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Disclaimer 

NERA shall not have any liability to any third party in respect of this report or any actions 
taken or decisions made as a consequence of the results, advice or recommendations set forth 
therein.  This report may not be sold without the written consent of NERA.   

This report is intended to be read and used as a whole and not in parts.  Separation or 
alteration of any section or page from the main body of this report is expressly forbidden and 
invalidates this report.   

All opinions, advice and materials provided by NERA are included, reflected or summarized 
herein as the “NERA Content”. There are no third party beneficiaries with respect to the 
NERA Content, and NERA disclaims any and all liability to any third party. In particular, 
NERA shall not have any liability to any third party in respect of the NERA Content or any 
actions taken or decisions made as a consequence of the results, advice or recommendations 
set forth herein. 

The NERA Content does not represent investment advice or provide an opinion regarding the 
fairness of any transaction to any and all parties. The opinions expressed in the NERA 
Content are valid only for the purpose stated herein and as of the date hereof.  Information 
furnished by others, upon which all or portions of the NERA Content are based, is believed to 
be reliable but has not been verified.  No warranty is given as to the accuracy of such 
information.  Public information and industry and statistical data are from sources NERA 
deems to be reliable; however, NERA makes no representation as to the accuracy or 
completeness of such information and has accepted the information without further 
verification.  No responsibility is taken for changes in market conditions or laws or 
regulations and no obligation is assumed to revise NERA Content to reflect changes, events 
or conditions, which occur subsequent to the date hereof. 
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Executive Summary 

This report investigates the possibilities for reducing greenhouse gas emissions in Ukraine, 
over the period 2010-2030, and estimates their cost, across a range of sectors of the economy.  
In contrast to other studies of this kind, the present analysis is from the point of view of a 
private investor interested in profitable investment opportunities that also reduce emissions.  
We estimate investment opportunities, and calculate the respective costs and benefits of 
reducing emissions from the perspective of a commercially driven investor.  

The main output of this work is an investors’ “marginal abatement cost curve”, or MACC.  A 
MACC is a graphical representation of the emission reductions that can be achieved by 
investments in different technologies across the economy, and the corresponding benefits or 
costs per tonne of emissions reduced.   

Another key output of this study is an analysis of the impact of policies and market 
conditions on investors’ costs and profits.  The study estimates how demand for emissions-
reducing investments, and thus abatement, is influenced by specific economic and climate 
policies that are already planned or could be contemplated by Ukraine. 

Summary Findings 

The following are high-level findings from the study:  

� Ukraine has a highly emissions-intensive economy.  Many sectors are characterised by 
low levels of energy efficiency, and institutional and regulatory arrangements limit 
incentives to invest in abatement technologies.  Moreover, Ukraine is expected to reduce 
its reliance on imported gas, and the subsequent increased use of coal will further increase 
the emissions intensity of many sectors.  Consequently, emissions are expected to grow 
rapidly in the period up to 2030. 

� The most significant reductions in emissions in the Status Quo occur in industrial sectors 
– in particular, the steel sector.  The steel sector is one of the largest sources of emissions 
with some significant profitable opportunities for abatement, such as the replacement of 
inefficient open hearth furnaces with less energy intensive production methods.  In the 
power sector, the current regime of feed-in tariffs stimulates some investment in 
renewables, most notably solar PV and wind.  In other sectors, profitable abatement 
opportunities are limited.   

� The enforcement of current policies and the enactment of planned policies results in some 
additional abatement in the power and heat sectors.  In the power sector, sources of 
abatement include investment to complete partially constructed nuclear power plants.  In 
district heating, higher heat tariffs and enforcement of building standards contribute to 
abatement. 

� There is, however, significant technical potential to reduce emissions further.  In the 
power sector, there is further potential for renewable energy sources and nuclear power to 
supply a greater share of electricity than occurs in the Status Quo.  In the heat and 
buildings sector, emissions can be lowered by as much as 70 percent, through a 
combination of using less polluting fuel mix in generation and through the greater 
adoption of energy efficiency measures in heating infrastructure and building fabric and 
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controls.  Substantial emissions reductions are also possible in the gas transport sector, 
coal mining and waste, and there is also potential for further abatement in industrial 
sectors.  However, additional policy measures are required for such investments to 
become commercially viable. 

� We outline a more ambitious Enhanced Policy scenario that could generate significant 
demand for low-carbon investment.  The policies required include: regulatory reform in 
heat and electricity supply as well as gas transmission and distribution; support for 
nuclear power and the continuation of the current scheme of feed-in tariffs for renewable 
energy; a carbon price (or, alternatively, an economy-wide capital grants scheme) to 
improve the financial case for low-carbon options; low-cost finance for energy efficiency 
measures; and sector-specific initiatives to overcome various specific barriers.  In 
addition, the Enhanced Policy scenario depends on a credible commitment to 
safeguarding investors’ returns, including a stable policy and regulatory environment. 

� In this Enhanced Policy scenario, our analysis suggests that by 2030, emissions in 
Ukraine would be 591 MtCO2e, or 23 percent lower than under the Status Quo.  However, 
emissions will nonetheless continue to grow throughout 2010 to 2030, and will not be on 
a trajectory that allows Ukraine to meet its obligation of reducing emissions in 2050 to a 
level 50 percent below 1990 emissions.  Deploying further measures identified in this 
study could keep emissions just below current levels, albeit at costs as high as 
€200/tCO2e for the most costly measures that would be required.  Still more ambitious 
emissions reductions could be achieved if carbon capture and storage could be 
commercialised, which would present yet another option for deeper emissions cuts. 

Overview of emissions in Ukraine  

In 1990 Ukraine’s emissions were 927 million tonnes of carbon dioxide equivalent (hereafter 
MtCO2e).  By 2008 they had more than halved to reach 427 MtCO2e, following a rapid fall 
during the 1990s and subsequent recovery during the 2000s.  Prior to the onset of the 
economic crisis in 2008/9, emissions grew at a rate of 1.6 percent per year between 2000 and 
2007. 
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Figure ES.1 
Historical Emissions Trends 
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breakdown into electricity and heat, transport, and buildings is not available. 

Source: UNFCCC inventory 

The largest single contributor to total emissions is the power and heat sector, accounting for 
just under a quarter of total emissions in 2008.  This is followed by the metals sector, which 
accounts for 18 percent of emissions and is dominated by steel production.  Fossil fuels, 
including coal production and gas distribution account for 14 percent of emissions.  Other 
industry, transport, buildings (excluding district heating) and agriculture account for 9-10 
percent of emissions each. 

The energy intensity of Ukraine, in per GDP terms, has fallen substantially over the past two 
decades.  Following an initial increase, as GDP dropped faster than energy use in the early 
1990s, energy intensity has been declining since 1996, reaching 0.4 tonnes of oil equivalent 
(toe) per 1,000 US$ GDP (adjusted for purchasing power parity) in 2008.  Per capita energy 
intensity fell sharply until 1998 but has since remained relatively stable at just under 3 
toe/capita in 2008, or 40 percent below the 1990 level.  For comparison, the OECD Europe 
average is 3.4 toe/capita. 

Ukraine’s emissions intensity, shown in Figure ES.2, follows a profile similar to energy 
intensity.  Since 2000 emissions intensity per capita has grown from 8.0 tCO2e/capita to 9.2 
tCO2e/capita in 2008, a level similar to that of OECD Europe.  In GDP terms, however, 
Ukraine’s emissions intensity is very close to Russia’s, and more than three times higher than 
OECD Europe. 
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Figure ES.2 
Emissions Intensity in Ukraine, Russia and OECD Eur ope (1990-2008) 
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Source: IEA and UNFCCC; GDP is in 2000 prices, and PPP-adjusted 

Investor Costs 

In modelling investors’ decisions we assume that producers or end-users choose the 
technologies that deliver the goods / services they require at the lowest cost.  This takes into 
account technical and cost characteristics (such as equipment lifetime and up-front and 
operating costs) for a large number of production methods and across all key sectors of the 
economy.  In addition, we account for a range of other factors that influence the 
attractiveness of investments in low-carbon and energy-saving technologies, including the 
costs of credit and other costs of capital, attitudes toward risk, and various transaction costs.  
We distinguish project transaction costs, which are likely to be incurred to some extent for 
most investments, from policy-related transaction costs, such as the cost of participating in an 
emissions trading scheme.  We also develop estimates of the “hurdle rates” for different 
technologies, reflecting a range of different factors, including:  

� Cost of capital and terms of project finance 

� Risk associated with country, sector, technology and policy setting 

� Option value of waiting  

� Various categories of opportunity costs (of time, management attention, or other 
investments in the context of scarce capital) 

� Individual preferences (of households) 

� Organisational failures and information asymmetries (split incentives, incomplete capture 
of benefits, etc.) 
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The table below summarises our assumptions related to how the above factors affect 
decisions about which technologies to choose.  The table shows the basic assumptions that 
we apply to investments involving low, medium, and high transaction costs and hurdle rates, 
and gives selected examples of abatement measures with these characteristics.  Other 
technologies are included in our full analysis. 

Table ES.1 
Summary Investor Costs 

Transaction costs   
(share of capex) 

 

Low 
(10%) 

Large size (> €500k / > 5 MW ) 
and established supply chains 
and track record of past projects 
 

 

 
Medium size (< €500k / < 5 MW) 
or larger projects facing weak 
supply chains or with low priority 
for organisation 
 

High 
(25+%) 

Small scale (<€10k ) and/or 
facing communal / dispersed / 
split property rights or first-of-a-
kind investments 

Low 
(10%) 

� New conventional power 
� New conventional heat 

plant 
 

� Energy management 
systems 

� Process control / 
automation 
 

 

 

� New renewable power 
(wind, hydro, solar) 
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High 
(25+%) 

� Nuclear power � Landfill gas 
� Gas transport 

� Household scale 
renewables generation 

� Power transmission and 
distribution rehabilitation 
and upgrades 

� Waste management 

 

Policy Scenarios 

The relative costs of different investment options can be heavily influenced by policy and 
market conditions.  We consider three illustrative policy scenarios, ranging from current 
conditions to ambitious energy and climate policy aimed at reducing emissions.  Each 
scenario is benchmarked against a hypothetical baseline under which Ukraine’s economy 
grows as expected, but where technology and emissions intensity remains “frozen” at current 
levels.  The three policy scenarios we consider include:  

� Status Quo:  Under this scenario current policies and institutions continue as they are 
now.  No new policies are put in place to encourage energy efficiency, renewable energy, 
or other emissions abatement.  Where policies and measures are already in place, they are 
not strengthened, and their effectiveness does not improve.  We assume that nuclear 
power is not favoured by any Government support.  The current feed-in tariff (FIT) 
regime for renewable energy remains in place throughout the 2010-2030 period.  We also 
assume continued limited enforcement of energy efficiency rules for buildings, and no 
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dedicated policies to reduce emissions in industry or the waste sector.  State support for 
coal mines continues and non-industry gas prices continue to be cross-subsidised by 
industry.  Likewise, end-user charges for heat remain effectively unlinked from 
consumption. 

� Planned Policies:  The Government does not introduce any major new policies to support 
nuclear and/or renewables, but more transparent regulations and their enforcement 
increase investor confidence and motivate inflow of foreign capital.  Current plans for 
reforming the wholesale electricity market are implemented, with a view to fostering 
greater liberalization, competition, and investor certainty.  Reforms, including those 
instigated by the IMF, also lead to higher energy prices relative to the Status Quo.  This 
includes:  higher coal prices as support to mines is gradually phased out; higher gas prices 
as subsidies are also gradually eliminated; and higher end-user heat and electricity prices.  
The greater level of cost recovery resulting from higher energy prices leads to improved 
prospects for investment in several sectors, such as gas transmission and distribution, heat 
generation and distribution, and electricity transmission and distribution.  Nonetheless, 
the absence of more comprehensive regulatory reforms (and consequently the lack of full 
cost recovery) continues to inhibit investment.  Energy efficiency requirements, including 
enforcement of building regulations, are also tightened.  

� Enhanced Policies:  There are two variants of the “Enhanced Policies” scenario, which 
incorporate a range of additional policies designed to promote energy efficiency and 
reduce emissions across the economy.  The two variants share most features in common.    
Nuclear power is favoured by government support through guaranteed price and off-take 
agreements.  Rapid regulatory reform enables a faster pace of rehabilitation of heat, gas, 
and electricity transmission and distribution infrastructure.  For buildings, policies are 
established to require energy suppliers to promote energy efficiency in homes and other 
buildings, including wide deployment of heat metering and consumption-based bulling.  
A “soft-loan” programme and capital subsidies for building energy efficiency measures 
create opportunities to reduce consumption, while institutional reforms strengthen the 
ability of residents’ associations to make investment decisions and coordinate more 
effectively.  In industry, the scenarios establish targets to encourage benchmarking and 
sharing of best-practice, and they tighten the waste regime to encourage alternative uses 
of waste and less carbon intensive disposal.  

- The two “Enhanced Policy” variants differ, however, in one of the mechanisms by 
which low-carbon technologies are supported.  In the first (“Carbon Prices”) variant, a 
carbon price of €40/tCO2e is applied to sectors that could be covered by an emissions 
trading scheme, similar to the EU Emissions Trading System (EU ETS) scheme and a 
carbon price of €20/tCO2e is applied to sectors potentially eligible for emissions 
credits.  This carbon price could be implemented as a domestic cap and trade scheme 
linked to the EU ETS coupled with project-based domestic offsets, or as a carbon tax, 
or some combination of the two for different sectors. 

- In the second variant (“Capital Grants”), instead of applying a carbon price to relevant 
sectors, this scenario supports abatement technologies using direct capital grants.  
These grants are assumed to cover 20 percent of the incremental capital cost of 
abatement technologies, relative to the capex of higher-emitting alternatives, across 
all relevant sectors.   
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Across all scenarios, our modelling assumes that the cost of grid connection for additional 
power capacity would be borne by the system as a whole – broadly following international 
practice.    

Emissions Pathways 

Based on the data and assumptions used for each policy scenario we estimate pathways for 
overall emissions.  If the Ukrainian economy grew at a rate of 4 percent annually over the 
period 2010-2030, but remained at its current emissions intensity, its emissions would rise to 
864 MtCO2e.  In reality, two trends are likely to cause emissions to differ from this “frozen” 
scenario.  On the one hand, technological improvements for new and replacement equipment 
will reduce the emissions intensity.  On the other hand, a trend towards a greater share of coal 
in heat, power, and industry will serve to increase emissions.  In the Status Quo scenario, the 
net result is projected emissions of 608 MtCO2e in 2020 and 766 MtCO2e in 2030.   

In the Planned Policy scenario, emissions are reduced by around 30 MtCO2e by 2030 relative 
to Status Quo – primarily as a consequence of completion of partially constructed nuclear 
capacity and greater investment in renewable power, as well as some increased uptake of 
energy efficiency measures (e.g. heating controls) among heat consumers.  The largest policy 
impact is in moving to the Enhanced Policy scenario, which has the potential to reduce 
emissions by 144 MtCO2e by 2030 relative to planned policies.  These reductions come from 
a variety of sectors, with the most significant of these being a greater share of new nuclear 
and renewable technologies in the power sector.   

Figure ES.3 
Emissions Projections Under Different Scenarios  
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We present in Figure ES.4 a high-level summary of the cost curve of investment 
opportunities for the Status Quo policy scenario.  The width of the curve shows the volume 
of emissions reductions that can be achieved by investments in different technologies across 
the economy.  The height shows the corresponding net cost of reducing emissions – more 
specifically, the cost per tonne of CO2 emissions at which the particular technology (e.g. a 
wind farm) becomes more attractive to investors than other, more polluting options.  A 
negative cost implies that, on average, investors are likely to prefer the low-carbon 
technology because of its superior financial returns over its lifetime. 

Figure ES.4 
MACC for Status Quo Policy Scenario (2030) 
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How to Read the Cost Curve 
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Box ES.1 
Investors’ Cost Curve Modelling Methodology 

The cost curve is constructed through a dynamic model simulating the decisions faced by investors in 
key sectors of the economy.  The cost represents the carbon cost at which investors find a particular 
measure—often a production method or technology choice—more advantageous than other 
(“counterfactual”) measures with higher emissions.  This thus is the meaning of “profitable” in this 
context: a technology which, at a given carbon cost, is financially preferred to other options for achieving 
the same output.  The counterfactuals in turn are also dynamically modelled, to ensure that the curve 
captures the true cost of foregoing other investment opportunities (for example, the counterfactual for a 
gas-fired power plant could be a coal-fired plant; while the counterfactual for wind power could be gas-
fired generation). 

For related reasons, the same measure can appear at multiple points in the cost curve.  This may 
represent different grades of the same technology (e.g. wind farms at sites with different wind speeds); 
the increased penetration or utilisation of technologies with increasing carbon cost; the impact of 
resource constraints; and various other real-world considerations.  

Our analysis suggests that under the policy Status Quo, there is potential to reduce emissions 
in 2030 (relative to the “frozen technology” baseline) by 98 MtCO2e through profitable 
investments, even without a carbon price or additional climate policies; that is, these 
investments have lower net cost than other, alternative options for producing the same output, 
while they also reduce emissions.  Taking into account all measures, including those that 
have a positive cost (i.e. those that are not profitable without additional supporting policy), 
the abatement potential more than doubles to 266 MtCO2e.  The average cost of financially 
attractive abatement is – €120/tCO2e.  Across the entire MACC up to €200/tCO2e (in real 
terms), the average cost per tCO2e is – €9 in 2030.     

By 2030, much of the emissions reduction potential (relative to the intensity of the current 
economy) stems from the opportunity to use more efficient technology in industry.  
Efficiency improvements are also available in the power and heat generation sectors and 
passenger vehicles.   
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� For power, investments that contribute to a lower emissions intensity include the 
rehabilitation of existing coal capacity, development of renewables (solar PV and wind) 
as result of FITs, and investment in more efficient new coal power stations.   

� In industry, there is a large potential in the steel industry, but also in a range of other 
sectors including cement, ammonia and lime.  

� In the transportation sector, replacement of road vehicles with next-generation diesel and 
gasoline vehicles results in significant energy intensity reductions.  

There is very significant potential to reduce emissions further through measures that entail a 
net cost under present policies.  Many of these abatement opportunities are in the power 
sector, including investments in the completion of existing nuclear power projects, additional 
gas-fired power generation and renewables (hydro, wind and biomass).  Further opportunities 
available in other sectors include investments in new, more efficient heat generation 
equipment (particularly gas boilers), greater reliance on gas for heat production, 
improvements to buildings, and investments in the waste sector, gas transport, coal mining, 
and industry.  Many of these projects will depend on an investment climate that ensures 
future fuel savings accrue to the parties that undertake the initial investment decision, 
especially in regulated sectors.  

Under the Planned Policy scenario, completion of partially constructed nuclear power plants 
(2 GW) and additional wind power capacity (7 GW) become viable without a positive carbon 
price.  Improvements in the power distribution system also reduce electricity losses and result 
in emissions reductions.  Similarly, energy efficiency improvements in buildings heated by 
district heating (partly motivated by higher heat tariffs and the enforcement of building 
regulations) contribute to lower emissions.  These policies make viable additional 
investments delivering a further 20 MtCO2e of emissions reductions by 2030. 

Under the Enhanced Policy scenario a large volume of additional measures that reduce 
emissions become viable investments.  These include investment in additional: nuclear (1.5 
GW), co-firing (2.6 GW), solar PV (6.5 GW) and wind power (4.2 GW) capacity.  The 
energy efficiency of buildings and of the heat distribution system is also improved, and 
emissions from industry, coal mining, gas transmission and distribution, and the waste sectors 
are reduced.  We show the MACC results for the Enhanced Policy scenario below. 
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Figure ES.5 
MACC for Enhanced Policy Scenario (2030) 
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The policies that most affect the scope for investment include the following: 

� In the power sector, support for renewable energy sources, such as the current regime of 
FITs, continues to play a significant role.  Coupled with policies to make the investment 
climate more favourable, these result in greater investment in renewable energy, 
including solar PV and wind.  A more favourable investment climate along with 
government support also stimulates investment in nuclear power.  Policies to remove the 
current systems of cross subsidies in electricity tariffs and the reform of the current 
regulatory framework for transmission and distribution are instrumental in motivating 
investments to reduce electricity losses and the adoption of energy efficiency measures 
among consumers.   

� In the heat and buildings sectors, a key factor is regulatory and institutional reform.  
Regulatory reform needs to ensure that district heating companies undertaking efficiency-
enhancing investments are able to reap the reward of the energy saved.  Higher initial 
end-user prices are likely to be required to finance the capex to rehabilitate and modernise 
district heating networks.  Meanwhile, the viability of many building efficiency measures 
depends on this price signal, as well as the ability of those in multi-occupancy buildings 
to coordinate and finance investment decisions.  The latter would require institutional 
reforms eliminating the current barriers to forming residents’ associations and the 
introduction of a legal framework that enables such groups to access low-cost finance. 

� In contrast to other sectors, there are significant opportunities to reduce emissions from 
industry  even in the Status Quo scenario.  Much of the abatement potential is 
concentrated in steel production.  Significant profitable opportunities for abatement 
include replacing open hearth furnaces with less energy intensive production methods, 
continuing a trend observed in recent years.  Despite the significant abatement that occurs 
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in the Status Quo, policy continues to have an important role in reducing emissions, 
rendering an additional 21 MtCO2 of abatement profitable.  Important policies include the 
inclusion of industrial sectors in an emissions trading scheme, and a policy of 
benchmarking (which could be extended to an emissions trading scheme) and voluntary 
covenants.  The latter have helped achieve energy efficiency improvements in other 
countries, especially where initial voluntary energy intensity commitments have been 
linked to more stringent regulatory measures such as taxes or penalties.  

� In other sectors, significant emissions reductions require policies taking the form of 
regulatory reform and financial incentives.  Ukraine’s position as a major transit point for 
gas from Russia to Western Europe coupled with its extensive domestic distribution 
network mean that gas transport represents a major source of emissions.  Regulatory 
reforms that broaden and strengthen the current obligations to reduce leakages in both 
transmission and distribution networks result in large emissions savings becoming 
profitable.  Coal mining also occupies an important position in Ukraine’s economy, and 
the removal of distortions caused by subsidies coupled with expanded credit-based 
emissions trading creates profitable opportunities for abatement, although some of the 
abatement potential continues to be unprofitable.  Finally, abatement in the transport 
sector depends heavily on the level of fuel taxes along with the natural turnover of the 
vehicle stock.   

For all of these sectors the cost of abatement depends heavily on reducing investors’ 
perceived risk of investment.  Where commercial viability depends on ongoing policy 
support (FITs, carbon prices, etc.) and regulatory reform (heat prices, etc.) a key requirement 
is a stable and credible policy regime to reduce regulatory risk and bring down the cost of 
capital and investors’ hurdle rates, in turn reducing the need for subsidies or carbon prices.  
Increased deployment of abatement technologies will also reduce transaction costs and the 
risk from limited infrastructure and supply chain availability that initially can significantly 
increase the cost of abatement.  Policy intervention can help encourage initial investment and 
the development of supply chains. 

Finally, the Enhanced Policy scenario investigates the different uptake that may result 
depending on whether carbon prices or capital grants are used to support emissions 
reductions.  Carbon prices provide ongoing incentives to all sectors subject to the policy, both 
positive incentives to reduce emissions, and negative incentives against keeping emissions 
high.  In contrast, the capital grants approach can be thought of as providing positive and one-
off benefits to measures amenable to initial subsidy of equipment, but without any negative 
sanction for remaining emissions.  Because only a positive incentive is offered, and also 
because the payment per tonne of emissions reduced varies much more across measures, the 
measures undertaken will be less efficient at reducing emissions, so capital grants require 
comparatively greater financial inducements to achieve similar abatement.  Moreover, the 
level of support would need to be targeted and specified for the technologies of interest, 
which would present formidable administrative requirements and high transaction costs.  
Finally, the policies differ in the source of capital.  Carbon prices rely on private sector 
capital mobilisation, whereas capital grants require very extensive direct state budget 
expenditure to incentives of similar strength. 

Some of the macroeconomic implications of the policy scenarios are summarised in Figure 
ES.6.  In the Enhanced Policy scenario the incremental commercially viable investment 
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associated with the low-carbon measures amounts to €3.7bn per year in the period 2010-2030, 
corresponding to 11 percent of total estimated gross capital formation over the period.  The 
opex savings are €30bn/year in 2030, or 17 percent of total estimated consumption in 2030.  
The carbon revenues (defined as the volume of eligible emissions reductions evaluated at the 
price of carbon allowances or credits) correspond to 5 percent of total estimated government 
revenues (this is for comparison only; the revenues may accrue to other parties, including 
firms, depending on the policy implemented).1  The capital grants programme would require 
€1.8 bn per year, on average, or an average of 6 percent of estimated government expenditure 
over the period to 2030.  Finally, the price support for renewables would be €1.9 bn per year, 
or 7 percent of estimated government expenditure. 

Figure ES.6 
Summary Aggregate Economic Indicators 
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The figure below summarises the extent of profitable abatement opportunities by sector in the 
difference scenarios. 

                                                

1  This denomination is relevant to an arrangement whereby Ukraine could obtain payment for the emissions reductions 
relative to Status Quo, through international carbon markets or bilateral agreements.  The associated revenue could 
accrue to government, or could be distributed to firms undertaking investments to reduce emissions.  Note that the value 
of remaining emissions once emissions reductions have taken place is substantially higher.  A carbon tax (or auctioning 
of allowances) at the prices assumed thus would result in substantially higher revenues, accruing in this case to 
government.  With (some degree) of free allocation, some of this value could instead be captured by firms. 
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Figure ES.7 
Summary Abatement, by Scenario 
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Note: The measures show the negative portion of the MACC, or abatement from measures that 
provide a net benefit for each tonne of CO2e reduced.   (Unprofitable measures are those on the 
positive portion of the MACC, where abatement imposes a real cost per tCO2e.)  “Fugitives” are 
methane emissions from coal mining and from gas transport.    

Options for Additional Emissions Reductions 

The pathway under Enhanced Policies brings 2020 emissions to a level 32 percent below the 
commitment adopted by Ukraine for this period (Ukraine has pledged to keep emissions 20 
percent below 1990 levels).  However, with growth projected to continue across emissions-
intensive sectors, emissions are on an upward trajectory even in this scenario.  Although 
Ukraine’s emissions in 2030 are projected to be 36 percent below their 1990 levels, given the 
upward trajectory, additional action would be required to meet its 2050 commitment of a 50 
percent reduction on 1990 levels.  

Figure ES.8 shows Ukraine’s emissions trajectory assuming still more ambitious measures to 
reduce emissions.  These are either more expensive or more speculative than the measures 
analysed above, but are presented here to indicate the developments required for more 
ambitious emissions cuts. 
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Figure ES.8 
Options for Additional Emissions Reductions 
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The additional potential measures fall in two main categories: 

� Higher-cost measures (“Full MACC”).  In addition to the measures that are profitable 
in the Enhanced Policy scenario, the analysis identifies a number of additional 
opportunities that would require further policy support to be viable — corresponding to 
the “positive” portion of the Enhance Policy scenario cost curve presented above.  Major 
remaining options include significant further investment in nuclear power, a greater share 
of gas-fired power generation, and a greater role of biomass and large hydro power plants.  
In the district heating sector, significant further emissions savings can be realised by the 
replacement of coal-fired generation by a mixture of gas and biomass.  Other major 
sources of abatement include the coal mining sector, as well as exhausting the full 
potential of energy efficiency measures in buildings and industry.  These and other 
measures could reduce emissions to 454 MtCO2 by 2030 or 51 percent below 1990 levels.  
However, these measures would have an implied cost of carbon reduction of up to 
€200/tCO2 in addition to the €40/tCO2 carbon price included in the Enhanced Policy 
scenario.  The measures would require additional policy support — either in the form of 
higher carbon prices to the level indicated on the MACC, or through equivalent additional 
subsidies, regulatory requirements, etc. 

� Carbon capture and storage. Other opportunities to reduce emissions could become 
available if progress were made in the commercialisation of carbon capture and storage 
(CCS).  Ukraine has significant emissions from large point sources in the power, heat, 
and industrial sectors of sufficient size to be candidates for CCS.  If the technology were 
to become viable and ambitiously deployed in the 2020s, emissions could be brought 
down further to by an additional 138 MtCO2 by 2030.  Combined with the other higher-
cost measures, total emissions could then be brought down to 317 MtCO2, or 66 percent 
below 1990 levels. 
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With these measures Ukraine has the potential to effect deeper emissions reductions and 
achieve an emissions trajectory consistent with its 2050 commitment, but the analysis shows 
that significant policy support would be required, beyond the already ambitious policies 
modelled in the Enhanced Policy scenario and involving measures with rapidly increasing 
cost.  
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1. Introduction 

1.1. This Report 

The purpose of this study is to investigate the potential to reduce greenhouse gas emissions in 
Ukraine through investigation of abatement opportunities in individual sectors.  The approach 
evaluates the abatement opportunities from the perspective of a potential investor who is 
interested reducing emissions, but who is primarily interested in earning a return on these 
(emissions reducing) investments.   

We consider the abatement investment opportunities first in the context of the existing policy 
and institutional environment, and then under increasingly ambitious policies to reduce 
emissions.  In each scenario, we consider what abatement opportunities investors would find 
attractive given the policies in place.   

The model that we use was originally developed by Bloomberg New Energy Finance, and has 
been modified and updated over the course of the project.  It represents the major sectors 
relevant to emissions across the economy.  It can therefore be used to develop projections of 
emissions, energy use, technology deployment across specific scenarios, and to compare 
different scenarios to each other.  It uses this underlying framework to create “Marginal 
Abatement Cost Curves” (MACCs) showing the emissions reductions that can be achieved at 
different carbon prices with different “abatement measures”.  MACCs can serve an important 
role in policy analysis by identifying cost-effective opportunities to reduce emissions.  They 
can also be used for a similar purpose by investors, to identify attractive investments in 
emissions reductions.  

Box  1.1 
Illustration of a Marginal Abatement Cost Curve  

A MACC provides a convenient way of visualising opportunities to reduce emissions ranked 
in order of financial attractiveness.  Each block in the MACC chart represents a particular 
technology or abatement measure.  The width of the block indicates the volume of emissions 
reductions (i.e. “abatement”) that can be achieved through this measure.  The height of the 
block represents the cost, per tonne of emissions reduced, of the measure.  This cost should 
be understood as the cost relative to another option with higher emissions that the MACC 
measure is replacing.  The cost is also a net cost that reflects differences – whether positive or 
negative – in both up-front and ongoing costs.  For example, the higher incremental capital 
cost of more efficient equipment is offset, to varying extents, by savings on energy 
expenditure.  The height of each block can be thought of as the “price of carbon” at which the 
given measure is preferred to the higher-emitting alternative. 

The costs reflected in the MACC therefore must be calculated using as the starting point 
underlying engineering or project feasibility cost estimates, but taking into account the 
alternative technology, fuel prices, and other factors.   
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The MACCs that we present in this report show the economically feasible abatement 
potential, in a particular year, at different costs of abatement.  This is different from some 
MACCs, which show the theoretical abatement potential independent of time.  For example, 
while it may theoretically be possible to replace all of the industrial capacity in a particular 
sector with the latest, most efficient technology, as a practical matter such replacement will 
occur over time and depending on economic circumstances – and ultimately, on the financial 
decisions of the investors who will actually finance the uptake of measures to reduce 
emissions.  Our results therefore tend to show greater abatement potential over time, because 
there is greater opportunity to replace higher emitting technologies.   

Figure  1.1 below shows a hypothetical MACC for a single year. The highlighted block shows 
an illustrative measure that improves energy efficiency.  In the relevant year, it can deliver 
carbon savings of 10 million tonnes of CO2-equivalents, at a cost of €25/tCO2e. 

Figure  1.1 
MACC Illustration 
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1.2. National Energy and Emissions Profile 

1.2.1. Historical Emissions Trends  

Ukraine prepares its greenhouse gas inventory and National Communication in line with the 
requirements of the UNFCCC.  The inventory is prepared by the Ministry of Environmental 
Protection of Ukraine.  Ukraine submitted its first inventory in February 2004 and the most 
recent one in June 2011. In this report we use the inventory submitted in 2010.2 

                                                

2  The latest inventory shows a fall in emissions from 427 MtCO2e in 2008 to 370 MtCO2e in 2009, brought about by the 
economic crisis.  The analysis presented in this report was prepared before the latest inventory became available.   
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Figure  1.2 shows green house gas emissions in Ukraine between 1990 and 2008.  The profile 
of emissions is characterised by sharp fall in emissions following 1990, with emissions in 
2001 nearly 60 percent below their level 1990.  This drop in emissions reflects a sharp 
decline in economic activity following the collapse of the former Soviet Union (FSU).  Since 
2001, emissions have been generally been rising.  Nonetheless, in 2008, total emissions were 
still 52 percent their 1990 level (427 MtCO2e compared to 927 MtCO2e).  

Figure  1.2  
Historical Emissions Trends 
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Source: UNFCCC inventory 

Figure  1.3 splits 2008 emissions by sectors.  The largest single contributor to emissions was 
the Electricity and Heat sector, accounting for 24 percent of emissions.  The Metals sector 
accounts for 18 percent of emissions, and is dominated by steel production.  Ukraine is a 
large producer of coal, producing close to 80 million tonnes in 2008.  Moreover, Ukraine acts 
as a major transit point for gas from Russia, and also has an extensive domestic gas storage 
and distribution network.  Consequently, the production and transport of fossil fuels accounts 
for 14 percent of emissions.3  Other industry in Ukraine accounts for 9 percent of emissions, 
consisting largely of emissions from ammonia, cement and lime production.  Transport, 
buildings and agriculture account for 9-10 percent of emissions each. 

                                                

3  This category does not include emissions from the use of fossil fuels (e.g. in power, transport or industry), which are 
accounted for separately in the relevant sectors. 
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Figure  1.3 
Emissions by Sector, 2008 
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Source: UNFCCC inventory 

1.2.2. Emissions Targets 

Ukraine has signed (1999) and ratified (2004) the Kyoto Protocol, and is classified as Annex 
I Party to the United Nations Framework Convention on Climate Change. It is also included 
in the Annex B, and for the first commitment period (2008-12) it has an emissions target of 0 
percent on the 1990 baseline (the same as New Zealand and Russia).4 

Ukraine has recently pledged5 to reduce its 2020 emissions by 20 percent below the 1990 
levels, and by 50 percent by 2050.  Given that current (2008) Ukraine’s emissions6 are about 
52 percent below of the 1990 level, the goal translates into a 4 percent growth in emissions 
between now and 2020, and almost no growth in emissions between 2008 and 2050.  Under 
these conditions the emissions intensity of the economy will have to be reduced significantly 
as GDP is expected to grow rapidly over the next two decades. 

The IMF forecast that Ukraine’s real GDP would grow by 35 percent (cumulatively) between 
2009 and 2015, or at a rate of 4.5 percent annually. This means that emissions intensity per 
unit GDP would need to be reduced significantly if the 2012 and 2020 targets were to be 
achieved. Assuming that real GDP continues to grow at the same rate as forecasted by IMF 
for 2014-2015, or 4 percent year on year between 2015 and 2020, the GDP emissions 

                                                

4  UNFCCC: http://unfccc.int/kyoto_protocol/items/3145.php 
5  United Nations Environment Programme http://www.unep.org/climatepledges/Default.aspx?pid=25 
6  Including LULUCF 
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intensity could actually increase by 28 percent (from 1.3 to 1.6 kgCO2e per 2000 US$) 
between 2008 and 2020, or 2 percent annually.  This reflects the very high historical (1990) 
emissions and underlines the current low ambitions by the government to reduce the GHG 
emissions. The forecasted GDP growth, the emissions target, and their implications for the 
emissions intensity are illustrated in the Figure  2.4 below. 

Figure  1.4 
GDP and Emissions forecast and targets 
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Source: UNFCCC inventory 2010, data excluding LULUCF, IEA, IMF, and NERA Calculations.  

Notes:  The GDP series is actual PPP-adjusted GDP series, in 2000 US$ from 1992 to 2008. Growth 
for 2009-2015 is based on IMF projections and the 2015-2020 growth is based on an 
extrapolation of the IMF forecast, with 4 percent year on year growth. 

1.2.3. Energy and Emissions intensity 

The energy intensity of Ukraine, in per GDP terms, has been following an inverse U-shape 
over the last two decades, as illustrated below in Figure  1.5. It first increased from 0.55 to a 
peak of 0.76 toe/ 1,000 US$ GDP in 1996.  This reflected an initial faster drop in GDP than 
in energy use. Since 1996 the GDP energy intensity has been declining, reaching 0.4 toe / 
1,000 US$ GDP in 2008. The pattern observed was similar to that in Russia and other CIS 
countries.  Similarly, per capita energy intensity fell sharply in line with overall 
macroeconomic output between 1990 and 1998 (from 4.8 to 2.7 toe/capita, or 44 percent), but 
then levelled or even increased slightly to reach 2.9 toe/capita in 2008 (remaining 40 percent 
below the 1990 level).   



Greenhouse Gas Abatement in Ukraine Introduction

 
 

NERA Economic Consulting 6
 

Figure  1.5 
Energy Intensity in Ukraine, Russia and OECD Europe  (1990-2008)  
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Source: IEA. GDP is in 2000 prices, and PPP-adjusted  

Ukraine’s emissions intensity, shown in Figure  1.6 displays trends similar to its energy 
intensity.  Emissions per unit GDP first increased between 1992 and 1996, and then gradually 
declined, to around 1.3 kgCO2e/US$ of GDP. In per capita terms, the emissions intensity has 
largely followed the total emissions trends, although since 2000 the emissions intensity per 
capita has been increasing at a somewhat higher rate than the energy intensity. The emissions 
intensity thus fell from 17.9 to 8 tCO2e/capita between 1990 and 2000, and then increased 
back to 9.3 tCO2e/capita in 2008, 48 percent below the 1990 level. 
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Figure  1.6 
Emissions Intensity in Ukraine, Russia and OECD Eur ope (1990-2008) 
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Source: IEA and UNFCCC. GDP is in 2000 prices, and PPP-adjusted 
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2. Emissions and Sector Background 

2.1. Electricity 

Power generation (including combined heat and power generation) is one of the largest 
sources of emissions in Ukraine, with 2008 emissions of 89 MtCO2e or 21 percent of total 
GHG emissions.  Just under half of all electricity generation is served by thermal power 
plants, much of which consists of coal fired plants of low efficiency, with the remainder 
served chiefly through nuclear power. 

Major potential opportunities for investment to reduce GHG Emissions in power generation 
include: 

� Improving or replacing currently operating capacity with low thermal efficiency; 

� Raising electricity prices faced by households to improve end-user incentives to invest in 
electricity-saving measures; 

� Investment in distribution and transmission grid infrastructure to reduce losses; 

� Switching from coal to fuel sources with lower emissions intensity; and 

� Increasing the share of renewable energy sources in the generation mix. 

We discuss the opportunities for each of these categories of investment briefly below. 

2.1.1. Capacity, generation, and demand 

Electricity generation in Ukraine increased steadily at a rate of around 1.5 percent per year in 
the period 2000-2008, peaking at just under 200 TWh per year.  However, growth was 
interrupted in 2009 by a significant contraction as a result of the 15 percent reduction in GDP 
during the economic crisis.7  The trend is shown in Figure  2.1. 

                                                

7  IMF, World Economic Outlook, April 2011. 
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Figure  2.1 
Ukraine Power Generation, 2000-2009 
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This study uses a forecast based on work done by Lahmeyer International for EBRD,8 which 
sees demand increase further to 216 TWh by 2020, or 2 percent per year from 2009 levels.  
Continued growth at this rate results in consumption of 263 TWh by 2030.  For comparison, 
this would see electricity demand in Ukraine in 2030 at around 6,500 kWh per person per 
year, around 15 percent above the 2008 average in the EU. 9 

The emissions intensity of the power sector was 0.37 tCO2/MWh in 2008.10  This relatively 
low number is attributable to the large share of nuclear power.  Figure  2.2 shows the share of 
capacity and production by technology in 2008.  Thermal capacity accounts for 55 percent of 
the total, with the majority consisting of coal-fired plants.  In recent years, the share of gas-
fired generation has been declining, with one study estimating the share of gas-fired 
generation to be less than 10 percent in 2008.11   

Thermal power plants in Ukraine are owned by joint stock companies.  The state-owned 
Energy Company of Ukraine retains large shares in many of the thermal power plants, 
although operational control in many cases lies with private sector operators.12  Much of the 
current capacity is old and has suffered from underinvestment and poor maintenance.  As a 
result, only an estimated 20 of the 30 GW of thermal capacity is available for generation.13  

                                                

8  Lahmeyer International report for EBRD (2010): Development of the Electricity Carbon Emissions Factors for Ukraine, 
September 2010 

9  Eurostat. The exact figure depends on whether Europe, EU or Euro-area is considered. 
10  This figure excludes power generation and emissions from combined heat and power plants (CHPs).   
11  IERPC (2009), Prospects for Ukraine’s Steam Coal Industry – High Time for Reform, Institute for Research and Policy 

Consulting 
12  CASE (2008), Overview of Electricity Market in Ukraine, Centre for Social and Economic Research, February 2008 
13  Lahmeyer International (2010), Development of the Electricity Carbon Emissions Factors for Ukraine, September 2010 
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The most recent addition to thermal capacity was made over 24 years ago,14 and more than 70 
percent of plants are over 40 years old.  Moreover, thermal generation is characterised by low 
levels of efficiency: on average 31 percent.  

Figure  2.2 
Ukraine Power Generation Capacity and Production, 2 008 
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Nuclear power plants account for 26 percent of capacity (13 GW), but have a significantly 
higher share of production: between 40 to 50 percent.  Plants are owned and operated by 
Energoatom, which is subordinate to the Ministry of Fuel and Energy of Ukraine.  There have 
been no significant additions to generating capacity over the last two decades, with the 
exception of the completion of two nuclear power units of 1 GW each in 2004 (Khmelnitsky-
2 and Rovno-4).  Both these units had been under construction prior to the collapse of the 
Soviet Union.  Two further units of 1 GW each remain partly constructed (Khmelnitsky-3 
and Khmelnitsky-4).15  In principle, the prospect of additional nuclear capacity represents a 
significant option for reducing the emissions intensity of generation.  According to current 
plans, over 11 GW of current capacity is scheduled to close by 2030.  The World Nuclear 
Association, however, suggests that these closures are unlikely to occur at their planned date, 
and only 1.5 GW of capacity is likely to be closed by the beginning of 2030).16 

Hydroelectric power plants constitute the only major renewable generating capacity in 
Ukraine, accounting for 6 percent of production.  Plants are owned and operated by the public 
joint stock company Ukrhyrdornergo, part of the Energy Company of Ukraine.   

                                                

14  A 300 MW unit at Zuyiv thermal power plant 
15  World Nuclear Association (2010): Nuclear Power in Ukraine, July 2010 Update 
16  Our modelling uses the World Nuclear Association’s estimates for assumptions regarding nuclear capacity closures. 
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2.1.2. Relevant Policies 

2.1.2.1. Energy Strategy 

In 2006, the government of Ukraine published an Energy Strategy, which outlined plans to 
serve the country’s demand for energy up to 2030.  As part of this, the Strategy laid out high 
level plans of the government in the power sector.  Main features of the Strategy included:  

� Reliance on nuclear:  a significant addition of nuclear capacity in the form of 22 new 
nuclear plants, as required to maintain a 50 percent share of nuclear power in generation 
up to 2030. 

� Expansion of coal-fired capacity: coal fired power plants are expected to supply the large 
majority of the remaining 50 percent of generation. 

� Constant gas-fired generation: maintaining the absolute amount of generation from gas, 
with the share of gas thus declining over time.  An important motivation for the limited 
role ascribed to gas-fired generation is to improve the security of energy supplies 
(Ukraine depends on Russian imports for much of its consumption). 

� Limited renewables: renewables have a very limited role in the Strategy’s vision for the 
power generation sector. 

Since the Energy Strategy was published, there have been important developments in Ukraine, 
most notably the collapse of economic output in 2009.  This has required an update of the 
Energy Strategy, which is currently in the process of being revised but has not yet been 
published.  An early draft of the revised Energy Strategy envisages:  

� A more limited level of investment in nuclear power, with capacity additions limited to 
the completion of the 2 GW of partially constructed capacity, along with a further 2 GW 
of capacity to replace power plants that are expected to be decommissioned after 2030.17  

� A more prominent role for renewable energy sources – in particular, wind power, and to a 
lesser extent solar power and small hydro power plants.  Total capacity in 2030 under the 
base case scenario is expected to be 6 GW.  

� An extensive modernisation programme of existing thermal capacity, covering 13.7 GW 
of (mostly coal-fired) capacity. 

� The addition of 10.7 GW of new coal-fired capacity. 

� A modest addition to large hydroelectric capacity, as well as significant pumped storage 
capacity. 

In parallel with the more long-term aspirations of the Energy Strategy, Ukraine identified at 
the end of 2010 ten “strategic national investment projects”.  Some of these concern power 
generation, notably a goal of installing 2GW of solar or wind capacity by 2015. 

                                                

17  The revised Energy Strategy adopts a more pessimistic assumption for future power demand than was the case in 2006.  
Hence, despite the more limited investment in nuclear power, the share of nuclear power in the revised Energy strategy 
remains high at 47 percent in 2030. 
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2.1.2.2. Feed in Tariffs 

Although the long-term role for renewables in the Energy Strategy is limited, Ukraine has in 
place a system of feed-in-tariffs (FITs) (also referred to as “green tariffs”) for renewable 
energy sources.  These were introduced in 2009, and cover wind power, solar photovoltaics 
(PV), biomass, and small hydro generation.  

The current system of Green Tariffs specifies technology specific coefficients that are applied 
to the retail electricity tariff on 1 January 2009.18  The technology specific coefficients are 
subject to a degression for new investment.  The coefficients are reduced by: 10 percent in 
2014; 20 percent in 2019; and 30 percent in 2024.  FIT levels are fixed for a given installation 
at the level that was in effect at the time of commissioning.  There is no annual cap on 
capacity that is eligible for receiving the FITs.  

The levels of green tariffs currently available are summarised in Table  2.1 below.   

                                                

18  The system also includes a provision to protect investors from changes in the exchange rate.  The ratio between the 
current and original exchange rate (fixed on 1 January 2009) is calculated.  If this ratio is higher than one (i.e. if there is 
a depreciation in the value of Hryvnas), then the tariff is adjusted accordingly; otherwise, the tariff is set on the basis of 
the Hryvna value of the original (1 January 2009) electricity tariff.  The level of the green tariff is, therefore, calculated 
as follows:  

If the ratio of current and 1 January 2009 exchange rates is greater than one, then: 

Green Tariff = Retail Tariff1 Jan 2009 × ratio of current and 1 Jan 2009 exchange rate × renewable energy-specific coefficient. 

Otherwise 

Green Tariff = Retail Tariff1 Jan 2009 × renewable energy-specific coefficient. 
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Table  2.1 
Green Tariffs 

Technology Capacity

- kW kop/kWh € cent/kWh

<600 kW 70.2 6.8

600 to 2,000 kW 81.8 7.9

>2,000 kW 122.8 11.9

Biomass Any 134.5 13.1

Surface facilities 505.1 49.0

Rooftop installations ( >100 kW) 484.0 47.0

Rooftop installations (<100 kW) or 
Façade installations (any capacity)

463.0 45.0

Small hydro <10,000kW 84.2 8.2

Wind

Solar

Green tariff
 (excl VAT)

 
Source: Law of Ukraine “On Amendments to the Law of Ukraine “One electrical Power Engineering” 
to stimulate use of alternative source of energy (2009). 

The levels of FITs are similar to those that are available in many EU countries, although FITs 
for solar and wind power are towards the higher end of the range found in the EU.19 

Some aspects of the current framework of FITs are felt to be inadequately specified.  From 
the beginning of 2012, investors will need to show that 15 percent of the inputs used originate 
in Ukraine, and the required local content share in investments rises to 30 percent from 2013, 
and 50 percent from 2015.  However, the approach to determine the local content share of an 
investment has so for not been explained.  The current legal framework also makes 
provisions for electricity producers from renewable energy sources to sell directly to 
consumers, bypassing the wholesale electricity market (WEM).  However, the arrangements 
for bypassing the WEM have also not been specified.  Finally, on grid access, there is 
currently an obligation to provide network access to renewable generators.  Network 
companies are allowed to include a connection cost in their investment programs, but the 
framework for recovering connection costs has not been defined.  As a result, connection 
costs are passed entirely onto the renewable generator. 

Since their introduction, NERC has approved green tariffs for 61 facilities.  The majority of 
these have been small hydroelectric producers (26).  The remaining 10 facilities consist of 5 
wind power plants, 3 solar power plants, and 2 biomass facilities.  

                                                

19  Based on Mercados (2011), Assistance to the National Energy Regulatory Commission of Ukraine: Full 
Implementation of the Existing Green Tariff Law and Methodology, Mercados, February 2011 
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2.1.3. Generation market 

The current model for the electricity market in Ukraine is similar to the system currently in 
operation Great Britain prior to the introduction of the New Electricity Trading Arrangements 
(NETA).  The model, known as a gross pool model, consists of a single buyer which 
purchases electricity from producers, who must all submit bids into the gross pool for any 
electricity generated.  Electricity producers are divided into two categories: 

� Regulated electricity generators.  These consist of nuclear, hydroelectric, combined heat 
and power plants (CHPs) and wind power plants.  Tariffs at which regulated suppliers 
submit electricity bids are regulated by the energy regulator, National Electricity 
Regulatory Commission (NERC). 

� Unregulated electricity generators, consisting of the country’s thermal power plants.  
These also submit bids into the wholesale market pool.  

The wholesale market is administered by Energorynok, which calculates a price referred to as 
the “average wholesale price from producers” (AWPP).  The AWPP is based on the bid 
submitted by the marginal producer.  This in turn forms the basis for the “average wholesale 
price to suppliers” (AWPS).  The different between the AWPP and AWPS consists of a fee to 
Energorynok, transmission charges, and a subsidy (known as “dotatsiynyi sertificaty”) to 
supply electricity to consumers that are subsidised (such as households and agricultural users).  

The current generation market arrangements are considered to have several shortcomings, 
and Ukraine has plans to reform the framework.  Some of the shortcomings include: market 
rules result in bidders bidding on the basis of average cost (rather than incremental cost); and 
administrative interference distorts decisions on dispatching and capacity scheduling.  
Current plans for reforms aim to overcome these shortcomings – in particular, they aim to 
strengthen competition in the electricity market.  The plans for reform also include a move to 
a system of bilateral contracts (a net pool), similar to that currently used in much of Western 
Europe.  The transition from the current system is expected to be undertaken in stages.  The 
development of a legal framework to allow bilateral contracts is underway, and other key 
features – including a day-ahead balancing market, and the introduction of bilateral trading to 
replace the current pool – are planned for the period to 2015, by which time it is intended that 
all transitional mechanisms will be removed.  These reforms are expected to remove some of 
the distortions of the current framework, and the reduced regulatory and administrative 
interference should provide stronger incentives to invest in the generation market.  Although 
these plans have been in place for a few years, the pace of reforms has been slow.   

2.1.4. Transmission and distribution 

There are large losses from electricity transmission and distribution in Ukraine: in 2008, 
transmission losses were 3 percent, and distribution losses stood at 12 percent.  Statistics 
reported by NERC suggest that transmission losses have remained close 3 percent in recent 
years, but losses from distribution have been declining in the last decade, from 20 percent in 
2000 to 12 percent in 2008.  This leaves considerable scope for additional improvement (for 
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comparison, EU average transmission and distribution losses are 6 percent20), with the 
potential for emissions abatement as well as improvement in the service to end-users. 

Investment to reduce losses requires that costs can be recouped through transmission and 
distribution charges.  Ukraine’s extensive transmission network is spread over 23 thousand 
kilometres.21  The network is owned and operated by Ukrenergo, a state owned company.  
Transmission charges are regulated by NERC, and included in the calculation of the AWPS.  
The current system by which tariffs are set can be described as a form of cost-plus regulation.  
NERC sets tariffs on the basis of cost estimates submitted by Ukrenergo for the current year 
as well as the coming year. Tariffs are set so that they cover these costs, as well as an 
allowance for profits / capital costs.  However, the focus on the coming year means there are 
only limited provisions for the remuneration of investments that have a longer time horizon.  

Electricity distribution networks are owned and operated by regional companies known as 
“Oblenergos”.  There have been two waves of privatisations of distribution companies in 
Ukraine since 1990, as a result of which the sector includes a mixture of private and state 
owned companies.  There are currently two different approaches of regulating distribution 
tariffs applying to different sets of distribution companies: 

� Most of the 45 licence distribution companies have charges regulated in the same way as 
transmission companies, i.e. a type of cost plus regulation.  

� Charges for distribution companies that were privatised during the second wave of 
privatisation are regulated under a separate framework.  This is essentially a rate of return 
system, with some added incentive mechanisms (e.g. a timetable for planned loss 
reductions).  The rate of return is determined by NERC, subject to a minimum level. 

The Ukrainian government is currently considering another round of privatisations.  

The regulatory situation in both transmission and distribution has contributed to 
underinvestment in the network.  Despite the fall in reported losses in recent years, they 
nonetheless remain high.  This suggests that improved institutional incentives, such as reform 
of the charging framework and the introduction and enforcement of a set of minimum service 
standards, would be required to achieve continued and accelerated reduction in losses, which 
in turn could form an opportunity for GHG abatement.  Finally, addition of the power 
generating capacity that is required to meet expected increases in electricity demand will also 
require grid reinforcement – regardless of technology.  Our approach to modelling this is 
discussed in section  3.1.5. 

2.1.5. End-user tariffs 

End-users’ incentives to improve the efficiency of electricity use depend on the electricity 
price paid.  Ukraine has a legacy of energy subsidies that include electricity, and which offers 
a potential opportunity for policy reform to encourage investment in emissions reducing 
measures.  However, any such actions would need to be balanced against other objectives. 

                                                

20  World Bank Indicators. 
21  Lahmeyer International (2010), Development of the Electricity Carbon Emissions Factors for Ukraine, September 2010 
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As noted above, end-user tariffs for some categories of consumers are regulated in Ukraine. 
in particular, residential tariffs are set by NERC, and are considerably lower than those faced 
by other consumers: in 2009, residential tariffs were between 55-65 percent lower than 
industrial users (whereas the opposite relationship is typical in most markets).22  In addition, 
tariffs are further reduced for households who depend on electricity for cooking and heating.  
Residential consumers therefore face a weaker price signal to undertake investments to 
reduce electricity consumption.  Meanwhile, electricity consumption by residential 
consumers has been rising over the last decade, with a share of 19 percent in 2010.23  NERC 
recently has taken some steps to increase tariffs for some groups of residential consumers, 
announcing a 15 percent increase in tariffs in March 2011. 

Industrial consumers pay two different categories of tariff, distinguished by the voltage of the 
network to which user are connected, currently in the range of €40-60 / MWh, with the higher 
charges for higher-voltage connections.24 

In contrast to residential tariffs, current tariffs for industrial users likely cover the “full cost of 
energy production”, so contain no implicit subsidy.25 

2.1.6. Fuel markets 

The structure of the power transmission grid—in combination with the extent of the gas 
transmission network system and distribution of natural resources—has important 
implications for the potential to reduce emissions through fuel switching, i.e., replacing high-
emitting coal-fired generation with generation using lower-emitting fuels or energy sources. 

2.1.6.1. Coal 

Ukraine is a relatively large producer of coal, with production amounting to79 million tonnes 
in 2008.  The availability of domestically produced coal is an important reason both for the 
high share of coal-fired power plants in current total thermal capacity, and for future 
aspirations to increase the share of coal-fired generation.   

Thermal power plants in Ukraine purchase domestically produced steam coal at prices below 
international prices: between 2005 and 2008, prices were typically 15 to 45 percent below 
import prices.26  The low prices are the result of large subsidies paid by the government to 
coal producers, which amounted to as much as 5 percent of the state budget in 2008.27 28  This 

                                                

22  “Towards Cost Effective Energy Pricing” by Hi-chun Park, International Association of Energy Economics 
23  Ukrstat: http://www.ukrstat.gov.ua/operativ/operativ2009/pr/etgv/etgv_e/elbal_e.html 
24  Park (2011), Towards Cost-reflective Energy Pricing in Ukraine, Hi-chun Park, International Association for Energy 

Economics, First Quarter 2011 
25  Page 45 of World Bank (2011), Project Appraisal Document for Energy Efficiency Project, April 2011 
26  IERPC (2009), Prospects for Ukraine’s Steam Coal Industry – High Time for Reform, Institute for Research and Policy 

Consulting 
27  NECU (2010), Problems of Ukraine’s Coal Sector and Green House Gas Emissions from Coal Mining and 

Consumption, National Ecological Centre of Ukraine 
28  This amounts to a subsidy of 121 UAH per MWh of electricity produced by coal-fired thermal power plants.  
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indirect subsidy makes fuel switching as well as renewable energy more expensive.  Similarly, 
the low fuel prices result in lower wholesale prices for electricity than would otherwise obtain.   

2.1.6.2. Natural gas 

Ukraine benefits from an extensive gas transmission and distribution network as well as large 
storage capacity.  Ukraine domestic production, however, only accounts for a small share of 
total consumption and the country is heavily dependent on imports from Russia.  Following 
the gas crisis in 2006, the price paid by Ukraine for Russian gas has risen sharply.  Unlike 
other consumer customers (notably, residential consumers), power generation companies do 
not receive natural gas at a subsidised price.  As a result, gas-fired power plants have 
substantially smaller share in generation than coal-fired power plants, and this share has been 
falling in recent years.   

Combined with low coal prices, the higher gas prices makes fuel switching more expensive, 
while as noted above energy security and political considerations may limit its potential.  
Nonetheless, the available infrastructure means there is significant technical potential to 
reduce emissions by switching to gas-fired generation. 

2.1.7. Renewable Energy Sources 

With the exception of large hydro installations, which generate around 11-12 TWh electricity 
per year (6 percent of the total), renewable energy sources (RES) play a negligible part in the 
Ukraine power sector.  However, the available renewable resource is significant, and if 
financial and other barriers could be overcome, renewables would have significant potential 
as a source of emissions reductions.  As discussed above in section  2.1.2.2, Ukraine already 
has in place a programme of feed-in tariffs to support generation from renewable energy 
sources.  

Except for large hydropower, the development of most renewables is in pilot stages.  Total 
installed wind power capacity in Ukraine amounted to 105 MW in 2011, while technical 
potential of attractive sites is estimated at 30 TWh.29  Some further wind power projects have 
been mooted in recent years – most notably the 300 MW Nova Eco wind power development 
project, which has been in the planning phase since 2005 – but these have not materialised.  
However, as not above, the introduction of feed-in tariffs in 2009 has stimulated investor 
interest in the sector. 

Until recently, there had been no significant solar power capacity in Ukraine.  The potential 
for solar power is concentrated in the South of the country.  Solar radiation intensities in this 
region reach 1,450 kWh/m2/year, compared to the national average of 1,200 kWh/m2/year.  
The estimated technical generating potential in Ukraine amounts to 16 TWh.  As noted above, 
the Green-tariff scheme to support renewable energy sources offers investors in solar power 
generous feed-in tariffs.  In June 2011, construction of a solar power plant capable of 
generating 25 GWh of electricity per year was completed in Crimea, and currently other 
capacity additions are planned. 

                                                

29  IERPC (2008), Overview of Renewable Energy in Agriculture and Forestry in Ukraine, Institute for Economic 
Research and Policy 
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As noted above, large hydro is currently the only major source of renewable energy in 
Ukraine.  Current capacity is close 5 GW, generating between 11 to 12 TWh of electricity.  In 
recent years, the existing capacity has been rehabilitated to improve reliability and efficiency.  
The rehabilitations have partly been financed by the World Bank through a series of loans, 
the first of which consisted of a $106 million loan approved in 2005.  More recently, the 
World Bank approved a loan of $60 million in 2009 to rehabilitate units at Kremenchuk and 
Dniprovska hydro plants, and the EBRD extended a €200 million loan in 2011 to upgrade 
plants on the Dneiper River.  The technical generating potential of hydropower in Ukraine is 
estimated to be 20 TWh, including 2.5 TWh from small hydro plants.30  As noted above, 
small hydro plants also benefit from feed-in tariffs under Ukraine green-tariff scheme.  In 
2005, there were 65 operational small hydro plants, generating between 0.3 to 0.4 TWh of 
electricity.  

Biomass represents a significant source of energy in Ukraine.  Ukraine has over 32 million 
hectares of arable land, and agriculture accounts for a significant proportion of GDP.  
Ukraine thus has the potential to grow biofuels as well as use residues from existing 
agricultural activity for energy.  The energy potential of biomass is estimated to be over 65 
TWh per year (including both electric and thermal potential).31 

2.2. Heat and Buildings 

Ukraine’s cold climate and large industrial base creates significant demand for heating.  
Consumption is high, both because of the high underlying demand for heat, and because heat 
losses from supply infrastructure and buildings are high.  According to national statistics, 
some 280 TWh of heat is consumed in Ukraine per year.32  Heat consumption by buildings 
accounts for more than 50 percent of this and the associated emissions in 2008 (including 
emission from CHPs, which also produced electricity) were 81 MtCO2, 19 percent of the total. 

Large-scale district heating plays a key role in heat supply, accounting for some 60 percent of 
total end-use.  The remaining 40 percent of heating is produced through decentralised heating, 
ranging from boilers serving individual apartment blocks or commercial buildings, to 
household-scale boilers. 

Broadly speaking, investment opportunities to reduce emissions from heat supply and 
buildings fall in the following categories: 

� Improvement or replacement of currently operating boiler and CHP capacity with low 
thermal efficiency; 

� Switching to less emissions-intensive fuels, including renewables; 

� Investment in heat transmission and distribution grid infrastructure to improve control 
and reduce losses; 

� Improving of the thermal performance of buildings; 

                                                

30  EBRD (2009a), Ukraine: Country Profile 
31  Matveev (2009), Opportunities and Challenges of Biomass in Ukraine 
32  Figure for 2005.  Energy Strategy of Ukraine 
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� Increasing end-user control over consumption; and 

� More widespread metering and raising heat tariffs to create incentives for improvements 
in energy efficiency. 

Cumulatively, these opportunities correspond to technical potential for very deep cuts in 
energy use and emissions.  In the case of the least efficient district heating systems, there is 
technical potential to reduce primary energy input by more than two-thirds using technical 
measures that are well-established and in use in many other countries.  Moreover, the 
investments also have the potential to significantly improve the service received by to end-
users. 

However, the investment required is very substantial, while both the value of the fuel savings 
and the incentives faced by heat suppliers and consumers are heavily circumscribed by the 
prevailing institutional arrangements.  Realising the abatement potential therefore depends 
heavily on institutional reform.  We discuss the relevant factors for each of these categories 
of investment briefly below. 

2.2.1. Heat generation, tariffs and investment ince ntives 

The majority of district heating in Ukraine is served by heat-only boilers.  Estimates of the 
exact level of boiler capacity vary, with official statistics reporting more than 30,000 boiler 
plants with a thermal generation capacity of over 150 GW.33  However, much of this capacity 
is idle following a drop in demand in the 1990s, and substantial investment would be required 
to bring plants back to operation.  Current operational capacity consists almost entirely of 
gas-fired boilers, which typically use oil as a reserve fuel.  The thermal efficiency of these 
plants is significantly lower than that feasible with modern gas-fired boilers, and in some 
cases can be as low as 20 percent.34 

Ukraine also has over 250 CHPs.  The large majority of these are on-site CHPs plants at 
industrial enterprises.  In addition, some large CHPs serve district heating networks, 
accounting for just under 15 percent of total DH heat supply.  As with boilers, the majority of 
CHPs are gas-fired (over 90 percent), but there also are coal-fired CHPs. 

The majority of district heating capacity is owned by municipal authorities.  Until recently, 
municipal authorities were also responsible for regulating the sector, but with recent reforms 
the National Commission on Communal Market Services Regulation has assumed the 
regulatory responsibility, including the setting of tariffs.  One feature of the introduction of a 
single regulator across the sector has been the setting of common tariffs for heat consumption 
across municipalities. 

Current institutional arrangements limit incentives for investments to improve efficiency.  
Important barriers include the provision of natural gas to generating companies at subsidised 
prices; low heat tariffs; and legal constraints limiting access to finance.  To date, some 
limited investment has taken place in improving the thermal efficiency of generation capacity, 
including projects financed by international development banks or as JI projects.  However, 

                                                

33  Ukrstat data 
34  World Bank (2011), Project Appraisal Document for Energy Efficiency Project, April 2011 
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the pace of investment has been slow, and there is significant remaining potential to improve 
efficiency and hence reduce GHG emissions.  

Heat tariffs for residential users have historically been low, often below the level required for 
DH companies to recover their short-term operating cost.  Many district heating companies 
are heavily indebted as a consequence.   The inability of district heating companies to recover 
even short-term costs has left no financial room for investment in generation capacity.  Some 
recent changes to regulation may improve the prospects for future investment, notably the 
significant increases in heat tariffs for residential users as a result of reforms negotiated 
between Ukraine and the IMF.  Tariffs for residential users nonetheless continue to remain 
below the levels paid by industrial users.  

District heating companies also find it difficult to raise finance.  Legal encumbrances mean 
that DH companies cannot use their physical assets as collateral, even where the assets are 
privately owned.  More generally, access to finance is impeded by the uncertainty of tariff 
regulation and general lack of experience of the financial sector with private investment in 
DH infrastructure.  As a result, banks typically impose stringent requirements – high 
expected rates of return, high interest rates, high collateral requirements, short payback 
periods, and / or high debt service coverage ratios – that make project finance practically 
unavailable to many companies.  International development banks and JI projects have 
therefore been an important source of funds to bridge the gap. 

2.2.2. Heat distribution 

Heat distribution is typically vertically integrated with the main district heating generating 
company serving a municipal area.  Network losses are as high as 20-35 percent of the heat 
transported.35  For comparison, modern networks in Western Europe can achieve losses of 
less than 10 percent.  The high level of losses reflects the age of equipment, the use of pipes 
without or with poor insulation, and chronic underinvestment and lack of maintenance.  It 
also is a function of inefficient network design (e.g., the use of separate pipes for space 
heating and hot water supply).  Apart from high losses, these factors also lead to inadequate 
service to end-users and frequent breakdowns and loss of supply.  The World Bank estimates 
that frequency of breakdowns is more than 10 times higher than well maintained networks in 
Western Europe.36 The poor service has caused some end-users to opt for individual heating, 
an option which is made even more attractive by subsidies for domestic gas and electricity 
use.  Although this trend may continue, the scope is limited by the limited capacity of the gas 
distribution network in some areas. 

The technology to reduce losses – including improved insulation of pipes, upgraded heat 
exchangers, and improved network control equipment – is well-established and mature.  
Experience from other countries as well as projects in Ukraine suggest that it could offer an 
opportunity for potentially (socially) highly cost-effective investments to reduce GHG 
emissions, as well as for improving the service provided to end-users, although the cost 
depends on fuel prices and other factors.  However, the investment requirements are very 

                                                

35  Figure based on losses quoted in several project development documents for district heating JI projects. 
36  World Bank (2010), Republic of Ukraine Case Study: How to Improve the District Heating Sector in Kharkiv, Wolrd 

Bank, May 2010 
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large.  According to official statistics, as much as 70 percent of the operational equipment is 
need of renovation.37   

Given the vertically integrated nature of heat distribution, investment in networks faces the 
same obstacles as generation.  This includes low heat tariffs preventing companies from 
recovering costs, and legal arrangements limiting access to finance. 

2.2.3. Buildings using District Heating 

Buildings in Ukraine generally have poor thermal performance, often consuming twice the 
amount of energy of modern buildings in Western Europe.  Improvements to the building 
fabric as well as changes to end-user behaviour offer very significant scope for reductions in 
energy consumption and, through the impact on upstream heat generation, GHG emissions. 

As with networks, the amount of investment required can be very substantial, and incentives 
are limited by a number of barriers.  We highlight here three key factors: the lack of metering 
and low heat tariffs; transaction costs associated with improvements to buildings with 
multiple occupants; and the lack of enforcement of building regulations. 

2.2.3.1. Metering 

Some 40 percent of buildings in Ukraine meter heat consumption.  However, in the 
residential sector metering at the level of individual dwellings is rarely used.  Although heat 
tariffs formally are denominated in terms of units of energy, the lack metering in practice 
means that end-users pay for heat on the basis of dwelling size.  Households therefore 
typically pay the same amount for heat regardless of any steps they may take to increase or 
reduce their consumption, and thus face no financial incentive to save energy.  Although 
there may be other motivations – e.g., to improve comfort where service is inadequate – the 
adoption of metering is a significant obstacle to investment in the energy efficiency of 
buildings. 

Experience from other countries has shown that a transition to billing based on actual 
consumption volumes is an important step in creating investment incentives.  Such regulatory 
change has technical pre-requisites.  It requires first building-level and then apartment-level 
metering of heat consumption.  It also requires the ability to control the amount of heat 
received—again, first at the building level and then at apartment level.  Notably, it is 
necessary that reductions in consumption by one party do not limit heat supply to other 
occupants or end-users on the same heat network loop.  This is an important impediment to 
the installation of dwelling level controls, as the vast majority of residential buildings in 
Ukraine have vertical heat distribution systems that require modification before individual 
control can be effectively used. 

2.2.3.2. Barriers to energy efficiency: Condominium Associations 

Apartments and houses in Ukraine are overwhelmingly privately owned.  This means that the 
scope for government,, or municipality, -run programmes to increase energy efficiency is low.  
Instead, improvements will need to be made through private decisions.  With a large share of 
                                                

37  Ukrstat data 
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dwellings in multi-occupancy buildings, a key step towards the adoption of energy efficiency 
measures is the institutional capacity to take decisions for the building as a whole.   

Ukrainian legislation recognises Condominium Associations (CAs) as organisations for the 
coordinated management of multi-occupancy buildings.  However, only around 10 percent of 
block housing in Ukraine have CAs.  In their absence, any improvement requires the approval 
of a 100 percent of residents and decisions about communal services are the responsibility of 
Zheks (state entities part of the local municipal authority).  Meanwhile, forming a CA leads 
to the transfer of liabilities from the Zhek to owners.  Given lack of investment historically, 
owners are unwilling to take on this responsibility.  Furthermore, CAs have only limited 
ability to raise finance, as they have no ability to use buildings as collateral for secured loans.   

These considerations suggest that significant institutional reform will be necessary to create 
the prerequisite for substantial residential uptake of energy efficiency measures. 

2.2.3.3. Non-compliance with new building energy efficiency regulations 

In the longer term the energy efficiency of buildings depends heavily on the regulation of 
thermal performance of new construction.  In January 2007, Ukraine adopted a code for the 
construction of buildings, which includes codes for thermal insulation.  This requires an 
“energy passport” for each building indicating its performance, and applies to new 
constructions, as well as reconstructions.  The code implies a minimum performance for 
insulation. 

A common problem with building regulations is that monitoring is difficult and enforcement 
is often weak.  Ukraine is no exception, and actual building performance has been influenced 
more by prevailing engineering norms.  These have resulted in some improvement to energy 
performance relative to existing building stock, but nonetheless leave scope for improvement.  

2.2.4. Individually Heated Buildings 

Although district heating provides heating for the majority of buildings in Ukraine, 
individually heated buildings account for 40 percent of buildings.  A variety of fuels are used 
for individual heating, with the majority using either gas or coal.  Electric heating is often 
used to supplement other forms of heating, and in some cases represents the primary heating 
source.  Rural households also use biomass for heating purposes. 

Many of the issues relating to buildings heated by district heating also apply to individually 
heated buildings, including:  

� buildings are generally characterised by poor thermal performance and high consumption 
of heat;  

� in multi-occupancy buildings, the lack of condominium associations, along with 
institutional arrangements that limit the ability of such associations to access finance, 
represent a significant barrier to the adoption of energy efficiency measures; and 

� weak enforcement of buildings regulations result in new construction and refurbishments 
adopting standards that can be below those required for significant energy savings. 
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Dwelling-level metering of energy consumption is more common in individually heated 
buildings.  Thus some 60 percent of the 13.4 million households connected to the gas 
network have meters installed.38  However, despite more widespread metering, the incentives 
for investing in energy efficiency improvements are reduced by the subsidising of gas and 
electricity tariffs.  

2.3. Industry 

Industry is an important part of the Ukrainian economy, accounting for around one-third of 
national income (for comparison, the share is around one-fifth in the Euro area).  The 
prominence of industry in turn is one of the reasons for the relatively high GDP emissions 
intensity in Ukraine noted above. 

Direct emissions from industry in 2008 were 129 MtCO2e, or just over 30 percent of total 
emissions, with additional indirect emissions through industrial electricity use.  This is 
second only to the power and heat sector.  Industrial output, and consequently emissions, fell 
significantly for the first decade after the collapse of the Soviet Union.   

Ukraine has a very substantial steel sector, which accounts for two-thirds of industrial 
emissions.  Three other sectors account for nearly another quarter: cement, ammonia, and 
lime.  The remaining 12 percent of emissions are accounted for by a number of smaller 
sectors, including bricks and ceramics.  Figure  2.3 shows the composition of industrial 
emissions. 

Figure  2.3 
Industrial Emissions, 2008 
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Our analysis focuses on the largest GHG emitting sectors, and we discussed the important 
features of these sectors below. 

                                                

38  Figure reported by Naftogaz 
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2.3.1. Industrial abatement measures and investment  drivers 

Emissions abatement opportunities in Ukraine industry fall broadly in two categories: 

1. New capacity to meet additional demand.  Both natural attrition of existing capacity and 
the need for capacity to meet new demand mean that significant new investment in new plant 
will be required across a range of industry.  This offers the opportunity to transition to 
production capacity with lower emissions intensity than the current average, reflecting a 
general trend towards more energy-efficient production techniques.  New investment thus is a 
significant source of abatement relative to the current emissions intensity (referred to as the 
“static” baseline – see section  3). 

The extent of proportional abatement available through this channel depends on the 
characteristics of current plant.  Current Ukraine energy intensity in key sectors is very 
high,39 although emissions are sometimes lower than in other countries due to the higher use 
of gas fuel instead of coal.  Ensuring higher efficiency at new capacity therefore could 
provide substantial opportunities for abatement. 

2. Retrofitting and changes to existing production techniques. The second major category 
of abatement is various measures to improve the energy efficiency and the emissions 
intensity of existing production capacity.  This spans a very wide range of heterogeneous 
abatement measures which often are highly specific to the particular production processes of 
different sectors.  However, they can be broadly categorised in the following categories: 

� Energy efficiency – fuel.  These include a wide range of sector-specific measures, with 
important cross-cutting measures including energy management systems, process 
optimisation, waste heat recovery, and more efficient furnaces and boilers. 

� Energy efficiency – electricity.  These include several cross-cutting measures such as 
more efficient motors and drives, more efficient pumps, and improvements to compressed 
air, but also a range of sector-specific measures especially in the metallurgy sector 
(smelters, electric-arc furnaces, refining processes, etc.). 

� Fuel substitution.  Abatement also is available by switching to less carbon-intensive 
fuels.  This includes a switch from coal or oil to natural gas; or from fossil fuels to waste 
fuels (particularly in the minerals sector) or biofuels. 

� Raw material substitution.  Emissions from the calcination of limestone (“process 
emissions”) in the cement and lime sectors are substantial sources of emissions, with 
some process emissions also in glass production.  In the case of cement, these can be 
reduced by substituting other materials for clinker. 

� Non-CO2 gases.  Various sectors, and especially chemical industries, offer opportunities 
for the abatement of non-CO2 greenhouse gases.  In Ukraine the relevant chemical 
industry (notably adipic and nitric acid) is relatively limited, however. 

                                                

39   A.5.3 shows how the energy intensity of selected industries in Ukraine compares with international benchmarks. 
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� Carbon capture and storage.  The use of CCS for industrial emissions is significantly 
more speculative than other measures, but if the technology and associated infrastructure 
is sufficiently developed could offer the potential for deep emissions cuts.  The measure 
would likely be limited to sectors with large point-sources of emissions, notably 
integrated steelworks and large cement plants, as well as dedicated power / large-scale 
CHP plants serving industrial loads.  However, because the technology is speculative at 
this stage, we do not include it in the main scenarios investigated here. 

These different categories of abatement measures respond to different drivers of investment.  

Commercial viability of investments to improve energy efficiency depends in the first 
instance on the value of the fuel savings that investments can bring.  Higher fuel prices thus 
contribute to higher commercially attractive abatement potential up to a given cost per tonne 
of CO2, as the value of fuel savings associated with lower emissions is higher.  In addition, 
firms’ willingness to incur the up-front cost of improving energy efficiency depends on a 
number of factors, starting with the access to and cost of capital, but in the short term 
especially also including factors such as awareness and availability of suppliers, technical 
expertise, and advice. 

Fuel substitution, by contrast, depends more on the relative cost of higher-polluting fuels 
(coal, oil) and lower-polluting options (gas, biofuels, waste).  As importantly, widespread 
adoption of lower-emitting fuels depends on reliable supply.  Ukraine industry is mainly 
reliant on coal, but also uses significant amounts of gas, so while fuel substitution towards 
waste or biofuels would offer substantial emissions reductions, substitution towards gas has 
more limited potential. In addition, the impetus of current policy as well as relative fuel 
prices is not from coal towards gas, but rather towards greater use of coal, which would lead 
to increases emissions.40 Drivers for further fuel substitution correspondingly include 
increased availability of lower-emitting fuels, higher coal prices relative to gas, and 
improving the prospects for use of alternative fuels, including biofuels and waste fuel supply 
chains. 

The incentives for raw material substitution are closely linked to the cost of production.  In 
the case of both cement (clinker substitutes) and glass (increased use of recycled material, or 
cullet) the price of energy is a key factor, with drivers similar to those for energy efficiency.  
In addition, raw material substitution depends on achieving a reliable supply chain for the 
relevant waste materials.  Current waste regulations in Ukraine provide only weak external 
drivers for the type of waste re-use that has made higher use of waste fuels and materials 
attractive in other countries, while the drivers for more stringent waste regulation are limited. 

In contrast to the above abatement options, both carbon capture and storage and abatement 
options relating to non-CO2 gases are motivated not by savings on energy expenditure or 
increased productivity, but depend mainly on a value associated with avoided GHG 
emissions.  In both cases, investments therefore would be motivated only where reduced 

                                                

40  As we discuss below, the practice in Ukraine of using gas in sectors such as steel, cement, lime production stands out as 
highly unusual internationally, and reflects a legacy of access to very cheap Russian gas imports.  Correspondingly, the 
switch towards coal constitutes an alignment with international practice as well as adaptation to relative fuel prices 
more in line with those in international commodity markets. 
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GHG emissions brought a direct financial advantage that outweighed the investment cost and 
energy performance disadvantage of CCS. 

We discuss options to reduce emissions in some individual sectors below. 

2.3.2. Steel 

Ukraine is one of the largest producers of steel in the World, ranking 8th in the list of crude 
steel producers in 2009, as well as the third largest exporter of finished and unfinished steel 
products (behind Russia and Japan).41  The position has been developed on the back of rich 
iron ore deposits, access to cheap domestically produced coke, and an extensive 
manufacturing infrastructure built around raw materials.  

Production is dominated by integrated steel plant, with only a limited contribution from 
electric arc furnaces.  Ukraine also has an unusually large contribution from older and 
inefficient open-hearth furnaces.  Figure  2.4 shows the production of steel in Ukraine by type 
of technology between 2000 and 2009.  As this shows, steel production in Ukraine fell 
sharply in 2008 and 2009 as a result of contracting international as well as domestic markets.   

Figure  2.4 
Steel Production by Technology (2000 to 2009); mill ion tonnes 
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Steel production in Ukraine is characterised by significantly higher energy use relative to 
other major producers.  A 2007 report for the World Bank reports that average energy 
consumption for steel making in Ukraine is three times higher than that of EU steel 

                                                

41  World Steel Yearbook 2010 
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production.  This in large part reflects the continued use of open hearth furnaces (OHFs) in 
Ukraine.  However, even the more modern basic oxygen furnaces (BOFs) have an average 
energy intensity almost 30 percent higher than EU production.  Reasons for the high use of 
energy in steelmaking include:  

� The use of OHFs.  As shown in Figure  2.4, OHFs accounted for close to 50 percent of 
total steel production in the early 2000s.  The replacement of OHFs by more efficient 
furnaces such as BOFs or electric arc furnaces (EAFs) represents a significant opportunity 
to reduce energy use. 

� Old and inefficient equipment or production methods.  For example, the use of 
continuous casting has historically been limited, accounting for only 20 percent of total 
steel production in 2000.  Other examples of inefficient production methods include the 
limited use of pulverised coal injection, with natural gas being used instead as a result of 
historically low gas prices.  Again, the more widespread use of continuous casting and 
use of pulverised coal injection are an opportunity to reduce the energy intensity of steel 
production.  The latter would, however, increase the emissions intensity of production. 

In recent years, there have already been moves towards reducing the energy intensity of steel 
making.  The share of OHFs has fallen, from 50 percent in 2000 to 41 percent in 2008 and 
only 26 percent in 2009.  Similarly, the share of continuous casting has been increasing so 
that it is currently close to 50 percent.  Moreover, there have been several notable 
investments in Ukraine to improve energy efficiency, including 

� the modernisation of Alchevsk Steel Mill, including the replacement of OHFs with 
BOFs;42 

� EBRD-financed projects including projects at: Arcelormittal Kriviy Rih,43 and Mini Steel 
Mill ISTIL. 44  Recently, the EBRD announced that it is considering financing a project at 
Yenakievo Iron and Steel Works.45   

� projects in Kurakhovo and Zaporizhstal (these have also applied for Joint Implementation 
credit). 

2.3.3. Other major emitting industries 

As noted above, the cement, lime and ammonia sectors together accounted for nearly a 
quarter of all industrial emissions in 2008.  Although all sectors have seen growing output 
and emissions in the past decade, growth has been particularly strong in the cement sector, 
with a near three-fold increase in production. The figure below shows developments in the 
three industries.  Emissions intensity of production has remained similar throughout the 
period. 

                                                

42 
http://web.worldbank.org/external/projects/main?pagePK=64283627&piPK=73230&theSitePK=40941&menuPK=228
424&Projectid=P101615 

43  http://www.ebrd.com/english/pages/project/psd/2006/36813.shtml 
44  http://www.ebrd.com/english/pages/project/psd/2006/37542.shtml 
45  http://www.ebrd.com/pages/project/psd/2011/40936.shtml 
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Figure  2.5 
Cement, Lime and Ammonia 
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Source: UNFCCC 

An unusual feature of the cement and lime industries in Ukraine is the use of natural gas for 
fuel.  This is a legacy of historically low natural gas prices available through favourable 
agreements with Russia.  Higher gas prices since 2006 have led to a trend to switch from gas 
to coal, which is the fuel almost invariably used internationally in these industries.  Even so, 
more than three quarters of cement is still produced using gas, leaving significant scope for 
further fuel switching and associated increases in emissions.  Correspondingly, preventing 
this trend would represent an opportunity for emissions abatement, although our analysis 
internationally suggests that the use of gas in cement manufacture is a relatively expensive 
method of emissions abatement. 

Another legacy of historically cheap energy is the continued use in Ukraine of energy 
intensive methods of production.  In particular, wet production processes predominate, again 
in contrast to international production trends.  Recent years have seen a trend to switch to 
more energy efficient dry or semi-dry production methods, in several cases through JI 
projects.  JI finance has also supported the increased use of substitutes for clinker in cement 
blending, notably blast furnace slag.  

Ammonia production relies on the use of natural gas for feedstock as well energy, and the 
ammonia industry in Ukraine has historically relied on cheap gas imports from Russia.  Like 
in other industries, the legacy of cheap energy means that energy efficiency of production has 
been a low priority.  According to the UNFCCC GHG inventory, the emissions intensity for 
ammonia production in Ukraine is in the region of 2.2 to 2.4 tCO2e/t ammonia, whereas some 
international production employing recent production methods takes place at intensities as 
low as 1.5 tCO2e/t ammonia.  Although retrofit of measures to current production is unlikely 
to reach this low level, there nonetheless is considerable scope for reducing emissions from 
ammonia production. 
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2.4. Energy Resource and Fossil Fuels 

This section focuses on two major sectors in Ukraine, coal mining and gas distribution. Both 
of these sectors are source of significant amount of GHG emissions in the form of fugitive 
methane, as well as some energy-related CO2 emissions arising from the processes of 
extracting of coal and transporting gas. 

2.4.1. Natural Gas 

Natural gas is the largest single fuel in Ukraine’s overall energy consumption, accounting for 
41 percent of primary energy in 2008, as compared to coal’s share of 30 percent.46  More than 
two-thirds of the natural gas used is imported from Russia.47  In addition, Ukraine is a key 
transit point for gas from Russia to the EU, with almost 80 percent of EU imports of Russian 
gas travelling through its territory.  In addition to its substantial gas transmission and 
distribution network, Ukraine also has vast gas storage capacity.  

The Ukrainian gas sector is dominated by the vertically integrated, state-owned company, 
Naftogaz, which is responsible for the majority of domestic production and transmission 
(including transit gas to the EU).  Naftogaz is also responsible for distribution and supply, 
alongside other, smaller, distribution companies in which shares are also held by private 
companies.  Naftogaz has accumulated debts as a result of the requirement to subsidise gas 
prices for residential consumers, as well as the non-payment of tariffs.  One of the reforms 
included in the IMF’s loan to Ukraine is the phasing out of Naftogaz’s deficit.   

                                                

46  IEA 
47  For example, imports accounted for 68 percent of consumption in 2008. 
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Figure  2.6 
Natural Gas in Ukraine (billion cm) 
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Source: Naftogaz 

The large volumes of gas transported lead to significant methane leakage, and the sector’s 
overall emissions of 23 MtCO2e in 2008 corresponded to about 5 percent of the emissions 
reported in UNFCCC.48  Correspondingly, there is potential to reduce GHG emissions 
through a range of investments and operational changes that help reduce of leakage.  
Abatement measures include: the replacement of compressor seals; replacement of high-bleed 
pneumatic devices; direct inspection and maintenance (D&IM) at compressor stations; and 
D&IM across the distribution network.  However, like in the electricity and district heating 
sector, investments in network improvements would require substantial institutional reform, 
in this case starting by improving the financial viability of Naftogaz and subsequently 
ensuring that any investments undertaken can be recouped.  In particular, in both the 
transmission and distribution sectors, the current regulatory framework only stipulates a 
minimum set of service standards aimed at ensuring safety.  The introduction of a much 
broader set of services standards, coupled with a system of financial penalties for non-
compliance, would improve incentives to reduce leakage.  Moreover, in the distribution 
sector, the current framework for setting charges does not allow investors to recoup costs.  
Reforms to the charging framework are therefore required to offer better incentives to 
investors. 

                                                

48  Total fugitive emissions from the gas sector have been relatively stable between 2000 and 2008, ranging from 22 to 24 
MtCO2e. 



Greenhouse Gas Abatement in Ukraine Emissions and Sector Background

 
 

NERA Economic Consulting 31
 

2.4.2. Coal mining 

Ukraine is a large coal producer, with production of around 80 million tonnes per year.  The 
majority of production is in deep mines with significant methane release.  Total methane 
emissions were 29 MtCO2e in 2008, or 7 percent of total national GHG emissions.   

Coal mine methane emissions can be reduced through “degasification” (capture of methane 
trapped in the rock prior to mining).  Even if the captured methane is flared, the emissions 
reductions are substantial.  Moreover, further emissions reductions are available if the 
captured fuel can be used for energy production (typically electricity production).  There are, 
however, no regulations in Ukraine that require treatment or use of coal mine methane and it 
is therefore common practice for methane to be vented. 

Degasification projects require investment in advance of mining and have relatively long lead 
times.  Some recent JI projects in Ukraine have made use of captured methane.49  These 
projects have typically not been economically viable without carbon revenues from the JI 
mechanism.  A large reduction of fugitive emissions is likely to require larger-scale 
investment, which could, in part, be facilitated by changes in policy. 

The Ukrainian coal industry is a mix of private and public ownership: state controlled mines 
accounted for 65 percent of the steam coal produced in 2009, with the remaining supplied by 
private mines.50  In some cases, steel producers also own coking coal mines.  The industry as 
a whole suffers from high costs and low profitability, to the extent that it does not cover its 
ongoing operating cost.  The sector has been receiving state support to ensure continued 
production, which in 2008 amounted to 3 percent of the state budget.  

The government currently has plans to remove state support and embark on a privatisation 
programme.  If this goes ahead it is likely to result in higher coal prices, with import prices 
likely to become binding.  Some parts of industry may be sheltered from this, notably 
vertically integrated steel and mining companies with own coking coal supplies, but others 
are likely to face prices close to import prices. 

The implications for methane emissions of these developments depend on two factors.  On 
the one hand, the current cash-poor industry is unlikely to be able to finance discretionary 
projects for emissions reductions unless significant additional revenue streams can be made 
available, and reform could improve the prospects for emissions abatement.  On the other 
hand, if reforms led to a reduction in production then methane emissions would eventually 
decrease, too. 

                                                

49  For example, at Pivdennodonbaska No.3, Komsomolets Donbassa, and Shcheglovskaya-Glubokaya coal mines. 
50  IERPC (2009), Prospects for Ukraine’s Steam Coal Industry – High Time for Reform, Institute for Economic Research 

and Policy Consulting 



Greenhouse Gas Abatement in Ukraine Emissions and Sector Background

 
 

NERA Economic Consulting 32
 

2.5. Other Sectors 

2.5.1. Transport 

UNFCCC data suggest the transport sector (excluding pipeline transport) emitted 36 MtCO2 
in 2008, or 10 percent of national GHG emissions.   

The large majority of emissions are accounted for by passenger and freight road transport.  
The large size of the country means that distances travelled are relatively large in relation to 
national income.  Vehicle ownership is on an upward trend, and increased from 112 to 128 
passenger vehicles per 1,000 population in the period 2002 to 2007.51 This nonetheless is a 
relatively low level, leaving substantial room for increases in activity and emissions in line 
with economic growth.  Figure  2.7 compares various indicators of vehicle penetration with 
international benchmarks. 

The current road transport fleet (both freight and passenger) is relatively old and has high 
emissions intensity.  The main abatement measure therefore is the progressive replacement of 
old vehicles with newer, more efficient vehicles.  Consumers face relatively low fuel prices 
(diesel and gasoline), similar to other countries in the region. Figure  2.8 shows fuel 
consumption and price indicators in comparison to international benchmarks. 

Figure  2.7 
Transport sector - international benchmarks (vehicl es) 
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Source: World Bank. Data are for 2007, except for vehicles per km road which are 2005 for Turkey 
and 2006 for Russia. 

 

                                                

51  World Bank 
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Figure  2.8 
Transport sector - International Comparison of Fuel  consumption per Capita 

and Fuel prices 
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Source: World Bank. Data are for 2007 (fuel consumption) and 2006 (fuel prices). 

2.5.1.1. Natural Gas Vehicles 

Ukraine’s Energy Strategy identifies the use of compressed natural gas vehicles (CNG) as a 
method to reduce long-term reliance on oil imports.   CNG still is a small share of the total, 
with some 2.5 percent of vehicles currently powered by CNG, although there is an emerging 
network of refuelling stations.52 The aim of the Energy Strategy is to increase the share to 10 
percent.  There is also some scope for agricultural vehicles (tractors or trucks) to become 
dual-fired.53  

Rail transport also plays an important role, particularly in freight transport. Other means of 
transport, such as shipping and aviation have relatively small amount of emissions associated 
with them. 

2.5.2. Waste 

Ukraine currently produces almost 13 million tonnes of municipal waste every year. Of this, 
only 3 million tonnes or less than one quarter are managed in landfills; with the rest put into 
unmanaged waste disposal sites.54 

Emissions from the Waste sector in 2008 were 10 MtCO2e, as reported in the UNFCCC 
inventories.  Most of these were methane emissions from solid waste disposal, but there were 
also significant methane emissions from municipal and industrial waste water. 

Abatement opportunities include waste separation and composting, incineration, landfill gas 
capture and utilisation, and advanced conversion technologies to produce biogas. 

                                                

52  http://www.ngvaeurope.eu/european-ngv-statistics 
53  Ukraine’s Energy Strategy to 2030 
54  UNFCCC 
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2.5.3. Agriculture and Forestry 

Emissions from agriculture amounted to 36 MtCO2 in 2008, or just under 9 percent of 
Ukraine’s total emissions. Around 40 percent was from methane emissions from livestock 
(enteric fermentation and manure management), and the remaining 60 percent from soil 
emissions.  Forest areas cover one-sixth percent of Ukraine’s total land surface, or 10 million 
hectares. Figure  2.9 shows the composition of Ukraine’s land area by category. 

 

Figure  2.9 
Ukraine Territory Land Distribution 
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The “carbon sink” function of forests has been declining in Ukraine: in 1990 LULUCF 
absorbed over 68 MtCO2e, but by 2008 this has been reduced to just under 17 MtCO2e.  This 
was due to a combination of factors, including more intensive exploitation of existing forests, 
reduced planting of new forests (planting rates more than halved between 1992 and 2005), 
and to major fires between 1996-2003. 
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3. Overview of Approach  

3.1. Policy Scenarios and Assumptions 

We consider three scenarios to estimate the potential for emissions reductions in Ukraine 
under different very high level policy settings.    

� “Status Quo” scenario, in which policies and institutions in Ukraine continue as they 
currently are over the next two decades, but technological improvement and natural 
turnover of equipment is allowed to occur.   

� “Planned Policy” scenario, in which planned but not-yet-implemented policies to reduce 
emissions are included. 

� “Enhanced Policy” scenario, in which additional policies to spur emissions reductions are 
reflected.   

In addition to these three, we also refer to a “Static Technology” baseline, which like the 
Status Quo freezes policies at their current levels, but which also freezes technology, 
maintaining the same emissions factors and efficiencies.  The “Static” case is used as a 
reference to calculate some of the results presented in the MACCs, but is not intended to 
represent a real future scenario.   

Some details of the three scenarios are provided below, with a summary of the key 
differences between them.   

3.1.1. Status Quo Scenario  

The “Status Quo” scenario is intended not as a projection, but as a baseline against 
which improvements in other scenarios can be assessed. 

Our base scenario is the “Status Quo”.  It assumes that over the next two decades current 
policies and institutions continue as they are now.  No new policies are put in place to 
encourage energy efficiency, renewable energy, or other emissions abatement.  Where 
policies and measures are already in place, they are not strengthened, enforcement is not 
increased, and their effectiveness does not improve.  Thus, this scenario is intended not as a 
projection, but as a baseline against which the improvements in other scenarios can be 
assessed. 

3.1.2. Planned Policies Scenario 

The “Planned Policies” is intended to reflect the prospects for investment in emissions 
reductions given effective enforcement of currently announced policies and enacted 
regulations. 

The second scenario takes into account major policies that are in place or announced that are 
likely to have an effect on emissions.  Where policies currently exist but are not well 
enforced (as in the case of building standards) we assume that they are enforced more strictly.  
Differences between this scenario and the status quo include:  
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� Elimination of various energy subsidies and resulting higher tariffs for gas, electricity, 
and heat for some categories of end-user, as well as impacts on some fossil fuel prices 
(notably domestic coal). 

� Greater scope for heat, gas and power transmission and distribution networks upgrades as 
operators are allowed to charge higher rates. 

3.1.3. Enhanced Policies Scenario 

In Enhanced Polices scenario, we consider the implications of a range of additional policies 
designed to promote energy efficiency and to reduce emissions from the power and other 
sectors.   In particular:   

� Capital grants as well as a “soft loan” program and expansion of commercial lending 
opportunities to support household energy efficiency measures, including insulation and 
double glazing. 

� Residents associations enabled to make investment decisions required to reduce buildings 
emission. 

� Obligations on energy suppliers to deliver energy efficiency measures – e.g. via quotas, 
demand-side management, or white certificate programmes to further support energy 
efficiency measures in the household and commercial sectors. 

� Industrial benchmarking program designed to share best practice and focus management 
attention on efficiency improvements (reduces informational transaction costs and 
reduces hurdle rates by 3 percentage points).  

� Tighter regulation of waste to reduce cost of energy-from waste-options, including 
landfill gas use, use of waste fuels in cement kilns, etc. 

� Accelerated and more far-reaching regulatory reform necessary to align end-user tariffs 
with long-run marginal cost, and to raise capital for gas, heat, and power network 
upgrades.   

� Applying a significant carbon price.  For electricity generation, large-scale heat 
generation, and energy-intensive industry (broadly corresponding to sectors that would be 
candidates for a cap-and-trade emissions trading programme) this is assumed to be 
€40/tCO2 in real terms; for sectors that would be eligible to earn CERs, ERUs or 
equivalent credits, the price (or opportunity cost) is assumed to be €20/tCO2e.  The 
difference between the two prices reflects the risks and transaction costs associated with 
primary credits. 

Finally, we also consider a variation on the Enhanced Policies scenario, in which instead of 
applying the above carbon prices, we assume that a capital grant subsidy is available to 
technologies that reduce emissions.  This subsidy reduces the up-front capital cost of these 
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technologies to investors by 20 percent.55  The source of the capital required to finance the 
capital grants is not specified.  

3.1.4. Summary Overview of Scenarios 

An overview of the scenarios is provided in brief summary below. 

Table  3.1 
Summary of Modelling Scenarios 

Policy Area Status Quo Planned Policy Enhanced Poli cy Enhanced Policy – 
Capital Grants 

Fuel market structure and subsidies 

Coal sector Continued state 
support for coal 
mines 

Support phased out, 
with prices rising (but 
remaining below 
import prices) 

As in Planned Policy 
Scenario 

As in Enhanced 
Policy Scenario 

Gas sector Continued cross 
subsidy of non-
industry by industry – 
no full recovery of 
costs 

Support for non-
industry users 
phased out – leading 
to full recovery of 
costs 

As in Planned Policy, 
and far reaching 
regulatory reform the 
transmission and 
distribution sectors. 

As in Enhanced 
Policy 

Power Sector 

Thermal 
privatisation 
programme 

No moves to 
privatise thermal 
power plants 

Private capital enters 
generation market 

As in Status Quo 
Scenario 

As in Status Quo 
Scenario 

Existing 
capacity 
closures 

Current capacity is 
replaced at a slow 
rate 

As in Status Quo 
Scenario 

More rapid 
replacement of 
current capacity 

As in Enhanced 
Policy Scenario 

Coal prices Gap between current 
and international 
prices is maintained 

Coal prices rise more 
rapidly, but remain 
below international 
prices 

As in Planned Policy 
Scenario 

As in Planned Policy 
Scenario 

Generation 
market 

Current market 
arrangements 

Current plans for 
market reform are 
implemented 

As in Planned Policy 
Scenario 

As in Planned Policy 
Scenario 

Feed-in tariffs Current feed-in tariff 
levels, but availability 
limited. 

Current feed-in-tariffs As in Planned Policy 
Scenario 

As in Planned Policy 
Scenario 

Nuclear power Nuclear potential 
limited to completion 
of plants already 
under construction, 
along with 4 GW of 
additional capacity 

As in Status Quo 
Scenario 

Additional nuclear 
potential of 4 GW 

As in Enhanced 
Policy Scenario 

                                                

55  A higher capital grant is offered to Buildings energy efficiency measure. 
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Policy Area Status Quo Planned Policy Enhanced Poli cy Enhanced Policy – 
Capital Grants 

CHPs Limit on share of 
CHP (with capacity 
limited to 10 GWth).  

As in Status Quo Limit on share of 
CHP (with capacity 
limited to 7.7 GWth). 

As in Enhanced 
Policy Scenario 

Carbon pricing No carbon price No carbon price Inclusion of sector in 
an emissions trading 
scheme with 
exposure to €40 / 
tCO2 carbon price 

No carbon price 

Transmission Current system of 
regulation leads to 
uncertain returns on 
investments. Limited 
scope to reduce 
losses 

Current regulatory 
system maintained, 
but higher charges 
allow greater cost 
recovery 

Regulatory reform 
leading to improved 
investment 
incentives 

As in Planned Policy 
Scenario 

Distribution Current system of 
regulation leads to 
uncertain returns on 
investments.  
 
Limited scope to 
reduce losses 
 
Limited inflow of 
private capital 

Current regulatory 
system maintained, 
but higher charges 
allow greater cost 
recovery 

System of uniform 
regulation 
Regulatory reform 
leading to improved 
investment climate 
More significant 
scope to reduce 
emissions 

As in Planned Policy 
Scenario 

District Heating 

Gas subsidy to 
generation 
companies 

Subsidy of gas prices 
maintained 

Gradual removal of 
subsidy 

As in Planned Policy 
Scenario 

As in Planned Policy 
Scenario 

Coal prices Gap between current 
and international 
prices is maintained 

Coal prices rise more 
rapidly, but remain 
below international 
prices 

As in Planned Policy 
Scenario 

As in Planned Policy 
Scenario 

Building 
regulations 

Building regulations 
for new buildings, 
boilers, and heat 
meters in place but 
not effectively 
enforced 

Effective 
enforcement of 
buildings regulations 

As in Planned Policy 
Scenario 

As in Enhanced 
Policy Scenario 

Condominium 
associations 

No improvements in 
institutional 
arrangements, with 
condominium 
associations facing 
barriers to invest. 

As in Status Quo Institutional reforms 
make formation of 
condominium 
associations more 
attractive and reduce 
barriers to invest. 

As in Enhanced 
Policy Scenario 

Electricity prices Electricity prices for 
residential 
consumers continue 
to be subsidised. 

Gradual removal of 
subsidy. 

As in Planned Policy 
Scenario 

As in Planned Policy 
Scenario 

Heat prices Heat prices for 
residential 
consumers continue 

Gradual removal of As in Planned Policy As in Planned Policy 
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Policy Area Status Quo Planned Policy Enhanced Poli cy Enhanced Policy – 
Capital Grants 

to be subsidised. subsidy. Scenario Scenario 

Carbon pricing No carbon price No carbon price Inclusion of sector in 
an emissions trading 
scheme with 
exposure to €40 / 
tCO2 carbon price.   

No carbon price 

Energy 
efficiency 
policies 

No additional energy 
efficiency policy 

As in Status Quo 
Scenario 

Extensive energy 
efficiency policy 
programme through 
combination of “soft” 
loans, obligations, 
and energy audits. 

As in Enhanced 
Policy Scenario 

Capital grants 
for abatement 
technologies 

None None 40% capital grant for 
abatement 
technologies in DH 
Buildings 

20% capital grant for 
abatement 
technologies in DH 
distribution; 60 % 
capital grant in DH 
Buildings. 

Individually Heated Buildings 

Building 
regulations 

Building regulations 
for new buildings, 
boilers, and heat 
meters in place but 
not effectively 
enforced 

Effective 
enforcement of 
buildings regulations 

As in Planned Policy 
Scenario 

As in Enhanced 
Policy Scenario 

Condominium 
associations 

No improvements in 
institutional 
arrangements, with 
condominium 
associations facing 
barriers to invest. 

As in Status Quo Institutional reforms 
make formation of 
condominium 
associations more 
attractive and reduce 
barriers to invest. 

As in Enhanced 
Policy Scenario 

Electricity prices Electricity prices for 
residential 
consumers continue 
to be subsidised. 

Gradual removal of 
subsidy. 

As in Planned Policy 
Scenario 

As in Planned Policy 
Scenario 

Gas prices Gas prices for 
residential 
consumers continue 
to be subsidised. 

Gradual removal of 
subsidy. 

As in Planned Policy 
Scenario 

As in Planned Policy 
Scenario 

Condensing gas 
boilers 

No restriction on gas 
boilers 

No restriction on gas 
boilers 

All new boilers must 
by condensing 

As in Enhanced 
Policy Scenario 

Energy 
efficiency 
policies  

No additional energy 
efficiency policy 

As in Status Quo 
Scenario 

Extensive energy 
efficiency policy 
programme through 
combination of “soft” 
loans, obligations, 
and energy audits. 

As in Enhanced 
Policy Scenario 

Capital grants 
for abatement 

None None 40% capital grant for 
abatement 

60% capital grant for 
abatement 
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Policy Area Status Quo Planned Policy Enhanced Poli cy Enhanced Policy – 
Capital Grants 

technologies technologies technologies 

Industry 

Energy 
efficiency policy 

No additional policy No additional policy Benchmarking and 
target programme 
helps disseminate 
information about 
best practice and 
focus management 
attention. 

Waste firing in 
Cement production. 

As in Enhanced 
Policy Scenario 

Carbon pricing  No carbon price No carbon price Inclusion of sector in 
an emissions trading 
scheme with 
exposure to €40 / 
tCO2 carbon price 

No carbon price 

Capital grants 
for abatement 
technologies 

None None None 20% capital grant for 
abatement 
technologies 

Transport  

Capital grants 
for abatement 
technologies 

None None None 20% capital grant for 
abatement 
technologies 

Agriculture, Waste, Forestry   

Carbon pricing  No carbon price No carbon price Eligible projects 
exposed to credit-
based emissions 
trading 
corresponding to €20 
/ tCO2 carbon price 

No carbon price 

Capital grants 
for abatement 
technologies 

None None None 20% capital grant for 
abatement 
technologies 

 

3.1.5. Grid Reinforcement 

The addition of power generating capacity, including renewables capacity, is likely to require 
grid reinforcement.  Across all scenarios, our modelling assumes that the cost of grid 
connection for additional power capacity would be borne by the system as a whole – broadly 
following international practice.   Nonetheless, strategic planning (rather than just 
incremental additions to the existing grid) will be necessary to reach the levels of renewables 
penetration allowed in some scenarios, even if for individual investors this is likely secondary 
to other key factors – notably: the easy availability of grid connection; and for renewables, 
the credibility of continued price support and carbon prices, and the level of FIT subsidy. 
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3.2. Investor Assumptions 

3.2.1. Transaction costs and hurdle rates 

In addition to estimates of capex and opex characteristics of investments, we have made 
estimates of additional costs and other factors that influence the attractiveness of investments 
in low-carbon and energy-saving technologies.  We provide a brief summary below. 

We distinguish two main categories of influences: 

� Transaction costs.  These are broadly defined to encompass additional costs incurred in 
undertaking an investment.  We distinguish between the following: 

- Project transaction costs.  These may include investment appraisal (time costs, 
consultancy fees, feasibility studies, overheads), procurement and legal costs 
(contracts, negotiation, search for vendors), compliance costs (e.g., permits, 
applications) and bribes.  

- Policy-induced transaction costs.  Costs that arise because of a policy intervention or 
requirements. These include a range of administrative costs under credit-based 
emissions trading, as well as costs of adhering to administrative costs arising from 
subsidy programmes or regulatory requirements. 

� Hurdle / discount rates.  A variety of factors influence the (implied) hurdle / discount 
rates applied by households and firms when evaluating investment options.  Important 
factors include: 

- Cost of capital and terms of project finance 

- Risk associated with country, sector, technology and policy setting 

- Option value of waiting  

- Various categories of opportunity costs (of time, management attention, or other 
investments in the context of scarce capital) 

- Individual preferences (of households) 

- Organisational failures and information asymmetries (split incentives, incomplete 
capture of benefits, etc.) 

3.2.2. Factors affecting transaction costs and hurd le rates  

Our general principles in estimating transaction costs and discount rates have accounted for 
the following factors: 

� Project size.  Many costs are incurred on a “per-project” basis, so that the costs are 
proportionately smaller for larger projects. 

� Supply chains and infrastructure: transaction costs are larger for investment in 
technologies that do not have an established track record in the country / sector.   
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� Ownership structure: dispersed, split, or communal ownership can substantially 
increase the transaction cost of investments.  This is relevant to measures in agriculture / 
forestry, rented buildings, or communal buildings.  

� Regulation: various regulations can increase the cost of projects substantially.  An 
example is the use of any materials classified as wastes, or investments with significant 
impact on local pollution. 

� Fit with overall organisation activity:  costs are likely to be higher for organisations 
whose commercial focus is not on emissions / energy, than for energy-intensive industry.  
Likewise, a large literature documents households’ general lack of attention to the 
potential for savings on energy expenditure. 

� Dependence on policy: Both costs and risk are likely to be higher when the viability of 
the investment depends on specific government policies that are subject to change.  
Examples include renewables whose viability depends on feed-in tariffs, or investments 
that have no benefit other than emissions reductions (e.g., carbon capture and storage).  
Similarly, investments dependent on international carbon credits incur transaction costs as 
well as some risk associated with future revenues. 

3.2.3. Summary: Investor behaviour  

The below table summarises the assumptions, showing low, medium, and high transaction 
costs and hurdle rates, and gives selected examples of abatement measures with these 
characteristics. 

Table  3.2 
Summary Investor Costs 

 Transaction costs   
(share of capex) 

 Low 
(10%) 

Large size (> €500k / > 5 MW ) 
and established supply chains 
and track record of past projects 
 

 

 
Medium size (< €500k / < 5 MW) 
or larger projects facing weak 
supply chains or with low priority 
for organisation 
 

High 
(25+%) 

Small scale (<€10k ) and/or 
facing communal / dispersed / 
split property rights or first-of-a-
kind investments 

Low 
(10%) 

� New conventional power 
� New conventional heat 

plant 
 

� Energy management 
systems 

� Process control / 
automation 
 

 

H
ur

dl
e 

/ d
is

co
un

t r
at

es
 

(C
ap

ita
l c

os
t, 

ri
sk

, o
pt

io
n 

va
lu

es
, e

tc
.)

 

 

 

� New renewable power 
(wind, hydro, solar) 

 
 

� Cement waste-firing 
� Coal mine methane 
� Public transport 

� Low-emitting car 

� Residential and 
Commercial building heat 
controls and efficiency 
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High 
(25+%) 

� Nuclear power � Landfill gas 
� Gas transport 

� Household scale 
renewables generation 

� Power transmission and 
distribution rehabilitation 
and upgrades 

� Waste management 

 

3.3. Fuel Price Assumptions 

Our general approach is to vary fuel prices with projections of developments in their relevant 
markets.  For projections of international prices we use IEA World Energy Outlook 2010.  
The figures below show the fuel prices (in real €2010) that we assume for different sectors 
under the Status Quo scenario.  Assumptions include:  

� Coal prices rise over time but the current gap between Ukrainian and international prices 
is maintained, reflecting lower-quality domestic coal and lower transport costs. 

� Gas prices continue to be cross-subsidised by industry, so that prices for 
residential/commercial consumers and district heating companies remain flat. 

� Biomass prices increase over time, but the gap between power and industry versus 
smaller-scale users is maintained. 

� Secondary energy prices, including electricity and heat, for residential/commercial users 
remain constant in real terms, reflecting the continued subsidies.  Prices faced by 
industrial users increase over time in line with the increases of the coal prices.  However, 
they do not reflect full cost recovery by generators or distribution companies.  

The difference fuel price assumptions in the Status Quo scenario are illustrated in Figure  3.1 
below. 
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Figure  3.1 
Fuel Price Assumptions (€ 2010) 
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Source: IEA, CTF, NERC, supplemented by NERA and Global Carbon estimates and modelling.   
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As noted above, we assume different degrees of relationship to international commodity 
prices in the Planned Policy and Enhanced Policy scenarios.  In addition, these scenarios 
include the elimination of various subsidies as well as regulatory changes that have a direct 
impact on the price of energy.  Further details of the fuel prices used in other scenarios are 
presented in  Appendix C.   
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4. Policy “Status Quo” Scenario 

The Status Quo scenario illustrates the emissions abatement potential faced by 
investors with current policies and institutional arrangements “frozen” in their 
current form.  It is not a projection, and in parti cular not intended to capture the 
impact of likely future developments.  The role of the Status Quo scenario instead 
is to provide a baseline against which the improvements in other scenarios can be 
assessed. 

Concretely, the scenario assumes that over the next two decades current policies and 
institutions continue as they are now.  The economy continues to evolve, with emissions 
abatement potentially available both through the addition of new, more efficient or low-
emitting capacity, and through the gradual adoption of technologies and practices to reduce 
emissions. However, there are no new policies put in place to encourage energy efficiency, 
renewable energy, or other emissions abatement.  Where policies and measures are already in 
place, they are not strengthened, and their effectiveness does not improve.  

We first present an overview of the abatement potential across the economy – including an 
overview (Box  4.1) of the methodology used to produce the MACCs.  Subsequent sections 
provide further details of abatement cost and potential for the main sectors. 

4.1. Policy Status Quo: Overall Cost Curve 

Figure  4.1 presents the overall marginal abatement cost curve results under the Status Quo 
scenario.  The underlying assumptions, as well as a more detailed presentation of results by 
sector, are shown in subsequent sections. 
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Figure  4.1 
Full MACC, Status Quo, 2030 

30 50 70 90 110 130 150 170 190 210 230 250

-200

-150

Cement
SteelSteel

Ammonia
Wind (high quality)

Coal Mine Methane
Cofiring Coal

Steel

40

Waste Water
Lime

Individual Buildings (nR)

20

CCGTGas Boiler

Hydroelectric (small)

600 80 100 120 140 160 180 200 220 240 260

-250

-300

-100

-50

50

100

150

200

Landfill Gas
Wind (low quality)

DH Distribution Networks

Individual Buildings (nR)

Cement
CCGT

Biomass Boiler
Hydroelectric (large)

Passenger Vehicles
DH Buildings (R)

0

Nuclear (New)

Gas Boiler (Upgrade)
Wind (medium quality)

Nuclear (Partially Complete)

Gas Transport

Gas Boiler
Coal (New build)

Passenger Vehicles

Lime
Gas Boiler (Upgrade)

Coal (Upgrade)
Coal CHP

Solar PV
Coal (Rehabilitated)

10

Abatement (MtCO2)

Price (€/tCO2)

Buildings Power Transport Industry Fugitives WasteDH  
Notes: Buildings are R (Residential) or nR (non-Residential) 
 

Our analysis suggests that under the policy Status Quo, there is potential to reduce emissions 
in 2030 (relative to the “frozen technology” baseline) by around 98 MtCO2e through 
profitable investments, even without a carbon price or additional climate policies.  Taking 
into account all measures, including those that have a positive cost (i.e. those that are not 
profitable without a carbon price or other supporting policy), the abatement potential more 
than doubles to 266 MtCO2e. 

The area of the MACC corresponding to profitable investment opportunities consists of 
abatement opportunities across a range of sectors.  The most significant source of profitable 
abatement opportunities in Ukraine under the Status Quo is industry, accounting for half the 
profitable abatement potential.  In particular, the steel sector is one of the largest sources of 
emissions with some significant profitable opportunities for abatement, such as the 
replacement of inefficient open hearth furnaces with less energy intensive production 
methods.   

In other sectors, as well as industry, a common theme is that much of the profitable 
abatement relative to technology currently in use is accounted for by new capacity, added as 
demand and production grows.  These will by default deploy technologies that often are less 
emissions intensive than the current stock, and the associated abatement (relative to the 
“static” baseline) makes up much of the profitable section of the MACC.  Key examples 
include more fuel-efficient vehicles, CHP for heat generation, and more energy efficient 
production technologies in industry.  (By contrast, for reasons we discuss below, the power 
and heat generating sectors as well as buildings are not projected to become less emissions 
intensive without additional policy)  Put differently, ensuring that new capacity uses energy 
efficient technology is a key route to long-term emissions reductions, and can also present 
attractive investment opportunities. 
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In the sections below we discuss the underlying assumptions as well as the results for each 
sector in more detail.     

Box  4.1 
Explanation of MACC Methodology 

In abatement cost curves the height of the bars represents the lifetime cost savings of an 
investment, expressed per tonne of CO2e reduced.  The curve has two distinct areas: blocks 
with a cost below zero, and blocks with positive cost.  The negative cost portion represents 
investment opportunities that are commercially attractive given the policies in the given 
scenario.  In contrast, the positive-cost portion shows opportunities that are potentially 
available, but which would require additional policy support to be attractive to investors.   

The methodology for producing the two areas of the MACCs differs.  In the positive-cost 
portion the simulation is carried out by considering the perspective of an investor or 
producer, at successively higher carbon costs, up to €200/tCO2.  The cost curve represents the 
level of carbon cost at which a particular production or investment option becomes preferred 
to all other potential methods of producing the same output.  For illustration, consider a 
situation where coal-fired generation is the cheapest option to produce electricity at a zero 
carbon cost, but where lower-emitting gas-fired generation enters the preferred position at 
some higher carbon cost level—ahead not only of coal but also other potential technologies.  
For wind power to appear on the MACC a still high carbon cost then is required, defined by 
the level at which wind is preferred not only to the original coal option, but also to lower-
emitting gas, as would be the case in an actual power market.56  By contrast, an assessment 
based on comparing wind to coal, but neglecting the gas option, would underestimate the 
actual carbon cost of wind, and would not represent a realistic assessment of investor options.  
Finally, the volume of abatement (the width of the bar in the MACC) in the positive portion 
is determined by comparing the emissions intensities of the low-carbon technology to the 
technology that it displaces: gas to coal, and wind to gas.   

The negative cost portion of the MACC is produced using a different approach – one that is 
more similar to traditional approaches to calculating abatement costs for a MACC.  As a 
reference point we first characterise what the economy would look like if the technologies 
used – and their carbon intensity – were identical in every future year to those currently in 
use.  This results in a counterfactual “Static Intensity” scenario.  This in turn is compared to 
an actual projection of future developments in a scenario where investors face no carbon cost 
beyond those defined by a particular policy scenario.  In some cases the most financially 
advantageous option also will reduce emissions—for example, where ageing stock is replaced 
by newer and more efficient production methods, or where it is commercially attractive to 
retrofit existing equipment with measures that reduce energy use or are otherwise financially 
advantageous.  This thus identifies opportunities for emissions reductions that are profitable 
given the policies assumed.  The cost shown in the cost curve is defined by the savings 
relative to the cost of producing the same output with the technology used in the “Static” 
case; whereas the emissions savings are calculated by comparing to the corresponding 
“static” emissions intensity.   

                                                

56  This description is simplified for illustration.  In practice the model takes account of other key features of technologies, 
including the lead time to build them, availability, ability to serve baseload vs. peak load, etc. 
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To calculate the benefit of investing in profitable emissions reductions relative to the "Static 
Intensity" scenario, we have first selected the relevant “counterfactual technology” in the 
Static Intensity scenario and compared this to the technologies in each corresponding sector 
that reduce emissions.  For upgrades to existing equipment, the counterfactual should be the 
existing equipment: the capital cost is then the cost of the upgrade in the year of the analysis 
(e.g. in 2030), and the annual operating cost savings is the difference between the operating 
cost of the new and old equipment.  The emissions benefit per unit of output is the difference 
between the emissions intensity of the old and new equipment.   

For new (or replacement) equipment, the methodology is somewhat more complicated.  The 
counterfactual here is defined as an “average characteristics” of the capacity that is in place in 
2010.  So, for example, in the power sector, approximately 50 percent of current electricity 
production is from nuclear power plants, 30 percent is from coal and just under 20 percent 
from natural gas plants.  The Static Intensity scenario is constructed to conform to these 
shares, with new capacity built in exactly the same proportions to meet any new demand.  In 
the policy scenarios, we therefore compare any new capacity to this “Static Intensity 
Average”.  The emissions savings per unit of new capacity is therefore the difference 
between the emissions intensity of the new technology and the weighted average intensity of 
the existing capacity – which does not change over time.  The incremental cost of the new 
technology is calculated as the weighted average of the capital costs of each technology in 
each year that the MACC is calculated.  So the counterfactual cost in 2030 is based on market 
shares from 2010 but costs in 2030.   

The reason for taking this approach is that the current production mix already includes some 
low-carbon technologies, and these would be part of the hypothetical “Static Intensity” 
future.  If we did not treat the overall average as the counterfactual, for each new scenario we 
would have to arbitrarily choose which of the existing “Static” technologies was being 
replaced.  So, for example, if the model predicted construction of new efficient gas-fired 
power plants, we would have to decide whether this was built instead of a new coal plant, or a 
new hydroelectric plant, or possibly was simply the gas plant that would have been expected 
anyway under the Static Intensity scenario.  

This approach gives the cost of using abatement technologies to reduce emissions, relative to 
what would have been built instead (on average) in the Static Intensity scenario.  Where there 
is expected to be technical progress in abatement classes that reduces their cost, but more 
limited progress in more conventional (counterfactual) classes, the methodology allows for 
the possibility that abatement classes may actually have lower capital costs than the 
counterfactual.  Moreover, because in some sectors the average counterfactual may be a mix 
of some capital intensive and some less capital intensive measures, it is not always the case 
that the abatement class will have a higher capital cost than the counterfactual.  In some 
sectors these considerations may reduce the incremental capital cost that would be calculated 
if a different counterfactual methodology were used. 

Overall, the average cost of profitable abatement measures is - €120/tCO2e.  Across the entire 
MACC up to €200/tCO2 (in real terms), the average cost per tCO2e is - €9 in 2030.  

The below table summarises selected macroeconomic indicators associated with the Status 
Quo scenario. 



Greenhouse Gas Abatement in Ukraine Policy “Status Quo” Scenario

 
 

NERA Economic Consulting 50
 

In the Status Quo scenario, the incremental commercially viable investment associated with 
the low-carbon measures amounts to €0.7bn per year in the period 2010-2030, corresponding 
to just over 2 percent of total estimated gross capital formation over the period. The opex 
savings are €11bn, or 6 percent of total estimated consumption. The price support for 
renewables would be €0.7 bn per year, or around 2.5 percent of estimated government 
expenditure. There are no carbon price revenues or capex grants expenditures associated with 
this scenario. 

Table  4.1 
Summary Aggregate Economic Indicators - Status Quo 

Economic 
Indicator 

Value  
(€bn / year) 

Share 

Additional 
investment 

€0.7bn 2% of gross fixed capital formation (average over the 
period 2010 to 2030) 

Opex savings €11bn 6.3% of estimated consumption in 2030 

Renewables 
support 

€0.7bn 2.5% of government expenditure (average over the 
period 2010 to 2030) 

Notes: The percentages show the total shares in the period 2010-2030, based on a continuation of 
current shares of capital formation, consumption, revenues, and expenditure in GDP. Opex 
savings exclude avoided carbon taxes and subsidies. 

In the sections below, we discuss the underlying assumptions as well as the results for each 
sector in more detail. 

4.2. Investment criteria and barriers 

We also make assumptions about the investment environment and impact of the various 
barriers facing abatement investments outlined in section  3.  Although the modelling 
implementation is multi-faceted, the table below summarises some of the key inputs used. 
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Table  4.2 
Hurdle Rates, Status Quo Scenario 

Category Examples of abatement 
measures 

Transaction 
costs 
(% of capex) 

Discount 
rate 
(%) 

Payback 
period 57 
(years) 

General Household-scale / small 
business, including passenger 
transport 

� House insulation 
� Small-scale heat pumps 
� Thermostats 

30+% 25-30% 15 

Communal / multiple occupancy 
buildings 

� Building fabric of 
apartment and office 
blocks 

30+% 25% 15 

Experimental / end-of-pipe / waste � Industrial waste firing 15% 25% 15 

Fugitive emissions � Coal mining 
� Gas pipelines 

20-30% 25% 15 

Energy intensive industry � More efficient motors 
� Waste heat recovery 
� Process improvements 
� Energy management 

systems 

15% 20% 15 

Freight transport � Modern vehicles 15% 20% 15 

Utilities: conventional technologies � New coal plant 
� New gas plant 
� New boilers 

10% 15-25% 20 

Utilities: renewables � Wind power 
� Biomass 
� Hydroelectric 

10% 20-25% 20 

Agriculture, forestry � Low-tillage;  
� Precision fertiliser 

application;   
� Improved manure 

management 
� Ionophores 

30% 20-25% 15 

 

4.3. Power Sector 

4.3.1. Sector scenario assumptions 

The following is a summary of the key scenario assumptions: 

� Continued low coal prices.  Domestic coal producers continue to receive subsidies, so 
that the extent of the current gap (26 percent) between the price of domestic coal and 
imports is maintained in the scenario. 

� Sufficient incentives for new entry.  The scenario assumes that current market and 
policy arrangements prove sufficient to ensure adequate entry of new capacity.  For the 
purposes of modelling emissions abatement, we evaluate the investment options based on 
their least cost given technical and other input assumptions. 

                                                

57  For retrofit measures.  New capacity is evaluated at 20 years or the equipment lifetime, whichever is the smallest. 
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� Significant potential for rehabilitation of existing non-operational capacity.  The 
scenario assumes that a maximum of 7.7 GW (coal) and 1.4 GW (gas) of currently non-
operational capacity can be rehabilitated and brought online to provide net capacity 
additions.   

� Life extension / rehabilitation of existing operational capacity.  The scenario allows 
currently operating plant to stay open through investment in life extension and 
rehabilitation, provided this is the most cost-effective method of meeting electricity 
demand.   

� Limit on share of CHP.  The scenario assumes there is no large-scale switch towards 
heat-led CHP generation, and CHP capacity may only increase its share in the total 
capacity slightly, to a maximum of around 10.5 GWth. 

� Current feed-in tariffs for renewable energy sources are maintained, but availability 
is restricted.  The scenario reflects the current regime of FITs (“green tariffs”) in 
operation in Ukraine, and is detailed below in Table  4.3.  Their availability to solar power 
producers is constrained, however, reflecting existing institutional barriers.  

Table  4.3 
FIT Levels, Modelling Assumptions 

Technology  FIT, €/MWh, 2010 

Biomass 130 

Hydro 81 

Solar PV 464 

Wind 119 

Note: The subsidies in the table above are subject to so-called “degression”, or a pre-determined 
year-on-year reduction in the subsidies.  The degression reduces the subsidies by 10% in 2014, 20% 
in 2019 and 30% in 2024. 

� Limited investment incentives to reduce transmission losses.  The scenario assumes 
that the current regulatory framework for transmission is maintained.  Consequently, 
regulation creates uncertainly about the extent to which distribution charges cover 
investment costs, particularly for investments with a longer time horizon. 

� Limited investment incentives to reduce distribution losses.  The scenario assumes 
that the two different regulatory frameworks, applying to different groups of distribution 
companies, are maintained.  Consequently, regulation creates uncertainly about the extent 
to which distribution charges cover investment costs, particularly for investments with a 
longer time horizon.  

� Maintain current retail energy prices.  Current electricity tariffs are maintained in the 
scenario, including the subsidies tariffs for certain types of consumers (e.g. households). 

� Nuclear potential limited to plans specified in updated Energy Strategy.  The 
maximum addition of nuclear capacity allowed in this scenario consists of the completion 
of plants already under construction (2 GW) and additional new capacity of 4 GW.  This 
reflects the government’s revised position on nuclear energy, with current plans 
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foreseeing a significantly more limited addition of nuclear capacity than the 2006 Energy 
Strategy.  

� Constraints in Wind power. Wind power capacity is constrained to be less than 12 GW, 
reflecting system balancing constraints. 

� Hydropower potential. Technical potential for 0.5 GW of small hydropower and 3.7 
GW of large hydropower. No policy support for rehabilitation of existing large 
hydropower plants. 

4.3.2. Detailed power sector results 

The evolution of power capacity in the Status Quo is shown in Figure  4.2.58  The main 
additions to power generating capacity during the course of the modelling period are coal-
fired plants – both power-only plants and CHPs.  By 2030, total capacity rises by 15 GW, 
with coal-fired capacity accounting for around half of the addition (7.6 GW, consisting 
mostly of upgrading currently non-operational capacity).  In addition, 10 GW of existing 
operational coal-fired capacity is rehabilitated to extend lifetimes and improve availability 
and thermal efficiency.59  The focus of investment on coal-fired plants reflects the underlying 
assumptions, which include current low coal prices, relatively high prices of imported gas 
from Russia, and the absence of any new emissions reducing policies. 

The main renewable capacity addition is solar PV, of which 6.5 GW is added by 2030.  This 
is largely motivated by the generous FITs available to solar generation in Ukraine.  In 
addition, 3.5 GW of Wind capacity is added by 2030, also motivated in part by FITs.  Other 
renewable sources show no significant increases, suggesting that even in the presences of 
FITs, the current barriers faced by investors in Ukraine continue to inhibit abatement.60  
Another important development is the fall in the share of nuclear capacity, reflecting no new 
additions to capacity as well as planned closures of nearly 1.5 GW of capacity by the 
beginning of 2030. 

                                                

58  The figure only reports the 40 GW operational capacity, so total capacity in 2010 is about 10 GW less than the current 
nameplate capacity of 50 GW. 

59  This includes some capacity which is currently not operational. 

60  See discussion in section  2.1 
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Figure  4.2 
Power Capacity and Generation Projection, Status Qu o 
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Developments in generation reflect changes in capacity: the share of coal-fired generation 
increases over the period, so that by 2030, half of all electricity is generated by plants using 
coal as fuel (including a small proportion of co-firing power plants that also use a limited 
amount of biomass).  A notable development is the declining share of nuclear generation, the 
share of which falls from the current 49 percent to 29 percent in 2030.   

An increased share of coal leads to the emissions intensity of electricity generated rising 
significantly over the period: from the current 0.37 tCO2e/MWh to 0.50 tCO2e/MWh in 2030.  
The profile of emissions between 2010 and 2030 is shown in Figure  4.3 below.  By 2030, 
power sector emissions are more than twice their level in 2010.  

Figure  4.3 
Power Emissions, Status Quo 
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4.3.3. Cost curves for the power Sector 

Figure  4.4 shows the results of the MACC modelling for the Power sector for 2030.  

Figure  4.4 
Power Sector MACC, Status Quo, 2030 
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We identify 92 MtCO2 of abatement, corresponding to just over 65 percent of projected 2030 
emissions from the power sector.  As noted above, some of these potential developments to 
reduce emissions are offset by other developments – notably, the increasing share of coal-
fired plants (49 percent of generation in 2030 compared to 28 percent in 2010) – that put 
upward pressure on emissions.  

Without enabling climate policies, more than 81 percent of this potential comes at a net cost.  
With the exception of solar and wind generation, commercially attractive emissions 
reductions are limited only to the replacement or rehabilitation of existing coal capacity.  
Although new or rehabilitated coal capacity increases emissions intensity relative to the 
current grid average (reflecting the 55 percent share of nuclear and hydro), they nonetheless 
lead to lower emissions in situations where they replace existing coal-fired capacity with low 
thermal efficiency.  Also, although the volume rehabilitated (in terms of capacity) is 
substantial (7.5 GW), the abatement is modest, as rehabilitation leads to only a limited 
increase in thermal efficiency.61 

Solar PV and high-quality wind represent the only other sources of profitable abatement: in 
2030, 6.5 GW of solar capacity leads to abatement of 3 MtCO2, and 3.6 GW of wind capacity 
results in an emissions reduction of 4 MtCO2.  Both investments are made profitable as a 

                                                

61  The large negative costs arise for the same reason: a modest net gain in generation cost (€/MWh) is divided by a very 
small improvement in emissions intensity (tCO2/MWh); the ratio of the two thus gives a large negative number for the 
abatement cost (€/tCO2). 
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result of current generous FITs, particularly in the case of solar. Although the FITs available 
are subject to a planned degression, the expected decline in costs (particularly those of solar 
PV) over time means significant capacity additions continue to appear viable in the period to 
2030.   

In contrast, other renewables measures have a net cost per tonne CO2, so do not appear to be 
attractive investment propositions given current institutions and policies.  However, there is a 
wide range of costs at which further abatement from renewables is available.  Additional 
wind (3.6 GW) and small hydro (0.4 GW) are available at relatively modest net costs (below 
or around €10/tCO2).  In contrast, large hydro, biomass and additional wind generation have 
net costs close to or greater than €100/tCO2.   

A significant source of further abatement at a relatively modest cost of €5/tCO2 is the 
completion of partially constructed nuclear power plants (2GW).  These can generate 14 
TWh/year, leading to abatement of close to 12 MtCO2 in 2030.  The majority of the potential 
with net cost consists of high efficiency gas-fired power plants.  Some of this is available at 
relatively low cost – generation of 9 TWh/year leading to abatement of 6 MtCO2 at €20/tCO2.  
However, large cuts in emissions through fuel switching come at substantial net costs 
(additional generation of 36 TWh/year).  (Note that an explanation of why the same 
technology is repeated at different carbon prices is provided in Box  4.2.) 

Finally, there is very little abatement in the transmission and distribution sectors.  This 
reflects the current regulatory arrangements, which do not allow for sufficient certainty of 
recovering investment costs.62 

In sum, the main conclusion that emerges from the power sector MACC analysis is that 
Ukraine’s power sector is likely to see a large increase in emissions without changes to 
regulation and policy instruments.  Major policy interventions are required to achieve a 
reduction in emissions intensity – in particular, those that reduce costs, transaction costs, risk, 
or cost of capital.  In subsequent chapters, we discuss some of these policies and describe the 
abatement they may be able to achieve. 

Box  4.2 
Interpreting the Cost Curve Blocks 

Technologies Repeated at Difference Carbon Prices  

In the cost curves above there are instances where the same technology is repeated at 
different carbon price points.  This arises because for abatement costs above zero, the cost 
and emissions savings are calculated relative to a counterfactual that is not fixed, but 
modelled dynamically.   

For example, the 2030 Status Quo Power Sector cost curve shows CCGT at both €20/tCO2 
and €108/tCO2. Thus €20/tCO2 is the price required to cause new CCGT to be built instead of 
upgrading existing coal capacity.  By contrast, the higher price is that required to motivate the 
construction of new CCGT capacity to displace existing (non-upgraded) coal capacity.   

                                                

62  See section  2.1.4 for a discussion on how the current regulatory frameworks for setting transmission and distribution 
charges do not give adequate incentives for investments with longer time horizons. 
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More generally, technologies may appear in multiple blocks for the following general reasons 
(analogous issues arise for sectors other than the power sector): 

o Technologies are split into tiers.  Several technologies are represented in tiers with 
different cost characteristics and performance.  For example, the modelling includes three 
categories of wind power sites with different cost and load factor. 

o Different counterfactual technologies.  A given technology (e.g., nuclear power) can 
displace multiple other technologies (e.g., gas- or coal-fired plant).  The model analyses 
the relevant counterfactual by considering what would have been built at a price 
somewhat lower than the price at which nuclear becomes viable.  This means that nuclear 
can displace (say) some coal-fired plant at one price point, but gas only at a higher price 
point. 

o Capacity additions at different points in time.  The relative cost of generation varies over 
time, notably because of changes in (relative) fuel prices.  Thus even if nuclear power had 
constant cost, the carbon price required to make nuclear more attractive than gas-fired 
generation varies over the period.  As the 2030 MACC shows cumulative additions over 
the entire period, this can result in blocks at different price points. 

o Displacement of existing plant.  Finally, in the power sector most of the MACC blocks 
show different options for investment in new capacity to meet growing demand (preserve 
reserve margins).  However, at sufficiently high carbon prices, it becomes cheaper to 
construct new, low-emitting capacity than to produce electricity from existing, high-
emitting plant, despite the additional investment that must be undertaken.  Much of the 
very high-cost potential (in excess of $100/tCO2 is in this category). 

In contrast to cost curve models that assume a single counterfactual for each technology, the 
model used here assesses abatement potential through the dynamic simulation of market 
conditions.  The appearance of multiple blocks reflects real-world phenomena that affect 
abatement potential and cost.  They illustrate that investments in low-carbon technologies 
must take into account not only the technology characteristics of the low-carbon technology 
itself, but also the overall market setting within which it is deployed.  They also provide an 
illustration of the reasons that deployment of given low-carbon technologies increases as 
carbon prices increase – rather than enter all at one single trigger price point. 

 



Greenhouse Gas Abatement in Ukraine Policy “Status Quo” Scenario

 
 

NERA Economic Consulting 58
 

4.4. Heat and Buildings 

This section presents the abatement that can be achieved under the Status Quo policy 
scenario: first through currently attractive investment opportunities (i.e. abatement at a 
negative cost of carbon); and then through abatement options that have progressively higher 
net cost per tonne of CO2.  We discuss expected developments in fuel use and technology for 
heating, and uptake of insulation as building owners and residents make decisions over time 
about the technologies and measures they choose to invest in.    

4.4.1. Scenario assumptions 

We summarise the key features of the Status Quo scenario for the heat and buildings sector 
below. 

4.4.1.1. Heat generation 

� Limited improvements in investment incentives for new entry.  We assume that 
sufficient incentives are in place to enable the construction of new heat generating 
capacity as it is required, with recent regulatory reforms improving the investment 
incentives. 

� Significant potential for rehabilitation of existing non-operational capacity.  The 
scenario assumes capacity at existing boiler plants or CHPs can be rehabilitated and 
brought online to provide net capacity additions. Up to 9 GW of gas boilers, 0.5 GWe 
coal CHP and 0.9 GWe gas CHP can be rehabilitated by 2030. 

� Life extension / rehabilitation of existing operational capacity.  The scenario allows 
currently operating boiler plants to stay open through investment in life extension and 
rehabilitation, provided this is the most cost-effective method of meeting heat demand.   

� Limit on the share of CHP.  The scenario assumes there is no large-scale switch towards 
heat-led CHP generation, and CHP capacity may only increase its share in the total 
capacity slightly, to around 10.5 GWth. 

� Continued low gas prices for district heating companies.  The current subsidy to 
district heating companies in the form of lower gas prices are maintained, so that, 
although gas prices rise in real terms, they remain below the prices faced by other users 
such as power generating companies or industry.  

� Continued low coal prices.  The current gap between the price of domestically produced 
coal and imported coal is maintained.  This gap, in part, reflects continued subsidies to 
coal producers. 

� Continued low heat prices.  Certain categories of consumers (e.g. residential users) 
continue to benefit from low heat tariffs.  Recent increases in heat tariffs, partly as a result 
of IMF instigated reforms, mark the full extent to which tariffs are raised. See  Appendix 
C for more details on the heat tariffs. 
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4.4.1.2. Heat networks and distribution 

� Slow pace of network rehabilitation.  Low heat tariffs provide insufficient revenue to 
finance significant private investment in heat network beyond essential maintenance and 
replacement.  Additional network upgrades continue at recently observed rates.  Only 20 
percent of the technical maximum potential upgrades and replacements may be achieved 
in this scenario. 

4.4.1.3. Heat end-use and buildings 

4.4.1.3.1. Cross-cutting assumptions for buildings 

� Low prevalence of condominium associations and institutional barriers persisting.  
Institutional barriers continue to discourage the formation of condominium associations, 
and legal restrictions limiting these associations’ access to finance persist.  Consequently, 
investors face high transaction and borrowing costs, while the lack of institutions also 
limits the feasible pace of investment. This is reflected in relatively high discount rates 
(25 percent) and transaction costs (30 percent or more) faced by the sector. 

� Continued low electricity prices.  Certain categories of consumers (e.g. residential 
users) continue to benefit from low electricity tariffs.  Recent increases in electricity 
tariffs, partly as a result of IMF instigated reforms, mark the full extent to which tariffs 
are raised.  See  Appendix C for more details on the assumed electricity prices. 

� Weak enforcement of building regulations.  Building efficiency standards are not 
enforced. 

4.4.1.3.2. Buildings heated by district heating 

� Continued lack of metering for end-user heating.  Consumption based billing remains 
at low level, and thus there are only limited financial incentives for fuel savings.  Costs 
shown on the abatement cost curve indicate the emissions savings benefits, only. 

� Continued low heat prices.  Certain categories of consumers (e.g. residential users) 
continue to benefit from low heat tariffs.  Recent increases in heat tariffs, partly as a result 
of IMF instigated reforms, mark the full extent to which tariffs are raised.  

4.4.1.3.3. Individually heated buildings  

� Continued low gas prices for residential consumers.  Recent increases in gas tariffs 
represent the full-extent of the impact of IMF instigated reforms.  No additional increases 
occur. 

4.4.2. Detailed heat generation results 

The profile of heat generating capacity and production in the Status Quo scenario is shown in 
Figure  4.5 below.  
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Figure  4.5 
Heat Capacity and Generation Projection, Status Quo  
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The most striking feature of the profile of heat capacity is that coal-fired capacity (mostly 
boiler houses, but also some CHP) account for almost all new capacity additions – there is a 
net addition of 39 GWth of coal fired capacity between 2010 and 2030.  This reflects the 
availability of domestically produced coal at low prices.  The shift away from the current 
dominant fuel, natural gas, occurs despite the persistence of subsidised gas prices.  There are 
also no additions to biomass capacity, reflecting the absence of any specific policies to 
encourage lower emissions intensive heating fuels.  Moreover, the persistence of low end-
user heat prices means that investors cannot rely on charges to recover costs of investment. 

The profile of heat generation is similar to that of capacity.  The fuel mix of generation 
changes rapidly, with coal based generation accounting for two thirds of total generation by 
2030 (222 TWhth).  Just over 11 percent of the total heat generated is served by CHPs, almost 
all of which also uses coal as fuel. 

As is the case with the power sector, and despite much higher efficiency of new boilers, the 
result of the sector’s fuel switch from natural gas to coal is an increase in emissions intensity, 
from the current 0.30 tCO2e/MWhth to 0.33 tCO2e/MWhth in 2030.  The resulting profile of 
emissions is shown in Figure  4.6 below.  By 2030, emissions grow by almost 150 percent.  
Thus, as is the case with the power sector, emissions, and consequently the sector emissions 
intensity, are significantly higher than that implied by the static baseline. 
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Figure  4.6 
Heat Emissions, Status Quo 
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4.4.3. Cost curve for the Heat and Buildings sector  

Figure  4.7 shows the results of the MACC modelling for the heat and buildings sector for 
2030. 

Figure  4.7 
Heat and Buildings MACC, Status Quo, 2030 

15

0

35 50 604010 20 55

-300

-250

-200

-150

-100

Gas Boiler (Upgrade)
DH Distribution Networks
Individual Electric (R)

0

Individual Gas (nR)

Gas BoilerGas Boiler (Upgrade)
Gas CHP

Coal Boiler
Gas Boiler

Coal CHP

Coal CHP
Coal CHP (Upgrade)

Individual Biomass (nR)
DH Distribution Networks

200 Gas Boiler
Biomass Boiler

150

100

50

Individual Electric (nR)

-50
5 453025

Building Level Substation (residential)

Abatement (MtCO2)

Price (€/tCO2)

 

We identify abatement opportunities totalling is 65 MtCO2.  Of these, only around 13 MtCO2 
(or 20 percent) are attractive by 2030 without additional policy or reform under the Status 
Quo scenario. 

The potential identified is dominated by measures to reduce the emissions intensity of heat 
generation, whereas lack of the required institutional and policy environment prevents the 
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realisation of much of the technical potential for improvement of heat network and building 
efficiency.  This also means that the total abatement potential is limited relative to the size of 
the sector.  Emissions in the Status Quo scenario increase to 134 MtCO2e in 2030, and the 13 
MtCO2e of profitable abatement represents only 10 percent of emissions.   

We describe below the abatement opportunities in the three parts of the heat supply chain: 
generation, distribution, and building end-use. 

4.4.3.1. Heat generation 

The financially attractive opportunities in the Status Quo scenario are concentrated in the 
addition or rehabilitation of CHPs and of boilers.  Abatement from such measures is around 
13 MtCO2e, with the largest source of abatement being the rehabilitation of 8 GWth of gas 
boiler capacity (6.3 MtCO2).   

The replacement and addition of CHP capacity represents the other major source of 
abatement, leading to abatement of 3.4 MtCO2e.  The CO2 savings per unit of heat output are 
greater from CHP than from boilers.  Additional emissions savings could be made available 
by increasing the share of CHP in heat generation, but this could potentially limit further 
decarbonisation of the power sector if zero-carbon technologies are available.  That is, more 
abatement overall may be feasible if heat-only boilers are used and electricity is generated 
through zero-carbon sources.  We describe our approach to modelling CHP and accounting 
for emissions savings in Box  4.3 below. 

Among the profitable abatement measures, there are various options to improve existing 
heating systems, both in individually heated buildings and in district heating supply.  The 
largest abatement opportunity is offered by upgrading existing gas boiler house capacity (6.5 
MtCO2e) to increase operational efficiency. 

However, substantial reductions in emissions are available only at a positive carbon cost.  
The key abatement measure in terms of volume is the option to use gas instead of coal to 
supply district heating systems.  This becomes feasible at a cost of just over €12/tCO2 and has 
the potential to reduce emissions by 34 MtCO2 by 2030, or around a quarter of Status Quo 
emissions.  It involves new gas boilers generating 190 TWh of heat in 2030, instead of coal 
boilers.  The measure has a net-cost despite the continued subsidy of gas in the Status Quo. 63 

Abatement from the only major renewable source, biomass, is viable at a cost in excess of 
€100/tCO2, and in the absence of policy to support its development, it has limited potential.   

                                                

63  The close proximity of boilers and CHP heat generation to cities means that there are also other potential benefits from 
the use of natural gas instead of coal, notably through reduced air pollution.  It has not been possible to quantify these 
benefits in this project, and in keeping with the investor perspective, we do not include them in the cost estimate.  
Nonetheless, local pollution considerations could become very important to the fuel-switching choice in individual 
circumstances.  
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Box  4.3 
Methodological Note: Approach to Modelling of CHP 

There are a variety of ways of representing combined heat and power when modelling 
the respective sectors, each associated with a different approach to allocating emissions 
savings and costs.  Because electricity and heat are produced simultaneously, there is 
no clear-cut way of allocating the input fuel and emissions, the original capex, or 
operation and maintenance costs to the respective outputs.  Approaches include 
allocating all inputs only to one of the outputs, or to both based on the relative energy 
content of outputs, or on the market value of outputs, or the energy content of inputs in 
separate heat and power generation, or even based on simple rules of thumb (e.g., 
allocate two-thirds of input costs and emissions to electricity, and one-third to heat).   

For the MACC analysis shown here we have taken an approach based on two 
principles: a) base allocation on the characteristics of counterfactual separate heat and 
power generation, and b) denominate characteristics, including emissions, using heat as 
the “unit of account”.  As a starting point, we note that whereas electricity could (in 
principle, and in the longer term) be obtained from other sources on the wider 
transmission grid, heat can only be obtained from the local CHP.  For much of the year 
CHP serving district heating is effectively “must-run” capacity, and we show CHP 
emissions savings on the heat rather than power sector MACC, calculating emissions 
and cost savings per unit heat.  This requires an analysis of the electricity sector to 
derive the characteristics of the counterfactual electricity that would need to be 
generated to replace the CHP’s output if it did not run.  In Ukraine, the relevant source 
is likely to be new entrant coal plant. 

The advantage of this approach is that it correctly accounts for resource costs 
(including opportunity costs), while it also reflects actual generation characteristics – 
including the product mix (heat-to-power ratio) and the overall generation efficiency.  
One consequence is that new and more efficient CHP, in particular, can obtain very low 
emissions intensity per unit heat—which accounts for the large emissions savings 
shown for new entrant CHP on the MACC. 

4.4.3.2. Heat Networks 

The technical potential for improvement to network insulation depends partly on the 
emissions intensity of upstream heat generation.  Under the Status Quo, the emissions 
intensity of heat generated is 0.33 tCO2e/MWh, and total emissions from leakages in the 
distribution network amount to 35 MtCO2e in 2030.  It would technically feasible to reduce 
these emissions by 60 percent, assuming no changes to the emissions intensity of generation. 

Despite the sizeable abatement potential, uptake of abatement measures is curtailed in the 
Status Quo scenario by the limitations of the regulatory regime, as well as by cost.  At the 
current rate of investment, at most 20 percent of the total network would be upgraded by 
2030, and the abatement potential correspondingly is small.  Moreover, reflecting the barriers 
faced by investors in the form of uncertainly over the remuneration of investments, the cost 
of network improvements is high, starting at more than €100/tCO2. 
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4.4.3.3. Buildings heated by district heating 

The MACC shows very limited opportunities for investment in building energy efficiency 
that cost less than €200/tCO2e.  This is not because of limitations to technical potential, 
which amounts to as much as 60 MtCO2 in the Status Quo scenario.  Rather, three key factors 
combine to exclude abatement measures in buildings from the above cost curve: 

� The absence of metering, and therefore lack of consumption based billing, means most 
end-users connected to district heat networks have no financial incentive to undertake 
energy efficiency measures.  Savings shown on the MACC thus would need to be 
supported by the carbon savings alone.  However, even at a €200/tCO2 carbon price the 
payback period for wall insulation is 11-12 years, whereas end-users are likely to require 
much more favourable conditions to invest in energy efficiency measures. 

� Low heat end-user prices make insulation measures unattractive.  For example, at a zero 
carbon price retrofit wall insulation (one of the more cost-effective insulation options) has 
a payback in excess of 16 years at current heat prices.  Consequently, many measures do 
not appear within the cost range shown in the above MACC.  

� Third, even if heat tariffs were no longer subsidised and consumption based billing 
become more widespread, the lack of condominium associations to coordinate action, 
along with the absence of institutional reforms that allows associations to access finance, 
would limit the uptake of abatement measures. 

4.4.3.4. Individually heated buildings  

Unlike buildings heated by district heating, individually heated buildings do offer slightly 
more scope for investment in abatement measures costing less than €200/tCO2e.  The main 
candidate in this range of costs is to switch from coal to other fuels, notably gas.  In this case, 
current policy in fact works in favour of abatement, as gas subsidies contribute to lower 
abatement costs.  The removal of these subsidies would make fuel switching less attractive, 
but conversely would increase the financial attractiveness of insulation measures by raising 
the cost of heat.  Further emissions reductions are feasible through a switch to biomass, but 
only at high costs, starting at €170/tCO2.  

Measures to improve the building fabric of existing buildings are a more expensive source of 
abatement, limited by the factors discussed above in relation to buildings with district heating.  
Although metering is generally more widespread for gas and electricity (relative to district 
heating), tariffs remain low, making energy efficiency measures less attractive.  Moreover, in 
multi-occupancy buildings, residents also face the same coordination and financing 
limitations. 
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4.4.3.5. Summary 

There is significant technical potential to reduce the emissions along the whole heat supply 
chain: compared to the static baseline, we estimate that 2030 emissions could be cut by up to 
two-thirds through a combination of more efficient generation, reduction of heat losses in 
networks, and improvements to building energy efficiency. 

However, under the Status Quo scenario only a fraction of this abatement potential is 
available and attractive to investors.  Improvements to heat generation efficiency and switch 
to lower-emitting fuels in boilers and CHP plants offer scope for significant abatement, 
although much of it is not financially attractive in the Status Quo scenario.  By contrast, the 
significant potential for reductions in network losses and improvement of building energy 
efficiency cannot be realised even at high carbon prices.  Institutional impediments limit both 
financial incentives and the scope for overcoming coordination problems; while subsidised 
energy prices raise the cost of energy efficiency measures.  Very significant policy 
intervention therefore is required to make these measures attractive to investors. 

4.5. Industry  

4.5.1. Overall industry cost curve 

The marginal abatement cost curve for industry is shown in the below figure. 

Figure  4.8 
Industry MACC, Status Quo, 2030 
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The MACC identifies 65 MtCO2 of abatement, or a reduction of over 30 percent of the 
emissions that would be implied by the static intensity projection for 2030.  Much of the 
abatement potential is concentrated in the steel sector, although there is also significant 
potential in the cement, lime and ammonia sectors.  In addition, there are cross-cutting 
opportunities to reduce electricity consumption, notably through the use of more efficient 
motors and drives. 
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We provide a more detailed discussion of the abatement options and potential for the more 
important sub-sectors below. 

4.5.1.1. Steel 

We identify abatement of around 40 MtCO2 in the Steel sector by 2030, or around 28 percent 
of the “static” emissions.  This relatively large reduction in emissions is dominated by the 
replacement of open hearth furnaces (OHFs), largely by modern basic oxygen furnaces 
(BOFs).  Replacement of OHFs has been occurring in Ukraine in recent years, with their 
share of production falling to 26 percent in 2009.  Although some of this fall is the result of 
the collapse in steel production in 2009, the falling share of OHFs is consistent with the 
longer-term trend of decline observed in the last decade.  Under the Status Quo, OHFs 
continue to be replaced, so that by 2030, their share of steel production is negligible, 
compared to over 41 percent in 2008 (15.3 Mt of steel).  OHF replacement, therefore, 
represents the single largest source of abatement in the steel sector. 

The addition of new, more efficient, capacity to serve expected increases in demand represent 
the second most significant source of abatement.  Although Ukraine currently has some 
excess capacity in the steel sector, much of this is old and characterised by high fuel intensity. 

Refurbishment of existing capacity represents the final major source of abatement.  The 
higher cost and greater inertia associated with retrofitting existing capacity, however, means 
most of these measures are relatively more expensive, with some measures unprofitable in the 
Status Quo.  

4.5.1.2. Cement 

Overall, we identify abatement of 7 MtCO2, or close to 39 percent of “static” 2030 emissions 
that would ensue if production expanded at current emissions intensity.  About 4 MtCO2 of 
this is profitable in the absence of a carbon price.  There are two main sources of this 
abatement: 

� The construction of new dry capacity with lower energy intensity than much of the 
current wet production capacity.  In the Status Quo, by 2030 the share of dry cement 
production reaches 40 percent (9.1 Mt of cement), compared to the current 15 percent. 

� High levels of clinker substitution, both at new cement plants and at existing capacity.  

Some of the profitable abatement that occurs in the Status Quo, is partly offset by fuel 
switching.  As noted in section  2.3.3 above, cement production in Ukraine is somewhat 
unusual because of the use of natural gas.  Consistent with trend observed since the 2006 rise 
in gas prices, by 2030, coal replaces natural gas in the Status Quo.  

4.5.1.3. Other industry sectors 

Among other industrial sectors, lime and ammonia production account for the vast majority 
of abatement potential, 7 and 4 MtCO2e respectively.  Around two thirds of the abatement in 
these sectors is undertaken in the Status Quo in the absence of a carbon price.  Most of the 
profitable potential is accounted for by new capacity additions, although there is some scope 
for profitable refurbishments in the lime industry.  Other smaller industrial sectors such 
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refineries, ceramics, and brick production have only limited abatement potential, of around 3 
MtCO2.  

One important abatement option we identify, that cuts across a number of industry sectors, is 
improvement in the efficiency of electricity usage: replacement of motors, variable speed 
drives, pumps and other electric equipment with their modern equivalents, as well as 
replacing them with a more suitable sizes (e.g. downsizing unnecessarily large engines) may 
provide significant reduction in power demand from industry. In total we identify more than 
3 MtCO2 of abatement from improving the industry electricity efficiency. 

4.6. Other Major Emitting Sectors 

4.6.1. Sector scenario assumptions 

4.6.1.1. Fuel and Energy 

� Continued subsidy to coal producers. 

� No major privatisation programme. 

� Naftogaz continues to remain unable to recoup ongoing costs.  The ability to 
undertake discretionary investment therefore also is very limited. 

� No changes to the regulation of gas transmission and distribution. 

4.6.1.2. Transport 

Continued taxes and reliance on road transport.  In the transportation sector, the scenario 
includes continuation of prevailing high fuel taxes, as well as vehicle taxes.  There is no 
policy to change the current heavy reliance on road transport for freight and passenger traffic. 

4.6.1.3. Waste 

Weak waste regulations and institutions.  Current waste regulation and infrastructure is 
assumed to be insufficient to enable many of the potential abatement options that rely on 
special treatment of various waste streams.  This includes insufficient institutions to support 
landfill gas capture or energy from waste.  Similarly, we assume no significant availability of 
waste streams for combustion in industrial processes.  The amount of waste produced is 
assumed to grow at the same rate as GDP. 

No specific industrial energy policy.  Industry is assumed not to be subject to any additional 
incentives or enabling factors to reduce emissions beyond those provided through the cost of 
energy.  
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4.6.2. Overall cost curve for other sectors 

Figure  4.9 
MACC, Other Sectors, Status Quo, 2030 
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4.6.2.1. Transport 

Even without any specific policies to reduce carbon emissions in place, several abatement 
options come forward between 2010 and 2030 to reduce emissions by 15 MtCO2.  This is 
concentrated in road transport, and especially in new vehicles for passenger road transport, 
although public transport options offer some potential as well.   

Another 3 MtCO2 are available at a net cost.  These include increased penetration of 
advanced technologies in freight road transport, as well as more efficient new vehicles and 
improved operational practices such as better and more frequent vehicle maintenance, tyre 
pressure checks, and similar.  For freight road transport, we expect that in reality the cost of 
abatement will vary depending on the nature of the freight traffic.  This is because the benefit 
of a better-maintained or more efficient vehicle would depend on the average yearly mileage 
of individual trucks.  Long-distance (i.e. international) freight vehicles typically drive 
substantially more tonne-kilometres over their lifetime than medium distance (inter-city) and 
short-haul (intra-city) freight vehicles, so the benefits of fuel savings will vary.   

4.6.2.2. Waste 

Abatement opportunities in the waste sector typically do not provide the financial incentives 
available from energy efficiency measures.  In the Status Quo scenario there are few 
underlying incentives to limit waste or emissions from waste.  

As a result almost none of the abatement options identified would be commercially viable 
without additional support—whether in the form of external carbon prices or other policies to 
reduce waste or encourage energy recovery from waste.  The current levels of support 



Greenhouse Gas Abatement in Ukraine Policy “Status Quo” Scenario

 
 

NERA Economic Consulting 69
 

available for use of biogas recovered from waste disposal (for example, for electricity 
generation) do not appear sufficient to stimulate most potential investment opportunities.  At 
positive costs of abatement, there is 5.5 MtCO2 of abatement potential from the Waste sector 
2030. 

4.6.2.3. Coal Mine Methane 

Two approaches for degasification have the potential to reduce emissions by around 5.5 
MtCO2.  Although some of the low-cost potential in Ukraine has been exploited, further and 
deeper cuts are likely to come at higher costs, starting at €10 / tCO2. 

4.6.2.4. Gas Transport 

Gas transport offers significant opportunities to reduce emissions, although few are profitable 
without a carbon cost.  In total we identify over 2.5 MtCO2e of profitable abatement in 
reducing fugitive emissions through improved compressor seals.  More expensive measures 
such as extensive direct inspection and maintenance of pipelines, would provide an 
abatement potential of over 16.5 MtCO2e.  The current regulatory framework for gas 
transmission and distribution focuses only ensuring a minimum set of safety measures are 
met.  For abatement investments to become attractive, regulatory reform is needed.  This 
includes: a framework for setting charges that allows investors to recoup costs; and the 
introduction of a broader set of service obligations coupled with a system of financial 
penalties, as is the case in many Western European countries.   

4.6.2.5. Agriculture 

The agriculture sector emitted around 36 MtCO2e in 2008, or 8.5 percent of total emissions, 
excluding land use, land-use change and forestry (LULUCF).64  Conversely, LULUCF was a 
net carbon sink, absorbing around 16.6 MtCO2e.  Within this, forests were a net carbon sink 
of over 55 MtCO2, while cropland and grassland were net emissions sources. 

The key abatement measures in agriculture and forestry include: 

� Conservation Agriculture. This covers several measures, including reduced tillage, 
residue management and crop rotation.  Less mechanical disturbance of soils increases 
the soils’ retention rate of carbon, mainly by creating a layer with a high content of 
organic matter, including dead animals and plants.  In addition, fossil fuel (mostly gasoil) 
consumption is reduced through less tillage, as agricultural machinery is used less. 

The technical potential of zero-tillage sequestration has been estimated (with very wide 
site-specific estimates) at 1-3 tCO2/ha/year of reductions in emissions.65  However, it is 
important to note that direct (soil) abatement can be only expected during the initial 20 or 

                                                

64  UNFCCC inventory  
65  European Conservation Agriculture Federation  (ECAF) Position Paper: The importance of the conservation agriculture 

within the framework of the climate discussion. http://www.ecaf.org/docs/ecaf/positionpaperco2ecaf.pdf 



Greenhouse Gas Abatement in Ukraine Policy “Status Quo” Scenario

 
 

NERA Economic Consulting 70
 

so years, with the long-term (i.e. over 100 years) abatement from zero tillage approaching 
zero.66 

Assuming up to 30 percent (9.7 million hectares) of total arable land in Ukraine could 
convert to zero tillage agriculture, and considering up to 2 tCO2e/ha/year technical 
abatement potential, total abatement could be up to 19.4 MtCO2e/year by 2030. 

The cost of the abatement from zero-tillage has been estimated at around -6 €/tCO2e.67 

� Land conversion.  Degraded land can be converted into carbon-retaining soils by 
suitably modifying the landscape, for example by terracing a hillside that was previously 
subject to erosion.  This allows soils to accumulate on previously bare land, and to retain 
carbon in the form of soils and plants. 

� Pasture management.  The carbon content of soils depends on the frequency of 
removing excess vegetative matter, typically determined by grazing patterns.  The total 
amount of carbon absorbed can be increased by improving pasture management – if over-
grazed pastures are left to re-grow and under-grazed pastures are used instead, the rate at 
which plants grow and act as a carbon “sink” can be maximised. 

� Biogas.  Conversion of agricultural waste into bio-methane can lead to additional 
abatement, by displacing conventional natural gas or other fossil fuels.  The main 
limitation is the economic feasibility of using the bio-methane produced.  Options include 
direct on-site combustion (typically for agricultural processes such as food treatment), on-
site use for power generation, or injection of upgraded bio-methane into the gas grid. 
Power generation is typically the most accessible of these options. 

� Fertiliser use.  Reduction in fertiliser use is a common abatement measure in many 
countries.  Average fertiliser use in Ukraine is relatively high,68 so some abatement from 
reduced fertiliser use might be available.  We have not estimated the costs and potential 
for doing so. 

� Livestock management.  Enteric emissions account for a majority of non-soil emissions. 
Improving livestock diet could reduce these emissions.  Assuming that the diet of all 
livestock in Ukraine is improved in line with international best practice, up to 17 MtCO2e 
of emissions could be avoided in 2030.  Improved manure management could reduce 
emissions by a further 1.8 MtCO2e.  The average carbon cost at which such abatement 
would be commercially viable at different locations (e.g. different types of farms) is 
highly idiosyncratic, and also varies across different types of livestock.  On average, we 

                                                

66  ADAS and Rothamsted. Report for DEFRA: The effects of reduced tillage practices and organic material additions on 
the carbon content of arable soils. http://randd.defra.gov.uk/Document.aspx?Document=SP0561_6892_FRP.doc 

67  FAO (2011) Economic analysis of AFOLU Low Carbon options: Use of Marginal Abatement Cost Curves to appraise 
climate smart agriculture policy options. 

68  OECD (2010) Country Capability Survey, 2010, cited by OECD, Competitiveness and Private Sector Development 
Kazakhstan. Sector Competitive Strategy. 

 Average fertiliser use in Ukraine (average 2006-2007) is reported to be around 30 kg/hectare of cropland, more than 
twice that in Russia (13 kg/ha), and even more than Kazakhstan (5 kg/ha). 
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estimate that the cost could be around 0.8 €/tCO2 for dairy cattle, and almost 4 €/tCO2e 
for other types of livestock (including non-dairy cattle).69 

� Forestry – Degraded forest restoration and afforestation.  Improved forest 
management can increase the rate of carbon retention of existing forests.  Afforestation 
increases the rate of carbon absorption further.  However, scope for afforestation is very 
site-specific and we have not identified any nation-wide potential.  

We assume the cost of afforestation is around 200 €/hectare, although it is expected that 
economies of scale and improvement in supply chains could reduce this cost to up to 90 
€/hectare.  If, by 2030, the forested area of Ukraine increased by 3 percent of the 
country’s total area (i.e. from the current 17 percent to 20 percent), this would imply 
additional forested area of 1.9 million hectares.  Based on the above cost, this would 
require an investment of about €0.4 billion.  Over the lifetime of the planted forest, the 
total abatement would be around 650 MtCO2 or just under 22 MtCO2/year over a 30-year 
period, implying the abatement cost of afforestation of around 0.6 €/tCO2, and even lower 
if the value of logged timber were included. 70 

The abatement cost curve for agriculture and forestry is shown below. 

Figure  4.10 
Agriculture MACC, Status Quo, 2030 
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Notes: Dairy Cattle and Other livestock include emissions reductions from enteric fermentation (e.g. diet 
improvement) as well as from manure management. 

                                                

69  Source: BNEF database 
70  The value of logged timber varies by species. The exact abatement cost also depends on the mix of species used in 

afforestation, particularly on how fast they grow. 
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5. Planned Policies Scenario 

As described above Ukraine has a number of changes to regulation and policy under 
consideration, many of which could substantially alter the conditions for investment in 
emissions-reducing projects across a range of sectors.  We therefore model a “Planned 
Policies” scenario that takes into account relevant planned or announced policies.  The 
scenario includes some intended changes that have not yet been undertaken; for example, 
where policies currently exist but are not well enforced (as in the case of building standards) 
we assume that they are enforced more strictly.   

5.1. Planned Policy Scenario: Overall Cost Curve 

Figure  5.1 presents the overall marginal abatement cost curve results under the Planned 
Policy scenario. 

Figure  5.1 
Full MACC, Planned Policy, 2030 
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Notes: Buildings are R (Residential) or nR (non-Residential). 

Our analysis suggests that under Planned Policies, there is potential to reduce emissions in 
2030 (relative to the “frozen technology” baseline) by around 128 MtCO2e through profitable 
investments, even without a carbon price or additional climate policies.  Taking into account 
all measures, including those that have a positive cost (i.e. those that are not profitable 
without a carbon price or further policy changes), the potential abatement more than doubles 
to just over 300 MtCO2 in 2030.  The average cost of profitable abatement measures is €–
86/tCO2, and across the entire MACC (up to €200/tCO2), the average cost per tCO2 is € –1. 

These results compare with the 100 MtCO2 and 270 MtCO2 identified in the Status Quo 
scenario.  Overall, planned policies therefore make only a modest difference to the level of 
abatement.  The additional 30 MtCO2 of abatement relative to the Status Quo comes chiefly 
from the following categories: 



Greenhouse Gas Abatement in Ukraine Planned Policies Scenario

 
 

NERA Economic Consulting 73
 

� Increased fuel costs and higher end user tariffs for electricity and heat mean additional 
measures to reduce energy consumption are attractive, both in the case of electricity end-
use and heat distribution and final consumption. 

� An improved investment climate, results in some investments in the power sector 
becoming viable, including the completion of partially constructed nuclear power plants, 
and investments in wind power and small hydroelectric power plants 

Some reforms, most notably the removal subsidised gas for district heating companies and 
residential consumers, diminish incentives for abatement.  In particular, natural gas becomes 
a less attractive fuel for individually heated buildings relative fuels with higher emissions 
intensity such as coal.   

Other large emitting sectors – notably industry and transport – do not see any increase in 
abatement potential compared to the Status Quo scenario.  Further policy and reform than 
those currently announced will, therefore, be necessary for larger emissions cuts. 

The Table  5.1 below summarises key aggregate economic indicators associated with the 
Planned Policy scenario.  The incremental commercially viable investment associated with 
the low-carbon measures amounts to €1.6bn per year in the period 2010-2030, corresponding 
to 5 percent of total estimated gross capital formation over the period. The opex savings are 
€13bn in 2030, or 7 percent of total estimated consumption. There are no carbon price 
revenues or capex grants expenditures associated with this scenario. The price support for 
renewables would be €1.3 bn per year, or 5 percent of estimated government expenditure to 
2030. 

Table  5.1 
Summary Aggregate Economic Indicators - Planned Pol icies 

Economic 
Indicator 

Value 
(€bn / year) 

Share 

Additional 
investment 

€1.6bn 4.9% of gross fixed capital formation (average over 
the period 2010 to 2030) 

Opex savings €13bn 6.9% of estimated consumption in 2030 

Renewables 
support 

€1.3bn 4.6% of government expenditure (average over the 
period 2010 to 2030) 

Notes: The percentages show the total shares in the period 2010-2030, based on a continuation of 
current shares of capital formation, consumption, revenues, and expenditure in GDP. Opex 
savings exclude avoided carbon taxes and subsidies. 

We provide additional detail of the assumptions and results below, focussing on the sectors 
that differ substantively from the Status Quo scenario. 
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5.2. Cross-Cutting Scenario Assumptions 

5.2.1. Fuel prices 

Fuel prices in the Planned Policy differ in the following respects from those in the Status 
Quo: 

� Gas prices: Wholesale gas prices in Ukraine depend on the specific agreements negotiated 
with Russia.  We assume a gas price starting at current levels and following the same 
trend as international gas prices.  Existing gas subsidies (notably, for district heating and 
for residential customers) are gradually phased out and eliminated by 2015. 

� Coal prices: Current subsidies to coal producers are gradually removed, leading to an 
increase in coal prices.  Prices follow the trend implied by projected international coal 
prices.  The gap between the price of domestic coal and import prices narrows over time 
as a result of the elimination of subsidies and greater reliance on imports, but some 
difference persists throughout the period. 

� Electricity prices: Electricity prices are modelled and assumed to converge to the level 
required to encourage new entry.  In practice, the main difference relative to Status Quo is 
the higher price of coal. 

Overall, these assumptions lead to higher prices for residential heating, as well as somewhat 
higher electricity prices.  We recognise that policies leading to higher costs of energy would 
have important social implications, and may need to be accompanied by offsetting other 
interventions to prevent hardship – such as ensuring that properties are well insulated or 
incorporate other energy saving measures.  However, consideration of the details of such 
arrangements (or of other aspects of feasibility or implications of the planned reforms) is not 
within the scope of this study.  

5.3. Power Generation Sector 

5.3.1. Sector scenario assumptions 

The following is a summary of the key differences between the Status Quo scenario and the 
Planned Policy scenario assumptions for the power sector: 

� Generation market reforms.  The scenario assumes that the desired benefits from 
current plans to reform the generation market are realised.  These plans include: a move 
towards bilateral electricity trading, changes to market rules (e.g. generators bid at 
incremental rather than average cost), and reduced government intervention in scheduling 
decisions.  This leads to an improved investment climate for generating companies, 
reflected in lower effective discount rates applied when evaluating investment decisions. 

� Nuclear potential limited to plans specified in updated Energy Strategy.  The 
maximum addition of nuclear capacity allowed under this scenario consists of the 
completion of plants already under construction (2 GW) and additional capacity of 4 GW.  
This reflects the government’s revised position on nuclear energy, with current plans 
foreseeing a significantly more limited addition of nuclear capacity than the 2006 Energy 
Strategy.  
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5.3.2. Detailed power sector projections 

The figures below show how power generating capacity and generation develop in the 
planned policy scenario. 

Figure  5.2 
Power Capacity Projection, Planned Policy 
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By 2030, total capacity increases by 17 GW, which is similar to the Status Quo scenario, but 
the capacity profile differs in several respects.  The most notable change is that less thermal 
capacity (coal in particular) is added than in the Status Quo scenario – 3.5 GW of capacity 
coal-fired capacity is added between 2010 and 2030, compared to 7.6 in the Status Quo. 

The reduced additions to thermal capacity is made possible by the addition of new nuclear 
and wind power plants (and to a lesser extent, additional small hydroelectric power plants).  
The additional nuclear capacity reflects the completion of the two partly constructed units of 
1 GW each (Khmelnitsky–3 and Khmelnitsky–4).  Also, 7 GW of wind capacity is added by 
2030, 3.6 GW more than the Status Quo.  Solar PV remains at the level in the Status Quo 
scenario, based on an assumption that the generosity of the FIT programme means it needs to 
be limited to a relatively small absolute amount. 

In addition to coal prices (reflecting the removal of subsidies to coal mines), the key 
assumption enabling the switch to nuclear and wind, away from coal-fired plants, is an 
improved investor climate, and the resulting reduction in the cost of finance.  The modelling 
thus suggests that current FITs could stimulate further investment in renewables in the form 
of wind generation, provided planned reforms succeed in creating investor confidence. 

The profile of generation reflects changes in capacity.  The combination of policies in the 
Planned Policy scenario stimulate a significant shift away from fossil-fuel generation, which 
is reduced from 60 percent of generation (165 TWh) in the Status Quo scenario, to 50 percent 
of generation (136 TWh) in the Planned Policy scenario by 2030.   
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As a result of the reduced share of fossil fuels, the emission intensity is also lower, at 0.42 
tCO2e/MWh, or 16 percent lower than in the Status Quo scenario.  Nonetheless, the 
emissions intensity increases relative to the static baseline by 14 percent, reflecting the lower 
overall share of nuclear power (34 percent; 93 TWh in 2030), which is only partly 
compensated for by increased wind power (generating 20 TWh in 2030, corresponding to a 
share of 7 percent).  The profile of emissions in the Planned Policy scenario is shown in 
Figure  5.3 below.  Total emissions rise by 46 MtCO2e between 2030 and 2010, all of which 
stem from the higher share of coal-fired generation, relative to the current generation mix 
(both power only plants and CHP).   

Figure  5.3 
Power Emissions, Planned Policy 
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5.3.3. Cost curves for the power sector 

Figure  5.4 shows the results of the MACC modelling for the Power sector for 2030. 
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Figure  5.4 
Power Sector MACC, Planned Policy, 2030 
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The analysis suggests that the Planned Policies could enable additional opportunities to 
reduce emissions, relative to the Status Quo.   

As in the Status Quo scenario, the rehabilitation of existing coal capacity (17 GW in 2030), as 
well as the replacement of existing coal capacity by new supercritical or ultra-supercritical 
plants (0.7 GW in 2030) continue to be profitable abatement options, although the limited 
gain in efficiency means the extent of emissions cuts is relatively limited.  Generous 
subsidies to solar power means this, too, continues to contribute to abatement, although the 
available savings are small given the cap assumed on total subsidies available.   

New attractive abatement is available from additional wind power, which becomes attractive 
at sites with relatively moderate wind speeds.  These power plants generate an additional 9 
TWh by 2030 (relative to the Status Quo), resulting in emissions reductions of 3.5 MtCO2.  
However, the least attractive sites with lower wind speeds and therefore production appear 
not to be attractive, and have a net abatement cost of €43/tCO2.   

The completion of the two partly constructed nuclear units at Khmelnitsky (2 GW) also 
becomes profitable, generating 14 TWh of electricity in 2030.  The associated emissions 
savings are over 15 MtCO2, as these plants lead to the early closure of older coal-fired plants. 

Reform in the regulation of transmission and distribution charges makes some abatement 
feasible, albeit at slow pace.  The profitable potential is estimated at 1.6 MtCO2, with further 
1.8 MtCO2 available at a cost of €35/tCO2. 

In contrast to the Status Quo scenario, where additional gas fired generation is the most 
significant abatement option with a net cost, the possibility of new nuclear power also 
emerges as a major abatement option in terms of volume.  New nuclear power plants (3.7 
GW) can provide up to 26 TWh/year of electricity by 2030, leading to abatement of 13 
MtCO2.  However, despite lower discount rates nuclear still appears more expensive than 
gas-fired generation for baseload power, with an abatement cost in excess of €110/tCO2.  
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Moreover, gas generation continues to be an important abatement option, and has a lower 
cost of €89/tCO2. 

Further abatement from renewable energy sources include biomass generation (also 
stimulated by FITs), with a potential of 2 MtCO2 at a cost of €130/tCO2, and hydro 
generation with potential of almost 12 MtCO2 at a cost of €75/tCO2e (a small amount of 
hydro is profitable without a carbon price).  

5.4. Heat and Buildings 

5.4.1. Sector scenario assumptions 

The Planned Policies scenario differs from the Status Quo in several aspects which we detail 
below. 

5.4.1.1. Heat generation 

� Removal of subsidy on gas prices faced by district heating companies.  The current 
subsidy to district heating companies in the form of lower gas prices is gradually removed, 
and prices reach levels paid by industrial users.  

� Higher domestic coal prices.  Current subsidies to coal producers are gradually removed, 
leading to an increase in coal prices.  The gap between the price of domestic coal and 
imports narrows over time, but persists following the completion of reforms. 

5.4.1.2. Heat networks and distribution 

� Limited improvement in the pace of network rehabilitation.  Although increases in 
heat tariffs provide greater revenue to finance private investment in the heat network, the 
absence of regulatory reform providing greater certainty to investors continues to inhibit 
investment. 

5.4.1.3. Heat end-use and buildings 

� Removal of subsidy on electricity prices.  Those categories of consumers (e.g. 
residential users) that currently benefit from low electricity tariffs see the subsidy 
gradually removed. 

� Low prevalence of condominium associations and institutional barriers persisting.  
Institutional barriers continue to discourage the formation of condominium associations, 
and legal restrictions limiting these associations’ access to finance persist.  Consequently, 
investors face high transaction and borrowing costs. 

� Enforcement of building regulations.  Building efficiency standards are enforced, 
ensuring a minimum standard of insulation for new buildings. 

� Changes to billing arrangements.  For buildings connected to district heating 
consumption-based billing becomes more widespread among residential and commercial 
heat consumers, reflecting increased liberalisation generally and increased incentives for 
district heating companies to charge cost-reflective tariffs.   
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� Removal of subsidy on end-user heat tariffs.  The subsidy is removed for those 
categories of district heating consumers (e.g. residential users) that currently benefit from 
subsidised heat tariffs.  

� Removal of gas price subsidies for residential consumers.  Subsidies of gas 
consumption by residential consumers are eliminated. 

5.4.2. Detailed heat generation results 

The profile of heat generating capacity and production in the Planned Policy scenario is 
shown in Figure  5.5 below. 

Figure  5.5 
Heat Capacity and Generation Projection, Planned Po licy 
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The profile of heat generating capacity in the planned policy scenario is very similar to the 
Status Quo.  Almost all new capacity additions consist of coal-fired boiler houses.  The main 
difference between the scenarios is the level of capacity additions.  Under the Planned Policy 
scenario, there is a net addition of 23 GW of capacity, compared to 30 GW in the Status Quo.  
This reflects reduced demand for heat output due to smaller losses in distribution as well 
lower heat demand by end-users in response to higher heat prices and consequent uptake of 
energy efficiency measures.  Heat generation in 2030 is 355 TWh, 12 percent lower than the 
Status Quo.   

As is the case in the Status Quo, there is a significant shift to coal, which becomes the 
dominant fuel by 2030.  Consequently, the emissions intensity of the sector rises by 17 
percent, to 0.35 tCO2e/MWh in 2030.  This is, in fact, slightly higher than the Status Quo, 
and represents a significant increase over the static baseline.  The higher emissions intensity, 
relative to the Status Quo, is a consequence of the removal of gas subsidies to generating 
companies, which makes coal a more attractive fuel (despite coal prices also being higher 
following the removal of the subsidy to coal mines).  Between 2010 and 2030, emissions 
increase by 230 percent to 124 MtCO2e (8 percent less than the Status Quo), as shown in 
Figure  5.6 below. 
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Figure  5.6 
Heat Emissions, Planned Policy 
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5.4.3. Cost curve for the Heat and Buildings sector  

Figure  5.7 shows the results of the MACC modelling for the heat and buildings sector for 
2030. 

Figure  5.7 
Heat and Buildings MACC, Planned Policy, 2030 
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The total emissions reduction identified by 2030 is 74 MtCO2e.  Of this only about 15 percent 
(11 MtCO2) are available from investment opportunities that are financially viable without 
additional policy or regulatory support.  In addition, over 7 MtCO2 of abatement occurs 
through regulatory requirements.   
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Although heat generation continues to have the majority of abatement potential, accounting 
for just over half of the abatement shown in the cost curve, the abatement potential from 
downstream sectors is significantly greater than the Status Quo (36 MtCO2e compared to 
only 14 MtCO2e).   

We discuss the underlying changes in more detail below. 

5.4.3.1. Heat generation 

As in Status Quo, the main financially attractive investment opportunity to reduce emissions 
is the addition of CHP plants.  In absolute terms, the total abatement potential is in fact lower 
than in the Status Quo scenario.  There are two reasons for this:  

� As noted above, total heat generation is lower in the Planned Policy scenario as a 
consequence of reduced downstream demand, which also reduces the absolute amount of 
abatement. 

� The removal of gas subsidies for heat generation makes this abatement option, which 
contributed to the majority of the potential in Status Quo, less attractive (costing €66 
more, per tonne of CO2). 

Against this, the improved conditions for investment and higher prices for fossil fuels result 
in a greater potential of abatement from biomass boilers, and at a lower cost.  However, the 
total potential remains small, at 2.5 MtCO2 (7 TWhth), and also relatively expensive at a cost 
of €70/tCO2  

5.4.3.2. Distribution networks 

Higher heat tariffs – in turn due to both the removal of subsidies, higher underlying fuel 
prices, and greater regulatory emphasis on cost recovery – along with improved conditions 
for investment result in greater potential in heat distribution networks.  In high-loss networks, 
improved insulation and control technology can save sufficient energy to reduce emissions by 
5 MtCO2 without any carbon price, and further 4 MtCO2 at a modest average cost of €9/tCO2.  
Where networks are less degraded the energy savings are smaller, and another 9 MtCO2 is 
available at the higher cost of €43/tCO2e.  Although the cost in some networks remains 
relatively higher, the situation contrasts sharply with the very limited potential in the Status 
Quo scenario, which also had a much higher cost in excess of €100/tCO2.  

Despite the much greater savings, not all of the technical potential is represented in the 
MACC, and some potential remains more expensive than the €200/tCO2 cut-off point shown.  

5.4.3.3. Buildings 

The enforcement of building regulations save an estimated 7 MtCO2 through a combination 
of insulation measures and other improvements in both individually heated buildings and 
buildings connected to district heating.71  Other end-user measures generally appear only at 
                                                

71  The associated abatement is shown with a zero cost in the cost curve, reflecting the fact that end-users are required to 
take up the relevant measures, leaving no room for a financial assessment.  However, the measures have “positive cost” 
in the sense that the modelling suggests they would not be adopted in the absence of regulation. 
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high costs on the cost curve, and are also limited by slow uptake.  For example, abatement 
through insulation starts to appear in the cost curve only at costs of around €125/tCO2, and 
the volume of savings is limited compared to the technical potential.  This is due both to the 
high inherent cost of many retrofit measures (when set against the available savings on heat 
bills), and to the key barriers discussed in relation to the Status Quo scenario: 

� The lack of dwelling-level metering of heat delivered through district heating (although 
building-level metering is taken up to a greater extent). 

� The persistence of institutional and legal barriers limiting the formation of condominium 
associations and restricting their access to finance. 

These barriers are less severe in commercial buildings, where the issue of condominium 
associations does not arise (or arises to a lesser extent) and the alignment of billing and 
consumption is less challenging.  Abatement therefore is cheaper, including 2.5 MtCO2 from 
improved insulation and controls at carbon price of €31/tCO2.  Nonetheless, many retrofit 
measures to improve energy efficiency are too expensive also in this sector to appear in the 
cost curve. 
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6. Enhanced Policy Scenarios 

The Planned Policy scenario leaves many measures out of the range of attractive investment 
opportunities.  The Enhanced Policy scenario is intended to illustrate how the situation can 
change with the adoption of more ambitious policies, intended to broadly reflect the level of 
intervention currently in force or planned in the EU.  We describe below how this could 
unleash the potential for investment in significant additional abatement.   

6.1. Enhanced Policy: Overall Cost Curve 

Summary MACCs for the overall economy under the Enhanced Policy scenario are shown 
below – the first figure shows the results for the Enhanced Policy scenario with carbon 
prices; the second figure shows the results with capital grants. 

Figure  6.1 
Full MACC, Enhanced Policy – Carbon Prices, 2030 

320

200

150

100

50

-50

-100

-150

-200

-250

-300

340

Gas Transport

Nuclear (New)
Wind (low quality)

Coal Mine Methane

Biomass
Landfill Gas

Coal Mine Methane
Nuclear (New)

DH Buildings (R)
Biomass Boiler

240220

CCGT
Cement

Gas Boiler (Upgrade)

Gas Boiler
Individual Buildings (R)

Abatement (MtCO2)

260

Hydroelectric (large)

200

Individual Buildings (nR)

180

Individual Buildings (R)
DH Buildings (nR)

Solar PV

Passenger Vehicles
Wind (high quality)

DH Buildings (R)

3002800

DH Buildings (R)

20

Wind (medium quality)

40

Individual Buildings (nR)
Nuclear (Partially Complete)

80

Lime

100

Cement

120

DH Distribution Networks

140

DH Distribution Networks

160

Lime

60

0

Gas Boiler (Upgrade)
Steel Ammonia

Steel

Coal (Rehabilitated)

Price (€/tCO2)

Buildings Power Transport Industry Fugitives WasteDH  

Notes: Buildings are R (Residential) or nR (non-Residential). 

 

 



Greenhouse Gas Abatement in Ukraine Enhanced Policy Scenarios

 
 

NERA Economic Consulting 84
 

Figure  6.2 
Full MACC, Enhanced Policy - Capital Grants, 2030 
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Our analysis shows that a comprehensive climate policy package could significantly reduce 
emissions beyond the levels found for the Status Quo and Planned Policy scenarios.  In 2030 
profitable investment opportunities could reduce emissions by over 217 MtCO2 relative to the 
“static” baseline.  Additional measures identified bring the total abatement shown in the cost 
curve to 354 MtCO2 in 2030, or 47 percent of the static baseline level of emissions.  The 
average cost of profitable abatement measures is -€122/tCO2.  Across the entire MACC up to 
€200/tCO2, the average cost per tCO2 is -€59.  

Table 6.1 below summarises key aggregate economic indicators associated with the Enhanced 
Policy scenario.  In the Enhanced Policies scenario, the incremental commercially viable 
investment associated with the low-carbon measures amounts to €3.7bn per year in the period 
2010-2030, corresponding to almost 11 percent of total estimated gross capital formation over the 
period. The opex savings reach €30bn/year in 2030, or 17 percent of total estimated consumption. 

The carbon revenues (defined as the volume of eligible emissions reductions evaluated at the 
price of carbon allowances or credits) corresponds to 5 percent of total estimated government 
revenues (this is for comparison only; the revenues may accrue to other parties, including 
firms, depending on the policy implemented). The capital grants programme would require €1.8 
bn per year, on average, or an average of 6 percent of estimated government expenditure over the 
period to 2030. Finally, the price support for renewables would be €1.9 bn per year, again close to 
7 percent of estimated government expenditure. 
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Table  6.1 
Summary Aggregate Economic Indicators – Enhanced Po licies  

Economic 
Indicator 

Value 
(€bn / year) 

Share 

Additional 
investment 

€3.7bn 11% of gross fixed capital formation (average over the 
period 2010 to 2030) 

Opex savings €30bn 17% of estimated consumption in 2030 

Renewables 
support 

€1.9bn 7% of government expenditure (average over the 
period 2010 to 2030) 

Capital Grants €1.8bn 6% of government expenditure (average over the 
period 2010 to 2030) 

Carbon Revenues €1.5bn 5% of government revenue (average over the period 
2010 to 2030) 

Notes: The percentages show the total shares in the period 2010-2030, based on a continuation of 
current shares of capital formation, consumption, revenues, and expenditure in GDP. Opex 
savings exclude avoided carbon taxes and subsidies. 

6.2. Cross-Cutting Scenario Assumptions 

In the low carbon policy scenario, we consider a number of extensions to the currently 
planned policies to make viable a range of additional abatement measures.   

6.2.1. Carbon price 

The scenario assumes that several sectors are exposed to a carbon price.  Ukraine is assumed 
to be included in a scheme similar to the EU Emissions Trading Scheme (EU ETS).  Sectors 
included in the scheme are based on those that those that are currently included in the EU 
ETS, such as most of heavy industry and the power sector. The carbon price is assumed to be 
€40/tCO2. 

For sectors not included in the EU ETS type scheme, we model the potential for expanded 
credit-based emissions trading.  Such sectors include: waste; coal mining; gas transmission 
and distribution; and agriculture.  All of these sectors are assumed to face a carbon price of 
€20/tCO2, reflecting our analysis of primary emissions reduction credit prices under a 
putative future continuation of current Joint Implementation and the Clean Development 
Mechanism arrangements. 

There are a number of advantages to using an emissions trading scheme as an instrument to 
encourage abatement.  Such schemes do not discriminate between different types of 
abatement measures, provided the relevant measures are counted towards the obligations or 
credit opportunities of the scheme – the relevant carbon price has the same (marginal) impact 
on all abatement measures.  Moreover, an emissions trading scheme can be scaled to 
incorporate additional sectors.  However, the effectiveness of such schemes is diminished by 
the possibility of “carbon leakage” when industries within the scheme have competitors that 
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are located in areas that do not adopt such measures.  In such cases, emissions trading has an 
adverse effect on the competitiveness of such industries.  

6.2.2. Capital grants 

As noted, we also model the implementation of a capital grants schemes, reducing the capex 
of technologies that reduce emissions if adopted. 

The policy is modelled across the board in all sectors, with grants corresponding to 20 
percent of the incremental capex of technologies that reduce emissions.72  This has an impact 
particularly on energy efficiency measures, but does not capture ongoing process changes or 
other measures where capex is a less significant aspect of abatement cost. 

The scenario modelled here helps illustrate the principle of capital subsidies, but does not 
reflect the practical implementation difficulties that such programmes often face.  Although 
there are many international examples of capital grants (often implemented through tax 
allowances or exemptions), none is nearly as comprehensive or far-reaching as the 
intervention modelled here.  This reflects the fact that large-scale grants programmes often 
face significant implementation difficulties, including determining the qualifying 
technologies and the level of grant for different technologies; committing sufficient funding 
for the very substantial subsidy sums involved; and ensuring that subsidised equipment is 
efficiently used (notably in the power sector). 

6.3. Power Sector 

6.3.1. Sector scenario assumptions 

The following is a summary of the differences between the Status Quo and Enhanced Policy 
scenario assumptions: 

� Higher domestic coal prices.  Current subsidies to coal producers are gradually removed, 
leading to an increase in coal prices.  The gap between the price of domestic coal and 
imports narrows over time, but persists following the completion of reforms. 

� Current feed-in tariffs for renewable energy sources are maintained, and readily 
available.  The scenario reflects the current level of FITs (“green tariffs”) in Ukraine, 
with the exception of higher tariffs for biomass.  Their availability to solar and biomass 
power producers extends to the full technical potential of these sources.  Degression of 
FITs is only applied to the Solar PV (more aggressively), but not to other renewable 
technologies.  The levels of FITs available are shown below. 

                                                

72  In the Buildings sector, the grant amounts to 40 percent in the Enhanced Policy scenario with Carbon Prices, and to 60 
percent in the Enhanced Policy scenario with Capital Grants. 
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Table  6.2 
FIT Levels, Modelling Assumptions, Enhanced Policie s 

Technology  FIT, €/MWh, 2010 

Biomass 187 

Hydro 81 

Solar PV 464 

Wind 119 

Note: The subsidies in the table above are not subject to any “degression”, expect for solar thermal, 
the subsidies for which are linearly decreased to 50 percent of their 2010 level by 2030. 

� Extensive regulatory reform for setting transmission charges.  Comprehensive 
transmission network regulatory reforms are undertaken, providing strong incentives to 
investors.  

� Extensive regulatory reform for setting distribution charges.  Comprehensive 
transmission network regulatory reforms are undertaken, providing strong incentives to 
investors. 

� Removal of subsidies on retail energy prices.  Subsidies are removed for consumers 
currently benefitting from low electricity tariffs (e.g. households). 

� Generation market reforms.  The scenario assumes that the desired benefits from 
current plans to reform the generation market are realised.  These plans include: a move 
towards bilateral electricity trading, changes to market rules (e.g. generators bid at 
incremental rather than average cost), and reduced government intervention in scheduling 
decisions.  This leads to an improved investment climate for generating companies, 
reflected in lower effective discount rates applied when evaluating investment decisions. 

� Greater nuclear potential.  The maximum potential for nuclear power generation is 
twice as high as the Planned Policy scenario.73  

� Maintain share of CHP.  CHP share in total capacity may only increase slightly relative 
to the current share of heat and power generation, to a maximum of around 7.7 GWth. 
This reflects the priority (in terms of planning) given to renewable power-only 
installations, relative to CHP expansion, which enables the maximum uptake of 
renewables in the power sector. 

The above policies combine to reduce the effective hurdle rates faced by investors in making 
their decisions regarding investments in new power capacity.  We assume that the discount 
rate faced by investors in fossil fuel generation declines to 12 percent.  For renewable 
generation, the discount rate is gradually reduced to 15 percent by 2015. 

 

                                                

73  This refers to capacity other than completion of partly constructed nuclear power plants. 
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6.3.2. Detailed power sector results 

The Enhanced Policy package induces a dramatic change in the power sector relative to the 
coal-dominated sector in the Status Quo and Planned Policy scenarios.  Nuclear power has a 
more significant share in generation of 39 percent, generating 104 TWh in 2030.  This 
reflects the addition of 1.5 GW of capacity, along with the completion of 2 GW of partly 
constructed nuclear capacity that also occurs in the Planned Policy scenario.   

The contribution from renewables is also more substantial.  Compared to the Planned Policy 
scenario, in 2030, there is an additional 6.5 GW of solar PV capacity; 4.2 GW of wind 
capacity; and 0.3 GW of biomass and hydro capacity.  Together, these renewable sources 
have a combined share in total generation of 23 percent.  In contrast, the share of coal and gas 
production falls to 38 percent (compared to 60 percent in the Status Quo).  Consequently, the 
increase in emissions between 2010 and 2030, shown in Figure  6.4, is more modest (16 
MtCO2 compared to 71 MtCO2 in the Status Quo) and the emissions intensity of the sector is 
reduced to 0.31 tCO2/MWh.  

Figure  6.3 
Power Capacity and Production Projection, Enhanced Policy 

 Capacity  Generation 

0

10

20

30

40

50

60

70

80

2010 2020 2030

C
ap

ac
ity

, G
W

e

Solar

Biomass

Hydro

Wind

Nuclear

Gas/Oil CHP

Gas/Oil

Cofiring

Coal CHP

Coal

0

50

100

150

200

250

300

350

400

2010 2020 2030

P
ro

d
uc

tio
n,

 T
W

he

Solar

Biomass

Hydro

Wind

Nuclear

Gas/Oil CHP

Gas/Oil

Cofiring

Coal CHP

Coal

 

 



Greenhouse Gas Abatement in Ukraine Enhanced Policy Scenarios

 
 

NERA Economic Consulting 89
 

Figure  6.4 
Power Sector Emissions, Enhanced Scenario 
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6.3.3. Cost curves for the power Sector 

The cost curve for emissions reductions from the power sector is shown below. 

Figure  6.5 
Power Sector MACC, Enhanced Policy, 2030 
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The abatement in the Enhanced Policy cost curve consists mostly of nuclear and renewable 
power.  High FITs combined with a secure investment environment and a price on CO2 
makes solar very attractive.  The policy environment also supports: completion of existing 
nuclear as well as new construction; and wind at high-, medium- and low-quality sites.  
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Further downstream, investments to reduce network losses also are attractive.  Together, 
these offer profitable investment opportunities of over 50 MtCO2.

74   

The key drivers of this potential differ by technology.  For nuclear power the key aspects are 
the implicit subsidy through regulatory support (reducing of some of the risks and clean-up 
costs), a policy environment conducive to low financing costs and returns to scale in capacity 
expansion, and the price on carbon emissions from fossil plant.  These factors matter also for 
renewables (implicitly subsidy of grid connection and the cost of intermittency), with FITs an 
important additional driver. 

Significant further abatement of 47 MtCO2 is available at a net cost.  A major source of this 
abatement is more substantial investment programme in nuclear power.75  At a cost of 
€23/tCO2, a further 5.7 GW of nuclear capacity is added, leading to abatement of 37 MtCO2.  
A more expensive source of abatement is investment in large hydropower plants – at a cost of 
€68/tCO2, 2 GW of capacity is added, resulting in abatement of 4 MtCO2.     

6.4. Heat and Buildings 

6.4.1. Scenario assumptions 

The Enhanced Policy scenario includes the following sharpening of incentives for investment 
in abatement measures in heat and buildings, relative to the Planned Policy scenario: 

6.4.1.1. Heat generation 

Conditions for heat generation are the same as those in the Planned Policy scenario, with the 
addition of the above carbon price / capex subsidy. 

6.4.1.2. Heat networks 

Comprehensive distribution network regulatory reforms are undertaken, providing strong 
incentives for investors to undertake network improvements.  Many of the investments to 
increase efficiency are ones which also improve service and extend network lifetime, so will 
have a business case regardless of emissions reductions.  However, the additional support 
through higher cost of heat generation from a carbon price (or lower cost of investment with 
capital grants) provides further incentives to invest in emissions-reducing improvements. 

6.4.1.3. Heat end-use 

The Enhanced Policy scenario takes the full steps required towards ensuring that end-users 
face the true social cost of heat consumption.  In addition to the elimination of subsidies 
already in place in the Planned Policy scenario, this includes full implementation of metering 
and consumption-based billing across all end-users served by district heating.  

                                                

74  The actual emissions reduction relative to the Status Quo scenario is still higher, as the status quo sees an increase in 
emissions intensity, whereas the financially attractive abatement presented here is calculated against the current average 
generation mix. 

75  For an explanation of why the same technology appears in several locations on the cost curve, see Box  4.2 above. 
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Parallel to this, condominium associations are supported through institutional and legal 
reforms, enabling these associations to serve as the primary vehicle for investment in multi-
occupancy buildings.  Although some coordination barriers are likely to be irreducible, 
slowing the pace of investment, the experience from other countries is that effective 
associations can significantly improve the prospects for investment in buildings (for energy 
efficiency as well as other aspects of building improvements / maintenance). 

The reforms to improve the prospects for efficiency-enhancing decision-making in existing 
buildings are complemented by fully enforced building regulations governing the energy 
performance of new constructions.  These include minimum thermal performance standards 
in individually heated buildings (e.g., the requirement that all new gas boilers must be energy 
efficient condensing boilers). 

The final component of the policy package is a major support programme to bring down the 
cost to end-uses of implementing energy efficiency measures.  This takes the form of 
significant capital subsidies, corresponding to 40 percent76 of the incremental cost of more 
efficient technologies.  This is supplemented by a loans programme to aggregate projects and 
to ensure access to finance in what is currently a financially underdeveloped sector, which 
(along with the above reforms) is assumed to reduce discount rates to 12 percent. 

Although an analysis of the social implications of the Enhanced Policy scenario is beyond the 
scope of the current project, the emphasis on far-reaching support for building energy 
efficiency measures reflects their potential to mitigate the impact of climate policies and 
regulatory reforms on end-use bills.  This theme, including the issue of “fuel poverty”, has 
been important in other countries and would be likely to attend a transition in Ukraine, with 
energy efficiency offering a potential way to partially offset the financial impacts on 
households and businesses. 

6.4.2. Detailed heat generation results 

Heat demand, and therefore capacity and generation, is reduced substantially relative to the 
Status Quo scenario (by 165 TWh, or 41 percent).  Despite the carbon price and other factors, 
coal remains the most attractive option, however, as much of the reduction in capacity and 
generation comes from avoided gas-fired generation.  Biomass boilers are not profitable 
without further policy support. 

                                                

76  The Capital Grants are 40 percent in the Enhanced Policies scenario with carbon prices; in the Enhanced Policies 
scenario with Capital Grants, this increases to 60 percent for Buildings. 
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Figure  6.6 
Heat Capacity and Production Projection, Enhanced P olicy 
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The continued reliance on coal means that emissions grow relative to 2010 levels.  However, 
they are around 40 percent lower than in the Status Quo scenario.  

 

Figure  6.7 
Heat Emissions, Enhanced Policy 
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6.4.3. Cost curve for the Heat and Buildings sector  

The cost curve for the heat and buildings sector in the Enhanced Policy scenario is found 
below. 
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Figure  6.8 
Heat and Buildings MACC, Enhanced Policy, 2030 
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The cost curve identifies 51 MtCO2 of financially attractive emissions reduction opportunities, 
concentrated in the improvement of the district heating network and in buildings energy 
efficiency measures.  Another 57 MtCO2 of emissions cuts are available through measures 
that remain with a net cost in the Enhanced Policy regulatory and policy environment.  
Significant measures to reduce the emissions intensity of heat include the switch to using gas 
and biomass fuel in large-scale boilers, as well as improvements to efficiency and fuel switch 
in individually heated buildings.  Finally, heat consumption can be reduced significantly 
through improved heating controls, wall insulation, and the insulation of roofs and floors.   

6.4.3.1.  Heat generation 

In district heating generation, significant measures to reduce emissions include switching to 
using gas and biomass fuel in large-scale boilers.  At a cost of €34/tCO2, biomass boilers can 
provide 22 TWh of heat, and at a cost of €42/tCO2, gas boilers (both upgrades and new 
builds) can provide an additional 95 TWh of heat.  Together, this can lead to abatement of 25 
MtCO2 (7 MtCO2 from biomass, and 18 MtCO2 from gas).  Moreover, at these costs, coal is 
entirely removed from the generation sector fuel mix (excluding CHPs).  Although not 
considered as part of the Enhanced Policy scenario, a possible abatement policy that could be 
implemented is a restriction on coal boiler-houses.  The decision to impose such a policy 
could reflect concerns about the health impacts of locating coal fired boilers close to 
residential areas.  

6.4.3.2. Networks 

The Enhanced Policy environment also is conducive to investment in district heating network 
upgrades to reduce losses.  Improvements to insulation, heat exchangers, and controls are 
viable in a large share of heating networks, generating savings of 16 MtCO2.   
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6.4.3.3. Buildings 

Total viable savings from buildings amount to 24 MtCO2.  These start at the intersection of 
buildings with the wider district heating network, where there are substantial savings from 
improved building-level substations; the introduction of metering equipment as a prerequisite 
for consumption-based billing and network monitoring; and improved controls to enable end-
user management of consumption.  In addition, there is significant potential to improve the 
thermal performance of buildings.  Subsidies and lower discount rates help make basic 
insulation (such as wall insulation or simple draughtproofing) attractive in many buildings, 
while more extended insulation (such as floor and roof insulation) also is financially viable in 
the worst-performing buildings.  

6.5. Industry 

6.5.1. Sector scenario assumptions 

The Enhanced Policy scenario includes the following assumptions: 

6.5.1.1. Energy efficiency benchmarking 

Several countries have promoted energy efficiency in industry through programmes to 
establish energy benchmarks, company reporting of performance against these benchmarks, 
and negotiated targets to achieve energy efficiency improvements according to a specified 
timetable.  These often have been complemented with services to offer subsidised or free 
energy audits and other support.77   

The intention of these programmes is to help disseminate information about best practice and 
to focus management attention on energy efficiency.  This can reduce transaction costs and 
accelerate uptake of measures that appear financially attractive.  In some cases, these have 
been combined with exemptions from taxes or carbon pricing linked to achievement of 
standards (e.g., UK Climate Change Agreements). 

As a result of energy efficiency policies, including benchmarking, the hurdle rates used by 
investors are reduced.  We assume that in this scenario the discount rates are reduced to 15 
percent. 

6.5.1.2. Carbon pricing 

As discussed above, we also model a scenario with industry exposed to a carbon price.  This 
takes the form of including Ukrainian industry in a system similar to the EU Emissions 
Trading Scheme (EU ETS), covering most of heavy industry.  These are assumed to be 
exposed to a carbon price of €40 / tCO2. 

6.5.1.3. Capital grants 

We also model a capital grants programme on the lines outlined in section  6.2.2. 

                                                

77  Prominent examples include the UK Climate Change Agreements and Dutch industrial benchmarking programme. 
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6.5.1.4. Other enabling policies 

In addition to intervention directly in industry sectors, we model policies to help overcome 
the obstacles to using waste materials for various abatement measures.  With sufficient 
support for the use of clinker substitutes as well as waste fuels, significant additional 
abatement potential can be unlocked, especially in the cement sector. 

6.5.2. Overall cost curve for Industry 

The industry cost curve for the Enhanced Policy Scenario is shown below. 

Figure  6.9 
Industry MACC, Enhanced Policy, 2030 
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The cost-effective abatement potential in 2030 increases from 51 MtCO2 in the Status Quo 
scenario, to 72 MtCO2 in the Enhanced Policy case.  However, this change masks a 
significant impact in many sectors and categories of measure, with many investment 
opportunities changing from marginal to firmly financially attractive. 

There are significant abatement opportunities across all of the major industrial sectors: 

� The steel sector continues to be the most significant source of abatement.  We have 
identified a total abatement potential of almost 52 MtCO2, all of which is cost-effective in 
this scenario.  Much of this abatement comes from building new, more efficient capacity, 
but rehabilitation of existing plants is also feasible. 

� In cement, we have identified over 7 MtCO2 of abatement potential, of which 5 MtCO2 is 
cost-effective in the scenario. 

� The full potential of the efficiency in electricity usage has been identified as just under 4 
MtCO2, virtually all of which is financially attractive as a result of the high electricity 
prices and lower discount rates in the Enhanced Policy scenario. 
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� We have identified further profitable abatement options of 12 MtCO2 in other industry 
sectors including Lime, Ammonia, Refineries and Ceramics. 

Another abatement option in the industry sector would be a fuel switch from coal to gas.  The 
opportunity has special relevance in Ukraine, where many sectors already use gas but are 
likely to switch to coal towards coal in coming years.  However, the cost is relatively high, 
and does not appear financially viable in any of the sectors investigated.  

Finally, we have not included CCS in this scenario.  However, our calculations suggest that, 
even if technically proven, the costs are likely to be higher than required to make it 
financially attractive without further support. 

6.6. Other Major Emitting Sectors 

The MACC for other major emitting sectors is shown below. 

Figure  6.10 
Other Sectors MACC, Enhanced Policy, 2030 
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6.6.1. Transport 

There are limited differences in the transport sector abatement potential between the Status 
Quo and the Enhanced Policies scenario, as the transport sector is not affected by the most 
significant policy introduced – that is, carbon pricing. We identify a total of 19 MtCO2 of 
abatement potential, of which 16 MtCO2 is commercially attractive to investors. 

6.6.2. Waste 

In this scenario we assume strong regulatory support to introduce modern waste handling 
techniques.  .  This has an impact on power generation (through the use of landfill gas for 
electricity generation), the waste sector itself, and selected industrial sectors (notably, cement 
production).  In these sectors, the combination of increased cost of traditional waste-disposal 
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methods and the existence of either a carbon price that rewards abatement (and that imposes a 
cost on emissions) or a capital grant for more advanced waste treatment technologies renders 
some abatement from the sector financially attractive.   

Overall, 0.8 MtCO2 of emissions reductions are viable in this scenario, with another 4.7 
MtCO2 at costs in the range €13-22/tCO2.  

6.6.3. Coal Mining 

The key scenario driver in the coal mining sector is the ability to generate emissions credits 
from avoided emissions.  This makes 7 MtCO2 of abatement viable.  Another 20 MtCO2 
would come at higher cost. 

6.6.4. Gas Transport 

In the gas transport sector, we model extensive regulatory reform along the lines of models 
observed in many Western European countries.  This consists of: 

� a framework for setting charges that allows investors to recoup costs; and 

� the introduction of a broader set of service obligations coupled with a system of financial 
penalties for non-compliance. 

Regulatory reform results in several measures becoming financial attractive, including: 
replacement of compressor seals; direct inspection and maintenance (DI&M) at compressor 
stations; replacement of high-bleed pneumatic devices; and DI&M across the distribution 
network.  Together, these result in abatement of over 19 MtCO2e.  
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7. Conclusions 

Ukraine is set to experience a significant increase in emissions.  Key sectors including power, 
heat, and industry are likely to see significant increases in production as the economy grows.  
In addition, Ukraine has historically relied on natural gas in key sectors, but with higher 
prices in recent and future years is seeing a switch towards greater use of coal in industry and 
power generation, in particular.  Hence, in addition to the growth in overall activity, the 
country is also likely to see an increase in the emissions intensities of key sectors. 

Our analysis identifies a range of options to mitigate this increase in emissions.  A legacy of 
cheap access to energy in combination with underinvestment in key sectors has led to high 
energy intensity, in many sectors far exceeding that of many other countries.  This leaves 
significant scope to save energy through energy efficiency improvements.  The fundamentals 
required to make this financially attractive already are in place or underway in some sectors, 
and the natural turnover of equipment will create opportunities to deploy more efficient 
technology in a range of sectors, including industry and transport.  Support for renewables in 
the form of FITs is already in place, and can be expected to stimulate investment in 
renewable energy sources.  However, to unleash additional potential further policy initiatives 
are required, notably to eliminate energy subsidies; improve the regulation of heat, power, 
and gas supply; support industrial and building energy efficiency and investment; and provide 
the regulatory environment to support the choice of efficient new equipment. 

Future emissions will also be heavily influenced by the type of capacity and fuel used in heat 
and power generation.  These sectors already account for a majority of emissions, and 
demand is growing rapidly.  Underlying economics point to a continued trend to replace 
natural gas use with coal in both heat and power, an impetus which is reinforced by 
Government energy security objectives. Without a major new nuclear programme, Ukraine 
will also see a reduction in the share of nuclear in power generation.  These developments 
contribute to a significant projected increase in emissions intensity and absolute emissions in 
both heat and power.   

Options to avoid this increase in emissions intensity include allowing a greater share of gas-
fired generation in both heat and power, the use of renewables (notably wind power), and 
increased use of nuclear for power generation.  Although the current system of feed-in tariffs 
lays the foundation for support for renewable electricity, further action to encourage 
investment will be necessary to fully realise the potential of renewables and nuclear power.  

The extent of emissions reductions will depend heavily on the policy and regulatory 
environment.  Analysis of a “Status Quo” scenario identifies just under 100 MtCO2 of 
abatement. Emissions reductions are dominated by opportunities to switch to more efficient 
production with the addition of new industrial capacity.  By contrast, much of the significant 
potential in heat and buildings is unlikely to be realised.  Moreover, the overall emissions 
intensity of the economy is likely to increase due to the shift towards reliance on coal in key 
sectors. 

Our “Planned Policy” scenario suggests that policies and reforms already planned or 
announced could increase abatement by around 30 MtCO2 from power and buildings, in 
particular.  However, only with the more ambitious support offered in the “Enhanced Policy” 
scenario does significant additional abatement become viable.  Investments leading to cuts of 
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200 MtCO2e per year by 2030 could be viable through policy of similar stringency to that 
implemented or planned in Western Europe.  Many of the measures also could have auxiliary 
benefits, such as reduced pollution.  The figure below shows the extent of financially viable 
emissions reductions in each scenario. 

Figure  7.1 
Summary Abatement, by Scenario 
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Note: The measures show the negative portion of the MACC, or abatement from measures that 
provide a net benefit for each tonne of CO2e reduced.   (Unprofitable measures are those on the 
positive portion of the MACC, where abatement imposes a real cost per tCO2e.) Fugitives represent 
methane emissions from coal mining and gas transport.    

7.1. Emissions Pathways 

Based on the data and assumptions used for each policy scenario we estimate pathways for 
overall emissions.  If the Ukrainian economy grew at a rate of 4 percent annually over the 
period 2010-2030, but remained at its current emissions intensity, its emissions would rise to 
864 MtCO2e.  In reality, two trends are likely to cause emissions to differ from this “frozen” 
scenario.  On the one hand, technological improvements for new and replacement equipment 
will reduce the emissions intensity.  On the other hand, a trend towards a greater share of coal 
in heat, power, and industry will serve to increase emissions.  In the Status Quo scenario, the 
net result is projected emissions of 608 MtCO2e in 2020 and 766 MtCO2e in 2030.   

In the Planned Policy scenario, emissions are reduced by around 30 MtCO2e by 2030 relative 
to Status Quo – primarily as a consequence of completion of partially constructed nuclear 
capacity and greater investment in renewable power, as well as some increased uptake of 
energy efficiency measures (e.g. heating controls) among heat consumers.  The largest policy 
impact is in moving to the Enhanced Policy scenario, which has the potential to reduce 
emissions by 144 MtCO2e by 2030 relative to planned policies.  These reductions come from 
a variety of sectors, with the most significant of these being a greater share of new nuclear 
and renewable technologies in the power sector.   
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Figure  7.2 
Emissions Projections Under Different Scenarios  

0

100

200

300

400

500

600

700

800

900

1,000

1990 1995 2000 2005 2010 2015 2020 2025 2030

MtCO2e per year 

Emissions in 
2030 w/r to 1990

Emissions
(cumulative)

Frozen Technology

Status Quo

Planned Policies

Enhanced Policies

864 Mt

766 Mt

735 Mt

591 Mt

-7%

-17%

-21%

-36%

 

7.2. Options for Additional Emissions Reductions 

The pathway under Enhanced Policies brings 2020 emissions to a level 32 percent below the 
commitment adopted by Ukraine for this period (Ukraine has pledged to keep emissions 20 
percent below 1990 levels).  However, with growth projected to continue across emissions-
intensive sectors, emissions are on an upward trajectory even in this scenario.  Ukraine’s 
emissions in 2030 are projected to be 36 percent below their 1990 levels, and additional 
action would therefore be required to meet its 2050 commitment of a 50 percent reduction on 
1990 levels.  

Figure  7.3 shows Ukraine’s emissions trajectory assuming still more ambitious measures to 
reduce emissions.  These are either more expensive or more speculative than the measures 
analysed above, but are presented here to indicate the developments required for more 
ambitious emissions cuts. 
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Figure  7.3 
Options for Additional Emissions Reductions 
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The additional potential measures fall in two main categories: 

� Higher-cost measures (“Full MACC”).  In addition to the measures that are profitable 
in the Enhanced Policy scenario, the analysis identifies a number of additional 
opportunities that would require further policy support to be viable — corresponding to 
the “positive” portion of the Enhance Policy scenario cost curve presented above.  Major 
remaining options include significant further investment in nuclear power, a greater share 
of gas-fired power generation, and a greater role of biomass and large hydro power plants.  
In the district heating sector, significant further emissions savings can be realised by the 
replacement of coal-fired generation by a mixture of gas and biomass.  Other major 
sources of abatement include the coal mining sector, as well as exhausting the full 
potential of energy efficiency measures in buildings and industry.  These and other 
measures could reduce emissions to 454 MtCO2 by 2030 or 51 percent below 1990 levels.  
However, these measures would have an implied cost of carbon reduction of up to 
€200/tCO2 in addition to the €40/tCO2 carbon price included in the Enhanced Policy 
scenario.  The measures would require additional policy support — either in the form of 
higher carbon prices to the level indicated on the MACC, or through equivalent additional 
subsidies, regulatory requirements, etc. 

� Carbon capture and storage. Other opportunities to reduce emissions could become 
available if progress were made in the commercialisation of carbon capture and storage 
(CCS).  Ukraine has significant emissions from large point sources in the power, heat, 
and industrial sectors of sufficient size to be candidates for CCS.  If the technology were 
to become viable and ambitiously deployed in the 2020s, emissions could be brought 
down further to by an additional 138 MtCO2 by 2030.  Combined with the other higher-
cost measures, total emissions could then be brought down to 317 MtCO2, or 66 percent 
below 1990 levels. 
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With these measures Ukraine has the potential to effect deeper emissions reductions and 
achieve an emissions trajectory consistent with its 2050 commitment, but the analysis shows 
that significant policy support would be required, beyond the already ambitious policies 
modelled in the Enhanced Policy scenario and involving measures with rapidly increasing 
cost.  
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Appendix A. Detailed Sector Assumptions 

This appendix presents the technical and cost assumptions used in the modelling of Ukraine 
MAC curves. The sections below cover the following sectors: Power ( A.1 and  A.2), Heat 
( A.3), Buildings ( A.4), Industry ( A.5), Transportation ( A.6) and Agriculture ( A.7). 
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A.1. Power Costs 

Table  A.1 
Power Sector Technologies 

 

tCO2/MW
h % %

New 
build Upgrade Comments

Power-only, coal plants

Existing coal plant 1.10 31% 38% 1,500 Not built anymore.

Existing coal plant, de-mothballed 0.95 36% 75% 570
Cost of de-mothballing 
and rehabilitation.

Existing coal plant, fully rehabilitated 0.95 36% 60% 80
Retrofit/rehabilitation 
cost.

New  supercritical coal plant 0.83 41% 80% 2,300 Cost of new  plant.

New  supercritical coal plant running on 
10% biomass

0.75 46% 80% 330 Cost of new  plant.

New  ultra-supercritical coal plant 0.77 44% 80% 2,600 Cost of new  plant.

Power-only, gas plants

Existing Gas turbine 0.61 33% 56% 400 Not built anymore.

Existing CCGT 0.61 33% 60% 400 Not built anymore.

New  Gas turbine 0.53 38% 80% 800 Cost of new  plant.

New  CCGT 0.37 55% 80% 1,300 Cost of new  plant.

Power-only, renewables

Nuclear (Existing) - N/A 80% 3,000 Not built anymore.

Nuclear (Under Construction) - N/A 80% 2,100 Completion of plants.

Nuclear (New ) - N/A 80% 3,800 Cost of new  plant.

Solar Photovoltaic - N/A 14% 3,000 Cost of new  plant.

Solar Thermal - N/A 22% 3,300 Cost of new  plant.

Geothermal - N/A 85% 3,100 Cost of new  plant.

Wind (High quality) - N/A 35% 1,300 Cost of new  plant.

Wind (Medium quality) - N/A 33% 1,300 Cost of new  plant.

Wind (Low  quality) - N/A 32% 1,800 Cost of new  plant.

Dedicated Biomass - N/A 75% 2,500 Cost of new  plant.

Hydro, small - N/A 58% 2,000 Cost of new  plant.

Hydro, large - N/A 40% 2,200 Cost of new  plant.

CAPEX (in 2010)

€/kWEfficiency
Availabili
ty factor

Carbon 
intensityDescription
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A.2. Power Resource Constraints 

We make the following assumptions about the availability of key resources in the power 
sector. 

Table  A.2 
Power Sector Resource Constraints 

Quantity Value Notes 

Hydro, small (run-of-river) 0.5 GW Accounts for environmental constraints. 

Hydro, large (reservoirs) 3.7 GW Accounts for environmental constraints. 

Solar resource (PV) 13 GW Accounts for grid connection access and system 
stability with respect to renewables. 

Wind 12 GW Split into three tiers with different attractiveness 

Nuclear, partially complete 2 GW Completion of two nuclear power units of 1 GW 
each (Khmelnitsky-3 and Khmelnitsky-4). 

Nuclear, new build 8 GW Accounts for limited availability of suitable sites 
and limited recent expansion of nuclear capacity 

Source: various sources as discussed in the main body of the report. 
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A.3. Heat Generation 

Table  A.3 
Heat Generation Technologies 

tCO2/MW
h % %

New 
build Upgrade Comments

Combined Heat and Power (CHP)

Existing coal CHP plant 0.80 41%/77% 6% 2,000 Not built anymore.

Existing gas CHP plant 0.37 55%/55% 79% 1,200 Not built anymore.

Coal CHP plant, Upgrade 0.80 41%/112% 61% 500
Retrofit/rehabilitation 
cost.

Gas CHP plant, Upgrade 0.37 55%/66% 53% 410
Retrofit/rehabilitation 
cost.

New  coal CHP plant 0.80 41%/130% 70% 2,300 Cost of new  plant.

New  gas CHP plant 0.37 55%/88% 70% 1,300 Cost of new  plant.

Heat-only Boilers (HOBs)

Existing coal boiler 0.49 70% 50% 330 Not built anymore.

Existing gas boiler 0.29 70% 50% 77 Not built anymore.

Existing gas boiler upgrade 0.22 90% 75% 74
Retrofit/rehabilitation 
cost.

 New  biomass boiler - 80% 85% 120 Cost of new  plant.

New  coal boiler 0.40 85% 75% 410 Cost of new  plant.

New  gas boiler 0.22 92% 75% 100 Cost of new  plant.

Description

Carbon 
intensity Efficiency

Availabili
ty factor

CAPEX (in 2010)

€/kW

 

 



Greenhouse Gas Abatement in Ukraine Detailed Sector Assumptions

 
 

NERA Economic Consulting 107
 

A.4. Buildings 

Table  A.4 
Abatement Measures in the District and Communal Hea ting Buildings 

Category Energy / carbon savings Cost (€)

Residential Buildings (relative to no measure) (per dwelling)

Building-level Substation (BLS) 20 percent 400

Individual dwelling heating controls and thermostats 15 percent 700

Insulation - basic 21 percent 1,200

Insulation - intermediate 9 percent 400

Insulation - full 16 percent 1,800

Commercial / Public Buildings (relative to no measur e) (per m2)

Building-level Substation (BLS) 20 percent 7

Individual dwelling heating controls and thermostats 15 percent 12

Insulation - basic 21 percent 20

Insulation - intermediate 9 percent 7

Insulation - full 16 percent 31  

Notes :  

Basic insulation measures include simple measures such as filling wall cavities, weather 
stripping or door replacement, installation of double doors, sealing of baseboards or 
elimination of other leakages. 

Intermediate insulation measures include replacement of doors and windows, adding external 
cladding, insulation of ceiling of roof and basement and associated ventilation measures. 

Full insulation package includes, in addition to the above, residual measures such as thicker 
cladding, heat recovery system in air ventilation, and higher-specification windows. 
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A.5. Industry 

A.5.1. Cement 

Table  A.5 
Abatement Measures for Cement Sector 

Measure Description Energy / Emissions Impact 

Efficient new capacity Modern kilns using dry 
production processes 

15 percent reduction in 
energy intensity (compared 
to average existing capacity).  

Emissions reduction of 6 
percent compared to current 
average. 

EE package 1 Preventative maintenance 

Improved kiln combustion 

Shell heat loss reduction 

10 percent reduction in 
energy intensity. 

Emissions impact depends 
on fuel use and clinker ratio, 
but is 4.5 percent for a 
typical, unimproved coal-fired 
plant. 

EE package 2 EE package 1 + 

Improved process control 
and automation 

New grate cooler 

Indirect firing 

18 percent reduction in 
energy intensity.  Impact on 
emissions depends on fuel 
characteristics. 

Emissions impact depends 
on fuel use and clinker ratio, 
but  is 8 percent for a typical, 
unimproved coal-fired plant. 

Fossil fuel substitution Switch from default fuel 
(coal) to other fuels with 
lower emissions intensity 
(subject to technical 
suitability) 

Emissions reduction 
depends on relative carbon 
intensity of fuels used. E.g., 
switch coal to gas leads to 
18 percent reduction. 

Waste firing Substitute fossil fuel input 
with waste 

Up to 40 percent reduction in 
emissions intensity  

Clinker substitution Substitute up to 20 percent 
of clinker with alternative 
materials in cement blending. 

Reduction in energy use as 
well as process emissions, 
with up to 23 percent 
reduction in overall 
emissions intensity 

Carbon capture and storage Capture up to 90 percent of 
CO2 emissions. 

90 percent reduction in total 
CO2 emissions. 
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A.5.2. Detailed technology cost and performance ass umptions  

The tables below provide a summary of the efficiency or carbon improvement and associated 
capital cost (per unit of annual production capacity) for the major industrial abatement 
technologies included in our analysis, organised by sector. 

Table  A.6 
Abatement Measures - Cement 

Sector Measure Carbon savings Cost (€/t cement)

Cement Preventative Maintenance 1-5% 0.21

Cement Shell heat loss reduction 5-10% 0.21

Cement Improved kiln combustion 5-10% 0.66

Cement Process control and automation 1-5% 0.15

Cement New grate cooler 5-10% 5.1

Cement Indirect firing 5-10% 7.1

Cement
Waste firing Fuel is 40% less carbon 

intensive with 80% regular 
waste and 20% biowaste

5.9

Cement
Medium clinker substitution 10% relative to portland 

cement
4.1

Cement
High clinker substitution 20% relative to portland 

cement
6.2

 

Table  A.7 
Abatement Measures - Steel 

Sector Measure Carbon savings Cost (€/t steel)

Steel
Energy monitoring & management 
system

1-5% 0.03

Steel Preventative maintenance 1-5% 0.01

Steel Sinter plant heat recovery 1-5% 0.61

Steel Coal moisture control 1-5% 0.5

Steel Blast furnace pulverised coal injection 1-5% 5.8

Steel Hot blast stove automation 1-5% 0.25

Steel Heat recovery - basic oxygen furnace 1-5% 20.5
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Table  A.8 
Abatement Measures - Oil Refining and Petrochemical s 

Sector Measure Carbon savings Cost (€/t output)

Oil refineries Energy management 1-5% 0.53

Oil refineries Fouling Mitigation 1-5% 0.88

Oil refineries Pumps, motors and compressed air 5-10% 0.21

Oil refineries Improved process controls 1-5% 1.10

Oil refineries Waste heat recovery 1-5% 1.46

Oil refineries Process Integration and change 1-5% 0.39

Petrochemicals Energy management 1-5% 0.12

Petrochemicals Improved distillation 1-5% 0.10

Petrochemicals Improved drying 1-5% 0.28

Petrochemicals Improved evaporation 1-5% 0.32

Petrochemicals MVR 1-5% 34.4

Petrochemicals Process control 1-5% 0.28

Petrochemicals Process integration 1-5% 0.13

Petrochemicals Waste heat recovery 1-5% 2.8
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Table  A.9 
Abatement Measures - Selected Chemicals 

Sector Measure Carbon savings Cost (€/t output)

Ammonia Energy management 5-10% 2.0

Ammonia Reforming large improvements 1-5% 21

Ammonia Reforming moderate improvements 1-5% 4.4

Ammonia Improvement in CO2 removal 1-5% 13

Ammonia Low pressure synthesis 1-5% 5.2

Ammonia Hydrogen recovery 1-5% 1.7

Ammonia Process integration 1-5% 2.6

NitricAcid Alternative oxidation catalyst more than 20% 13
NitricAcid Extension of the reactor chamber more than 20% 175

NitricAcid
Secondary catalyst - N2O 
decomposition in the oxidation 
reactor

10-20% 0.5

NitricAcid Tertiary catalyst - Variant 2 1-5% 37

NitricAcid
Non-selective catalytic reduction of 
NOX and N2O (NSCR)

1-5% 26

SodaAsh Control systems 1-5% 1.7

SodaAsh Energy management 1-5% 1.8

SodaAsh HEMs 1-5% 1.7

SodaAsh High efficiency trays 1-5% 14

SodaAsh Improved control 1-5% 2.6

SodaAsh Waste heat recovery 1-5% 25

SodaAsh Membrane process improvement 1-5% 3.7

SodaAsh
Electricity efficiency - other 
inorganics

1-5% 3.7

SodaAsh Adjustable speed drives 1-5% 2.7
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Table  A.10 
Abatement Measures - Minerals, Glass, Bricks, Ceram ics 

Sector Measure Carbon savings Cost (€/t output)

Lime Preventative Maintenance 1-5% 0.17

Lime Process Control 1-5% 0.77

Lime Improved kiln combustion 5-10% 0.53

Lime Shell heat loss reduction 1-5% 0.17

Glass Advanced burner systems 1-5% 3.1

Glass Control 1-5% 2.1

Glass Expert system 1-5% 2.1

Glass External cullet 1-5% 2.7

Glass Waste heat recovery 1-5% 6.8

Glass Oxy trim 1-5% 1.7

Glass Refractories and insulation 1-5% 3.1

Glass U/S Refining 1-5% 4.1

Bricks Improved firing and drying 55% 31

General 
ceramics

Improved firing and drying 25% to 40% 181
 

 

Table  A.11 
Abatement Measures - Selected Other 

Industry

Sector Measure Carbon savings Cost (€/t output)

Non-ferrours 
metals

Monitoring and targeting 5-10% 14.3

Non-ferrours 
metals

Modern furnaces more than 20% 35.8

Paper (excl. 
pulp)

Waste heat recovery in the pulp 
industry

1% 20.0

Paper (excl. 
pulp)

Process control and pinch analysis in 
the pulp industry

5% 9.5

Pulp
Process control and pinch analysis in 
the pulp industry

5% 9.5

Pulp
Waste heat recovery in the pulp 
industry

1% 0.8
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A.5.3. International Benchmarking of Industry 

As shown in the main body of the report, there is considerable scope for energy efficiency 
improvements in Ukrainian industry. In this section we present the average fossil fuel energy 
consumption of individual industries relative to international benchmarks, with an aim to 
indicate whether Ukraine is closer to the most inefficient plants (“Laggards”), to the most 
efficient ones (“Leaders”), or somewhere in between (“Standard”). 

In general, industrial plants in Ukraine have fossil fuel energy consumption close to 
“laggard” plants that currently operating in Europe and other developed countries, although 
this varies from sector to sector based on the available information.  

Progressing towards state-of-art plants (“leaders”), either by upgrading current capacity or by 
building new, more efficient capacity, would allow Ukraine to significantly reduce industrial 
energy consumption and emissions. 

Figure  A.1 
Industry Energy Intensity - International Benchmark s 
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Sources: UNFCCC, BNEF database, Ukraine production statistics, NERA analysis 
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A.6. Transportation 

Table  A.12 
Detailed cost and performance assumptions 

Indicative energy or 
carbon savings

Fuel cost savings 
relative to a standard 
gasoline car in 2010

Costs per vehicle 
relative to a standard 
gasoline car in 2010

Costs per vehicle 
relative to a standard 
gasoline car in 2020

Gasoline car N/A N/A N/A

Diesel car 16 percent -1,000 -1,000

Electric car 66 percent 8,700 5,000

LPG car 42 percent 1,100 1,100

CNG car -30 percent 3,100 2,900

Non-plug-in Hybrid 41 percent 8,000 7,100
Plug-in Hybrid 50 percent 12,800 9,400

Modern vehicles

Costs per vehicle 
relative to a modern 
gasoline car in 2010

Costs per vehicle 
relative to a modern 
gasoline car in 2020

Next generation gasoline car 17 percent N/A N/A

Next generation diesel car 30 percent -600 -500

Next generation electric car 69 percent 12,800 8,800

Next generation LPG car 51 percent 1,100 1,100

Next generation CNG car -10 percent 3,100 2,900

Next generation hybrid car (non-plug-in) 50 percent 13,500 9,400

Next generation hybrid car (plug-in) 56 percent 20,200 14,900

Ultra-modern vehicles

Costs per vehicle 
relative to an ultra-
modern gasoline car 
in 2010

Costs per vehicle 
relative to an ultra-
modern gasoline car 
in 2020

Post-2020 gasoline car 27 percent N/A N/A

Post-2020 diesel car 38 percent - - 

Post-2020 electric car 72 percent 16,700 11,800

Post-2020 hybrid car (non-plug-in) 55 percent 18,900 13,600
Post-2020 hybrid car (plug-in) 61 percent 27,200 20,500

Indicative costs (2010 €)

Standard vehicles

Category

 

A.7. Agriculture 

Table  A.13 
Agriculture - International Benchmarks 

Agriculture benchmarks Kazakhstan Ukraine Russia Poland Turkey UK
Fertiliser consumption (kg / ha 
arable land)

54 327 141 2,126 1,000 2,546

Tractors per ha arable land 18 104 33 1,243 474 728

Agriculture value added per 
worker (constant 2000$)

1,870 2,019 3,043 2,620 3,153 27,173

Rural population (per 100 
population)

44 32 27 39 32 10
 

Source: World Bank. Data are for 2007. 
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Appendix B. Transaction Costs, Discount Rates, and 

Payback Assumptions 

B.1. Project Transaction Costs 

B.1.1. Households and small/medium firms: backgroun d and sources 

The “energy efficiency gap” 

� A very large literature has documented how households and firms leave low carbon 
(particularly, energy efficiency) investments untapped that appear to have rates of return 
in excess of 30 percent, as calculated by comparing initial capex against assumed future 
savings on energy expenditure. 

� It also is documented (albeit more anecdotally) that many firms apply very stringent 
payback criteria to energy efficiency investments (e.g., 3-4 year payback).  Comparing 
results from models (e.g., UK ENUSIM model of industry energy use), it is clear that 
uptake is limited to measures with very high rates of return (when evaluated at capex + 
energy savings). 

� Quantitative estimates of these findings, often referred to as the “energy efficiency gap” 
(although applicable also to small-scale renewables, see below) are often expressed as a 
discount rate or rate of return – which emerges as a “residual” in modelled or estimated 
relationships between capex, opex, and other engineering-economic factors. By far the 
largest body of data on transaction costs are in this format. 78 

There is little agreement about the relative importance of the factors that may explain 
the energy efficiency gap. 

� A large number of explanations have been advanced, with little agreement on what 
accounts for the observed situation.  The main categories of explanation are the 
following: 

– Transaction costs (e.g., “hassle”, cost of time spent, additional staff, costs of 
contracting, etc.) 

– Poor performance of equipment, or high variability in performance (e.g., CRA) 

– High discount time preference rates of individuals. (e.g., Frederick et al. 2002) 

– Misaligned incentives, within organisations (e.g., Sorrel et al., 2005) 

– Opportunity costs, either of credit in the presence of credit market imperfections, or 
management / leisure time.  

– Option value associated with and irreversible investments under uncertainty, which in 
some models have suggested hurdle rates four times higher than the cost of capital.  

                                                

78  See NERA’s previous note on discount rates for sample references of estimates of the magnitude of costs, typically 
expressed as rates of return / discount rates. 
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– Consumer / manager irrationality. 

� There is little agreement in the literature about which of the above factors is the most 
important, or that any of the factors suffices to account for observed behaviour. 

The “bottom-up” approach to estimating transaction costs has met with limited success 

� One approach to explaining the observed behaviour has been to supplement standard 
costs with bottom-up estimates of transaction costs.   

� This is unusual in the academic literature, although there are some isolated examples.  It 
has been more common in the applied or policy-related literature.  The below table 
summarises some of the more extensive recent efforts, spanning both the household and 
non-domestic sectors, and between them span the large majority of key small/medium-
sized renewables and energy efficiency measures.   

Table  B.1 
Examples of Sources on Bottom-Up Estimates of Trans action Costs Faced by 

Households and Small/Medium Firms 

Source Method Measures Extent of transaction 
cost 

Ecofys (2009)  Literature review, 
expert 
interviews/survey, and 
judgement 

Energy efficiency: 
Measures in household 
sector 

5-10 percent, rising to 
35-100 percent for 
individual measures. 

Enviros (2006) Literature review, 
expert interviews / 
survey, and judgement 

Energy efficiency 
measures: across 
industry, commercial, 
and public sectors. 

Larger measures 
typically around 5 
percent, rising to 20 
percent or more for 
smaller or more 
complex measures. 

Element Energy (2008) Stated preference 
survey 

Renewables: for small 
and micro generation 
of heat and electricity 

Focus on the largest 
measures, with 
estimates in the region 
of 20-40 percent 

Enviros (2008a, 2008b) Interviews, expert 
judgement 

Renewables: Heat 
generation, covering all 
sectors 

1-5 percent for key 
measures, depending 
on measure and scale 
of measure.  Negligible 
for large measures. 

Björkqvist and Wene  Survey, desk-based 
judgement 

 25-30%, based on 
assumptions about 
time use 

Sathaye et al. (2004) Survey, desk-based 
judgement 

 25-30%, based on 
assumptions about 
time use] 
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� The purpose of these studies has typically been to augment models to better understand 
and model household and firm behaviour.  However, this cannot be said to have been a 
success in bridging the gap between technological assumptions and observed behaviour.  
None of the above studies has resulted in estimates that correspond to the magnitude 
implied by observed behaviour. 

� Some of the key difficulties include: 

– The lack of data and need for subjective judgement in defining costs 

– The specificity and idiosyncracy of relevant costs, and therefore necessary 
incompleteness of bottom-up estimates. 

– The bias introduced by focussing on issues that are more readily quantified 

– The likelihood that many factors other than transaction costs (see above list) are 
important. 

� Our assessment is that these are likely inherent in the methodology.  Bottom-up estimates 
do not succeed in spanning the full range of relevant costs and other factors.   

� The implication for this study is that the more limited estimates available from bottom-up 
assessments should be supplemented with the much wider data on hurdle rates. 

Our approach makes joint use of additions to capex, discount rates, and payback 
criteria, and is informed by the wider literature on discount rates and “payback” 
criteria 

B.1.2. Large-scale projects 

� Different considerations arise with large, capital-intensive projects that are at the core of a 
firm’s business.  Here it may be more feasible to itemise transaction costs, although the 
problems of idiosyncracy and boundaries between transaction costs and other factors 
(standard capex, risk premia, cost of financing) remain. 

� Evidence is often anecdotal.  Examples of sources consulted in the course of developing 
our estimates include: 

– Interviews have suggested that, for example, 10 percent was a reasonable indicative 
figure for large, capital intensive projects in Ukraine. 

– CDM and JI project documents.  

� For example, estimates of costs for an individual windfarm itemised capex and 
transaction costs separately, but included interest during construction as a 
transaction cost.  Removing the interest payments, a reasonable estimate of pure 
transaction costs (site surveys, consulting, contracting, etc.) is 10-15 percent of 
capex (depending on financing terms). 

– Interviews with industrial stakeholders in Turkey, Kazakhstan, and Ukraine 

� For example, one interviewee noted the higher up-front cost required for 
investments in industrial capacity in Ukraine compared to China or some western 
countries (citing $200/t instead of $150/t).  This datum is a composite of factors: 
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greater delays (higher interest rate payments, higher interest rate, higher risk); 
higher capex because of more vertical integration (e.g., need to invest in auxiliary 
or transport infrastructure); as well as more traditional transaction costs 
(administrative requirements, more difficult contracting, etc.) 

� It is clear that there are diverging practices for defining “capex”.  For example, 
some stakeholders did not agree with the distinction, considering land costs and 
contracting part and parcel of capex; or considering overheads or staff costs as 
costs to be covered by the hurdle rate criteria used in investment appraisal, rather 
than as individual line items. 

– Project Team JI and investment advisory experience. 

� E.g., comparisons of client experience of estimates of total project costs vs. 
published engineering cost estimates for key technologies in the power sector.  
(However, here too conventions for the boundaries between “capex” and other 
project costs are nearly never well defined) 

� The data arising from these sources is complex and subject to interpretation.  We have 
centered on a 10 percent addition to transaction costs as a reasonable central estimate.  

� An important observation is that key barriers (likelihood of getting permits, quality of 
available local contractors, small supplier markets, requirements for political connections) 
are factors that are crucial to whether projects can realistically go ahead, but not items 
that can be readily monetised.  Rather than affecting cost, they affect whether projects are 
viable propositions. 

B.1.3. Background: Overview of McKinsey assumptions  

McKinsey’s assumptions can be summarised as follows: 

� Costs are expressed as a share of capex for project transaction costs.  For a given lifetime, 
this is arithmetically equivalent to expressing costs as a premium on the discount rate. 

� 30%:  for household (energy efficiency, waste).  Based on two “bottom-up” studies (e.g., 
time required to find out about energy efficient washing machines). 

� 10% for large measures (energy efficiency, renewables).  Based broadly on interviews 
with Bashinform, EBRD bankers, and Global Carbon, and supplemented by McKinsey 
judgement. 

� 15% for mid-sized (energy efficiency, renewables, waste).    No particular source cited, 
but “per-project” nature of cost is rationale for higher number than for large projects. 

� Additional assumptions: 

– 3% for transport.  This is extrapolated from the household number, by comparing 
vehicle capex to appliance capex. 

– 12% for nuclear, CCS.  Given lack of (recent) investment history in these, these are 
speculative. 
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B.2. Summary of Estimates 

We summarise our assumptions for key sectors overleaf. 

The following are explanations of columns three and four: 

� Transaction costs, expressed as an addition to up-front cost in terms of a share of the 
capex. 

� Discount rate and payback period: these are the terms used in the formula to levelise 
costs.79  For new investments, the equipment lifetime is used.  For retrofit, a more 
stringent requirement may be applied. 

 

 

 

                                                

79  Costs are levelised by calculating the stream of annual payments would be required over the payback period to generate 
a present value equivalent to the capex + transaction costs, when future payments are discounted at the discount rate. 
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Table  B.2 
Summary of Barriers Estimates 

Category Examples of abatement 
measures 

Transaction 
costs 

(% of capex) 

Discount 
rate 
(%) 

Payback 
period 80 
(years) 

Notes / motivation 

Power and Utilities 

Power utilities: conventional 
technologies 

� New coal plant 
New gas plant 

10% 20% 20 This incorporates a country risk premium 

Power utilities: renewables � Wind power 
� Biomass 
� Hydroelectric 

10% 20-25% 20 � Higher hurdle rates for investment in technologies with 
less mature supply chain 

� Higher premiums for technologies with less proven 
track record, or technologies such as biomass 
power, which faces significant supply chain issues, 
or nuclear power. 

Power utilities: nuclear � Nuclear Power 10% 25-30% 20 �  

Heat utilities: conventional 
technologies 

� New coal Heat-Only Boiler 
(HOB) 

� New coal or gas –fired CHP 

10% 20% 20 � This incorporates a country risk premium. 

Utilities: power  � Power transmission and 
distribution 

30% 25% 20 � Lower hurdle rates for utilities where cost-recovery of 
investments is possible. 

Utilities: heat distribution � DH networks rehabilitation 
and upgrades 

30% 20% 20 � Lower hurdle rates for utilities where cost-recovery of 
investments is possible. 

Experimental / end-of-pipe � CCS 20% 30% 20 � Measures whose sole or main motivation is abatement 
are more risky and more difficult to implement than ones 
that affect energy use or cost. 

Households  

Building-level heat controls � Modern building-level 
substations  (BLS) 

40% 25% 15 � Shorter payback periods motivated by shorter tenure and 
/ or rental and leasing agreements.  

� Overall hurdle rate consistent with range of published 
studies. 

                                                

80  For retrofit measures.  New capacity is evaluated at 20 years or the equipment lifetime, whichever is the smallest. 
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Category Examples of abatement 
measures 

Transaction 
costs 

(% of capex) 

Discount 
rate 
(%) 

Payback 
period 80 
(years) 

Notes / motivation 

� Transaction costs reflect weak resident associations and 
high bargaining and coordination costs. 

Dwelling-level heat controls in 
communal / multiple occupancy 
buildings (apartment and office 
blocks) 

� Radiator heat controls 
� Thermostats 

40% 25% 15 � Shorter payback periods motivated by shorter tenure.  
� Overall hurdle rate consistent with range of published 

studies. 
� Transaction costs reflect weak resident associations and 

high bargaining and coordination costs. 

General Household-scale / small 
business, insulation measures 

� House insulation (wall, 
floors, loft) 

� Window double/triple-
glazing 

30% 25% 15 � Shorter payback periods motivated by shorter tenure and 
/ or rental and leasing agreements.  

� Overall hurdle rate consistent with range of published 
studies. 

Household-scale renewable heat 
technologies 

� Domestic biomass boilers 30% 30% 15 � Shorter payback periods motivated by shorter tenure and 
/ or rental and leasing agreements.  

� Higher discount rate due to less familiar technologies 

Communal / multiple occupancy 
buildings insulation measures 

� Building fabric of apartment 
and office blocks 

� External cladding 

40% 25% 15 � Additional transaction costs arise from common action 
problem (e.g., landlord/tenant split, condominium 
associations).   

Passenger transport - private � Passenger vehicles 30% 25% 15 � Shorter payback periods motivated by shorter useful 
lifetime of vehicles 

Passenger transport – public � Buses 
� Electric buses 

15% 25% 10 � Lower transaction costs motivated by economies of 
scale. 

Industry, Fugitives, Waste  
New industrial production capacity � New Cement capacity 

� New Steel capacity 
15% 20% 15 � Lower transaction costs reflect established supply chains 

and well-known planning requirements. 

Waste � Industrial waste firing 15% 25% 15 � Waste-based measures start from a low base (lack of 
collection and infrastructure), and often face significant 
regulatory hurdles 

Waste (landfill) management � Landfill gas capture 20% 25-30% 15 � Waste-based measures start from a low base (lack of 
collection and infrastructure), and often face significant 
regulatory hurdles 

� Reflects current low share of legally operating landfills. 
Wastewater treatment (municipal 
and industrial) 

� Mechanical and biological 
treatment 

30% 25-30% 15 � Waste-based measures start from a low base (lack of 
collection and infrastructure), and often face significant 
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Category Examples of abatement 
measures 

Transaction 
costs 

(% of capex) 

Discount 
rate 
(%) 

Payback 
period 80 
(years) 

Notes / motivation 

� Anaerobic digestion regulatory hurdles 
Waste heat capture � Waste heat recovery in 

Paper and Pulp industries 
15% 20% 15 � Lower hurdle rates for energy intensive industry for 

which energy is a key part of operating cost. 
Energy intensive industry � Process improvements 

� Energy management 
systems 

15% 20% 15 � Lower hurdle rates for energy intensive industry for 
which energy is a key part of operating cost. 

Electricity energy efficiency � More efficient motors 
(pumps, variable speed 
drives, compressors) 

� Adequately sized motors 

15% 20% 15 � Lower hurdle rates for energy intensive industry for 
which energy is a key part of operating cost. 

Chemical processes Nitric acid catalysts 15% 20% 15 � Lower hurdle rates for energy intensive industry for 
which energy is a key part of operating cost. 

Coal Mining Coal mine methane 20% 25% 15 � Measures that are unproven are likely to face additional 
hurdles. 

Gas distribution Gas leakage prevention 25% 25% 15 � Lower hurdle rates for established technology and 
processes. 

Freight transport  
Freight road transport � Efficient vehicles, improved 

maintenance 
� Improved vehicle fleet 

management 

15% 20% 15 � Lower hurdle rates for commercial vehicles for which fuel 
cost and opportunity cost of maintenance time is key part 
of operating cost. 

Agriculture and Forestry  
Agriculture – crops 

 

� Low-tillage;  
� Precision fertiliser 

application;   
� Ionophores 
� Crop rotation 

30% 20-25% 15 � Measures are often dispersed and require changes to 
practices of cultural importance in sensitive industry. 

Agriculture – land use � Land conversion 
� Pasture management 

30% 20-25% 15 � Extensive coordination with often dispersed land rights. 
� Additionally, land-rights often poorly delineated 

Agriculture – livestock � Improved manure 
management 

� Improved livestock diet 

30% 20-25% 15 � Dispersed measures 
� Efficient use of animal waste complicated in the absence 

of sufficient on-site energy demand (e.g. seasonality 
issues). 
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Category Examples of abatement 
measures 

Transaction 
costs 

(% of capex) 

Discount 
rate 
(%) 

Payback 
period 80 
(years) 

Notes / motivation 

Forestry � Afforestation / reforestation 
� Degraded forest restoration 

30% 20-25% 15 � Extensive coordination with often dispersed land rights. 
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Box 4 
Comparison of Assumptions to Project Finance Criter ia 

We have compared the above assumptions to alternative formulations of investment 
criteria, notably project finance.  To take an example, consider project finance for a 
wind farm investment with the following features 

2) 80% debt, 20% equity stake 

3) 12% cost of capital 

4) 10-year debt maturity, one-year grace period 

5) 20 year investment lifetime 

6) 25% return on equity 

7) DSCR of 1.2 

In many configurations, the binding constraint is the DSCR, which requires revenue in 
individual years to be relatively high – on a par with revenue streams that would result 
in an effective IRR of 20 percent if sustained throughout the equipment lifetime.  We 
have assumed similar or higher “equivalent” rates for Ukraine, where investment in key 
renewables does not appear to be going ahead at IRRs below this level. 
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Appendix C. Energy Price Assumptions 

In this appendix, fuel price assumptions are presented: 

Figure  C.1 
Fuel Price Assumptions - by Year and Scenario 

2010 2020 2020 2020 2030 2030 2030
Sector Fuel Unit All SQ PP EP SQ PP EP

Coal price €/tonne 40.8 42.6 48.5 48.5 44.2 50.4 50.4
Gas price €/MWh 19.2 28.1 28.1 28.1 31.2 31.2 31.2
Biomass price €/MWh 29.1 35.4 35.4 35.4 42.9 42.9 42.9
Mazut price €/tonne 333 510.3 510.3 510.3 567.0 567.0 567.0
Electricity price €/MWh N/A N/A N/A N/A N/A N/A N/A
Heat price €/MWh N/A N/A N/A N/A N/A N/A N/A
Coal price €/tonne 57.5 60.1 68.5 68.5 62.4 71.1 71.1
Gas price €/MWh 19.2 28.1 28.1 28.1 31.2 31.2 31.2
Biomass price €/MWh 29.1 35.4 35.4 35.4 42.9 42.9 42.9
Mazut price €/tonne 333 510.3 510.3 510.3 567.0 567.0 567.0
Electricity price €/MWh 65.3 79.4 79.4 113.6 80.3 80.3 114.5
Heat price €/MWh N/A N/A N/A N/A N/A N/A N/A
Coal price €/tonne 40.8 42.6 48.5 48.5 44.2 50.4 50.4
Gas price €/MWh 9.9 9.9 28.1 28.1 9.9 31.2 31.2
Biomass price €/MWh 64.1 77.8 77.8 77.8 94.5 94.5 94.5
Mazut price €/tonne 267 288.1 288.1 288.1 285.3 285.3 285.3
Electricity price €/MWh 26.6 26.6 83.1 119.0 26.6 84.1 120.0
Heat price €/MWh 22.3 22.3 31.1 51.5 22.3 31.5 52.0

Power

Industry

Commer
cial / 

Resident
ial

 

Source: IEA, E4Tech, supplemented by NERA/BNEF estimates and modelling 

Note: District heating operators face subsidised gas prices; in the Status Quo, the gas prices remain 
below (market) prices faced by power generators throughout the modelling period. In Planned and 
Enhanced Policy scenarios, the subsidies to DH operators are phased out by 2015. 
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Figure  C.2 
Fuel Price Assumptions - Status Quo 
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Figure  C.3 
Fuel Price Assumptions - Planned Policies 
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Figure  C.4 
Fuel Price Assumptions - Enhanced Policies 
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Appendix D. MAC Curve Data 

This appendix provides the underlying data for the full MAC curves presented in the main 
body of the report. 

Table  D.1 
Full MACC, Status Quo Policy, 2030 

Sector Description Abatement 
(tCO2) 

Price 
(EUR) 

District 
Heating 

Coal Combined Heat and Power (CHP), serving District 
Heating networks (Upgrade of existing capacity) 0.33 -300 

Power 
Coal Power (Rehabilitation and upgrade of existing coal 
plants) 2.51 -300 

Transport Public transport (modernised buses) 0.09 -300 

Power Solar Photovoltaic Power generation 2.95 -300 

District 
Heating 

Gas Combined Heat and Power (CHP), serving District 
Heating networks (Upgrade and rehabilitation of existing 
capacity) 0.01 -300 

District 
Heating 

New coal Combined Heat and Power (CHP), serving District 
Heating networks 1.87 -300 

District 
Heating 

New coal Combined Heat and Power (CHP), serving District 
Heating networks 1.23 -252 

Power Coal Power (Upgrade of existing coal plants) 4.83 -251 

District 
Heating 

Gas Heat-Only Boiler, serving District Heating networks 
(Upgrade of existing capacity) 6.34 -237 

Industry 
Lime (shell heat loss reduction, improved kiln combustion, 
process control) 2.15 -200 

Transport 
Passenger Road transport (increased fuel efficiency, hybrid 
and electric vehicles, LPG) 13.89 -173 

Industry 
Ammonia (energy management, hydrogen recovery, low 
pressure synthesis, process improvements) 0.32 -146 

Power Coal Power (New build) 2.18 -136 

District 
Heating New Gas Heat-Only Boiler serving District Heating Networks 1.81 -132 

Power Wind (High-quality sites) 3.96 -132 

Industry 
Ammonia (energy management, hydrogen recovery, low 
pressure synthesis, process improvements) 2.47 -128 

Industry 

Oil refineries (energy management, improved process 
controls, pumps / motors / compressed air, waste heat 
recovery) 1.38 -117 

Industry 
Efficient use of electricity in Industry - modern motors, 
variable speed drives, pumps, compressors. 1.70 -110 

Industry 
Efficient use of electricity in Industry - modern motors, 
variable speed drives, pumps, compressors. 1.65 -104 
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Sector Description Abatement 
(tCO2) 

Price 
(EUR) 

Industry 
Cement (high clinker substitution, fuel switching and waste 
firing, kiln modernisation, process improvements) 1.63 -79 

Power Coal power generation - Biomass co-firing 0.31 -75 

Industry 
Paper (waste heat recovery, process control and pinch 
analysis) 0.02 -68 

Industry Ceramics (improved drying and firing) 0.23 -66 

Industry Ceramics (improved drying and firing) 0.27 -64 

District 
Heating New Coal Heat-Only Boiler serving District Heating Networks 0.61 -60 

Industry 

Steel (replacement of OHF, process improvements including 
coal moisture control, heat recovery, energy monitoring and 
management, hot blast stove automation) 21.81 -39 

Industry 

Steel (replacement of OHF, process improvements including 
coal moisture control, heat recovery, energy monitoring and 
management, hot blast stove automation) 12.97 -32 

Industry 
Lime (shell heat loss reduction, improved kiln combustion, 
process control) 1.94 -32 

Industry 
Cement (high clinker substitution, fuel switching and waste 
firing, kiln modernisation, process improvements) 2.45 -22 

District 
Heating New Gas Heat-Only Boiler, serving District Heating networks 0.25 -7 

Gas 
Transport 

Gas pipelines (repair of leaks, compressor seals, 
replacement of high-bleed pneumatic devices, direct 
inspection and preventative maintenance) 2.66 -0 

Transport 
Freight Road transport (increased fuel efficiency, preventative 
maintenance) 0.64 - 

Industry Bricks (improved drying and firing) 0.09 - 

Buildings 

Residential Buildings, individually heated (fuel switching, floor 
/ roof insulation, double- and triple-glazing, external wall 
cladding, cavity wall insulation) 0.61 - 

Gas 
Transport 

Gas pipelines (repair of leaks, compressor seals, 
replacement of high-bleed pneumatic devices, direct 
inspection and preventative maintenance) 16.59 4 

Power Nuclear Power (partially complete units) 11.73 5 

District 
Heating 

New Gas Combined Heat and Power (CHP), serving District 
Heating networks 0.60 5 

Power 
Power Transmission and Distribution (improved monitoring, 
control and fault detection, reduced losses) 1.33 5 

Power Wind (Medium-quality sites) 8.32 6 

District 
Heating 

Gas Heat-Only Boiler serving District Heating Networks 
(Upgrade of existing capacity) 1.68 8 

Power Hydroelectric power (small-scale, run-of-river) 1.64 10 

District 
Heating 

Coal Combined Heat and Power (CHP), serving District 
Heating networks (Upgrade of existing capacity) 0.12 12 
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Sector Description Abatement 
(tCO2) 

Price 
(EUR) 

District 
Heating New Gas Heat-Only Boiler, serving District Heating networks 33.96 12 

Industry 
Cement (high clinker substitution, fuel switching and waste 
firing, kiln modernisation, process improvements) 0.19 14 

Power CCGT Power (New plants) 5.77 20 

Buildings 

Non-Residential Buildings, individually heated (fuel switching, 
floor / roof insulation, double- and triple-glazing, external wall 
cladding, cavity wall insulation) 2.46 23 

Industry 
Lime (shell heat loss reduction, improved kiln combustion, 
process control) 2.61 24 

Waste 
Waste water (flaring, waste treatment and anaerobic 
digestion) 1.87 26 

Industry Ceramics (improved drying and firing) 0.21 29 

Industry 

Steel (replacement of OHF, process improvements including 
coal moisture control, heat recovery, energy monitoring and 
management, hot blast stove automation) 4.64 31 

Power Coal power generation - Biomass co-firing 1.19 31 

Transport 
Passenger Road transport (increased fuel efficiency, hybrid 
and electric vehicles, LPG) 0.94 36 

Coal 
Mining 

Coal mine methane (enhanced degasification, flaring, power 
production) 5.54 36 

Waste 
Landfill gas (composting, waste treatment, energy 
generation) 3.57 37 

Transport 
Freight Road transport (increased fuel efficiency, preventative 
maintenance) 0.16 60 

Industry 

Oil refineries (energy management, improved process 
controls, pumps / motors / compressed air, waste heat 
recovery) 0.13 61 

Buildings 

Non-Residential Buildings, individually heated (fuel switching, 
floor / roof insulation, double- and triple-glazing, external wall 
cladding, cavity wall insulation) 0.18 88 

Industry Bricks (improved drying and firing) 0.12 94 

Industry 
Ammonia (energy management, hydrogen recovery, low 
pressure synthesis, process improvements) 1.30 99 

Power Wind (Low-quality sites) 6.91 100 

Transport Public transport (modernised buses) 0.50 100 

District 
Heating 

District Heating networks upgrades: replacement with pre-
insulated pipes or retrofitted insulation, leakage reduction, 
preventative maintenance) 1.67 104 

Industry 
Cement (high clinker substitution, fuel switching and waste 
firing, kiln modernisation, process improvements) 2.77 105 

Power CCGT Power (New plants) 26.19 108 

District 
Heating 

New Dedicated Biomass Heat-Only Boiler serving District 
Heating Networks 1.66 108 
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Sector Description Abatement 
(tCO2) 

Price 
(EUR) 

Power 
Power Transmission and Distribution (improved monitoring, 
control and fault detection, reduced losses) 0.01 129 

Industry 
Paper (waste heat recovery, process control and pinch 
analysis) 0.97 132 

Power Dedicated Biomass Power plant 0.74 144 

District 
Heating New Gas Heat-Only Boiler, serving District Heating networks 0.37 145 

Power Hydroelectric power (large-scale, reservoirs) 6.93 148 

Power Gas Power Turbine 0.31 163 

Transport 
Freight Road transport (increased fuel efficiency, preventative 
maintenance) 0.05 170 

Transport 
Passenger Road transport (increased fuel efficiency, hybrid 
and electric vehicles, LPG) 1.39 179 

Buildings 

Residential Buildings served by District Heating networks 
(installation or retrofit of Building Level Substations and 
metering devices, heat controls, and energy efficiency 
measures (insulation, external cladding) 1.51 180 

Buildings 

Non-Residential Buildings, individually heated (fuel switching, 
floor / roof insulation, double- and triple-glazing, external wall 
cladding, cavity wall insulation) 4.06 187 

Power Nuclear Power (new build) 3.82 188 

District 
Heating 

District Heating networks upgrades: replacement with pre-
insulated pipes or retrofitted insulation, leakage reduction, 
preventative maintenance) 0.92 190 

Industry Bricks (improved drying and firing) 0.01 199 
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Table  D.2 
Full MACC, Planned Policies Scenario, 2030 

Sector Description Abatement 
(tCO2) 

Price 
(EUR) 

Power Coal Power (Rehabilitation and upgrade of existing coal plants) 2.91 -300 

Power Solar Photovoltaic Power generation 2.95 -300 

District 
Heating 

New coal Combined Heat and Power (CHP), serving District  
Heating networks 2.31 -300 

Transport Public transport (modernised buses) 0.10 -300 

District 
Heating 

Coal Combined Heat and Power (CHP), serving District Heating 
networks (Upgrade of existing capacity) 0.35 -211 

Industry 
Lime (shell heat loss reduction, improved kiln combustion, process 
control) 2.07 -197 

District 
Heating 

New coal Combined Heat and Power (CHP), serving District  
Heating networks 0.57 -177 

Power Coal Power (Upgrade of existing coal plants) 4.80 -175 

Transport 
Passenger Road transport (increased fuel efficiency, hybrid and 
electric vehicles, LPG) 13.75 -173 

District 
Heating 

Gas Heat-Only Boiler, serving District  
Heating networks (Upgrade of existing capacity) 1.83 -155 

Industry 
Efficient use of electricity in Industry - modern motors, variable 
speed drives, pumps, compressors. 1.81 -150 

Industry 
Efficient use of electricity in Industry - modern motors, variable 
speed drives, pumps, compressors. 1.65 -146 

Industry 
Ammonia (energy management, hydrogen recovery, low pressure 
synthesis, process improvements) 0.32 -146 

Power Wind (High-quality sites) 3.75 -129 

Industry 
Ammonia (energy management, hydrogen recovery, low pressure 
synthesis, process improvements) 2.47 -128 

Industry 
Oil refineries (energy management, improved process controls, 
pumps / motors / compressed air, waste heat recovery) 1.38 -117 

Power Coal Power (New build) 1.05 -101 

Power Wind (Medium-quality sites) 3.44 -95 

Industry 
Cement (high clinker substitution, fuel switching and waste firing, 
kiln modernisation, process improvements) 1.63 -82 

Power Hydroelectric power (small-scale, run-of-river) 0.52 -69 

Industry Paper (waste heat recovery, process control and pinch analysis) 0.02 -68 

Industry Ceramics (improved drying and firing) 0.23 -66 

Industry Ceramics (improved drying and firing) 0.26 -64 

Power Coal Power (New build) 0.23 -64 

Power Coal power generation - Biomass co-firing 0.05 -59 

District 
New Coal Heat-Only Boiler serving District Heating Networks 0.37 -51 
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Sector Description Abatement 
(tCO2) 

Price 
(EUR) 

Heating 

Industry 

Steel (replacement of OHF, process improvements including coal 
moisture control, heat recovery, energy monitoring and 
management, hot blast stove automation) 21.88 -45 

Power 
Power Transmission and Distribution (improved monitoring, control 
and fault detection, reduced losses) 0.77 -41 

Power 
Power Transmission and Distribution (improved monitoring, control 
and fault detection, reduced losses) 0.82 -40 

Industry 

Steel (replacement of OHF, process improvements including coal 
moisture control, heat recovery, energy monitoring and 
management, hot blast stove automation) 12.97 -40 

Industry 
Lime (shell heat loss reduction, improved kiln combustion, process 
control) 1.94 -37 

Power Hydroelectric power (small-scale, run-of-river) 0.60 -29 

Power Nuclear Power (partially complete units) 15.40 -28 

Industry 
Cement (high clinker substitution, fuel switching and waste firing, 
kiln modernisation, process improvements) 2.49 -26 

District 
Heating 

District Heating networks upgrades: replacement with pre-
insulated pipes or retrofitted insulation, leakage reduction, 
preventative maintenance) 5.08 -11 

District 
Heating 

District Heating networks upgrades: replacement with pre-
insulated pipes or retrofitted insulation, leakage reduction, 
preventative maintenance) 0.76 -11 

Gas 
Transport 

Gas pipelines (repair of leaks, compressor seals, replacement of 
high-bleed pneumatic devices, direct inspection and preventative 
maintenance) 6.97 -2 

Buildings 

Non-Residential Buildings served by District Heating networks 
(installation or retrofit of Building Level Substations and metering 
devices, heat controls, and energy efficiency measures (insulation, 
external cladding) 0.87 - 

Transport 
Freight Road transport (increased fuel efficiency, preventative 
maintenance) 0.64 - 

Buildings 

Residential Buildings, individually heated (fuel switching, floor / 
roof insulation, double- and triple-glazing, external wall cladding, 
cavity wall insulation) 2.52 - 

Buildings 

Non-Residential Buildings, individually heated (fuel switching, floor 
/ roof insulation, double- and triple-glazing, external wall cladding, 
cavity wall insulation) 0.02 - 

Buildings 

Residential Buildings, individually heated (fuel switching, floor / 
roof insulation, double- and triple-glazing, external wall cladding, 
cavity wall insulation) 0.37 - 

Buildings 

Residential Buildings served by District Heating networks 
(installation or retrofit of Building Level Substations and metering 
devices, heat controls, and energy efficiency measures (insulation, 
external cladding) 3.45 - 

Industry Bricks (improved drying and firing) 0.09 - 
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Sector Description Abatement 
(tCO2) 

Price 
(EUR) 

Gas 
Transport 

Gas pipelines (repair of leaks, compressor seals, replacement of 
high-bleed pneumatic devices, direct inspection and preventative 
maintenance) 12.28 2 

District 
Heating 

New coal Combined Heat and Power (CHP), serving District  
Heating networks 0.02 9 

District 
Heating 

New coal Combined Heat and Power (CHP), serving District  
Heating networks 0.16 11 

Industry 
Lime (shell heat loss reduction, improved kiln combustion, process 
control) 2.55 20 

Power Wind (High-quality sites) 0.59 21 

Waste Waste water (flaring, waste treatment and anaerobic digestion) 1.87 26 

Power Wind (Medium-quality sites) 0.47 27 

Industry Ceramics (improved drying and firing) 0.21 28 

Industry 

Steel (replacement of OHF, process improvements including coal 
moisture control, heat recovery, energy monitoring and 
management, hot blast stove automation) 4.59 30 

District 
Heating 

District Heating networks upgrades: replacement with pre-
insulated pipes or retrofitted insulation, leakage reduction, 
preventative maintenance) 13.11 33 

Coal 
Mining 

Coal mine methane (enhanced degasification, flaring, power 
production) 27.24 33 

Transport 
Passenger Road transport (increased fuel efficiency, hybrid and 
electric vehicles, LPG) 1.07 33 

District 
Heating 

Coal Combined Heat and Power (CHP), serving District Heating 
networks (Upgrade of existing capacity) 0.19 34 

Power 
Power Transmission and Distribution (improved monitoring, control 
and fault detection, reduced losses) 1.81 35 

Waste Landfill gas (composting, waste treatment, energy generation) 3.57 37 

Buildings 

Non-Residential Buildings, individually heated (fuel switching, floor 
/ roof insulation, double- and triple-glazing, external wall cladding, 
cavity wall insulation) 3.21 37 

Power Coal power generation - Biomass co-firing 0.75 37 

District 
Heating 

Gas Heat-Only Boiler, serving District  
Heating networks (Upgrade of existing capacity) 7.46 42 

Power Wind (Low-quality sites) 7.88 43 

Transport 
Freight Road transport (increased fuel efficiency, preventative 
maintenance) 0.16 60 

Industry 
Oil refineries (energy management, improved process controls, 
pumps / motors / compressed air, waste heat recovery) 0.13 61 

Power Coal Power (Upgrade of existing coal plants) 0.02 61 

District 
Heating 

New Gas Heat-Only Boiler, serving District  
Heating networks 0.48 63 

District New Dedicated Biomass Heat-Only Boiler serving District Heating 
2.58 70 
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Sector Description Abatement 
(tCO2) 

Price 
(EUR) 

Heating Networks 

Power Hydroelectric power (large-scale, reservoirs) 11.61 75 

District 
Heating 

New Gas Heat-Only Boiler, serving District  
Heating networks 21.76 78 

Power CCGT Power (New plants) 18.79 89 

Industry Bricks (improved drying and firing) 0.12 91 

Power Wind (Medium-quality sites) 0.02 97 

Industry 
Cement (high clinker substitution, fuel switching and waste firing, 
kiln modernisation, process improvements) 2.92 98 

Industry 
Ammonia (energy management, hydrogen recovery, low pressure 
synthesis, process improvements) 1.30 99 

Transport Public transport (modernised buses) 0.48 100 

Power Nuclear Power (new build) 13.01 114 

Power Gas Power Turbine 0.02 123 

Buildings 

Residential Buildings, individually heated (fuel switching, floor / 
roof insulation, double- and triple-glazing, external wall cladding, 
cavity wall insulation) 4.57 123 

Power Dedicated Biomass Power plant 1.42 130 

Industry Paper (waste heat recovery, process control and pinch analysis) 0.97 132 

District 
Heating 

District Heating networks upgrades: replacement with pre-
insulated pipes or retrofitted insulation, leakage reduction, 
preventative maintenance) 0.13 163 

District 
Heating 

New coal Combined Heat and Power (CHP), serving District  
Heating networks 0.01 163 

Transport 
Freight Road transport (increased fuel efficiency, preventative 
maintenance) 0.05 170 

Transport 
Passenger Road transport (increased fuel efficiency, hybrid and 
electric vehicles, LPG) 1.40 179 

Buildings 

Non-Residential Buildings, individually heated (fuel switching, floor 
/ roof insulation, double- and triple-glazing, external wall cladding, 
cavity wall insulation) 1.29 180 

Power 
Power Transmission and Distribution (improved monitoring, control 
and fault detection, reduced losses) 0.03 185 

District 
Heating 

New Gas Heat-Only Boiler, serving District  
Heating networks 0.01 186 

Buildings 

Residential Buildings, individually heated (fuel switching, floor / 
roof insulation, double- and triple-glazing, external wall cladding, 
cavity wall insulation) 0.23 198 

Industry Bricks (improved drying and firing) 0.01 199 
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Table  D.3 
Full MACC, Enhanced Policies Scenario, 2030 

Sector Description Abatement 
(tCO2) 

Price 
(EUR) 

Power 
Coal Power (Rehabilitation and upgrade of existing coal 
plants) 1.88 -300 

District 
Heating 

New coal Combined Heat and Power (CHP), serving District  
Heating networks 0.81 -300 

Transport Public transport (modernised buses) 0.11 -300 

Industry 
Efficient use of electricity in Industry - modern motors, variable 
speed drives, pumps, compressors. 1.96 -260 

Industry 
Efficient use of electricity in Industry - modern motors, variable 
speed drives, pumps, compressors. 1.66 -257 

Industry 
Lime (shell heat loss reduction, improved kiln combustion, 
process control) 2.12 -223 

District 
Heating 

New coal Combined Heat and Power (CHP), serving District  
Heating networks 0.46 -218 

Power Coal Power (Upgrade of existing coal plants) 1.11 -215 

District 
Heating 

New Gas Heat-Only Boiler, serving District  
Heating networks 0.37 -206 

Power 
Power Transmission and Distribution (improved monitoring, 
control and fault detection, reduced losses) 1.60 -196 

Power 
Power Transmission and Distribution (improved monitoring, 
control and fault detection, reduced losses) 0.82 -196 

District 
Heating 

Gas Heat-Only Boiler, serving District  
Heating networks (Upgrade of existing capacity) 6.52 -195 

Industry 

Steel (replacement of OHF, process improvements including 
coal moisture control, heat recovery, energy monitoring and 
management, hot blast stove automation) 34.32 -181 

Industry 
Ammonia (energy management, hydrogen recovery, low 
pressure synthesis, process improvements) 1.06 -177 

Industry 
Ammonia (energy management, hydrogen recovery, low 
pressure synthesis, process improvements) 2.47 -175 

Industry 

Steel (replacement of OHF, process improvements including 
coal moisture control, heat recovery, energy monitoring and 
management, hot blast stove automation) 17.47 -172 

Power Solar Photovoltaic Power generation 5.89 -169 

District 
Heating 

Coal Combined Heat and Power (CHP), serving District 
Heating networks (Upgrade of existing capacity) 0.31 -164 

Transport 
Passenger Road transport (increased fuel efficiency, hybrid 
and electric vehicles, LPG) 14.87 -161 

Industry 

Oil refineries (energy management, improved process 
controls, pumps / motors / compressed air, waste heat 
recovery) 1.44 -157 

Power Wind (High-quality sites) 3.96 -147 
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Sector Description Abatement 
(tCO2) 

Price 
(EUR) 

Buildings 

Residential Buildings served by District Heating networks 
(installation or retrofit of Building Level Substations and 
metering devices, heat controls, and energy efficiency 
measures (insulation, external cladding) 7.69 -139 

Buildings 

Residential Buildings served by District Heating networks 
(installation or retrofit of Building Level Substations and 
metering devices, heat controls, and energy efficiency 
measures (insulation, external cladding) 10.61 -139 

Buildings 

Non-Residential Buildings served by District Heating networks 
(installation or retrofit of Building Level Substations and 
metering devices, heat controls, and energy efficiency 
measures (insulation, external cladding) 0.86 -135 

Buildings 

Non-Residential Buildings served by District Heating networks 
(installation or retrofit of Building Level Substations and 
metering devices, heat controls, and energy efficiency 
measures (insulation, external cladding) 1.01 -132 

Industry 
Cement (high clinker substitution, fuel switching and waste 
firing, kiln modernisation, process improvements) 1.63 -129 

Industry Ceramics (improved drying and firing) 0.32 -117 

Industry Ceramics (improved drying and firing) 0.31 -115 

Power Wind (Medium-quality sites) 3.62 -113 

Industry 
Paper (waste heat recovery, process control and pinch 
analysis) 0.02 -105 

Buildings 

Non-Residential Buildings, individually heated (fuel switching, 
floor / roof insulation, double- and triple-glazing, external wall 
cladding, cavity wall insulation) 2.22 -104 

District 
Heating New Coal Heat-Only Boiler serving District Heating Networks 0.54 -92 

Power Nuclear Power (partially complete units) 15.40 -83 

Power Hydroelectric power (small-scale, run-of-river) 0.71 -81 

Industry 
Lime (shell heat loss reduction, improved kiln combustion, 
process control) 4.13 -78 

Industry 
Cement (high clinker substitution, fuel switching and waste 
firing, kiln modernisation, process improvements) 3.16 -69 

District 
Heating 

District Heating networks upgrades: replacement with pre-
insulated pipes or retrofitted insulation, leakage reduction, 
preventative maintenance) 5.89 -60 

District 
Heating 

District Heating networks upgrades: replacement with pre-
insulated pipes or retrofitted insulation, leakage reduction, 
preventative maintenance) 10.03 -59 

Gas 
Transport 

Gas pipelines (repair of leaks, compressor seals, replacement 
of high-bleed pneumatic devices, direct inspection and 
preventative maintenance) 19.25 -49 

Industry Bricks (improved drying and firing) 0.08 -47 

Industry Bricks (improved drying and firing) 0.04 -47 
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Sector Description Abatement 
(tCO2) 

Price 
(EUR) 

Power Nuclear Power (new build) 7.70 -45 

Power Wind (Low-quality sites) 3.44 -44 

Coal 
Mining 

Coal mine methane (enhanced degasification, flaring, power 
production) 6.01 -36 

Coal 
Mining 

Coal mine methane (enhanced degasification, flaring, power 
production) 1.27 -36 

Waste 
Waste water (flaring, waste treatment and anaerobic 
digestion) 0.38 -18 

Waste 
Waste water (flaring, waste treatment and anaerobic 
digestion) 0.42 -14 

Power Nuclear Power (new build) 1.29 -7 

Buildings 

Non-Residential Buildings, individually heated (fuel switching, 
floor / roof insulation, double- and triple-glazing, external wall 
cladding, cavity wall insulation) 0.17 -3 

Power Dedicated Biomass Power plant 0.68 -2 

Buildings 

Residential Buildings, individually heated (fuel switching, floor 
/ roof insulation, double- and triple-glazing, external wall 
cladding, cavity wall insulation) 3.16 - 

Buildings 

Residential Buildings, individually heated (fuel switching, floor 
/ roof insulation, double- and triple-glazing, external wall 
cladding, cavity wall insulation) 0.01 - 

Transport 
Freight Road transport (increased fuel efficiency, preventative 
maintenance) 0.63 - 

Power Coal power generation - Biomass co-firing 3.38 - 

District 
Heating 

Gas Heat-Only Boiler, serving District  
Heating networks (Upgrade of existing capacity) 1.17 5 

Power Wind (Low-quality sites) 0.18 5 

Power Dedicated Biomass Power plant 2.30 6 

Power Coal power generation - Biomass co-firing 0.24 13 

Buildings 

Non-Residential Buildings, individually heated (fuel switching, 
floor / roof insulation, double- and triple-glazing, external wall 
cladding, cavity wall insulation) 0.72 15 

Waste Landfill gas (composting, waste treatment, energy generation) 3.58 17 

Industry 
Lime (shell heat loss reduction, improved kiln combustion, 
process control) 0.06 19 

Waste 
Waste water (flaring, waste treatment and anaerobic 
digestion) 1.07 20 

District 
Heating 

Coal Combined Heat and Power (CHP), serving District 
Heating networks (Upgrade of existing capacity) 0.01 20 

Coal 
Mining 

Coal mine methane (enhanced degasification, flaring, power 
production) 19.93 21 

Power Nuclear Power (new build) 37.32 23 

Buildings 
Residential Buildings served by District Heating networks 

7.74 26 
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Sector Description Abatement 
(tCO2) 

Price 
(EUR) 

(installation or retrofit of Building Level Substations and 
metering devices, heat controls, and energy efficiency 
measures (insulation, external cladding) 

Power 
Power Transmission and Distribution (improved monitoring, 
control and fault detection, reduced losses) 0.11 26 

Industry 
Ammonia (energy management, hydrogen recovery, low 
pressure synthesis, process improvements) 0.59 27 

District 
Heating 

New Gas Heat-Only Boiler, serving District  
Heating networks 0.43 28 

District 
Heating 

District Heating networks upgrades: replacement with pre-
insulated pipes or retrofitted insulation, leakage reduction, 
preventative maintenance) 0.78 31 

Industry Ceramics (improved drying and firing) 0.02 34 

District 
Heating 

New Dedicated Biomass Heat-Only Boiler serving District 
Heating Networks 7.07 34 

Buildings 

Non-Residential Buildings served by District Heating networks 
(installation or retrofit of Building Level Substations and 
metering devices, heat controls, and energy efficiency 
measures (insulation, external cladding) 1.61 35 

Buildings 

Residential Buildings, individually heated (fuel switching, floor 
/ roof insulation, double- and triple-glazing, external wall 
cladding, cavity wall insulation) 7.42 38 

District 
Heating 

New Gas Heat-Only Boiler, serving District  
Heating networks 14.31 41 

District 
Heating 

Gas Heat-Only Boiler, serving District  
Heating networks (Upgrade of existing capacity) 3.32 42 

Industry 
Cement (high clinker substitution, fuel switching and waste 
firing, kiln modernisation, process improvements) 2.51 47 

Power CCGT Power (New plants) 2.75 52 

Transport 
Passenger Road transport (increased fuel efficiency, hybrid 
and electric vehicles, LPG) 1.77 54 

Transport Public transport (modernised buses) 0.48 56 

Transport 
Freight Road transport (increased fuel efficiency, preventative 
maintenance) 0.20 58 

Industry Bricks (improved drying and firing) 0.09 59 

Industry 
Paper (waste heat recovery, process control and pinch 
analysis) 0.97 68 

Power Hydroelectric power (large-scale, reservoirs) 4.09 68 

Buildings 

Residential Buildings, individually heated (fuel switching, floor 
/ roof insulation, double- and triple-glazing, external wall 
cladding, cavity wall insulation) 1.81 101 

Buildings 

Non-Residential Buildings, individually heated (fuel switching, 
floor / roof insulation, double- and triple-glazing, external wall 
cladding, cavity wall insulation) 2.15 106 
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Sector Description Abatement 
(tCO2) 

Price 
(EUR) 

Buildings 

Non-Residential Buildings served by District Heating networks 
(installation or retrofit of Building Level Substations and 
metering devices, heat controls, and energy efficiency 
measures (insulation, external cladding) 2.06 133 

Power 
Power Transmission and Distribution (improved monitoring, 
control and fault detection, reduced losses) 0.07 135 

Transport 
Passenger Road transport (increased fuel efficiency, hybrid 
and electric vehicles, LPG) 0.42 164 

Buildings 

Residential Buildings served by District Heating networks 
(installation or retrofit of Building Level Substations and 
metering devices, heat controls, and energy efficiency 
measures (insulation, external cladding) 0.49 165 

Industry Bricks (improved drying and firing) 0.02 168 

District 
Heating 

District Heating networks upgrades: replacement with pre-
insulated pipes or retrofitted insulation, leakage reduction, 
preventative maintenance) 0.04 168 

Transport 
Freight Road transport (increased fuel efficiency, preventative 
maintenance) 0.06 170 

Buildings 

Residential Buildings, individually heated (fuel switching, floor 
/ roof insulation, double- and triple-glazing, external wall 
cladding, cavity wall insulation) 4.75 171 

District 
Heating 

New Dedicated Biomass Heat-Only Boiler serving District 
Heating Networks 1.54 171 

Buildings 

Non-Residential Buildings, individually heated (fuel switching, 
floor / roof insulation, double- and triple-glazing, external wall 
cladding, cavity wall insulation) 0.07 198 
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