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List of Acronyms

CO2
CO
EGI
FICOSTEF
FUCOSTEF
GDP
GHG
GWP
HUF
ISEW
kt
MAC
NO
NOx
NPV
SO2
TJ
USD
VSL
VOSL

carbon dioxide
carbon monoxide
Energiiagazdalkodasi Intezet (Energy Management Institute, Hungary)
financial cost-effectiveness of a GHG limitation project
(full) economic cost-effectiveness of a GHG limitation project
gross domestic product
greenhouse gases
Global Warming Potential
Hungarian Forint (216.50 per $US as of end 1998)
index of sustainable economic welfare
kilotonne
Marginal Abatement Cost
nitrogen oxide
nitrogen oxides
net present value
sulphur dioxide
terajoule (1012 joules)
US dollars
value of a statistical life
value of a statistical life
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Conversion Factors
The following prefixes are used from multiples of joules, watts and watt hours:
kilo (k)
mega (M)
giga (G)
tera (T)

103
106
9
10
1012

The following table gives the factors used to convert between alternative units of
energy:
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The following factors were used to convert between alternative units of volume:
1 litre
1 UK gal
1 barrel
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= 0.22 imperial gallon (UK gal)
= 1.201 US gallons (US gal)
= 159.0 litres

1 Introduction
1.1

Background to the Case Studies

There has been a considerable amount of work carried out on the appraisal of different
projects and programmes that reduce greenhouse gases (GHGs)1. These studies have
focused on the development of appropriate methodologies for estimating of the costs
of GHG limitation, and measuring the amount of GHGs abated. These are two of the
central issues that need to be considered prior to finalising a policy for GHG
mitigation, and ideally one would pursue those policy measures that effectively reduce
GHGs at least cost.
Although the cost (when correctly measured) should have a strong bearing on which
policies to select, it is not the only consideration. Other factors will influence the
decision, such as the impacts of the policies on different social groups in society,
particularly on vulnerable groups, the benefits of the GHG limitation in other spheres
(e.g. reduced air pollution), and the impacts of the policies on broader concerns such as
sustainability. In developing countries these other factors are likely to be even more
important than they are in the industrialised countries. GHG limitation does not have
as high a priority relative to other goals such as poverty alleviation, reductions in
employment, etc. as it does in the wealthier countries. Indeed, one can argue that the
major focus of policy will be development, poverty alleviation etc. and that GHG
limitation will be an addendum to a programme designed to meet those needs. Taking
account of the GHG component may therefore change the detailed design of a policy
or programme, rather than being the main issue that determines the policy.
In recognition of the importance of these broader social and environmental issues in
developing countries, a methodology has been developed which provides a
framework for the assessment of the wider impacts arising from GHG limitation
projects, and advice on how to incorporate them into the decision-making framework2.
The purpose of this report is to apply the methodology to a set of selected GHG
limitation projects currently being considered for implementation in Hungary.
1.1.1 GHG Mitigation Measures
In total, four GHG limitation projects were selected for application of the
methodology. This second phase of the research in Hungary, co-ordinated by the
Department of Environmental Economics and Law of the Technical University of
Budapest, concentrated on four mitigation options in the household sector:

1

For example: UNEP (1998), "Mitigation and Adaptation Cost Assessment: Concepts, Methods and
Appropriate Use", UNEP Collaborating Centre on Energy and the Environment, Risoe National
Laboratory, Roskilde, DK.
Haites, E. and Rose, A. (1996), “Energy and Greenhouse Gas Mitigation: the IPCC Report and
Beyond”(eds.), Energy Policy Special Issue, 24, 10/11.
IPCC (1996), Climate Change 1995. Economic and Social Dimensions of Climate Change: ScientificTechnical Analysis, Contribution of Working Group III to the Second Assessment Report of the
Intergovernmental Panel on Climate Change, Cambridge: Cambridge University Press.
Halsnæs, k., Callaway, J.M. and Meyer, H. (1998), Economics of Greenhouse Gas Limitation
Guidelines. Methodological Guidelines. UNEP Collaborating Centre on Energy and Environment,
Risø National Laboratory, Denmark.

2

Markandya, A. (1998), The Indirect Costs and Benefits of Greenhouse Gas Limitation, A report
prepared for the UNEP Collaborating Centre on Energy and Environment, RISOE National
Laboratory, Roskilde, DK. Henceforth called the guidelines.
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Specifically, the selected GHG limitation projects involve3:
1.

the installation of new, better insulated windows (Project 1);

2.

the installation of water saving devices on water taps (Project 2);

3.

the installation of active solar cells to prepare domestic hot water (Project 3); and

4.

the replacement of traditional light bulbs by compact fluorescent bulbs (Project 4)4.

1.1.2 Selection Criterion
The full methodology adopted in this country case study is presented in Markandya,
(1998). Following application of the methodology, the information generated needs to
be summarised so that different mitigation projects can be compared. This typically
involves constructing a measure of the cost-effectiveness of each project. The costeffectiveness of each project is obviously a function of its cost and environmental
performance; it is also influenced by the choice of discount rate and the base case
definition. The treatment of these latter two “influences” in this case study is outlined
below. First however, the cost-effectiveness criteria are reviewed.
1.1.3 Cost-effectiveness Criteria
The decision as to whether to implement a mitigation measure will depend, for the
most part, on its cost-effectiveness in abating GHGs. The cost-effectiveness criterion
used in this study defined by the net present value cost per ton of GHG (CO2
equivalent) removed. If the net cost in period i is Ci and the reduction in emissions in
period i relative to the baseline is Ei then the cost-effectiveness criteria for mitigation
measure P is FUCOSTEFp where:

FUCOSTEFP

∑
=
∑

i =T

i =0
i =T

C i (1 + r ) i

E (1 + d ) i
i =0 i

(1)

The cost Ci is the net incremental cost of the mitigation measure, i.e. the incremental
direct costs in time period i net of any associated incremental benefits. The term Ei is
the carbon-weighted (CO2 equivalent) reduction in emissions in period i relative to the
baseline. FUCOSTEF refers to the fact that the costs are the full (FU) economic costs of
the project and not just the direct financial costs, measuring the cost effectiveness
(hence COSTEF). It is to distinguish it from FICOSTEF, which represents the direct
financial costs (hence FI) of the project. The term r is the rate of discount for costs and
d is the rate of discount for emissions.
Both measures of cost-effectiveness (i.e. FU/FICOSTEF) have been estimated for each
of the selected GHG mitigation measures.

3

The study originally intended to consider forestry sector reform as one project. Due to a change in the
team composition, however, it has not been possible to assess this option.

4

The analysis of the first three of these projects has been carried out by the Department of
Environmental Economics and Technology at the Budapest University of Economic Sciences,
Hungary. The fourth project, on replacement of traditional light bulbs by compact fluorescent bulbs
has been carried out by the Department of Environmental Sciences and Policy, Central European
University in collaboration with the Department of Information Management, Budapest University of
Economic Sciences
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1.1.4 Choice of Discount Rate
The guidelines recommend that a central discount rate of 3 per cent is used to
determine the present value of the net incremental cost stream. In the first phase of the
research a rate of 5 per cent was used. Hence, for comparative purposes, both 3 and 5
percent rates have been applied to the calculation of FICOSTEF and FUCOSTEF. The
same rates of discount are used to determine the present value of the emission savings
stream.
1.1.5 Definition of the Base Case
In this study, the marginal cost curves for the set of GHG limitation projects are
constructed by projecting an “incremental mitigation” scenario where all cost and
environmental performance data is already reported as the difference between those
realised under the baseline and those realised when the limitation project is in place.
The base year for all cost data was 1995. The base year selected for computing the
FU/FICOSTEF of each measure was 1997. The time horizon for the analysis is specific
to each GHG limitation project, and depends on its estimated useful operating life. All
cost data were assumed to remain constant in real terms over the selected time
horizon. The same assumption was made regarding the environmental performance of
each measure. Both these assumptions are somewhat unrealistic.
1.1.6 Special Features of the Hungarian Situation
A series of GHG mitigation options for Hungary have been identified and analysed
from an economic perspective in an earlier UNEP/RISØ study5. That study was
carried out as part of an inter-country program aimed at the comparison of different
mitigation options across countries. The research focused primarily on the direct costs
and benefits of GHG mitigation options including savings in CO2 emissions, and in
energy use and the direct costs of implementation.
The objective of the Hungarian direct cost study was to analyse possible greenhouse
gas mitigation options in Hungary from an economic perspective. The study included
the financial costs of implementing a range of mitigation options i.e. investment and
administrative costs and energy savings. Table 1 lists the projects that were considered
in this study.
The study incorporated a range of assumptions regarding, for example, future energy
production mixes, time scale considered and discount rates adopted and these are
discussed in detail in the full report. From this analysis it was possible to construct cost
curves of the GHG mitigation options in Hungary. Figure 1 below shows the marginal
and average cost curves, adopting a 3% discount rate. The study showed, through
sensitivity analysis, that varying discount rates had little impact on the ranking of the
projects.
Several of the examined options turned out to be no-regret options on this basis. It was
therefore felt to be important to undertake a more detailed analysis of indirect costs in
order to differentiate between these options and investigate instances where, for
example, projects with a net direct cost may turn into no-regret options once indirect
costs/benefits are included in the analysis. This second phase of the analysis, then, has
as its’ focus the quantification of all impacts not covered in the initial exercise.

5

G. Zilahy and M. Costura: Greenhouse Gas Abatement Scenarios for Hungary, UNEP 1997
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Figure 1

Marginal and Average Cost Curve of Mitigation Options,
Year 2010, Modified Energy Structure, r=3%
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1.2

Structure of Report

The remainder of the report is structured as follows: Sections 2 – 5 explore four
mitigation options further by adding in indirect costs/benefit into the existing direct
cost/benefit analysis. Thus, Section 2 outlines the results from the analysis of the
window insulation program. Section 3 reports on the installation of the low-flow
faucets and shower-heads. Section 4 gives the results for the installation of the active
solar water heating systems. Section 5 presents the results for the replacement of
traditional light bulbs by compact fluorescent bulbs. Finally, Section 6 provides some
conclusions on the analysis, its limitations and policy recommendations.
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2 Mitigation Option 1: The Installation of New, Better-Insulated
Windows
2.1

General Description of The Mitigation Option

2.1.1 Background
The installation of better-insulated windows is important in terms of climate change
mitigation since it is a simple measure that can have significant effects on domestic
heating in the residential sector. It is an example of an energy conservation programme
that may be implemented through an environmental awareness raising policy coupled
possibly with a grant/subsidy regime.
2.1.2 Project Implementation
The number of installations and the reduction in heating as a result of the project is
shown in Appendix 1. An implementation rate of 25% of the total technically feasible
replacements, (equivalent to 806,700 installations), is assumed over a ten-year span of
implementation. This would therefore result in the installation of 80,670
windows/year. Interviews in the construction sector showed that the number of
windows and doors manufactured yearly in Hungary is approximately one million.
This suggests that an 8% increase is a reasonable assumption. It has also been assumed
that the life-span of the new installations is 30 years. The results in terms of energy
saving for the next 40 years are therefore shown in Appendix 1.
The first phase of the research simply took implementation and operational costs into
account and calculated the benefits of energy savings. It therefore identified the
marginal abatement costs of the project in these terms. Calculations were carried out at
3% and 5% discount rates, taking both the present energy structure, (Baseline
production mix), and a possible future energy structure, (Simulation production mix),
into account. Results for the window replacement project are presented in Table 2. The
direct costs were positive with both production mixes.
Table 2

Marginal cost of project (US$/t CO2 equivalent (GWP))
'LVFRXQWUDWH

%DVHOLQHSURGXFWLRQPL[
6LPXODWLRQSURGXFWLRQPL[

2.2









Indirect Effects

2.2.1 Assessment of Employment Effects
Net benefits of employment consist of two parts. First, new jobs are created in the
construction industry – a considerable number of which are likely, in this instance, to
be filled by formerly unemployed individuals. Second, a fall in the employment levels
of the energy sector may be expected to occur as a result of energy savings and a
consequent lower level of production required.
Creation of new jobs
According to interviews with key industry personnel, an average 750 new jobs in the
construction industry will be created for the ten years of the project. This is thought
likely to be met by providing employment for 600 unemployed; the remaining 150 jobs
11

will be undertaken by already employed persons. Such a high rate of 80% take-up
from those unemployed is thought to be a reasonable assumption because
unemployment in Hungary is relatively high compared to European countries.
The social benefits of the 600 newly employed are calculated using an average monthly
gross wage in the construction industry of US$ 261/month, an average unemployment
benefit of US$ 85.96/month and a 15% value of leisure time, (compared to the wage
rate). Unemployment benefit is available to a claimant for 12 months. It should be
noted that the complex income tax regime that operates in Hungary made it difficult to
make a precise adjustment from gross wage rates to net wage rates in this context.
Nevertheless, it is estimated that a 22.5% rate is a good approximation to the effective
tax rate facing individuals and this could be used in the calculations below if net wage
rates were to be adopted.
There are also likely to be health costs avoided as a result of individuals becoming
employed. Calculations of health benefits, here the reduction in premature mortality,
are based on the Value of Statistical Life, (VSL) provided by Halsnæs et. al (1997)6 for
Hungary taking income elasticity values of 0.35 and 1.00 into account. Results of the
calculations are shown in Table 3 and the supporting calculations are given in
Appendix 2. It can be seen that these health effects dominate employment effects.
The supporting calculations take an identical form in each of the mitigation options
considered and so are presented once here. The results, however, are presented in each
option case study.
Loss of jobs
A maximum annual saving in energy production of 7632 TJ is made as a result of this
project. This equates to about 1.3% of Hungarian energy production. This size of fall in
energy production is considered to be marginal to the employment structure of the
industry and therefore no quantitative analysis of this effect has been undertaken for
this effect.
Table 3
<HDU












6

12

Net total employment benefits per year

1HWEHQHILWV96/H 
 86PLOOLRQ













1HWEHQHILWV96/H 
86PLOOLRQ













Halsnæs, K., Callaway, J.M. and Meyer, H. (1998), Economics of Greenhouse Gas Limitation
Guidelines. Methodological Guidelines. UNEP Collaborating Centre on Energy and Environment,
Risø National Laboratory, Denmark.

2.2.2 Income Distribution and Poverty
It is recognised that the effects of the mitigation project on income distribution and
poverty might affect the overall judgement of the decision makers in their decision
about whether to implement a mitigation strategy or not. However, in the case of new,
better insulated windows, and generally in the case of demand side management
programs these effects are thought to be of minor importance.
Income distribution
The installation of new windows is a relatively expensive investment for a household.
People usually replace windows and doors only when a general renovation of the
building or apartment is under way. It is estimated that installing new windows could
increase renovation costs by as much as 20% -30%. Although this investment is
significant no one household or other interest group is in the position of blocking the
project, because participation would be voluntary.
Because of the relatively high investment cost it is sensible to assume that only
households with an average or high income will be able to afford the replacement of
old windows in spite of any possible government intervention. The poorest 50% of
families can not afford such an expenditure. Clearly, these are the families that would
benefit most, in relative terms, from the savings in energy consumption and therefore
savings in costs. At the same time the state budget is not able to finance total project
costs and only a 20-30% subsidy can realistically be envisaged.
For families with lower incomes other options such as the insulation of existing doors
and windows may be feasible. Such an option requires about 5-10% of the window
replacement project expenditure and could also be carried out with the help of a
government subsidy. In this case some marketing devices concentrating on the energy
savings of such an investment could also be effective.
Geographical distribution
Differences between households living in towns and in the countryside can not easily
be made apart from in terms of income distribution by geographical location. The
general observation is that households living in large towns and cities are usually
better off than households in the countryside. This implies that net benefits are likely
to be concentrated in urban areas – other things being equal.
There is also likely to be a positive distributional effect as a result of the increase in
income levels of those formerly unemployed. However these have not been examined
further in this section.
Conclusions
It has proved very difficult to carry out a quantitative analysis of these income
distribution consequences. We concluded that any analysis would produce only
uncertain and, in all likelihood, negligible results. This is because I) there was
insufficient information available and ii) the employment and environmental effects of
demand side management projects are of much greater perceived importance. It was
also thought that government intervention was likely to be far the most significant
influence on income and distributional impacts, outweighing effects of individual
projects.
2.2.3 Assessment of Environmental Impacts
The replacement of old windows by new, better insulated ones results in certain
indirect environmental effects. These mainly include the emission savings of different
13

air pollutants as a result of lower energy demand and production. There may also be
some saving of renewable and non-renewable resources.
Energy saved
In the case of the implementation of better insulated windows environmental effects
include the mitigation of SO2, NOx, particulate matter, CO, metals etc. The analysis
quantifies the effects of SO2, NOx and particulate matter. Other environmental benefits
have been analysed qualitatively. Table 4 shows the share of different energy sources
saved in the household sector by the mitigation project.
Table 4

Share of Energy Savings by Source

(QHUJ\VRXUFH
6ROLG
+HDWLQJRLO
1DWXUDOJDV
(OHFWULFLW\
'LVWULFWKHDWLQJ
7RWDO

6KDUH 







This table has been calculated on the basis of data on heating energy usage in Hungary
taking the structure of housing and the practical implementation rate in the case of
each type of housing into account. From Appendix 1 and the table above, it is possible
to calculate the savings of each type of heating method for each year up to 2038. These
savings are shown in Appendix 3.
Emissions saved
Estimates of emissions saved as a result of the mitigation option considered are
calculated on the basis of average emissions of energy production as shown in Table 5.
Table 5
(QHUJ\VRXUFH
&RDO
%URZQFRDO
&UXGHRLO
1DWXUDOJDV

Typical pollutant quantities from energy production
3DUWLFXODWH
PDWWHU

62











12[
.J7




&2

0HWDOV











In the case of estimates where only a data range was available, (as in the cases of SO2
and NOX), an average value has been used in the calculations below.
For the purpose of calculating the emission values of electricity generation the average
emission values of the Hungarian power generation sector have been used. We
assumed that the reduction in power generation, (energy saved), would occur at older
power stations which burn fossil fuels. Thus nuclear and hydroelectric power plants
have been omitted from the calculation of mean values. This seems to be a reasonable
assumption because older power plants with high emission rates are likely to suffer a
reduction in their production first in this instance. The energy generated by this type
of power station was 400,454 TJ in 1995. The emissions resulting from the production
process and the emission/TJ values are shown in Table 6.
14

Table 6

Emissions of the Hungarian energy sector in 1995

3ROOXWDQW
&2
62
12[
3DUWLFXODWHV

7RWDONW





77




More than one quarter of the heating of households is carried out through district
heating. A typical natural gas burning district heating facility has been interviewed to
identify the most important emissions from this type of energy generation. Figures
obtained are shown in Table 7.
Table 7

Emissions of a 333 TJ/year production district heating plant
(PLVVLRQ
62
12[
&2
3DUWLFXODWHV

.J





Benefits in Economic Terms
The figures presented above show indirect environmental benefits in physical terms.
In order to make a rational choice on economic grounds between projects it is
important to quantify benefits in monetary terms as well. This has been carried out
with the help of valuation data provided in the Guidelines. The data given in the
Guidelines were derived from a number of European and U.S. studies. Differences in
income levels between Hungary and the U.S., which may be assumed to affect the
valuations, were taken into account through the use of income elasticities. Values of 1
and 0.35 are adopted as income elasticities. A sensitivity analysis is also implicit since
low and high estimates of environmental damage are used, as given in the Guidelines.
Total environmental benefits are presented in Appendix 4.
2.3

Adjustment to Financial Costs

In analysing this project, adjustment to financial costs have been considered in the
following fields:
1.
2.
3.
4.

External costs
Shadow prices for resources
Cost of time
Hidden or implementation costs.
1.

External costs of the project are discussed in sections 2.2 and 2.5 concerning
environmental effects and the impacts on sustainability respectively.

2.

The calculation of the economic opportunity, or shadow, costs of resources is
an important question in all mitigation options. Resources used (saved) in the
case of new, better-insulated windows consist mainly of fossil fuel savings.
Prices in the energy sector are determined by government authorities through
a negotiation process with the, now, mostly privately owned major utilities.
During the negotiation process the interests of both Hungarian households
and utilities are taken into account. The result is a set of prices which are close
to international market prices whilst providing a margin of profit for the
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owners of the utilities. As a consequence, it is thought reasonable to assume
that energy prices in the Hungarian household sector can be equated with
market prices.

2.4

3.

Inclusion of the value of time savings has a minor effect on the overall
valuation of this project. A little time could be saved through the installation
of new windows because of a reduction in the heating requirements of
households still using coal or fuel-wood. Since the heating system of these
households is not affected, the storing of fuel, the lighting of fire and the
cleaning process related to this type of heating are only very marginally
affected.

4.

The implementation costs related to the project were considered in the first
phase of the project and are included in the calculated FICOSTEF values.
These values are therefore assumed to include all costs concerning the
allocation of subsidies and marketing of the project.

Macro-economic Impacts

Macro-economic impacts include the effects on GDP, employment and trade and the
sectoral/regional breakdown of output. The installation of 80 thousand new windows
to replace old ones is not thought to have a significant influence on these indicators.
The investment cost of 6.1 million US$/annum is 2.7% of the total output of the
construction industry which itself comprises approximately 5% of Hungary’s GDP.
The additional 600 new employees needed to carry out the project equates to a 0.23%
increase in the number of employees in the construction sector, or 0.01% of total
employment in the country. Such a small rate indicates that no significant
macroeconomic impacts exist. In fact, negative employment effects in the energy sector
may cancel this small positive impact.
2.5

Effects on Sustainability

The change in the structure of energy use as a result of the project has implications for
sustainability. The implementation of the project directly affects the use of renewable
and exhaustible resources since energy resources that would have been used for
domestic heating are saved.
In 1996 45.2% of Hungarian energy production was consumed domestically whilst
54.8% was exported. Out of total energy production, only 0.2% of total energy was
produced by hydroelectric power plants and only 1.2% of total production was
through the burning of fuel wood in households. It is estimated that 814,000 tons of
fuel wood are used for the heating of households. This equates to 70% of the total fuel
wood consumption. Assuming that households with low levels of income would not
be able to afford the implementation of new windows with any form of government
intervention less than a full subsidy for the costs of the installation the share of this
type of renewable resource, as a proportion of total energy production, will grow as a
result of the project. This change, however, is expected to be negligible and is not
quantified here.
2.6

Full Economic Cost of the Mitigation Option

The first phase of the research on the costs and benefits resulting from the installation
of new, better insulated windows in the household sector included an analysis of the
costs of installation and administration and energy savings only. This research
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identified a positive marginal cost for this mitigation option - as shown in Table 2
above.
The second phase of the research undertakes a much broader analysis of other costs
and benefits that could be included in an economic analysis of the project and that
could therefore influence the overall decision on its’ implementation. Employment and
environmental benefits were judged to be the most important and a quantitative
analysis was undertaken on these. Other indirect costs have been analysed
qualitatively. The quantitative results have therefore been used to calculate the
financial costs and full economic costs of the project.
2.6.1 Calculation of FICOSTEF Values
In the first phase of the research, marginal cost values were calculated for a range of
discount rates. Net costs of the mitigation option include investment costs,
administration costs and cost savings resulting from energy savings. Table 8 shows the
appropriate FICOSTEF values for the project with 3% and 5% discount rates for both
the net costs and resulting GWP savings of the project.
Table 8

FICOSTEF values obtained
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2.6.2 Calculation of FUCOSTEF Values
On the basis of the FICOSTEF values and the values gained from the analysis of
employment and environmental effects it was possible to calculate the net economic
cost of the mitigation option. Table 9 summarises the results of calculations. Figures
have been calculated for both low and high estimates of environmental damages given
in the Guidelines and using income elasticities of 0.35 and 1 as recommended in the
Guidelines. Discount rates of 3% and 5% have been used.
Table 9

Comparison of FICOSTEF and FUCOSTEF values, USD/t of GWP

'LVFRXQWUDWH
&RVW*:3
&RVW*:3
&RVW*:3
&RVW*:3

),&267()





H ORZ





)8&267()
H KLJK
H ORZ









H KLJK





It can be seen from the results that taking quantifiable indirect costs into account a
mitigation option can turn from a net cost option into a no-regret option. The choice of
discount rate, income elasticity and the estimate of the environmental effects all have
significant effects on resulting values. By choosing a higher discount rate the costs
increase markedly since benefits usually occur later in time while costs are borne in the
first ten years. At the same time a higher discount rate for GWP savings increases the
FUCOSTEF value.
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2.7

Conclusions

The reasons for a possible difference between financial costs and economic costs of an
environmental investment have been identified in economic theory. Externalities,
macroeconomic effects, environmental considerations and a less than optimal
operation of market forces all result in costs and benefits not identified in a financial
project appraisal of, for example, greenhouse mitigation options. This study focused
on the empirical measurement of indirect costs of one such mitigation option.
In some cases these costs and benefits can be calculated in monetary terms. In others
only a qualitative analysis is possible. This obviously means that the quantitative
results calculated and given here still do not contain all economic impacts. The effects
that have been reported on a qualitative basis are thought unlikely to significantly
change the results as they stand. The effect on sustainability is positive whilst the
macro-economic and distributional effects are indeterminate. It is uncertain what effect
the implementation of this project will have in creating unemployment in the energy
sector. Clearly, any unemployment effect will reduce the attractiveness of the project
on a FUCOSTEF basis.
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2.9

Appendices

Appendix 1: Number of windows to be installed and resulting energy savings
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Appendix 2: Calculation of employment effects
7RWDOV
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* Based on management interview
** Average gross monthly wage in the construction industry: HUF 56,506 (HUF216.50/US$)
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Appendix 3: Energy saved by type of energy source in the household sector
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Appendix 4: Total Environmental Benefits
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3 Mitigation Option 2: Installation of Low-Flow Faucets and
Shower Heads
3.1

General Description of the Mitigation Option

This project is an example of an energy conservation measure in the residential
housing sector. It is characterised by negative direct marginal abatement costs and a
relatively short payback period (2 years in the residential sector). However, it is
thought that citizens’ environmental awareness is not high enough in Hungary for the
device to become widespread without an education campaign and financial incentive.
In the short to medium term, therefore, only a 25% implementation rate is to be
expected. In the longer run widespread use is more likely since both energy and water
prices are expected to rise steeply. As well as energy savings the installation of the
devices also has a significant water saving effect. In this report these two effects are
examined in terms of their indirect costs.
With a life span of 5 years for new devices, the implementation level of 25% can be
achieved with the installation of 196,930 devices/year over a 12-year period. Appendix
1 shows the resulting energy savings for the next 15 years.
In the first phase of the research marginal abatement costs were calculated based on
implementation and administration costs on the one side, and benefits of direct energy
savings on the other side. Calculations using both 3% and 5% discount rates resulted
in negative marginal abatement costs. Results for baseline (present) and possible
future (mitigated) energy structures are shown in Table 10.
Table 10
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3.2

Marginal abatement cost and mitigated GWP of project 2
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Indirect Costs

3.2.1 Assessment of Employment Effects
In considering the introduction of low flow faucets and shower-heads, two separate
employment effects need to be taken into account. First, there are those jobs that are
likely to be created through the increased demand for the production of the devices.
Second, there are those jobs that might be lost in the energy sector and at the water and
canalisation company as a result of lower energy and water demand. Although these
effects are almost negligible, we attempted to quantify them according to the method
described in the Guidelines.
Based on interviews with producers of such devices, we found that eight net new jobs
were expected to be created for the 10 year time period of the project and two
additional jobs being undertaken by those already in employment. The quantified
benefit of employment can be divided into two parts: the net direct benefit of
employment and the health benefits. To estimate the benefit of employment and value
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of leisure time we used the base data of: US$ 307.15 - the average monthly gross wage
rate of the manufacturing industry; US$ 85.96/month - average unemployment
benefit; US$ 46.07 - the value of leisure time equal to 15% of the average wage. To
estimate health benefits, (premature mortality avoided), we adopted the Values of
Statistical Life for Hungary provided in the Guidelines of US$904,000 and US$2.409m,
using income elasticities of 1 and 0.35 respectively. The results are presented in Table
11.
Table 11
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We also considered the employment effect of the reduction in energy and water
production resulting from implementation of the project. With regard to the energy
sector we can say that the resulting energy savings of the project, which are a
maximum of 2170.75 TJ annually, are equivalent to 0.37% of Hungarian energy
production. This amount is assumed to be marginal with respect to the employment
structure of the industry.
The case of water savings is more complicated. In an average public water service
company with a production capacity of 22,080 m3/year about 290 people are
employed. Calculating with total water savings of 234851.75 m3/ for the years 19982015, this would equate to an average water saving of 13814.8 m3/year. This is
estimated to result in 181 people being made unemployed and suggests that a public
water service company with a smaller capacity than the average may be closed down.
However, there are two problems with this calculation. One is that production
capacity is not equal to their real production and sales. Water service companies in
Hungary produce only at 30%-50% of their capacity, but still need to employ almost
the same number of people as at full capacity - reflecting a relatively inflexible demand
for labour. The other problem with this calculation is that water savings are spread
across the country, which means that the employment effect cannot be seen as
concentrated on one single water service company. Calculating with at least 150
service companies throughout the country, an average water saving of 92
m3/year/company would occur, which is marginal at such a low elasticity and is
unlikely to result in unemployment. Even if the calculations are made with
higher/lower population concentrations and therefore higher/lower water savings
than the average in different settlements, it is likely that positive and negative
employment effects will neutralise each other.
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3.2.2 Income Distribution and Poverty
Since the installation of these water saving devices is relatively inexpensive there are
likely to be only minor effects on income distribution. Indeed a combination of
advertising which emphasises the rapid payback period of the devices and a general
awareness-rising education campaign may result in even low-income households
considering the acquisition of such devices. However, to achieve a higher than 25%
implementation rate in the long run, government intervention in the form of financial
incentives would be needed to ensure the participation of the poorest households.
There is no reliable information about the size of inducement that might be necessary
to achieve a higher implementation rate and so we are unable to quantify this here.
3.2.3 Assessment of Environmental Impacts
The installation of low-flow faucets and shower-heads has considerable indirect
environmental impacts other than the mitigation of greenhouse gases. These include
the mitigation of different air pollutants as a result of the energy saving. Furthermore,
this project also has another important positive environmental effect: the saving of
water as renewable resource. The latter will be quantified under the subheading,
"Other environmental impacts", below, with some cross reference in the
"Sustainability" section
Energy saved
In the analysis we have quantified the emission reductions of different air pollutants –
such as SO2, NOx, particulate matter, CO and metals – corresponding with the share of
different energy sources and energy savings (see Table 13 and Table 14). Table 14
additionally includes the electricity savings as a consequence of water savings
(electricity savings at waterworks). Although these latter are small amounts in this
case, we mention them in order to demonstrate that this effect may be significant in
other projects and need to be considered.
Table 12

Share of energy savings by source
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Table 12 has been calculated based on data about heating energy usage in Hungary,
regarding the structure of housing and the practical implementation rate for each type
of housing. Applying the data available, the annual energy savings can be calculated
for each type of heating method from 1998 to 2015. These results are shown in
Appendix 2.
Emissions saved
Estimates of emissions saved as a result of the mitigation option are calculated on the
base of average emissions of energy production. These average emission rates are
shown in Table 13.
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Table 13
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Typical pollutants of energy production7

3DUWLFXODWH
PDWWHU

62











&RDO
%URZQFRDO
&UXGHRLO
1DWXUDOJDV

12[
NJ7




&2

0HWDOV











In the calculations undertaken, where a range is given the average values of those data
have been used. For the purpose of calculating the emission values of electricity
generation the average emission values of the Hungarian power generation sector
have been used. We assumed that the reduction in power generation, (energy saved),
would occur at older power stations which burn fossil fuels. Thus nuclear and
hydroelectric power plants have been omitted in the calculation of mean values. This
seems to be a reasonable assumption because older power plants with higher emission
rates are likely suffer a reduction in their production first in this instance. The energy
generated by this type of power station was 400454 TJ in 1995. The emissions resulting
from the production process and the emission/TJ values are shown in Table 14.
Table 14

Emissions of the Hungarian energy sector in 1995
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Almost 20% of the heating of households is carried out through district heating. A
typical natural gas burning district heating facility has been interviewed to identify the
most important emissions of this type of energy generation. Figures obtained are as
follows:
Table 15

Emissions of a 333 TJ/year production district heating plant
(PLVVLRQ
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The calculation of energy savings has been carried out using the information in Table
14 and Table 15.
Benefits in economic terms
Results given in the two previous sub-sections represent the indirect environmental
effects of energy saving in physical terms. However, for different projects to be made
comparable in economic terms, it is helpful to quantify environmental benefits
monetarily as well. In our calculations we used the values provided by the Guidelines
which, in turn, are based on values from a large number of European and U.S. studies.
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Papp, S. - Kümmel, R., 1988

The original data have been modified with the use of income elasticities in order to
take differences in incomes of Hungary and the U.S./Western Europe into account.
Appendix 3 shows the summarised annual environmental benefits in money terms
from energy saving.
Other environmental effects: water savings
As mentioned above, by installing low-flow faucets and shower-heads a considerable
flow of excess water can be avoided. Through the implementation of this project it is
estimated that water savings of approximately 16.6% would be achieved in the
residential sector. Appendix 4 shows the annual drinking water and waste water
savings at 25% implementation level.
It is also important to quantify water savings in money terms. Since water is a
renewable resource, its economic value cannot be calculated simply on the basis of its
price and several other factors also have to be taken into account. The next section
includes the calculations of the financial and economic value of water, based on the
available information.
3.3

Adjustment to Financial Costs

In former planned economies such as Hungary there has long been a significant
difference between real costs of resources and prices used in transactions. This was a
result of the lack of markets for most of the basic energy and other natural resource
commodities. During the last ten years, Hungary has been in the forefront of the
movement in transition countries in establishing such markets. However, there are still
some commodities whose prices do not reflect the economic value of the natural
resource. Water supply and waste water treatment are two of those commodities
where it is more appropriate to use shadow prices for calculations.
Water prices are, in many countries, subsidised or based on current extraction and
cleaning costs. However, the economic value of water should reflect extraction and
cleaning costs which are valid over the long term8. These are higher than current cost.
The reasons for this are firstly that those water bases are first used which are easier to
extract, and secondly that with generally rising incomes over time water demand also
increases. If we do not consider the long term costs of water supply, then incorrect
decisions will be made on the rate of water extraction. The additive cost element which
should therefore be incorporated into the price of water is called scarcity rent9 in the
literature. At the moment there are only a few countries in the world where the
scarcity rent is used in water price determination.
In Hungary, the water pricing system does not include the scarcity rent10. There is a
charge for water stock use that increases the water price, but its level is too low to
reflect the scarcity of water. The basic value of this charge was 1.15 HUF/m3 in 1997,
(1 USD = 216.5 HUF), though this is then modified according to the type of water stock
and to the economic characteristics of the region.
Both drinking water and waste-water prices are subsidised, though to different
extents11. The average price of drinking water would be 15% higher without subsidy
and the price of water, including drinking water and waste-water, would be on
8

OECD, 1994

9

Tietenberg, 1992, p.234

10

Csutora, M. - Bisztriczky, J, 1998

11

ÖKO Rt., 1998
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average 40% higher without subsidy. (The water prices vary from municipality to
municipality, from region to region). The extent and amount of subsidy depend
mainly on extraction and cleaning costs which, nevertheless, do not include
amortisation and development costs in many cases. These costs should be included in
the economic costs and have been calculated as:
Amortisation costs/annum
Development costs/annum

0.03 US$/ m3
0.07 US$/ m3

There is a Water Fund in Hungary which provides 3.4 billion HUF, (15.7 million USD),
for water service companies as subsidy in order that they are able to cover their
operating costs. There is a threshold value of approximately 1.3 USD/m3, over which
water suppliers and canalisation companies are subsidised in order to compensate for
higher costs and to set lower prices for households. The FUCOSTEF calculations are
based on average drinking water and waste water shadow prices. These are:
Average price of drinking water
Average price of waste water

0.48 US$/ m3
0.57 US$/ m3

The total economic benefits of water savings are shown in Appendix 5.
In addition to consideration of the shadow price of water the implementation costs
that would be incurred in the realisation of the project need to be noted. In the case of
water saving devices the implementation does not require large additional
institutional or human capacity or monitoring costs, though there exist information
costs in the provision of an awareness rising campaign. These costs may be difficult to
quantify and they are not included here
With regard to energy prices, the tax rates in the energy prices are usually the same or
very similar to those in OECD countries. The only indirect subsidy is reflected in the
lower VAT rate (12%), compared to normal consumption commodities (25%). The
market rate is therefore assumed to be adequate in this context.
3.4

Macroeconomic Effects

The macroeconomic effects of the project – which can be measured as effects on GDP,
employment, trade and the sectoral/regional breakdown of output – are not judged to
be very significant. The annual installation of 196,930 water saving devices has a
marginal positive impact on both employment, (8 new jobs), and GDP, (the small price
of the device). The negative employment effects as a result of water and energy
savings cancel the positive ones from job creation. Water and energy savings would be
reflected in a reduction of the country’s GDP. This reduction has not been quantified.
In any case, we would argue that the GDP indicator does not reflect the true social
costs and benefits in relation to environmental resources. By using other welfare
measuring indicators (such as GPI or ISEW), these resource saving effects would
appear instead as a positive effect. It is intended that these indicators will be used in
future.
3.5

Effects on Sustainability

There are several ways in which this mitigation project influences sustainability.
Mainly through energy savings, a reduction in the use of non-renewable fossil energy
resources is expected. This means a change in the energy structure: the share of
renewable energy is growing within the total energy usage. This, however does not
mean that more renewable resources will be used instead of non-renewable resources.
It simply shows that energy savings lead to a decrease of non-renewable resource use.
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The 0.37% energy savings of Hungarian energy production (as a result of the project)
can be regarded as marginal in the shift of resource usage, especially if we consider
that only half of Hungarian energy demand is met from domestic resources, whilst the
other half has to be imported.
The reduction of air-pollutants is likely to have a positive impact on biodiversity.
However it has not been possible to determine the range of these impacts in money
terms.
Another aspect is the saving in water use. This is a significant consequence of the
project. We tried to quantify this impact in both physical and monetary terms in
Sections 3.4. and 3.5 above. In Section 3.5. the economic price of water was quantified
based on long term extraction costs. Due to the lack of information, however, we have
not been able to estimate the real scarcity rent and the value of alternative uses of
water.
3.6

Full Economic Cost of Mitigation Option

The first phase of the research, regarding direct costs and benefits of mitigation
options, resulted in a negative marginal cost for this project. In the second phase of the
project we extended the analysis by including significant indirect effects. This analysis
considerably modified the cost effectiveness values by making the size of the negative
costs much greater. Regarding the installation of low-flow faucets and shower-heads
the far most important benefits resulted from environmental impacts such as water
savings and energy savings. Other impacts were rather marginal, therefore we
quantified only employment effects. In the following sub-sections we interpret the
results of financial cost and full economic cost calculations.
3.6.1 Calculation of FICOSTEF Values
Net direct costs of the mitigation option consist of investment costs, administration
costs, and cost savings resulting from energy savings. During the first phase of the
research marginal cost values have been calculated for a range of discount rates, where
a zero discount rate for GWP has been assumed. In this section we calculated both the
net costs and the according GWP savings with 3% and 5% discount rates. Results are
summarised in Table 16.
Table 16
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FICOSTEF values obtained
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3.6.2 Calculation of FUCOSTEF Values
The calculation of full economic costs for the mitigation option was based on
FICOSTEF values, plus the cost saving values of environmental and employment
effects. Since the first phase of the research used a 5% discount rate for the 25%
implementation level, we calculated with 5% and 3% discount rates, as suggested by
the Guidelines. Table 17 summarises the results of FICOSTEF and FUCOSTEF
calculations.
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Table 17

Comparison of FICOSTEF and FUCOSTEF values, US$/t of GWP
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The comparison of values shows that the incorporation of indirect effects significantly
influences the results. Calculating with the same discount rate for both costs and GWP
savings, the results are almost the same. Using a higher discount rate for costs, the
benefits are significantly lower, since costs should generally be born in the first years,
while benefits occur somewhat later. At the same level of cost discounting the higher
discount rate for GWP savings increases the FUCOSTEF value.
3.7

Conclusions

The mitigation option of low-flow faucets and shower heads is a good example for
demonstrating that the pure analysis of direct financial costs and benefits cannot
provide a full picture about the entire social and economic effects of a project.
For this project, water savings and energy savings were two environmental impacts
that could be quantified. However, these two effects clearly do not reflect all benefits:
other impacts could only be qualitatively described. It has been suggested that the
positive employment effects could be entirely negated by the loss of jobs in the energy
and water sectors as the result of the project. The impact on sustainability appears to
be favourable. The macro-economic and distributional effects were indeterminate.
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Appendixes

Appendix 1: Number of devices to be installed and resulting energy savings
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Appendix 2: Energy saved by type of energy source in the household sector
<HDU
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Appendix 3: Total environmental benefits due to air pollutant emission savings
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Appendix 4: Annual water savings due to the project
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Appendix 5. Total economic benefits of water savings
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4 Mitigation Option 3: The Installation of Active Solar Water
Heating Systems in the Household Sector
4.1

General Description of the Mitigation Option

4.1.1 Background
This project considers the installation of active solar water heating systems in the
domestic household sector as a greenhouse gas mitigation option. It is an example of
an energy conservation measure, aimed at the reduction of household energy use in
Hungary.
Such installations are not yet widespread in Hungary for a number of reasons. First,
the initial investment in the necessary equipment is relatively high. Whilst it has been
shown that such projects will result in a full pay back, the investment cost appears to
pose a barrier to installations on a large scale. Second, energy prices have been
subsidised until recently which means that savings from the installation of such
equipment would have been of minor interest to households. Third, up to date
technological innovations have only recently –in the last 6-8 years– reached consumer
markets. There is therefore a relatively low awareness of the product and its’ merits.
At the same time, government programs that provide subsidies for environmental
investments of households have not been widespread. Unlike the European Union,
value added tax is paid on this equipment, (although with a relatively low tax rate
compared to other consumer goods), and there are no other incentives to invest in such
devices.
4.1.2 Project Implementation
Active solar systems are solar thermal systems. In active systems collectors are used to
transfer the sun's energy into useful heat for hot water or for other heating purposes.
The project concentrates on substitution possibilities in households using electric water
heaters at the moment and does not include households where gas boilers are used.
There are approximately 1.4 million households operating electric boilers in Hungary.
The total annual energy consumption from these boilers is estimated to be 11643 TJ/yr.
Once the categories of different housing and the orientation of the buildings have been
taken into account the maximum feasible number of installations is 443,000. Energy
savings resulting from the new equipment reach 60%. Therefore, maximum savings of
2193 TJ/year can be expected.
The number of installations and the resulting reduction in energy use is shown in
Appendix 1. An implementation rate of 25%, (of the total technically feasible
installations), is assumed which, combined with a ten year span of implementation,
would result in the installation of approximately 11,000 devices per year. A 25% rate of
implementation would then be achieved by the year 2008, (110,900 water heating
devices). It has been assumed that the life-span of the new installations is 15 years.
Energy savings are therefore made over a 25 year period and these are shown in
Appendix 1. The full analysis of these energy savings is shown in Appendix 2.
The first phase of the research identified the marginal abatement costs of the
installation of the new equipment. These included implementation and operational
costs and the benefits of energy savings. Calculations were undertaken with 3% and
5% discount rates, using the present energy structure (Baseline production mix) and a
possible future energy structure (Simulation production mix). The results showed that
the installation of active solar water heating devices has one of the highest marginal
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costs of all the projects examined, as a consequence of very high initial investment
costs. These results are shown in Table 18.
Table 18

Marginal cost of project ($/t CO2 equivalent (GWP))
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Assessment of Employment Effects

Net benefits of employment that result from this project consist of two parts. First, new
jobs are created in the construction industry, a considerable number of which can be
filled by former unemployed. Second, there is likely to be a fall in energy sector
employment as a result of energy savings and the consequently lower level of
production required.
4.2.1 Effects: Construction industry
According to interviews conducted by the researchers in the sector approximately 500
new jobs would be created over the ten years of the project. This in turn is forecast to
provide employment for 400 unemployed with the remaining 100 jobs being
undertaken by already employed persons. Such a high rate of 80% is assumed because
of the relatively high level of unemployment in Hungary.
In order to calculate the net employment benefits for the 500 newly employed we used
the following base data: an average monthly gross wage in the construction industry
of US$ 261/month; an average unemployment benefit of US$ 85.96/month and; a 15%
value of leisure time, (relative to the gross wage rate). Results of the calculations are
shown in Table 19.
Table 19
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Calculations of health benefits are based on the Value of Statistical Life provided by
the Guidelines for Hungary using income elasticity values of 0.35 and 1.00 to adjust the
VOSL relative to GDP/capita.
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4.2.2 Effects: Energy Sector
A maximum yearly savings in energy production of 548 TJ equates to about 0.1% of
Hungarian energy production. We have been unable to quantify this effect. However,
this amount of decrease in energy production is assumed to be marginal to the
employment structure of the industry.
4.3

Income Distribution and Poverty

4.3.1 Income Distribution
The installation of active solar water heaters is a relatively expensive investment for a
household. These types of installations are usually only made when a general
renovation of the building or apartment is being undertaken. Installation includes the
installation of heat collectors, additional piping, and other devices located inside and
outside the building - usually on the roof and connected to original piping. According
to the estimate of EGI, the investment cost is in the range of US$ 1100-1600 depending on the type and size of the building and the chosen system. This
investment cost is approximately 20% of the renovation cost of an average apartment.
Relative to an average US$ 180-230 cost of traditional heating devices the extra cost is
therefore significant.
A project such as this, with a high initial investment cost, is only likely to be
implemented with the help of special financing designed for investments in energy
conservation. Since we would expect participation to be voluntary, no one household
or other interest group is likely to be in the position of blocking the project.
Without any type of subsidy the high investment costs mean that only households
with an average to high income can afford the replacement of old equipment without
government intervention. Lower income families who would benefit most in relative
terms from the savings in energy consumption and resulting costs cannot afford such
an expenditure. For lower income households other options, such as a switch from
electric water heaters to gas burning water heaters are possible. Although this switch
has a positive effect on household costs it does not affect GHG emissions significantly.
4.3.2 Geographical Distribution
Whether a household is located in a town or in the countryside has some effects on the
implementation of the project. Families in the countryside usually own a house
compared to apartments in big cities. Because active solar water heating systems
require the implementation of equipment outside the apartments it is more feasible in
the case where there is only one owner. On the other hand households in the
countryside are usually poorer. As a result of these two factors it is very hard to
identify the distribution of the number of installations between big towns and the
countryside.
4.3.3 Conclusions
It has proved very difficult to undertake a quantitative analyses of these consequences
which, it is thought, would produce only uncertain and negligible results. This is due
to i), the lack of quantitative information and ii), much greater perceived importance of
employment and environmental effects of demand side management projects.
4.4

Assessment of Environmental Impacts

Demand side energy management projects, such as the one considered here, are often
found to entail substantial indirect environmental effects. These mainly include the
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emission savings of different air pollutants as a consequence of lower energy demand
and production. These type of projects also result in non-renewable resource savings.
4.4.1 Energy and Emissions saved
The implementation of active solar water heating devices, and the resulting
substitution of fossil fuels, would result in the reduction of SO2, NOx, particulate
matter, CO, metals etc. We analyse the effects of SO2, NOx and particulate matter
quantitatively. The effects of the other environmental benefits have been analysed
qualitatively. As explained above, we assume that only electric boilers are replaced so
that energy savings take the form of savings in electricity consumption.
In order to calculate the emission values of electricity generation the average emission
values of the Hungarian power generation sector have been used. We assumed that
the reduction in power generation (energy saved) would occur at traditional power
stations burning fossil fuels. Thus nuclear and hydroelectric power plants have been
omitted from the calculation of mean values. This seems to be a reasonable assumption
because traditional power plants are generally the oldest ones with relatively high
emission levels. Therefore initial reductions in the production of these plants would be
sensible. The energy generated by these type of traditional power utilities in 1995 was
400454 TJ. The emissions resulting from the production process and the emission/TJ
values are shown in Table 20.
Table 20

Emissions of the Hungarian energy sector in 1995
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From this data set it is possible to calculate the emissions saved as a result of energy
savings.
4.4.2 Benefits in Economic Terms
In order to make a rational choice between projects it is useful to quantify benefits in
money terms as well. Monetising the benefits has been undertaken with the help of
values provided by the Guidelines which bases its estimates on several European and
U.S. studies. Differences in income levels between Hungary and the U.S. were taken
into account through the use of income elasticities. Appendix 2 provides a summary
table of the resulting flows of total environmental benefits.
4.5

Adjustment to Financial Costs

Adjustments that may need to be made to financial costs in order to derive economic
costs for this project have been considered in the following ways:
1.
2.
3.
4.

External costs
Shadow prices for resources
Cost of time
Hidden implementation costs.

External costs of the project are considered in the sections concerning environmental
effects and sustainability in this report.
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The analysis of the economic opportunity, or shadow, costs of resources is identical in
its conclusions to that for Mitigation Option 1 in this Case Study. Resources used
(saved) in the case of solar powered water heating systems consist of fossil fuel
savings. Prices in the energy sector are determined by government authorities through
a negotiation process with the, now, mostly privately owned major utilities. During
the negotiation process, the interests of both Hungarian households and utilities are
taken into account. The result is a set of prices which are close to international market
prices whilst providing a margin of profit for the owners of the utilities. As a
consequence, it is thought reasonable to assume that energy prices in the Hungarian
household sector can be equated with market prices.
There appear to be no significant time costs associated with the implementation of this
project since the extra time needed to operate the device is negligible.
The implementation costs related to the project were included in the first phase of this
work which focused on the direct costs. They are therefore included in the FICOSTEF
values. Figures calculated are assumed to include all costs concerning the allocation of
subsidies and marketing of the project.
4.6

Macroeconomic Impacts

The installation of 10,000 solar energy powered water-heating devices does not have a
significant influence on the leading macroeconomic indicators in this instance: GDP,
employment and trade and the sectoral/regional breakdown of output. The
investment cost of US$ 15.8 million/year equates to 0.58%. of the total output of the
construction industry – a minor impact. The additional 400 new employees needed to
carry out the project is equivalent to a 0.18% increase in the number of employees in
the construction sector (less than 0.01% of total employment). It should also be noted
that negative employment effects in the energy sector may cancel this small positive
impact in any case. Such small percentage figures indicate that no macroeconomic
impacts are likely to be identified
4.7

Effects on Sustainability

The shift from traditional water heating systems to new, active, solar water heating
systems is likely to result in greater use of renewable energy since the energy of the
sun is utilised directly to meet human needs. In 1996 45.2% of energy was produced in
Hungary while 54.8% had to be exported. Only 0.2% of the total energy produced in
Hungary used renewable sources, (hydroelectric power plants). All other energy
resources used in Hungary were exhaustible. As a result of the project the share of
renewable resources should increase from 0.2% to 0.3% in total energy production.
Therefore the switch from fossil fuel generated energy to solar energy appears to be a
significant step towards sustainability.
4.8

Full Economic Cost of the Mitigation Option

The first phase of the research identified a high positive marginal cost for this
mitigation option - as shown in Table 18. This analysis only included costs of
installation and administration and energy savings. The second phase of research,
reported here, identifies a range of other costs and benefits which could influence a
decision regarding the implementation of the project. Employment and environmental
benefits have been found to be the most important. These effects are quantified whilst
other indirect costs and benefits have been analysed qualitatively. The results of the
research have been combined to calculate the financial costs and full economic costs of
the project.
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4.8.1 Calculation of FICOSTEF Values
In the first phase of the research, the financial cash-flow of the project was used to
derive marginal cost values using a range of discount rates - the cost elements
included being investment costs, administration costs and cost savings resulting from
energy savings. A zero discount rate for GWP was assumed in the calculation of the
marginal cost values. Table 21 shows the appropriate FICOSTEF values for the project
with 3 and 5% discount rates for both the net costs and resulting GWP savings of the
project.
Table 21

FICOSTEF values obtained
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4.8.2 Calculation of FUCOSTEF Values
On the basis of FICOSTEF values and the values derived from the analysis of
employment and environmental effects it has been possible to calculate a net economic
cost of the mitigation option.
Results have been calculated for both low and high estimates of environmental
damages and using income elasticity rates of 0.35 and 1 applied to the VSL. Discount
rates of 3% and 5% have been used because calculations in the first phase of the
research concentrated on a 5% discount rate in the case of a 25% implementation rate.
Lower discount rate (3%) estimates are also provided, as recommended by the
Guidelines. Table 22 summarises the results of this exercise.
Table 22

Comparison of FICOSTEF and FUCOSTEF values, USD/t of GWP
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Table 22 shows that the choice of discount rate and the assumptions concerning
income elasticity and the value of statistical life influence the results to a great extent.
Nevertheless FUCOSTEF values tend to estimate a significantly lower cost of the
mitigation option. Indeed, in the case of a 0.35 elasticity the costs become negative (a
net benefit). The broad conclusion is therefore that if indirect costs are taken into
account the project becomes much more feasible – though the negative impact of lost
employment in the energy generation sector are not included in this analysis. Of the
non-quantified effects, the effects on sustainability appear to be positive whilst the
macro-economic and distributional effects are indeterminate or negligible.
4.9

Conclusions

The inclusion of indirect costs and benefits in the analysis of this GHG mitigation
option showed that such a project can be carried out with a positive economic benefit
to society. Although results vary according to the assumptions chosen, it can be
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concluded that it would be reasonable to promote this type of investment in the
household sector.
If this was the case, promotion would most effectively be focused on creating a more
attractive financial background to investments in solar energy. A subsidy or tax
incentive can be envisaged similar to those adopted in more developed countries and
in the European Union. At the same time it would be important to advertise such
possibilities and to raise the environmental awareness of the population. It would also
be helpful for banks to be backed by government measures in order to develop
construction finance that could accelerate the implementation process.
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4.11 Appendices

Appendix 1: Number of water heaters to be installed and resulting energy savings
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Appendix 2: Total environmental benefits (1000 US$)
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5 Mitigation Option 4: The Installation of Compact Fluorescent
Lights
5.1

Introduction

5.1.1 General description of the mitigation option
This report analyses the indirect costs associated with a specific greenhouse gas
mitigation option for Hungary: the replacement of traditional incandescent lamps with
Compact Fluorescent Lamps, (CFLs), in the residential and communal sectors. The
direct costs, energy saving potential, and greenhouse gas mitigation costs of this
mitigation option are discussed in the Hungarian Country Study of the project report
on “Economics of Greenhouse Gas Mitigation Assessment”. The basic assumptions
and direct impacts of the mitigation option are described in more detail in that report.
The analysis in this report is based on the guidelines for “The Indirect Costs and
Benefits of Greenhouse Gas Limitation” by A. Markandya (1998). For a consistent
treatment with other mitigation options this report is also structured according to
these guidelines.
5.1.2 Project Implementation
Most homes in the residential sector in Hungary are lit by incandescent lamps. The
estimated average number of incandescent lamps in a household is 10. Because the
CFLs are expensive and frequent switching sharply decreases their lifetime, only those
incandescent lamps which are often used for long periods are worth replacing. This is
true for half (5) of the incandescent lamps in a typical household, and, aggregating
across the whole country, equates to the replacement of 19.7 x 106 lamps. The estimated
electricity consumption for residential lighting is approximately 4,000 TJ per year. The
living rooms and kitchens are the principal rooms in which the lamps are used for long
periods and these lamps comprise 70% of the total household lighting energy
consumption. Therefore, the total energy consumption of the replaceable incandescent
lamps in the residential sector is around 2800 TJ per year.
In the commercial and communal sectors the linear fluorescent lamps are the most
wide-spread lights used, whilst incandescent lamps are placed in less used rooms of
such as toilets, bathrooms, etc. The lighting energy consumption in the commercial
sector is around 12,100 TJ per year, and it is estimated that the incandescent lamps
account for approximately 570 TJ/year. The number of replaceable incandescent lamps
in the communal sector is estimated at 1.763 million.
Key Assumptions
1.

The luminous efficacy of the CFLs is approximately five times higher than that of
the incandescent lamps. Therefore, we can assume that the electricity savings are
circa 80%.

2.

The average investment cost is US$11.5 and US$13.9 per unit in the in the
residential sector and commercial/communal sector respectively. The latter case is
higher since theft-proof sockets are judged necessary, and these add to the cost.
The total investment cost in the residential sector is US$ 2.27 * 108 and US$ 2.4 x 107
in the commercial sector.

3.

The number of installations and the subsequent reduction in energy consumption
as a result of the mitigation option are shown in Appendix 1. An implementation
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rate of 25% (of the total technically feasible replacements) is assumed. Combined
with a five year span of implementation, this results in the installation of 1,072,650
CFLs/year (984,500 in households and 88,150 in the public sector). A 25% rate of
implementation would then be achieved by 2003 (5,363,250 CFLs).
4.

It should be noted that the lifetime of the new installations has been assumed to be
10 years. Therefore, after 10 years new installations in two consecutive years are
needed to maintain the net quantity of CFL installations and to ensure that the
programme runs for a 20 year period.

The first phase of the research identified the marginal abatement costs of the
installation of the new equipment, taking account of implementation and operational
costs and calculating the benefits of energy savings. Real discount rates of 3% and 5%
were used and the present energy structure (Baseline production mix) and a possible
future energy structure (Simulation production mix) were used as scenarios. Final
direct costs calculated for the lamp replacement mitigation option are included in
Table 23.
Table 23

Marginal cost of project (US$/t CO2 equivalent (GWP))
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Indirect impacts of CFL installations

5.2.1 Outline
The indirect impacts of the mitigation option are summarised in Table 24. These
impacts will be described in more detail in the sections below.
Table 24
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Broader impacts of CFL implementation
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5.2.2 Assessment of employment effects
The number of new jobs created by the increased production needs of CFLs is
estimated to be negligible. This is because, firstly, the assumed intensity of
implementation does not need any significant change in employment in the lamp
industry. The industry has well-developed, mechanised technology which implies a
low demand for labour in any case. For example, based on interviews with Hungarian
CFL manufacturer TUNGSRAM, machine lines produce 2500 incandescent lamps per
hour. and 900 CFLs/hour. The loss of production resulting from the reduced need for
incandescent lamps has been estimated to result in an approximately comparable
number of job losses as is created by the increased CFL production. The net result is
therefore likely to be no change in the number of jobs, but, rather, a redirection of
people from one production line to the other.
Another important factor to consider is that approximately two-thirds of CFLs sold in
Hungary are not manufactured in the country, but are imported (Ürge-Vorsatz and
Medián 1997). Thus. the net employment effect, even if negligible, depends on the
details of the implementation program: for example, whether local manufacturers are
somehow promoted thereby boosting the domestic market share, or whether, in the
absence of any explicit promotion, we simply assume that the increase in market
penetration is proportional to the current market shares.
There is a maximum annual saving in energy production of 674.5 TJ which equates to
0.11 % of Hungarian energy production. This fall in energy production is assumed to
be marginal to the employment structure of the industry. On balance, we can conclude
that positive and negative employment effects are negligible and, in any event, are
expected to neutralise each other.
5.2.3 Income distribution and poverty
Market research by Urge-Vorsatz (Ürge-Vorsatz and Medián 1997) showed weak
correlation between household earnings and the use of CFLs. A combination of
advertising campaign that emphasised the rapid payback period of CFLs and a general
awareness rising education campaign may be sufficient to persuade households with
lower earnings levels to consider the purchase of CFLs. However, targeting a higher
than 25 % implementation rate in the long run would most certainly require
government intervention in the form of financial incentives for the poorest
households.
The impact of the energy savings on income distribution has been estimated to be
proportional to income levels. This is because higher income households have a
tendency to use more electricity. Energy savings will therefore be proportional to their
incomes. Overall, however, it is clear that in the case of the CFL implementation
project the effects on income distribution and poverty are minimal.
5.2.4 Assessment of environmental impacts
Demand side management projects such as the replacement of incandescent lamps by
CFLs frequently have considerable environmental benefits – generally in the form of
air pollution emission savings resulting from lower energy demand or production.
There may also be environmental benefits (or costs) from a reduced waste stream in
the case of a large-scale introduction of CFLs to replace incandescent lamps. Both of
these environmental impacts need to be considered.
We therefore first assess the indirect costs associated with three major air pollutants:
SO2, NOx and particulate matter, before examining the reduced emissions of mercury
in the waste stream. Although it has been documented, (Vorsatz 1996), that the net
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change in mercury emissions to air as a result of the replacement of incandescent
lighting by a CFL is in fact negative, (assuming a mixed electricity production mix
relying partially on fossil fuels), we assume these are negligible. Since the additional
mercury emissions to the environment substantially appear as a result of discarded
CFLs we discuss the issue of additional mercury when assessing the effect of the
mitigation option on waste disposal and costs.
Emissions saved as a result of conserved electricity
The emission factors, production mix, and other assumptions related to the estimation
of emission savings related to electricity conservation are consistent with the analysis
of the other mitigation options analysed for Hungary. Therefore, in calculating the
emission values of electricity generation the average emission values of the Hungarian
power generation sector have been used. We assumed that the reduction in power
generation would occur at traditional power stations burning fossil fuels. Thus,
nuclear and hydroelectric power plants have been omitted from the calculation of
mean values. This seems to be a reasonable assumption because traditional power
plants are associated with significant amounts of emissions so that, from an
environmental policy perspective, a reduction in their production first would be
sensible. The energy generated by these type of traditional power utilities in 1995 was
400454 TJ. The emissions resulting from the production process and the emission/TJ
values are shown in Table 25.
Table 25

Emissions of the Hungarian energy sector in 1995
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Based on these emission values, the emission savings in physical terms as a result of
the discussed mitigation options can be calculated.
Benefits in Economic Terms
Converting physical impacts into monetary terms has been carried out with the help of
values provided by the guidelines [Markandya 1998], based on estimates given in
several European and U.S. studies. Differences in average income levels between
Hungary and the U.S. were taken into account through the use of appropriate income
elasticities.
Appendix 2 contains the results using income elasticities of 1 and 0.35 and for low and
high estimates of environmental damages. Low and high estimates of environmental
damage values are used in order to reflect the uncertainty that exists in these
measures.
Other environmental effects: decreased stream of municipal waste and increased hazardous
waste
The replacement of incandescent lamps results in an avoided waste stream of 90% of
existing levels since the otherwise high turnover of these lamps, and their subsequent
disposal, is avoided. However, the disposal of CFLs can also be considered as
hazardous waste due to their mercury content. The costs of the treatment of this waste
are therefore included in the analysis below.
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It should be noted, however, that this is likely to be an overestimation of indirect costs
for two reasons. First, manufacturers have invested considerable efforts into reducing
the mercury content of CFLs and, as a result, this has been reduced significantly in
recent years. It is therefore possible that in the near future the mercury content will be
at such low levels that CFLs will not be needed to be classified as hazardous waste.
Second. several manufacturers are developing, or are already operating, schemes in
which CFLs are returned to the producer from large users, whereupon the
manufacturer dismantles the lamps and reuses some parts. This obviously also
reduces mercury emissions and the hazardous waste stream.
Since the lifetime of incandescent lamps is assumed to be 1 year, the number of
replaced incandescent lamps that would be discarded annually is the amount of
municipal waste avoided. Appendix 3 shows the calculations of this impact. The totals
are insignificant in the overall Option costs. However, it is included here as an
example of an application of the methodology that can be used.
5.3

Adjustment to financial costs

Adjustment to financial costs have been considered in the following fields:
• Shadow prices for resources
• Hidden costs and other implementation costs and benefits
• Cost of time.
Resources used (saved) in the case of CFLs consist primarily of fossil fuel savings.
Prices in the energy sector are determined by government authorities through a
negotiation process with major utilities who, as a result of widespread privatisation in
the energy sector are mostly in private ownership. This negotiation process results in
prices which are close to international market prices. As a result energy prices in the
Hungarian residential sector can be assumed as market prices.
The implementation costs related to the project were considered in the first phase of
the project and are included in the calculated FICOSTEF values. However, these
calculations did not include the additional savings in incremental costs which stem
from the avoided expenditures on replacement of incandescent lamps. Obviously, the
longer lifetime of CFLs means less frequent replacement and thus the saving of
expenses for 9 years. These savings are quantified in Appendix 4.
Time preference has only a minor effect on the valuation of the mitigation option. but
we give an approximate estimate of this effect. The duration of a lamp installation
(including the time for lamp purchase) is assumed to be 15 minutes for households
and it is a loss of leisure time. The value of leisure time is assumed to be one third of
average hourly wage. In the communal/commercial sector a shorter time is assumed
and it is a loss of work time of technical workers in this sector. The value of this time
needed is the average wage of such workers. The time saved and the value of time
saved are calculated on the basis of these data together with the number of
installations saved in using the long-lifetime CFLs instead of short-lifetime
incandescent lamps. Appendix 4 also shows the quantification of this project impact.
5.4

Macroeconomic impacts

Possible macroeconomic impacts of the project include the effects on GDP,
employment and trade and the sectoral/regional breakdown of output. However, we
conclude that the installation of CFLs to replace incandescent lamps does not have a
significant influence on most of these indicators.
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From a macroeconomic perspective, there is no significant extra investment cost since
this measure mainly involves a shift of investment from incandescent lamps to CFLs.
Although some advantage to the lamp industry may result, it is not possible to show
this in financial terms. One of the issues to be considered here is the fact that whilst
most incandescent lamps purchased in Hungary are manufactured in Hungary, only
one-third of CFLs are manufactured in Hungary. Therefore this measure may result in
increasing imports. However, since the CFL market is in dynamic change and no
recent market research data are available on exact market shares of locally produced
and imported lighting products, this impact is impossible to quantify in monetary
terms at this time.
As outlined above, the net impact on employment is negligible. Negative employment
effects in the energy sector may cancel the possible small positive impact in the lamp
industry. The same line of argument applies clearly applies to changes in total output.
There are therefore no significant effects on GDP.
5.5

Effects on sustainability

There are several ways in which this mitigation project influences sustainability, albeit
in minor ways. First, the implementation of the project affects the use of exhaustible
resources through energy savings. Everything else being equal, a reduction in the use
of non-renewable fossil resources implies a change in the energy structure: the share of
renewable energy would necessarily grow within total energy usage. However, the
0.11 % savings in Hungarian energy production as a result of the project can be
regarded as marginal in the shift of resource usage.
Second, the reduction of air pollutants is likely to have a positive impact on
biodiversity. It has not proved possible, however, to determine the range of these
impacts in physical or monetary terms.
Third, in the replacement of incandescent lamps the use of the rare metal, Tungsten, is
avoided. Incandescent lamps contain approximately 12-13 mg of Tungsten whilst CFLs
have no Tungsten content. The amount of Tungsten saved as a result of the project
was calculated to be a fraction under one tonne. This is negligible from the perspective
of global sustainability.
5.6

Full economic cost of the mitigation option

The previous sections discussed the likely indirect costs and benefits resulting from the
installation of compact fluorescent lamps in both the residential and communal
sectors. The costs/benefits identified can now be aggregated in order to make a
comparison between financial costs (FICOSTEF) and full economic costs (FUCOSTEF).
5.6.1 Calculation of FICOSTEF values
These costs comprised of investment costs, administration costs and cost savings
resulting from energy savings. Table 26 summarises the appropriate FICOSTEF values.
Table 26

FICOSTEF values obtained
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5.6.2 Calculation of FUCOSTEF values
On the basis of FICOSTEF values and the values derived from the analysis of indirect
effects it was possible to calculate the net economic cost of the mitigation option. For
FUCOSTEF values, discount rates of 3% and 5% have again been used. It can be seen
that the assumptions regarding discount rate, income elasticity and the valuation of
environmental effects all have a significant influence on the resulting values. Table 27
below summarises these results.
Table 27

Comparison of FICOSTEF and FUCOSTEF values. USD/t of GWP
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Conclusions

In this report we have analysed the indirect costs and benefits related to greenhouse
gas mitigation option of replacing incandescent lamps by CFLs in Hungarian
households and communal buildings. This study was based on an earlier assessment
of direct costs of greenhouse gas mitigation. The research followed the guidelines of
Markandya (1998).
The key indirect costs and benefits relating to the analysed mitigation option were
found to include saved emissions of electricity generation, hidden implementation
costs and benefits, costs and benefits related to waste disposal, changed mercury
pollution, and the saved cost of labour and leisure time. In these cases costs and
benefits can be calculated in monetary terms. In other cases, only qualitative analysis is
possible. Clearly therefore, the FUCOSTEF results reached do not contain all economic
impacts. However, these results provide a strong indication that the inclusion of
indirect costs is likely to reduce the net costs. Since these costs were negative on the
basis of the FICOSTEF analysis in any case, we can conclude that the case for the
implementation of the project has been strengthened – all else being equal.
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5.9

Appendices

Appendix 1: Number of CFLs to be installed and the resulting energy savings
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Appendix 2: Environmental benefits of emissions saved
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Appendix 3: Environmental impacts
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Appendix 4: Total environmental benefits due to air pollutant emission savings
<HDUV
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6 Summary and Conclusions
6.1

Empirical Results

The inclusion of the indirect effects that could be quantified into the economic analysis
is significant to the net economic cost of each option – as Table 28 below shows.
Results for the direct costs (Financial Cost Effectiveness (FICOSTEF)) are shown
alongside the full (direct and indirect) costs (FUCOSTEF). The FUCOSTEF results are
portrayed according to the assumptions made with regard to the values of
environmental damages, (characterised as high and low) and the value of mortality
impacts that are adjusted for differing GDP per capita levels by using income
elasticities of 0.35 and 1.
Table 28

Comparison of FICOSTEF and FUCOSTEF values, US$/t of GWP
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Effects on employment and other environmental impacts proved to be quantifiable
and it is solely these impacts that are included in the results presented above. The
qualitative assessment of the other indirect effects suggests that these are not as
important in cost effectiveness terms as employment and environmental effects. In the
case of each of the four options considered it is apparent that inclusion of indirect
effects reduces the net economic cost of the option significantly. Depending on the
assumptions made, in two cases a net cost is transformed into a net benefit.
The quantifiable indirect effects have been disaggregated in Table 29 below. Data
shown is based on an income elasticity rate of 0.35 for the mortality valuation. The
adoption of an income elasticity value of 1 would clearly reduce these monetary
values. Both low and high estimations of environmental benefits are included. A 3%
discount rate is used.
Table 29

Net present value of quantified indirect effects for
the chosen mitigation options (Million USD)

,QVWDOODWLRQLQVXODWLQJZLQGRZV
$FWLYHVRODUZDWHUKHDWLQJV\VWHPV
/RZ²IORZIDXFHWVVKRZHUKHDGV
&RPSDFWIOXRUHVFHQWOLJKWV

(PSOR\PHQW
%HQHILW





(QYLURQPHQWDO%HQHILW
ORZ
KLJK









7RWDO,QGLUHFW
&RVWV





From those considered, the mitigation option aimed at the installation of insulating
windows has the highest indirect cost effect. Both employment and environmental
benefits of the project are the highest identified in the study. Other options
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differentiate themselves according to effect. Water saving devices on faucets have a
high environmental benefit and a low employment benefit. This is because the
production of such devices requires only a few people while environmental benefits
include water savings as well as the savings of energy resources. Active solar water
heating devices have a high employment effect because the manufacturing of these
equipment requires a significant additional labour force.
The determination of the importance of each indirect effect through monetary
quantification has to be viewed with some caution. A brief note on each is provided
below. Monetarisation of the health (mortality) effects on employment and the
environmental effects both need to quantified in terms of value ranges and are likely to
be subject to on-going scrutiny. Indeed, the Guidelines suggest that as long as these
values (for mortality in particular) remain uncertain it may be prudent to describe
these effect in qualitative terms only. Additionally, in many instances data availability
is the most serious constraint on further quantitative analysis.
6.2

Employment Effects

The quantified effects of the projects on employment that have been reported are
positive for each project. However, it is important to note that only gross wage rates
have been used in the analysis to date. We await more detailed information on average
tax rates to calculate net rates. Use of net wage rates will, of course, lower the social
benefits.
Health effects of increased employment dominate the employment effects. This
suggests that some further attention should be given to the epidemiology of the health
effects and their valuation in order to further establish the credibility of these
valuations.
So far, analysis of the employment effects has not produced quantification of the
negative employment effects that might arise from substitutability between energy
sources. It is expected that with further analysis of employment patterns this may
become possible. Undoubtedly, the inclusion of these negative effects will significantly
reduce the positive effects reported in these studies.
6.3

Environmental Effects

The environmental effects that have been quantified suggest significant pollution
reduction and resulting health and other benefits. The range of damage values has
been utilised, providing a form of sensitivity analysis. This element appears to be a
significant and robust addition to the analysis.
6.4

Sustainability

As perhaps we would expect, the reported effects of the projects on sustainability have
been positive. However, the small scale of the projects that have been considered has
made quantification of these effects difficult. A more complete inventory of renewable
and non-renewable resources would certainly facilitate greater scope for comparison
in this regard.
6.5

Income Distribution and Poverty

None of the projects considered were on a sufficiently large scale to generate
substantial or significant distributional effects. As with the analysis of sustainability
impacts, it became clear that the major constraint relating to analysis of this effect is
likely to be the availability and quality of relevant data.
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6.6

Macro-Economic Effects

Again, the small scale of the projects considered meant that no significant effects were
noted in this category. It is suggested that a project with larger scale effects, e.g. the
imposition of an energy tax, could usefully be undertaken in a future study.
6.7

Adjustments to Financial Costs

Quantification of the external effects, as highlighted above, enabled estimations of the
financial costs to be supplemented. In addition, some exploration of the possible need
for shadow pricing helped to raise important issues regarding resource pricing in
Hungary – with policy implications for this area. However, water pricing as a policy
measure, as discussed in the low-flow faucet project, suffers from data paucity that
prevents full quantification.
6.8

Conclusions and Areas for Future Work

This study has shown the potential, as well as the current practical limitations, of the
methodology. The value of the employment created has been estimated by adding
gains in income effects with health effects. The environmental effects that have been
quantified suggest that the reduction of pollution and associated health effects would
be significant. The options that have been investigated are too small-scale to generate
distributional impacts or macro-economic effects but the estimated effects on
sustainability are positive and significant.
6.8.1 Policy conclusions
The principal policy conclusion that can be drawn from the analysis thus far is that it is
imperative to consider indirect effects. It is possible that inclusion of indirect effects
will make the net economic cost of an option negative thereby making it much more
easy to „sell” as a policy measure – though the assumptions will have to be made
explicit and therefore defensible. It is important for policy makers to note that whilst
there is a general pattern of lower economic costs derived from this analysis, the
reductions are not uniform and individual effects need to be examined for each option.
The marginal cost curve is likely to have to be re-positioned and re-ordered since it is
possible that this analysis will encourage a wider range of mitigation options to be
considered than to date in the implementation of the principles of the Kyoto Protocol.
6.8.2 Suggestions for further work
1. Research to estimate the values of reducing the types of long term and latent
mortality risk associated with air pollution would allow more reliable estimates of
the indirect environmental benefits of climate change policy. Likewise, studies are
needed to measure the value attached to risk reduction in developing countries
and countries in transition. Valuation methodologies for morbidity and other
environmental impacts also need to be further developed.
2.

Scientific research is required to measure the effects of air pollution on crops and
on forest growth.

3.

General equilibrium studies of environmental sustainability would allow
measures of the value of the indirect contribution to sustainability of climate
change policies. This type of environmental macro-economic analysis is not well
developed at present but is critical in the context of sustainable development
policy.
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4.

Studies are required for a wider variety of mitigation options perhaps on a larger
scale, e.g. the application of fiscal instruments, that would perhaps allow analysis
of other indirect effects.

5.

The production of adequate and sufficient statistics needs to be an international
priority in this area of research and policy formulation if all indirect effects are to
be quantified properly.
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