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A gainst the backdrop of agreement that global coordinated action is needed to prevent dangerous climate change,1 
individual countries are thinking through the implications of climate action for their economies and people. Some 
countries are already observing the impact of global warming on local weather and water supply. Others wish to position 
themselves as leaders in the ongoing international negotiations. With the expectation that a global price for carbon2 will 
eventually be established, some countries may wish to push to the front on emerging clean technology industries and 
avoid ‘stranded assets’—expensive long-lived infrastructure such as dirty coal-burning generators. Some simply want to 
inform policymaking on a key issue. Given that Poland ratified the Kyoto Protocol and hosted the December 2008 round 
of international climate negotiations,3 ‘carbon’ mitigation is not a new issue for Poland. But with its obligations as a mem-
ber of the European Union making that commitment more concrete, it is an opportune time to assess more thoroughly 
the complex economic impact of emissions mitigation by Poland, in particular the expected tradeoffs between reducing 
greenhouse gases4 (GHGs) and sustaining economic growth and employment. 

There is a broad consensus that the world is warming and that human activity is primarily to blame. Average global 
temperatures and sea levels are rising while the extent of Arctic sea ice, mountain glaciers, and snow cover is declining. 
The Intergovernmental Panel on Climate Change (IPCC) has concluded that warming of the Earth’s climate system is un-
equivocal and that anthropogenic (human-made) greenhouse gas emissions, generated mostly by the burning of fossil 
fuels and deforestation and changes in land use, are to blame. The level of carbon dioxide (the most important GHG) in 
the atmosphere is already the highest concentration in the last 650,000 years (at 379 parts per million (ppm) in 2005 as 
compared with 280 ppm in the preindustrial era). Via the ‘greenhouse effect’, these high and rising levels of GHGs are 
projected to raise average global temperatures over the next 100 years by 1 to 6°C. 5 (See Box 1). 

1 Climate change is defined as changes in the mean or variability of weather (generally, temperature, precipitation and wind) over a multi-year period, 
generally 20 or 30 years (following usage by the Intergovernmental Panel on Climate Change).

2 Note that throughout this report, the words ‘carbon’ and ‘emissions’ are used interchangeably as a shorthand for greenhouse gas emissions, usu-
ally measured in carbon dioxide equivalent (CO2e) units. 

3 Poland is a signatory to the 1992 United Nations Framework Convention on Climate Change (UNFCCC) and has ratified the 1997 Kyoto Protocol. 
4 Greenhouse gases trap heat within the atmosphere, creating the greenhouse effect (warming of the atmosphere which would otherwise have a 

temperature of -19°C). In this report, GHGs refer to the anthropogenic greenhouse gases covered by the UNFCCC: carbon dioxide (CO2), methane 
(CH4), and nitrous oxide (N2O); and the F-gases (or halocarbons) covered by the Kyoto Protocol: hydrofluorocarbons, perfluorocarbons, and sul-
phurhexafluoride. 

5 IPCC (2007), Climate Change 2007: Synthesis Report. Contribution of Working Groups I, II and III to the Fourth Assessment Report of the Inter-
governmental Panel on Climate Change [Core Writing Team, R.K. Pachauri and A. Reisinger (eds.)]. Intergovernmental Panel on Climate Change, 
Geneva, Switzerland, 104 pp. 
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Box 1. The Inter  governmental Panel on Climate Change’s (IPCC) Fourth Assessment Report

The Intergovernmental Panel on Climate Change (IPCC), established by the United Nations in 1988, assesses scientific 
information and environmental and economic consequences of climate change, in support of the United Nations 
Framework Convention on Climate Change (UNFCCC). This box summarizes key conclusions of their 2007 Assess-
ment Report, which today appears conservative in its conclusions. According to its most recent Report, representing 
a consensus view among more than 2000 scientists worldwide on climate change, warming of the climate system is 
unequivocal, based on evidence from increases in global average air and ocean temperatures (especially over the last 
50 years), widespread melting of snow, Arctic ice, and mountain glaciers (over the last 30 years or so), and rising global 
average sea level (over the last 50 years or so). 
This global warming is being driven by rising atmospheric concentrations of greenhouse gases, in particular carbon 
dioxide. Human activities result in emissions of four long-lived GHGs: carbon dioxide (CO2), methane (CH4), nitrous 
oxide (N2O) and halocarbons (a group of gases containing fluorine, chlorine and bromine that can destroy strato-
spheric ozone). Atmospheric concentrations of GHGs increase when emissions are larger than removal processes. The 
IPCC report notes that “global atmospheric concentrations of CO2, CH4 and N2O have increased markedly as a result 
of human activities since 1750 and now far exceed pre-industrial values”. From a pre-industrial level of 280 ppm, CO2 
concentrations were at 390 ppm in mid-2010. 1

There is little doubt that human activity is the cause of higher GHG levels and, therefore, of climate change. “Global 
increases in CO2 concentrations are primarily due to fossil fuel use, with land-use change providing another significant 
but smaller contribution. It is very likely [with a confidence level greater than 90 percent] that the observed increase in 
CH4 concentration is predominantly due to agriculture and fossil fuel use. The increase in N2O concentration is primar-
ily due to agriculture.”2 Overall, human-made emissions rose 70 percent between 1970 and 2004 (see Figure 1), driven 
primarily by the energy supply sector. 

Figure 1. Global a nnual emissions of greenhouse gases

Note: (a) Global annual emissions of anthropogenic GHGs from 1970 to 2004 (b) Share of different anthropogenic GHGs 
in total emissions in 2004 (c) Share of different sectors in total anthropogenic GHG emissions in 2004 (Forestry includes 
deforestation.) GtCO2-eq is gigatonnes (billions of metric tons) of carbon dioxide equivalent, a common metric based on 
the differing warming influences of each GHG. Source: IPCC (2007), p. 5.

In the absence of additional climate mitigation policies, global GHG emissions are projected to increase by 25 to 90 
percent between 2000 and 2030. Using a range of scenarios, world temperatures are projected to rise by between 1.1 
and 6.4°C compared with 1980-99 (with a confidence level greater than 66 percent) while sea levels will rise by 18 to 
59 cm during the 21st century (but with a high degree of uncertainty). Further, with a confidence level greater than 
90 percent, there will be more frequent warm spells, heat waves and heavy rainfall; and with confidence level greater 
than 66 percent, there will be an increase in droughts, tropical cyclones and extreme high tides. Abrupt or irreversible 
impacts are possible, such as partial melting of polar ice sheets (which would cause meters of sea level rise); changes in 
ocean circulation such as the Gulf Stream; and, if global average temperature increase exceeds about 3.5°C, extinction 
of 40 to 70 percent of terrestrial species and widespread coral mortality in marine ecosystems. 
Source: IPCC (2007). 

1    Data from US National Aeronautics and Space Administration’s Jet Propulsion Laboratory.
2    IPCC (2007), p. 5

FiFigugurere 1 1. GlGlobobalal a an nnunualal e emimissssioionsns o off grgreeeenhnhouousese g gasaseses

NNoNottete:: ((a(a( ))) ) GlGlGl bobob lalal a annnnuaualll ememiisis isisiononss fofof a a tntnthhrhropoppogoggeneniicic GG GHGHGHGss ffrfromom 11 1979797000 ttoto 22 2000000444 (b(b(b( ))) ) ShShShararee fofof dd difififffeferere tntnt a a tntnthhrhropoppogoggeneniicic GG GHGHGHGss 
iinin t totot lalal e e imimissssiioionsns ii inn 20200404 (( ( )c)c) S Shhaharere o offf dididiffffffererenentt sesectctororss iinin t totot lalal a antnthhrhropoppogoggeneniicic G GHGHG e e imimissssiioionsns ii inn 20200404 (( (FoForereststryryy ii incnclluluddedess 
dededefofoforererestststatatatioioionnn.))) GtGtGtCOCOCO22 e-eeqqq isisis gg gigigigatatatonononnenenesss (b(b(bililillililionononsss ofofof mm metetetriririccc tototonsnsns))) ofofof cc carararbobobonnn dididioxoxoxididideee eqeqequiuiuivavavalelelentntnt, aaa cococommmmmmononon mm metetetriririccc bababaseseseddd ononon
thththeee dididifffffferererinininggg wawawarmrmrminininggg inininflflflueueuencncnceseses oo offf eaeaeachchch GG GHGHGHG. SoSoSourururcecece::: IPIPIPCCCCCC (( (202020070707))), pp p. 555.
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Unfettered climate change will impose enormous costs unevenly distributed across countries, with developing 
countries faring the worst. As the World Bank’s World Development Report 2010 has stressed, the projected rise in tem-
peratures will create “a vastly different world from today, with more extreme weather events, most ecosystems stressed 
and changing, many species doomed to extinction, and whole island nations threatened by inundation”.6 A 2°C warming 
above preindustrial levels will cause more frequent and stronger extreme weather events, including heat waves, drought, 
flooding, and hurricanes; increased water stress in many world regions and especially in Africa and Asia; declining food 
production in many tropical regions as cereals become no longer cultivable in low latitudes; coastal erosion and aquifer 
salinization; and damaged ecosystems and biodiversity loss, including widespread dying off of coral reefs and shifting 
ranges for pests and diseases. These consequences will fall disproportionately on developing countries, with estimates of 
a 4 to 5 percent permanent reduction in annual income per capita in Africa and South Asia and a global average GDP loss 
of about 1 percent.7 

While other parts of the globe will face the greatest harm, the countries of Central and Eastern Europe and Cen-
tral Asia8 face considerable threats from climate change. Rising temperatures and shifting precipitation patterns will 
aggravate winter floods and summer droughts and heat waves. Precipitation intensity is expected to increase across the 
region while water availability is projected to decrease everywhere but Russia. The rapid melting of the region’s glaciers 
will reduce summer water availability, with severe impacts in irrigation-dependent Central Asia. Changes in sea level will 
affect the four major basins—the Baltic Sea, the East Adriatic and Turkey’s Mediterranean coast, the Black Sea, and the 
Caspian—as well as the Russian Arctic Ocean, threatening low-lying areas such as, for example, Poland’s heavily populated 
coast. Increased temperatures and changing hydrology are expected to generate substantial tree loss and degradation, 
the northward migration of pests, and the return of malaria to Europe.9 

The international community has been negotiating a coordinated response to the threat of climate change for 
some time. Under the Kyoto Protocol to the United Nations Framework Convention on Climate Change (UNFCCC), indus-
trialized countries and economies in transition (or ‘Annex 1’ countries under the UNFCCC) committed in 1997 to reduce 
greenhouse gas emissions by about 5.2 percent during 2008-12 compared to 1990. The UNFCCC climate summits in 
Copenhagen in December 2009 (Conference of the Parties or COP-15) and in Cancun in December 2010 (COP-16) aimed 
to make progress on post-2012 emission targets and their allocation. A 2 to 2.5°C increase in global temperatures above 
preindustrial levels by 2050 has been accepted as a target because it is considered achievable while also likely to prevent 
some of the most catastrophic potential effects of climate change, such as major increases in global sea level and disrup-
tion of agriculture and natural ecosystems. The stabilization of greenhouse gases at 450 ppm CO2e (or carbon dioxide-
equivalent),10 which would provide a 40 to 50 percent chance of limiting the temperature rise to 2°C, requires emissions 
to be reduced by at least 50 to 85 percent in 2050 compared to 2000 levels and global emissions need to peak prior to 
2020, according to the IPCC. Intermediate targets for 2020 have also been suggested, including an indicative range of 25 
to 40 percent reductions compared to 1990 for developed and transition countries.11

The European Union has taken a proactive stance through its ‘climate and energy package,’ setting ambitious miti-
gation targets for its members for 2020 in advance of an international agreement. Following the European Council’s 
decision for unilateral emissions reductions of 20 percent by 2020 at its March 2007 summit, the package of measures 
referred to as the ‘20-20-20 targets’ was approved by the European Parliament in December 2008 and became law in 
June 2009.12 By 2020, EU emissions are to be cut by 20 percent (or 30 percent if a global deal is reached); energy efficiency 

6 World Bank (2009), World Development Report 2010: Development and Climate Change, p. 1.
7 World Bank (2009), p. 5. 
8 Central and Eastern Europe and Central Asia includes: Albania, Armenia, Azerbaijan, Belarus, Bosnia and Herzegovina, Bulgaria, Croatia, Czech 

Republic, Estonia, Georgia, Hungary, Kazakhstan, Kosovo, Kyrgyzstan, Latvia, Lithuania FYR Macedonia, Moldova, Montenegro, Poland, Romania, 
Serbia, Slovakia, Slovenia, Tajikistan, Turkey, Turkmenistan, Ukraine, and Uzbekistan. 

9 Fay, Marianne, Rachel I. Block, and Jane Ebinger, eds. (2010), Adapting to Climate Change in Eastern Europe and Central Asia (World Bank). 
10 GHGs differ in their warming influence (radiative forcing) on the global climate system due to their different radiative properties and lifetimes in the 

atmosphere. These warming influences may be expressed through a common metric based on the radiative forcing of CO2. CO2-equivalent emission 
is the amount of CO2 emission that would cause the same time-integrated radiative forcing, over a given time horizon, as an emitted amount of a 
long-lived GHG or a mixture of GHGs. 

11 IPCC (2007). 
12 European Union (2008), The Climate Action and Renewable Energy Package: Europe’s Climate Change Opportunity. 
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is to be increased by 20 percent; and 20 percent of energy used is to come from renewables.13 Higher emission sectors 
are included in an EU-wide cap-and-trade system (the Emissions Trading Scheme) while other sectors face national targets 
only. Thus, EU members such as Poland already face specific obligations for climate action. 

Poland faces a particular challenge in CO2 mitigation because of its reliance on abundant domestic coal. 85 percent 
of Poland’s GHG emissions come from the energy sector, and more than 90 percent of electricity comes from coal-fired 
power plants (which emit the highest levels of CO2 per unit of electricity of any power generation technology, and roughly 
two to three times as much as equivalent gas-fired plants). Despite progress over the last two decades, Poland’s economy 
remains twice as energy intensive as the EU average. Also, while emissions overall have fallen by near 30 percent since 
Poland’s transition to a market economy began, those from the transport sector have grown by almost three-quarters (al-
though they still constitute just over 10 percent of total emissions). There is understandable concern in Poland that a move 
towards a lower carbon economy will boost electricity prices, already amongst the highest in the region, which in turn will 
undermine welfare and profitability, with devastating effect on employment at home and competitiveness abroad. How 
costly will it be for Poland to move to a lower carbon path? What combination of energy efficiency, shifts in fuel for power 
generation, and other measures is most desirable? How steep is the tradeoff between carbon abatement and growth?
 
Through the Low Carbon Growth Country Studies Program, the World Bank has been supporting selected coun-
tries’ work on lower carbon development paths. In 2007, the donor community asked the Bank to build on its ex-
perience in developing country-specific marginal abatement cost curves which aggregate the incremental costs of GHG 
mitigation measures relative to a business-as-usual scenario and the associated financing needs. The Bank was asked to 
assist in preparation of low carbon country case studies for Brazil, China, India, Indonesia, Mexico, and South Africa. These 
studies aim to integrate carbon abatement targets with objectives for economic growth and poverty alleviation. The Bank 
has been careful to ensure that these studies are client led, to help ensure the transition to implementation. As a result, 
each study has taken a different approach, appropriate to the client country and building on experience. This report on 
Poland draws on that ongoing experience but aims to go further in addressing the macroeconomic impact of a low emis-
sions growth strategy by integrating ‘bottom-up’ engineering analysis with ‘top-down’ economy-wide modeling. 

The rest of the report is organized along the following lines. The next section provides background on Poland’s green-
house gas emissions. Then section B sets out Poland’s existing carbon abatement targets and key policy challenges related 
to GHG mitigation. The next section summarizes the innovative methodological approach used by the report. Section D 
discusses the methods and implications of constructing business-as-usual or reference scenarios. Section E provides the 
major findings from the first model, the engineering approach, on the costs of measures aimed at GHG mitigation for Po-
land. Section F explains how these findings are expanded and revised by incorporation into the first macroeconomic mod-
el. Section G provides an analysis of the economic impact through 2020 of mitigation measures within the constraints of 
EU policy arrangements. Section H examines the energy sector and how Section E’s findings are enhanced by optimization 
of the structure of the energy sector. Section I takes a first look at the challenges of energy efficiency. Section J provides 
additional analysis of the transport sector. The last section provides some notes on additional issues and further work. 

13 Renewable energy (or renewables) is energy which comes from natural resources such as sunlight, wind, rain, tides, and geothermal heat, which 
are renewable (naturally replenished).
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Poland is not among the largest emitters of greenhouse gases globally, but its economy is among the least carbon-
efficient in the EU. Poland’s global share in GHG emissions is just 1 percent; and its per capita emissions are about the 
average for the EU. Poland cut its emissions considerably as a side effect of the restructuring of transition to a market 
economy, but the link between growth and emissions has re-emerged in recent years. A critical difference in the make-up 
of Poland’s emissions is the dominance of the power sector and its extraordinary dependence on coal. Apart from energy 
sector, Poland’s transport sector has experienced very high rates of emission growth, and energy efficiency, although im-
proving, remains below EU averages. 

Poland contributes marginally to the global carbon footprint, with a share in global GHG emissions equal to about 
1 percent. The EU as a whole is responsible for about 13 percent of global emissions, while China and the US, the larg-
est emitters, are responsible for almost 40 percent of global emissions between them. (Figure 2). On a per capita basis, 
Poland emits about 10 metric tons of CO2e (tC02e) each year, which is the average across the EU (with most countries at 
between 7 and 15 tC02e per capita). On average, Europeans emit less than half the greenhouse gases of North American 
or Australian citizens. Nonetheless, this level remains well above the global average of 7 tC02e as well as the benchmark 
of 2, the average global per capita emissions consistent with a 2°C rise in temperature.14 

Figure 2. World’s la rgest greenhouse gas emitters, 2005, in percent
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Source: World Resources Institute, World Bank staff calculations. 

Despite unremarkable overall emissions levels, Poland’s economy remains among the least carbon-efficient in the 
EU. In 2007, around 1.3 metric tons of CO2e were required to produce €1 million in GDP, while the EU average was less 
than 0.5 tC02e. This high emissions-intensity of the economy is due partly to high amounts of CO2 generated by the en-
ergy consumed but also to the high energy intensity of production in Poland. While in the EU on average, consumption 
of energy equal to one ton of oil equivalent15 generates 2.5 metric tons of CO2, in Poland the same ratio is around 3.4 
(Figure 3), despite the downward trend of carbon intensity in Poland over the last two decades. At the same time, energy 
used per million euros of GDP, at 400 tons of oil equivalent, greatly exceeds the EU-wide average of 169 (Figure 11) and 
stands at about the world average (Figure 4). Among transition economies, Poland’s performance appears better: its 
carbon intensity on a per capita basis is situated in about the middle of the countries of Eastern and Central Europe and 
Central Asia (see Figure 5). 

14 The Contraction and Convergence model developed by the Global Commons Institute estimates that to contain global warming to 2°C increase, 
which is typically associated in climate models with a CO2e concentration of 400-500 ppm, emissions per capita must come down to 2 tC02e per 
capita by 2050. The Institute has advocated for an egalitarian sharing of emissions abatement costs under which every country brings emissions 
per capita to the same level.

15 Toe (ton of oil equivalent) is the amount of energy released by burning one ton of crude oil, approximately 42 GJ or 11.63 MWh (according to the 
IEA and OECD).

POLAND’S GREENHOUSE GA S EMISSIONS
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Figure 3. CO2 intensi ty of energy use in Poland and EU27 Figure 4. Energy inten sity across countries, 2007 (toe/M€)
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Figure 5. Carbon intens ity in Central and Eastern Europe and Central Asia, 2005
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Poland’s transition to a market economy had a co-benefit of sharply reduced carbon emissions. From 564 million 
metric tons of CO2e in 1988, greenhouse gas emissions collapsed along with output through 1990 (declining 20 percent), 
as inefficient, often highly energy-intensive plants shut down during the early years of transition. The period of 1996 to 
2002 witnessed another 17 percent decline in emissions but while GDP expanded. Overall, although Poland’s GDP near 
doubled during 1988 to 2008, its GHG emissions were reduced by about 30 percent. Nevertheless, during the last half 
decade or so, a more traditional positive correlation between GDP growth and GHG emissions has re-established itself. 
(See Table 1 and Figure 6).16 

Table 1. Poland’s g  reenhouse gas emissions, 1988, 2000, and 200
Emissions, in MtCO2e 1988 2000 2008

GHG emissions (without LULUCF) 564.0 390.2 395.6
Net emissions/removals by LULUCF -28.7 -24.5 -39.2
GHG net emissions with LULUCF 535.3 365.7 356.4

 GHG emissions (without LULUCF) 1988 to 2000 2000 to 2008 1988 to 2008

Changes in emissions, % -30.8 1.4 -29.9
Average annual growth rates, % -3.0 0.2 -1.8

Notes: LULUCF is land use, land use change, and forestry.
Source: Fourth National Communication under the UNFCCC. 

Figure 6. Economic growth  and GHG emissions in Poland, 1988-2008
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Source: World Resources Institute, UNFCCC, Central Statistical Office, World Bank staff calculations. 

Poland’s types and sources of greenhouse gas emissions resemble those for the rest of the EU except for the elec-
tricity sector. The breakdown of Poland’s greenhouse gas emissions by type of gas show that its emissions are predomi-
nantly CO2 (with a more than 80 percent share), with the EU overall at about the same level. Compared with the rest of 
the world, emissions from agriculture are less important in the EU and in Poland. One point of departure from the EU and 
even from the EU1017 is Poland’s greater emissions from the electricity and heat sector (Figure 7 and Figure 8). 

16 Net emissions removals by land use, land use change, and forestry (LULUCF) are shown in Table 1. Because they are not a central issue for Poland 
and because consistent cross-country measurement of LULUCF remains under discussion, the remainder of this report considers emissions without 
LULUCF. 

17 The EU10 consists of Bulgaria, Czech Republic, Estonia, Hungary, Latvia, Lithuania, Poland, Romania, Slovakia, and Slovenia.
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Figure 7. GHG emissions by  gas, 2007 Figure 8. GHG emissions by s ector, 2007
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Poland’s energy mix is dominated by coal to such an extent that it is an outlier in both Europe and globally. In con-
trast to the EU overall or even to the EU10, in Poland solid fuels (coal and lignite) constitute 57 percent of gross inland 
energy consumption (Figure 9). The share of natural gas (13 percent) and renewable energy (5 percent) are significantly 
below the EU15 and EU10. Also, Poland is one of 11 countries in the EU and one of 3 countries in the EU10 with no en-
ergy generated by nuclear power plants. Poland’s dependence on domestically available coal is one of the highest in the 
world. Over 90 percent of electricity in Poland is generated from coal and lignite (Figure 10), which is the highest share 
in the EU. 

Figure 9. Energy consumption  by fuel, 2007 Figure 10. Electricity generat ion by fuel, 2007 
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Source: European Commission, World Bank staff calculations.

Poland has made considerable advances in energy efficiency in the past 20 years; yet further efforts are required to 
bring it to Western European standards. Per unit of GDP, Poland’s economy is still more than twice as energy intensive 
as the EU average.18 Advances in energy efficiency, which were dramatic during 1988 to 2000, have slowed during the 
most recent decade (see Figure 11). Consumption of energy per € of GDP has fallen by half during 1990 to 2007, from 
781 tons of oil equivalent required for every hundred million euros of output to 400. From a level of energy intensity 3.4 
times higher than the EU average, Poland as of 2007 stands 2.4 times above the EU.

18 Alternative statistics, using GDP adjusted for purchasing power parity, as reported by the IEA, suggest a smaller gap between Poland’s and Western 
European energy intensity of about 30 percent. 
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Figure 11. Energy intensity in  EU27 and Poland, in toe/M€ 
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While the energy sector currently dominates Poland’s emissions profile, emissions from the transport sector have 
been growing at a high rate. Energy sector emissions have fallen by one-third since 1988, although the sector still pro-
duces near half of the country’s greenhouse gases. Transport, on the other hand, while constituting about 10 percent of 
overall GHG emissions has grown by almost three-quarters since transition. Moreover, Poland still has relatively low rates of 
motorization, which argues that the growth of road transport will likely be high going forward. Further complicating the 
picture is the very high share of used vehicles, which tend to be much more fuel inefficient and polluting (see Figure 12). 

Figure 12. Change in GHG emissio ns by key sector, 1988 to 2006, in percent
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Source: UNFCCC, Greenhouse Gas Inventory, 2006. 

The level and structu   re of Poland’s greenhouse emissions will be important as the next sections lay out the chal-
lenges of moving towards a lower carbon growth path. Poland’s overall carbon intensity of GDP, the sectoral composi-
tion of emissions, its dependence on coal, and its progress to date will all be important factors in assessing the economic 
costs of abatement. The combination of large energy and carbon efficiency gaps in Poland and huge investment require-
ments in energy, infrastructure, and housing suggests there is a substantial scope for climate-smart policy choices that 
would likely yield benefits regardless of climate developments.
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The international agreement on climate change that will eventually supersede the Kyoto Protocol and, more im-
mediately, compliance with EU policies on climate change, pose policy challenges for Poland. Poland’s greenhouse 
gas emission levels and its achievements to date seem to argue that further movement towards a low emissions economy 
might simply be a matter of accelerating existing momentum. On the other hand, Poland’s heavy dependence on coal 
would seem to make such a transition highly challenging. While Poland has been actively involved in global discussions 
on climate change policy and has easily met the Kyoto Protocol’s requirements for emissions reduction, the country now 
faces a complex set of regulations under the EU’s climate and energy package and will likely face ambitious mitigation 
targets as part of an eventual global agreement. 

Poland has been an active participant in international negotiations on climate change. Poland participated in the 
Earth Summit in Rio de Janeiro in 1992 and adopted the United Nations Framework Convention on Climate Change. In 
mid-1998, Poland ratified the Kyoto Protocol (Box 2) and committed to a modest reduction of GHG by 2012 (see Box 2). 
The country hosted the 14th Conference of the Parties (COP-UNFCCC) to review the Convention’s progress and discuss its 
successor at Poznan, Poland in December 2008; and with Indonesia (the chair of the preceding COP in December 2007), 
and Denmark (the chair for December 2009), Poland formed a ‘troika’ of countries aiming at a new treaty agreement to 
replace the Kyoto Protocol which lapses in 201

Box 2. The Kyoto Protocol of the UNFC CC
The Kyoto Protocol is an international agreement linked to the United Nations Framework Convention on Climate 
Change. While the UNFCCC encouraged industrialized countries to reduce GHG emissions, the Kyoto Protocol set bind-
ing targets for Annex 1 Parties--37 industrialized countries, including all members of the European Union--by an aver-
age of 5 percent against 1990 levels over the five-year period 2008-2012. Some countries with economies in transition 
negotiated a pre-transition base year: Bulgaria (1988), Hungary (average of 1985 to 1987), Poland (1988), Roma-
nia (1989) and Slovenia (1986). The Protocol was adopted in Kyoto, Japan, in December 1997 and entered into force in 
2005. Among industrialized countries, only the United States failed to ratify the Protocol. 
Countries must meet their targets primarily through national measures, but the Protocol offers three alternative (or flex-
ibility) mechanisms:
• International emissions trading (“the carbon market”). Annex 1 countries that have emissions permitted but not 

“used” are allowed to sell excess capacity to other Annex 1 countries. Because carbon dioxide is the principal green-
house gas, the market is called the “carbon market.” At present, the European Union Emissions Trading Scheme (EU 
ETS), established in 2005, is the largest in operation.

• Clean development mechanism (CDM). Annex 1 countries can meet part of their caps using credits generated by 
CDM emission reduction projects in developing countries.

• Joint implementation (JI). Annex 1 countries can invest in JI emission reduction projects in any other Annex 1 coun-
try as an alternative to reducing emissions domestically. 

Source: UNFCCC website.

As noted earlier, Poland’s transition to a market economy had a co-benefit of sharply reduced carbon emissions, 
causing it to outperform against its Kyoto commitments. The country continues to exceed its Kyoto targets by a large 
margin, with its 2007 level of emissions 29 percent below the base year (against a target of 6 percent).19 For the EU over-
all, it has been the large shifts in energy intensity by transition countries who joined the EU in 2004 and 2006 that have 
allowed the EU as a whole to meet its aggregated Kyoto commitments. The 15 members of the European Union from 
before 2004 have reduced greenhouse emissions by 4 percent by 2007 compared to the base year, while the EU10 have 
35 percent lower emissions. Together, the 27 members of the EU have cut emissions by about 12 percent (exceeding their 
combined Kyoto target of 8 percent).20 

Energy security and climate action have been included as key priorities in recent government strategy documents. 
The Poland 2030 Report was prepared by the Board of Strategic Advisers to the Prime Minister and presented in May 

19 Poland can sell its surplus emission reductions to deficit countries under the Kyoto Protocol, which sets specific rules and arrangements (Box 2). 
The first transaction was with Spain in November 2009, followed by two transactions with Japan and one with Ireland. By end-May 2010, the total 
value of transactions amounted to over €80 million. 

20 But note that Kyoto commitments are for the EU15 and separately for another 10 member states. 
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2009.21 One of its ten key development priorities is a harmonization of climate change and energy challenges to ensure 
adequate energy supplies while meeting environmental targets, including climate protection. Among Poland’s objectives 
for 2030 are to achieve economic growth without additional demand for primary energy and to reduce the energy inten-
sity of Polish economy to the EU-15 level. The Government’s commitment to low-emissions growth was confirmed in the 
Energy Policy of Poland until 2030, adopted by the Council of Ministers in November 2009.22 In line with the above, the 
primary aims of Polish energy policy are to:
• improve energy efficiency;
• enhance the security of fuel and energy supplies;
• diversify electricity generation by introducing nuclear energy;
• develop the use of renewable energy sources, including biofuels;
• develop competitive fuel and energy markets; and,
• reduce the environmental impact of the power industry.

As an EU member state, Poland is subject to EU policies on climate change mitigation. In particular, Poland must com-
ply with the climate and energy package referred to as “the 20-20-20 targets”, which was approved in December 2008 
(see Annex 1 for more details). This package requires comprehensive action by EU members on overall emissions reduction 
across all sectors in the economy. With the EU aiming to lead the global action against climate change, it has set ambitious 
targets for 2020 for itself: a 20 percent reduction in greenhouse gas emissions compared to 1990 levels (a 14 percent 
reduction compared to 2005); a 20 percent renewable energy target as a percent of gross final energy consumption, 
including a 10 percent share of biofuels in the transport fuel market; and a 20 percent reduction in primary energy use 
compared to projected levels under a business-as-usual scenario, to be achieved through energy efficiency improvements. 

Table 2. Breakdown of EU 20-20-20 regu lations by sector groups
ETS s(that must use the EU Emissions Trading Scheme for CO2 permits) Non-ETS (with national targets)

Power Non-power

Transport, construction, services, smaller industrial 
and energy installations, agriculture, and waste.

Power stations and 
other large fuel com-
bustion installations

Oil refineries, coke ovens, iron and steel, cement, 
glass, lime, bricks, ceramics, and pulp, paper and 
board, petrochemicals, ammonia, aluminum, acid 
production, and aviation (possibly covered from 
2011 or 2012).

Source: World Bank staff based on EU publications.

21 Board of Strategic Advisers to the Prime Minister, (2009), Poland 2030: Development Challenges, .
22 Ministry of Economy (2009), Energy Policy of Poland until 2030, Appendix to Resolution no. 202/2009 of the Council of Ministers, Government of 

Poland (10 November). 
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Figure 13. GHG emissions in Poland and  EU, by ETS and non-ETS sectors, %, 2005
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Note: The breakdown is approximate, based on sector data available in the national accounts. Because the EU regula-
tions apply by installation, the ETS share for Poland is overestimated as it includes small energy installations, for example. 
Accordingly, the non-ETS share is underestimated. Based on the 2005 data reported by KASHUE-KOBiZE, ETS emissions in 
2005 were about 17 MtCO2e lower than the results from the breakdown by sector (203 instead of 220 MtCO2e).
Source: World Bank staff calculation based on EU KLEMS database (on productivity by industry for EU member states with 
a breakdown into contributions from capital (K), labor (L), energy (E), materials (M) and service inputs (S)).

The 20-20-20 package segments sectors into two groups as well as setting multiple targets. The targets for over-
all reduction and for renewable energy have been translated into legally binding commitments, while the third target 
(on energy efficiency) has been left as indicative only. Large installations in energy-intensive sectors are covered by the 
EU-wide Emissions Trading Scheme (EU-ETS), a cap-and-trade arrangement (see Table 2). These sectors—energy, heavy 
industry, and fuels—are referred to as ’ETS’ sectors, while everything else is categorized as ‘non-ETS’ sectors. In Poland, 
approximately 60 percent of CO2 emissions in 2005 were generated in the ETS sectors (compared with about 40 percent 
in the EU as a whole) (see Figure 13). For the non-ETS sectors, the package requires a reduction in emissions by 10 percent 
compared to 2005 in the EU27. That EU-wide target was translated into a national target for Poland of an increase in its 
non-ETS emissions by 14 percent (see Figure 14). Poland also committed to a 15 percent share of renewable energy in 
gross final energy consumption by 2020 (up from 7.5 percent in 2006), including a 10 percent share of biofuels in the 
transport fuel market (overall fuel consumption).23 

23 The third “20” of the 20-20-20 package—a 20 percent reduction of primary energy consumption compared to the business-as-usual level for 2020 
(that is, an increase in energy efficiency by 20 percent)—is not legally binding. 
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Figure 14. GHG emission targets in the E U 20-20-20 package

Notes: Emission crediting from projects undertaken in other countries was set up under the Kyoto Protocol (see Box 2). 
CDM is Clean Development Mechanism; JI is Joint Implementation. 
Source: EU regulations; World Bank staff calculations.

The EU targets are more ambitious than Kyoto targets and, therefore, likely to require more efforts, sectoral ad-
justments, and resources from EU members to achieve. In contrast to Kyoto, there are no overall country targets. The 
national targets are only for non-ETS sectors, while the reduction target for ETS sectors is EU-wide. In the most important 
ETS sector—power—auctions will be phased in gradually from 2013, and full auctioning of ETS permits is to be in place by 
2020. Aviation may be included into the EU-ETS as early as 2011. Other industrial ETS sectors will step up to full auction-
ing by 2020, while sectors particularly vulnerable to competition from producers in countries without comparable carbon 
constraints (carbon leakage24) will have until 2027 to be phased in. In addition, auctions will be open. Thus, any EU opera-
tor will be able to buy allowances in any member state. The EU ETS phasing-in process is presented in detail in Annex 1. 

The EU 20-20-20 package contains both an EU-wide cap-and-trade approach and possible national carbon taxes. 
The EU Emissions Trading Scheme for energy-intensive large installations is a cap-and-trade mechanism—policymakers 
set quantities and the market determines the price. The abatement target for the ETS sectors is EU-wide, and emissions 
in the EU in 2020 will have to be 21 percent lower than in 2005 (Figure 15). For smaller installations and those in less 
energy-intensive sectors, each member state may specify additional domestic abatement policies to comply with their 
country-specific targets, and many may consider introducing carbon taxes in these sectors—that is, setting prices instead 
of quantities. As discussed in Annex 2, policymakers can choose between controlling price and controlling quantity, taking 

24 Carbon leakage occurs when emissions reductions are offset by increases in other countries. For example, if the emissions policy of the first country 
raises local costs, a trading advantage may be created for the other country with lower standards, and production may move offshore. 
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into consideration aspects such as transparency, operating (or transaction) costs, public acceptability, dynamic efficiency, 
revenue and distributional issues, and international harmonization. 

Figure 15. EU-wide and Poland’s 2020 targ ets, ETS and non-ETS sectors, MtCO2e and % vs. 2005
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Poland is likely to receive significant fiscal revenues in the future from ETS auctions. Revenues from the ETS will add 
to member states’ revenues in proportion to the emissions traded through their national systems. The allocation of the 
revenues will be a national policy choice; however, countries are encouraged by the EU to use at least half of them on 
‘green’ initiatives. The EU also encourages that part of the revenues go towards helping developing countries adapt to 
climate change. Future fiscal revenues from ETS auctions in Poland, as elsewhere, will be inversely related to the number 
of allowances allocated for free. The potential derogations for the modernization of electricity generation25 and granting 
emission allowances for free will proportionally decrease revenues from auctions. A very rough estimate of total potential 
allocation over 2013-2020 is 1.8 billion metric tons of CO2. Assuming, for example, that 50 percent of allowances in the 
EU will be distributed for free during 2013-2020, the remaining 900 million will be auctioned. At a price of €15, which is 
close to the market price of carbon as of late May/June 2010, total revenues during 2013-20 would reach more than €13 
billion; if the price were higher, e.g., €25, revenues would exceed €22 billion. According to some preliminary estimates for 
2013 applying EU regulations26, Poland may have 155 MtCO2 of allowances available for auctions (see Table 20 in Annex 
1), which would be worth over €2 billion at a carbon price of €15 per metric ton, or near €4 billion at a price of €25. These 
amounts are equivalent to 0.8 and 1.3 percent of projected GDP in 2013, but any derogations or free allocations would 
reduce the auction receipts available for the budget. 

There are costs, however, in this dual and segmented approach. In principle, the initial allocation of the EU-wide emis-
sion cap between ETS and non-ETS sectors at the EU level and the subsequent split of the non-ETS budget across Member 
States need not have adverse implications for cost-effectiveness as long as comprehensive emissions trading across all 
segments of the economy is assured. However, current EU legislation does not foresee such trading. Diverging marginal 
abatement costs across emission sources are a likely consequence of this segmentation, causing emission abatement in 
the EU overall to become much more expensive compared to a comprehensive EU-wide cap-and-trade system and caus-

25 A derogation is a provision in EU legislation that permits greater flexibility in the application of the law to take into account special circumstances. 
In this case, under EU rules, transitional free allocations will be available for any new power plants for which construction began by end-2008, as 
part of support for modernization of electricity generation. 

26 E. Smol (2010), Metodyka wraz z Przykładowym Obliczeniem „Limitu” Krajowej Emisji Gazów Cieplarnianych dla Polski na lata 2013-2020 (Dyrek-
tywa EU ETS i Decyzja NON-ETS) [Methodology and calculation of the country’s GHG emissions limit for Poland 2013-2020] , KASHUE-KOBiZE. 

CARBON ABATEMENT TARGE TS 
AND POLICY CHALLENGES FOR POLAND
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ing substantial burden shifting between ETS and non-ETS segments (Box 3). While EU legislation does allow for some 
flexibility, with limited abatement beyond EU borders through crediting from emission-saving projects undertaken in third 
countries via Joint Implementation (JI) or the Clean Development Mechanism (CDM), only part of EU member reductions 
can be covered through extra-EU abatement, in order to comply with principles of additionality and supplementarity.27 
Although the rules on access to CDM credits are complex, in summary, non-ETS sectors are allowed to purchase about 
one-third of their emission reduction requirement from outside the EU, and ETS sectors can offset up to one-fifth of their 
ETS requirement (Figure 14 and Annex 1).

Another potential source of excess costs can be traced back to the use of multiple instruments in EU climate policy. 
Setting overall emissions targets, binding goals for renewable energy production, and proposals for energy efficiency im-
provements is liable to generate excess costs due to overlapping and counterproductive regulation. If a target for energy 
efficiency becomes binding in addition to those for renewable energy and overall emissions, the outcome will move even 
further from the cost-effective solution generated by comprehensive emission trading and likely create additional costs. 
In an economically efficient setting, the relative contribution of renewables and energy efficiency should be determined 
by markets.

27 These are two important principles of the flexibility mechanisms under the Kyoto Protocol, in particular the CDM: that there is additionality of any 
emissions-reducing project (to avoid giving credits to projects that would have happened anyway) and that supplementarity holds, i.e., that internal 
abatement of emissions should take precedent before external participation in flexible mechanisms. 
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Box 3. Excess costs of emission market seg mentation
Figure 16 illustrates the pitfall of EU emission market segmentation, based on (estimated) aggregate marginal abate-
ment cost curves for the ETS and non-ETS sectors in the year 2020. Total emission abatement in 2020 equals the dif-
ference between EU-wide baseline emissions and the targeted emission ceiling (86 percent of the 2005 EU emission 
level or a 14 percent reduction). Comprehensive emissions trading leads to a uniform EU-wide emission price τ* at the 
intersection of marginal abatement cost curves C’ETS and C’nonETS. The efficient allocation of abatement burden between 
ETS and non-ETS sectors (A*

ETS and A*
nonETS) will be endogenously determined through the uniform emission price τ*. 

If instead ETS and non-ETS markets are not linked through emissions trading, then the administrative partitioning of 
abatement requirements between ETS and non-ETS sectors by setting emissions ceilings for each segment must exactly 
equal the efficient split to achieve cost-effectiveness. However, to do so, the EU planning authority would require per-
fect information on the future effective abatement requirement as well as the future marginal abatement cost curves 
for ETS and non-ETS sectors. If the estimated marginal abatement cost curves in Figure 16 are reasonably accurate, in 
particular that the slope of the curve for non-ETS sectors is much steeper, then the prescribed EU partitioning (requiring 
about 60 percent of total abatement from ETS sectors and about 40 percent from non-ETS sectors) is rather inefficient, 
shown by ĀETS and ĀnonETS. The deadweight loss with differential emission pricing (with the marginal cost of abatement 
from non-ETS sectors, τnonETS, far above that for ETS sectors, τETS) is shown by the shaded area. Furthermore, a policy with 
at least twenty-eight CO2 prices (one for ETS, one for the non-ETS sector in each EU Member State) will further boost 
excess costs.

Figure 16. Deadweight loss in emission mark ets

ĀETSĀnonETS

A*
ETSA*

nonETS

Source: Böhringer, C., A. Löschel, U. Moslener, and T.F. Rutherford (2009), EU Climate Policy Up to 2020: An Economic 
Impact Assessment, Energy Economics 31, 295–305.

At first glance, it seems Poland is not far from meeting the EU’s 2020 overall targets of 20 percent reduction com-
pared to 1990. Because there is no overall national reduction target for Poland, measuring the distance to the 2020 tar-
get is hypothetical. It assumes that Poland has to reduce its emissions in line with the 20 percent EU-wide target relative 
to 1990. In 2007, Poland’s GHG emissions were already 12 percent below the 1990 level (Figure 17). To achieve the 20 
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Figure 16. Deadweight loss in emission mark ets
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percent 2020 reduction target, Poland would need to reduce its emissions by an additional 35 MtCO2e, which is 9 percent 
below the 2007 level. However, given that Poland’s impressive achievements during the 1990s were driven by economy-
wide restructuring, it is a more complicated question going forward as to whether ongoing efficiency gains and sectoral 
evolution will outweigh the rising demand for energy generated by economic growth. 

Figure 17. Poland’s historical GHG emissions  and EU-wide 2020 target
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Poland’s target for renewable energy appears more challenging. According to the renewable energy sources directive, 
while the EU overall has committed to raise the share of renewables in final energy demand from 8.7 percent in 2005 to 
20 percent in 2020, Poland has to double its share from 7.5 percent in 2006 to 15 percent in 2020. Compared to other 
EU members, this target does not look overambitious (Figure 18). Yet, progress in recent years in Poland has been relatively 
slow, with the renewable energy source share in final energy consumption growing from 2.3 percent in 1992 to 6.5 per-
cent by 2000, but only to 7.5 percent in 2006. In addition, Poland’s renewables are not diversified. Biomass dominates, 
while sources like hydro, wind, solar, and geothermal energy have not been developed (Figure 19). 

Figure 18. Share of renewable energy sources  in final 
energy consumption

Figure 19. Share of renewable energy sources i n gross 
inland energy consumption, 2007
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Energy efficiency is often seen as the easy place to start in considering GHG mitigation, but exploiting the energy 
efficiency agenda is not easy. It is often seen as a ‘win-win’ option, with benefits realized relatively quickly and lower 
upfront costs. Yet much of energy efficiency potential remains untapped because of the many obstacles to investments in 
energy efficiency: inadequate domestic energy prices and lack of payment discipline, insufficient information on suitable 
technologies, too few contractors and service companies, and financing constraints. Effective energy efficiency interven-
tions combine market-based approaches (which send correct price signals) with regulations (which support changes in 
practices and behaviors of economic agents). The two components operate coherently only in tandem––regulations will 
not bring results without adequate energy pricing policy. 

A transition towards a low-emissions economy may also present opportunities to Poland. As more regions and 
countries adopt abatement targets, the demand for products and processes with lower greenhouse gas emissions will 
accelerate. Innovation will be critical in this growing market for clean technology—the expertise and equipment related to 
new developments in areas such as renewable energy (in particular, wind power, solar power, biomass, hydropower, and 
biofuels), electric motors and low emission transportation, energy efficient lighting and appliances, and green buildings. 
The energy sector, the dominant source of today’s emissions, is also the focus of much clean technology—clean energy. 
Given the well-established fact that the private sector acting alone will tend to underinvest in research and development 
(R&D), governments who are moving early towards abatement, such as Poland’s, need to consider whether active support 
to clean technology R&D is an important complementary policy measure. 

This description of Poland’s mitigation targets and some of the complexities facing policymakers helps set the stage 
for a more comprehensive assessment of Poland’s possible transition to a low emissions growth path. Three aspects, 
in particular, stand out and will be the focus of the next sections of this report:
• The negotiation of a base year for Kyoto obligations that preceded Poland’s transition to a market economy further 

eased the already modest targets for 2012. Selection of base years affects the strictness of agreed targets (often de-
fined as a percent reduction), but even more critical to understanding how much adjustment will be needed to hit a 
policy target for GHG mitigation, how is the economy likely to develop in the absence of the climate change target, 
under ‘business-as-usual’? 

• Despite slow progress in UNFCCC negotiations, it has been relevant for some time for Polish policymakers to consider 
in detail, how challenging would more ambitious overall mitigation targets be for Poland? 

• As the EU 20-20-20 package progresses in implementation, with its complex set of overlapping regulations, what 
impacts will compliance have on Poland’s economy? 
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To address the issues set out in the last section, engineering and sectoral analyses are integrated into macroeco-
nomic modeling via a suite of models, to allow improved analysis of the feasibility of emissions mitigation, includ-
ing its impact on growth, sectoral output and employment. With the objective of assessing the macroeconomic and 
fiscal implications of greenhouse gas mitigation policies for Poland, a suite of innovative analytic tools were developed to 
analyze abatement prospects not only from the usual bottom-up engineering perspective but also with economy-wide 
models that explicitly link to the technological options assessed in the engineering approach. This work builds on existing 
analyses of low carbon growth undertaken for other countries, in particular, the other six low carbon growth country stud-
ies supported by the World Bank (Brazil, China, Mexico, India, Indonesia, and South Africa).28 First, a bottom-up engineer-
ing model with an intensive analysis of the power sector helped identify cost-effective abatement measures. Then a large 
scale, multi-sector dynamic stochastic general equilibrium model translated the engineering model’s technical options 
into economic impacts. A multi-sector, multi-country computable general equilibrium model which incorporated a hybrid 
bottom-up and top-down representation of the power sector analyzed the economic impact on Poland of EU climate 
policy implementation. Lastly, an alternative engineering approach to the transport sector was developed to examine this 
key sector in more detail. Together, this suite of models yields a series of insights on how Poland might best move towards 
a lower carbon future. 

Other low carbon growth country studies have generally depended on detailed bottom-up sectoral work, often 
supplemented by separate top-down macroeconomic modeling; thus, it seemed that the next methodological 
step would be full integration of approaches into a single model. Sectoral work can provide country-specific recom-
mendations for action at the sector or subsector level while macroeconomic modeling ensures the basic consistency of 
projected sectoral growth rates, energy demand, and other key variables. The recent World Bank study on Mexico took 
this approach, with in-depth sectoral and subsectoral studies (of electric power, oil and gas, energy end-use, transport, 
and agriculture and forestry) and relatively simple macroeconomic modeling focused on energy demand.29 The report by 
the UK Committee on Climate Change (2008) is a good example of applying these two complementary approaches with 
more sophisticated macroeconomic modeling.30 When this study began, its objective was to develop a model that inte-
grated bottom-up analysis with top-down analysis. However, it became clear that the more comprehensive a model, the 
more complex it needs to be, and the more likely it will become a ‘black box’ intelligible only to its designers. Given the 
long horizon of this modeling—10 and 20 years—degrees of uncertainty are amplified. Thus, this study moved towards 
the more robust approach of developing a suite of models shaped to the policy scenarios and sectoral questions to be 
assessed and the availability of data. By taking this diversified approach, it is hoped policymakers will focus not just on 
bottom line conclusions but also keep an eye on the assumptions and structures that generated those results. In other 
words, modeling should be for insights, not for numbers. 

Three (and a half) complementary and interlinked models for Poland were developed to quantify the economic im-
pact of CO2 mitigation, taking advantage of available data and leveraging existing models. The most familiar of these 
models is likely the widely-used microeconomic Marginal Abatement Cost (MAC) curve which provides a simple first-order 
ranking of technical options for GHG mitigation by sector based on the net present value of costs and savings per metric 
ton of CO2 equivalent avoided. Then, two different economy-wide models were developed, a dynamic stochastic general 
equilibrium model and a computable general equilibrium model, both of which are standard tools for economic impact 
assessment.31 The Macroeconomic Mitigation Options (MEMO) model, a DSGE model of Poland revised to include energy 
and emissions, assesses the macroeconomic impact of the options costed in the MicroMAC curve. It is linked to the Mi-
croMAC curve via a Microeconomic Investment Decisions (MIND) module which grouped the technology levers into seven 
packages, including an optimized package of options for the energy sector. The Regional Options of Carbon Abatement 

28 See the documents on the ESMAP (Energy Sector Management Assistance Program) website at http://www.esmap.org/esmap/node/69. 
29 Johnson, Todd M., Feng Liu, Claudio Alatorre, and Zayre Romo, eds., (2008), Mexico Low-Carbon Study, World Bank (December). 
30 Committee on Climate Change (2008), Building a Low-Carbon Economy - the UK’s Contribution to Tackling Climate Change, The First Report of the 

Committee on Climate Change, UK, December.
31 Among top-down models, there is often an exaggerated divide between econometric demand-driven Keynesian models and CGE models. Popular 

but unjustified arguments against the informational value of CGE models include that these models must be calibrated (and thus, lack empirical 
evidence) and can neither reflect disequilibria (such as unemployment or under-utilization of production capacities) nor transitional dynamics. In 
turn, econometric Keynesian models are often accused of a lack of micro-foundations. These claims ignore substantial developments during the last 
two decades to overcome such policy-relevant shortcomings. When it comes to providing a sound and flexible backbone tool for economy-wide 
climate policy analysis, a strong case can be made for applying CGE or DSGE models, which have become a standard tool for economic impact 
assessment. 
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(ROCA) model, a country-level CGE model for energy and GHG mitigation policy assessment adapted to Poland, analyzes 
implementation of the EU 20-20-20 policy in the context of global policy scenarios, with an emphasis on spillover and 
feedback effects from international markets.32 The last “half” model is a detailed sectoral approach for road transport, the 
sector with the fastest growing emissions and central to Poland’s commitments under EU 20-20-20 (as a non-ETS sector). 
It makes use of the EU transport and environmental model, TREMOVE,33 updated with the latest information and policy 
intentions, here denoted as the TREMOVE Plus model. All three (and a half) used very similar “business-as-usual” reference 
scenarios (within the limitations of data) against which to measure policy changes (discussed in detail in the next section). 
Figure 20 below summarizes the modeling approach, which is described in more detail in the rest of this section.

Figure 20. Model suite for low-emissions growth as  sessment for Poland
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32 The MEMO model allows financing for energy sector investments via the private or public sector and through a choice of policy closures: reduction 
in social transfers or public consumption, higher taxes such as VAT, or an indirect carbon tax. The ROCA model assumes public consumption remains 
constant and taxes adjust. The models’ critical exogenous variables include carbon and fossil fuel prices into the future, which have an impact both 
on the energy mix and on final macroeconomic results. The two macro models reflect Poland as a small, open economy with access to external 
offsets (both CDM and JI as allowed under EU policy). 

33 TREMOVE is an EU transport and environmental policies assessment model. The acronym is derived from earlier EU transport models—approxi-
mately, traffic and emissions motor vehicle model. 
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The Microeconomic Marginal Abatement Cost (MicroMAC) curve represents a ranking by net cost of about 120 
emission reduction ‘levers’. The costs and abatement potential of more than 200 technical options or ‘levers’ for GHG 
abatement across the 10 largest sectors of the economy were analyzed, pared down to a set of 120 most relevant for 
Poland. They include measures such as a shift from coal to nuclear power and energy efficiency standards for new residen-
tial buildings. A business-as-usual case was constructed to serve as the baseline for future emissions reductions. Detailed 
bottom-up estimates for each intervention or lever were constructed. Possibilities and constraints in the power sector were 
studied with particular care. Levers that would require significant consumer lifestyle changes were not considered. Costs 
did not take into account transactions costs, taxes, subsidies, feed-in tariffs, and other governmental measures. A risk-free 
financing rate of 4 percent was used to generate net present values. Third, these levers were ranked according to their 
costs and presented in a summary graphic, a marginal abatement cost (MAC) curve. This visual presentation provides a 
wealth of information to policymakers and transforms the high-level objective of emissions abatement into detailed and 
specific sectoral choices. However, MicroMAC curves need to be read with a degree of caution--despite their apparent 
simplicity, they are heavily dependent on underlying assumptions, including the business-as-usual scenario, costs and 
abatement potential of each technology, and appropriate discount rates. 

The Macroeconomic Mitigation Options (MEMO) model is a large scale DSGE model of Poland that includes energy 
and emissions. The earlier version of the model, without climate change features, is known in Poland among economists 
and macroeconomic policymakers, having been applied to issues such as the impact of joining the common currency 
area.34 This dynamic stochastic model is large scale, with over 2000 variables (compared to the typical DSGE with fewer 
than 200 variables). The version redesigned for GHG abatement drew data from GUS (Poland’s statistical office), EURO-
STAT, and the EU KLEMS databases,35 used 2006 as a base year, and has 11 sectors (agriculture and food; light industry; 
heavy industry; mining and fuels; energy; construction; commerce; transport; financial services; public services; and other 
services). It models an open economy, trading goods with the foreign sector (the rest of the EU). Special care was devoted 
to the real side of the economy. Labor markets feature imperfect competition where both seeking a job and finding em-
ployees is costly, wages are negotiated, and unemployment exists. The tax structure is detailed (corporate and personal 
income taxes, VAT and other taxes such as on property are included). Public expenditures include public consumption, 
investment, and transfers to households. Production includes a full input-output table for capital, labor, energy and mate-
rials. Emissions are generated as a byproduct, based on the amount of energy used and the energy intensity of the sector. 
(See Annex 3 for more details.)

The MEMO model ran simulations to calculate the macroeconomic impact of MAC curve mitigation options. The 
model was calibrated on the most recent available data for Poland, and only a small number of parameters are exog-
enous, based on outside empirical studies. The model is capable of mimicking the cyclical properties of the data with just 
four shocks. Four financing methods, or model closures, were considered (adjustment of public consumption, of social 
transfers, of VAT, or of personal income tax). The impact of abatement measures on a large variety of macroeconomic 
variables by sector, such as output, employment, emissions, household welfare, and fiscal revenues and expenditures, can 
be estimated by the model, which provides 5-year snapshots through 2030. This structure allows a dynamic assessment 
of the macroeconomic impact of the options costed in the MicroMAC curve, including a new visual presentation—a mac-
roeconomic version of the MicroMAC curve. While this simplified graphic of results helps communicate the main findings 
of the MEMO model, and while this model remains both highly flexible and heavily detailed, it is a very large and complex 
model not easily accessible even to the professional economist. 

A key innovation of the MEMO model is the design of a method to link to the MicroMAC curve, via a Microeco-
nomic Investment Decisions (MIND) module. The MIND module transforms the MicroMAC curve levers so they can be 
analyzed in the MEMO model. Each lever is described by two 20-year time series (2010-2030), reflecting the expected 
capital and operating expenditures/revenues from the given measure. Those numbers include technological assumptions, 
e.g., the scope of investments in the GHG abatement technologies and the resulting operating expenditures or savings. 
While derived from the engineering analysis, the dataset was supplemented and updated in accordance with macroeco-
nomic data from EUROSTAT. In particular, for each lever from the MicroMAC package, new estimates were calculated of 
projected GHG abatement to be achieved if the lever is implemented. The MIND module was applied to find those abate-

34 IBS (2008) “Assessing Effects of Joining Common Currency Area with Large-Scale DSGE model: A Case of Poland”, IBS Working Paper #3/2008, 
Institute for Structural Research, Warsaw, available at http://ibs.org.pl/publikacja/Effects_of_Joining_Common_Currency. 

35 GUS is Główny Urząd Statystyczny, or Central Statistical Office, the national statistics office in Poland. EU KLEMS is the EU database on capital (K), 
labor (L), energy (E), materials (M) and service inputs (S) productivity. 
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ment opportunities which are relatively cheap, offer considerable carbon abatement potential and are technically feasible 
via a multi-criterion optimization. 

The MIND module creates seven packages of levers to be analyzed, including an optimized package of options for 
the energy sector. It assigns each lever from the MicroMAC package to one of seven categories: (1) agriculture interven-
tions, (2) industry carbon capture and storage (CCS)36 and distribution maintenance, (3) chemical processes, (4) energy 
efficiency, (5) fuel efficiency, (6) mixed energy/fuel efficiency, and (7) low-carbon energy supply (via energy sector invest-
ments). While the first six intervention groups were selected in the sectoral bottom-up analysis, the composition of levers 
in the last and most important sector (energy) was determined endogenously by the MIND module. The optimization was 
carried out by, first, computing the NPVs of new power plants of each type. Then, the government subsidy necessary to 
equalize its NPV with that of a traditional coal plant is calculated, within the constraint of the overall GHG reduction target 
in the energy sector (which according to the bottom-up sectoral data is about 50 percent relative to the BAU scenario). 
Finally, the cheapest feasible energy-mix package is determined, taking into account any technological constraints (such 
as the maximum availability of a given technology), energy production constraints (i.e., the BAU level of energy consump-
tion), and the GHG reduction target (desired abatement). This optimal energy package is incorporated into the overall 
mitigation policy-options package that forms the basis for the MEMO model simulations. 

The Regional Options of Carbon Abatement (ROCA) model is a country-level CGE model for energy and GHG mitiga-
tion policy assessment adapted to Poland. It starts from a static multi-sector, multi-region CGE model framework that 
has been used repeatedly for analysis of country and regional CO2 mitigation, with open source code, use of a well-known 
algorithm, and extensive peer reviewing. Aggregating from the GTAP database (version 7),37 the ROCA model of Poland 
contains 8 sectors (chemicals, aviation, other transport, non-metallic minerals, iron and steel, non-ferrous metals, paper-
pulp-print, and other), emphasizing those that are more energy intensive, as well as 5 energy subsectors (coal, crude oil, 
natural gas, refined oil products, and electricity38). To capture key features of the economy, the model includes important 
market distortions (taxes, unemployment) and a simple government sector (one good). The energy sector gets innovative 
treatment, discussed below. As compared with the MEMO model, the ROCA model, since it is focused on implementation 
of the EU 20-20-20 package, produces results for 2020. As explained in Annex 4 , due to the limited availability of projec-
tions of non-CO2 gases, the model tracks CO2 only.39 

The ROCA model is designed to analyze implementation of the EU 20-20-20 policy package in the context of global 
policy scenarios, with an emphasis on spillover and feedback effects from international markets. With this objective 
in mind, key determinants of economic adjustment to CO2 emission constraints are incorporated, in particular: 
• A hybrid bottom-up/top-down representation of power sector production possibilities with a detailed activity analysis 

representation of discrete power generation options while production technologies in other sectors are described in 
a conventional top-down aggregate manner through continuous functional forms trading off alternative input and 
output choices. This more complex formulation in the most important emissions sector prevents sudden abandon-
ment of existing power generators when prices shift as well as allowing detailed analysis of power sector behavior. 

• Global coverage of international trade and energy use across 4 countries/ regions (Poland, other EU, other industri-
alized, developing countries) to allow analysis of international spillovers and feedback from climate policies in each 
country, especially those large enough to influence international prices. 

• The incorporation of initial energy/trade taxes and labor market rigidities to reflect the interaction of climate policy 
regulation with pre-existing market distortions. With this formulation, no-regrets options for abatement policies are 
possible, whereby direct or indirect benefits large enough to offset their implementation costs are generated. 

36 Carbon capture and storage (or sequestration) encompasses a number of technologies that can be used to capture CO2 from point sources, such 
as power plants and other industrial facilities; compress it; transport it mainly by pipeline to suitable locations; and inject it into deep subsurface 
geological formations for indefinite isolation from the atmosphere. 

37 The Global Trade Analysis Project (GTAP) database includes information on trade, production, consumption, and intermediate use of commodities 
and services, as well as GHG emissions and land use. It covers many sectors and all parts of the world. It is housed at Purdue University. 

38 Data limitations in the GTAP database prevented a decomposition that included district heating, which is important in Poland and largely fueled by 
coal. 

39 To allow comparisons with the MAC curve and MEMO models, it is assumed that the adjustment in non-CO2 emissions will be proportional, so the 
percentage change in overall GHG emissions is assumed to be the same as the percentage change in CO2 emissions. This is consistent with the ap-
proach used in the MEMO model, where changes in overall GHG emissions are explained through interventions associated with carbon emissions 
from the combustion of fossil fuels. 



• The appropriate representation of institutional settings and policy instruments for climate policy implementation, in-
cluding the complex rules for the ETS and non-ETS sectors, and revenue recycling possibilities (e.g., lump-sum versus 
labor subsidies) from carbon pricing.

The ROCA model, as a modern CGE model, benefits from strong microeconomic foundations and the incorporation of 
market imperfections as well as more complex power production technologies. It can analyze complex and overlapping 
policies such as the EU climate package. However, it provides only an assessment for 2020 and only considers CO2 emis-
sions, and it is limited to 2004 as a base year because of data availability. 

The last piece of modeling in this study is an alternative engineering approach to transport sector mitigation op-
tions with the TREMOVE Plus model. The EU transport and environmental model, TREMOVE (v. 2.9-2009), is an EU-wide 
policy assessment model, designed to study the effects of different transport and environmental policies on the emissions 
of the transport sector. Calibrated for 31 countries, the model is used to estimate the impact of policies such as road pric-
ing, public transport pricing, emission standards, and others. To become TREMOVE Plus, the model was updated with new 
projections of transport activity and the latest disaggregated data on vehicle stocks from a wide range of sources includ-
ing vehicle sales and car import data and from interviews with government officials. While the MicroMAC curve analysis 
assessed options in road transport, it did not produce separate business-as-usual projections for the sector. Working from 
a slightly different set of assumptions, the TREMOVE Plus model considers explicitly the characteristics of Poland’s road 
transport sector and assesses the impact of existing policy commitments and possible mitigation options. 

This quick overview of the models to be applied to Poland’s potential for low emissions growth should be able to 
provide a sense of the scope of analysis to come. Each model has trade-offs and simplifications. The validity of the set 
of assumption that underpin each model will depend to a great extent on what question is posed for analysis. What will 
be important as simulations and results are reported is to link those findings to the underlying model design and the data 
that drives it. Model-based analysis can put decision-making on a more informed footing. Yet any model, no matter the 
complexity, remains a crude approximation of the real world, so numerical results will always need to be interpreted with 
caution. “Modeling for insights, not for numbers, is the real challenge.”40 

40 Loch Alpine technical paper, p. 37. 
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A business    -as-usual scenario is fundamental to the calculation of costs of carbon abatement, but they can be gen-
erated by differing methodologies using separate datasets. It is difficult to project the path of an economy over a 15 
or 25 year period, and it is not surprising that sectoral details will differ significantly across models. The Marginal Abate-
ment Cost (MicroMAC) curve model constructs a relatively simply reference scenario, which matches official projections 
for growth and energy demand and presumes a rising level of efficiency. While more or less matching overall emissions 
projections, the Macroeconomic Mitigation Options (MEMO) model forecasts in great detail that the Polish economy will 
shift relatively quickly towards less carbon intensive sectors (mainly services). The Regional Options for Carbon Abatement 
(ROCA) model generates similar aggregate emissions levels for business-as-usual, but with a very different development 
path for sectors, with less sectoral transformation. The detailed sectoral approach of the TREMOVE Plus model of road 
transport provides a scenario of rapid emissions growth for road transport, a major component of non-ETS emissions. The 
comparison of reference scenarios generated by the suite of models draws attention to the fact that, since each of the 
models illuminates important aspects of the economics of GHG mitigation, policymakers will need to be ready to consider 
multiple model results, rather than a single answer. 

The development path of the economy in the absence of new low emissions policy measures is the correct com-
parator for policymakers considering abatement actions. Mitigation targets are almost always defined against a base 
year. For example, Poland’s non-ETS national target is defined as: emissions in 2020 will be no more than 14 percent 
above the level in 2005. But such a definition provides little indication of the degree of challenge involved in meeting 
the target. What matters is the size of the reduction compared to the expected level of emissions in the target year. This 
expected level is a matter for projections, determined by assumptions about the growth rate of emissions in the absence 
of additional policy--the business-as-usual (BAU) emission baseline. Central to these assumptions on future emissions are 
predictions of GDP growth and accompanying energy demands (Figure 21). Faster expected growth translates to faster 
rising emissions, and the higher is the future emission level in the absence of climate policy, the more stringent are the 
effective reduction targets and, thus, the costs of abatement. 

Figure 21. Basic drivers of GHG emissions growth

Note: All in growth rates, where energy intensity is change in toe per € GDP; emissions intensity is change in tCO2e per 
toe; and emissions elasticity is growth of tCO2e per € GDP. The figure makes clear that countries with higher population 
growth or higher income growth will face faster rising emissions. The emissions elasticity of GDP growth will need to be 
reduced by even more to offset GDP growth. 
Source: derived from Kaya and Yokobori (1997).
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The global financial crisis temporarily reduced GHG emissions but with little long-term impact. In the case of Poland, 
the effect of the global financial crisis on GHG emissions into the future is negligible. Poland was the only EU country that 
avoided recession in 2009, although real GDP growth slowed down from 5.1 percent in 2008 to 1.8 percent in 2009. In 
2010, Poland’s economy rebounded to a 3.8 percent growth rate and is expected to continue a gradual recovery in the 
years beyond (Box 4).

Box 4. Poland’s growth projections and the global financi al crisis
The BAU scenarios used in this report are based on pre-crisis growth trends. The global financial crisis triggered the 
worst economic recession since World War II, and post-crisis growth around the world could be dampened by continued 
uncertainty and scarce and more expensive capital. This could well lower global energy demand and GHG emissions go-
ing forward. For example, global energy consumption is likely to have declined in 2009 for the first time since 1981. In 
the EU, verified emissions in the ETS are estimated to have declined by 11.6 percent from 2008 to 2009. Finally, among 
the EU member states from Central and Eastern Europe, economic performance in 2008 mattered for GHG emissions. 
Estonia and Latvia, which already saw contractions in GDP in 2008 linked to the global financial crisis, experienced re-
ductions in GHG emissions (Figure 22).

Figure 22. Growth in GHG emissions and GDP in 2008 in Cent ral and Eastern Europe
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In Poland, the impact of the global financial crisis on growth projections is likely to remain muted. First, Poland’s econ-
omy has shown remarkable resilience to the global financial crisis. In 2010, Poland’s economy performed well, after 
being the only member state of the European Union to avoid recession in 2009. Growth in Poland accelerated from 1.8 
percent in 2009 to 3.8 percent in 2010. Second, the BAU scenario incorporates an annual growth rate of 3.5 percent 
for Poland going forward. This compares to average growth of 5.1 percent from 2003 to 2008, and to growth forecasts 
of around 4 percent growth over the medium-term from the IMF, OECD and the Government. 
Overall, while the global financial crisis has slowed growth in 2009 and might have moderated growth prospects in the 
coming years, it is unlikely to have derailed the longer-term growth prospects which underlie the BAU scenarios.
Source: European Environment Agency; European Commission, communication IP/10/576), May 2010; World Bank staff 
calculations.

Because each model used in this report builds from a distinct dataset, there is no singular business-as-usual sce-
nario. In the academic literature, BAU projections are often based on simple extrapolation of historical trends or the ap-
plication of a single emissions elasticity to expected GDP growth, since rising incomes push up energy demand (usually the 
dominant driver of emissions) and, in turn, GHG emissions. A steady-state baseline, in which all physical quantities grow 
at an exogenous uniform rate while relative prices remain unchanged would have the virtue of providing a transparent 
reference path for the evaluation of policy interference. However, such a path would be unlikely to match official business-
as-usual projections, limiting the interest of the model results to policymakers who need more realistic comparisions. 
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Instead, each of the models used here produced its own business-as-usual scenario, using data that allowed for the level 
of detail needed for that model, but following the broad outlines of official growth projections. The MEMO model’s BAU 
scenario is also closely matched to the simpler formulation of the MicroMAC curve, and the BAUs of the MEMO and ROCA 
models have been broadly harmonized through 2020, the end-point of the ROCA model. However, they do have points 
of difference, which help illuminate some of the underlying assumptions of the projections. Lastly, the TREMOVE Plus 
transport model takes a very different approach to projecting road transport emissions than the MicroMAC curve method, 
which demonstrates more starkly the importance for policymakers of understanding how models generate their numbers. 

The MicroMAC curve business-as-usual baseline for emissions through 2030 was constructed from the bottom up. 
It was calculated based on future production levels for industry and future activity levels in transport and buildings and 
assuming natural improvements in technological efficiency as new capital replaces old. For example, the BAU baseline 
for power was calculated by estimating the required level of electricity production and the probable fuel mix in 2030, 
assuming no efforts were made to reduce emissions and only accounting for greater efficiency of new power plants. In 
transport, estimates were based on forecasted traffic growth in Poland, both in terms of increasing numbers of passenger 
cars and average distances travelled. This baseline scenario projects that Poland’s GHG emissions will grow 30 percent 
above 2005 levels by 2030, to 503 MtCO2e. This translates to an annual growth rate of 1.1 percent, compared with real 
GDP growth over the same period projected at 3.4 percent per annum (consistent with government projections). As a 
result, the carbon intensity of the economy continues to decline, driven by the ongoing expansion of the services sector 
and other (unidentified) efficiency improvements. In a 10-sector disaggregation, emissions from transport and cement are 
projected to rise fastest, about doubling by 2030. In transport, that growth is fuelled by expected increases in passenger 
cars per 1000 inhabitants, and in cement, by continuously strong growth in construction (Figure 23). 

Figure 23. MicroMAC curve BAU scenario emissions growth
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For the MEMO model, the BAU scenario through 2030 was estimated econometrically, based on continuation of 
the trends and convergence processes observed in the EU and Poland in the recent past. In forecasting the develop-
ment of an economy over 25 years, convergence is a sensible assumption. The MEMO BAU estimation assumes that Po-
land will continue to converge towards the economic structure of the average EU country in line with the path experienced 
by EU members in the recent past. Using EUROSTAT data for 21 EU members, including Poland, during 1996-2006, panel 
regressions estimated the pace of convergence across 11 sectors for value-added share, energy intensity, and emission 
intensity. Long-term growth trends for the 21 countries were estimated based on the same data. Then projections of the 
key variables for the EU26 and Poland through 2030 were generated based on the growth trends for the EU adjusted by 
the convergence rates for each sector. Once the convergence process is completed, i.e., the country reaches the average 
EU level, it continues to grow at the average, trend rate. (See Annex 5 for more details on the estimation procedure).

The convergence of Poland’s economy towards EU averages in the MEMO BAU scenario builds in moderation of 
GHG emissions via the ongoing shift towards less emission-intensive sectors such as services and via improved 
efficiency in each sector. These developments generate a path for GHG emissions that lies below that for energy con-
sumption which, in turn, lies below the path for growth of value-added (Figure 24). As the production structure in Poland 
converges to the European average over the next 20 years, services (especially financial services) are expected to expand 
their share in value added, while shares of fuels and agriculture are to diminish (Figure 25). At the same time, all sectors 
with the exception of households (which consume energy and produce emissions) effectively converge to EU levels of 
energy intensity (defined as energy per unit of GDP) within the next 10 years. Households, in turn, are gradually closing 
the gap to be just 1.3 times more intensively emitting in 2030 against 2.8 times in 1996. (See Annex 5 for details on 
energy intensity forecasts.) Lastly, in the majority of sectors, emission intensities (defined as emissions per unit of GDP) in 
Poland move closer to average EU values by 2030 without completing convergence. Overall emissions intensity improves 
by more than 40 percent, allowing projected greenhouse gas emissions to expand by just over 40 percent to 2030 while 
production rises by a factor of 1.5. 

Figure 24. MEMO BAU projections for Poland
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Figure 25. MEMO BAU value added by sector, 2005-2030, %
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The MEMO model BAU scenario for Poland generates a U-shaped path for GHG emissions levels. After shrinking by 
12 percent from 1990 to 2007, GHG emissions are projected by the MEMO model BAU scenario to recover to about the 
same level as in 1990 by 2020. With continued economic growth, however, emissions in 2030 are projected to be almost 
20 percent higher than in 1990 (Figure 26). 

Figure 26. GHG emissions and MEMO BAU scenario 2020/2030
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The ROCA model, with more emphasis on international interactions, derives a business-as-usual scenario in line 
with external projections from the US Energy Information Administration and the European Commission. For the 
ROCA model, the BAU scenario through 2020 (the time horizon of this model) is based on projected energy input de-
mands across sectors, GDP levels, and the international price for crude oil, drawn from the EIA and complemented by 
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more detailed forecasts from the EC on Poland and the rest of the EU,41 as provided by the 2007 PRIMES projections.42 
The model adjusts sectoral productivities such that all sectors remain on the benchmark isocost line so that cost and ex-
penditure functions are kept as close as possible to the initial static technologies and preferences underlying the base-year 
calibration (see more details in Annex 4). 

As noted above, mitigation targets often look quite different when measured against the business-as-usual emis-
sions levels: Poland’s non-ETS sector target of no more than 14 percent growth compared to 2005 translates to 
cuts of 22 percent of emissions in 2020. Table 3 summarizes how EU 20-20-20 emission reduction obligations defined 
against 2005 levels translate into effective emission reduction requirements when compared to the ROCA BAU emissions 
levels for 2020. For simplicity, the EU-wide ETS reduction target of a 21 percent reduction in 2020 relative to 2005 is as-
sumed to apply to each member state individually. The overall EU target of a 10 percent reduction in non-ETS emissions 
aggregates from Poland’s commitment to increase emissions by no more than 14 percent by 2020 and the rest of the 
EU’s promise to cut non-ETS emissions by 12.5 percent (see Section b for a description of ETS and non-ETS sectors and 
commitments). Because of the underlying growth in emissions through 2020, the effective reduction requirements in the 
non-ETS sectors for Poland become markedly higher. 

Table 3. Nominal and effective emission reduction targets fo r 2020 for Poland and the EU, in %
Nominal 
GHG reduction targets 

Effective 
GHG reduction targets 

(relative to 2005) (relative to ROCA BAU)

Poland (total) -4.4 -22.7

 ETS -21.0 -23.7

 Non-ETS +14.0 -22.0

Other EU (total) -16.6 -18.8

 ETS -21.0 -24.3

 Non-ETS -12.5 -13.5

Source: Loch Alpine technical paper and World Bank staff calculations.

The bottom-up activity-based transport model takes a very different, detailed sector approach to constructing 
a business-as-usual scenario for passenger and freight road transport in Poland. Like the MicroMAC curve, it was 
constructed based on future activity levels and considered forecasted traffic growth, in particular, expected high growth 
in passenger cars and distances travelled. However, the TREMOVE Plus transport model built a BAU scenario for road 
transport in far greater detail than the MicroMAC curve did, allowing for more of the distinctive character of Poland’s 
road transport sector. Starting from the EU’s 2009 TREMOVE baseline scenario for Poland, data and assumptions were 
updated, generating a higher path of baseline road transport emissions through 2030, more closely matching Poland’s 
official GHG inventory of emissions for 2000-07. Importantly, the BAU calculations consider explicitly which transport and 
environment policies should be included in the reference scenario, and in this aspect, the transport BAU is quite differ-
ent from the other BAU scenarios. (See Section j for discussion). Total GHG emissions from road transport are forecast 
to increase 93 percent from 2005 levels by 2030 (or 210 percent compared with 1990). The modeling revealed that key 
characteristics of today’s road transport have a significant influence on the path going forward, in particular: the prepon-
derance of imported used cars and the advanced age of the passenger fleet; low motorization rates and very low mileage 
driven per car compared with the EU15; and a highly competitive road freight sector which has already marginalized rail 
freight and has been shifting to newer and bigger trucks. 

Although different methods were applied to generate the business-as-usual scenarios for each economy-wide 
model, the resulting projections are generally similar, while their points of difference are illuminating. The ROCA 
model’s BAU projections for emissions in 2020 are very close to the projection for Poland underlying the MicroMAC curve 
model, and the MEMO model’s BAU 2020 forecast is not far (Figure 27). The change, relative to 1990, ranges from 0.2 to 

41 EIA (2009); European Commission (2008).
42 The PRIMES Energy System Model of the European Commission analyzes market-related mechanisms influencing energy demand and supply and 

technology penetration as well as energy policy, including all EU member states.
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3.6 percent growth in overall emissions. The projections for 2030 are more divergent: the MEMO BAU for 2030 emissions 
is 9 percentage points higher than the projection made in the MicroMAC curve model. Both models suggest a significant 
increase in Poland’s GHG emissions by 2030--by 20 percent and 11 percent relative to 1990, respectively. As noted above, 
the higher is the future emission level in the absence of climate policy, the more stringent is any reduction target defined 
against a base year, and, thus, the costs of abatement. 

Figure 27. Comparing economy-wide BAU scenarios 2020/2030 
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The question of which sectors will find the shift towards low emissions more difficult is central to policymakers’ 
concerns. Although the BAU scenarios for 2020 of overall GHG emissions in the MEMO and ROCA models do not differ 
significantly, the decomposition between ETS and non-ETS sectors suggests some important differences (Figure 28). The 
MEMO BAU projections indicate a heavier burden for ETS sectors, while according to ROCA BAU projections, the major 
challenge will be faced by the non-ETS sectors. While the MEMO BAU scenario projects ETS sectors to expand by 20 per-
cent relative to 2005 by 2020, the ROCA BAU scenario predicts constant emissions during the period. The MEMO BAU 
projections seem to indicate Poland will have little problem in fulfilling the country-specific target for the non-ETS sectors 
under the EU 20-20-20 package (since the projected 15 percent increase under business-as-usual is very close to the 14 
percent increase ceiling). In contrast, the ROCA BAU projections warn of a significant challenge for non-ETS sectors, with 
emissions increasing by 46 percent between 2005 and 2020. The TREMOVE Plus model’s projections for emissions growth 
from road transport between 2005 and 2020—68 percent—also suggests that non-ETS sectors may pose the greater 
challenge. 

BUSINESS-AS-USUAL SCENARIOS FOR POLAND
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Figure 28. GHG emissions in Poland, in MtCO2e and %, 2005 and  2020
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Note: The MEMO ETS and non-ETS projections are corrected for small energy installations as explained in Figure 13’s note. 
The ROCA model produces CO2 emissions so equivalent GHG emissions were estimated. Poland’s EU ETS target is assumed 
to be the same (as a percentage change) as the EU-wide target. 
Source: IBS technical paper, Loch Alpine technical paper, World Bank staff calculations.

BAU projections are central to the costing of economic adjustment. The suite of models generate broadly consistent 
paths for the Polish economy through 2030, but some points of divergence will have important implications for the costs 
of transition to a low emissions growth path, discussed in the sections that follow which present the simulations of each 
of the models. It will be important to keep in mind some of the underlying assumptions driving the business-as-usual 
scenarios, and, thereby, the results on abatement costs. For example, the MEMO model’s BAU scenario predicts that the 
emissions intensity of output will fall by more than 40 percent but note that, because of the mechanics of the model, there 
is no specification of required policies or behavioral shifts. The ROCA model BAU scenario projects less sectoral transfor-
mation, and if it turns out to be the more accurate forecast, Poland is more likely to face a sizeable challenge to contain 
the growth of carbon emissions in non-ETS sectors. The transport BAU confirms the probability of rapid and challenging 
non-ETS emissions growth, and, in addition, raises the question of how to determine which abatement measures or policy 
choices should be considered part of business-as-usual and which remain available as additional abatement levers. These 
contrasts within the model suite should be kept in mind as policymakers consider the simulation results of each of the 
models. 

Figure 28. GHG emissions in Poland, in MtCO2e and %, 2005 and  2020
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The Microeconomic Marginal Abatement Cost (MicroMAC) curve is a bottom-up engineering approach to assessing 
GHG abatement, with an intensive analysis of the power sector. Using detailed sectoral data, the MAC curve model 
creates a ranking by net cost of about 125 emission reduction levers and presents the measures via a well-known visual 
summary tool—the MicroMAC curve. The MicroMAC curve summarizes a large amount of policy-relevant information in 
an easily understandable format. It shows that Poland can significantly reduce emissions, with total abatement potential 
of a 31 percent reduction from 2005 levels, or 47 percent below the 2030 level in the MicroMAC curve business-as-usual 
scenario. However, capturing this full potential will require concerted, targeted actions by government, business, and 
consumers. According to the analysis of the MicroMAC curve, mitigation measures will take some time to deliver lower 
emissions, and Poland may have trouble meeting its 2020 EU targets. The MicroMAC curve also identifies that the majority 
of Poland’s abatement potential is associated with the switch to low-carbon energy supply (via energy sector investments) 
and with energy efficiency improvements. Abatement measures do not have negative net costs after implementation bar-
riers are considered, and the overall cost of implementing the MicroMAC curve levers will rise by at least 50 percent. In 
order to implement all the low-carbon levers, additional investment of about 0.9 percent of annual GDP will be needed 
during 2011-2030. Finally, the cost of abatement is sensitive to financing costs, fuel prices, and technology. 

MicroMAC curves summarize a large amount of policy-relevant information in an easily understandable format. As 
discussed earlier (see Section c), this model analyzes about 125 technical options for Poland for GHG mitigation across the 
10 largest sectors of the economy. First, a business-as-usual case was constructed to serve as the baseline for future emis-
sions reductions, based on future production levels for industry and future activity levels in transport and buildings and 
assuming natural improvements in technological efficiency. Then, detailed bottom-up estimates of the costs and potential 
abatement volume for each intervention were constructed, with particular attention to the power sector. The options or 
‘levers’ are ranked by the net present value of costs and savings per metric ton of CO2 equivalent avoided. Finally, the levers 
were ordered according to their costs in a summary graphic, a marginal abatement cost (MAC) curve. This visual presen-
tation provides a wealth of information to policymakers and transforms the high-level objective of emissions abatement 
into detailed and specific sectoral choices. The curve can be used to compare the size and cost of opportunities, assess the 
relative importance of sectors, and estimate the overall size of the emissions reduction opportunity. 

A consistent approach across technical options required some simplification. Options include only available technolo-
gies or those expected to be available before 2030 (so, for example, carbon capture and storage is included but biodiesel 
from algae is not). Levers that cost more than €80 per tCO2e were excluded since these are of less interest and tend to 
be early-stage and uncertain techniques. Also, levers that would require significant consumer lifestyle changes (such as 
switching to public transportation or lowering home temperatures) were not considered. Then, abatement cost is calcu-
lated as the sum of incremental capital expenditures in net present value terms and incremental operational expenditures 
or savings in NPV terms. Costs did not take into account transactions costs, taxes, subsidies, feed-in tariffs, and other 
governmental measures. A risk-free discount rate of 4 percent was used to generate net present values; and all costs are 
in 2005 real euros. 

The MicroMAC curve shows that Poland can significantly reduce emissions but capturing the full potential would 
be a major challenge. The cost curve identifies potential abatement of 236 MtCo2e by 2030 at a unit price of €80 or less 
(Figure 29). The weighted average cost is about €10 per tCO2e, ranging from minus €130 (net benefits) to almost €80. 
The width of each column on the curve represents the emissions reduction potential by 2030 compared to the BAU sce-
nario. The height of each column represents the average cost of avoiding one tCO2e by 2030 by replacing the underlying 
(reference) technology with a low-carbon technology. For example, in the power sector, a coal-fired power plant would 
be replaced by a gas or nuclear power plant. Altogether, the total abatement potential represents a 31 percent reduction 
from 2005 levels, or 47 percent below the 2030 level in the MicroMAC curve business-as-usual scenario. However, captur-
ing this full potential will require concerted, targeted actions by government, business, and consumers. Significant gains 
will have to be made in the energy efficiency of buildings and transportation, and the share of low-carbon energy sources 
will have to rise to over 50 percent of total electricity supply by 2030 (from just 2 percent in 2005). If the total abatement 
potential is achieved, Poland will succeed in decreasing its GDP emissions intensity by almost 70 percent against current 
levels (see Section a andFigure 3). 
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Figure 29. Microeconomic Marginal Abatement Cost (MicroMAC) cur ve for Poland , 2030 
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Source: McKinsey technical paper.

According to the analysis of the MicroMAC curve, mitigation measures will take some time to deliver lower emis-
sions, and Poland may have some trouble meeting its 2020 EU targets. By 2020, emissions could be reduced by 20 
percent against the BAU forecast, but this overall reduction translates to just 3 percent below 2005. By contrast, Poland 
needs to reduce overall emissions by more than 4 percent relative to 2005, assuming that emissions from ETS sectors will 
be reduced in line with EU-wide abatement (see Table 3 and note that the segmentation of sectors under EU rules creates 
multiple targets). The pace of abatement would pick up significantly only after 2020, when major projects in the power 
sector became operational, such as large-scale offshore wind generation, nuclear plants, or carbon capture and storage. 

The majority of the abatement potential is associated with the switch to low-carbon energy supply and energy effi-
ciency improvements. The levers can be usefully grouped into four categories: energy efficiency (including transport); low-
carbon energy supply (via energy sector investments); carbon capture and storage (CCS) in power and industry; and other 
measures (in industry, waste management, and agriculture) (see Figure 30). About 70 percent of total abatement potential 
is related to the first two categories: efficiency improvements and low-carbon energy. Shifting from coal to low-carbon al-
ternatives in the power sector such as wind, nuclear, biomass, or biogas, could abate 100 MtCO2e by 2030, or 42 percent 
of the total, at an average cost of €21 per tCO2e. The coming years will be critical for the future fuel mix in Poland’s power 
sector because a sizeable share of the current coal plants are set to retire. Their replacements will have lasting impact on GHG 
emissions, but choosing an optimal fuel mix is a complex undertaking. Thus, the MicroMAC curve analysis considered five 
scenarios with different costs and abatement, which are discussed further in Section h on energy. At the same time, the re-
duction of energy demand through more energy efficient buildings, vehicles, and industrial equipment could bring abate-

Figure 29. Microeconomic Marginal Abatement Cost (MicroMAC) cur ve for Poland , 2030
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ment of 68 MtCO2e, or about 30 percent of total, at a negative cost of €14 per tCO2e, according to the MicroMAC curve. 
The most important opportunities in this category are in the buildings sector, where strict efficiency controls for new 
building and better insulating existing ones could abate almost 30 MtCO2e by 2030. More fuel-efficient vehicles could 
generate abatement of about 10 MtCO2e by 2030. Together these efficiency measures could help reduce growth in elec-
tricity demand from 1.5 percent per annum to about 0.9 percent.43 Energy efficiency challenges are taken up in Section i. 

Abatement measures do not have negative net costs after implementation barriers are considered, and the overall 
cost of implementing the MicroMAC curve levers will rise by at least 50 percent. Energy efficiency measures con-
tribute substantially to the aggregate low average cost of the MicroMAC curve levers, but the idea of significant savings 
opportunities being ignored by households and firms does not make economic sense. Clearly, there must be some other 
hurdles preventing these savings-creating measures from being taken up at once. Three groups of barriers to these mea-
sures are: high upfront investment costs (for example, for an energy-efficient car), principal-agent problems (such as the 
owner, operator, occupant, and bill payer of a building being separate entities), and lack of information (about what sav-
ings are likely). A fourth, and potentially most difficult obstacle, is the costs of implementation across a high number of 
small entities (for example, with residential lighting). These barriers have not been costed, but if the simple assumption is 
made that unrecognized costs will inevitably shift negative costs into positive, then, at a minimum, the weighted average 
cost across the MicroMAC curve of €10 per tCO2e will rise to €15 per tCO2e (if all costs are set to zero or above). 

Figure 30. MicroMAC curve: abatement potential for Poland in 203 0 by groups of interventions
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43 About half of CCS potential is related to equipping coal power plants. The remaining 16 MtCO2e potential lies in industry, particularly in iron and 
steel and in chemicals. These estimates are based on assumptions about storage potential in Poland and the speed of technical progress. CCS’s 
large-scale deployment before 2030 remains uncertain, but it could well have a major impact on emissions after 2030. The last category, other 
measures, generates half its abatement potential from reduction of nitrous oxide and methane in waste management and agriculture. Measures 
include recycling, methane capture and use, improving agronomic practices, and reflooding peat lands.
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In order to implement all the low-carbon levers, additional investment of about 0.9 percent of annual GDP will 
be needed during 2011-2030. The total amount of investment needed is estimated at €92 billion. The annual amount 
would grow with time as more expensive abatement opportunities were implemented, offset by growing operational cost 
savings. Also, investment needs would be unevenly distributed across sectors. The capital costs would be relatively modest 
in industry, but considerable for power, buildings, or transport. In the latter two sectors, by 2030 they would be fully offset 
by substantial savings in operational costs. Across all sectors, businesses and households are expected to save about €30 
billion on operational costs, or about 0.3 percent of GDP on average per annum. 

Figure 31. MicroMAC curve: investment and operational cost savings, 2010-2030
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The cost of abatement is sensitive to financing costs, fuel prices, and technology. Higher energy prices reduce the net 
costs of energy efficiency measures. If the price of oil were 50 percent higher than the assumption of $62 per barrel in 
2030, the average overall cost of abatement would fall from €10 to €4 per tCO2e. If technologies turned out to be more 
expensive in terms of capital investment, then abatement costs would rise in proportion. For example if the total capital 
to install 1 GW of nuclear capacity rises by €500 million, the abatement cost of the nuclear lever would rise by about €4 
per tCO2e. Perhaps most importantly, an interest rate higher than the risk-free rate of 4 percent used so far would directly 
increase the cost of capital-intensive technologies with relatively short lifetimes such as wind turbines and hybrid vehicles. 
Applying an interest rate of 8 percent, the overall average abatement cost would rise from €10 to €19 per tCO2e. 

MicroMAC curves communicate complex engineering information in a simple and accessible way; however, they 
need to be read with a degree of caution. Despite their apparent simplicity, they are heavily dependent on underlying 
assumptions, including the business-as-usual scenario, costs and abatement potential of each technology, and appropri-
ate discount rates. For some levers, especially emerging technologies, uncertainty about volume and estimated costs can 
be significant. The adoption rate of new technologies depends strongly on energy prices as well as on cost and perfor-
mance improvements, neither of which can be predicted with precision. The ease of capture or of implementation has 
been considered in a simple way, creating an additional dimension to the net present value of each measure that alerts 
policymakers to the importance of sequencing. Further, given the substantial impact the shift to a low emissions scenario 
will have on an economy, policymakers rightly have concerns about economic impact beyond discounted investment and 
operating costs. The next chapter presents a new methodology that allows just such an expanded assessment. 
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The Macroeconomic Mitigation Options (MEMO) model, a large scale DSGE model of Poland, can provide a dynamic 
assessment of the macroeconomic impact of GHG options, including a new visual presentation—a macroeconomic 
version of the MicroMAC curve. The innovative linking of this economy-wide model to the bottom-up engineering ap-
proach of MicroMAC curve model allows analysis of the varying macroeconomic and fiscal implications of GHG abatement 
measures, across four public financing options. For the comprehensive abatement package, the MEMO model simulations 
finds that GHG emissions will be reduced by 24 percent by 2020 and by 47 percent by 2030, with an economic impact 
that is generally negative but appears affordable. Not surprisingly, the fall in GDP is driven by recession in emission-inten-
sive sectors, which bear the heaviest burden of abatement. At a more disaggregated level, the model finds that it is the 
switch to low-carbon energy and fuel efficiency measures that provide the bulk of abatement and that the technologies 
with the largest abatement potential do not necessarily impose the biggest macroeconomic cost. Finally, the MicroMAC 
curve can be transposed into a Macroeconomic Abatement Cost and Macroeconomic Marginal Abatement Cost curves to 
examine in detail the impact on growth associated with the implementation of specific abatement measures.

The MEMO model is a DSGE model of Poland redesigned to address climate and energy issues. This very large dy-
namic stochastic model has a detailed treatment of the real side of the economy and was calibrated on the most recent 
available data for Poland. It has 2 ‘countries’ (Poland and the rest of the EU) to allow for trade, and 11 sectors with a full 
input-output table and emissions generated as a byproduct. Both public revenues and expenditures are disaggregated, 
and different financing methods (or model closures) were applied. Imperfect competition in labor markets allows for un-
employment, and exogenous shocks generate cycles. The model provides 5-year snapshots through 2030 of the impact 
of abatement measures on a large variety of macroeconomic variables by sector, such as output, employment, emissions, 
household welfare, and fiscal revenues and expenditures.44 (See Sections c and d and Annex 3 for more details.) The 
MEMO model’s BAU scenario through 2030 was estimated econometrically, based on continuation of the trends and 
convergence processes observed in the EU and Poland in the recent past, as discussed in more detail in Section d. This 
approach builds in moderation of GHG emissions via the ongoing shift towards less emission-intensive sectors such as 
services and via improved efficiency in each sector. As a result, GHG emissions levels follow a U-shaped path, recovering 
to 1990 levels by 2020, then rising to 20 percent above 1990 levels by 2030. 

The innovative linking of this economy-wide model to the MicroMAC curve engineering model is achieved by a 
Microeconomic Investment Decisions (MIND) module. The MIND module transforms the MicroMAC curve levers, in-
corporating additional data on the projected capital and operating expenditures, the potential efficiency and emissions 
gains, and required government subsidies to cover the additional costs of most options compared to the business-as-usual 
technology. The levers were combined into seven technological clusters or ‘micro-packages’ based on economic similari-
ties to simplify analysis. While for the first six categories, potential emissions mitigation for individual levers follows the 
engineering analysis technological assumptions, the composition of levers in the last and most important sector (energy) 
was determined endogenously by the MIND module with the constraint that overall abatement by 2030 would reach 47 
percent compared to the BAU level, matching the MicroMAC curve overall estimate. The MIND module was applied to find 
those abatement opportunities which are relatively cheap, offer considerable carbon abatement potential and are techni-
cally feasible via a multi-criterion optimization. (See Section h and Annex 3 for more details.) The micro-packages are: 
• chemical processes, such as catalyst optimization;
• industry CCS and distribution maintenance;
• agriculture interventions, such as grassland management;
• energy efficiency, such as insulation for new residential buildings;
• fuel efficiency, such as hybrid passenger vehicles and other transport measures;
• mixed energy/fuel efficiency, such as retrofitting heating and air conditioning in commercial buildings; and, 
• low-carbon energy supply investments, such as gas-powered generation plants and small hydropower facilities. 

44 Household welfare is measured as discounted future consumption of goods and leisure. 
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Box 5. How do the bottom-up abatement opportunities work in the t op-down model?
Low-carbon energy supply investments require a fuel switch towards lower carbon technologies, such as wind power. 
Such a measure means investing in an option with a lower NPV compared to a traditional coal-fired power plant, which 
is the business-as-usual or reference technology in the energy sector. In order to be implemented, that difference in 
value must be absorbed by someone. It is assumed in the MEMO model, for simplicity, that it is the public sector that 
covers the additional costs. During the two to five-year construction phase for the new generation plant, investment 
spending rises in the energy sector. Both the interest rate (the price of capital) and the prices of investment goods are 
pushed up, crowding out capital accumulation in other sectors. Domestic energy prices rise because of higher priced 
and expanded private investment in the energy sector, and this more costly energy is detrimental to overall growth. If 
the public costs are covered by higher taxes, an additional tax distortion is added to the economy. When construction is 
completed and operations begin, these effects are unwound: energy production becomes cheaper due to reduced fuel 
costs (since free wind costs less than coal), which leads to lower energy prices. The relative price of investment goods 
declines, to the benefit of the other sectors which increase their capital accumulation. 

An energy efficiency measure such as switching to efficient commercial lighting will induce broadly similar effects on 
investment at the beginning of implementation, balanced by later savings on operational costs resulting from lower en-
ergy consumption. As noted above, it will be light rather than heavy industry that benefits early on. If the benefits during 
operation outweigh the initial costs, growth will be enhanced, together with changes in the structure of firms’ inter-
mediate consumption. The sectors that have implemented the efficiency measure then enjoy lower costs of production. 

Starting from the basic assessment of net costs and investment demands in the MicroMAC curve analysis, the 
MEMO model determined the macroeconomic and fiscal implications of Poland’s technological options for GHG 
mitigation. Each of 119 individual mitigation levers identified in the bottom-up analysis was incorporated in the model.45 
While all levers reduce emissions either by reducing energy intensity (energy used per unit of output) or emissions intensity 
(emissions per unit of energy), they vary in sectoral and fiscal impact. For example, an energy sector investment to move 
towards low-carbon supply such as construction of a wind power facility generates higher demand in the early years for 
the output of heavy industry (for the necessary capital goods), whereas an energy efficiency measure such as switching to 
efficient commercial lighting raises demand for light industry goods. Since most of the abatement measures require gov-
ernment support, they will have a direct impact on fiscal balances, as well as indirect effects. The government then needs 
to adjust other government spending or taxes (since the model assumes Ricardian equivalence46). For example, an increase 
in public subsidies to the energy sector might be used to spur nuclear plant construction and financed by an increase in 
the value-added tax. (See Box 5 for more details on how the levers were integrated and Box 6 for more on public financing 
options. An annotated list of all levers can be found in Annex 7.) The MEMO model reports the impact of each lever on 
output, emissions, employment, household wealth, and fiscal revenues and expenditures. 

45 The remaining 4 levers included in the MAC curve were not significant and, lacking sufficient information, were dropped from the MEMO model 
analysis.

46 Ricardian equivalence suggests that consumers internalize the government’s budget constraint so that it does not matter whether a government 
finances its spending with debt or a tax increase since the effect on demand will be the same.
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Box 6. Public financing options or ‘closures’ in the MEMO model 
The MEMO model assumes that government must, in one way or another, pick up the tab for the excess costs of most 
of the mitigation measures (that is, for the cost above the reference technology, or equivalently, the mitigation unit costs 
displayed in the MicroMAC curve). 

Every lever has an impact on fiscal revenues and expenditures—directly for the majority that require a public subsidy or 
a carbon tax, and also indirectly as a result of changes in the behaviors of economic agents due to the implementation 
of the mitigation measure. The model assumes fiscal neutrality; therefore, changes resulting from the levers must be 
“closed” adequately in the budget accounts to assure that public spending is equal to public revenues and the deficit 
level set by the government. Given Ricardian equivalence in the model, financing the deficit via debt is equivalent to 
financing by spending cuts or tax increases. However, the choice of which taxes to increase or which expenditures to cut 
does affect the model results. Thus, the model considers four closures: 
• change in public consumption, 
• change in social transfers, 
• change in value-added taxes (VAT), and 
• changes in personal income taxes (PIT). 
As noted in the text, the simulations closing the model with adjustments to VAT are selected as the central model results. 

Implementation of the comprehensive abatement package generates a low carbon scenario in which GHG emis-
sions are reduced by 24 percent by 2020 and by 47 percent by 2030. (See Figure 32). In the low carbon scenario 
simulations of the MEMO model, Poland’s GHG emissions in 2020 would fall from about 455 MtCO2e to 346 MtCO2e. 
In 2030, GHG emissions would stand at about 288 MtCO2e, as compared with about 544 MtCO2e in the BAU scenario. 
Because the BAU projection for 2020 is very close to actual emissions in 1990, the 24 percent reduction relative to 1990 is 
about the same as that relative to 2020. The 47 percent reduction relative to the BAU projection for 2030 corresponds to 
37 percent abatement relative to 1990. Note that under this scenario, Poland would likely meet the overall EU 20-20-20 
target of a 20 percent reduction in total emissions by 2020 as compared to 1990 (or emissions of 363 MtCO2e).47 

Figure 32. Historical emissions in Poland and under MEMO low carbo n scenario
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Note: If not otherwise indicated, the percentage changes above the bars indicate a change relative to 1990. The data for 
2007 is the latest available year. The low carbon scenario is implementation of all 122 abatement options from the Micro-
MAC curve. 
Source: UNFCCC, IBS technical paper, McKinsey technical paper, World Bank staff calculations.

47 Unsurprisingly, these results are very close to those of the MAC curve model which projects emissions after abatement for 2020 at 373 and for 2030 
at 267. Since total abatement in the MEMO model is constrained to match the 47 percent 2030 achievement of the MAC curve package, reductions 
in quantity terms should also be similar. 
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The economic impact of implementation of the full abatement package is generally negative but appears afford-
able. The effects on emissions, GDP, value added, employment, household welfare, and public expenditures and revenues 
under four different MEMO model closures (reduction in public consumption, reduction in social transfers, increase in 
VAT, and increase in PIT) are presented in Table 4. The impact of the entire package on GDP and value-added, relative to 
BAU, is consistently negative over the twenty-year period of the model, but the losses approach zero by 2030 (depending 
on the financing assumption). The losses in real GDP range from 1.5 to 2.2 percent for 2015, peaking at 1.8 to 3.1 per-
cent for 2020, moderating to 0.3 to 2.4 percent for 2025, and settling at -0.7 (gain) to 0.7 percent for 2030. At the peak 
point for costs to GDP, around 2020, output losses are approximately comparable to one year’s potential real GDP growth. 
(Note that the apparent positive influence on GDP under VAT financing is a GDP accounting artifact because the increase 
in VAT inflates GDP. Value-added, the better measure of impact under this closure, is reduced over the entire period. The 
VAT closure is the only variant in which the behavior of value-added and GDP diverge significantly.) The exception to the 
pattern of GDP losses is for simulations using adjustments in social transfers for financing, under which the impact on 
GDP turns positive by 2030. However, in this variant, the drop in welfare is the most substantial, since households react 
to shrinking transfers by giving up leisure, which diminishes their well-being. 



page 72

Table 4. Macroeconomic and fiscal impact of GHG abatement package,  deviation from BAU, in %
Closure Variable 2015 2020 2025 2030

Re
du

ct
io

n 
in

 p
ub

lic
 c

on
su

m
pt

io
n GHG emissions -10.33 -24.01 -39.31 -47.34

GDP -2.13 -3.08 -2.42 -0.66

Value Added -2.20 -3.19 -2.53 -0.74

Employment -2.73 -2.09 -2.76 -2.33

Household welfare -1.03 -1.64 0.01 0.52

Government expenditures -2.64 -3.05 -2.15 -1.06

Government revenues -2.20 -3.15 -2.76 -1.13

Closure Variable 2015 2020 2025 2030

Re
du

ct
io

n 
in

 s
oc

ia
l t

ra
ns

fe
rs

GHG emissions -10.38 -23.86 -39.03 -47.01

GDP -1.52 -1.89 -0.28 0.68

Value Added -1.51 -1.93 -0.35 0.69

Employment -0.67 3.16 6.34 3.34

Household welfare -2.88 -4.49 -3.27 -1.63

Government expenditures -2.86 -1.83 0.94 0.76

Government revenues -1.55 -1.86 -0.49 0.30

Closure Variable 2015 2020 2025 2030

 In
cr

ea
se

 in
 V

A
T

GHG emissions -10.56 -24.14 -39.48 -47.50

GDP -1.53 -1.79 -0.83 0.16

Value Added -2.88 -3.42 -2.81 -1.63

Employment -2.59 -0.52 -0.20 -0.85

Household welfare -1.85 -2.88 -1.54 -0.66

Government expenditures 1.75 3.23 6.06 5.58

Government revenues 2.19 2.59 4.30 4.77

Closure Variable 2015 2020 2025 2030

 In
cr

ea
se

 in
 P

IT

GHG emissions -11.16 -24.63 -40.15 -47.92

GDP -2.18 -2.37 -2.07 -0.63

Value Added -2.17 -2.41 -2.03 -0.56

Employment -6.13 -4.84 -7.35 -6.79

Household welfare -1.82 -2.49 -0.88 -0.09

Government expenditures 1.38 2.90 5.44 5.16

Government revenues 1.74 2.41 3.93 4.38

Note: Household welfare is defined as the sum of discounted consumption flows of goods and leisure. 
Source: IBS technical paper, MEMO model simulations.

Not only is GDP negatively affected, but employment is also reduced by the abatement measures, and fiscal im-
pacts mimic the public financing choice. The employment loss, expressed as the deviation from BAU in 2015-2030, 
ranges from 2.8 to 2.1 percent under the reduced public consumption closure, 2.6 to 0.2 percent if VAT is increased, and 
7.4 to 4.8 percent if personal income taxes are raised. In contrast, if social transfers were reduced in order to subsidize the 
transition to low emissions economy in Poland, the employment level would fall below the BAU scenario by 0.7 percent 
in 2015 but recover to levels above BAU by 2030 (by 3.3 percent). As noted above for the impact on GDP, restructuring 
of public spending away from less productive categories (such as social transfers) is supportive of job creation (because 
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households react to shrinking transfers by giving up leisure). At the same time, the fiscal implications of the introduction 
of low carbon interventions are directly associated with the financing closure. If reductions in public consumption or social 
transfers are selected, then government expenditures are adjusted to the falling GDP level and the subsequent decline in 
public revenues. On the other hand, if the government covers its costs with VAT and PIT tax hikes, tax revenues rise. Since 
the VAT financing option generates results that lie about on the average of the four model closures, for the remainder of 
this section, only simulations using VAT financing will be discussed. 

Table 5. Decomposition of the macroeconomic impact of GHG abatement  package, deviation from BAU, in %

Variable 2015 2020 2025 2030

Value Added in ETS -4.06 -5.76 -7.51 -9.06

Value Added in non-ETS -2.72 -3.10 -2.16 -0.60

Employment in ETS -3.38 -1.19 -2.73 -5.15

Employment in non-ETS -2.29 -0.52 0.17 0.39

GHG emission in ETS -11.60 -27.38 -44.20 -52.46

GHG emission in non-ETS -8.7 -18.6 -30.6 -37.5

Emission intensity of Value Added -7.91 -21.45 -37.73 -46.63

Energy intensity of Value Added -0.53 -7.86 -11.02 -11.57

Note: Energy, heavy industry, and fuels are ETS sectors (see Table 2 note on approximation of ETS and non-ETS sectors based 
on national accounts data). The model closure for this simulation is an increase in VAT.
Source: IBS technical paper, MEMO model simulations.

The fall in GDP is driven by recession in emission-intensive se ctors, which bear the heaviest burden of the entire 
abatement cost. Value-added in ETS sectors is projected to shrink by more than 9 percent by 2030, with employment 
falling by more than 5 percent. The shift away from ETS sectors reduces the overall energy intensity of value-added by 
about 12 percent by 2030 and emission intensity by almost half (see Table 5). 

Table 6. Decomposition of abatement by micro-package, reduction relati ve to BAU, in %
Closure  Group of abatement levers 2015 2020 2025 2030

In
cr

ea
se

 in
 V

A
T

agriculture interventions 0.77 1.27 1.69 1.89
industry CCS and distribution mainte-
nance

0.01 0.41 3.65 3.79

chemical processes 0.45 0.71 0.90 1.00

energy efficiency 2.20 3.49 4.32 4.87

fuel efficiency 3.39 7.14 11.90 14.84

mixed energy/fuel efficiency 0.27 0.64 0.98 1.17

low-carbon energy supply 3.46 10.48 16.03 19.95

Total impact on emissions 10.56 24.14 39.48 47.50

Note: Model closure is increase in VAT.
Source: IBS technical paper, MEMO model simulations.

Analyzed at the level of micro-packages, the switch to low-carbon energy and fuel efficiency measures provide the 
bulk of GHG abatement. Energy efficiency measures are most important in the early years, contributing 20 percent of 
mitigation in 2015. From 2020 onward, about 40 percent of potential mitigation derives from low-carbon energy supply 
measures (see Table 6 and Figure 33). The remaining interventions are dominated by fuel efficiency measures that concen-
trate mostly in the transport and waste management sectors (contributing about one-third of abatement). 
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Figure 33. Decomposition of abatement by micro-package
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Note: Model closure is increase in VAT. Categories are micro-packages (mitigation options grouped by economic charac-
teristics). Energy sector investments are low-carbon energy supply measures such as gas-fired power plants, onshore wind 
power generation, and IGCC coal plants. Fuel efficiency measures are mostly in the transport sector. Energy efficiency mea-
sures are mostly in buildings. Mixed energy/fuel efficiency measures building measures that also have fuel impact. 
Source: IBS technical paper, World Bank staff calculations. 

The technological micro-packages with the largest abatement potential do not necessarily impose the biggest mac-
roeconomic cost. Is there a trade-off between growth and abatement that arises from the MEMO model simulations, 
at least in the projection window up to 2030? The switch to low-emissions energy supply provides about 40 percent of 
abatement through 2030 and also imposes the biggest negative impact on GDP through 2030 (of about one percent each 
year). Fuel efficiency measures, on the other hand, while contributing 30 percent of overall abatement, begin to enhance 
GDP significantly by 2025 and provide a net boost to growth overall. Energy efficiency measures are most important in 
the early years, contributing 20 percent of mitigation in 2015, while costing over one percent in GDP losses in 2015 but 
switching to mildly growth-enhancing by 2025. In contrast, industry CCS (carbon capture and storage) contributes only 
marginally to emissions abatement while costing about one-half percent per year in lower GDP after 2020, leaving it the 
second most expensive micro-package in terms of growth. While GHG abatement is projected to rise steadily over time as 
more levers become operational, the impact on macroeconomic performance demonstrates a U-shaped pattern. Losses to 
real GDP are highest in 2020 and then gradually reverse to a modest positive impact by 2030. (See Table 7 and Figure 34).

Table 7. Decomposition of GDP impact by micro-package, deviation of rea l GDP from BAU, in %

Closure  Group of abatement levers 2015 2020 2025 2030

In
cr

ea
se

 in
 V

A
T

agriculture interventions 0.00 0.00 -0.01 -0.01

industry CCS and distribution maintenance 0.00 -0.08 -0.79 -0.34

chemical processes -0.04 -0.05 -0.05 -0.06

energy efficiency -1.28 -0.57 0.11 0.18

fuel efficiency -0.06 0.00 0.58 0.97

mixed energy/fuel efficiency -0.02 0.03 0.12 0.15

low-carbon energy supply -0.13 -1.13 -0.79 -0.73

Total impact on GDP -1.53 -1.79 -0.83 0.16

Note: Model closure is increase in VAT. Source: IBS technical paper, MEMO model simulations.
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Figure 34. Decomposition of GDP impact of low carbon package by micro-pa ckage
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supply measures such as gas-fired power plants, onshore wind power generation, and IGCC coal plants. Fuel efficiency 
measures are mostly in the transport sector. Energy efficiency measures are mostly in buildings. Mixed energy/fuel efficien-
cy measures building measures that also have fuel impact. 
Source: IBS technical paper, World Bank staff calculations. 

The MicroMAC curve can be transposed into a macroeconomic abatement cost curve (or MacroAC curve) which 
shows the economic effects associated with the implementation of specific abatement measures. Like the Micro-
MAC curve, the appeal of the MacroAC curve is the visual presentation (see Figure 35).48 The horizontal axis depicts CO2e 
abatement relative to BAU levels in percent,49 while the vertical axis shows real output deviation from BAU levels in per-
cent. Growth enhancing measures are located above the X axis, while those which hamper growth are below the X axis. 
The colors of the bars indicate to which micro-package each lever belongs. It seems logical that a policymaker would be 
interested in these economic impacts of low carbon measures, as well as the net present value available from MicroMAC 
curve analysis.50 (Note that, unlike the MicroMAC curve, the area under the Macr oAC curve (the size of rectangles) has no 
economic interpretation.)

This disaggregation by individual measure allows the diversity within micro-packages to become evident, and both 
important similarities and contrasts to the MicroMAC curve appear. Table 7 above presented results by micro-package, 
showing that agriculture and chemical processes interventions have rather negligible macroeconomic impact, while indus-
try CCS and distribution maintenance translate into negative effects on real GDP, second only to the cost of low-carbon 
energy supply. In contrast, the MacroAC curve illustrates that many individual energy efficiency measures are moderately 
supportive of economic growth, such as energy efficiency improvements in residential and commercial buildings (lighting, 
HVAC); also growth-enhancing are small hydro power plants, direct use of landfill gas, recycling and composting new 
waste, and on-shore wind. The messages of the MicroMAC and MacroAC curves are consistent on several levers: some 
of the most expensive measures in financial terms, such as CCS, also have a negative impact on real GDP. On others, the 
MacroAC analysis reorders the MicroMAC curve ranking: for example, on-shore wind power and small hydro power plants 
are superior to many energy efficiency measures by the metric of GDP growth. Nuclear power shifts rightward, to become 
among the most expensive measure (because even a 2030 horizon compares poorly with nuclear plants’ 10-year construc-
tion phase but 60-year lifespan). Fuel efficiency measures still fare well (but note that the MicroMAC curve classifies these 
measures as energy efficiency).

48 The presentation derives from simulations using the VAT financing closure, but the results for the alternative closures are similar.
49 To translate the horizontal axis between the MacroAC curve and the MAC curve, it should be noted that one percent GHG abatement relative to 

BAU 2020 corresponds to about 4.6 tCO2e, while one percent in 2030 corresponds to about 5.4 tCO2e.
50 The units are somewhat different between the two models. For the MAC curve, costs are reported in € per tCO2e abated, while for the MacroAC 

curve, costs are reported as a percent GDP deviation from BAU for implementation of each lever up to its abatement potential. 
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Figure 35. MEMO model: Macroeconomic Abatement Cost (MacroAC) curve, 2020  and 2030
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Note: A positive value on the vertical axis means that an abatement measure increases GDP. Curve is for the whole abate-
ment package. Model closure is increase in VAT. The area under the curve (the size of rectangles) has no economic interpre-
tation. 1% GHG abatement potential in 2020 corresponds to about 4.6 tCO2e, while 1% in 2030 corresponds to about 5.4 
tCO2e. 
Source: IBS technical paper, MEMO model simulations.
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The impact on GDP of various components of the abatement package shifts over time and becomes more positive, 
as investments are completed and operations begin for each lever. Comparing the 2020 and 2030 MacroAC curves, 
it can be seen that the GDP cost of many levers diminishes, and the shape of the curve flattens. Those with the most 
expensive and protracted investment phase will take longest to have a positive impact on GDP, in particular, some mea-
sures related to energy supply, such as nuclear installations with construction periods that extend over more than half of 
the projection horizon. By contrast, investments in on-shore wind energy farms contribute positively to growth by 2020, 
since they can start operations much faster and require much smaller capital expenditures. However, with an even longer 
projection horizon beyond 2030, the shift from GDP growth-hampering to growth-enhancing will certainly materialize 
for levers such as nuclear plants, which have the longest lifespan of any available energy sector technology. The ranking 
of coal IGCC installations also improves significantly over time, while the GDP impact of conventional gas, geothermal, 
and solar PV deteriorates between 2020 and 2030. The gains from energy efficiency improvements in retrofitted buildings 
increase over time. A number of other energy efficiency measures which undercut GDP in 2020 support growth by 2030, 
including lighting controls and replacements of bulbs in commercial buildings, HVAC enhancements and replacements 
of bulbs in residential buildings, higher energy efficiency standards in buildings, energy efficiency advances in transport 
vehicles, and landfill-gas-electricity generation. 

An alternative presentation of the macroeconomic costs of the low carbon scenario is the Macroeconomic Marginal 
Abatement Cost (MacroMAC) curve, with unit costs of GDP change compared to abatement potential. When the 
impact on GDP compared to the business-as-usual levels is scaled to cost per percent of GHG abatement relative to BAU, 
it is easier to see which measures are ‘cheaper’ (see Figure 36). In other words, the Y values on the MacroMAC curve are 
elasticities of real GDP relative to carbon abatement. It follows that the area of each of the rectangles on the MacroMAC 
curve equals the height of the same rectangle on the MacroAC curve. While the area under the Macro AC curve (the size 
of the rectangles) has no economic interpretation, the area under the MacroMAC curve is of interest: the size of each rect-
angle equals the impact on GDP of carbon abatement via that lever. The area under the MacroMAC curve in total defines 
the overall impact of the entire abatement package on real GDP. This interpretation is similar to that of the bottom-up 
MAC curve (in which the area under the curve equals the financial cost of the abatement package)51 (see Figure 36). 

51 Note that the units of measurement differ between the MAC curve and the MacroAC and MacroMAC curves. See footnote 61. 
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Figure 36. Macroeconomic Marginal Abatement Cost (MacroMAC) curve, 2020 and  2030

Note: A positive value on the vertical axis means that an abatement measure increases GDP. Curve is for the whole abate-
ment package. Model closure is increase in VAT. The area of any rectangle equals the GDP effect (loss or gain) of carbon 
abatement via any specific lever. 
Source: IBS technical paper, MEMO model simulations.
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Figure 36. Macroeconomic Marginal Abatement Cost (MacroMAC) curve, 2020 and  2030
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The MacroAC and MacroMAC curves are fully consistent; their differing formulations suit them to different policy 
applications. The curves may appear to show different magnitudes of carbon abatement levers’ impact on real GDP; 
however, the GDP effect of a specific lever always has the same sign on the two curves, indicating either a GDP gain or 
loss, but the ranking of unit costs in terms of GDP change is not identical to the MacroAC curve’s total GDP cost per 
measure. Two examples of a shift in ranking are nuclear plants, which no longer rank as the most expensive option on a 
per unit basis, and wind energy, which ranks further to the right (more costly) once abatement potential is considered. 
The MacroAC curve serves well to inform policymakers who have committed to a package of abatement measures (such 
as those recommended by the MicroMAC curve analysis) as to the impact of that package on growth. The MacroMAC 
curve is the preferable tool if policymakers are considering what the content of a package should be and impact on GDP 
is a factor to be used in that decision. 

With the extension of the time horizon to 2030, some levers change their position on the MacroMAC curve and 
generate different macroeconomic effects. Between 2020 and 2030, the same flattening of the cost curve observed 
for the MacroAC curve holds for the MacroMAC curve, reflecting the unsurprising finding that in 2030 there are more 
abatement options which may enhance GDP growth. By 2030, additional measures related to fuel and energy efficiency 
improvements in transport and industry have positive impact. The biggest improvements from 2020 to 2030 in unit macro 
costs of carbon abatement appear in geothermal energy, introduction of hybrid cars, CCS installations (which remain GDP-
reducing), and enhancements in lighting and HVAC in buildings. 

Numerous, often diminutive energy efficiency measures deliver relatively little GHG reduction individually but a 
package of the most GDP-enhancing measures could achieve critical mass (and get policymakers attention). Rather 
than focusing only on the interventions capable of significant GDP impact on their own, a package of small but effective 
levers could raise growth to a greater extent and at lower macro cost. Thus, an abatement policy oriented to a broad 
range of energy efficiency measures could be more effective in the long term in stimulating economic growth than a policy 
focused solely on the largest interventions. 

The MEMO model simulations provide a more complex assessment of possible abatement measures than the Mi-
croMAC curve. This additional information changes the ranking of many technological abatement measures, although 
the new simulations also illustrate that there will be no single metric against which to judge the preferability of abatement 
choices. The creation of a new visual presentation helps summarize a good portion of these new findings. However, while 
this simplified graphic of results helps communicate the main findings of the MEMO model, and while this model remains 
both highly flexible and heavily detailed, the challenge of working with very large and complex models remains--they are 
not fully intelligible to anyone but their maker. Also, as noted in Section d, the convergence of Poland’s economy towards 
EU averages, while clearly a technically superior approach to constructing a BAU scenario, builds in moderation of GHG 
emissions via the ongoing shift towards less emission-intensive sectors such as services and via improved efficiency in each 
sector. This presumption of flexibility of factors of production between sectors is critical also to the relatively modest long-
term costs of a low carbon scenario. It is the self-evident appeal to policymakers of this path-breaking model and its deep 
integration of bottom-up and top-down approaches that makes it particularly important that underlying assumptions be 
kept in view as policymakers consider the policy actions that would constitute a low emissions growth path for Poland. 
Further, Poland also faces immediate and specific obligations under EU legislation, which tie policymakers’ hands through 
predetermined targets and policies. The next chapter takes up this question of the cost of compliance to the EU 20-20-20 
climate package. 
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The Regional Options of Carbon Abatement (ROCA) model is a country-level CGE model for energy and GHG miti-
gation policy assessment adapted to Poland to analyze implementation of the EU 20-20-20 policy package. The 
model considers some key variations on climate policy design that meet the same emission reduction targets and some 
alternative model assumptions that further illuminate the impact on Poland’s economy in 2020 through the analysis of 
11 simulations. The ‘Main’ scenario, defining a central set of assumptions, finds that Poland bears a higher economic 
burden than the average EU country because of the predominance of coal in power generation. The market segmentation 
created by the EU’s division of economic sectors into ETS and non-ETS categories greatly elevates the marginal cost of 
abatement for non-ETS industries, and removing that segmentation reduces overall compliance costs for Poland. Similarly, 
relaxing the restriction on use of ‘where-flexibility’ (allowing emission reductions in the least-cost location) dramatically 
reduces compliance costs and the need for adjustment, as most abatement is off-shored. Then, an additional aspect of 
EU policy is incorporated into the ROCA model—overlapping regulation in the form of an EU target for renewable energy 
sources—to determine conditions in which it may be (counter-intuitively) welfare-improving. The model considers vari-
ous policy choices under the control of the Polish government. First, alternative revenue recycling via wage subsidies is 
analyzed, which generates a weak ‘double dividend’ (reducing emissions while easing distortions in the labor market) and 
lower unemployment. Then, the loosening of restrictions on the scope of nuclear power is found to cut compliance costs 
for Poland by about one-third (although the engineering feasibility of installation of nuclear power by 2030 is generally 
agreed to be about 6 GW, about half the capacity necessary to generate the 35 percent of electricity projected under this 
scenario). Lastly, the granting of free emission allowances to energy-intensive and trade-exposed sectors, which might be 
vulnerable to carbon leakage, preserves sector output but generates overall losses in GDP. 

The ROCA model is a multi-sector, multi-country CGE model incorporating a hybrid bottom-up and top-down 
representation of the power sector. Starting from a much-reviewed CGE model framework and drawing data from the 
GTAP database, the ROCA model has eight sectors (with the disaggregation focused on energy intensive sectors) as well 
as five energy subsectors to allow for detailed analysis. Some key market distortions such as energy and trade taxes and 
unemployment are included. The model emphasizes spillover and feedback effects from international markets, with four 
countries or regions (Poland, other EU, other industrialized countries, and developing countries). The energy sector gets 
innovative treatment, with a hybrid bottom-up and top-down representation of power sector production possibilities. The 
model’s horizon stretches to 2020, the deadline for the EU 20-20-20 package obligations, and institutional settings and 
policy instruments for climate policy implementation are included, including the complex rules for the ETS and non-ETS 
sectors, and revenue recycling possibilities from carbon pricing. For data limitation reasons, it models only CO2 emissions, 
and it derives a business-as-usual scenario in line with external projections that foresees less energy-saving sectoral trans-
formation (than the MEMO model baseline) (see Sections c and d and Annex 4 and Annex 6 for more details). 

The ROCA model is applied to assess compliance costs of the main features of the EU 20-20-20 package. The central 
constraint on Poland’s economy in 2020 in this modeling exercise is the need to meet the targets for emissions set out in 
the December 2008 EU climate change and energy package for emission-intensive (or ETS) sectors and for other sectors 
(non-ETS) such that the EU overall can reduce emissions by 20 percent in 2020 compared with 1990. Across all scenarios, 
these central provisions of EU climate policy legislation hold. Differential emission reduction targets are imposed for the 
ETS and non-ETS segments of the respective economies. For Poland, these targets are taken to be a 21 percent reduction 
in ETS sectors compared to 2005 (which is the EU-wide target) and a 14 percent increase in non-ETS sectors (the agreed 
national target). For ETS sectors, EU-wide carbon trading ensures equal prices of emissions abatement across the EU in 
all scenarios. For non-ETS sectors, the model assumes that each EU country imposes a domestic CO2 tax which equalizes 
marginal abatement costs only across each country’s domestic non-ETS emission sources. The ROCA model is a multi-
region model, designed to analyze international feedbacks (both the impact of EU policy choices on global markets and 
international spillovers triggered by emission abatement policies of other major industrialized regions). Other industrial-
ized countries (the third region in the model) are assumed to face a 2020 target of 4.8 percent abatement compared to 
2005, roughly corresponding to pre-Copenhagen official pledges. They do not participate in carbon trading or offsets 
but rather set a uniform domestic carbon tax. The fourth region, developing countries, faces no target and supplies CDM 
projects. (See Table 8). 

The model considers some key variations on climate policy design that meet the same emission reduction targets 
and some alternative model assumptions that further illuminate the impact on Poland’s economy in 2020. In addi-
tion to setting multiple abatement targets, EU policy segments sectors into two groups, creates additional requirements 
on renewable energy and sets indicative targets on energy efficiency. The agreed legal and regulatory structure for ETS 
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sector emissions is likely to generate significant fiscal revenues from auctions for governments, conditional on the propor-
tion allocated for free to assist affected industries; and governments will need to decide how to spend these revenues. 
Further, countries are free to design their own domestic policies to achieve non-ETS targets, including a domestic carbon 
tax.. To better understand how climate regulations generate economic costs, the ROCA model analyzes scenarios on the 
excess costs of emission market segmentation and of ceilings on foreign offsets (CDM limits) and on the efficiency losses 
of overlapping regulations. The importance of the method selected for revenue recycling for the economy-wide costs of 
emission abatement is addressed. Then some central features of the model are explored, through scenarios that vary the 
role of technology and technological policy constraints in power generation and the implications of international market 
spillovers (terms-of-trade) for the costs and effectiveness of sub-global (e.g., EU) climate policy action. The scenarios con-
sidered by the ROCA model are summarized in Table 8.

Table 8. Summary of scenario characteristics simulated in the ROCA model
Scenario Basic assumptions

All scenarios

• Emission reduction targets for 2020 are set as in EU climate package and Copenha-
gen pledges:
- Poland must reduce emissions in ETS sectors by 21 percent compared to 2005 and 
may increase emissions in non-ETS sectors by no more than 14 percent; the EU-26 
(for the ‘rest of the EU’) faces 21 and 12.5 percent reduction targets for ETS and 
non-ETS sectors respectively (see Table 3).
- Other industrialized countries must achieve 4.8 percent reduction as compared to 
2005 levels, roughly corresponding to pre-Copenhagen official pledges. This region 
represents key other Kyoto Protocol Annex 1 countries: Canada, USA, Australia, New 
Zealand, Japan, and Russia. 
- The remaining region, developing countries, has no emissions target. 

• Emissions trading focuses on the existing EU carbon market:
- There is EU-wide emissions trading for energy-intensive industries (ETS sectors).
- Access for EU non-ETS sectors varies according to scenario.
- The other regions do not participate in international emissions trading. 

• Flexibility in the form of CDM offsets is included: 
- For the EU, varying access according to scenario.
- The other industrialized region does not have access to CDM offsets.
- The developing countries region is the supplier of CDM offsets.

• Domestic carbon taxes are used:
- For EU non-ETS sectors, each EU country imposes a domestic tax. 
- The other industrialized region sets a uniform domestic carbon price. 
- Revenue recycling varies by scenario.

Main

• No access for EU non-ETS sectors to carbon market. 
• Limits to CDM offsets for EU as prescribed by the EU climate package: non-ETS sectors 

are allowed to offset up to 33 percent of emission reductions, ETS sectors, 20 percent. 
• Lump-sum recycling to households of revenues from carbon tax and auctioning of 

allowances in carbon market. 
• Bottom-up activity analysis characterization of power supply technologies in the EU.
• Restricted use of nuclear power at BAU capacity level.

Flexible emissions trading Like Main but with access for EU non-ETS sectors to carbon market.
Flexible trading & offsets Like Main but with EU non-ETS sector access to carbon market and no CDM limits. 
Renewables target Like Main but with target quota for renewable power generation in EU. 
Wage subsidy Like Main but with revenue recycling via wage subsidies. 
Unrestricted nuclear Like Main but without nuclear expansion ceiling in Poland. 
Restricted gas Like Main but with ceiling on gas use in Poland’s power generation at BAU level. 

Free 30 % allowances Like Main but with output-based allowance allocation to energy-intensive and trade-exposed 
(EITE) sectors in EU (free allocation of 30 percent of EITE sectors’ 2005 emission level). 

Free 70% allowances Like Main but with output-based allowance allocation to EITE sectors in EU (free alloca-
tion of 70 percent of 2005 emission level). 

Top-down power sector Like Main but with top-down characterization of power production. 

Small open economy
Like Main but without international terms-of-trade effects (Poland is treated as a small 
open economy). 

Source: Loch Alpine technical paper. 
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A summary of results of the 11 simulations, that explore aspects of meeting the EU targets, identifies which com-
ponents of regulations are more costly, and demonstrates the interaction with other policy choices and model 
assumptions, is below. (See Table 9). Changes in real GDP in 2020, in unemployment, and in output of energy-intensive 
and trade-exposed sectors are compared to the business-as-usual scenario for 2020, as variables of central concern to 
economic policymakers. The structure of the power sector is determined for each simulation (except the case in which the 
power sector is simplified). Marginal costs of abatement are indicated as the price per metric ton of CO2 (tCO2). (More 
detailed results are available in Annex 6, in particular for the other industrialized countries and developing countries). 
Differences in marginal abatement costs across regions and sectors (e.g., ETS versus non-ETS) in the table reveal scope 
for direct overall cost savings through increased “where-flexibility” (the degree to which emission reductions are allowed 
to take place at the least-cost geographic location, regardless of nation-state boundaries).52 Abatement achievements 
before the use of flexibility mechanisms for each scenario illustrate how the off-shoring of abatement varies. While where-
flexibility enhances efficiency, nevertheless, it is possible that an individual country such as Poland can be worse off from 
(more comprehensive) emissions trading due to adverse terms-of-trade effects for energy goods, energy-intensive com-
modities or CO2 emission allowances.

The ‘Main’ scenario sets out the central set of assumptions that will be altered in other scenarios. No trading is 
allowed between ETS and non-ETS emissions. Current regulations’ limits on use of CDM offsets hold (see Annex 1 for 
details). There is no target for renewables in power supply53. There is no free allocation of emission rights—all are auc-
tioned54; and the revenues from auctioned ETS allowances and domestic taxation of non-ETS emissions are recycled lump-
sum to households. The use of nuclear power–both in Poland as well as the rest of the EU–is limited to the BAU level, 
reflecting public concerns on the operation of nuclear power plants and the unresolved issue of long-term nuclear waste 
management. However, despite concerns about energy security, there is no ceiling on gas-powered electricity generation. 
Two of the innovative aspects of the ROCA model are applied here: this scenario includes detailed technology in the power 
sector; and the modeling of the interplay of four countries/ regions allows analysis of international terms of trade effects. 

52 Greater flexibility lowers implementation costs. The Kyoto Protocol includes several mechanisms that allow for ‘where-flexibility’ (see Box 2). 
53 The targets for renewables in the power sector were analyzed in one of the simulations, but note that because of data limitations, the ROCA model 

is not able to capture these targets exactly as formulated in EU regulations. The simulations in this report refer to the share of renewable in power 
supply, while the EU targets refer to the share of renewa bles in final energy demand.

54 The potential derogations in the energy sector for the modernization of electricity generation were not modeled in the ‘Main’ scenario both be-
cause of limitations of the model and also the evolving interpretations of these regulations. In order to capture derogations in further work, some 
approximation of the projected adjustment path from 30 percent of allowances for the energy sector auctioned in 2013 to full auctioning in 2020 
will be required.
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Table 9. ROCA model: economic impacts of alternative emission mitigation sce narios
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Real GDP (% change from BAU)

Poland -1.40 -1.16 -0.28 -1.02 -0.98 -1.12 -1.02 -1.46 -1.40 -1.40 -1.74

EU26 -0.55 -0.41 -0.08 -0.37 -0.42 -0.45 -0.54 -0.56 -0.55 -0.54  

Other industrialized -0.28 -0.28 -0.25 -0.27 -0.2 -0.28 -0.28 -0.28 -0.28 -0.28

Developing countries -0.11 -0.09 -0.08 -0.09 -0.09 -0.1 -0.1 -0.11 -0.11 -0.11

Unemployment (change in percentage points, relative to BAU unemployment rate) 

Poland 0.53 0.41 0.10 0.35 -0.39 0.37 0.55 0.53 0.52 0.44 0.49

EU26 0.17 0.12 0.03 0.04 -0.07 0.16 0.17 0.17 0.17 0.14  

Output of energy-intensive and trade-exposed sectors (% from BAU) 

Poland -2.66 -2.82 -0.29 -1.13 -2.08 -1.86 -2.85 -2.40 -2.05 -1.94 -4.42

EU26 -0.73 -0.78 0.20 0.14 -0.55 -0.66 -0.74 -0.64 -0.51 -0.37  

Technology shares of power sector (in % from total) 

Poland coal 84.1 73.5 70.2 81.9 75.6 73.3 50.7 78.9 73.4 73.4  73.5

 gas 5.1 11.8 14.0 6.4 6.2 12.0 6.9 5.8 11.8 11.9  11.5

 oil 0.9 1.1 1.1 1.0 1.0 1.1 1.0 1.1 1.1 1.1  1.1

 nuclear 5.2 5.9 6.0 5.4 5.5 5.8 35.5 5.9 5.9 5.9  6.0

 renewable 4.5 7.8 8.7 5.3 11.7 7.8 5.9 8.2 7.8 7.8  7.9

CO2 values (US$ per tCO2) 

ETS 29.7 36.4 7.9 10.7 30.1 26.9 30.1 29.8 29.8 22.0 29.7

Non-ETS
Poland 87.2 36.4 7.9 86.6 91.3 88.3 87.4 87.3 87.3 87.8 67.6

EU26 81.9 36.4 7.9 79.6 84.0 81.8 81.9 82.0 82.1 81.0  

CO2 reduction (inland, % from BAU)

Poland -20.1 -19.7 -4.9 -15.8 -19.9 -24.2 -23.3 -18.4 -20.0 -20.0 -21.2

EU26 -14.7 -14.7 -2.8 -15.1 -14.7 -14.3 -14.4 -14.8 -14.7 -14.7  

Other industrialized -16.5 -16.5 -16.5 -16.5 -16.5 -16.5 -16.5 -16.5 -16.5 -16.5  

Developing countries -0.8 -0.8 -3.3 -0.8 -0.8 -0.8 -0.8 -0.8 -0.8 -0.8  

Note: Simulation based on CO2 , not GHG, reduction. EU26 is the EU excluding Poland. Inland CO2 reduction excludes credits 
from CDM offsets. See Table 8 for definitions and description of scenarios. 
Source: Loch Alpine technical paper; ROCA model simulations; World Bank staff calculations.

The findings of the ‘Main’ scenario illustrate that Poland bears a higher economic burden than the average EU 
country because of its relatively high abatement targets for non-ETS sectors with strong baseline emissions growth. 
Setting a non-zero price of carbon generates a negative shock to emissions-intensive sectors. Since power generation in 
Poland is predominantly coal-based, it will be hard hit. CO2 reduction from the sector takes place through rising electricity 
prices (by about 20 percent, much more than in the rest of the EU), a decline in output by about 10 percent, the expan-
sion of CO2-free renewable power production, and, to a more limited extent, fuel shifting to gas (since nuclear power is 
assumed restricted to BAU levels) (see Figure 49). The higher costs of production for those sectors in which (fossil fuel) 
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energy inputs represent a significant share of direct and indirect costs leads to a loss in competitiveness, depressing 
production. In the new equilibrium, real wages are lower, and unemployment rises (although by only half a percentage 
point). The effects on real GDP are modest but more than twice as high for Poland as for the rest of the EU (with a loss 
of 1.4 percent of GDP).55 Ceteris paribus, differences in economic adjustment costs between countries and regions can 
be traced back to differences in the effective emission reduction targets: Poland faces the highest reduction requirement 
vis-à-vis the BAU situation in 2020 for non-ETS sectors (of about 22 percent, see following paragraph and Table 3), driven 
by expected strong baseline emission growth in its non-ETS sectors. Another important cost determinant is the ease of 
carbon substitution which is embodied implicitly in the sector-specific production technologies and consumer preferences. 
A third determinant is international feedback and spillover effects, when countries’ terms of trade and global prices are 
affected by abatement policies.56 (See Table 9 and Figure 37, Figure 38, and Figure 39).

Energy-intensive and trade-exposed industries are not devastated by carbon abatement, but market segmentation 
drives the marginal cost of abatement in non-ETS sectors to almost three times the level in ETS sectors. The common 
EU price for ETS emissions amounts to roughly US$30 per mt of CO2. Energy-intensive and trade-exposed (EITE) industries 
(a subset of ETS sectors) are worried about ‘carbon leakage’57 and negative repercussions of emission constraints on pro-
duction and employment.58 However, the simulations suggest that policy concerns in Poland as well as the rest of the EU 
about drastic adjustment effects in EITE sectors are unwarranted—these sectors are harmed more than the average (with 
2.7 percent loss in output in 2020 compared to GDP losses of 1.4 percent), but the contraction is still moderate in size. A 
key reason is that, in the ‘Main’ scenario, other industrialized countries also undertake abatement, and CDM offsets put 
a scarcity rent on carbon emissions for developing countries such that the shift in comparative advantage is dampened. 
(However, it must be acknowledged that the impact on EITE sectors is reported as an average; and, at a more disaggre-
gated level, production and employment shocks for specific sectors can be markedly higher.) At the same time, marginal 
abatement costs in the non-ETS sectors for both Poland and the rest of the EU are much higher than the ETS value (at a 
shadow price of US$87 per tCO2 for Poland, and US$82 for other EU), revealing less potential for cheap emission abate-
ment in the non-ETS sectors given that the effective relative reduction requirements in the non-ETS sectors are similar (in 
the case of Poland: 21 percent effective reduction in ETS, 22 in non-ETS) or even lower (in case of the EU: 24 ETS, 14 non-
ETS). The differences between ETS and non-ETS prices drive the direct excess costs of EU emission market segmentation, 
which are alleviated to some degree through limited low-cost CDM imports (at a price of only US$1 per tCO2). 

55 The welfare cost to Poland is close to 1 percent, more than three times the cost to the rest of the EU. The cost in GDP and welfare to other indus-
trialized countries is about half to two-thirds that of the EU (see Annex 6).

56 The impact of spillover effects dominates in the case of developing countries. Although they have no emission reduction pledges and should benefit 
through CDM, they face non-negligible welfare losses because of deterioration in their terms of trade (see Annex 6). 

57 In this context, carbon leakage refers to the possibility that countries with more relaxed emissions policy may gain a trading advantage and produc-
tion may move offshore to the cheaper country with lower standards.

58 According to EU criteria, a sector is considered at risk of emission leakage if the direct and indirect additional production from emissions controls 
costs exceed 5 percent of gross value added and the total value of its exports and imports exceeds 10 percent of the total value of its turnover and 
imports. 
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Figure 37. ‘Main’ scenario : carbon emissions, % change vs. 2005
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EU 20-20-20 regulations. EU is rest of the EU excluding Poland. Inland carbon emissions are from within the region. Offsets 
are carbon emissions achieved by the region through CDM. EITE is value-added of energy- and trade-exposed sectors 
(non-metallic minerals, iron and steel products, non-ferrous metals, paper–pulp–print, and refined oil products). UR is the 
change in the unemployment rate in percentage points. The carbon price in non-ETS sectors is a shadow price. 
Source: Loch Alpine technical paper; ROCA model simulations. 

Equalizing the carbon price between ETS and non-ETS sectors in the ‘Flexible emissions trading’ scenario raises 
costs to ETS sectors but reduces overall compliance costs for Poland by about one-sixth of lost GDP and for the EU 
by about one-quarter. In this alternative, Poland and the rest of the EU are assumed to establish a comprehensive emis-
sion trading market so there is only one EU-wide CO2 price. In 2020, the ROCA model finds that price to be about US$36 
per ton (against US$30 per ton for ETS sectors in the ‘Main’ scenario). The integrated EU carbon market generates greater 
pressure on the electricity sector and other ETS sectors. In this scenario, the ETS sectors must undertake more emission 
abatement in order to reduce the expensive abatement burden of the non-ETS sectors. As a consequence, electricity prices 
rise further, power production declines more sharply, and the structural shifts in power generation across technologies 
become more accentuated. Likewise, the negative repercussions on EITE sectors are slightly more pronounced. Equaliza-
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tion of marginal abatement costs across all EU emission sources reduces compliance costs for the EU compared to the cost 
identified in the ‘Main’ scenario by roughly 10 percent in welfare terms, or by 17 of lost GDP for Poland and 25 percent for 
other EU. At first glance, the excess costs of CO2 segmentation seem rather modest, but they might easily be significantly 
higher if, instead of the assumptions of the ‘Main’ scenario, the EU contained 27 differentiated non-ETS markets, cost-
effective non-ETS regulation via a uniform carbon tax were replaced by a more realistic patchwork of overlapping domestic 
regulations, or if CDM access were more restrictive (since the EU regulations are complex and open both to interpretation 
and revision). (See Table 9 and Figure 40, Figure 41, and Figure 42). 

Relaxing the restriction on use of ‘where-flexibility’, in the ‘Flexible trading and offsets’ scenario, dramatically 
reduces compliance costs and the need for adjustment, as most abatement is off-shored. The ‘Flexible trading 
and offsets’ scenario assumes a comprehensive EU carbon trading regime and, in addition, relaxes the supplementarity 
constraints on CDM. Poland and the rest of the EU are now allowed to import up to their nominal emission reduction 
requirement with respect to 2005 levels (which still leaves obligations for domestic abatement from the substantial gap 
to the higher effective reduction requirement with respect to 2020). Access to more CDM abatement drastically decreases 
overall economic costs for Poland and the rest of the EU: CO2 prices drop to around US$8 per ton. Poland and the rest 
of the EU shift the bulk of abatement to the developing world, paying only about US$2 per tCO2 in CDM credits. While 
other EU emission reduction in the ‘Main’ and ‘Flexible emissions trading’ scenarios amounts to 15 percent compared to 
BAU levels, it is only about 3 percent in this scenario. The difference between the costs of US$2 per tCO2 for a CDM credit 
and the EU-internal CO2 price of US$8 is captured by the shadow price on the CDM quota, with quota revenues accruing 
to EU governments. The required economic adjustment in the power sector and the rest of the economy as compared to 
BAU is greatly reduced (see Figure 49). This scenario stands in stark contrast to the ‘Main’ scenario, and its assumptions 
are illustrative rather than highly realistic. For example, if the EU were to allow substantial use of foreign offsets, other 
industrialized countries would also likely be competing for CDM imports, pushing up their price. (See Table 9 and Figure 
40, Figure 41, and Figure 42). 

Figure 40. ‘Where-flexibility’ scenarios: carbon emissions, % change vs. 2005 
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Figure 41. ‘Where-flexibility’ scenarios: carbon prices Figure 42. ‘Where-flexibility’ scenarios: macroeconomic 
variables, in % vs. BAU 
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Source: Loch Alpine technical paper; ROCA model simulations.

Figure 43. ‘Renewables target’ scenario: carbon emissions, % change vs. 2005
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Figure 44. ‘Renewables target’ scenario: carbon 
prices

Figure 45. ‘Renewables target’ scenario: macroeconomic vari-
ables, in % vs. BAU
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Source: Loch Alpine technical paper; ROCA model simulations.

Overlapping regulation in the form of an EU target for renewable energy sources, modeled in the ‘Renewables tar-
get’ scenario, can improve welfare rather than imposing additional costs, because of initial distortions and market 
imperfections. The use of multiple overlapping instruments in climate policy would seem to pose the risk of additional 
costs, e.g., the EU’s 20-20-20 policy package target of a 20 percent penetration of renewable energy by 2020 in primary 
energy consumption, with specific targets for each Member State.59 To impose this green quota on top of the explicit 
emission reduction targets for ETS and non-ETS sectors, the ‘Renewables target’ scenario starts from the ‘Main’ scenario 
and adds subsidies for renewable power generation, financed lump-sum by EU governments, sufficient to increase the 
renewables share in the power sector by 50 percent above the share in the ‘Main‘ scenario.60 However, this policy has a 
presumably unintended side effect: the increased share of renewables reduces pressure on the ETS emission ceiling, reduc-
ing the ETS carbon price.61 As a consequence, both renewable power producers and the most emission-intensive power 
producers—coal—benefit (see Figure 49). Surprisingly, the simulations find that the GDP impact of an additional green 
quota for Poland and the rest of the EU is positive. While counterintuitive at first glance, it is the ROCA model’s inclusion 
of initial distortions (taxes, subsidies, and unemployment) which allows the possibility of welfare-improving second-best 
effects of additional policy constraints. Since Poland and the EU have relatively high taxes on energy use, imposition of 
subsidies to renewables moves regulation toward a more uniform and lower tax on carbon (with efficiency gains). Then, 
in the presence of initial unemployment, subsidies to renewables reduce the downward pressure on the real wage and 
thereby alleviate the increase in unemployment. Note that if all initial taxes and subsidies are set to zero in the model and 
then a green quota is imposed on top of an overall carbon emissions cap, the expected result emerges that the additional 
green constraint generates excess costs. (See Table 9 and Figure 43, Figure 44, and Figure 45). 

Revenue recycling via wage subsidies reveals a weak double dividend in which unemployment is reduced. The next 
alternative scenario reflects upon the scope of a double dividend from environmental regulation.62 Instead of the lump-
sum transfer of rents from CO2 regulation, the ‘Wage subsidy’ scenario assumes revenue-neutral subsidies to labor. If pric-
ing of carbon joint with wage subsidies effects an increase in real wages, unemployment will be lower, reducing the costs 
of emission mitigation (the ‘weak’ double dividend hypothesis). In the presence of initial tax distortions and labor market 

59 The EU climate package contains explicit promotion of renewable energy production both because of its importance to emissions mitigation but 
also the possibility of technology spillovers and concerns about energy security.

60 Note that this target falls short of Poland’s commitment to a 15 percent share of renewable energy in gross final energy consumption by 2020. 
61 Although in theory, the price of electricity could either increase or decrease as a consequence of renewable targets, in this scenario, it is markedly 

lower than in the ‘Main’ scenario (together with higher electricity production and demand).
62 The double dividend hypothesis postulates that increased taxes on polluting activities can provide two kinds of benefits: an improvement in the en-

vironment; and, an improvement in economic efficiency from the use of environmental tax revenues to reduce other taxes that distort labor supply 
and saving decisions. A weak double dividend claim is that returning tax revenues through cuts in distortionary taxes leads to cost savings relative 
to the case where revenues are returned lump sum. 
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imperfections, deliberate revenue recycling may be able to ameliorate the negative impacts of emission regulation. The 
‘Wage subsidy’ scenario supports this weak double dividend hypothesis when revenues from emission regulation are not 
returned lump-sum but used to subsidize labor costs. In this case, the downward pressure of emission pricing on wages 
can be more than offset through wage subsidies such that real wages increase and unemployment falls. Revenue recycling 
through labor cost cuts rather than lump-sum transfers does not change the marginal costs of abatement but generates 
substantial infra-marginal cost savings through the implicit relaxation of labor market rigidities. As a consequence, the 
changes in the power generation mix and the sectoral structural change compared to the ‘Main’ scenario are relatively 
small with labor-intensive industries performing slightly better. (See Table 9 and Figure 46, Figure 47, and Figure 48). 

Figure 46. ‘Wage subsidy’ scenario: carbon emissions, % change vs. 2005
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Figure 47. ‘Wage subsidy’ scenario: carbon prices, 
in US$ per tCO2

Figure 48. ‘Wage subsidy’ scenario: macroeconomic variables, 
in % vs. BAU
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Source: Loch Alpine technical paper; ROCA model simulations.
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Technology-specific policy constraints in power generation for Poland, in particular safety concerns related to 
nuclear power and energy security concerns related to imported gas, are exogenous to this modeling; however, re-
moving any restriction on the scope of nuclear power cuts compliance costs for Poland by about one-third. The role 
of technology-specific policy constraints in power generation for Poland is investigated by two additional scenarios. The 
‘Unrestricted nuclear’ scenario allows for the expansion of nuclear power in Poland beyond BAU levels, and the ‘Restricted 
gas’ scenario limits the use of gas in Poland’s power system to the BAU level. Apart from the costs and potentials of al-
ternative renewable sources for power production, the ease of substituting away from coal in Poland’s electricity system 
hinges to a large extent on policy constraints and long lead times for nuclear expansion and the willingness to increase 
dependency on foreign gas imports. Both the nuclear and the gas option are subject to political economy concerns; yet 
economic analysis can at least provide a price tag to these options. Under the ‘Unrestricted nuclear’ scenario, the increase 
of electricity prices and, in turn, the decline of electricity output is roughly halved as the share in nuclear power generation 
goes up from about 6 percent in the ‘Main’ scenario to more than 35 percent in this scenario (see Figure 49) (although 
installation of so much nuclear capacity is unlikely to be feasible by 2020).63 Overall compliance costs are cut by one-third 
for Poland. By comparison, the ‘Restricted gas’ scenario keeps the nuclear ceiling and, in addition, restricts the use of gas-
fired power plants in Poland to the BAU level (see Figure 49). The additional costs of constrained fuel switching from coal 
to gas in Poland’s power production are relatively modest. (See Table 9 and Figure 50, Figure 51, and Figure 52).

Figure 49. ROCA model: electricity generation mix, in %

Note: See Table 8 for definitions and description of scenarios.
Source: Loch Alpine technical paper; ROCA model simulations.

63 The MEMO model’s detailed optimization modeling of the power sector concludes that only about 11 percent of electricity supply can be nuclear 
by 2020. 
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Figure 50. ‘Technology constraint’ scenarios: carbon emissions, % change vs. 2005 
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Figure 51. ‘Technology constraint’ scenarios: carbon 
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Figure 52. ‘Technology constraint’ scenarios: macroeconomic 
variables, in % vs. BA U
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Source: Loch Alpine technical paper; ROCA model simulations.

Figure 50. ‘Technology constraint’ scenarios: carbon emissions, % change vs. 2005
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Figure 53. ‘Competitiveness risk’ scenarios: carbon emissions, % change vs. 2005
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Figure 54. ‘Competitiveness risk’ scenarios: carbon 
prices, in US$ per tCO2

Figure 55. ‘Competitiveness risk’ scenarios: macroeconomic 
variables, in % vs. BAU

29.7

87.2
81.9

29.8

87.3
82.0

29.8

87.3
82.1

0.0

20.0

40.0

60.0

80.0

100.0

ETS Poland 
non-ETS

EU 
non-ETS

U
S$

 p
er

 tC
O

2

Main Free 30% allowances Free 70% allowances

Note: See the explanation under Figure 37.
Source: Loch Alpine technical paper; ROCA model simulations.
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Figure 53. ‘Competitiveness risk’ scenarios: carbon emissions, % change vs. 2005
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Granting free allowances to energy-intensive and trade-exposed sectors, which might be vulnerable to carbon 
leakage, is equivalent to a production subsidy that preserves sector output while generating overall losses in GDP. 
Unilateral emission caps with rising CO2 prices raise concerns on the competitiveness of energy-intensive and trade-
exposed (EITE) industries and the potential for carbon leakage, particularly to emerging economies that lack comparable 
regulation.64 As a response, the EU 20-20-20 package allows for free allocation of emission allowances to EITE sectors.65 
The ‘Free 30 percent allowance’ and ‘Free 70 percent allowance’ scenarios include partial free allocation of emission rights 
to EITE sectors in Poland and the rest of the EU. In the ‘Free 30 percent allowance’ scenario, 30 percent of the EITE sec-
tors’ 2005 emissions are handed out for free; for the ‘Free 70 percent allowance’ scenario, the share is 70 percent. The 
allowance allocation is provided conditional on firms’ production decisions (via dynamic allocation) so as to provide an 
implicit subsidy to firms’ output.66 While the emissions price ensures producers still have economic incentives to reduce 
their emissions intensity, the subsidy discourages them from reducing emissions by decreasing production. While eligible 
sectors may benefit and leakage may be reduced, to meet the domestic cap those foregone domestic reductions must 
be made up elsewhere, driving up the emissions price and abatement costs. Since EITE sectors do not dominate overall 
emissions and production activity, real GDP and welfare losses of production subsides under the ‘Free 30 percent allow-
ance’ and ‘Free 70 percent allowance’ scenarios are small. However, these costs can go up substantially if the share of EITE 
sectors increase or the scope of smart revenue recycling decreases. From a global efficiency perspective, the distortionary 
effects of output subsidies may be justified to a certain extent as a second-best policy for reducing counterproductive 
carbon leakage. A more subtle, selfish motive for output-based allocation from the perspective of a unilaterally abating 
region could be the strategic manipulation of the terms-of-trade. (See Table 9 and Figure 53, Figure 47, and Figure 55).

Simulations run with a top-down representation of production possibilities in power generation generates a flat-
ter marginal abatement cost curve and significantly lower marginal abatement costs in the ETS sector, illustrating 
again that model assumptions must remain in the forefront as results are presented. The ‘Top-down power sector’ 
scenario serves as a sensitivity analysis on the characterization of production possibilities in power generation, replacing 
the activity analysis representation of electricity generation in Poland and the rest of the EU with a conventional top-down 
approach. The direct costs of emission abatement in production are determined through the ease of fuel switching and 
energy efficiency improvements. A bottom-up modeling approach captures these costs through the activity analysis rep-
resentation of discrete alternative technologies with different input intensities. The merit ordering of technologies with 
respect to abatement costs then yields an explicit marginal abatement cost curve where the area below the step func-
tion equals total abatement cost. The bottom-up approach describes current and prospective technologies in detail and, 
therefore, is well suited to the analysis of technology-oriented regulation. However, there are practical shortcomings to 
the bottom-up approach when it comes to economy-wide analysis.67 In contrast, a top-down representation of produc-
tion technologies captures substitution possibilities through constant elasticities of substitution which can be estimated 
from aggregate market data on prices and quantities.68 Estimates for marginal abatement costs in the ETS sector are sig-
nificantly lower for the ‘Top-down power sector’ scenario which translates into distinctly lower overall compliance costs 
compared to the ‘Main’ scenario. The reason is the flatter marginal abatement cost curve associated with the specific es-
timates for the top-down cross-price substitution elasticities–a difference between bottom-up and top-down approaches 
which indicates the need for further sensitivity analysis on technology characterization in key industries. (See Table 9 and 
Figure 56, Figure 57, and Figure 58). 

64 There is by definition no leakage in the ROCA model, since CDM offsets are allowed (as in the ‘Main’ scenario) which requires the definition of an 
emission ceiling for developing regions (set at the BAU level); and other industrialized countries also have emission reduction pledges.

65 These simulations provide interesting insights on a related issue: national requests for EU permission to provide some portion of ETS allowances for 
free to the power sector starting in 2013 (or “derogations”). 

66 If instead, the free allocation were tied to criteria exogenous to firms (static allocation), then the free allowances would be equivalent to a lump-sum 
transfer of scarcity rents to firms without affecting potential relocation or shut-down decisions.

67 The activity analysis representation of multiple production sectors becomes quickly intractable. In particular, there is the challenge to mimic rea-
sonable supply price responses through the deliberate choice of lower (decline) bounds and upper (expansion) bounds for technologies as well 
as the calibration of technologies to specific supply elasticities. The substitution and transformation possibilities of aggregate production then are 
implicitly provided by the weighted input and output choices across all technologies.

68 As described in Section c, the multi-sector, multi-region CGE model developed for Poland combines a bottom-up characterization of the power 
sector with a top-down representation of all other industries. While the former approach reflects the paramount role of technology choices and 
technology regulations in the power sector for overall CO2 abatement, the latter can be based on empirical estimates for cross-price elasticities 
between capital, labor, material and energy inputs.
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Figure 56. ‘Power options and trade effects’ scenarios: carbon emissions, % change v s. 2005
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Figure 57. ‘Power options and trade effects’ scenarios: 
carbon prices, in US$ per tCO 2

Figure 58. ‘Power options and trade effects’ scenarios: 
macroeconomic variables, in %  vs. BAU
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Source: Loch Alpine technical paper; ROCA model simulations.

Secondary terms-of-trade effects on the costs of emission abatement in Poland are found to be critical for Poland: 
In the ‘Small open economy’ scenario, the costs of compliance are roughly 50 percent higher than in the ‘Main’ 
scenario. The final scenario highlights the importance of secondary terms-of-trade effects for the costs of emission abate-
ment in Poland. The ‘Small open economy’ scenario treats Poland as a small open economy, keeping international prices 
at the BAU level (suppressing terms-of-trade changes from international spillover effects).69 This scenario eliminates the 
feedback effects from international markets (by assuming that international prices are fully exogenous) and excludes 
international spillover effects from policy actions of trading partners (which for Poland is clearly omitting an important 
dimension of economic interactions since its economy is integrated in the EU common market and trades predominantly 
with EU partners). The strong mutual interdependence suggests that Poland is not only affected by the partners’ reac-
tion to their own domestic policy actions but in turn responds to policy actions of trading partners. It would be expected 
that in any economic impact analysis of CO2 mitigation strategies in Poland, international spillover effects from emission 
regulation in the rest of the EU (and beyond) are likely to play an important role. The bulk part of Poland’s emission is 
regulated through the EU ETS where the marginal abatement costs emerge from supply and demand responses across all 
energy-intensive industries in the EU. The impact on the competitiveness of Poland’s industry primarily hinges on recipro-

69 The scenario adopts the international CDM prices and the EU ETS price generated by the ‘Main’ scenario.

THE REGIONAL OPTIONS FOR CARBON ABATEMENT (ROCA) 
MODEL AND IMPLEMENTING EU CLIMATE POLICY

Figure 56. ‘Power options and trade effects’ scenarios: carbon emissions, % change v s. 2005
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cal action by the rest of the EU. Finally, international fuel market responses are driven by abatement of all major world 
economies. (All these spillover effects are incorporated in a consistent manner into the ROCA model.) In the small open 
economy setting, the costs of compliance are roughly 50 percent higher as compared to the ‘Main’ scenario. However, as 
noted above, this scenario is useful as a comparator, not as an accurate representation of reality: the shift in comparative 
advantage at the expense of Poland’s industries is overstated because comparable emission regulation in the rest of the EU 
(and other industrialized regions) is omitted; and similarly, important terms-of-trade effects from global energy markets 
are missing. (See Table 9 and Figure 56, Figure 57, and Figure 58). 

The ROCA model’s analysis of the cost of compliance with the EU 20-20-20 climate policy for Poland’s economy in 
2020 provides an informative counterpoint to the MEMO model’s assessment of the macroeconomic impact of an 
ambitious abatement package. This section has called attention to the important principle that the design of policy mat-
ters for its effectiveness and efficiency. Simulations demonstrated that reducing the market segmentation designed into 
EU climate policy and allowing more ‘where-flexibility’ should foster overall cost-efficiency of emission abatement. These 
simulations move forward from the simpler policy world of the MEMO model, where a public subsidy induces implemen-
tation of abatement measures and a tax increase (or one of three other public financing options) balances the budget. 
Nevertheless, the ROCA model also assumes optimal policy responses within the constraints of the EU regulations. That is, 
ETS sectors trade emissions rights in an EU-wide carbon market, allowing for reasonably cost-efficient abatement through 
a decentralized market mechanism. In non-ETS sectors, the model assumes a unified domestic CO2 tax. In practice, 
however, various EU members have shown an inclination to adopt a myriad of command-and-control measures (such as 
standards for tire pressure or mandatory tests for efficient driving), which will drive up the real-world costs of abatement 
compared to the ROCA model results. Policymakers should conclude that complex rules and regulations usually impose 
extra costs at the macroeconomic level, even if they seem well-tailored to the sector or issue. To explore this question of re-
sponses at the sectoral level, and to complement the last three sections’ exploration of economy-wide modeling, the next 
sections turn to details in three sectors critical to a low emissions growth path: energy, energy efficiency, and transport. 
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Although the energy se  ctor has been at the center of all the analysis so far, this section sets out a more detailed 
examination of some key aspects of energy sector options, and, in particular, the careful optimization of the fu-
ture structure of the electricity sector carried out for the MEMO model. Low-carbon energy supply options present 
significant opportunities for abatement, but they are usually quite expensive up front, take a long time to build, and then 
become long-lived assets with low operating costs. The power sector requires long lead times and, for some technolo-
gies, has very long technical lifespans. The combination of technologies chosen or new investments will depend not only 
on capital costs, operational savings, and carbon abatement potential, but also energy security, domestic sourcing, and 
a raft of other issues. It is not surprising that the models applied here forecast the structure of the power sector to shift 
only slowly. The ROCA model’s results argue that a strong shift towards nuclear power is the option most likely to reduce 
emissions without harming the economy. The MEMO model, which takes the most sophisticated approach to selecting 
the structure of the sector, uses an optimization model to determine the cheapest feasible energy-mix package within 
multiple constraints. The additional fact that the average age of Poland’s existing energy infrastructure is high and, there-
fore, ready for replacement, provides an opportunity for the country’s energy sector agenda to largely coincide with the 
low-emissions agenda.

Choices about the energy fuel mix today will have lasting implications for Poland’s power sector emissions, but at 
the same time, given the lumpiness and complexity of low-carbon energy sector investments, maximizing potential 
abatement requires decisiveness and swift action. The power sector both produces the most emissions (at 38 percent 
of total) and holds the most potential for mitigation, including both demand reductions through energy efficiency, and 
fuel mix decisions. Figure 59 has extracted energy sector options from the MicroMAC curve and shows the full technical 
potential of abatement from the energy sector at 120 MtCO2 or 60 percent below 2005 levels. Five abatement scenarios 
for the power sector were constructed as part of the MicroMAC curve analysis to illustrate the impact of different tech-
nologies on abatement potential. The maximum abatement potential is delivered by a ‘low emissions’ scenario in which 
coal power blocks are allowed to undergo natural retirement, with remaining power demand met by wind and nuclear 
energy. If the remaining power demand is instead met by gas plants, then the abatement potential falls from 120 MtCO2 
to just 68. Implementation challenges for these scenarios are not only technological but also involve complicated tradeoffs 
related to energy security, nuclear waste risk, the economic importance and employment impact of local coal mining, and 
upfront investment costs versus future savings on operating costs. 

Figure 59. Microeconomic Marginal Abatement Cost (MicroMAC) curve for low-carbon energy s ector investments
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The power sector, clearly central to any switch to a low emissions economy, requires long lead times. Most of the 
energy sector capital stock will need to be replaced, which not only involves the substantial time required to construct 
new energy facilities, but also for a good portion of today’s capital stock to pass through a normal lifespan before replace-
ment. New investments today will be required to be able to provide the energy supplies needed to satisfy higher energy 
demand in the future. For example, construction of an integrated gasification combined cycle (IGCC) coal plant takes 3 
years while around 5 years are needed for a natural gas power plant. The first nuclear energy blocks of 1.5 GW might 
be able to start operating in Poland in 2020 at the earliest.70 There are also differences in the technical lifespan of power 
plant operations. For example, a gas-fired power turbine can operate for about 25 years and a conventional coal power 
plan for 45 years while nuclear power plants can operate for up to 60 years (see Table 10).71 Benefits from investments in 
energy sector generation and infrastructure pay off in the long term. However, in order to secure benefits in the future, 
e.g., after 2020, modernization efforts have to be launched now. Given the enormous investment needs in energy infra-
structure and housing, it is also critical that Poland does not lock into unsustainable development patterns for long-lived 
infrastructure (see Table 10). 

Table 10. Key features of energy sector technologies available in Poland until 2030
Technology Life span Max Installed Base Production Uptime Investment time

 years 2005 (GW) 2030 (GW) 2005 (%) 2030 (%) Construction (years)

Coal CCS retrofit 40 0.0 5.8 38% 64% 4-6

Coal CCS new built 40 0.0 3.5 79% 87% 5-8

Coal IGCC 25 0.0 5.8 90% 90% 4-6

Gas CCS retrofit 40 0.0 2.8 68% 68% 4-6

Gas CCS new built 25 0.0 0.7 29% 35% 4-6

Biomass dedicated 40 0.0 0.9 80% 80% 3-5

Biomass CCS new built 40 0.0 5.8 80% 80% 4-6

Nuclear 60 0.0 6.0 90% 90% 10-12

On shore wind 20 0.1 10.0 24% 24% 2-4

Off shore wind 20 0.0 6.0 32% 34% 3-5

Solar PV 25 0.1 1.7 10% 10% 1-2

Solar conc. 20 0.0 1.4 91% 91% 5-7

Geothermal 30 0.0 0.7 80% 90% 4-6

Small hydro 25 0.9 1.7 35% 35% 3-7

Coal conventional 45 30.8 32.0 54% 74% 5-7

Gas conventional 25 0.7 3.6 75% 65% 4-6

The structure of the power sector will shift only slowly, even with government commitment to a low emissions 
scenario. Figure 60 summarizes the energy sources for electricity generation in Poland today, under the ROCA model’s 
BAU 2020 structure of electricity generation, two low carbon scenarios for 2020, and the MEMO model’s 2030 projec-
tion. In the ROCA BAU, power production in Poland is projected to be heavily coal-based (84 percent) while gas-fired 
power generation (5 percent) and electricity from renewables (5 percent) play a smaller role. Nuclear power, which is not 

70 Already factoring in that the first decisions on nuclear power have already been made by the Government in early 2009 when the Council of Minis-
ters adopted a resolution on the development of the nuclear energy program in Poland (January 13, 2009) and designated the Minister of Treasury 
to cooperate with the state-owned company Polish Energy Group (PGE), which will have a leading role in the program’s implementation. Also, on 
May 12, 2009, the Council of Ministers established the Government’s Plenipotentiary to the Polish Nuclear Power.

71 Production uptime also varies between technologies: for example, 90 percent for nuclear versus only 10 percent for solar PV. Uptime is expected 
to increase significantly by 2030 as compared to 2005 due to technological progress. For example, conventional coal-fired power generation is 
projected to be able to operate for 74 percent of the time by 2030, as compared with 54 percent in 2005. The predicted decline in production 
uptime for conventional gas (from 75 percent in 2005 to 65 percent in 2030 is driven by the assumption that these plants will be back-up options 
for renewable energy sources such as wind turbines.
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operating in Poland today, will be phased in by 2020 with a projected share of around 5 percent in the BAU scenario. This 
outcome contrasts with the projected structure of power generation in the rest of the EU in 2020 under BAU, which is 
much more balanced across coal (20 percent), gas (30 percent), nuclear (26 percent) and renewables (21 percent). Twenty 
years from now, under an ambitious program of abatement, coal may diminish to fueling just half of Poland’s power. By 
2020, however, even if meeting the EU 20-20-20 targets, coal is likely to remain either three-quarters (under the ROCA 
model projections) or two-thirds (under the MEMO model forecast) of the power sector. 

Figure 60. Current and projected electricity mix in Poland, 2020 and 2030

Note: In the MEMO model, Coal is Coal conventional, Coal IGCC, Coal CCS new built, and Coal CCS new built with en-
hanced oil recovery (EOR); Gas is Gas conventional, Gas CCS new built, and Gas CCS new built with EOR; Renewable is On 
shore wind, Small hydro, Geothermal, and Biomass dedicated.
Source: Loch Alpine technical paper, ROCA model simulations, IBS technical paper, MEMO model simulations, World Bank 
staff calculations.

The ROCA model simulations provide some further insights on possibilities for transformation in the power sector. 
As noted above, with implementation of a ‘best guess’ set of policies to meet the EU 2020 targets (the ‘Main’ scenario), 
coal remains 74 percent of the sector. The outcome is even more biased towards coal if offshore offsets (CDM transac-
tions) are unrestricted because then the country can use cheap coal and cheap abatement (bought from developing 
countries). The only stronger shift away from coal by 2020 comes if there is no ceiling on nuclear power (as a policy mat-
ter, not as a technological constraint, although engineering feasibility likely limits nuclear in 2020 well below this ROCA 
simulation). In that case, coal falls to just over half of power generation, and nuclear power picks up one-third of genera-
tion (see Figure 61). 
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Figure 61. ROCA model: electricity generation mix, in %

Note: See Table 8 for definitions and description of scenarios.
Source: Loch Alpine technical paper; ROCA model simulations.

An optimal energy mix scenario was constructed to be used in the MEMO model’s macroeconomic simulations. The 
Microeconomic Investment Decisions (MIND) module of the MEMO model is applied to the power sector, as described 
in section c, to determine the cheapest feasible energy-mix package, taking into account technological constraints such 
as the maximum availability of onshore wind power, the necessary electricity production to meet projected demand, the 
emissions reduction target, and the goal of minimizing the public subsidies necessary for all power options more expen-
sive than coal power plants. The MIND optimization module finds the combination of energy sources which provides the 
biggest CO2 abatement at the lowest cost. The model suggests that the share of conventional coal in the overall energy 
mix should decline over the next two decades and be replaced by coal IGCC, nuclear, and onshore wind. There are only 
two types of energy plants that have positive net present values: geothermal and conventional coal. The disadvantage 
of the first is low capacity, and of the latter, high CO2 emissions. The alternative power plants which can effectively help 
to mitigate CO2 emissions in the energy sector all have negative NPVs. Among them, the cheapest are onshore wind and 
nuclear power plants, and the most expensive are dedicated biomass and new built biomass with CCS (see Table 11 and 
Figure 62). 

Figure 61. ROCA model: electricity generation mix, in %
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Table 11. Basic economic features of individual energy investment levers

NPV
CO2 emitted per 

GWh
Potential capacity 

in 2030 in GW
Energy price sub-

ject to NPV=0
CO2 price subject 
to NPV=0, PLN

Coal CCS, new built -0.45 103.3 3.5 0.53 202

Coal CCS, new built with EOR -0.45 145.7 0.5 0.53 205

Coal IGCC -0.46 69.8 5.8 0.52 181

Gas CCS, new built -0.93 47.2 0.7 0.58 253

Gas CCS, new built with EOR -0.09 134.6 0.5 0.43 61

Biomass, dedicated -1.64 558.1 0.9 0.63 921

Biomass, co-firing -0.28 714.8 0.5 0.45 401

Biomass, CCS new built -1.41 80.2 5.8 0.92 740

Nuclear -0.30 0.0 6.0 0.52 167

Onshore wind -0.12 0.0 10.0 0.45 78

Offshore wind -0.49 0.0 6.0 0.60 270

Solar PV -0.63 0.0 1.7 1.14 946

Solar concentrated -0.93 0.0 1.4 1.15 962

Geothermal 0.38 0.0 0.7 0.35 -44

Small hydropower -0.07 0.0 1.7 0.43 56

Coal conventional 0.01 796.8 38.0 0.42 N/A

Gas conventional -0.69 386.1 3.6 0.47 161

Source: IBS technical paper, MIND module simulations.

ENERGY SECTOR OPTIONS 
AND THEIR MACROECONOMIC IMPACT
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Figure 62. MEMO model: optimal energy sector scenario
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The power sector scenarios deliver different patterns of emissions abatement, cost varying amounts of capital, and 
require differing levels of government subsidy to break even. Figure 63 presents basic features of 13 alternative energy 
mixes (see Annex 9 and Annex 10 for definitions). To enable direct comparisons, they were ‘standardized’ to achieve simi-
lar reduction in GHG emissions, except the Delayed Action (which cannot reach the same abatement level) and Gas (with 
relatively high GHG intensity) scenarios. The Wind + Solar and Ministry of Economy scenarios are the most expensive op-
tions, due to the relatively high reliance on expensive solar plants, and require the highest government subsidies. Through 
2030, the share of the public contribution to capital expenditures exceeds the contribution by the private sector, whereas 
in the Optimal and other more balanced scenarios, public contribution is about 20 percent. 

Figure 62. MEMO model: optimal energy sector scenario
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Figure 63. Comparison of alternative energy investment scenarios
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Figure 63. Comparison of alternative energy investment scenarios
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The macroeconomic impact of alternative energy packages is inversely related to the average annual required capi-
tal expenditures. (See Figure 65). Only the cheapest packages (which includes the optimal scenario) keep the deviation 
of GDP close to zero over the entire 20 year period. Scenarios that include sharp investment peaks (including the Ministry 
of Economy scenario) impose a higher cost on GDP, because they are not more equally balanced over time (see Figure 65 
and Figure 66). Below is a summary table on macroeconomic impact of the optimal scenario and its sensitivity analysis 
(see Table 12). 

Figure 65. Relation between investment 
cost and GDP elasticity of energy packages

Figure 66. Emission abatement in the energy sector and the required 
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Source: IBS technical paper, MIND module simulations.

Energy sector modernization is important and can facilitate a shift to a lower emissions economy. Because energy 
assets in Poland, including energy infrastructure, are already far along in their lifespan, widespread rehabilitation or retire-
ment will be necessary in order to assure undisrupted energy supplies and safety. The concurrence of new obligations for 
carbon abatement requiring substantial new investment with, at the same time, assets nearing their replacement point 
could greatly improve outcomes for Poland. The country should be well-placed to avoid stranded assets such as large new 
coal power plants that become too expensive once carbon is taxed (or restricted administratively). It seems that Poland’s 
energy sector agenda largely coincides with the low-carbon agenda. A well-managed modernization agenda of the en-
ergy intensive sectors (covered by the EU-ETS), in particular the power sector, may allow Poland to meet the goal of emis-
sions abatement while providing needed infrastructure at an affordable price. 
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Table 12. Macroeconomic impact of the optimal energy mix scenario: sensitivity analysis 
Closure Scenario GHG abatement (in % vs BAU) GDP change (in % vs BAU) GDP elasticity vs GHG abatement

2015 2020 2025 2030 2015 2020 2025 2030 2015 2020 2025 2030

Pu
bl

ic
 c

on
su

m
pt

io
n

Reference (low gas 
price)

3.39 10.40 16.03 19.91 -0.15 -1.68 -1.31 -0.95 -0.04 -0.16 -0.08 -0.05

20% shift to Wind 
+ Solar 

3.61 10.54 16.21 20.16 -0.22 -1.56 -1.34 -0.88 -0.06 -0.15 -0.08 -0.04

20% shift to CCS 3.40 10.38 16.01 19.95 -0.19 -1.81 -1.24 -0.99 -0.06 -0.17 -0.08 -0.05

20% shift to 
Nuclear

3.40 10.64 16.30 20.29 -0.15 -2.00 -1.46 -1.15 -0.04 -0.19 -0.09 -0.06

20% shift to Wind 
+ Biomass

3.57 10.50 16.12 20.06 -0.15 -1.59 -1.24 -0.80 -0.04 -0.15 -0.08 -0.04

Closure Scenario 2015 2020 2025 2030 2015 2020 2025 2030 2015 2020 2025 2030

So
ci

al
 t

ra
ns

fe
rs

Reference (low gas 
price)

3.41 10.40 15.98 19.90 -0.06 -1.23 -0.89 -0.71 -0.02 -0.12 -0.06 -0.04

20% shift to Wind 
+ Solar 

3.62 10.54 16.16 20.15 -0.10 -1.11 -0.95 -0.65 -0.03 -0.11 -0.06 -0.03

20% shift to CCS 3.42 10.38 15.95 19.94 -0.08 -1.35 -0.83 -0.76 -0.02 -0.13 -0.05 -0.04

20% shift to 
Nuclear

3.41 10.65 16.24 20.28 -0.04 -1.52 -1.00 -0.90 -0.01 -0.14 -0.06 -0.04

20% shift to Wind 
+ Biomass

3.58 10.51 16.07 20.05 -0.04 -1.18 -0.82 -0.59 -0.01 -0.11 -0.05 -0.03

Closure Scenario 2015 2020 2025 2030 2015 2020 2025 2030 2015 2020 2025 2030

VA
T

Reference (low gas 
price)

3.46 10.48 16.03 19.95 -0.14 -1.13 -0.78 -0.73 -0.04 -0.11 -0.05 -0.04

20% shift to Wind 
+ Solar 

3.68 10.61 16.22 20.20 -0.17 -1.02 -0.83 -0.66 -0.05 -0.10 -0.05 -0.03

20% shift to CCS 3.47 10.47 16.00 20.00 -0.16 -1.24 -0.72 -0.77 -0.04 -0.12 -0.05 -0.04

20% shift to 
Nuclear

3.47 10.74 16.30 20.34 -0.13 -1.39 -0.88 -0.91 -0.04 -0.13 -0.05 -0.04

20% shift to Wind 
+ Biomass

3.63 10.58 16.12 20.10 -0.12 -1.07 -0.69 -0.61 -0.03 -0.10 -0.04 -0.03

Closure Scenario 2015 2020 2025 2030 2015 2020 2025 2030 2015 2020 2025 2030

PI
T

Reference (low 
gas price)

3.55 10.71 16.10 20.06 -0.16 -1.33 -0.92 -0.89 -0.05 -0.12 -0.06 -0.04

20% shift to Wind 
+ Solar 

3.78 10.83 16.29 20.31 -0.20 -1.21 -0.96 -0.83 -0.05 -0.11 -0.06 -0.04

20% shift to CCS 3.58 10.72 16.06 20.11 -0.19 -1.47 -0.86 -0.93 -0.05 -0.14 -0.05 -0.05

20% shift to 
Nuclear

3.57 11.00 16.38 20.46 -0.16 -1.62 -1.06 -1.09 -0.05 -0.15 -0.06 -0.05

20% shift to Wind 
+ Biomass

3.72 10.80 16.18 20.20 -0.15 -1.26 -0.85 -0.76 -0.04 -0.12 -0.05 -0.04

Source: IBS technical paper, MIND module simulations.
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Energy  efficiency measures hold out the promise of relatively low cost abatement that works directly to delink car-
bon from growth, the essence of a low-carbon economy. While energy sector abatement options are generally about 
reducing emissions intensity (CO2e created by energy use), energy efficiency focuses on reducing energy intensity (energy 
required for each euro of output). Both of these factors will reduce Poland’s emissions elasticity (with respect to growth) 
(see Figure 21). Poland’s economy is still more than twice as energy intensive as the EU average, suggesting that potential 
improvements should be easy to find. Indeed, energy efficiency measures are essential to the MicroMAC curve analysis, 
and many are growth-enhancing by 2030 in the MEMO model analysis. Deeper detailed analysis of energy efficiency 
options in Poland is needed to be able to provide more specific recommendations on how to overcome implementation 
obstacles that are preventing households and businesses from realizing the financial savings embedded in many of these 
measures. 

Energy efficiency measures play a central role in the MicroMAC curve analysis because of their substantial potential, 
apparent low price, and impact on growth. Together energy efficiency levels generate about one-third of the MicroMAC 
curve’s potential abatement for Poland. Many of these measures are assessed to have negative financial costs, generating 
net savings through reduced energy costs after an initial investment. Lastly, energy efficiency measures in general reduce 
the energy intensity of the economy, beginning the necessary delinking of economic growth from CO2 emissions. Of the 
60 energy efficiency measures analyzed by the MicroMAC curve model, about two-thirds of the abatement potential is 
in the buildings sector (at an average savings of €14 per tCO2e), including better insulation, more energy-efficient appli-
ances, water heaters, and lighting. About 20 percent of savings come from energy efficiency measures in the transport 
sector (saving €8 per tCO2e), from more fuel-efficient vehicles.72 The remaining 15 percent is in industry (saving €6 per 
tCO2e), and such measures as improving motor systems in chemical plants and implementing energy efficiency projects in 
petroleum and gas (see Figure 67). 

Abatement measures do not in reality have negative net costs after implementation barriers are considered. House-
holds and businesses are not ignoring significant savings opportunities from implementing these measures. Instead, it is 
accepted that various implementation barriers are discouraging action. As mentioned in section e, the types of barriers 
likely to be preventing up-take are: high upfront investment costs (for example, for an energy-efficient car), principal-
agent problems (such as the owner, operator, occupant, and bill payer of a building being separate entities), and lack of 
information (about what savings are likely). A fourth, and potentially most difficult obstacle, is the costs of implementa-
tion across a high number of small entities (for example, with residential lighting). In the absence of analysis of these 
barriers, a simple assumption is that no NPVs for abatement levers can drop below zero. If so, then the weighted average 
cost across the MicroMAC curve of €10 per tCO2e will rise to €15 per tCO2e, and the overall cost of implementing the 
MicroMAC curve levers will rise by at least 50 percent. 

72 The MicroMAC curve analysis includes transport energy efficiency measures in the broad category of energy efficiency. These levers, combined with 
other transport measures, are considered together by the TREMOVE Plus model of road transport in section j. 

ENERGY EFFICIENCY OPTIONS 
AND THEIR MACROECONOMIC IMPACT: A FIRST LOOK



page 111

Figure 67. Microeconomic Marginal Abatement Cost (MicroMAC) curve for energy efficiency levers
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emissions can be reduced. Some measures are shown with net benefits (negative costs). 
Source: McKinsey technical paper.

Initial analysis of the macroeconomic impact of energy efficiency measures in the MEMO model found that al-
though most energy efficiency measures individually have little potential, if they could be grouped together for 
implementation, they could be an important carbon abatement tool. Figure 67 presents the MacroMAC curve for just 
energy efficiency interventions. Among energy efficiency measures, the waste management levers are the most promising 
for abatement potential and also for their impact on economic growth. As for low-carbon energy supply options, energy 
efficiency measures are expected to switch from growth hampering towards growth enhancing as soon as the investment 
phase is finished, and the curve flattens between 2020 and 2030. For example, residential efficiency and envelope shifts 
drastically from far on the right, with the most costly measures in terms of growth, in 2020, to the far left and the most 
growth-enhancing. 

Figure 67. Microeconomic Marginal Abatement Cost (MicroMAC) curve for energy efficiency levers

NoNotete:: EnEnerergygy e efffffficicieiencncyy memeasasurureses i incncluludede t traransnspoportrt s secectotorr. E Eacachh cocolulumnmn i iss ononee fofof t thehe 6 600 ababatatememenentt memeasasurureses (( (ononlyly t thehe 
momostst s sigigninifificacantnt o oneness araree nanamemed)d).. ThThee heheigightht o off ththee cocolulumnmnss isis t thehe c cosostt inin € € p perer a ababatetedd tCtCOO22e.e. T Thehe w wididthth i iss ththee amamouountnt 
ememiisis isisiononss cacann bbebe r r dededucuc deded. SSoSomeme m meaeasusureress araree hshshowownn iwiwiththth n n tetet bb benen fefefitititss ((n(negegg tatatiivivee coco tstst )s)s). 
SSoSoururcece:: MMcMcKiKiKinsnseyey tt tecechhnhniicic lalal p papaperer.



page 112

Figure 68. Macroeconomic Marginal Abatement cost (MacroMAC) curve for energy and fuel efficiency 
micro-packages, 2020 and 2030
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Note: Model closure is increase in VAT.
Source: IBS technical paper, MEMO model simulations.
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Exploiting the energy efficiency agenda is not easy, but it is often seen as a ‘w  in-win’ option, with benefits realized 
relatively quickly and lower upfront costs. Much of energy efficiency potential remains untapped because of the many 
obstacles to investments: inadequate domestic energy prices and lack of payment discipline, insufficient information on 
suitable technologies, too few contractors and service companies, and financing constraints. The government needs to 
address these issues in a coordinated manner. Effective energy efficiency interventions combine critical market-based 
approaches (which send correct price signals) with irreplaceable regulatory activity (which supports changes in practices 
and behaviors of economic agents). Numerous but limited energy efficiency measures deliver little abatement individually, 
but a package of the most growth-enhancing measures could achieve critical mass (and warrant policymakers attention). 
Rather than focusing only on the interventions capable of significant GDP impact on their own, a package of small but ef-
fective levers could raise growth to a greater extent and at lower macroeconomic cost. Thus, an abatement policy oriented 
to a broad range of energy efficiency measures could be more effective in the long term in stimulating economic growth 
than a policy focused solely on the largest interventions. 
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While the e  nergy sector, as the dominant source of today’s emissions, necessarily receives a much attention and 
analysis in any study of low carbon policies, and while energy efficiency, with well-known potential for ‘no-regrets’ 
actions, is rightfully high on policymakers’ agendas, Poland also needs to consider how to address the sector with 
the fastest growing emissions—transport. This section presents the findings of an alternative engineering approach 
to transport sector mitigation options, applying the TREMOVE Plus model to the road transport sector in Poland. Road 
transport GHG emissions in Poland are converging from a low historic base towards EU averages. While contributing 
about 10 percent of overall emissions, road transport constitutes about 30 percent of non-ETS emissions. The objective 
of sustainability and greening of the transport sector is not new for the EU, but the EU 20-20-20 climate package is now 
the centerpiece. A business-as-usual scenario through 2030 was developed for passenger and freight road transport in 
Poland, using the TREMOVE Plus model. This forecast incorporated key characteristics of Poland’s transport sector, in par-
ticular, a high number of imported used cars, low motorization rates and low mileage, and a highly competitive freight 
sector that has been shifting to newer and bigger trucks. Emissions from road transport are expected to almost double 
between 2005 and 2030. Because steady technological improvements are already incorporated into the BAU projections, 
the two low carbon scenarios developed by the TREMOVE Plus model include only modest technological improvements 
and concentrate on other emissions-reducing policy measures. The results of the scenarios present a more worrying vision 
than previously established for the road transport sector in Poland, with abatement unlikely to hold emissions growth 
below 35 percent through 2020. 

The TREMOVE Plus model is a bottom-up activity-based transport model is based on the familiar EU transport and 
environmental model. The EU-wide model was updated for Poland with new projections of transport activity and the 
latest disaggregated data. Working from a slightly different set of assumptions than the MicroMAC curve analysis, the 
TREMOVE Plus model considers explicitly the characteristics of Poland’s road transport sector and assesses the impact of 
existing policy commitments and possible mitigation options. The model takes a very different, detailed sector approach 
to constructing a business-as-usual scenario for passenger and freight road transport in Poland, allowing for more of 
the distinctive character of Poland’s road transport sector, in particular, expected high growth in passenger cars and dis-
tances travelled. Importantly, the BAU calculations consider explicitly which transport and environment policies should be 
included in the reference scenario, and in this aspect, the transport BAU is quite different from the other BAU scenarios. 
The preponderance of imported used cars in Poland and the advanced age of the passenger fleet; low motorization rates 
and very low mileage driven per car compared with the EU15; and a road freight sector already highly competitive are 
found to be decisive factors for a projection of GHG emissions from road transport that shows almost doubling between 
2005 and 2030. 

Emissions from the transport sector have been growing at a high rate since accession to the European Union. 
Transport constitutes a modest 10 percent of overall GHG emissions in Poland but grew by 74 percent between 1988 and 
2006. Within Polish transport, road transport is particularly dominant, generating 92 percent of sectoral GHG (see Figure 
69).73 Sharply rising trade volumes, increasing at an annual rate of more than 20 percent, and quickly expanding GDP, at 
an annual rate of 6.7 percent between 2000 and 2007, have been directly stimulating the demand for road freight trans-
port. EU accession has also increased household incomes which, together with the sudden availability of affordable sec-
ondhand cars from other EU member states—principally Germany, has led to a dramatic increase in private motorization 
(measured as passenger cars per thousand people). Although the motorization rate in Poland is still quite low compared 
to the EU15 countries, it is fast catching up, fuelled by the import of second hand vehicles. At the national level in 2007 
there were 383 cars per 1000 inhabitants, whereas only four years earlier, the average figure stood at 294 vehicles per 
1000 inhabitants. (In Western Europe, the current average is about 500-600 cars per 1000 inhabitants.) Increasing car 
ownership and use is translating into higher GHG emissions, particularly given the age structure of the Polish vehicle fleet. 
Out of 13.4 million passenger cars registered in 2006, every fourth car was 6 to 10 years old, and two-thirds were over 
10 years old. Only one in eight passenger car is less than 5 years old. As a result, the Polish passenger car fleet is relatively 
fuel inefficient and polluting.

73 Although energy, followed by agriculture and forestry, are the major sources of global GHG emissions, transport—emitting 13 percent of global 
CO2e—is the fastest growing sector and the one most closely linked to the consumption of fossil fuels. In the EU, transport is the only sector where 
the emissions of greenhouse gases increased between 1990 and 2006, rising 28 percent while emissions overall shrunk by 3 percent. Road trans-
port is the largest contributor to EU transport emissions, accounting for 71 percent of all EU GHG emissions in 2006. 
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Figure 69. Transport CO2 emissions in Poland by mode, 2006

Source: Poland’s Greenhouse Gas Inventory Report.

The EU has numerous policies, regulations, and laws aimed at sustainability and greening of the transport sector, 
of which the EU 20-20-20 climate package is now the centerpiece. As discussed in Section b and elsewhere in this 
report, the climate package sets national ceilings for emissions from non-ETS sectors, which includes transport (contribut-
ing about 30 percent of non-ETS emissions). Poland is limited to 14 percent growth in non-ETS emissions during 2005 to 
2020 (which translates to a reduction compared to the business-as-usual level projected for 2020). In addition, the pack-
age sets a target for renewable energy at 20 percent of gross final energy consumption, including a 10 percent share of 
biofuels in the transport fuel market. Various transport policy measures have been put in place (see Table 13), and the Eu-
ropean Commission expects that this package will contribute about one-third of the reductions required from the non-ETS 
sectors. At the same time, Poland has national transport policies, aimed at the high-level goal of developing an efficient 
and modern transport system but also including numerous measures to improve air quality, reduce pollution, and reduce 
GHG emissions. For example, in order to meet EU requirements, in 2007 Poland adopted a long-term plan on the promo-
tion of biofuels and other renewable fuels for 2008-2014. Outside of emissions mitigation issues, as a member of the EU, 
Poland is required to (i) ensure the development of a competitive internal market for transport through market opening 
and liberalization, (ii) facilitate investment in prioritized transport infrastructure and (iii) reform infrastructure pricing and 
taxation to encourage more efficient use of transport infrastructure. Over the coming two decades, these transport poli-
cies are expected to work at somewhat cross-purposes with climate policies, encouraging significant additional private 
motorization and increasing mobility of the population. 

Table 13. EU sustainable transport policy measures
Policies and laws Year Description

Greening transport package 2008 EC initiatives through 2009 on transport sustainability

Marco Polo II 2007-13 Funding for projects to achieve modal shift for freight transport

Directive promoting the use of cleaner vehicles 
through public procurement

2009 Public authorities and operators to take into account energy 
consumption, CO2 emissions and local air pollutants when pur-
chasing road transport vehicles

Directive promoting biofuels in road transport 2009 Sets mandatory national targets for renewable energy share in 
transport

Passenger car and light duty CO2 emission stand-
ards

2009 Targets for new passenger cars to reach 130g/km by 2015

Rules on vehicle labeling to promote more energy-
efficient vehicles

1999 Fuel economy and CO2 information available for consumers.

 Source: Transport technical paper, World Bank 2010.

Figure 69. Transport CO2 emissions in Poland by mode, 2006
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A business-as-usual scenario through 2030 was developed for passenger and freight road transport in Poland, us-
ing the TREMOVE Plus model. A plausible development scenario for the road transport sector in the absence of new 
policy measures, to provide a reference for comparing the future effects of policy measures and combinations of policy 
measures, was developed by detailed analysis of: (i) the demand for road transport; (ii) vehicle ownership and the impact 
of secondhand car imports; (iii) size and composition of the vehicle fleet; (iv) driving conditions (urban, rural and high-
ways); and, (v) emission factors (i.e., the diffusion of technology). This analysis was undertaken using the TREMOVE Plus 
model, building on the EU transport and environmental model TREMOVE (v2.9-2009) for Poland which was taken as a 
starting point and updated with projected development of the transport activity and vehicle stock (by type, technology, 
fuel use, age and GHG emissions factors for each class of vehicle), from a wide range of sources including, vehicles sales 
and car imports data, and as a result of interviews with stakeholders in Polish governmental organizations. Table 14 gives 
an overview of the resulting business-as-usual vehicle stock and mobility indicators, taking into account the expected 
growth in demand for passenger and freight transport based on GDP, population, motorization and the improvement in 
quality and extension of road infrastructure. The pattern of overall road transport emissions through 2030 can be seen in 
Figure 70. 

Table 14. Overview of the business-as-usual vehicle stock and mobility indicators
2008 2010 2015 2020 2025 2030

Population (million) 38.0 37.9 37.6 37.3 37.0 36.6

Motorization (per 1,000 inhab.) 422 451 523 562 590 605

Vehicle kilometers (billion VKM) 105.0 118.0 158.1 184.7 213.7 246.6

Passenger car VKM per capita 2,762 3,113 4,203 4,951 5,772 6,737

Passenger cars (million) 15.3 16.4 18.4 20.2 21.6 22.3

VKM per passenger car 6,882 7,218 8,599 9,153 9,913 11,058

Source: Transport technical paper, World Bank 2010.

A high number of imported used cars has a direct impact on the age and technology structure—and hence, the 
emissions performance—of the vehicle fleet. Secondhand cars flooded the Polish market after EU accession in 2004, 
and sales of new cars stood at about half the level of imported used car sales. Between 2006 and 2010, about 75 percent 
of cars registered for the first time in Poland were secondhand imports. In 2004, 73 percent of imported cars were over 
10 years old. These cheaper cars have fostered rapid growth in vehicle ownership so that in 2008, Poland had 422 cars per 
1000 inhabitants (compared to about 600 cars in Western Europe). In recent years, the average age of secondhand car 
imports has been dropping, and it is projected to continue to do so in the BAU projection, with the net effect of pushing 
down the average age of new registrations from 5.6 years in 2010 to 2.7 years by 2030. 

The annual mileage driven per passenger car is expected to increase dramatically from its current level of about 
2800 kilometers to typical EU15 levels of about 6700 kilometers by 2030. (See Table 14). Spurred by tighter integra-
tion of Poland within the EU, improved highway system, and higher family income, this increase in mileage per vehicle, 
when coupled with the expected increase in the motorization rate, is a main source of expected growth in fuel consump-
tion and CO2 emissions. Fleet-weighted average emissions factors are then needed to compute overall fuel consumption 
and emission of local and global pollutants. The TREMOVE Plus model assumes that the present EU long-term targets for 
new car CO2 emissions will be met; and since these standards are outside of the control of Poland, they should be included 
in the BAU scenario. Consequently, new car emissions are assumed to fall to 95 gram CO2 per vehicle kilometer by 2020. 
To achieve these emissions standards, a series of improvements to internal combustion engine vehicles will be necessary. 
Potential options include a wide range of technologies and measures that constitute 14 bundles for passenger cars and 
light duty vehicles in the MicroMAC curve, estimated to generate about 8 MtCO2e in GHG mitigation. In this model, these 
measures are part of the reference scenario because vehicle manufacturers are expected to use these 14 bundles to com-
ply with the EU vehicle efficiency regulations. The BAU scenario shows emissions for passenger cars growing from 21.2 
MtCO2e in 2010 to 31.2 MtCO2e in 2030. 
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Freight transport in Poland has witnessed a rapid increase in freight ton kilometers. The Polish road trucking sector 
is very competitive both nationally and internationally, partially because a large fraction of owner-drivers and small freight 
companies has provoked cut-throat competition that has kept prices down. Road haulage is considered more reliable, 
flexible and faster than rail and the trucking sector has grown substantially. Even low value bulk materials like coal are 
increasingly transported by trucks. In contrast to passenger cars, the age of Poland’s truck fleet has been falling since EU 
accession, since many Polish trucks operate on international routes within the EU where they are required to comply with 
current EU standards. At the same time, fuel use has been shifting towards diesel, which by 2007 had an 85 percent share 
in the truck sector, leading to lower emissions factors for freight. Truck size has also been rising, and larger trucks are sub-
stantially more efficient per ton-kilometer than smaller commercial vehicles. The impact of these changes in technology, 
fuels, and increasing truck size comes together in the BAU scenario as a steady decline in the emissions factor. As for pas-
senger cars, part of the projected gains come from an assumption that many of the efficiency improvements in medium 
and heavy duty trucks analyzed in the MicroMAC curve will occur in the BAU scenario. For trucks, 12 bundles of measures, 
estimated to create mitigation of approximately 1 MtCO2e by 2030 are part of the reference scenario. 

The business-as-usual scenario of the TREMOVE Plus model projects total CO2e emissions from road transport to 
climb by 210 percent compare to 1990 and 93 percent compared to 2005 emissions levels despite the inclusion 
of technological progress. Emissions are projected to increase from 21.3 MtCO2e in 1990 and 34.2 MtCO2e in 2005 to 
65.9 MtCO2e in 2030. A detailed breakdown of emissions by source is provided in Table 15 below. These projected emis-
sions push Poland far above its agreed 14 percent growth in emissions for non-ETS sectors. Freight transport appears the 
bigger challenge, with a higher growth rate of emissions of 124 percent forecast through 2030 and, in consequence, 
a rising share of overall road transport emissions. The TREMOVE Plus BAU scenario projects faster growth in emissions 
than some other road transport projections, for example, that from the EU PRIMES model or the EC’s TREMOVE model, 
but the TREMOVE Plus BAU matches more closely the path of actual emissions (see Figure 70). The overall growth rates 
match fairly closely the transport scenarios that are part of the BAU projections for the MicroMAC curve model (which 
estimates 100 percent emissions growth for the transport sector overall during 2005 to 2030) and somewhat higher than 
the MEMO model (with 64 percent emissions growth forecast but for a more broadly defined transport sector). However, 
the assumptions of policies included in the BAU scenarios varies, explicitly in the case of the MicroMAC curve analysis as 
compared to TREMOVE Plus and implicitly in the case of the MEMO model BAU scenario. These assumptions are critical 
to define the possibilities for mitigation from BAU emissions levels in the low carbon scenario analysis that follows below. 

Table 15. TREMOVE Plus BAU scenario of Poland road transport CO2 emissions, 1995-2030

CO2 emissions BAU (million tonnes) 1995 2000 2010 2020 2030
Annual change 
2010-2030 (%)

Total growth 
2005-2030 (%)

 HDV (heavy duty vehicle >16t) 4.8 6.4 14.2 19.0 22.0 4.5% 131%

 MDV (medium duty vehicle 3.5-15t) 1.2 1.6 3.4 4.6 5.4 4.7% 132%

 LDV (light duty vehicle <3.5t) 0.3 0.4 0.9 1.2 1.4 4.5% 133%

 Vans 1.1 1.7 2.3 2.8 3.5 4.3% 77%

Total commercial truck transport 7.3 10.0 20.8 27.6 32.3 4.5% 124%

 Motorcycles, moped, buses, tractors 2.5 2.4 2.3 2.3 2.4 0.4% 2%

Passenger cars 12.2 15.1 21.2 28.9 31.2 3.9% 74%

Total road transport sector 22.0 27.5 44.3 58.8 65.9 4.1% 93%

Source: Transport technical paper, World Bank 2010.
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Figure 70. TREMOVE Plus BAU carbon emissions scenario for Poland’s road transport sector, 1990-2030
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Source: Transport technical paper, World Bank 2010.

Because steady technological improvements are already incorporated into the BAU projections, the two low car-
bon scenarios developed by the TREMOVE Plus model include only modest technological improvements and con-
centrate on other emissions-reducing policy measures. The BAU scenario already projects relatively high efficiency of 
medium and heavy duty vehicles, with a pathway determined by increasing truck capacity and load utilization. Passenger 
car developments, guided by tighter emissions standards, similarly reflect relatively high efficiency along the BAU path. 
Thus, abatement from technological improvements will be limited across the road transport sector. Instead, the two lower 
carbon scenarios for the TREMOVE Plus model include few technological improvements and focus on policy measures 
that require behavioral changes. These scenarios add a set of ‘Precautionary’ and a set of ‘Proactive’ non-technological 
measures such as road pricing, fuel tax increases, eco-driving, parking policies and the promotion of public mass transport 
together with greater mode share for walking and cycling. To determine which policies to model, fifteen bundles, or areas, 
of road transport policies were evaluated for abatement cost, effectiveness, and potential timing. The policy areas with 
highest potential were then used to create the scenarios (see Table 16). 
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Figure 70. TREMOVE Plus BAU carbon emissions scenario for Poland’s road transport sector, 1990-2030
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Table 16. Overview of TREMOVE Plus low carbon scenario policy measures
Policy measure Description Reduction in 2030 vs. BAU, in %

Road pricing Introduction of electronic tolling on motor and 
expressways; and gradual introduction of con-
gestion charging in major cities

4.2%

Fuel tax increase for passenger 
cars

Gasoline price increase of 10% 5.2%

Fuel tax linked to CO2 standard 
for passenger cars

Annual gasoline price increase equal to emissions 
standard tightening3

18%

Fuel price increase for trucks Diesel price increase of 10% 1.8%

Eco-driving Introduction of eco-driving course to improve 
fuel efficiency

4.7%

Parking policies Parking fees for entire inner city regions of all cit-
ies

3.5%

Promotion of non-motorized and 
public transport

Promotion of walking and cycling; and of metro, 
trams, and buses; and park and ride

2.3%

Larger heavier trucks and logis-
tics efficiency

More use of larger and heavier vehicles with more 
efficient logistic chains and distribution efficiency

25%

Source: Transport technical paper, World Bank 2010.

The results of the TREMOVE Plus model’s two low carbon scenarios present a more worrying vision than previously 
established for the road transport sector in Poland, with abatement unlikely to hold emissions growth below 35 
percent. The ‘Precautionary’ and ‘Proactive’ abatement scenarios contain similar measures, but they have been quantified 
under different levels of effort in each scenario. For example, the ‘Proactive’ scenario includes the fuel tax policy linked to CO2 
standards and a 10 percent fuel tax for trucks, while the ‘Precautionary’ scenario includes a fuel price increase of 5 percent 
for both cars and trucks. The other measures also deliver significantly less abatement under the ‘Precautionary’ scenario, due 
to less effort. The impact of the ‘Precautionary’ scenario’s policy measures is disaggregated in Table 17, and the ‘Proactive’ 
scenario in Table 18. Overall, the freight sector has greater potential for emissions cuts; and the single most powerful policy 
measure is larger heavier trucks plus logistics improvements (with 4.3 percent or 7.2 percent abatement). In the ‘Proactive’ 
scenario, a near competitor is the fuel tax linked to auto emissions standards, which delivers 5.6 percent abatement. In 2020, 
the two scenarios still leave emissions 58 percent and 35 percent higher than in 2005 respectively, exceeding the 14 percent 
growth target for non-ETS sectors by 21 percentage points even in the more stringent ‘Proactive’ scenario. The abatement 
potential in 2030 is estimated at approximately 12 percent and 27 percent in the ‘Precautionary’ and ‘Proactive’ scenarios 
with respect to the BAU scenario. The path of GHG emissions in each scenario are shown in Figure 71. 

Table 17. TREMOVE Plus ‘Precautionary’ scenario emissions reduction by policy intervention, MtCO2e

Emissions reduction (MtCO2e) 2020 2030

Passenger cars: 2.6 3.1

Road pricing 0.6 0.7

Fuel tax increase 0.8 0.8

Eco-driving 0.5 0.7

Parking policy 0.5 0.5

Promotion non-motorized (public) transport 0.3 0.4

Freight trucks: 2.1 4.6

Fuel price increase truck transport 0.2 0.3

Larger heavier trucks, logistics efficiency 1.9 4.3

Total reduction in ‘Precautionary’ scenario 4.7 7.7
Source: Transport technical paper, World Bank 2010.
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Table 18. TREMOVE Plus ‘Proactive’ scenario emissions reduction by policy intervention, MtCO2e
Emissions reduction (MtCO2e) 2020 2030

Passenger cars: 9.0 10.2

Road pricing 1.1 1.3

Fuel tax linked to CO2 standard 5.2 5.6

Eco-driving 1.0 1.5

Parking policy 1.0 1.1

Promotion non-motorized (public) transport 0.7 0.7

Freight trucks: 3.5 7.7

Fuel price increase truck transport 0.4 0.5

Larger heavier trucks, logistics efficiency 3.1 7.2

Total reduction in ‘Proactive’ scenario 12.5 17.9
Source: Transport technical paper, World Bank 2010.

Figure 71. TREMOVE Plus carbon emissions projections for road transport by scenario
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Source: Transport technical paper, World Bank 2010.

Abatement of emissions in the transport sector is likely to require diverse and coordinated action by both local and 
national government. In transport, the authorities at all levels will need to encourage lower-emission modes of transport 
and design infrastructure and, especially, public spaces in cities with better access for public and non-motorized transport. 
To shift passenger traffic away from cars, integrated ticketing and integrated terminals for air, rail, bus, and tram transport 
will be important as well as expansion of rail and bus rapid transit service.74 Critical for freight traffic will be improvements 

74 Bus rapid transit (BRT) is a term applied to a variety of public transportation systems using buses to provide faster, more efficient service than an 
ordinary bus line. Often this is achieved by making improvements to existing infrastructure, vehicles and scheduling. The goal of these systems is to 
approach the service quality of rail transit while still enjoying the cost savings and flexibility of bus transit.
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in intermodal freight transport75 and other measures to encourage a shift away from roads towards inland water and rail, 
as well as interoperability of transport modes between countries.76 Urban planning needs to consider carbon abatement. 
Cities, towns and districts can and should be designed and redesigned to minimize transport needs and with alternative 
transport in mind. Instead of building infrastructure to accommodate increasing numbers of cars, governments should 
invest in alternative arrangements that allow and encourage cyclists, pedestrians, and public transport riders (see Box 7). 

Box 7. The impact on emissions of Poland’s urban transport and urban planning policies
A key area of transport not discussed elsewhere in this chapter is urban transport which accounts for a large share of 
overall emissions from the transport sector. Poland has a relatively high urbanization rate (of 61 percent), and most 
recent population growth in Poland has happened in and around larger cities. The suburbs of larger metropolitan areas 
have absorbed much of the population growth and been the site of the majority of new housing developments. While 
population overall is declining, the suburbs of Warsaw are growing, as are smaller cities’ suburbs. 

The shift towards suburban sprawl of Polish cities has significant implications for urban transport as well as other urban 
services. It is accompanied by a shift towards single-family units, likely with greater per capita residential energy require-
ments. Importantly, expansion into peri-urban areas has been occurring at great distances from the city center, with 
haphazard new developments along main arteries driven by low land prices. Residents depend on private cars for com-
muting into the city. Meanwhile, public investment has focused on improving and expanding roads rather than public 
transport. Most metropolitan areas do not have properly integrated public transportation networks: Warsaw’s network 
is fragmented and focused in the center city. 

A main result has been that the hard urban cores that defined Polish cities before 1990 have given way to scattered sub-
urban developments that make public transportation networks in those areas impractical as well as raising challenges 
for provision of water, sewage, electricity, and solid waste management services. All of these aspects will contribute to 
raising GHG emissions in metropolitan areas. The jurisdictions that make up Polish metropolitan areas need to come 
together around an integrated regional urban planning approach to guide new developments in a more sustainable 
fashion and fostering opportunities to involve the private sector in regional service provision.

The TREMOVE Plus model generates a BAU scenario for road transport against which reducing emissions from 
transport will be particularly difficult. The transport BAU scenario illuminates the kinds of policies that must be consid-
ered part of business-as-usual for convergence to EU averages to happen over the next decades. That is, while the MEMO 
model abstracts from how Poland’s economy comes to resemble the EU average, this engineering approach must be 
specific. Similarly, the MicroMAC curve presumes some unidentified efficiency gains, but then counts as an option every 
possibility for GHG abatement. The transport modeling shows that many of these options are already part of business-
as-usual and are not available to create additional mitigation. Within this modeling framework, the analysis finds that 
Poland still has relatively low rates of motorization, which argues that the growth of road transport will likely be high 
going forward. Further complicating the picture is the very high share of used vehicles, which tend to be much more fuel-
inefficient and polluting. Long distance freight and passenger transport need substantial changes; to achieve a strategic 
shift towards a lower carbon intensity (per passenger- and tonne-kilometer transported) while promoting long-term devel-
opment and contributing to a better quality of life. A paradigm shift is urgently needed to reshape and refocus the urban 
transport sector toward transport systems that not only get urban inhabitants where they need to go, but get them there 
sustainably and with little impact on the environment. Transport infrastructure design and development decisions taken 
over the coming years will directly affect this long term sustainability. Infrastructure investments have a long life; design 
decisions made centuries ago are still evident in many European towns and cities. If cities develop around the needs of 
private motorization and other unsustainable aspects of transport, as many cities currently do, they will lock in to a high 
energy-consuming development trajectory which will be difficult to change at a later date. 

75 Intermodal freight transport involves the transportation of freight in an intermodal container or vehicle, using multiple modes of transportation 
(rail, ship, and truck), without any handling of the freight itself when changing modes. The method reduces cargo handling, and so improves 
security, reduces damages and losses, and allows freight to be transported faster. 

76 The challenge of interoperability across national borders is most clear for railways, which have greater or lesser interoperability depending on 
whether both countries conform to standards of gauge, couplings, brakes, signaling, communications, loading gauge, and operating rules. 
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Better understanding of technological options, economic ramifications, and policy impact enhance the likelihood 
that Poland can move quickly towards a low emissions growth path. Such a transition will deliver additional benefits, 
including added energy security from increased energy efficiency and use of renewable energy sources, human health 
benefits from transport and other improvements that reduce local air pollutants, and strategic and competitive advan-
tages that are more likely to accrue to countries that pursue low emissions development early. While this report provides 
some complex assessments and new analytic tools for policymakers, its analysis, rather than exhausting the central issues 
related to a transition to low-emissions growth, has identified a number of additional economic issues for further work. 

One area for further research is follow-on development of the economywide and engineering models and the links 
between them. Having developed a suite of models with some new methods of integrating bottom-up with top-down, a 
direction for further work would be additional integration and harmonization of the models. In particular, remaining dif-
ferences in the business-as-usual projections, the approach to modeling the power sector, and transport sector treatment 
could be resolved, albeit not easily Alternatively, and perhaps more fruitfully, these models can be transferred to government 
or local ownership to serve as tools for policymakers going forward. Further, the preservation of alternative models, which 
produce differing results, highlights continually for model users the criticality of model assumptions and simplifications. 

Supplementary analysis using the existing economy-wide models or off-the-shelf models suited to the topic might 
fruitfully be applied to a number of issues. Extending the time horizon to 2050 would allow a more balanced treatment 
of the impact of long-gestation mitigation opportunities such as nuclear power plants in the MEMO model. The inclusion 
of R&D expenditures and technological progress would allow improved analysis of the long-term gains in the economy 
from implementation of energy efficiency measures. Distributional and regional impacts would be of interest and could 
be approached simply using existing household survey data. 

Sectoral and bottom-up or engineering analysis could also be usefully supplemented. More detailed bottom-up 
analysis of energy efficiency options in Poland would help clarify the nature of implementation barriers and assign costs 
to them. This richer database could then be linked to the MEMO model to assess the macroeconomic impacts of a coor-
dinated and significant program of energy efficiency. Sector studies of agriculture, land use, and forestry would assist in 
moving from the financial costing of the MicroMAC curve to understanding how to implement abatement measures in 
these sectors in Poland. 

The complexity of EU policy leaves many questions and regulatory aspects still to be analyzed. Public subsidies war-
rant further attention, since existing distortions and overlapping regulations mean that the impact of an additional tax or 
subsidy is hard to predict. In particular, a better understanding is needed of the system of ‘white certificates’ which are 
intended to encourage investment in energy efficiency measures. The macroeconomic and fiscal implications of deroga-
tions (or free allowances ) in the ETS system, of various recycling options of revenues from ETS auctions, of the possible 
introduction of carbon taxation in non-ETS sectors, and the proposal to re-introduce an excise tax on coal from 2012 also 
merit analysis. Lastly, better modeling of renewable energy sources and their complex EU regulations would better inform 
decisions on power sector investments. 

One last area that this report did not investigate was how to foster the new business opportunities that may arise 
for those countries that move earlier to a low-emissions economy. For all the same reasons that Poland has thrived 
following its transition to a market economy and its accession to the EU—high levels of education, conservative macroeco-
nomic management, respect for the rule of law, middling infrastructure, and proximity to Europe—it might be expected 
that in the transition to a low-emissions economy, Poland would find a way to maximize the benefits and minimize losses. 

This report provides a detailed assessment of many aspects of a low emissions growth strategy for Poland, develop-
ing insights via a suite of models that should provide ongoing assistance to policymakers in Poland. Policymakers 
may find reassuring the report’s main message that Poland’s transition to a low-emissions economy, while not free or 
simple, is affordable. However, capturing the full package of technologically feasible and economically sensible abate-
ment measures requires coordinated and early action by the government. With an ambitious approach, Poland can aim 
to reduce its GHG emissions by about one-third by 2030 (relative to 1990) with little cost to incomes and employment. 
Similarly, meeting the EU targets for 2020 appear generally feasible for Poland at modest cost, albeit likely more challeng-
ing for less energy-intensive sectors such as transport than for sectors that can access the efficiencies of EU-wide carbon 
trading. Poland has already weathered one economic transition and emerged with a strong and flexible economy. This 
next transition—to a low emissions growth path—while requiring an evolution in lifestyles and priorities over the next 20 
years, may well turn out to be much easier. 
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This study poses the question of how Poland can tran-
sition to a low emissions economy as successfully as it 
underwent transition to a market economy in the early 
1990s. With the EU policies on climate change and 2020 
targets already in place, Poland faces immediate policy 
challenges. What are the implications for Poland of imple-
menting EU policies on energy and climate change? Could 
the country commit to more ambitious overall greenhouse 
gas mitigation targets for the longer term—to 2030 and 
beyond? What technological options are available, and 
how expensive are they? Would there be high costs in 
lost growth and employment? The report addresses these 
questions while advancing the methodological approach 
of the World Bank’s low carbon studies by integrating ‘bot-
tom-up’ engineering analysis with ‘top-down’ economy-
wide modeling. The economic impact is presented using 
a unique macroeconomic version of the well-known mar-
ginal abatement cost curve.

Find this report and related materials at:
www.worldbank.org/pl/lowemissionseconomy
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