verification for World Bank Energy Efficiency Projects” (World 
Bank, 2020). This concept should be applied in the case of suppressed demand—a situation where the 
energy services provided are insufficient due to poverty or lack of access to modern energy 
infrastructure. For example, buildings may have substantially lower than normal energy use baselines 
due to inadequate energy services such as underheating in schools, missing or broken equipment, lack 
of cooling, or a lack of affordability to fully operate existing equipment at their capacities. If building EE 
retrofit projects result in higher quality of services and improved comfort levels, the energy savings are 
determined by comparing the post-project energy consumption with an adjusted baseline energy 
consumption, which is the amount of energy that would have been consumed in the absence of the 
intervention to produce the same level of service. It is important to note that this approach requires the 
presumption of adequate service levels which, in the case of building retrofits, can be determined using 
standards for thermal comfort and indoor lighting. 

In addition to the quantified economic benefits, the description of the project rationale and economic 
analysis of the 15 projects led by the Energy Practice described other economic benefits that were not 
quantified, e.g., increased energy security, increased competitiveness, economic growth, improved 
health and air quality, enhanced disaster resilience, improved municipal services, improved safety, job 
creation, and improved building conditions and real estate value. One of the reasons these additional 
benefits were not quantified was that the economic returns of the projects, based on quantifying energy 
savings, were sufficiently high to justify the investments. 

A key indicator used for the economic cost-benefit evaluation of World Bank investments is the 
Economic Internal Rate of Return (EIRR). Investments are considered economically viable if the EIRR is 
higher than the social discount rate3. The ranges for EIRRs of 22 projects in the sample4 are presented in 
Figure 2. All presented EIRRs have been calculated using the shadow price of carbon as described in the 
“Guidance Note on Shadow Price of Carbon in Economic Analysis” (World Bank, 2017). In many cases, 
the economic analysis for a single project results in multiple EIRRs calculated for different project 
components or for a sample of representative investments. Therefore, ranges of EIRRs are presented for 
most projects from (i) the lowest EIRR within a project to (ii) the highest EIRR within a project. Most of 
the projects’ EIRRs are relatively high, with a simple average of 18 percent for the lowest EIRRs within 

 
3 The social discount rate for World Bank projects is based on the Ramsey formula: r=β+ε*σ where the pure rate of time preference β=0, the 
elasticity of marginal utility of consumption ε=2, and the expected growth rate of per capita consumption σ is based on the per capita GDP 
growth. 
4 For 22 out of the 26 projects, the economic analyses provided EIRRs. For the remaining 4 projects, other measures of the cost-benefit were 
used.  
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projects. For projects in the Energy Practice, the EIRRs in the sample were higher, with a simple average 
of 20 percent for the lowest EIRRs within projects. These EIRRs usually exceed the social discount rates 
for developing countries.  

Figure 2. Ranges of EIRRs of 22 World Bank lending operations that include EE components 

 
Source: World Bank data 

 

2.4 Shortcomings of the “traditional” economic analysis 
Although most existing guidance and frameworks for economic analysis of EE projects focus on the 
economic benefits from energy savings and associated GHG emission reductions, they can, to some 
extent, capture the economic benefits from an improvement in service levels or increase in production 
through an EE measure if the concept of adjusting the baseline energy consumption is applied (as 
described in Section 2.3). For example, if a building is significantly underheated prior to an EE retrofit, 
and after the EE retrofit the indoor temperature norms are met, it is possible that the energy 
consumption does not decrease due to the retrofit. In this case, a key benefit of the EE retrofit would be 
an increase in the indoor temperature rather than absolute energy savings. The existing guidance for 
economic analysis approximates the benefit of increased indoor temperature by quantifying energy 
savings compared to the adjusted baseline energy consumption (i.e., the amount of energy that would 
have been consumed in the absence of the EE retrofit to deliver indoor temperatures according to the 
norm). Similarly, in a Small and Medium Enterprise (SME) EE project, in which existing SME equipment is 
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replaced by more energy-efficient equipment with higher production capacity, the energy consumption 
may not decrease after the equipment replacement due to the increase in production. In this case, a key 
benefit of the EE project would be an increase in production rather than absolute energy savings. As in 
the building retrofit example, the benefit of increased production could be captured through quantifying 
energy savings compared to the adjusted baseline energy consumption (i.e., the amount of energy that 
would have been consumed in the absence of the EE project to meet the post-project production). In 
both examples, the energy consumption in absolute terms may increase after the EE investment, but the 
specific energy consumption (i.e., the energy consumption to provide a specific indoor temperature or 
to manufacture a product unit) would decrease.  

If the benefits of an EE project shift from generating absolute energy savings toward improving the level 
of goods or services provided, one may argue that the focus of the project objective and the economic 
analysis should also shift in a similar manner. In the case of the SME EE project, for example, presenting 
energy savings (calculated compared to the adjusted baseline energy consumption) can create 
confusion if, in fact, the absolute energy consumption increases as a result of the EE project, and may 
not be aligned with the project beneficiary’s objective of increasing production output while limiting an 
increase in energy consumption. Instead of focusing on the energy savings, the project development 
objective could include growth of SMEs. Benefits such as an increase in SME revenue or net fulltime 
equivalent jobs created could be quantified in the economic analysis. This issue becomes more obvious 
in greenfield EE projects (i.e., projects that provide additional goods or services through the addition of 
new rather than replacement of existing energy end-use infrastructure or equipment), Greenfield EE 
projects aim to provide these additional goods or services in a more energy-efficient manner rather than 
in a Business-as-usual (BAU) scenario, but certainly increase the energy consumption compared to the 
status quo. A consultation process with various stakeholders5, including institutions from developing 
countries, international organizations, and academia, revealed interest for a stronger narrative on the 
role of EE in providing additional goods or services supported by expanded project economic analysis 
guidance. 

3 Suggested framework for economic analysis of energy efficiency 
projects 

3.1 Overview 
For the purpose of this framework, EE projects are broadly defined as projects that decrease the 
“specific” energy consumption (energy input/unit of output) for the provision of goods or services 
compared to BAU. In certain cases, EE projects aim at improving the level of goods or services provided, 
i.e., the output for which energy is being consumed as an input. Absolute energy consumption may or 
may not decrease, but specific energy consumption will decrease. This framework describes how the 
economic analysis can be carried out for these types of projects. It also addresses greenfield EE projects 

 
5 Stakeholder consultations were carried out with the United Nations Environment Program (UNEP); Energy Research Institute (TERI); former 
Chilean Energy Ministry Official, past president and current member of the International Association of Energy Economists (IAEE); Inter-
American Development Bank (IDB); Asian Infrastructure Investment Bank (AIIB); US State Department, Regulatory Assistance Project (RAP); 
Agence Française de Développement (AFD); Alliance to Save Energy (ASE); Economic and Human Dimensions Research Associates, and Energy 
Efficiency for Industrial Processes (EEIP). 
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and discusses implications of the rebound effect. This framework does not propose a new methodology, 
but rather illustrates how economic benefits and costs shift for different types of EE project categories.  

3.2 Project categories 
This framework covers four categories of projects. Three project categories involve measures to improve 
demand-side EE (ratio between output of goods or services and energy consumed), while the supply- 
side project involves measures to improve efficiency in the production and delivery of energy to 
consumers. Table 4 and the following section describe the changes resulting from these project 
categories compared to status quo in terms of (a) level of goods or services provided, (b) absolute final 
energy consumption, and (c) specific energy consumption for goods or services provided. 

Table 4. Project categories 

Project category Changes compared to status quo 

(a) Level of goods or 
services provided 
(unit of output)  

(b) Absolute final 
energy consumption 
(energy input) 

(c) Specific energy 
consumption for 
goods or services 
provided (energy 
input/unit of 
output) 

De
m

an
d 

si
de

 E
E 

1) Brownfield EE project: 
Reduce energy consumption 

 
 

 

2) Brownfield EE project: 
Increase goods or services 

  

 

3) Greenfield EE project 
 

 

Not defined 

 4) Supply side EE project 
  

Not defined 

 

Source: Authors 

 

3.2.1 Brownfield energy efficiency project: Reduce energy consumption (Category 1) 
These projects aim to reduce energy consumption; they do not aim to change the level of goods or 
services provided. Both absolute energy consumption and specific energy consumption are expected to 
be reduced. An example of a project in this category is an investment to replace inefficient light bulbs in 
residential homes with more efficient light bulbs to provide the same level of service (the light output of 
the existing, inefficient light bulbs is equal to that of the new, efficient bulbs and the hours of operation 
of the lights are assumed to remain the same) with lower energy consumption (the new, efficient bulbs 
consume less energy). However, in some cases, the achieved reduction in absolute energy consumption 

Increase Decrease No change 
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could be lower than predicted due to the rebound effect (see Section 3.3.4). Guidance for the economic 
analysis of such projects can be found in Annex 2 of the “Power Sector Investment Projects: Guidelines 
for Economic Analysis” (World Bank, 2017).  

3.2.2 Brownfield energy efficiency project: Increase goods or services (Category 2) 
These projects aim to reduce the specific energy consumption while improving the level of goods or 
services provided. For example, in an industrial EE project, the beneficiaries’ objectives could include 
increasing industrial production or improving the quality of produced goods through replacement of 
existing equipment by new and more energy-efficient equipment. (Note that there could be other 
benefits not directly linked to increasing the level of goods or services provided such as reduced 
maintenance cost or increased operating life of equipment.) Another example is a project in which 
buildings are retrofitted to improve their EE (e.g., upgrade of heating, cooling and ventilation systems; 
lighting; insulation; windows) and comfort levels (e.g., improve indoor temperature if there is 
underheating or undercooling). In both project examples, the increase in industrial production or the 
improvement of comfort levels reduces the absolute energy savings (i.e., energy savings versus the 
actual pre-project energy consumption baseline) but provides important economic benefits. Since the 
increase in energy consumption for the provision of more goods or services could reduce the energy 
savings brought about by the increased EE, absolute energy consumption may (i) decrease, (ii) remain 
the same, or (iii) increase compared to status quo. In any case, the level of specific energy consumption 
would be reduced.  

3.2.3 Greenfield energy efficiency project (Category 3) 
These projects aim to provide additional goods or services through the addition of new rather than 
replacement of existing energy end-use infrastructure or equipment. This includes, for example, 
installing streetlighting where there is none, installing air conditioners (ACs) in uncooled public buildings, 
expanding water supply services, or constructing new buildings with heating, cooling, lighting, etc. The 
level of goods or services provided and the absolute energy consumption will certainly increase as a 
result of the project. Since greenfield projects add new infrastructure or equipment, a specific energy 
consumption in the status quo cannot be defined. However, the objective of a greenfield EE project is to 
provide additional goods or services in a more energy-efficient manner than in a BAU scenario (see 
Section 3.3.2).  

3.2.4 Supply-side energy efficiency project (Category 4) 
Supply-side EE projects involve measures to improve the efficiency in the production and delivery of 
energy to consumers, e.g., improving efficiency of electricity generation by upgrading gas turbines to 
combined cycle, or reducing technical losses in electricity transmission or distribution. These projects 
typically result in more energy delivered to consumers and, therefore, the level of services or goods 
provided and the absolute final energy consumption are expected to increase. In contrast to demand-
side EE projects, a supply-side EE project is usually not directly linked to a specific provision of goods or 
services (such as the provision of water supply or street lighting). Therefore, a definition for specific 
energy consumption cannot be provided. Guidance for the economic analysis of such projects can be 
found in Annex 3 of the “Power Sector Investment Projects: Guidelines for Economic Analysis” (World 
Bank, 2017).  
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3.3 Approaches for economic analyses of energy efficiency investments 
As with all project economic analysis, the project counterfactual needs to be clearly established. Typical 
counterfactuals for EE projects are: 

(i) Status quo counterfactual, in which there is no change in level of goods or services provided. 
Note that maintaining the status quo might entail capital expenditures (e.g., to replace 
infrastructure or equipment at the end of its useful life). 

(ii) Alterative scenario counterfactual, in which the same level of goods or services is provided as 
under the project. 

A brownfield EE project that aims to reduce energy consumption (Category 1) would typically be 
evaluated against a status quo counterfactual. A brownfield EE project that improves the level of goods 
or services (Category 2) or a greenfield EE project can be evaluated against either a status quo or an 
alternative scenario counterfactual. The following sections illustrate the approach for an economic 
analysis using both counterfactuals with examples for different project categories. 

3.3.1 Status quo counterfactual 
For Category 2 (Brownfield EE project: Increase goods or services) and Category 3 (Greenfield EE project) 
projects, compared to status quo, there will be an increase in the level of goods or services provided by 
the project for which the value needs to be estimated. The economic analysis that follows is no different 
than that for other investment projects that lead to more goods and services versus the status quo, 
whether in the energy sector or other sectors (see Table 5).  
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Table 5. Approach for economic analysis using the status quo counterfactual 
Project category Category 2. Brownfield EE project: Increase 

goods or services 
Category 3. Greenfield EE project 

Project example Water supply project that improves service 
levels (e.g., increase the number of water 
supply service connections, increase hours of 
supply, improve water quality) and EE of water 
supply. Measures could include upgrade or 
extension of transmission mains, treatment 
plants, pumping stations, reservoirs, 
distribution network, etc.  

New installation of efficient 
streetlights in an unserved area. 

a) Estimate the value of 
the incremental goods 
or services provided by 
the project 

Avoided direct coping costs (lower coping costs 
for households caused by intermittent water 
supply, e.g., construction of household water 
tanks, purchase of water from vendors), 
avoided indirect coping costs (e.g., reduced 
sickness caused by poor water quality, reduced 
time and wage loss because households receive 
a private connection instead of relying on public 
taps), value of incremental water accessed due 
to increased hours of supply, etc. 

Improved safety, reduced traffic 
accidents, benefits from 
stimulating local commerce, etc. 

b) Estimate the value of 
the change in energy 
consumption and 
associated GHG 
emissions 

This involves a comparison between the energy 
consumption before (status quo) and after the 
project. The EE of water supply would be 
improved by, e.g., greater efficiency in pumping 
and a reduction of water losses, leading to a 
lower specific energy consumption (units of 
energy consumed per unit of water supplied). 
However, the improvement of service levels 
could require more energy. The net effect could 
be a reduction or an increase in absolute energy 
consumption. The change in GHG emissions 
would follow directly from the change in 
absolute energy consumption. 

Increased energy consumption 
and associated GHG emissions 
from new street lighting 
installations. 

c) Estimate other project 
economic costs and 
benefits 

Capital expenditures for water supply 
infrastructure and equipment, changes in O&M 
for the water supply system, other externalities, 
etc.  

Capital expenditures for 
installation of new streetlights, 
poles, controls and distribution 
lines; O&M cost for the new 
street lighting infrastructure; etc. 

Source: Authors 

 

3.3.2 Alternative scenario counterfactual 
The first step is to establish an alternative scenario that provides the same level of goods or services as 
the project. For a brownfield EE project, the alternative scenario could involve increasing the level of 
goods or services using the existing infrastructure or equipment, if its capacity can accommodate the 
increase. If the existing capacity is insufficient, or for greenfield EE projects, the alternative scenario 
involves constructing or installing new infrastructure or equipment assuming BAU EE. Feasible 
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assumptions should be made for BAU EE (also refer to World Bank, 2020, for guidance regarding 
establishing the BAU scenario), for example, assuming the existing infrastructure or equipment is used 
for its remaining useful life (if the existing equipment capacity can accommodate the increase) or 
equipment that is assumed to have been installed in the absence of the project (for an increase beyond 
the existing equipment capacity or for the time after its remaining useful life). Consequently, the key 
economic benefit is derived from energy savings and associated GHG emission reductions of the project 
compared to the alternative scenario (see Table 6). 

Table 6. Approach for economic analysis using the alternative scenario counterfactual 
Project category Category 2. Brownfield EE project: Increase 

goods or services 
Category 3. Greenfield EE project 

Project example Buildings retrofit project that improves the EE 
and comfort levels (increase of indoor 
temperature to norm temperature, typically 20 
to 22°C) of buildings. Measures could include 
upgrade of heating and ventilation systems, 
lighting, insulation, windows, etc. 

Installation of efficient ACs in 
public buildings which have no 
cooling. 

a) Establish an 
alternative scenario 
that provides the same 
level of goods or 
services as the project 

The indoor temperature in the buildings before 
the project was below the required norm 
temperature. In the alternative scenario, the 
buildings are not retrofitted and the indoor 
temperature is increased to norm temperature 
without any retrofit, resulting in an increase of 
heating fuel consumption. 

Under a BAU scenario, 
conventional ACs would be 
installed to provide the same 
level of cooling as the project. 

b) Estimate the value of 
the reduction in 
energy consumption 
and associated GHG 
emissions of the 
project versus the 
alternative scenario 

The project investments deliver the norm 
temperature levels with less heating fuel than 
the alternative scenario, resulting in energy 
savings and GHG emission reductions compared 
to the alternative scenario. 

The project investments deliver 
the desired cooling levels more 
efficiently than the alternative 
scenario, resulting in energy 
savings and GHG emission 
reductions compared to the 
alternative scenario. 

c) Estimate other 
economic benefits and 
costs versus the 
alternative scenario 

Capital expenditures for the building retrofits, 
increased O&M costs due to additional 
equipment, etc. Benefits may include a 
decrease in O&M cost due to lower 
maintenance need of new equipment 
compared to old equipment, etc. 

Incremental capital expenditures 
for more efficient ACs (compared 
to conventional ACs). 

Source: Authors 

 

3.3.3 Greenhouse gas accounting 
During the stakeholder consultations, concerns were raised about possible conflicts with climate-change 
objectives, because an increase in production of goods or provision of services was perceived to be 
accompanied by an increase in overall energy consumption and corresponding GHG emissions. The “IFI 
Approach to GHG Accounting for Energy Efficiency Projects” (International Financial Institutions 
Technical Working Group on Greenhouse Gas Accounting, 2019), deals with this issue by setting out a 
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common approach of accounting for net GHG emissions of EE projects. It allows for baseline emissions 
to be calculated based on a scenario that provides a similar level of service or output provided by the 
project. This concept is similar to the one of adjusting the baseline energy consumption as described in 
Section 2.3. It is recommended that GHG accounting for IFI corporate purposes follow this methodology 
whereas GHG emissions calculations for of the project economic analysis flow directly from the energy 
balances relative to the identified counterfactual.  

3.3.4 Addressing the rebound effect 
As described earlier, the rebound effect is usually defined as the reduction in expected energy savings 
from EE investments because of behavioral responses. Taken broadly, this definition would classify the 
reduced energy savings from any increase in goods or services as rebound. Clearly, a large increase in 
goods or services following an EE investment in developing countries reflects a situation of unmet 
demand for those goods or services, for which the value can be estimated using the methods illustrated 
above. It is often misunderstood that the rebound effect necessarily reduces the economic net benefit 
of an investment. Rather, the reduction of economic benefits of the rebound effect is confined to those 
associated with reduced energy savings. These energy savings are generally not lost but put to other 
beneficial uses creating other types of economic benefits. In the case of replacing residential lights with 
more efficient ones, the direct rebound effect would be the increase in the hours that lights are kept on 
due to the lower cost of their operation and the indirect rebound effect could be an increase in the 
operating hours of residential fans due to cost savings from operating lights. The economic benefit could 
be convenience from leaving the lights and fans on for longer periods. 

Oftentimes, one can make assumptions about the minimum value associated with the direct rebound 
effect that allow it to be calculated directly from the applied methodology. If rebound does not lead to 
the provision of additional project-valued goods or services, then it might still have value equal to that 
of the foregone energy savings. For example, if the beneficiary of the residential lighting project 
(Category 1) pays the electricity bill (no-principal-agent problem) and decides to keep lights on in an 
unoccupied room, one could argue (assuming rational behavior) that the reduced energy savings are 
valued by at least as much as the cost of energy to the beneficiary. If the rebound does lead to the 
provision of more project-valued goods or services then its value would be captured using the methods 
for Categories 2 and 3 projects described above: With the status quo counterfactual, the economic value 
of the rebound would be captured in the incremental goods or services provided by the project (Table 5, 
Step b); with the alternative scenario counterfactual, the economic value of the rebound would be 
captured in the reduction in energy consumption of the project versus the alternative scenario (Table 6, 
Step b).  

4 Application of the framework for economic analysis on a case study 
This section presents an example of an economic analysis to illustrate some of the previously discussed 
concepts. An economic analysis is carried out for a brownfield project, in which existing ACs are replaced 
by more efficient ones, and for a greenfield project, in which new ACs are installed in yet unconditioned 
space. The two project options are then compared in terms of economic returns. The example builds on 
an ESMAP-supported study to identify EE investment opportunities in public buildings in Ghana.  
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4.1 Context of the case study 
Globally, buildings are responsible for a large and increasing share of total energy consumption. There is 
a large potential for cost-effective efficiency improvements in many buildings. A focus on public 
buildings can provide a strong demonstration effect (“leading by example”), help build the market for EE 
services and equipment, and reduce energy bills to ease the financial burden on public sector budgets. 
The case study focuses on enabling investments to improve EE in existing public buildings in Ghana. In 
2015, the Ghana Energy Commission conducted audits in ministry buildings, finding that between ACs, 
lighting and refrigerators (the top three items in terms of energy-consuming types of equipment), 88 
percent of energy consumption was accounted for by air-conditioning. An audit of three ministry 
buildings with broader coverage of equipment found that specific energy consumption in the facilities 
was around 134 kWh/m2/year, around 70 percent of which was accounted for by air-conditioning.  

The EE of an AC is described in terms of the coefficient of performance (COP), which is the ratio between 
the amount of thermal energy that the AC transfers (i.e., the amount of cooling it provides) and the 
amount of electricity it consumes. For example, a unit with a COP of 3.5 would provide 3.5 kWh of 
cooling for every 1 kWh of electricity consumed. Current minimum energy performance standards 
(MEPS) in Ghana make it illegal to import or sell ACs with a COP below 2.8, while to qualify for a five-star 
rating, the COP must exceed 4.0. Several energy audits that have been conducted found different ranges 
of COPs for existing ACs. An energy audit conducted by the Accra Metropolitan Assembly (AMA) of its 
headquarters found the average COP for the ACs in use was about 2.53, which is lower than even the 
worst performing units permitted on the Ghanaian market. Walk-through audits of commercial and 
public buildings conducted by a consulting firm (Econoler GFA) found higher COP values for ACs, ranging 
from 2.6 for retail and commercial non-office buildings to 3.24 for office buildings. In the ministry 
buildings audited by the Ghana Energy Commission, the COP of existing ACs was not estimated, 
although it was observed that 58 percent were unlabeled and therefore presumably had a COP of lower 
than 2.8. 

4.2 Economic analysis 
While the underlying investment study for this case study evaluated comprehensive EE renovation of 
public buildings (building envelope measures, upgrade of lighting and air-conditioning systems), for 
presentational purposes, the economic analysis presented here considers only the installation of 
efficient air-conditioning units with a COP of 3.8. The economic analysis was conducted by calculating 
the discounted benefits and costs of a brownfield (retrofit) project, as envisioned by the investment 
study, as well as a greenfield project. The counterfactual for the brownfield project is a BAU scenario, in 
which the existing ACs with a COP of 2.5 continue to be in use until they are replaced by ACs meeting 
the MEPS with a COP of 2.8. The counterfactual for the greenfield investment is no investment such that 
the targeted buildings have no cooling. The project is considered economically viable if the EIRR exceeds 
the social discount rate. In accordance with World Bank guidance, a social discount rate twice the 
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expected real per capita growth rate is used. In Ghana, real per capita growth rates are assumed to be at 
3.1 percent over the next five years6, yielding a social discount rate of 6.2 percent.  

A comparison between brownfield and greenfield investments is made on the basis of a number of 
simplifying assumptions. First, space that is cooled in both cases is the same. Since costs and benefits 
are all defined per square meter of floor area, space is a numeraire in the model and scaling it up or 
down has no impact on the EIRR, it only  increases the NPV in direct proportion to the surface area 
considered. For this reason, the analysis is illustrated for a space of one square meter. Second, the 
thermal properties of the brownfield and greenfield buildings are the same, such that an equal amount 
of energy is required to achieve the same degree of cooling by the same AC. Third, the operation of the 
AC units is the same in both buildings, such that they are run for an equal amount of time at the same 
electricity costs. These assumptions could easily be relaxed to conform to realistic investment choices 
being considered but would not change the fundamentals of the concepts that are illustrated here. 

Based on the audits, a cooling requirement of 246 kWh/m2/year (837,339 BTU/m2/year) is needed to 
meet the desired ambient temperature. The AC units are mini-split systems with a cooling capacity of 
5.3 kW (18,000 BTU/hour or 1.5 tons). Existing ACs in the brownfield case have a COP of 2.5 and 
therefore use 97 kWh/m2/year of electricity to achieve the required cooling output7. Should existing ACs 
need to be replaced in the BAU counterfactual scenario, the BAU replacement AC has a COP of 2.8 
requiring 87.6 kWh/m2/year of electricity. The efficient AC used to replace old ones has a COP of 3.8 and 
therefore only uses 64.7 kWh/m2/year. ACs are expected to last 15 years and the ACs that are replaced 
are at the end of their useful life and have no residual value.  

4.2.1 Costs and benefits 
The following costs and benefits are quantified, with all monetary values in real US$ 2020 terms: (i) 
Capital investment costs of the ACs at US$37/m2 for efficient ACs and US$27/m2 for BAU ACs. (ii) Fuel 
costs of the marginal generator, which needs to ramp up or down depending on the change in demand 
for electricity. In Ghana, the marginal generator is assumed to be a gas plant. Gas is valued at the price 
of 6.44 US$/MMBtu in 2020 increasing to US$10.8/MMBtu in 2030. Gas price forecasts through 2039 
are based on the April 2020 World Bank commodity price forecasts. A heat rate of 8,500 BTU/kWh is 
assumed yielding marginal fuel cost for generation of US$ 0.055/kWh in 2020. (iii) GHG emissions costs: 
CO2 emissions of gas-based generation are estimated using emission factors of 0.51 kgCO2/kWh. 
Consistent with World Bank guidance on the social cost of carbon (SCC), a high and low cost of carbon 
trajectory are used, with values at US$85/tCO2 and US$42/tCO2 respectively in 2020, which increase 
thereafter at 2.25 percent annually in nominal terms. (iv) Benefits from cooling such as comfort and 
productivity that bring economic value: Although these benefits are not quantified a priori, the analysis 
determines the willingness to pay based on a current use of ACs in office buildings and based a switching 
value analysis that equalizes the NPV of the alternative investment decisions.. 

 
6 Due to global macro-economic uncertainty related to the COVID-19 pandemic, forecasts are highly uncertain. The World Economic Outlook 
(April 2020) edition, forecast real per capita GDP growth rates of -0.53 percent in 2020 and 4.2 percent in 2021. It has been assumed that after 
2021, a 4 percent real per capita GDP growth rate will be maintained so that the 5-year average is around 3.1 percent. 
7 Alternative audits for public buildings in Ghana put the electricity requirement at 65 kWh/m2/year (Econoler, 2016).  
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Nonquantified costs and benefits could include: (i) macroeconomic and employment benefits from 
potential local manufacturing of ACs; (ii) local externalities associated with natural gas consumption 
including the impacts associated with gas resource extraction, damage costs of air pollutants during 
consumption, heavy metal emissions, groundwater contamination, thermal pollution from cooling water 
disposal and other; and (iii) other environmental externalities related to disposal of older ACs.  

4.2.2 Results 
Table 7 presents the summary of the economic analysis. The brownfield investment EIRR was calculated 
and the WTP for cooling was set such that it yielded the same NPV for the greenfield investment 
excluding the impact of GHGs emissions.  

Table 7: Summary of economic analysis with WTP for cooling set to equalize net benefits excluding GHGs  
Summary of economic analysis Units     
  Units Brownfield Greenfield 
Social discount rate [ ] 6% 6% 
Project lifetime [ ]  15 15 
Economic rate of return    
EIRR excluding GHGs [ ] 26% 13% 
EIRR including GHGs [ ] 37% 1% 
NPV       
Costs       
Incremental CAPEX new AC [US$]                     34.8           34.8  
Incremental fuel costs [US$]                          -            61.5  
Incremental GHG costs [US$]                          -            19.7  
Benefits       
Avoided CAPEX BAU AC [US$]                     25.7                -   
Avoided fuel costs [US$]                     22.0                -   
Incremental cooling benefits [US$]                          -         109.1  
Avoided GHG costs [US$]                       7.1                -   
Net economic flows    
Net benefits excluding GHGs [US$]                     12.8           12.8  
Net benefits including GHGs [US$]                     19.8           (7.0) 

Lifetime GHG emissions [Tons CO2] 
                     

(0.2)            0.6  
Source: Original calculations for this report 

 

The summary table illustrates the elements discussed in Section 3 for a brownfield project with BAU 
counterfactuals. Both brownfield and greenfield investments incur the same expenses for new ACs. 
Relative to the counterfactual, fuel costs and GHG emissions are avoided in the brownfield investment 
but are incremental in the greenfield investment. All benefits for the greenfield investment arise from 
additional cooling, making the WTP for cooling an important parameter. To achieve the same NPV as the 
brownfield investment excluding GHGs, the greenfield investment would need a value for cooling of USc 
4.6 per kWh of cooling output. When considering the brownfield and greenfield investments as project 
options, this would be the switching value for the WTP for cooling that would make the investments 
equally attractive based on the NPV (note that NPV is not the only criteria of a cost-benefit analysis, and 
in this scenario, the EIRR of the greenfield investment is half that of the brownfield investment). Figure 3 
illustrates what a switching value of USc 4.6 per kWh of cooling output means in more practical terms. It 
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implies a WTP of US$228 per year to cool a 20 m2 office to the recommended temperature as defined by 
the audit, with electricity costs of US$282 per year. 

Figure 3. What does a switching value of 4.6 USc/kWh of cooling mean? 

 
Source: Original calculations for this report 

 

Including the costs of GHG, the switching value of WTP for cooling increases to 5.8 USc/kWh. However, 
both switching values are lower than the WTP that follows from the running of existing ACs at the going 
electric tariff of 22 USc/kWh. Namely, with a COP of 2.5, running the existing AC in the brownfield office 
building implies a WTP for cooling output of 8.8 USc/kWh. If this is interpreted as the minimum WTP for 
cooling, then the greenfield investment yields greater net economic benefits with or without GHG 
accounting.  

When brownfield and greenfield investments are considered simultaneously, the economic analysis 
must pay attention to parameters of uncertain value that affect the economic viability of one 
investment relative to the other. Key uncertain parameters in this case study are (i) the WTP for cooling, 
which has an impact on the NPV of the greenfield investment, (ii) the efficiency of the BAU ACs, which 
only has an impact on the brownfield investment, and (iii) the SCC, which has an impact on both 
investments in opposite directions (a higher value increases economic benefits of avoided CO2 
emissions for the brownfield investment, but increases economic costs of increased CO2 emissions for 
the greenfield investment). The sensitivity of the EIRR to these parameters is illustrated in Figure 4.  

In spite of uncertainty about parameters such as the COP of the counterfactual AC and the WTP for 
cooling, efforts to bring to light the sensitivity of the EIRR to these parameters and determine switching 
values to prefer one investment over another would, over time, build a repository of information to 
benchmark and compare future investments to. For this case study, Figure 5 brings together both 

Cooling output 
4,908 kWh/year 
 

Economic benefit 
US$228/year 
Based on WTP of 4.6 
USc/kWh 

Cooling requirement 
245 kWh/m2/year 
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Electricity consumption 
1291 kWh/year for 
US$282/year 
Based on a COP of 3.8 and 
electricity tariff of 22 USc/kWh 
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efficient ACs 
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parameters to illustrate what the best investment decision would be based on the highest NPV criterion 
excluding GHG emissions costs. 

Figure 4. Brownfield EIRR vs efficiency of BAU AC, and greenfield EIRR vs WTP for cooling 

  
Source: Original calculations for this report 

 

Figure 5: Greenfield, brownfield or no investment? (Darker shades imply higher project net benefits) 

 
Source: Original calculations for this report 
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This case study illustrates an interesting point related to the importance of establishing a clear 
counterfactual. In the brownfield investment, the remaining lifespan of the existing ACs have a dramatic 
impact on the EIRR because they determine when capital expenditures are incurred in the 
counterfactual BAU. Figure 6 describes the impact of the remaining lifespan of the existing ACs on the 
EIRR. In this case study, the EIRR of a brownfield investment drops by more than half when the old ACs 
that are to be replaced could on average keep running for an additional two more years. A reassessment 
of the investment decision would shift significantly in favor of a greenfield investment. It is important to 
note that the impact of delaying required capital expenditures varies in proportion to the discount rate, 
which is generally higher in developing countries where real per capita incomes are rising more rapidly.  

Figure 6: Rebound effect and timing of investments on brownfield EIRR 

  
Source: Original calculations for this report 

 

5 Conclusion 
A review of literature, guidance documents for the economic analysis of EE investments at MDBs and 
other international organizations, and o a sample of recent World Bank projects with EE components (26 
World Bank lending operations approved between 2016 and 2019) concluded that economic benefits 
quantified in projects whose objectives focus on EE are almost exclusively the economic cost of energy 
saved and the associated GHG emission reductions. While both the literature and the descriptions of the 
reviewed EE projects recognize that there are additional economic benefits, it is typically noted that 
these are difficult to quantify. Since the EIRRs of the reviewed World Bank EE projects were relatively 
high and exceeded social discount rates, with a simple average of 18 percent for the lowest EIRRs within 
projects, the projects were economically justified without quantifying additional benefits.  
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However, the recognition of the economic benefit from the increase in the level of goods and services 
provided is particularly important for low- and middle-income countries, where the benefits from EE 
measures shifts from energy savings toward other benefits such as an increase in production or 
improvement of essential services. While the existing guidance and frameworks for economic analysis 
usually do not suggest approaches to capture these benefits, the review of a sample of World Bank 
economic analyses has shown that these benefits are often captured to some extent by determining 
energy savings compared to an adjusted baseline energy consumption. However, this may not be an 
adequate approach in all situations. For example, for greenfield EE projects or brownfield EE projects, in 
which a project beneficiary’s primary objective is to increase production relative to a counterfactual 
(while limiting an increase in energy consumption) through EE measures, it would be preferable to value 
the economic benefit from the increase in the level of goods or services provided by the project as these 
goods and services typically have higher economic value than energy savings. The research therefore 
extended World Bank guidelines for economic analysis of EE projects to better describe how an 
improvement in the level of goods or services provided can be quantified. The framework covers three 
demand-side EE project categories: (i) Brownfield EE projects that aim at reducing energy consumption; 
(ii) brownfield EE projects that aim at reducing the specific energy consumption while improving the 
level of goods or services provided; and (iii) greenfield EE projects that aim at providing additional goods 
or services through the addition of new rather than replacement of existing energy end-use 
infrastructure or equipment. The framework describes the main steps of the economic analysis with two 
possible counterfactuals: (a) a status quo counterfactual, in which there is no change in level of goods or 
services provided and (b) an alternative scenario counterfactual, in which the same level of goods or 
services is provided as under the project. In fact, in several EE projects in the reviewed sample of 
economic analyses, an alternative scenario counterfactual has been implicitly used by determining 
energy savings compared to an adjusted baseline energy consumption. The framework also clarifies that 
the rebound effect does not necessarily reduce the economic benefit of an EE project and provides 
guidance how the additional utility resulting from the rebound effect can be valued. As long as prices 
reflect economic cost and those costs are borne by those that make the decision to consume more 
goods or services, continued consumption at the expense of energy savings increases net welfare. 

The suggested framework for economic analysis was applied to a case study on investing in energy-
efficient ACs, comparing a brownfield EE versus a greenfield EE investment decision. The case study 
illustrates that (i) a focus on EE savings and avoided GHG emissions could eliminate viable investment 
alternatives with non-quantified benefits from consideration; (ii) even if the true value of these benefits 
are uncertain, efforts to calculate switching values could provide useful information, and if done 
consistently over time may allow for a better ranking of investment alternatives; and (iii) assumptions 
about the counterfactual to an EE investment are critical and need to be clearly established prior to the 
economic analysis.  

The application of the framework, or of economic analyses that value the increase in production or 
service levels from EE projects in general, could favor a shift from brownfield EE projects that save 
energy in absolute terms toward brownfield EE projects that increase goods and services and toward 
greenfield EE projects. The suggested framework also helps address concerns about the rebound effect, 
which is often raised when discussing EE measures. Since demand-side EE usually requires measures and 



27 
 

 

actions outside the energy sector (e.g., EE in buildings, transport, industry, agriculture, municipal 
services such as water supply or street lighting), quantifying an increase in production or service levels 
will require collaboration with experts in these sectors. In fact, many opportunities for EE that involve an 
increase in production and service levels (brownfield and greenfield EE) are likely to be led by 
stakeholders in these sectors; therefore, collaboration between the energy sector and other sectors is 
essential. 
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