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1. Introduction

Reconciliation of economic targets with environ-
mental policy goals requires the separation of economic
growth from its negative consequences: extensive use of
natural resources and the GHG emission. This is partic-
ularly important for those countries, whose development
objective is to lower the economic gap. One of the solu-
tions is the development of clean energy technologies.
However, due to relatively early stage of development,
the use of renewable sources is currently not cost com-
petitive with long-established fossil fuel-based energy
technologies [IEA 2011]. Therefore, the question is:
how public policies can foster technological progress in
the field of clean energy technologies [REN 21, 2015;
Hoppmann at al 2013; Mowery et al. 2010].

The paper focuses on the effectiveness of green
certificates in transforming Polish electricity system and
fulfilling the requirements of climate policy. The re-
mainder of this paper is structured as follows: Section 2
provides an overview of the literature and past studies
dealing with the path dependency, technology and car-
bon lock-in as well as innovation effect of deployment
policies. Furthermore, the initial theory framework of
the study is presented. Sections 3 and 4 introduce the
research case of Poland. The discussion of implications
for theory and policy makers is presented in Section 5.

2. Path dependency, technology and carbon
lock-in

Path dependency implies that the economics of fu-
ture technology — related decisions depend crucially on
previous decisions and investments [North 1990; Arthur
1989]. The path dependency in the electricity sector is
the result of many factors. Firstly, specific effects con-
nected with the implementation of energy technologies
exist. These are [Foxon 2002; Unruh, 2000; Sorrell and
Sijm 2003]

— economy of scale and learning effect — originat-
ing as a result of lowering fixed costs together with the
increase in production volume and business experience,

— adaptive expectations — as a result of which, the
production growth is followed by the lower level of un-
certainty concerning quality, functioning and durability
of technology,

— network or coordination effects — occur as a re-
sult of cooperation between companies adopting the
same technologies.

The review of organization, institutional and tran-
sition theory has addressed lock-in mechanism form dif-
ferent point of view and distinguish other explanations
for it. The main rationales are [Klitkou et al. 2015; Van
den Bergh and Oosterhuis, 2008; Foxon 2002]:

— informational increasing returns — occurring be-
cause the adoption of a technology is followed by
greater attention which in turn stimulates other users to
adopt it;

— technological interrelatedness — occurring be-
cause the adoption of a technology favours the develop-
ment of complementary technologies, decreases techno-
logical uncertainty, while potential users may adapt
their expectations regarding quality, endurance and the
performance of the technology. Technologies which are
incompatible with the dominant technological regime
are, however, locked out;

— collective action — refers to the emergence and
subsequent reproduction of societal norms, customs,
consumption patterns and formal regulation through co-
alition building in associated networks of individuals
and organisations;

— institutional learning effects — concerning the
outcome of the increased adoption of institutions, which
makes them rather complex and difficult to change,
while at the same time providing improved coordination
and adaptive expectations;

— asymmetries of power — strong political actors
can impose rules on others and force changes to the rules
to enhance their power. Within lock-ins, institutions and
organisations develop symbiotic relationships and fa-
vour incremental instead of radical changes.

The above mentioned phenomena decide, that pro-
duction of energy in the frame of fossil-fuel technolo-
gies is economically more profitable than RES-E tech-
nologies. Additionally, the existence of path depend-
ency creates increased tendency for investment in exist-
ing technologies. Due to this fact, enterprises using fos-
sil-fuels will be more willing to undertake investment in
such sectors [Lehman and Gawel, 2013; Acemoglu et
al.,2012] and the sector will show a tendency to preserve
the energy-mix. Because of this, the market forces,
without the support from the State, may appear insuffi-
cient to conduct significant technological changes and
stimulate RES deployment [Marschinski and Schmidt,
2009].
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The second factor influencing the creation of path
dependency in the electricity sector is the big scale of
investment and long investment period. This concerns
both, the construction of power plants, as well as
transport and transmission infrastructures [Matthes,
2010; Neuhoft, 2005; Sorrell and Sijm,2003]. What is
important, many of these investments are of difficult ir-
reversible decisions, which means the lack of possibility
to recover invested capital and increased investment
risk. Moreover, electricity is a homogeneous good.
Therefore, energy produced in traditional technologies
and alternative sources will be almost a perfect substi-
tute. Due to this fact, new energy technologies can com-
pete with the traditional ones only on the price level.

Thirdly, technological path dependence is strength-
ened by the development of institutions, understood as
sector rules, originating and evolving together with the
energy system. This phenomenon is described as
techno-institutional complex [Geels, 2004; Unruh,
2000].

3. Transition towards the low carbon economy
in Poland

There is a broad consensus that an internationally
coordinated response to the threat of climate change is
needed and that a lack of action will impose very high
costs, especially on poorer countries. European Union
has taken a proactive stance within the international
community’s ongoing negotiations by setting a unilat-
eral target of a 20 percent reduction in emissions by
2020. EU members therefore face specific obligations
for climate action and Poland faces a particular chal-
lenge in CO, mitigation because of its heavy reliance on
domestic coal.

Transformation of Polish economy allowed for a
strong decrease in the level of emissions (fig. 1). This
was, most of all, the result of a restructuring process and
the increase in industrial efficiency, technological de-
velopment as well as an increase in the efficiency of en-
ergy processes. However, the link between growth and
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Fig. 1. Economic growth and the GHG emissions in Poland, 1990-2014

Source: Eurostat 2015a, World Bank 2015, own calculations.

emissions has re-emerged in recent years. This results,
among others, from the fact that energy efficiency, be-
sides significant increase, still remains on the level
lower than the EU average.

The factor which most significantly influences the
level of emissions in the Polish electricity sector is the
strong dependence on coal. Over 80% of energy is gen-
erated from coal and lignite, which distinguishes Poland
among European States (fig. 2) [EU Energy in Figures,
2015]. Taking into consideration the specificity of
Polish energy sector, the 20-20-20 package requires Po-
land’s energy-intensive sectors to contribute to the EU
target of a 21 percent reduction (compared with 2005).
In Poland, approximately 60 percent of CO, emissions

in 2005 were generated in the ETS sectors (compared
with about 40 percent in the EU as a whole). For the less
energy-intensive non-ETS sectors, the package requires
a reduction in emissions by 10 percent compared to
2005 in the EU27, while allowing emissions from Po-
land’s non-energy sectors to increase by 14 percent. The
road map for fulfilling this requirements indicates the
need for wider use of low-carbon energy sources. So far,
most of policy measures were focused on deployment of
renewable energy sources. The potential of Poland in the
scope of RES development covers energy from direct
use of solar, wind, geothermal sources, water as well as
energy produced from solid biomass, biogas and liquid
biofuels.
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Fig. 2. Electricity generated from coal in the EU Member States, 2013

Source: EU Energy in Figures 2015, own calculations.

High growth dynamics was reached mainly as a re-
sult of the obligations to purchase energy and heat from
renewable energy sources as well as providing the sup-
port for investment in the renewable energy sector. In
the 2005-2016, the main tool for support was the system
of obligation quota, together with the system of tradable
certificates of origin — so called green certificates. These
mechanisms covered the electricity and fuel(biofuel)
sectors.

The system of obligation quota imposes the obliga-
tion on the energy supplier to sell energy from renewa-
ble sources to the end customers. In case of not manag-
ing the right amount of renewable energy produced in
own power plants, the energy companies can purchase
certificates of origin (green certificates) on the Polish
Power Exchange or make a ‘compensation payment’.
The level of the compensation payment is fixed once a
year by the energy market regulatory. Energy compa-
nies, which do not fulfill their obligations to purchase
green certificates or pay substitutionary fee, are imposed
with financial penalties, which are transferred to the Na-
tional Fund for Environmental Protection and Water
Management. Until the end of 2009, such financial
means could only be spent on investment support in the
scope of renewable energy sources, however, from 2010
they can also be dedicated to other projects.

Other mechanisms of support for the development
of RES in Poland include:

— loans and grants dedicated to renewable energy
sources projects,

— obligation to purchase all electricity produced
from renewable energy sources,

— subsidizing costs of the connection to the grid,

— exemption from concession fees,

— exemption from the excise tax.

This system appeared to be effective in stimulating
investment in the most developed and economically at-
tractive technologies connected with renewable energy,
allowing Poland to increase share of renewable energy
sources in energy balance in the most cost-effective way
(fig. 3). It should be underlined, that the balance for re-
newable energy sources in Poland is not balanced, and
the RES supply is dominated by biomass (in 2013 80,0%
of supply of renewable energy originated from this
source) [GUS, 2014]. This situation is conditioned by
the selection of instruments supporting the development
of renewable energy sources. The key mechanism so
far — system of green certificates — can be effective in
the scope of stimulating development of sources with
the highest level of technological advancement, that is
biomass combustion and on-shore wind farms.
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Fig. 3. RES capacity installed in
Source: URE 2015, own calculations.

4. Effects of technology lock-in on the green cer-
tificate market in Poland

The aim of policy is to create competitive pressure
on renewable energy producers and stimulate the im-
provement in energy efficiency. Poland chose and im-
plemented a system of certificates of origin and tradable
‘green certificates’. We should remember, that this mar-
ket was not created spontaneously, but was organized by
the public authority as a highly regulated market. Enti-
ties operating on the market for green certificates were
forced to participate in it by the means of administrative
force, although without the exclusion of economic bill
(enterprises can pay a substitutive fee). It was assumed,
that together with the increase of competitiveness in re-
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newable technologies, all form of support for technolo-
gies with business applications would be withdrawn
from the market. All the same, the market for certificates
would become a fully competitive towards different
technologies.

Applied mechanisms initially functioned accepta-
bly, shaping conditions for the development of renewa-
ble energy sector in Poland and allowing changes in the
energy mix. This situation changed suddenly in 2011,
when the first serious crisis in the renewable energy sec-
tor took place. Prices for green certificates started to de-
crease rapidly and this situation lasted until the begin-
ning of 2013. These changes created sudden drop in the
profitability of investment projects and put on hold the
realization of several projects (fig. 4).
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Fig. 4. Green certificate prices and compensation payment in Poland
Source: Polish Power Exchange, Energy Regulatory Office, own calculations.
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The reason for the collapse of prices for green cer-
tificates was a specific structure in the RES use, what
means the common use of coal and biomass in the co-
firing processes. The main reason for the development
of this technology (44% of energy produced in 2012) is
the fact, that its use with previous producers was rela-
tively cheaper than the construction of new installations
using single renewable source (wind, solar energy).
With co-firing, the required investments concerned
modernization and adaptation of existing systems and
infrastructure. What is more, both: new and modernized
production units, were entitled to the certificates of
origin. Considering the development of renewable
sources, this situation makes it difficult to increase ef-
fectiveness in the use of renewable source potential and
create actual technological break-through in energy sec-
tor. This can be recognized as the mechanism of lock-in
related to the economies of scale as well as learning ef-
fects. The result of technology dominance using co-fir-
ing was hampering the development of classical, homo-
geneous technologies using RES due to their lower com-
petitiveness.

The co-generation technology had also an influ-
ence on the functioning of green certificates result. In
this market segment, big producers have an advantage
over the smaller players. This concerns both experience
advantage, as well as the method of organization. As a
result, big electricity enterprises are the main market
players, which can influence on the trade conditions
with their decisions. The increased use of co-generation
technology contributed to the creation of surplus in the
amount of energy classified as ‘green’ and the collapse
of certificates of origin in 2011.

The reason for the lack of effectiveness on the
green certificates market is also related to the institu-
tional lock-in resulted from the network externalities
and informational increasing returns. The lack of diver-
sity in green certificates depending on the technology
applied in the production of energy in RES and support-
ing co-firing technology led to the increase of biomass
import. Due to limited possibilities to obtain this raw
material in natural way (e.g. from forestry), incentives
for biomass producers from energy cultivations or
wastes and left-overs from agricultural production were
introduced. However, in reality, the demand of domestic
market extorted the import of biomass. In the face of the
green certificate market collapse, agreements with do-
mestic producers of biomass were terminated. The ef-
fect of such activities were the protests of growers and
the threat of bankruptcy of several agricultural farms.
Subsidizing co-generation disrupted in this case the
competition between conventional and dispersed en-
ergy, creating unjustified pressure on the increase of
prices for energy end users, who bear the final cost of
supporting RES.

Smaller producers are in a relatively worse situa-
tion, operating outside energy groups, unconnected with
long-term contracts for the acceptance of energy as well
as investors, who have not completed the process for

starting energy installations yet. The most endangered
groups are here small investors, whose activity is fi-
nanced from own sources, supported by subsidies from
environmental funds, requiring the guarantee of invest-
ment permanence.

5. Implications for policy makers

The problem of technology lock-in acquires a par-
ticular importance in the context of influence of technol-
ogy choices on the natural environment. The case of Po-
land indicates implications for the policy of limiting
CO; emissions through the development of renewable
energy sources. Fundamentally, one can conclude, that
deployment policies are effective instruments to stimu-
late investment. The system of green certificates is not,
however, the mechanism that could effectively stimulate
the development of more expensive technologies in the
scope of renewable energy sources. What is more, the
instability of prices for green certificates creates barriers
for small entities, which finance investment projects ac-
cording to commercial rules. The complex deployment
of renewable energy sources requires greater support for
less developed technologies and the elimination of main
investment barriers.

Current technologies, using fossil fuels, have ben-
efited from a long period of increasing returns. This de-
velopment created the occurrence of a lock-in phenom-
enon, which involves different but interrelated ration-
ales: (1) an institutional rationale that has legal and po-
litical dimensions and (2) a technical rationale that has
technological and economic dimensions. However, this
can also provide some clues about the policies to unlock
the development of new, more sustainable technologies.
An unlocking impetus can come from a change in legis-
lation, such as when the EU and national legislation
stress the importance of emission reduction and decar-
bonization of the economy. Also state policies that can
act to promote the increasing returns in more sustainable
technologies have the potential to stimulate the develop-
ment and take up of those technologies much more rap-
idly than would otherwise be the case. The impetus can
also come from changes in the political orientation of
ruling parties or changes in the political majority that
displace the order given to economic and ecologic pref-
erences [Corvellec at al. 2013]. It can come from eco-
nomic changes such as an increased demand for non-
fossil fuels for electricity or heating systems. Renewals
and transformations make it possible to introduce new
technologies.

The main justification for intervention in the pro-
cess of technology diffusion is the greater ability of the
state to coordinate technological choices undertaken in
the frame of market mechanism. Another element is the
possibility to reach environmentally superior timing
[Carillo-Hermosilla 2006]. Besides keeping policy-in-
duced market growth at appropriate levels, policy mak-
ers can design deployment policies in a way that stag-
gers incentives according to different technologies
[Hoppmann 2013]. Providing greater support to promis-
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ing, but less mature technologies can favour the building
of portfolio for alternative sources of energy, which with
time can outperform current technologies. Financial in-
centives can take here the form of capital subsidies, tax
credits or hypothecated revenues [Foxon 2002]. These
instruments reflect different stages of technological de-
velopment. Capital subsidies are more appropriate for
technologies that are still at the demonstration stage.
Tax credits may be more appropriate to help overcome
the barriers that prevent the take up of cost effective
technology improvements (e.g. split incentives, limited
access to capital) for decision-makers acting under
bounded rationality, as they provide both a direct finan-
cial incentive and a signal to look for other cost savings.
Hypothecation involves the revenues from standard en-
vironmental policy instruments - tradable permits and
regulation - to support environmental innovation.

However, according to the “paradox of entrench-
ment”, the conditions for the lock-in of a desired new
technology must be created in order to overcome the
lock-in of an incumbent one [Walker 2000]. This sug-
gests the challenge for policy makers, as it is necessary
to change the structuring context in which the current
energy system exists and create conditions to facilitate
the realization of the new system [Lee and Gloaguen
2015].

Lock-ins are matters of co-evolutions [Geels 2005]
and in order to overcome lock-in, the policy makers
should reorient an array of interrelated factors [Mat-
tauch 2015; Konnoéla et al. 2007; del Rio and Unruh
2006]. Understanding the reasons for the formation of
lock-out effect is the key to undertake efforts aimed at
streamlining the development. The policies, laws, plans,
and programs need to acknowledge the local practices
and the local lock-ins that hamper sustainability.
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Ma3sypkeBuu 1. E¢ekTuBHiCTH 3e/IeHHX cepTH-
¢dikariB — nani moxo Hoabui

VY cTarTi po3rasaaEThCs poib TEXHOJIOTIYHOTO Ta
THCTHTYIIIHHOTO «OJIOKYBaHHS BYTJICIIO» B SKOCTI
Oap'epy Ans BIOPOBAKCHHs IHHOBAIid B CHEPreTHY-
HOMY CEKTOpI, SIKi CIPUSIOTH CTAIOMY PO3BHUTKY, 3 IO-
JTTBIITUM BU3HAYCHHSIM 1 ITPOTIO3HIII€I0 aJIEKBATHUX I10-
mTHYHUX 3axoxiB. [IpoaHanmizoBaHO B3a€MOJiI0 YWH-
HUKa «OJIOKYBaHHS BYTJICIIO» Ta YAHHUKIB iHHOBAIiH-
HOT'O CTaJIOTO PO3BUTKY B KOHTEKCTI COIIaIbHO-TEXHIU-
HUX 1 TEXHOJIOTTYHHUX TpaHchopMalliid. JJaHo pekoMeH-
Jarii, mo mnependadarOTh BHECEHHS 3MiH 1 JONOBHEHb
J0 HOPMAaTHBHO-PETyIIATOpPHOI 0asu (Ha TpHKIAIi
[TospIi), BiIMOBIMHO 10 CyYaCHUX BUMOT PUHKOBOI CH-
CcTeMH, 0 3a0e31euyroTh e(heKTHBHE (HYHKIIOHYBAaHHS
OCTaHHBOT, 32 YMOBH MPArHEHHSI TOCATHEHHS TIOCTABIIC-
HUX CTPATETiYHUX IINICH CTaJoro eKOHOMIYHOTO pO3-
BHTKY.

Kniouosi cnosa: TOHOBIIOBaHI JpKepena €HEprii,
B32€MO3AICKHICTh (PAKTOPIB Yy PO3BUTKY, OJIOKYBaHHS
BYIJICITIO, CHEPTETUIHUIN CEKTOP, CTATNA EKOHOMIUYHHN
PO3BUTOK, 3€JIeHI cepTUudikaTH, eheKTUBHICTb.

Ma3zypkeBu4 U. D¢ PpexTUBHOCTDH 3e/1eHbIX cep-
THGUKATOB — JaHHBIE OTHOCHTEJIBbHO Ilobin

B cratee paccmarpuBaercs poiib TEXHOJIOTHYE-
CKOH M MHCTUTYIIMOHATIBHOH «OJIOKHPOBKH YTIIEpOIa» B
KauecTBe Oapbepa AJis BHEAPEHHUS WHHOBALMI B SHEP-
TEeTUYECKOM CEKTOpE, CIIOCOOCTBYIOIIUX YCTOMUUBOMY
Pa3BUTHIO, C MOCIEAYIOIIUM OIPEACTICHUEM H TIPELI0-
KCHUEM aJICKBaTHBIX ONUTHYECKUX Mep. [Ipoananmsu-
pOBaHO B3aMMOJEHCTBUE (PakTOpa «OIIOKHMPOBKH YTIIe-
pona» u pakTOpOB HHHOBALIMOHHOTO YCTOMYHBOTO pa3-
BUTHSI B KOHTEKCTE COIMAIBbHO-TEXHUYECKUX U TEXHO-
Jormdeckux TpaHchopmanumii. JlaHBI peKOMEHIANNH,
MpeyCMaTPUBAIOLE BHECEHUE U3MEHEHHU U JIOTOJ-
HEHUI B HOpMATHBHO-PETYIIATOPHYIO 0a3y (Ha mpumepe
[TospImm), B COOTBETCTBUU C COBPEMEHHBIMH TpeOOBa-
HUSIMH PBIHOYHOH CHCTEMBI, 00ECIIEUHBAIOMIAME (-
(bexTHBHOE (DYHKIIMOHUPOBAHUS TIOCIICAHEH, TIPU yCII0-
BHHU CTPEMJICHHS TOCTIDKCHHUS ITOCTaBJIEHHBIX CTpaTe-
THYECKUX IIeJIel YCTOMUNBOrO 3KOHOMHYECKOTO Pa3BH-
TUA.

Kniouesvie cnosa: BO30OHOBISIEMblE HCTOYHUKU
SHEPTUH, B3aUMO3aBUCHMOCTh (PAKTOPOB B Pa3BHUTHH,
OJIOKHUPOBKA yTIIEpOJIa, SHEPTETHUECKUH CEKTOP, YCTOH-
YHBOE DKOHOMHYECKOE PA3BUTHE, 3EJICHBIC CEpTU(H-
Karthbl.

Mazurkiewicz J. The effectiveness of green cer-
tificates — evidence from Poland

The paper examines the role of technological and
institutional lock-in as a batrier to more sustainable in-
novation in the energy sector, and the implications of
this to for determining appropriate policy responses.
The paper, with theoretical input from path-dependency,
technology and carbon lock-in as well as innovation ef-
fect of deployment policies, presents a qualitative study
of the factors that influenced the evolution of tradeable
green certificates in Poland.

The path dependency has been reinforced by the
lock-in mechanisms: economies of scale, economies of
scope, network externalities and informational increas-
ing returns. Hence, the characteristics of current regime
set the conditions for the development of new transition
pathways. The incumbent socio-technical regime is not
just fossil-based, but may also include mature niches
specialised in the exploitation of renewable sources.
This implies a need to distinguish between lock-in
mechanisms favouring the old fossil-based regime,
well-established (mature) renewable energy niches, or
new pathways. It also provides the justification for in-
tervention in the process of technology diffusion: the
greater ability of the state to coordinate technological
choices undertaken in the frame of market mechanism.

Keywords: renewable energy sources, path de-
pendency, carbon lock-in.
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