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1 Introduction and definitions
Energy efficiency measures may have multiple impacts, including increases in employment, GDP,
energy security, as well as positive impacts on health, ecosystems, crops and resource
consumption. The assessment of these multiple impacts is necessary to develop energy efficiency
policies, which are economically optimal. However, gaps and uncertainties in estimates of multiple
benefits hinder their consideration in policy assessment.
The COMBI project aims to develop methodologies for the quantification, monetisation and
aggregation of the multiple impacts of energy efficiency. The development of a synthesis
methodology, allowing for the automated calculation of multiple benefits as a function of user
inputs is prone to errors such as double counting, or context-dependency resulting in noncomparability of benefits in different locations. There is also a need to incorporate non-monetary
(physically estimated) impacts into a single decision-making framework.
The literature review provides an overview of methods used for the monetary valuation of
multiple impacts, as well as methods that can be used to incorporate non-monetary impacts into
decision-making. The literature review provides a critical overview of these methods, and also
reviews the methodological challenges relating to the assessment and synthesis of multiple
impacts.
1.1

Identification of the multiple impacts of energy efficiency actions

There are plethora of concepts and terms used to define the co-impacts of energy efficiency
actions. Many of them are used either interchangeably or with overlap. Figure 1, taken from ÜrgeVorsatz et al. (2014) provides a schematic diagramme of different terms and concepts relating to
the multiple impacts of energy efficiency which are commonly used in the literature. Figure 1
presents various terms on the axes of positive and negative impacts and intentionality. Direct
costs and primary intended benefits are realized by the same set of stakeholders as the energy
efficiency improvement (D. Ürge-Vorsatz et al., 2014). The same stakeholders, often, also realize
transaction costs, hidden costs, and policy costs. Transaction costs can be categorized as costs of
searching for information (due diligence), contract negotiation, approval and certification,
monitoring and verification of the performance of investments, and trading (Mundaca, Mansoz, &
Neij, 2010; Mundaca T, Mansoz, Neij, & Timilsina, 2013). The total transaction costs for energy
efficiency measures carried out by ESCOs in the residential sector may constitute up to 40% of
project costs (Mundaca, 2007; Easton Consultants & Shel Feldman Management Consulting,
1999). Hidden costs include costs such as those relating to potential production interruptions that
can arise during installations (Ostertag, 1999) or a slight change in the quality of services such as
when fluorescent lamps replace incandescent ones, resulting in a change in colour (D. ÜrgeVorsatz et al., 2014). Some authors such as Ostertag (1999) consider transaction costs as a
subgroup of hidden costs. Policies also have implementation costs that are often borne by a larger
group of society than just the immediate beneficiary of the investment and are often termed as
policy costs (D. Ürge-Vorsatz et al., 2014). However, energy efficiency policies aim at reducing
such transaction costs, and therefore bring policy benefits to the stakeholders, including but not
limited to financial incentives. The policy-making objective should obviously be that policy benefits
5
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are greater than policy costs from all economic perspectives (stakeholders, society; not
necessarily for the public budget; cf. e.g. CPUC, 2001; National Action Plan for Energy Efficiency,
2008).
The remaining terms identify other impacts of energy efficiency actions, i.e. co-impacts, the
various non-direct costs and benefits. Co-benefits are placed on the higher intentionality side of
the figure whereas ancillary benefits are on the low intentionality side. There are other terms that
are used in the literature to represent co-benefits such as non-energy benefits and non-climate
benefits (IPCC, 2007; Ürge-Vorsatz et al., 2014). Spillover effects can be positive or negative and
lie on the unintentional side of the figure. Everything with a positive side-effect can be termed as
a co-benefit, while everything with a negative effect can be grouped as co-costs or adverse side
effects (ancillary costs, ancillary impacts, risks, externalities, and tradeoffs). (Ürge-Vorsatz et al.,
2014).
Figure 1 Schematic diagram of different terms used in connection with energy efficiency multiple impacts

!
Source: Ürge-Vorsatz et al., 2014

The same types of benefits resulting from similar policies can be interpreted differently, either as
primary or secondary impacts depending on the policy context and political priorities. (Davis,
Krupnick, & McGlynn, 2000) compare developed countries where GHG emission reduction targets
drive climate policy with developing countries (without GHG emission reduction targets) where
“climate” policy is more likely to be driven by health concerns related to air pollution than by
climate mitigation.
The COMBI project uses the term “multiple impact”, defined as all energy efficiency impacts
(benefits and costs) except direct energy savings and energy cost savings on the benefit side and
direct costs.!
6

D2.1 Literature review on MI quantification methodologies

1.2

COMBI GA No. 649724

The overall importance of multiple impacts of energy efficiency actions

Benefits of energy efficiency are numerous, e.g. for human health, environment, job creation,
productivity, high quality of services, and lower dependence on resources. There are many studies
describing the overall importance of multiple impacts (MIs) of energy efficiency actions such as in
the areas of industrial productivity (Lilly & Pearson, 1999; Finman & Laitner, 2001; Lung, Mckane,
Leach, & Marsh, 2005; Pearson & Skumatz, 2002), health and comfort benefits (Chapman,
Howden-Chapman, Viggers, O’Dea, & Kennedy, 2009; Preval, Chapman, Pierse, & HowdenChapman, 2010; (Barnard et al., 2011); Grimes et al., 2012; Joyce, Hansen, & Næss-Schmidt,
2013; Clinch & Healy, 2001; Levy, Nishioka, & Spengler, 2003; Fisk, 2000; Aunan et al., 2000), net
job creation (Wade, Wiltshire, Scrase, Egger, & Karl, 2000; Bell, 2014; Scott, Roop, Schultz,
Anderson, & Cort, 2008; Billington et al., 2012; Tirado Herrero & Ürge-Vorsatz, 2011; ÜrgeVorsatz et al., 2010), and air pollution (Scheer & Motherway, 2011; Joyce et al., 2013; Clinch &
Healy, 2001; Finman & Laitner, 2001; Groosman, Muller, & O’Neill-Toy, 2011; Bollen, van der
Zwaan, Brink, & Eerens, 2009; Tollefsen, Rypdal, Torvanger, & Rive, 2009).
1.3

The relative importance of the specific multiple impacts of energy efficiency actions

Information on the size of individual MIs of energy efficiency actions is important to determine
whether or not a particular action results in a positive impact. The relative significance of the
magnitude of a co-impact differs among different studies. Often studies do not consider
monetizing all multiple impacts and therefore the total value of multiple impacts varies to a high
degree. According to an analysis of the data by ICF Consulting, of the 52 monetized case studies,
in 63% of the cases the MIs were equal or greater than the energy savings. Among 30 percent of
these case studies the MIs were three times more than the energy savings, and in about 25
percent of the cases, the MIs were more than four times the energy savings (Finman & Laitner,
2001; Fine and Ogonowski, 1999). In the industrial sector MIs may be 2.5 times the value of
energy savings (Lilly & Pearson, 1999; (Pearson & Skumatz, 2002).
Health benefits include avoided mortality and morbidity as well as their impact on increased
productivity, and subsequently on GDP growth. The review in Table 1 and Table 2 confirm the
general view that health benefits are certainly by far the most studied and important source of
MIs. Other MIs of energy efficiency actions that are also relatively widely studied are: industrial
productivity, poverty alleviation, and employment.
The review in Table 2 provides information on the relative importance of the specific multiple
impacts of energy efficiency actions compared to the direct benefit and the total value of the MIs.
Table 1 presents how large the specific MIs are within the overall direct and indirect impacts of
energy efficiency actions. In the studies reviewed, the ratio of MIs to direct benefits is between
0.22-3.21, confirming that MIs are a significant aspect of energy efficiency actions. The value of
health benefits from the perspective of the beneficiaries are on average about 1.4 times higher
than that of energy savings in the reviewed studies.2

1
2

!The study by Grimes et al, (2012) is not considered in this range as it is an outlier, finding MIs 74 times larger than energy savings.!
!Here again the study by Grimes et al, (2012) is not considered.!
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Table 1 The overall importance of multiple impacts of energy efficiency actions compared to the direct benefit (i.e. energy savings)
Study

Energy efficiency action

Overall value of MIs

(reference)

Ratio MIs/direct

MIs covered

Notes

benefits

Joyce et al.,

Energy efficient renovations of the

About €52 billion in the low EE scenario

1 in the low EE

Health benefits, reduced outlay on

The study suggests that energy efficient

2013

buildings of the EU

to about €100 billion in the high EE

scenario to 1.33 in

subsidies, and reduced air pollution

renovation can stimulate economic activity in the

scenario annually from 2012 to 2020

the high EE
1.7

Clinch &

Retrofitting various energy-efficiency

€4723 million over 31 years at a 5%

Healy, 2001

technologies and heating upgrades to the

discount rate

Chapman et

Retrofitting houses with insulation in low- NZ$2587 per household at 5% discount

al., 2009

income communities in New Zealand

rate over 30 years

Finman and

Uptake of energy efficient technologies in

$15.6 million

Laitner 2001

range of 1.2 to 2.3% of EU GDP from low to high

scenario

EE scenario respectively.
Health benefits (mortality and morbidity),

Ex ante economic evaluation to bring the thermal

comfort benefits, and emissions

standards up to the latest over a 10-year period.

Reduced hospital admissions, Reduced

A cluster randomised trial of retrofitting

days off school, Reduced days off work,

insulation in 1350 houses, in which at least one

Reductions in waste/materials, water

Some 224 non-energy benefits were cited from

52 manufacturing case studies from food,

used, air pollutants (SO2, NOX and CO2,

the 77 case studies but only 52 monetized.

textiles industry

emissions, equipment wear and tear, and

Irish dwelling stock

reductions (CO2, SO2, NOX, PM10)
3.2

and CO2 savings
1.21

building, steel, paper, chemical, and

CO, VOCs, and hydrocarbons), dust

person had symptoms of respiratory disease

labor costs
Levy et al.,

Retrofitting across 46 million existing

2003

single-family homes with insulation in the

Fisk, 2000

$1.3 billion per year

0.22

Health benefits (mortality, asthma

This economic saving from health benefits

attacks, and restricted activity days)

corresponds with 240 fewer deaths, 6500 fewer

United States (US)

800 TBTU electricity saving per year

asthma attacks, and 110000 fewer restricted

Improvements in indoor environments of

Approximately $40 billion to $200 billion

Health benefits (reduced respiratory

The savings correspond to 16 to 37 million

the US commercial buildings

(in 1996 Dollars) annual health benefits

illness, reduced allergies and asthma,

avoided cases of common cold or influenza, 18 to

symptoms), and Improved worker

and 20 to 50% reduction in sick building

performance

syndrome health symptoms.

activity days per year.

reduced sick building syndrome

25% decrease in allergy and asthma symptoms,

Scott et al.,

Whole-building integrated energy design

446000 new jobs, increase wage

New jobs creation,

Energy savings of 2.9 x 1015 Btu in buildings (not

2008

concepts and adoption of more stringent

income by $7.8 billion (2005 dollars),

Reduced need for capital stock in the

monetized),

energy standards in building codes for

reduced needs for capital stock in the

energy sector and closely related

Energy savings cover about 27% of the expected

adoption of emerging technologies, and

supporting industries by about $207

residential and commercial buildings,

energy sector and closely related

supporting industries

growth in building energy consumption by the
year 2030.
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equipment standards in the US buildings

billion (2005 dollars) by 2030

Lung et al.,

Industrial energy efficiency measures

$21,080,449 annually

Ancillary savings and production benefits

With total project costs for all 81 projects

2005

from 81 projects that represented a

fall into five principal categories:

summing to $68.2 million, the simple payback

including equipment replacement,

Production, Work Environment,

one year. When based on the energy cost savings

technological upgrades and

Environmental, and Other

alone, the simple payback jumps to 1.43 years.

Enhanced production and capacity

Non-energy savings accounted for 24% of the

utilisation,

total customer economic benefit across all five

representing a variety of efficiency

Lower operation and maintenance (O&M)

operations and maintenance costs.

measures

costs

0.45

variety of efficiency improvements

Operations and Maintenance (O&M),

reconfiguration of existing equipment
Lilly and

Five projects were selected for industrial

$55,361 annual customer savings

Pearson,

energy efficiency programs ranging from

(1995$)

1999

cement mill to cold storage in the US

Grimes et al.,

Retrofitting insulation and installing clean

NZ$1266 million over 30 years at 4%

2012

heating under Warm Up New Zealand:

discount rate

0.31

Reduced resource use and pollution,

74

Heat Smart programme.
Aunan et al.,

Individual metering and regulation;

2000

minimum standards for the insulation of
new buildings; energy efficiency labelling
of household appliances; energy savings

Approximately 908 million US$ per year

2.43

including ancillary savings is slightly less than

sites chief among them included reduced

Health benefits (prescriptions,

The overall benefit-cost ratio calculated for the

hospitalizations and benefits of reduced

programme is over 4:1 from the perspective of

mortality)

the beneficiaries

Health, materials, vegetation, and climate

Energy efficiency measures were taken under

benefits

National Energy Efficiency Improvement and

Saved energy 65 PJ/year

Energy Conservation Program (NEEIECP) of
Hungary

awareness raising and education; Energy
Saving Credit Programme; and prioritizing
energy efficiency in state financed R&D
programmes.
Scheer and

Energy efficiency improvements made in

€710 million by 2030

2011

efficiency boilers and heating controls )

GWh

Motherway

the residential (improved insulation, high

Total energy savings by 2030 is 5340

1.23 (in 2030)

CO2 saved

Other emissions (NOx, SOx, VOCs and

The program is evaluated between 2009-2030

particulate matter) saved

and small-business sectors
Schweitzer &

Weatherization assistance program for

$3346 (in 2001 $ per

Ratepayer benefits

The project summarizes findings reported in the

Tonn, 2002

low income homes in the US

participating household:

1.05

Household benefits

recent literature on nonenergy benefits

Net Present Value)

Societal benefits

attributable to the weatherizing of low income

homes. The study finds that the overall, societal
benefits are estimated to be substantially larger
than ratepayer and household benefits.
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Table 2 The relative importance of the specific multiple impacts of energy efficiency actions compared to the direct benefit and with the total MI impact
Study

Energy efficiency action

MI

Physical or monetary

Ratio of MI to the

Ratio of MI to total MI

value of MI

direct benefit (if

impact (if applicable)

Health benefits

€42–88 billion

0.8-1.17

0.4-0.5

Reduced outlay on

€5-6 billion

0.08-0.09

0.03-0.04

(reference)
Joyce et al.,
2013

Energy efficient renovations of the
buildings of the EU

applicable

subsidies

Healy, 2001

Retrofitting various energy-efficiency

scenario

Health benefits grow much faster than direct
0.03

benefit in high EE scenario

Health benefits (mortality €1158 million

1.04

0.57

Over 31 years at a 5% discount rate

Comfort benefits

€461 million

0.41

0.22

Emissions reductions

€396 million

0.35

0.19

Reduced hospital

NZ$2231

2.83

0.86

Reduced days off school

NZ$242

0.3

0.09

Reduced days off work

NZ$179

0.22

0.06

CO2 savings

NZ$100*

0.12

0.03

€4-6 billion

technologies and heating upgrades to the and morbidity)
Irish dwelling stock

The range represents between low to high EE

0.07-0.08

Reduced air pollution
Clinch &

Notes

(CO2, SO2, NOX, PM10)
Chapman et
al., 2009

Fisk, 2000

Retrofitting houses with insulation in

low-income communities in New Zealand admissions

Improvements in indoor environments of Health benefits (reduced
US commercial buildings

respiratory illness,

$17-$48 billion

0.26

Values of MIs are per household at 5% discount rate
over 30 years

The estimated health and productivity gains are

based on extrapolations of the findings obtained in

allergies & asthma, and

a relatively small number of studies to the general

sick building syndrome)

population

Improved worker

$20-$160

0.74

performance (from
changes in thermal

environment and lighting)
Aunan et al.,
2000

Individual metering and regulation;

minimum standards for the insulation of
new buildings; energy efficiency labelling

Health benefits

$370-$1170 million

(best estimate $648
million) annual benefits

1.73

0.71

The energy savings program was constituted the
major part of the measures to meet Hungary’s

obligation under the United Nations Framework
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Materials benefits

$60-$150 million (best

awareness raising and education; Energy

estimate $105 million)

Saving Credit Programme; and prioritizing

annual benefits

energy efficiency in state financed R&D
programmes.

Climate benefits

0.28

0.12

Convention on Climate Change, and hence was
primarily designed to reduce the CO2 emissions.

$86-$222 (best estimate 0.41

0.16

$154 million) annual
benefits
Vegetation benefits

$0.9-$2.2 million (best
estimate $1.5 million)

0.004

0.001

annual benefits
Scheer &

Energy efficiency improvements made in

2011

efficiency boilers and heating controls )

Motherway,

the residential (improved insulation, high
and small-business sectors

Schweitzer &

Weatherization assistance program for

Tonn, 2002

low income homes in the US

CO2 saved

€63 million by 2030

0.1

0.08

Other emissions (NOx,

€71 million by 2030

0.12

0.1

Ratepayer benefits

$331

0.1

0.09

Household benefits

$906

0.28

0.27

Societal benefits

$2109

0.66

0.63

The program is evaluated between 2009-2030

SOx, VOCs and
particulate matter) saved
The values of MIs are given in Net Present Value
2001 $ for per participating household
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2 Key methodologies relating to the assessment, quantification and
monetisation of MIs

The following section provides a short description of the main methodologies used in relation to
the assessment of multiple impacts, with a focus on those that are relevant for the types of MIs
that are the subject of the COMBI project.
Generally, the assessment of impacts follows a number of steps relating to the physical
estimation of the impact (via e.g. an impact pathway3 approach or impact assessment), and a final
valuation/assessment step at which stage either a monetary valuation takes place or impacts are
expressed in physical terms and assessed without monetisation. However, in some cases it is not
possible to define precisely in which phase which specific methodology should be used as these
can build on each other and complement each other. For example, multi-criteria analysis (MCA)
can build on the results of life-cycle assessment (LCA) and may include some monetary values
estimated using cost-benefit analysis (CBA, sometimes also called benefit-cost analysis, BCA) (for
a definition and discussion of these concepts cf. the following parts of this chapter). Economic
input-output (I-O) models can be used as a basis for LCA. Energy conservation supply curves or
marginal abatement cost curves (ECS or MAC curves) serve to present results of CBA and can be
complemented with information on wider impacts from CBA or from non-monetary approaches
such as MCA. Different modelling methods can be used to complement each other or can be
integrated, or model outputs can serve as inputs to MCA. In addition, as not all methods are suited
to assess all types of MIs, and different methods have different limitations, results from different
methodologies can be presented side by side to complement each other. Finally, there are
overlaps between some methodologies, e.g. modelling can serve as a basis for developing MAC
curves.
Different types of MIs require different assessment approaches. An assessment method for
valuing externalities (and especially more localised externalities such as the impact of pollution on
health, ecosystems, crops, the built environment and resource depletion) is cost-benefit analysis.
CBA has been used to value climate impacts, however, in relation to irreversible global impacts
with potentially catastrophic consequences a ceteris paribus approach such as CBA is generally
unsuited.4 (see e.g. Van Den Bergh, 2004) Economic models such as Input-Output analysis, partial
or Computable General Equilibrium (CGE) models and econometric models are generally used to
assess macro-economic impacts. Integrated models can be used to assess the environmental
impact of energy efficiency policies. Multi-criteria analysis is very versatile and can be used to
assess virtually any impact or combination of impacts. It does not force a specific world view on
the analyst and can accommodate different political considerations including those of sustainabil3

The impact pathway consists of a number of steps which lead from the immediate effect of energy production or consumption to the

final impact. The ExternE project, which had a strong focus on environmental impacts, and in particular on air pollution, defined an
impact pathway leading from emissions through dispersion of pollution to final physical impacts, with the latter being modelled by a
dose-response function (ExternE, 2005)."
4

"Although, as Barbier (2007) writes, „There is now a considerable literature advocating various methods for estimating environmental

values by measuring the additional ‘premium’ that individuals are willing to pay to avoid the uncertainty surrounding such values”
irreversibility and catastrophic change also raise issues questioning the paradigm of environmental valuation altogether. For a
discussion on this see e.g. Lind (1995)."
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ity, economic performance or equity. Of the MIs to be assessed by the COMBI project, social
welfare and commercial productivity benefits as well as impacts on energy systems and energy
security stand out as being assessed least often.
Table 3 Summary of the most common methodologies used to assess multiple impacts (with a focus on MIs assessed by the COMBI
project)
Name of method

MIs that the method can be well used for

Cost-Benefit Analysis

climate, health, ecosystems, crops and the built environment,
resources, macroeconomic impacts, energy system impacts

Energy Conservation Supply Curve or Marginal Abatement

(net or gross) Energy cost savings, direct only or with all impacts

Cost Curve (a graphical representation of results of CBA and

included in CBA

potential analysis)
Multicriteria Analysis

climate, health, ecosystems, crops and the built environment,
resources, social welfare and productivity benefits, macro-economic
impacts, energy system impacts

Life-Cycle Assessment

climate, health, ecosystems, crops, resources, energy system impacts

Integrated Assessment Models

climate, health, ecosystems, crops and the built environment,

Computable General Equilibrium models

macro-economic impacts including employment, GDP, public budget

resources
effects

Input-Output models

macro-economic impacts including employment, GDP, public budget
effects

Macro-econometric models

macro-economic impacts including employment, GDP, public budget
effects

Partial equilibrium analysis

2.1

macro-economic impacts including employment, GDP

Cost-benefit analysis

Cost-benefit analysis5 is a method, which in principle assesses all costs and benefits accruing
from a policy, measure or investment in monetary terms. These benefits and costs may therefore
include both direct benefits and costs, which is the classical use in investment decisions, and all
the multiple impacts we are analysing here, which are often related to what has been called
“external” costs or benefits. The selection of impacts to include in a CBA will depend on the
economic perspective (differentiated, e.g., in NAPEE 2008), the two most important being those of
investors in energy efficiency and of society as a whole.
Cost-benefit analysis involves comparison of the costs and benefits of a policy, measure or action.
The methodologies that can be employed for assessing these costs and benefits are multiple. In
order to avoid overlaps between the different sections of this literature review, the present
section focuses on methodologies which employ a ceteris paribus approach to monetising nonmarket benefits (see Table 4). Approaches based on modelling are discussed in section 2.4.
Different approaches may be suitable for assessing different types of costs and benefits.
“Following Dasgupta & Stiglitz (1972), we conclude that if there is cause to suspect a project
under evaluation is not ‘small’, in the sense that the range of net benefits might be a significant
5

"A good summary of CBA methodologies, their strengths and weaknesses and the current state of the art is contained in Pearce et al.

(2006) and Boardman et al (1996)."
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share of aggregate consumption, then the NPV rule will not suffice. Instead, analysts must fall
back on a model, which is capable of evaluating the underlying change in social welfare brought
about by the project. [...] In the case of integrated assessment modelling of global carbon
emissions abatement, there is little excuse for applying marginal methods, because IAMs are set
up to evaluate the underlying change in social welfare: the models do not require any additional
structure" (Dietz & Hepburn, 2013)
The step of monetisation often follows the identification of relevant impacts using an impact
pathway analysis or some other method to estimate physical impacts, such as Life Cycle
Assessment (LCA), Environmental Impact Assessment (EIA), Health Impact Assessment (HIA) or
bottom-up modelling.6 The basis for monetisation is the market price7 of a good, or where this is
not available due to missing markets (e.g. health, landscapes, ecosystems, etc.) the value of a
good is measured either by a proxy to market prices (such as avoided costs or damages) or by
willingness to pay (WTP) or in some cases willingness to accept (WTA).89 The costs and benefits
accruing at different times are discounted to their present value using a social or investor’s
discount rate (depending on the perspective taken for the CBA) and aggregated into a single
metric, called the net present value (NPV). NPV is positive if benefits exceed costs, and the
decision rule is to implement a policy, measure or action if NPV is positive, or in the case of several
mutually exclusive alternatives, to implement the policy, measure or action with the largest
(positive) NPV.10 This decision rule is based on the Kaldor-Hicks potential compensation criterion
which states that a measure results in an improvement in societal welfare if winners could
(potentially) compensate losers (without the compensation having to actually take place).
If WTP is taken as the basis of its value measurement, CBA will provide an anthropocentric
utilitarian valuation which views people in their role as consumers. The comparison of costs and
benefits does in that case not ensure through any mechanism that the preferences of individuals
are coherent with long-term sustainability requirements.11 A number of ethical issues also arise in
particular in relation to the monetisation of assets, which are sometimes considered “priceless”
such as health, human life, biodiversity and ecosystems. Many of these criticisms (e.g. a utilitarian
framework and lack of coherence with environmental sustainability) apply not only to CBA but also
6

"In theory CBA can be used in combination with any methodology which assesses physical impacts, CBA is then used to convert these

physical impacts into monetary values. However, Pearce et al. (2006) state that CBA is not always compatible with the philosophy of
e.g. Environmental Impact Assessment or Lifecycle Analysis. The contrasts between CBA and current conventions in LCA are discussed
in D. Pearce & Ulph (1999). An example of CBA in combination with bottom-up modelling is provided by (Clinch & Healy, 2001)."
7

"In reality, due to market distortions, CBA operates not with observed market prices but with market prices which have been adjusted

for distortionary factors such as government interventions (e.g. taxes or minimum wage). These are referred to as shadow prices."
8

"Generally WTP is accepted as a measure of value rather than WTA. The latter is not constrained by income and experiments show

that there is a large difference between WTP and WTA elicited for the same good, with WTA values being several times higher. At the
same time, WTP is biased towards the status quo compared with WTA. (D. Pearce et al., 2006)"
9

"The issue of whose costs and benefits count in a CBA is referred to as „standing” and is ultimately a political decision. Therefore, not

all people affected by a particular policy or measure may be given standing in a CBA. For example, national governments are generally
interested only in impacts on their own nationals."
10

In some cases modifications to the NPV decision rule may be needed. When looking at different options which are not mutually

exclusive, but where there is a budget constraint, the benefit-cost ratio may be a more useful way to present CBA results, while the
comparison of different options with different lifetimes is facilitated by the comparison of annualised equivalent costs.
11

"See e.g. Gowdy (2004) on a criticism of the neoclassical economics, Sen (2000) on different interpretations of values, choices and

rights, Farmer & Randall (1998) on the safe minimum standard linked to strong sustainability, and Sagoff (1981)for a rights based
critique. A summary of ethical criticisms of monetary valuation as applied to ecosystem services is provided by Luck et al. (2012).
Masur & Posner (2011) summarise the limitations of CBA in addressing “political questions involving contested normative issues”."
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to other assessment methods in economics. The reason CBA (when applied from a social
perspective) has been a target of these criticisms is because it purports to be able to value
environmental goods and through internalisation of external impacts to identify socially optimal
courses of action.
CBA has received criticism not only from outside the field of economics but also from within. It has
several limitations related to its ceteris paribus approach. “Monetary valuation of the environment
was developed within the bounds of neoclassical microeconomic theory with the main application
intended to be small scale projects. This project focus was meant to avoid large income effects
(i.e., changing the marginal utility of money) and avoid violations of ceteris paribus (i.e., changing
other prices). However, in practice environmental cost–benefit analysis (CBA) has been applied in
a variety of other contexts and often been regarded as a policy aid rather than a project appraisal
tool.” (Spash & Vatn, 2006) This intended use for CBA is in line with the fact that prices/WTP
reflect marginal values that are valid only within the very specific (macro-economic, market/competition, legislative, cultural, etc.) context in which they are observed. Although for nonmarginal changes economists have used the approach of estimating producer and consumer
surplus (moving along the demand and supply curves), CBA cannot address a simultaneous
change in several factors which may affect the position and shape of these curves altogether such
as in the case of profound technological, social and economic changes resulting from ambitious
decarbonisation policies. This consideration is relevant in the case of the implementation of
economy-wide ambitious EE policies.
One of the most important criticisms of CBA is that the aggregation of costs and benefits over
time and space may result in inter and intragenerational equity issues being ignored in cases
where costs and benefits are unevenly distributed and there are clearly identified winners or
losers of a policy or action. In the case of intragenerational equity this is linked to the fact that
WTP depends on various variables, one of the most important of these being income. People with
lower income levels have lower ability to pay resulting in lower WTP, which means that the wellbeing of groups with lower income levels counts less. This raises moral issues as well as being
undemocratic. Intragenerational equity issues can be dealt with using a weighted CBA approach
which is discussed further in section 3.2.2 within the context of intra-EU equity considerations
which are particularly relevant for the COMBI project.
Intergenerational equity issues have focused on the size of the discount rate used, and the extent
to which the “interests” of future generations is discounted. Luckily “most of the key ancillary
costs and benefits are relatively short-term and most of the benefits are local” they are “very
different from the benefits of [global] climate policy, which occur over decades and which have an
effect at a global level”. (A. Krupnick, Burtraw, & Markandya, 2000) This enables analysts to avoid
“troubling questions of how to deal with intergeneration and international equity are omnipresent
in climate discussions, but they are largely irrelevant for the calculation of ancillary benefits. The
ancillary benefits stemming from reductions in conventional pollutants largely accrue in the same
timeframe as when cost of climate policies are incurred.” (A. Krupnick et al., 2000)
There are several valuation techniques that can be used in CBA to estimate the monetary value of
goods, which have no market. These are presented in Table 4.

15

D2.1 Literature review on MI quantification methodologies

COMBI GA No. 649724

Table 4 Summary of valuation techniques used in CBA for monetisation of impacts12
Methodology

Short description of method

Type of benefit method can be used for with a
focus on MIs within scope of COMBI project

Part of total

economic value13

Strengths and shortcomings

which is accounted
for
Existing markets
Market prices/adjusted

Goods with market price or non-market

Resources and provisioning services of ecosystems use value

Care needs to be taken in using market prices in distorted markets

market prices (shadow

goods with a close substitute which

(fuel, water, food, timber, etc.)

or in case ofmarket failure

prices)

have a market price, adjusted for
market distortions

Averting behaviour

Costs in time are an indicator of

Health (morbidity and mortality)

use value (not

impacts

Regulatory functions of ecosystems (e.g. clean

health impacts)

willingness to pay to avoid negative

Amenities

applicable for

Provides a lower estimate of value

water, climate regulation)
Defensive expenditure

Purchases aimed at avoiding negative

Health (morbidity and mortality)

use value (not

impacts

Regulatory and provisioning functions of

applicable for

ecosystems (e.g. clean water, climate regulation)

health impacts)
use value

Provides a lower estimate of value

Production function

Estimation of production functions to

Environmental impacts on economic activities and

approach

isolate the effect of ecosystem services

livelihoods from ecosystem functions (maintenance

environmental attributes as well as standard inputs) needs to be

as inputs to the production process,

of arable land and agricultural productivity; support

established

be inputs into the production of other

from erosion and siltation; groundwater recharge;

represent environmental systems (e.g. biological growth, stability

(market) goods or services

drainage and natural irrigation; storm protection;

conditions of the system)

Damage cost

Calculates the costs which are avoided

Impacts of climate change, air pollution, etc. on

avoided/expected damage

by not allowing ecosystem services to

ecosystems, built environment and health through

the damaging event occurring and changes in quantity and quality

function approach)

water, drainage and natural irrigation, flood

Use of expected values (average number of events and average

relies on the fact that ecosystems may

function approach

12
13

degrade (analogous to production

for aquaculture and fishing; prevention of damage

Production functions used in economics may not realistically

flood mitigation)

e.g. storm damage; or impact on supplies of clean

Production function (i.e. marketed good as a function of

use value

Need to estimate how changes in the asset affect the probability of
of ecosystem functions

#Not all methods listed in the table are based on the WTP approach, some methods use supply side information.##

#Total Economic Value is composed of use and non-use value. Use value consists of actual use and option value. Non-use value consists of altruism and bequest value and existence value. These are discussed in

Pearce et al. (2006) p. 87.#
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mitigation, etc.
Cost of illness approach/Cost Expenditures of treatment of illness

Health (morbidity and mortality)

damages) may be misleading for rare large impact events
Not applicable

of treatment

Requires detailed knowledge of dose-response functions
Treatment costs do not correspond well to welfare losses

Human capital approach:

Human capital as an input to production Health (morbidity and mortality)

Days off work/lost wages

processes, where the marginal value of

Not applicable

Lost income and output do not correspond well to welfare losses

total value equals lost income from

production/maximising national productivity

illness or value of lost output from

Leisure time (i.e. non-productive time) also has value

illness.

Overestimation of costs may result if actual labour market does not

Lost output/lost productivity this capital equals (adjusted) wages and

Requires detailed knowledge of dose-response functions
Implicit assumption that objective of health care is

clear and individual can be replaced for purpose of production by
unemployed
Implies that value of more productive individuals is higher than

value of less productive individuals. In practice in an international
valuation setting could result in distributional issues.
Friction cost approach

Values cost of replacement and training

Health (morbidity and mortality)

Not applicable

Useful if non-clearing labour market

Restoration/replacement

Cost of restoring an ecosystem

Ecosystems

use value

Cost of restoring an ecosystem has little relation to the benefit

(friction cost) of individual

cost

Built environment

Produces lower value than human capital approach
derived from ecosystem functions and may over or underestimate

Crops, forests

this value, the method should therefore be used in the absence of
information on the value of ecosystem functions

Revealed preference methods using surrogate markets
Hedonic pricing

The purchase of real estate is the

Environmental impacts on health, property and

use value

purchase of a bundle of attributes of the amenity
real estate, including environmental

Limitations in information/subjective value of air pollution
Technical issues (in particular multicollinearity effects)

Landscapes

factors (e.g. air pollution or distance
from polluted sites.).
Compensating wage/wage-

The wage reflects a bundle of attributes Health (morbidity and mortality)

risk studies

of the employee and conditions of

Not applicable

Same as hedonic pricing

use value

Cannot separate valuation of different attributes of a good

employment (e.g. health risk)
Travel cost method

Costs (time and purchases) of travelling
to a site is an indicator of willingness to

Recreational areas, landscapes, species

Endogeneity of travel price

pay
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Stated preference methods (hypothetical markets)
Contingent valuation

A hypothetical good is presented and

All non-market goods

WTP elicited from respondents.

total economic

Wide applicability to all non-market goods

value

Estimation of non-use values
Correspondence problem” (scientific information on ecosystem
change does not correspond to indicators that individuals
recognise.)

Potential biases from survey design including “hypothetical bias
(umbrella designation for problems arising from the hypothetical

nature of the CV market); strategic behaviour (such as freeriding);
embedding/scope problems (where the valuation is insensitive to
the scope of the good); anchoring bias (where the valuation
depends of the first bid presented) and information bias (when the
framing of the question unduly influences the answer)
Skewed impact of a few large WTPs”
Choice modelling

Treats goods as a bundle of attributes

All non-market goods

where one of the attributes is cost. The

total economic

Wide applicability to all non-market goods

value

estimation of non-use values

level of attributes are varied and

Able to address a wide variety in terms of the level of attributes of

respondents are requested to rank, rate

a good and value multi-dimensional trade-offs

WTP is inferred using statistical

Retains several of the biases inherent in contingent valuation

analysis.

Cognitive limitations of respondents in trading off different goods

or choose the most preferred option.

Transferring results from primary evaluation studies
Benefit transfer

Transferring values in space via transfer depends on original study
of (unchanged) value, adjusted value

(usually for income), or transfer of WTP

depends on

original study

Context dependency of costs and benefits

Evidence pointing to large differences between values estimated by
primary studies and transferred benefits

function
Based on Barbier (2007), Bateman, Mace, Fezzi, Atkinson, & Turner (2011), Boardman et al (1996), Pearce, Atkinson, & Mourato (2006), Rothman (2000), Sculpher (2001)

18

D2.1 Literature review on MI quantification methodologies

2.2

COMBI GA No. 649724

Transferability of values of multiple impacts

“Benefits or value transfer involves taking economic values from one context and applying them
to another. Transfer studies are the bedrock of practical policy analysis in that only infrequently
are policy analysts afforded the luxury of designing and implementing original studies.” (D. Pearce
et al., 2006) Because the COMBI project is likely to rely in large part on benefit transfer methods,
especially if values are to be generated for each Member State, a brief overview is provided of the
different techniques, which can be used for benefit transfer.
Generally one of the following approaches to benefit transfer is used to transfer values estimated
for one country/region/area to another geographic location:
•

A transfer of value without changes: this method can be used if the good being valued, the
context (economic, cultural, environmental, policies, etc.) and the policy in which the
original study was carried out is very similar to the good, context and policy into which the
value is transferred.

•

A transfer of value with an adjustment for some relevant variables, usually income: This is
carried out by adjusting values by the income elasticity of utility.

•

A transfer of the entire willingness to pay function: The use of this method is contingent
on finding studies which have estimated a WTP function and substituting the values of the
relevant variables of the secondary site (e.g. size of impact, attributes of the good being
valued, socio-economic attributes of the population, etc.) into the WTP equation.

•

Meta-analysis of valuation studies and regression analysis: “One variant of the approach
[to transfer a WTP function] is to conduct a meta-analysis of results from previous
studies, relating values to the characteristics of those studies and the goods and contexts
valued. Such an analysis typically yields a regression model linking values to the
characteristics captured in the available source data. The analyst can then apply the
characteristics of some policy case to this model to estimate the relevant value.”
(Bateman et al., 2011)
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Figure 2 Benefit transfer approaches

!
Source: Spash & Vatn (2006)

The relevant context specific factors influencing valuation (and therefore should influence benefit
transfer) are discussed in section 3.2.
2.3

Multi-criteria analysis

Multi-criteria analysis (also referred to as multi-criteria decision analysis, MCDA) serves as an
alternative to CBA where non-market costs and benefits are not monetised, either for reasons
related to rejection of valuation as a method (e.g. for ethical reasons) or due to lack of information.14 “Each MCDA methodology synthesizes the matrix information and ranks the alternatives
by different means. Different methods require diverse types of value information and follow
various optimization algorithms. Some techniques rank options, some identify a single optimal
alternative, some provide an incomplete ranking, and others differentiate between acceptable and
unacceptable alternatives” (Kiker, Bridges, Varghese, Seager, & Linkov, 2005). MCA can be used to
represent the judgments of a single decision maker in which stakeholder values are considered as
one of several attributes, thus it can be part of a participatory process of decision-making
(Mendoza & Martins, 2006). It can also be used in a multi-stakeholder process to structure
stakeholder views on different options, as a tool for finding consensus Kiker et al. (2005). It is also
flexible enough to accommodate a mix of quantitative and qualitative criteria.

14

!Cost-effectiveness analysis is also a methodology which stops short of monetising all costs and benefits. It is concerned with the

achievement of a single policy goal (expressed in physical units) at least cost. It requires that all costs and benefits except for the main

policy outcome be monetised. It compares the average cost of achieving the policy goal across options. However, it is typically not
suited for the assessment of multiple impacts as it relies on the assumption that there is a single primary benefit. of the policy or
measure being evaluated.!
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All MCA methods follow a similar process and steps. These are the following (Dodgson, Spackman,
Pearman, & Phillips, 2009):
1. Establish the decision context.
2. Identify the options to be appraised.
3. Identify objectives and criteria.
4. ‘Scoring’. Assess the expected performance of each option against the criteria. Then
assess the value associated with the consequences of each option for each criterion.
5. ‘Weighting’. Assign weights for each of the criterion to reflect their relative importance to
the decision.
6. Combine the weights and scores for each option to derive an overall value.
7. Examine the results.
8. Sensitivity analysis.
Kiker et al. (2005) suggest a generalised roadmap for MCA where the steps of the MCA process be
accompanied by corresponding people and tools.
Figure 3 Synthesis of the decision-making ingredients of people, process and tools

!
Source: Kiker et al. (2005)

Summaries of different MCA approaches are provided by several authors (Huang, Keisler, &
Linkov, 2011 and Pohekar & Ramachandran, 2004). These approaches differ from each other
mainly in the step of weighting the different criteria. The simplest approach involves “scores
across several dimensions associated with different alternatives and outcomes [and] weights
relating to trade-offs across these dimensions. A basic but typical approach is to calculate the
total value score for an alternative as a linear weighted sum of its scores across several criteria.”
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(Huang et al., 2011) Other procedures exist such as hierarchical approaches, where dimensions
are broken down into further sub-dimensions. Multi-Attribute Utility Theory (MAUT) transforms
scored into utility functions. Outranking involves pairwise comparisons of a finite number of
alternatives and a voting procedure to arrive at the preferred alternative. The Analytic Hierarchy
Process and the Analytic Network Process use pairwise comparisons of criteria asking how much
more important one is than the other to produce weights and scores rather than being based on
utility or weighting functions. The TOPSIS (Technique for Order Preference by Similarity) methods
compare a set of alternatives by calculating a distance between each alternative and the ideal
alternative (best on each dimension) and the worst alternative. The best alternative has the
shortest distance to the best solution and longest distance to the worst solution.
MAUT is the most “universally accepted” MCA approach (Dodgson et al., 2009). It recognises that
the utility of a given option depends on the (uncertain) future states of the world. Its steps involve:
1. identifying future states of the world which are relevant to the decision;
2. calculating the utility for each potential outcome and future state of the world;
3. creating the probability weighted average of all the outcome utilities.
As stated in section 2, one of the main advantages of MCA is its versatility in valuing several
different types of impacts and combinations of impacts, and its ability to accommodate several
different political considerations or world views. MCA can be used as an assessment methodology
on its own (following the determination of physical impacts) or as a final step to accommodate
estimates of impacts derived using different methodologies (e.g. CBA for externalities, impact
analysis resulting in impacts expressed in physical terms for non-monetised benefits and
economic modelling for macro-economic impacts) and other sources of information and
preferences (e.g. stakeholder preferences and expert views from different disciplines).
Another advantage of MCA is that “there is no inherent need for ancillary effects analysis to
engage in valuation per se. Rather, this analytic decision is one of trade-offs. On the one hand, the
valuation of ancillary impacts conceptually takes place according to public preferences for the
different types of impacts. Many would think that this approach is better than having decisionmakers substitute their own preferences for the public’s. On the other hand, valuation is highly
controversial, with much uncertainty that is not always reflected in valuation analysis. Decisionmakers routinely take actions that weigh economic and other impacts, including health impacts,
against each other. Attempting to value these may sometimes obscure, rather than make more
transparent, the decisions that are being made.” (Davis et al., 2000)
Although MCA helps structure information on different options, disadvantages of the approach
relate to its subjectivity in choosing criteria and weights in the first place, and a lack of information
on whether the overall impact of a policy is positive or negative.
2.4

Life-cycle assessment

LCA usually focuses on environmental impacts connected with a product or service from the
extraction of raw materials, through manufacturing and use to disposal, from cradle to grave (or
cradle to cradle). LCA could, however, also look at other multiple impacts in the pre- and post-use
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phases of the life cycle. Many other methodologies focus on impacts coming only from the use of
a product, although besides LCA in regard to ISO 14040/44 there are other approaches for life
cycle wide environmental assessment. There is e.g. the cumulative energy demand (VDI 2012)
measuring the life cycle wide energy demand of product systems or the Material Input per Service
Unit (MIPS) measuring the resources use (Liedtke et al., 2014; Finnveden et al., 2009).
LCA is more relevant for some sectors and EEI actions than for others. Based on an overview of
the literature discussing the use of LCA for assessing energy efficiency investments and policies, it
is clear that the method is deemed relevant and applied to the buildings sector more than to other
sectors. LCA studies for other sectors, in particular for the transport and electricity sector focus
more on fuel switching (e.g. renewable energy and in the transport than on electrification) than on
energy efficiency. This focus on the buildings sector reflects the higher significance of LCA for this
sector due to the large volume of building materials and the high material and energy efficiency of
these materials characteristic of this sector. Based on the results of 60 studies carried out in 9
countries, “the proportion of embodied energy in materials used and life cycle assessed varied
between 9% and 46% of the overall energy used over the building’s lifetime when dealing with low
energy consumption buildings and between 2% and 38% in conventional buildings. The wide range
in results is due to the variety of buildings, materials, the lifetime considered and the geographic
and climatic conditions.” (Zabalza Bribián, Valero Capilla, & Aranda Usón, 2011 referring to Sartori
& Hestnes, 2007) Another review of 73 studies in 13 countries found that operating energy made
up 80–90% of life cycle energy in buildings and embodied energy accounted for 10–20%. (Ramesh,
Prakash, & Shukla, 2010)
However, based on a quick review of LCA for other sectors, it is not clear that the disproportionate
focus on the buildings sector is warranted, as the global warming potential of upstream and
downstream processes in other sectors can also be significant. As a comparison, for electric
vehicles production alone is responsible for 10% to the life cycle global warming potential without
accounting for other upstream and downstream impacts (Hawkins, Singh, Majeau-Bettez, &
Strømman, 2012 based on a review of studies), for natural gas combined cycle plants, power
generation accounts for 74.6% of all life cycle global warming potential with upstream and
downstream emissions accounting for the remaining 25.4% (Spath & Mann, 2000), and coal power
generation upstream emissions account for 12% of life cycle global warming potential (Weisser,
2007).
Besides LCA in regard to ISO 14040/44 there are other approaches for life cycle wide environmental assessment. There is e.g. the cumulative energy demand elaborated in the VDI Guideline 4600
(German) measuring the life cycle wide energy demand of product systems or the Material Input
per Service Unit (MIPS) measuring the resources use!(Liedtke et al., 2014; Finnveden et al., 2009).
LCA is unique in assessing all environmental impacts of a product/service/policy but it also has
several limitations. Spatial variation and local environmental uniqueness are identified as critical
problems in addition to data availability and quality by Reap, Roman, Duncan, & Bras (2008) who
provide an overview of 15 unresolved problems related to LCA.
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Modelling of MIs of energy efficiency

Different types of modelling approaches exist which can be categorised into one of three general
categories: bottom-up, top-down and integrated or hybrid models.
Top-down models can be used to evaluate the macro-economic impacts of energy efficiency
improvement measures. The types of models used for this purpose include partial equilibrium,
Input-Output (I-O) models, Computable General Equilibrium (CGE) models and Econometric
models. (IEA 2014) Values resulting from such modelling exercises are of interest to policy makers
and may be used as a basis for decision-making. However, it is important to note that the nature
of these macro-economic impacts is different from other multiple impacts that can be categorised
as externalities (e.g. the health and ecosystem impacts of pollution or CO2 emissions). This section
provides a brief introduction to the different modelling approaches.
Computable General Equilibrium models (also known as Applied General Equilibrium Models) are
defined by Shoven and Whalley as models “using a numerically specified general equilibrium
model for policy evaluation”. (Shoven & Whalley, 1984) This type of model depicts markets which
tend towards equilibrium (i.e. supply meets demand through adjustment in quantities and prices).
All markets (domestic and foreign), including factor markets (i.e. markets of factors needed for
production such as labour and capital) and markets for goods (including e.g. intermediate goods as
well as goods used for final consumption) are included in the model and clear simultaneously, i.e.
the model solves to find a unique solution where all markets are in equilibrium. (Burfisher, 2011)
The theoretical framework of CGE models rests on the neoclassical economic paradigm, which
assumes that market equilibrium results from the rational choices of decision-makers, including
consumers who maximise utility and producers who maximise profits, subject to income and cost
constraints respectively. CGE models are typically characterised by an aggregate representation of
sectors and agents, calibration and parametrisation is based on aggregate data, and they can
depict macro-economic feedbacks.
In interpreting the results of a CGE model, “consumption and income are the most useful variables
in ascertaining the welfare effects of distortions. In particular, the change in the value of the
aggregate consumption of the representative agent as a result of the tax or subsidy is nothing
more than equivalent variation: the loss of value of consumption occasioned by the effects of the
distortion on relative prices.” (Sue Wing, 2004) However, decision-makers may be interested in
the impact of energy policy on other economic indicators, including impacts on GDP, employment,
prices, sectoral production levels, demand or income. As some of these measures (e.g.
consumption, income, GDP) are aggregate variables, they do not provide information on
distributional impacts of policies. When interpreting the results of CGE models attention has to be
paid to overlaps and interdependencies between them. For example, GDP includes consumption
but also includes other variables such as net exports, investment and government spending.
Household income and consumption correlates with employment as households are the owners
of labour and receive wages from which they cover their consumption. When information on the
impact of a policy is available from both CBA and CGE models, care has to be taken to avoid double
counting of benefits. For example, all upstream and downstream market impacts are included in
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the GDP and consumption values and should therefore not be considered separately. However,
GDP and consumption levels do not capture external effects such as environmental impacts.
CGE models are generally pure economic models, but have been widely used for analysis of the
impacts of energy policy as well as for the analysis of environmental impacts in the past decades.
One of the most prominent CGE models is the MIT Emissions Prediction and Policy Analysis
(EPPA) model. Energy and environmental impacts can enter these models in various ways, e.g. as
a factor of production, emissions with a negative impact on production or utility, as goods which
are consumed directly, etc.
CGE models are probably the most popular economic modelling technique, and represent the state
of the art in economic modelling. CGE models have the advantage that they depict the entire
economy and they are therefore able to model economy-wide impacts of policies and measures.
They have the disadvantage that they work with highly aggregated quantities, make strong
simplifications and employ restrictive assumptions (e.g. relating to functional forms) for the sake
of mathematical consistency. The models cannot address non-economic factors which have a key
role to play in the determination of environmental impacts, such as the spatial distribution of
emissions, climate factors influencing ambient air quality, population density, absorptive capacity
of the local environment, etc. CGE models “have the most difficulty estimating ancillary effects
[related to environmental impacts] because they rarely have the necessary spatial, demographic
or technological detail.” (OECD 2000) These models also have the disadvantage of requiring
relatively advanced technical skills as well as up to date knowledge of recent developments. The
debate on how to use CGE models for analysis of energy and climate policies is ongoing, with
consensus having been reached fairly recently with respect to some important issues related to
energy modelling such as the importance of capital vintaging and endogenous technological
development.
Input-Output models are based on a matrix representation of a national (or regional) economy
depicting inter-industry relationships within an economy, showing how output from one industrial
sector may become an input to another industrial sector. Input-Output models, similarly to CGE
models can be extended for the purpose of environmental analysis. A simplified way of
incorporating environmental impacts is by multiplying the economic output by the environmental
impact per dollar of output. (Hendrickson et al 1998) Alternatively, the original input-output table
can be extended with environmental impacts and resource use. (JRC-IPTS 2006)
In economic terms, I-O models are more basic tools than CGE models. They cannot address
substitution effects resulting from price changes as they operate with fixed coefficients and their
application is restricted to analysing the impact of policies which affect demand structure or
production structures or (in the case of environmentally extended analysis) changes in emission
factors.
Bottom-up engineering models (such as models which are generally built using the LEAP modelling
platform) depict the energy sector in a detailed and physically realistic way, with explicit
representation of technologies. They adhere to an engineering rather than an economic
philosophy. These models are built on disaggregated data. They are often partial equilibrium
models in economic terms, meaning that they often focus on a single sector rather than the entire
economy, but even in the latter case do not endogenise prices or link markets as is done in a
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general equilibrium framework. Several economic variables (such as GDP and prices) are
exogenous in these models. The models can be extended to incorporate some external impacts
through fixed coefficients linked to energy use.
In addition to assessing macro-economic impacts, the total cost of CO2 emissions, referred to as
the social cost of carbon (SCC) can also be evaluated using integrated assessment models (IAMs).
The IAMs employ a climate damage function estimating the link between CO2 emitted and
damage caused. Ackerman & Stanton (2010) mention the FUND (Climate Framework for
Uncertainty, Negotiation and Distribution), PAGE (Policy Analysis of the Greenhouse Effect) and
DICE (Dynamic Integrated Climate-Economy) models, which have been used for this purpose. Due
to the already quite complex modelling exercise there is a trade-off between methodological
complexity and level of detail. Ackerman & Stanton (2010) find that the models omit some
relevant external costs. Perrissin Fabert, Dumas, & Hourcade (2012) develop non-static ranges of
the social cost of carbon (representing different types of damages caused by carbon dioxide
emissions) via the integrated assessment model RESPONSE, with different prices corresponding
to different states of world characterised by different levels of technological development, climate
damage and economic growth. “The SCC accounts for the monetized value of the climate
externality or society’s willingness to pay to tackle climate change”. This is an interesting approach
that can complement the static ceteris paribus worldview of several of the valuation methods
employed by CBA, and may be able to provide some information on the links between values and
state of the world (context).
Generally all of the above-mentioned modelling approaches require higher technical proficiency
than other assessment approaches such as CBA or MCA.

26

D2.1 Literature review on MI quantification methodologies

2.6

COMBI GA No. 649724

Summary of assessment methodologies

Table 5 Summary of the most common methodologies used to assess multiple impacts
Type of method Short description of the method (such as origin of
(name)

research field, main descriptors of method)

CBA

Monetary valuation of all impacts

Method strengths

Method limitations

Analytical rigour based on economic principles

Ceteris paribus approach intended for small scale projects

Ability to express all impacts in a single unit in monetary

If using WTP or WTA: anthropocentric utilitarian approach, questions

terms

of coherence with environmental sustainability, ethical

Wide applicability to all environmental impacts

considerations regarding monetisation

Methodological constraints to monetisation
Distributional issues
MCA

Weighting of all impacts expressed in physical

Wide applicability to different types of ancillary impacts

Subjectivity of weighting (if done) with no real scientific/disciplinary

units

Ability to accommodate several different world views

basis

No need for monetary valuation

Can be used to engage stakeholders in an inclusive process
LCA

Environmental impacts from cradle to grave

Ability to assess upstream and downstream effects

expressed in physical units

Lack of consistent theoretical basis in reducing different impacts to a
single score

Lack of consideration of economic feedback effects

ECS/MACC

Marginal (private or societal, net or gross) cost of

Easily comprehensible method of representing costs of

For expert based curves issues of penny switching, often no

(presentation

energy savings or emission abatement

energy savings/emission reduction

interactions between technologies, no interactions with economic

of CBA, MCA,
LCA results)

system. For model-based curves questions of technological detail,
other limitations depend on model type

IAM

Interdisciplinary models combining economics and

Depict links between economy and environmental systems

Often highly simplified with lack of consistent theoretical framework

CGE models

Economic model representing rational utility-

Consistent economic framework

Focus on markets, generally do not account for external impacts

clear simultaneously

economic interactions

assume current state of economy optimal and so any change is a

environmental science

maximising/cost-minimising agents, all markets

Focus on entire economy with ability to model macro-

Highly aggregated models with strong simplifications (e.g. often
distortion with cost >0)
Lack of spatial, demographic or technological detail

I-O models

Economic model representing all sectors with fixed Focus on entire economy

Highly simplified linear view of economy
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coefficients describing inter-industry relationships

No behavioural characteristics of agents

and relationships between inputs and outputs
Partial

Economic analysis considering only a subset of

analysis

interactions

equilibrium

markets and not accounting for economy-wide

Enable consideration of more detail than highly aggregated
economic analysis such as CGE modelling

Lack of focus on macro-economic interactions
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Presenting the costs of EE through Energy conservation supply curves/Marginal
abatement cost curves

ECS or MAC curves are generally not used for the assessment of MIs, but serve as a tool to
illustrate the (private or societal, net or gross) costs of different solutions for saving energy or
abating emissions, while at the same time presenting the size of the potential of energy savings or
GHG emission abatement for each option on the horizontal axis. However, it is possible to include
external values of multiple impacts in MAC curves, and it is also possible to use them as part of a
broader analysis taking into account the multiple benefits of energy efficiency or climate change
mitigation.
“A [marginal abatement cost] MAC curve is defined as a graph that indicates the marginal cost
(the cost of the last unit) of emission abatement for varying amounts of emission reduction.”
(Ekins, Kesicki, & Smith, 2011). The MAC curve is a useful tool to engage stakeholders in the
debate about climate change mitigation, and one of its main advantages lies in the fact that it is
easy to interpret. A MAC curve can serve as a component to decision-making. It provides
information (in the case of an expert-based cost curve) on the significance and cost of each
possible method of reducing emissions and of the relative importance of different regions and
sectors. (Ekins et al., 2011).
Zhang, Worrell, & Crijns-Graus (2015) use an energy conservation supply curve to estimate
emission reduction potential at the level of Chinese provinces. They input the emission reduction
potential into GIS software and then use this information in the GAINS (Greenhouse Gas and Air
Pollution Interactions and Synergies ) model to estimate multiple impacts related to air pollution.
(Cowlin, 2012)use a MAC curve to estimate direct costs of climate change mitigation measures for
Montenegro, and complement the monetary values with qualitative information on a wide range
of multiple impacts, including impacts such as health, rural development, employment and air
quality.
The MAC curve is not a new concept and has been applied since the 1980s. Following the oil crises
of 1970s the energy saving curve or energy conservation supply curve, similar to the MAC curve,
was first used for estimating the cost of reducing electricity consumption. (Meier, 1982, Kesicki &
Strachan, 2011) Lately MAC curves have been used widely in climate change mitigation policy and
analysis.
The development of energy conservation supply or abatement cost curves is a data-intensive
process. ECS or MAC curves can be divided into two groups based on the methods used to
estimate them: expert-based and model-derived curves. Expert-based ECS/MAC curves (also
called technology cost curves) assess the cost and reduction potential of technological mitigation
options based on information about technological costs, while model-derived curves are based on
the calculation of energy models.
Expert-based cost curves are estimated based on engineering information regarding the emission
reduction potential of different technologies, as well as the costs (direct costs such as investment
cost, operating and maintenance costs including fuel costs) of the different technologies.
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The steps of estimation of an expert-based MAC curve are:
1. Identifying a baseline
2. Identifying all additional GHG abatement options (e.g. energy efficiency, renewable energy,
fuel switching, CCS, etc.) compared to the baseline
3. Calculating the GHG emission reduction for all measures/technologies
4. Calculating the annualised cost of the measures by including all relevant costs and
benefits relative to the baseline:
a. Investment cost
b. Operation and maintenance cost (including fuel costs)
c.

Energy cost savings

d. Revenues
e. etc.
5. Take into account that costs and benefits may change over time (technical development,
resource scarcity, etc.) and will be sensitive to assumptions such as economic lifetime of
investment and return on investment. Discount rate assumption also needed.
6. Dividing annualised cost by energy savings or emission reductions to arrive at cost per one
MWh saved or tonne of CO2 reduced.
7. Ranking measures/technologies according to cost.
Figure 4 Example of an expert Based Marginal Abatement Cost Curve

!
Source: A cost curve for greenhouse gas reduction, The McKinsey Quarterly-February 2007
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Expert-based curves may often treat the various technological options entirely independently of
each other due to difficulties in analysing their interactions, which implies that the different
technologies can be applied in any combination, and that their impacts are independent of each
other. This is often not the case in practice.
Expert-based ECS/MAC curves build on information regarding current technology costs and expert
judgement on how these may evolve in future. A wide range of assumptions about the future cost
and feasible deployment rates of available abatement measures underlie the estimates of their
cost and significance. (see e.g. Enkvist, Nauclér, & Rosander, 2007 and McKinsey, 2009) Therefore
the estimation of ECS/MAC curves is inherently uncertain. If costs are estimated incorrectly, or
alternatively, if there is a change in the values of initial cost estimates for other reasons, expertbased cost curves can be prone to penny switching, i.e. a small change in cost can lead to large
switching in the energy system predicted as “optimal”.
Although ECS/MAC curves are capable of integrating multiple benefits, they generally omit these
and focus on the direct costs and benefits of energy efficiency or greenhouse gas emission
abatement to investors.
Technology cost curves do not consider interactions between the energy and economic systems
(economic feedbacks). In addition to a lack of macro-economic feedbacks, they also lack microeconomic realism (i.e. they are characterised by a limited treatment of behavioural aspects). (VogtSchilb & Hallegatte, 2011) These properties of the expert-based curve mean that they ignore both
direct and indirect rebound effects (although the former could be included in the analysis of the
size of the potential).
In summary, policy makers therefore need to be cautious when interpreting ECS/MAC curves and
pay attention to the underlying assumptions, consider non-financial costs and be aware of the
important uncertainties. (Kesicki and Ekins 2012).
Another common approach to MAC curve estimation is to derive the cost and potential for
emission mitigation from energy models. Model-derived ECS/MAC curves can be based on
economy-orientated top-down models, engineering-orientated bottom-up models or hybrid
energy-economy models. In all cases, conservation supply or abatement curves are generated by
determining the marginal energy or CO2 price resulting from runs with different energy supply or
emission limits or by determining the energy savings, energy supply or emission level resulting
from different energy or CO2 prices. Due to the way they are derived, model-based ECS or MAC
curves do not permit insights into which technologies or measures are responsible for emission
abatement.
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Figure 5 Example of a model-derived Marginal Abatement Cost curve

!
Source: F Kesicki, 2011

Bottom-up energy models are partial equilibrium models representing only the energy sector in
contrast to top-down models, which cover endogenous economic responses in the whole
economy. Bottom-up optimization models calculate equilibrium prices and quantities either
through the minimization of system costs or by maximizing consumer and producer surplus.
The characteristics of the type of model used to estimate the ECS/MAC curve determine the
strengths and weaknesses of the estimated cost curve. For example, bottom-up energy models
allow for negative energy cost savings or abatement costs, but depending on the modelling
approach used, if the model assumes a perfect economy before any energy efficiency or emission
abatement action, the net cost of such action will be positive for all levels of energy efficiency or
emission abatement, as in the case of Figure 5 above.
Compared to top-down models, bottom-up models contain more detail on energy technologies.
To describe technologies, top-down models rely on simplified production functions, which are
characterised by a few parameters such substitution elasticities, predominantly estimated on the
basis of historic rates and assumed to be valid in the future. (F Kesicki, 2011) One of the major
disadvantage of ECS/MAC curves based on top-down models therefore is the lack of technological
detail and resulting potential inconsistencies with existing technologies and their emission
reduction potential.
The biggest advantage of the use of top down models for estimation of ECS/MAC curves
compared with both bottom-up model-based ECS/MAC curves and expert-based cost curves is
that they can take account of macroeconomic feedbacks. (Edenhofer et al. 2006; Weyant et al.
2006).
Bottom-up model driven ECS/MAC curves have the advantage of being based on explicit
technological detail. Compared with technological cost curves, they are also able to take account
of interactions between different technologies. However, similarly to expert-based cost-curves,
bottom-up energy model based ECS/MAC curves do not take into account macroeconomic
feedbacks (F Kesicki, 2011; F. Kesicki, 2012) and they are also prone to penny switching. These
ECS/MAC curves therefore do not take into account the rebound effect, an important economic
feedback when considering energy efficiency measures.
Table 6 summarises the strengths and weaknesses of each ECS/MAC curve approach, which are
described in more detail in the following section.
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Table 6 Strengths and Weakness of Model Derived ECS/MAC curves
Strengths

Weaknesses
Bottom-up

Model explicitly maps energy technologies in detail

No macroeconomic feedbacks, only direct costs in the energy
sector

Risk of penny-switching
No reflection of indirect rebound effect
Top-down
Macroeconomic feedbacks and costs considered

Model lacks technology detail
Possible unrealistic physical implications

Often not able to correctly represent cost-effective energy
efficiency options
Both
Interactions between measures included

No technological detail in representation of ECS/MAC curve

Consistent baseline emission pathway

Assumption of rational agent disregarding most market

Intertemporal interactions incorporated

distortions

Possibility to represent uncertainty
Incorporation of behavioural factors
Comparably quick generation
Source: F Kesicki, 2011

3 Methodological challenges to the assessment and synthesis of MIs
In the following section we review the methodological challenges related to the assessment and
synthesis of MIs. The issues of interaction among MIs and other issues possibly leading to double
counting of MIs during synthesis are discussed in sections 3.1.1 and 3.1.2 The issues of contextdependency, baseline and distributional issues that are relevant in the assessment phase of MIs
are discussed in section 3.2. All these issues have been addressed on a case by case basis in the
existing literature, but a comprehensive assessment relating to MIs of energy efficiency is
missing. An attempt is made here at a comprehensive review of the issues concerned.
3.1
3.1.1

Challenges to the synthesis of MIs
Double counting and synergies due to interaction among MIs

Some outcomes of energy efficiency actions may be indirect or there may be intermediate steps
involved to establish causality. MIs are not distinct and independent in nature and often are
interrelated which presents a challenge to identify and consider them for their individual
assessment. Ürge-Vorsatz et al. (2014) provide a conceptual framework for mapping co-impacts
flow-on effects for energy related mitigation options.
It has been established that both over- and underestimation of total benefits can result from
summing separately estimated individual benefits. “The value of the system as a whole may be
more than the value of the sum of its parts” (D. Pearce et al., 2006) due to synergies between the
different processes of ecosystems, implying that summing results of separately estimated
benefits results in underestimation of total benefits. Other authors have debated the potential for
overestimation of benefits resulting from double counting due to interaction of MIs. In particular
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two areas have received attention where overlaps are particularly pervasive: health benefits and
ecosystem impacts.
In relation to the impact of energy efficiency measures on human health and well-being, “as some
categories of co-benefits overlap, special care must be taken to avoid double counting, especially
when monetary values are incorporated into decision-making frameworks, such as in a costbenefit analysis. For example, improved air pollution resulting from investments in renewables or
in energy efficiency affects household comfort, peoples’ health, and workers’ productivity. These
three categories of co-benefits at least partly overlap.” (Ürge-Vorsatz et al, 2014) However, ÜrgeVorsatz et al also argue that the bias introduced by double counting may be smaller than the bias
resulting from failing to account for all co-impacts. The interactions between different categories
of multiple impacts are shown in Figure 6.
Figure 6 Conceptual map of the welfare effects of mitigation strategies and their interrelated nature

!
Source: Based on D. Ürge-Vorsatz et al. (2014)

There are also potential overlaps between valuations of morbidity and mortality effects and
productivity impacts. (Sculpher 2001) “Double counting will exist if a monetary value is placed on
lost productivity due to premature death, and additionally life years or QALYs are used as the
measure of health. This double counting exists as both are essentially valuing the same effect –
the loss in healthy time.” (Sculpher 2001)
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“The presence of comorbidities on the causal pathway, often defined via secondary diagnoses, can
lead to significant increases in the cost of an illness. Ignoring the comorbidities of an illness can
cause significant underestimation of the costs of an illness. However, including all costs of
multiple diagnoses can lead to the problem of double-counting,” (Segel, 2006)
Other authors have addressed the interactions between ecosystem benefits. In the context of
valuing ecosystem benefits, “ambiguous definitions and inconsistent classifications of ecosystem
services, poor understanding of ecosystem complexity, inadequate recognition of exclusiveness
and complementarities of individual ecosystem services, spatio-temporal scale dependence of
ecosystem services, and overlap and lack of cross-referencing between ecosystem service
valuation methods” (Fu et al., 2011) are responsible for double counting. Of these all, except the
last factor are related to the issue of overlaps and interactions between ecosystem benefits.
Bateman et al. (2011) differentiate between ecological processes/functions (which are
intermediate elements in the impact pathway) and (final) ecosystem services. The former relate to
processes such as weathering, soil formation, nutrient cycling, etc., the latter “directly generate
wellbeing or directly contribute to the production of goods”. They state that valuing both
intermediate ecosystem functions and final ecosystem services results in overestimation of total
values.
With regard to potential solutions on avoiding double counting, different authors have come to
very much the same conclusion, focusing on valuing the impact directly affecting utility and
disregarding other pecuniary benefits. One solution is dividing ecosystem services into direct
(final) and indirect (intermediate) services, and delineating direct and indirect ecosystem services
reduces the risk of double counting. (Wallace 2007) “[F]ocus on the final item in the chain of
ecosystem services is simply to avoid the double counting which would occur if we also included
those more primary and intermediate supporting services.” (Bateman et al., 2011) This “final item
in the chain” is referred to by Ürge-Vorsatz et al. (2014) as “welfare end points”. Their suggestion
is the careful creation of a map of different impact pathways, and being clear about the end points
which impact welfare, the pathways that lead to them, and the interactions among the pathways
as well as the welfare end points in order to avoid double counting. Fu et al. (2011) also
recommend that the final products (meaning those with a direct benefit for humans) be valued
and intermediate products be left out of the valuation and that attention also be paid to
exclusiveness and complementarity of the final products.
Fu et al. (2011) propose a series of measures for avoiding double counting in ecosystem service
valuation
1. identifying the spatiotemporal scales of ecosystem services;
2. valuing the final benefits obtained from ecosystem services;
3. establishing consistent classification systems for ecosystem services; and
4. selecting valuation methods appropriate for the study context.”
3.1.2

Double counting due to other reasons

The challenge of double counting MIs is especially relevant for monetary valuation. For other types
of valuation (e.g. multi-criteria analysis) using more than one indicator for partially overlapping
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MIs does not call into question the validity of the assessment as long as the issue is made explicit
and appropriate weights are used which reflect the overlaps. For monetary valuation however,
strict rules need to be observed to avoid double counting when summing separately estimated
MIs.
Double counting may occur for a number of reasons. In section 3.1.1 the focus was on overlaps
and interactions between MIs. This section reviews further issues that may account for double
counting of costs and benefits, including:
•

(real) externalities versus non-external ancillary impacts/pecuniary externalities,

•

overlaps between values obtained through different assessment methods,

•

interactions between different actions or policy measures targeting the same sector or
technology.

These are all well-known issues to economists, nevertheless valuation studies do make the
mistake of overlooking some of these issues and double counting benefits. Seemingly no single
summary of all the relevant issues providing guidance to a policy maker seems to exist. There is
therefore added value in providing a brief overview of issues that may lead to double counting of
certain benefits.
Some ancillary benefits of energy efficiency measures are (real) externalities, others are (nonexternal) ancillary benefits. An example of the latter category are pecuniary externalities, where
the term refers to the phenomenon of a single policy, measure or action having an impact which
then ripples through the economy via price effects in different markets. This issue of impacts
which trickle through the economy is also addressed by (IEA, 2012) and presented in Figure 7. In
such cases the valuation of the second order impacts in addition to the first order impacts leads to
double counting. An example of this is a carbon sink project, which improves a local amenity
through forestation. “The market externality is measured in terms of the WTP of the individuals
who would use the amenity. This use, could, however, also generate an increase in the fees
received by the park owners, and increased profits by facilities in the region that provide services
– restaurants, hotels, etc. The latter are pecuniary externalities and including them in the
assessment would amount to double counting.” (A. Krupnick et al., 2000)
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Figure 7 Trickle-through effects of MIs of energy efficiency

!
Source: IEA (2014)

In other cases, real externalities may have originally existed, but these have already been
internalised. In the case of occupational health and safety where the value of risks to health and
life may already be internalised through an insurance paid for by the employer and thus be
reflected in product prices. In such cases adding the (no longer) external benefit to the total value
results in double counting. (A. Krupnick et al., 2000)
In addition to pecuniary externalities, examples of non-external ancillary benefits include multiple
benefits of a single (market) transaction. A simple example is provided by the multiple benefits of
residential energy efficiency measures enjoyed by the occupants of buildings such as the
increased noise protection of double (or triple) glazed windows, improvements in indoor air quality
due to improved ventilation accompanying the energy efficiency measure, increased property
value or improved comfort. These ancillary benefits are not externalities, as they affect the person
participating in the market transaction (i.e. the buyer of the windows). Provided that the buyer has
information of these additional benefits (which is generally assumed by economists who usually
work with the assumption of perfect information), they will take this into consideration when
deciding on whether the market price of the double glazed window is above or below their
reservation price.
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Fu et al., (2011) provide a different perspective on this issue. They categorise ecosystem services
into four categories according to the degree to which they exhibit the traits of a public good:
exclusiveness and complementarity. They observe that “most ecosystem services and functions
are external and free of charge, but there are small proportions of ecosystem services, especially
in the provision services, that can be readily captured for the market, and therefore are exclusive,
e.g., food, fiber, and natural medicine provision.” They conclude that the aggregation of the
exclusive ecosystem services with other categories of ecosystem services which exhibit some
traits of a public good will lead to double counting.
In order to avoid double counting of non-external benefits, or of intermediate impacts, but at the
same time ensure that information on the size of these types of benefits is available, certain
impacts can be included in an assessment using physical metrics (e.g. number of additional
persons employed, extent of noise pollution reduction for persons installing double glazing, etc.)
but should not be added to the monetary valuation of benefits.
Another example of potential for overlaps and double counting is caused by adding benefits which
have not been estimated using a single consistent methodological approach. This includes the use
of different methodologies (e.g. CBA and CGE modelling) and the use of different techniques
within the same methodology (e.g. travel cost method and hedonic pricing). The way costs and
benefits are interpreted depend on the methodology. For example, while a change in consumption
levels will be interpreted ‘ceteris paribus’ for several of the valuation methods used in CBA, a
change in consumption levels in a CGE model takes account of all other changes in the economy.
In the latter case therefore, consumption reflects other (pecuniary) impacts such as those on e.g.
employment (households are owners of labour as factor of production, this income is spent partly
on consumption), therefore there is no need to add employment impacts separately to the CGE
modelling results (as may be done under certain labour market conditions if a partial equilibrium
approach is employed).
As a general rule, when interpreting the results of CGE models attention has to be paid to overlaps
and interdependencies between them. For example, GDP includes consumption but also other
variables such as net exports, investment and government spending. Household income and
consumption correlates with employment as households are the owners of labour and receive
wages from which they cover their consumption. When information on the impact of a policy is
available from both CBA and CGE models, care has to be taken to avoid double counting of
benefits. For example, all upstream and downstream market impacts are included in the GDP and
consumption values and should therefore not be considered separately. However, GDP and
consumption levels do not capture external effects such as environmental impacts.
There can also be differences between different valuation techniques that may warrant a different
approach to summing benefits. For example, the effect of unemployment on the employer in
terms of recruitment and training is valued by the friction cost approach but not the human capital
approach to estimating productivity benefits. The implication is therefore that these recruitment
and training costs could be added to estimates using the latter method but would result in double
counting if added to estimates using the former method. (Sculpher 2001)
A further issue potentially resulting in double counting is policy interaction. Policy interaction may,
however, not only result in overestimation but also underestimation of total impacts if separately
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estimated impacts are summed up. The direction of the error depends on how policies interact.
Interaction between policies, measures or actions may be mitigating, neutral or reinforcing. As
shown in Figure 8, for neutral policy interaction, the sum of the separately estimated impacts of
policies is equal to the total impact. For mitigating policy interaction the total effect is lower than
the sum of the parts, while for reinforcing interaction it is higher. The direction of the impact
depends on whether the measures are overlapping or complementary. An example of two
mitigating measures is “insulation [which] decreases heat demand; this lowers the benefits of
installing a more efficient boiler, which is detrimental to the success of a policy measure directed
at efficient boilers.” (Boonekamp, 2006) An example of complementary or reinforcing measure
could be information measures relating to energy efficiency investments combined with energy
efficiency support schemes, as these address two different barriers to energy efficiency and
therefore complement each other. If only one of these measures is applied then the remaining
barrier (information or financial) may inhibit reaching the full potential of the measure.
These types of interactions can take place at the level of policies as well as the level of individual
measures of energy efficiency investments.
Figure 8 Example of the energy saving effects of two measures with interaction

!
Source: Boonekamp (2006)

A simple approach to addressing policy interactions is to take note of the direction that the
interaction has on the estimated benefits (i.e. over- or underestimation) in a qualitative way. This
approach has been used by Boonekamp (2006) to map interactions between energy efficiency
policy measures in the housing sector. However, this is not sufficient when working with
quantitative metrics, in which case quantitative information on policy or EE action interactions is
needed in order to determine the size of the effect and which will only be available from models.
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Figure 9 Interactions between 15 policy measures for energy efficiency in housing in the Netherlands 1990-2003

!
Source: Boonekamp (2006)

3.2

Challenges to the assessment of MIs

3.2.1

Context dependency

If one is to value the impact of a policy or measure in monetary terms, an assessment consisting
of at least the following steps is needed:
1. Assessment of the effect of the measure on the behaviour of the group targeted by the
action (and other groups where changes in behaviour are induced directly by the measure);
2. Assessment of the impact of changed behaviours on factors which affect utility (e.g.
through an impact pathway analysis);
3. Monetisation of impacts.
At each step of this process, context is paramount. The behavioural response to a policy will
depend on the context within which it is implemented. Energy saving and comfort benefits of
energy efficiency actions will depend on income levels. For the UK and Ireland low-income
households realise more comfort benefits (i.e. overcoming fuel poverty and the inability to heat
house to desired level) while high-income households realise most of the energy efficiency
measures in the form of energy savings and reduced energy bills. Similar distributional impacts
may be valid within a single country but also across countries with different levels of fuel poverty.
Correspondingly, energy-related environmental impacts will also differ. (Clinch & Healy, 2001)
While acknowledging this issue, Clinch & Healy (2001) go ahead with estimating unit values
related to energy and non-energy benefits of EE measures. How the groups targeted by a policy
react to the policy also depends on other factors, such as the general policy context and economic
situation. Taking the example of employment, unemployment may exist due to low economic
performance or market failures or both. Another example of context-specific factors relate to
employment changes, which should be valued only if there is not full employment and market
failures are present, in other cases (under full employment) net impacts will be zero. (A. Krupnick
et al., 2000) In the case of the Irish economy at different times (economic downturn versus high
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economic growth characterised by labour shortages) the net employment effect of measures may
have been zero or positive (Clinch & Healy, 2001).
Impact pathways are also context dependent. Taking the example of the effect of energy
efficiency measures on air pollution, the impact will depend on inter alia the capacity and
technology mix in the electricity sector, the dispatch rule of power plants, environmental policies
affecting emission factors and other factors. Emissions become ambient concentrations which is
influenced by the interactions between pollution and the environment (e.g. climate conditions and
geographic factors). The impact of ambient concentrations on health depends on population
density in the polluted area, the composition of the population with respect to factors which
influence health status, the interaction between different pollutants, the extent to which
behavioural changes can offset the impact of pollution, etc. Zhang et al. (2015) demonstrate how
energy efficiency measures in the cement and clinker industry in different Chinese provinces have
a different impact depending on technological attributes. For example, SO2 emissions are
influenced by e.g. fuel quality, kiln types and desulphurisation measures, while NOx emissions are
influenced by a different set of factors, including temperature and oxygen availability, nitrogen
content of fuel, and implementation of energy and mitigation measures which are in turn
dependent on resource endowments and development processes.
Impact is conditional on multiple contextual factors even before monetisation takes place. At the
final step of the valuation, prices/willingness to pay values are also specific to context. Prices exist
within a certain context characterised by the factors affecting supply (e.g. technological system,
input prices, institutional, legislative and policy frameworks) and factors affecting demand (e.g.
demographic and cultural conditions).
A number of studies have demonstrated the importance of context for valuation. Barker and
Rosendahl (2000) show that changes in assumptions about the future price of oil can drastically
change the measurement of ancillary benefits as higher prices will themselves drive many of the
improvements which climate change policies might support.” (Davis et al., 2000) Population
density alone seems to account for a difference of 2-3 times between estimates of the social cost
of fuel use in the US and Europe. (A. J. Krupnick & Burtraw, 1996) Ten-fold differences between
estimates of air emission reduction values between New York and New Hampshire result from
different population densities. In the state of New York, differences in policy design aimed at
reducing emissions from coal plants could be responsible for a 6-fold variation in estimates of
change in pollutant emissions per tonne of CO2 emissions reduced. (Rowe, Smolinsky and Lange
et al 1996 referred to by A. J. Krupnick & Burtraw, 1996) Policy design, and in particular the way
that any potential revenues are used is also important. “The extent to which employment changes
as a result of GHG policy is sensitive to the form that the policy takes. Most notable is the
sensitivity to revenue-recycling, i.e. to the use made of any revenues from carbon taxes and (less
likely) auctioned tradable permits. As a general rule, if revenues are recycled, employment gains
will be higher”. (D. W. Pearce, 2000) Quantified values therefore depend largely on estimation
methodologies (e.g. CGE, IO-Analysis) and their assumptions.
“The importance of the economic system and institutions argues against the methodology used in
early ancillary effects analyses, which implied fixed coefficients between greenhouse gas
emissions and other effects. Different technological and regulatory structures, and differences in
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economic parameters will make these relationships situation-dependent.” (OECD, 2000) In fact,
fixed coefficients (i.e. fixed marginal values) would only be reliable if the relationship between all
relevant contextual factors and the environmental externality as well as between the environmental externality and its monetary value were linear, which is clearly not the case. “For many
goods and services, marginal values will change with the total size of the stock, even when the
overall stock level is above sustainable levels (as presently assumed).” (Bateman et al., 2011)
Energy-efficiency measures impact the individual to sectoral and national to international level
(Ryan & Campbell, 2012). However, local conditions affect the level of the impact. The question
arises, given the context dependence of the multiple impacts of energy efficiency, what the
appropriate scale for assessing impacts is. The lower the scale at which the multiple impacts are
assessed the higher will be the accuracy of the assessment, as more detailed analysis is able to
take account of more context specific factors. However, a number of practical issues need to be
considered when deciding on the spatial detail of the assessment:
•

The level of trade-offs which are considered acceptable between accuracy and scale.
Some impacts will depend in large part on local conditions such as population density and
geographic conditions. The larger the geographic area over which impacts are assessed,
the more likely it is that the assessment cannot take into account all local conditions
which may have an effect on the size of the impact.

•

To what extent the geographic distribution of costs and benefits matters, i.e. to what
extent are average values sufficient for the purpose of the analysis.

•

Data availability may impact the scale of the analysis where some data may be easier to
come by at a local level (e.g. energy use in public buildings) and other data will be easier to
estimate from national statistics (e.g. fuel use in the transport sector).

In addition to spatial considerations, other contexts are also relevant to an assessment of multiple
impacts. In general, Bateman et al. (2011) refer to the UK National Ecosystem Assessment
(UKNEA) which argues that, for the valuation of any good the following are required:
(i) “Understanding of the change in provision of the good under consideration (i.e. the change
in the number of units being provided) given changes in the environment, policies and
societal trends;
(ii) A robust and reliable estimate of the marginal (i.e. per unit) benefit value; and
(iii) Knowledge of how (ii) might alter as (i) changes.” (Bateman et al., 2011)
3.2.2

Distributional aspects

While context is generally important for valuations, the economic context, and in particular income
levels are also important politically. Income differences can cause large differences in the
valuation of the exact same physical impact due to differences in willingness to pay attributable to
differences in ability to pay. This can be seen as unfair and politically unacceptable. This issue
therefore warrants a separate discussion compared with other contextual factors.
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As stated in section 2.1, Cost-benefit analysis does not take into account the diminishing marginal
utility of income. This is seemingly a neutral stance as it implies that the rich and poor matter
equally, however, it implicitly results in a value judgement that costs and benefits accruing to low
income groups matter less. “In a pure utilitarian framework, equity weighting is based upon the
diminishing marginal utility of consumption.”(OECD, 2000) However, this is not the case when
monetary benefits are used as a measure of welfare instead of utility. This is the direct result of
the Kaldor-Hicks potential compensation criterion, as it implicitly assumes that the impact of one
monetary unit lost by a low income individual is worth the same (expressed in terms of utility) as
one monetary unit gained by a high income individual. A good summary of the issue is provided by
Anthoff, Hepburn, & Tol, (2009)
Distributional issues can be relevant for national policies if the benefit or burden of a measure falls
on clearly identifiable low-income groups, and also in the assessment of policies that have global
impacts. In the literature the issue of distributional impacts is generally discussed in a global
context in relation to the binary of developed and developing countries; the EU context is rarely
considered. However, within the EU there are also differences in the values of variables which
influence WTP, in particular income. This issue therefore warrants more attention. In particular if
the aim is to develop national values as suggested by the COMBI project document, including for
such contentious benefits such as mortality and morbidity benefits or ecological impacts, this
issue has to be addressed. As values are based on WTP, this will automatically imply that health,
lives and ecosystems are worth less in countries and regions where individuals have lower ability
to pay, i.e. lower income.
There is some evidence that even within the EU, the distributional/equity aspects of a policy may
be significant. Miller (2000) reviews variations between countries in value of statistical life (VSL)
by using regression analysis on a number of VSL studies conducted in different countries. He then
applies a benefit transfer method involving the transfer of the equation to estimate VSLs for a
larger number of countries by substituting the country-relevant parameters (e.g. GNP per capita)
into the regression obtained in the first step of the analysis. The result is that even within
countries that are currently EU Member States there is a large variation between VSL. The best
estimate value for a statistical life for Hungary and Poland is 610 and 480 thousand ’97 USD,
while for e.g. Sweden and France the values are 3230 and 2990 respectively. The values for
developing countries, outside the scope of the current study, are one magnitude lower than
estimates for poorer EU Member States. Miller (2000) concludes that due to the stability of the
models he used and robustness of his of results benefit transfer applied to VSL is “credible”.
To counter the fact that CBA neglects distributional considerations and implicitly gives lower
values to preferences of low-income groups, distributional weighting can be applied. Different
solutions exist to determining the value of the weights. One approach is to estimate the value of
the marginal utility of consumption. Another method is based on revealed preferences, e.g. on
foreign aid or tax codes. (D. Pearce et al., 2006) suggest the use of implicit distributional weights,
i.e. asking what weights would tip the balance from positive to negative NPV. (Anthoff et al., 2009)
Anthoff et al. (2009) and AEA (2005) both emphasize that awareness is needed of the impact of
distributional weighting, which may result in very different estimates of net present value. They
may result in a change in the most optimal choice as weighting may change the sign of NPV
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compared to the non-weighted estimate and may “have different impacts in different scenarios,
not only because different scenarios have different emissions and hence warming, but also
because different scenarios have different income differences, different growth rates, and
different vulnerabilities.” Decisions also need to be made on which country/region the weights are
normalised to as this may cause “estimates [to] differ by two orders of magnitude” (Anthoff et al.,
2009) In two studies which used equity weighting (Nordhaus and Boyer 2000 and Tol, 2001),
weighting resulted in an increase by around one third and 100% of damages respectively
compared with no weighting.
Different distributional weighting values have been suggested by different authors. Income
elasticity of demand for a good also differs depending on the good being valued. Pearce et al.
(2006) survey the literature and find that Cowell and Gardiner (1999) conclude that “a reasonable
range seems to be 0.5 to 4”. D. Pearce & Ulph (1999) argue for a range in the region of 0.8. Pearce,
2003 argues that values of income elasticity “in the range of 0.5 to 1.2 are defensible in the costbenefit appraisal of climate change policy.” “Empirical estimates suggest that the income elasticity
of WTP for environmental change is less than unity, and numbers like 0.3-0.7 seem about right.”
(D. Pearce et al., 2006)
Distributional weighting is as much a political as a technical issue and should also be seen within
the EU political context.
!

!
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