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EXECUTIVE SUMMARY

In the EU Renewable Energy Directive (2009/28/EC) Poland committed to atarget of 15% renewable
sources (RES) overall in  its gross fina | consumption of energy by 2020.

Several stakeholders claim that changes recently adopted in the Polish RES support schemes - in
particular , the switch from a green certificate scheme to auctions for green electricity - could put the
realisation of the  abovementioned 2020 target at risk.

The aim of this  study is to determine whether Poland is on track to reali se its 2020 renewable energy
target under the current conditions and - if the country is not - provide alternative  scenarios to meet
the target. W e start from the analysis of renewable energy deployment in Poland over the period 2010

to 2015 and model its possible future evolution und er different condit  ions over the period 2016  -2020.
The results of the scenario analysis show t hat the mere continuation of the current conditions for RES
deployment (i.e. support policies in place and announced for the period 2017 -2020) would likely resu It
in Poland missing its 15% renewable energy target for 2020 as established in the Renewable

Energy Directive (2009/28/EC).

Under optimistic  baseline modelling assumptions, it is estimated that Poland would miss its 2020

RES target by at least 791 ktoe . Under pessimistic assumptions the renewable target gap could
increase up to 3, 556 ktoe. In terms of the share of renewables in the final energy consumption, this
translates into a range between 10 .0% and 13.8% overall RES share in 2020

Three scenarios by which Poland could reach the 2020 RES target were analysed in this study. All of
them require  significant additional accumulated investments and support expenditures over the
period 2017 -2020 compared to the baseline cases.

In order to guarantee the realisation of the 2020 RES target Poland needs to take additional and
swift action to incentivise further deployment across all RES subsectors . Additional measures
are needed to meet the 2020 ta rget irrespective of the assumptions on final e nergy demand growth

for the coming years.
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1 Introduction

Poland established an ambitious renewable energy target of 15,5% by 2020 in its National Renewable
Energy Action Plan (NREAP),  which comprises three sub  -targets:
1 19, 13% renewable electricity

1 17,05% green heat
1 10,14% green transport

The actual target to which Poland committed in the EU  Renewable Energy Directive (2009/28/EC ) is
15% of energy from renewable sources (RES) overall in gross final consumption of energy by 2020.

According to the latest Keep on Track report !, Poland achieved both its 2013 target, reflecting the
trajectory proposed in the NREAP, as well as th e interim target for 2013/2014 according to the
indicative trajectory of the EU Renewable Energy Directive (2009/28/EC ).

However, several stakeholders claim that recent ly adopted changes in the regulatory  framework
supporting renewable energy - in particu lar the switch from a green certificate scheme to auctions -
could put the realisation of the 2020 target at risk.

In this context, the Polish Wind Energy Association (PWEA) contracted Ecofys and TU Wien to carry out
a study to determine whether Polandis on track to realise its 2020 renewable energy target under the
current conditions and - if the country isnot - provide alternative scenarios to meet the target.

In this study we start from the analysis of renewable energy deployment in Pol and over the period
2010to 2015 and model its possible future evolution under different conditions over the period 2016 -
2020 . All renewable technologies for power , heating and cooling generation and biofuel production are
covered. The modelling work  provides two types of scenarios for renewable energy developments in
Poland in years 2016 -2020:

- fiBasel ispeeabio s, to determine whether Poland will meet its 2020 RES target with
existing and announced policy support measures .

- fATarget 0 scenario s, providing alternative pathways where 2020 renewable  target fulfilment
is taken as a precondition.

Two scenarios were developed to determine the range of possible RES target achievement outcomes
under fib acomditidns Ehese reflect either an optimistic or pessimistic view on how the future
RES market and the overall energy demand might evolve. By optimistic we mean conditions either in
the RES market or on the demand side that are favourable to RES target achievement and by
pessimistic we mean conditions that make it harder for Poland to achieve its 2020 RES target.

* Keep On Track, 2015. Is Poland on track? Available from: http://www.keepontrack.eu/contents/keeptrackcountryfactsheet/rm_poland.pdf

Last accessed: January, 2017.
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With respect to the RES pathway s in line with  the achievement of the 2020 RES target , three distinct
scenarios are analysed:

A ARARE-E f oc scenario, where the already announced auction volumes for RES -E are
scaled up proportionally until the RES target  overall is met , while the currenttrend on the
uptake of RES in heating & cooling and in transport (similar to the A

scenario) is assumed .

A Afibal an cseedayio with increased RES -E auctioned volumes but here accompanied by
str onger support also for RES -H&C and RES-T, which reduces the pressure put on the
electricity sector.
A An falternative balanced 0 scenario building on a least -cost allocation of the r  equired
uptake of renewables in the electricity sector and with similar assumptions on RES -H&C
and on RES in transport as in the fAbalancedd scenario

This report is structured as follows: Chapt er 2 is dedicated to the analysis of the baseline scenarios,
assessing whether Poland  will meet its 2020 RES target with existing and announced polic ies. Chapter
3 discusses three scenarios in which Poland would reach the target, including an analysis of the resulting
technologym ixinthe RES -E sector foreachscenario and the associated costs from a social perspective.
Finally, in Chapter 4 we provide our conclusions and policy recommendations.

EPODE17004 7
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2 RES target realisation assessment

2.1 Approach

In this section we analyse the possible ran  ge of situations of Poland with regards to the realisation of

its 2020 RES target under existing renewable energy policy support conditions.

in 2020 as established in the
n the one hand the evolution of the
RES target for
in 2020 , the
actual deployment of additional RES

The realisation of the Polish RES target
(2009/28/EC ) depe nds on the d evelopment of two main factors: o
final energy consumption in the country over the next 4 years will determine the actual

of the country

Renewable Energy Directive

Poland in absolute energy terms (t he lower the final energy consumption
RES target ); o n the other hand, the
generation in the next 4 years will determine the share of renewables for a

easier it will be to reach the

given final energy

consumption in 2020.

Inthis study we have considered a range of possible developments ( optimistic and pessimistic baseline

scenarios) both for the evolution of the final energy consumption and for the future deployment of

optimistic and pessimistic baseline scenarios for final

target 6 mar gi nd
2020 is

renewables.
energy consumption and additional RES deployment
(if the target in 2020 is exceeded) or RES

The analysis of the combination of
results in a possible range of RES
(i f the

target 6 gapd target in

Figure 1 below illustr  ates this approach to estimate the range of possible situations.
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Figure 1: Approach to estimate Polandds 2020 target achievement gap
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The best possible outcome in terms of RES target achievement for Poland in 2020 results from the
combination of the most optimistic RES deployment scenario with the most optimistic demand scenario
(baseline optimistic scenario). The worst possible outcome results from the combination of the most
pessimistic scenarios (baseline pessimistic  scenario).

For the period 2010 to 2015 we use historical data from official sources. Data from 2010to 201 4 -both
for final energy consumption and RES deployment - was obtained from the Eurostat RES Shares
database online 2. The official figures for 2015 were not available from E urostat RES Shares at the time
of elaboration of this study . For this reason, they were obtained from the Polish Central Statistical
Office 3. For th e period 2016 to 2020 the Green -X model was used to  develop the optimistic and
pessimistic  baseline scenarios discussed above under the assumptions described in detail in the
following chapter

The Green -Xmodel has detailed RES resource and technology representation accompanied by thorough
energy policy description s, which allows assessing various policy options with respect to the resulting

market development as well as associated costs and benefits. A short characterization of the model is

givenint he Appendix 4 to this report, whilst for a detailed description we refer to www.green -x.at .

2.2 Scenario definitions and assumptions

2.2.1  Key modelling assumptions

To ensure maximum consistency with existing EU sc enarios and projections, key input parameters of
the scenarios presented in this report are derived from PRIMES modelling and from the Green -X model
database e.g. with respect to the potentials and cost of RES technologies .4 Table 1 below shows which
parameters are based on PRIMES, on the Green -X database and which have been specifically defined

for this study. The PRIMES scenario used for this assessment is the latest reference scenario .5

Table 1 Main input sources for scenario parameters

Based on P RIMES Based on Green - X database Defined for this assessment

- Primary energy prices - Renewable energy technology cost - Renewable energy policy
- Conventional supply (investment, fuel, O&M) framework (varying by scenario)
portfolio and - Renewable energy potentials - Reference electri city prices
conversion efficiencies - Technology diffusion / Non  -economic - Energy demand by sector
bar riers

- Learning rates

- Market values for variable renewables

2 Available from:  http://ec.europa.eu/eurostat/web/energy/data/shares

3 Glowny Urzad Statystyczny, 2016. Energy from renewable sources in 2015. November 2016. According to the study, the gross RES share
in the energy consumption was elaborated based on the SHARES_2015 application (  SHort Assessment of Renewable Energy Sources).
4 Assumed costs for RES technologies can be found in Appendix 5

° European Union, 2016.  EU Reference Scenario 2016  Ener gy, transport and GHG emissions Trends to 2050 .
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While generally sector -specific reference energy prices used in this analysis are based on the primary

energy price assumptions applied in the latest PRIMES reference scenario , for future prices at the

wholesale electricity market a simplified approachisfollowed. A wide number of factors influenc e future
wholesale market prices e.g. fossil fuel and carbon prices, demand developments, and RES -E
expansion, among others. Therefore, there is high uncertainty  about how wholesal e prices will evolve

in the future in the Central European electricity market

In this study , as outlined in  Figure 2 below, within our scenario analysis until 2020, it was assumed
that wholesale prices remain at 2016 levels. In a similar mann er, we take the assumption that green
certificate prices for  existing RES -E producers will remain at a constant level in the near future.
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=>e=[|ectricitv price (wholesale) -4-GC prices

Figure 2 Historic and expected future wholesale electricity and green certificate (GC) pri cesinPoland  (nominal values

in EUR/MWh ). Source: own assessment

It must be noted  here that lower or higher electricity and green certificate  prices affect primarily the

profitability of existing plants b ut have only a minor impact on the deployment of the new RES-E

generation capacit y that is required for target achievement . I'n this study, it is assumed that the

renewable power generation capacity that is already online will remain in the system. However , a

sensitivity check  was undertaken beforehand, ¢ onfirming that revenues from selling the produced

electricity on the wholesale market and the derived certificates to obliged parties 6 would suffice for

RES-E producer to recover operational expenditures. This statement is also valid for biomass co -firing

where also fuel cost s are a key elementi n the operational expenditures; however, w ith todayoés | ow
prices on the wholesale electricity marke t and in the certificate regime, a full cost recovery - including

up-frontinve stments - cannot be achieved in gener al.

5 Parties operating under the old green certificate scheme.
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2.2.2 RES policy support 2016 -2020

In this section we introduce our main modelling assumptions in terms of policy support framework for
renew ables over the period 2016  -2020.

In the RES -E sector, support for new utility scale plants will be available according to announced
auctioned volumes under the Renewable Energy Act of 2015. Auction volumes 7 are already known for
2016 (105,000 MWh/year) and 2017 (2,267,000 MWh/year). The auction volumes for 2018 and 2019

are unknown . In addition to support for uti lity -scale projects, the effect of the existing regulation
supporting prosumers i allowing distributed generators to sell excess power to the grid up to 70% of
their own consumption 8 is also considered in the modelling exercise.

In the RES -H&C sector, two  main economic support instruments are considered in the modelling of

future RES deployment scenarios. Firstly, the already existing subsidies for the (public) building sector,

- financed by EU structural funds , primarily aimed at energy efficiency improv ements . Secondly, the
subsidies from Thermal Renovation Law for the buildings sector i financed from the national budget -
are also included . Incentives for heat from renewable cogeneration of heat and power (CHP) are
considered as part of the thermal renova tion programme .°

Inthe RES -T sectoritisass umedthatthe existing biofuel obligation remains in place , and thatthe EU
cap on first generation biofuels is respected. It is assumed that the only incentive for the introduction
of second generation biofuel s until 2020 is the double counting provision of the Renewable Energy

Directive (2009/28/EC ). Itis also assumed that no fiscal incentives for biofuels will be implemented in
the period 2016 -2020.

" Detailed figures about auctioned volumes are provided in Appendix 3.
8 RES law, chapter 2, art4  -18.

9 Ustawa z dnia 21 listopada 2008 r. o wspieraniu termomodernizacji i remontéw, Dz.U. 2008 Nr 223 poz. 1459.
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2.2.3  Gross final energy consumption scenarios

Inits NREAP , Poland projectedan evolutionof itsfinal energy consumption characterised by continuous
growth from 2010 to 2020 , with a higher growth rate for the period 2015 to 2020. This projection is
shown in Figure 3 below.
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Figure 3 Expected final energy consumption in Poland according to NREAP (ktoe) . Source: Polish NREAP
Contrary to the abovementioned projections, t he actual recorded final energy consumption of the

country - as registered in EUROSTAT - followed adecreasingtrajectory  since 2010 , starting from 69,179
ktoe in 2010 and reaching 64,252 ktoe in 2014 . In 2015 demand grew again to reach 65,260 ktoe.

For the analysis  of the possible future development of the final energy consumption until 2020, two

scenarios have been considered: a pessimistic scenario, in which demand would increase from 201 6
onwards following the same growth rates as initially expected in the NREAP for the same period, and
an optimistic scenario, in which demand stagnates until 2020 at 201 5 level s. This scenario is considered
optimistic in view of the demand recovery observed in 2015 and latest projections from official
documents of the Polish Govern ment which estimate  demand growth for the coming years at 1.6% 10,

10 Sprawozdanie z wynikow monitorowania bezpieczefistwa dostaw energii elektrycznejza okres od dnia 01.01.2013 do dnia 31.12.2014
Ministerstw o Gospodarki
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It is important to note that optimistic and pessimistic scenarios here refer to the extent to which they
would make RES target achievement easier or more challenging for Poland . Figure 4 below show s the
range of demand scenarios considered in the baseline RES target achievement assessment.
75,000
e9543 70,562
70,000 69,179 68,421 st

65,000

65,260 65,260

60,000

55,000

50,000

45,000

40,000
2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

=== GFEC-Recorded  :es:e GFEC-Proj-Optimistic =~ «se2e GFEC-Proj-Pessimistic

Figure 4 Recorded final energy consumption in Poland and range of future scenarios considered (ktoe)
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2.2.4 RES deployment scenarios
2.24.1 RES Electricity

The actual developments in the renewable electricity sector in Poland outpac ed the NREAP projections
from 2010to 2015 .

Two major RES-E technologies were deployed over the period 2010 -2015 under the support of the
green certificate scheme : co -firing of biomass in existing coal fired units (requiring minor investments

to adapt to co -firing of biomass with coal) and wind ons hore. Since 2012, a discussion on the change
of the support scheme  towards auctions  started . Since July 2016 it was not possible to start operations
under the green certificate scheme anymore 1,

Two auctions fornew RES - E capacity have been announced (for 2 016 and 2017) as published in orders:

fRozporzNdzenie Rady Ministr-w z dnia 27 pa¥fdziernika 20
wartoSci energi i el ektrycznej z odnawialnych ¥r-deg ene
drodze aukcji w 2016 r.

1 Projekt roz por zNdzeni a Rady Ministr-w w sprawie maksymal nej

elektrycznej z odnawialnych ¥Fr-ded energii, kt-ra moUe b

The first auction took place on December 301, 2016 .

3,000

2,000

1000 |t I I | |

0
2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
mmm RES-Deploy _E «eeees RES-NREAP E

Figure 5 RES electricity con sumption in the period 2010 -2015 and NREAP trajectory (ktoe)

11 Ustawa z dnia 20.02.2015 o odnawialnych zrodlach energii ze zmianami, art. 2Z&pUL ¢ 2015 r. poz. 478, 2365, z 2016 r. poz. 925,
1579.)
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The following modelling input assumptions were made to determine RES  -E developments *2 until 2020
with Green -X:

In the optimistic baseline scenario, it is assumed that project lead times are short 3. Moreover , it is
assumed that additional auction rounds forne w RES-E generation capacity will be announced for 2018
and 2019 , offering the same volumes as for the already announce d auction for 2017. For 20 20 no
volumes are considered in the modelling exercise, since it is assumed that the corresponding generating
plants would not enter  in operation in time to contribute to realisation of the 2020 RES target.

In the pessimistic scenario, it is assumed that f or the new RES -E capacity allocated in auctions the
project lead times are long 2. No additional auction rounds after 2017 are assumed.

The law on wind investments 1* could create further significant constraints for the deployment of this
technology. These potential constraints were not considered in our modelling.

The assumed allocation of new RES generation capacity to t
is shown in Appendix 3.

2.2.4.2 RES heating and cooling

Renewable energy consumption in the heating and cooling sector has been above the original NREAP
trajecto ry defined by Poland for the period 2010 -2015 ; after a period of continuous increase, RES in
heati ng and cooling declined in 2014 and slightly recovered in 2015.

From 2016 onwards higher growth rates will be required in the sector to keep up with the NREA P
trajectory.

12 After finalisation of the modelling work for this study, the statistics for the electricity sector in 2016 f rom the Polish Energy Market Agency
became available. While it was not possible to recalculate the scenarios ensuring consistency across all RES subsectors within the timeframe
for this study, we briefly comment on the observed 2016 RES -E deployment and co mpare with our 2016 scenario projections in Appendix 1.

13 See Table 2in  Appendix 2 for the ranges considered for project lead times per technology

14 USTAWA z dnia 20 maja 2016 . o inwestycjach w zakresie elektrowni wiatrowych
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Figure 6 RES consumption for heating and cooling in the period 2010 -2015 and NREAP trajectory (ktoe)

The following modelling input assumptions are made to determine deployment of RES in heating and
cooling until 2020 with Green -X:inthe optimistic scenario it is assumed that non -cost barriers to the
implementation of  renewable technologies  are mitigated according to best p ractice standards  inthe EU
and the financial investment incentive s from the programme  sin placeisincreased. ° Inthe pessimistic
scenario it is assumed both non -cost barriers and the investment incentive remain as in recent past.

2.2.4.3 RES Transport

In the period 2010 -2015 the consumption of renewable energy in the transport sector in Poland has
fallen s ubstantially behind the trajectory defined in the NREAP. Moreover, figures show ed a clear
downward trend  until 2014, increasing the gap between planned developments and actual renewable
consumption.  Figures for 2015 show a slight recovery to 2012 levels.

5 In modelling, we assumed that average effective support for RES -H&C (that is generally provided via investment grants) doubles in
forthcoming years, from around 5% (default, pessimistic baseline) to ca. 10% of total investment cost.
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Figure 7 RES consumption for t ransport in the period 2010 -2015 and NREAP trajectory (ktoe)
The following modelling input assumptions were made to determine  biofuel deployme ntin the transport
sector until 2020 with Green  -X: inthe optimistic scenario it is assumed that - in contrast with the past
trend s observed 1 a slight increase in the biofuels market  will occur for the period 2016 -2020, driven
by the existing obligation in place and the given EU and national 2020 target for renewables in

transport. The upper ceiling defined for the contribution of first generation biofuels in meeting this
target was also considered . Inthe pessimistic scenarioitis assumed that the contribution of renewables
in the transport sector slightly declines until 2020, in line with the trend observed from 2010 to 2015.

2.3 RES deployment results

In this section we present the outcomesofthe  modelling exercisei ntermsof expected RES deployment.
Figure 8 below shows the amount of electricity generation that can be expected in 2020 to stem from

new RES instal led in the years 2017 to 2020 according to both the optimistic and the pessimistic
baseline s cenarios.
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Figure 8: Electricity generation by 2020 from new RES (installed 2017 to 2020) according to Baseline Scenarios
(GWh) . Source: Green -X modelling

The overall amount of new RES  -E generation would make up aro und 3. 85 TWh by 2020 under the
optimistic baseline s cenario. Biomass (including biomass co -firing in coal -fired power plants ) would
make up the | i on éBgerefatoom stemmig frerEnBwly installed RES plants, followed by

solar PV and onshore wind.

Under the pessimistic baseline case more than four times lower RES generation additions can be
expected than in the optimis tic case. The technology mix changes but biomass would still have the
largest share of the new RES  -E added to the system.

The aggregated picture with respect to overall RES deployment is provided in Figure 9 below. Here the

historic record is illustrated as well as the expected future deployment by sector according to baseline
conditions, taking either an optimistic (left) ora pessimistic (right) perspective.
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Figure 9: Historic and expected future total RES deployment according to Baseline Scenarios . Source:  Own
assessment, Green - X modelling
It can be seen that overall RES deployment is significantly higher in the optimistic baseline scenario
where total RES deployment by 2020 would account for ca. 9,000 Kktoe. In contrast to that, taking a

pessimistic view , Poland would deliver only 7,029 ktoe by 20 20.
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2.4 RES target realisation forecast results

The result of our RES target realisation assessment is summarised in Figure 10 below . The blue bar on
the leftside ofthe graph representsthe expected rangeforthe REStarget for Polandin2020 expressed
in absolute energy terms (ktoe). The green bar in the center represents the range of expected
contribution of renewable energy to the final energy consumption of the country in 2020 . Thered ba r
on the right -hand side of the graph represents the maximum and minimum differences between the
renewable target and the expected value of renewable energy consumed in the country in 2020.
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Figure 10 Expected REStarget gap ran ges (ktoe)

Under the most optimistic scenario (low absolute RES target due to low final energy consumption ,
coupled with  high RES deployment  assumptions ), it is estimated that Poland would miss its 2020 RES

target by 791 ktoe .Under the most pessimistic scenario (high absolute RES target due to increasing

final energy consumption and low RES deployment assumptions ) the renewable target gap could
increase to 3,556 ktoe .

In terms of the share of renewables in the final energy consumption of Poland , the abo vementioned

results translate into a range between 10.0 % and 13.8%  RES share in 2020 for the pessimistic and
optimistic scenarios respectively . Thisis shownin Figure 11 below.
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Figure 11 Historic and expected future RES share in  final energy consumption according to b aseli ne s cenarios.
Source: Own assessment , Green -X modelling

Additional note on the evolution of the RES - E sector in 2016:

After finalisation of the modelling work for this study, the statistics for the electricity sector in 2016 from the Polish En ergy

Market Agency became available.

It was not possible to recalculate the scenarios ensuring consistency across all RES sectors within the timeframe for this

study; however, we briefly comment on the observed deployment and compare with our 2016 scenario projections in

Appendix 1.

While there were substantial inc reases in generation for most RES -E technologies in 2016, the important reduction in
biomass co -firing mitigates their impact, limiting the overall growth.

RES-E generation in Poland grew by just 0.5% in 2016 with respect to the previous year. The observe d growth rate is
roughly half of the growth rate expected for RES -E over the same period in our pessimistic baseline scenario, pointing to

a potentially higher RES deployment gap in 2020 than foreseen in this study if no corrective measures are taken.
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