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Abstract

The aims of the paper are to identify and assess the determinants of transition to renewable and sustainable energy develop-
ment in Azerbaijan and Poland. Both countries have a clear target to increase the share of renewable energy sources (RES)
in the gross final energy consumption, i.e. Poland in the National Energy and Climate Plan for the years 2021-2030 declares
that it wishes to achieve 21-23% by 2030 (total consumption in electricity, heating and cooling as well as for transport
purposes). But there are currently significant producers and consumers of conventional energy carriers, respectively coal
and oil, and these fuels ensure an appropriate level of energy security and production stability. Moreover, in Poland, the
mining sector plays a very important social role, whereas the oil industry in Azerbaijan creates significant budget revenue.
Therefore, even with stronger EU and worldwide climate policy and a decreasing cost of cleaner forms of energy, there are
many challenges and obstacles for such countries in increasing energy from RES associated with energy security, efficiency,
existing infrastructure, competitiveness and social aspects. In order to identify best practices for the transition to decarboni-
sation, the availability of energy resources, energy market structures, national strategies and policies were compared using

PESTEL analysis.

Keywords Azerbaijan - Poland - Renewable energy sources - PESTLE analysis - energy transformation

Introduction

Increasing the share of renewable energy sources (RES)
and carbon neutrality is an important policy aim of the EU
and growing numbers of countries are adopting greenhouse
gas (GHG) reduction targets and making ambitious invest-
ments in clean technologies. Such transition still requires
innovation, policy and financial support to achieve massive
technological advances and sharp cost reductions. Today,
the primary energy source all over the world remains non-
renewable fossil fuels that have been and will continue to be
a major cause of pollution and climate change. With increas-
ing energy demand and growing concerns for environmen-
tal impacts, RES are receiving increased attention for their
inherent low pollutant and GHG emissions. However, the
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intermittent and uncontrollable nature of RES introduces
new technical challenges for integration into electric power
systems, especially as the market share of renewable energy
is growing (Kordana et al. 2019).

In Azerbaijan, the State Programme on the Use of Alter-
native and Renewable Energy Sources was approved in 2004
to promote power generation from RES and to utilise hydro-
carbon energy sources more efficiently. In the memorandum
of understanding signed between the EU and Azerbaijan in
2006, the objectives included the modernisation of the elec-
tricity grid, enhancement of the security and reliability of
the energy infrastructure; the preparation of programmes
and regulations for the development of the RES sector; and
the achievement of the efficient use of energy. In Decem-
ber 2011, a second long-term government strategy for the
development of alternative and renewable energy sources
for the years 2012-2020 was accepted which aims to reduce
GHG emissions by 20% from 1990 levels, to scale up the
rate of renewable energy by up to 20% by using electric-
ity as well as increasing energy efficiency by 20% by 2020
(Caspian Information Centre 2013). Moreover, in 2012, the
government of Azerbaijan accepted the development plan
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“Azerbaijan 2020: Look into the Future”, where they argue
that the quantity of energy consumed, and CO, released for
the production of one unit of GDP must be analogous with
matching OECD member country norms by 2020 (Aydin
2019). The Emissions Database for Global Atmospheric
Research (EDGAR) shows that fossil CO, emissions in
Azerbaijan dropped significantly from 1990 from 58,077 Mt
CO, to 30,488 Mt CO, in 2005 and reached 34,704 Mt in
2018 (Muntean et al. 2018). However, this has been achieved
as a result of the decline in the total primary energy supply
per capita in the country, i.e. especially from 3.17 toe/capita
in 1990 to 1.44 toe/capita in 1996, and it has then stabilised
at that level reaching 1.49 toe/capita in 2015 (Ritchie and
Roser 2020). It is still very low compared to the EU-28—
3.11 toe/capita or the USA—6.80 toe/capita (Salimov 2018).
Therefore, the identification of obstacles in the transition to
renewable and sustainable energy and a search for incen-
tives for a “just transition” are analysed based on different
case studies. It may also be important for EU policy since in
the EU Recommendation from 2018 it was underlined that
Azerbaijan—due to its capabilities and geographical loca-
tion—can play a key role in contributing to Europe’s energy
security (RECOMMENDATION No 1/2018 OF THE EU-
AZERBAIJAN COOPERATION COUNCIL, 2018).

In Poland, on the other hand, the main document dealing
with RES is the Act on Renewable Energy Sources (Act on
Renewable Energy Sources of 20 February 2015. Journal
of Laws of 2018, item 2389). Due to the fact that Poland is
an EU member state, directives dedicated to this topic are
implemented in national legislation (like Directive on the
promotion of the use of RES) (Directive 2018/2001 of the
European Parliament and of the Council, 2018). The Direc-
tive sets a target common to all Member States that by 2030
the share of energy from renewable sources (RES) in gross
final consumption of energy in the EU should be at least
32% (in addition, the 2020 target of 20% share of energy
from RES in EU energy consumption is maintained). The
new regulations do not introduce sub-targets for individual
countries in terms of target shares of energy from renewable
sources in final energy consumption (energy mixes of indi-
vidual countries will be determined by them individually).
The Renewable Energy Sources Act (together with amend-
ments) has introduced significant changes in Poland. They
mainly concern the energy auctioning system (guarantee of
energy repurchase at a fixed price even for 15 years), pos-
sibility to burn wood in power plants, and implementation
of programs supporting construction of RES installations
(especially by private persons). The effect of the introduc-
tion of this law was, among others, the support of more than
2,000 installations (in 2016-2019), which produced energy
in the auction system with a total value of about 10 billion
Euro (154TWh), and the total installed capacity of RES
installations reached at the end of Q2 2020 about 11GW
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(including micro-installations). Despite this, Poland has
not achieved the required 15% share of RES in the energy
mix, but according to the government this target is achiev-
able in 2021 or 2022. As a result of Poland’s transformation
over the past 60 years, total CO2 emissions have declined,
increasing from about 200 to about 327Mt (with 1980 being
Poland’s reference year for calculating EU targets, where it
emitted about 470Mt of CO2) (Najwieksi emitenci CO2—
niechlubny ranking 2019), which translates into primary
energy production of 1.7 toe/capita (Poland in figures 2020
2020) (2017).

Energy sources in Azerbaijan and Poland

To determine the transition to a green economy, it is neces-
sary to define access to energy resources and the possibil-
ity of diversifying the structure of energy production. The
Republic of Azerbaijan is characterised by good access to
conventional fuels (especially crude oil), which have been
used for centuries and even for millennia. Abundant oil
reserves were an integral part of everyday life, and this was
observed by medieval travellers. In the nineteenth century,
Azerbaijan was a leader in the oil and gas industry, as evi-
denced by the drilling of the first oil well in Bibi-Heybat in
1846 (Vidadili et al. 2017). In a similar manner, Poland has
a large energy infrastructure based on its own coal deposits
built up since the 1950s, and coal still has a dominant posi-
tion in the Polish energy sector (Table 1).

Proven reserves represent the quantity of resources that
are expected to be extracted based on a geological analy-
sis, involving the existing equipment and under the existing
operating conditions. RES reserves can be determined by the
so-called technical potential (e.g. the amount of energy that
can be extracted from the sun—this amount increases with
the development of technology, but it is important that this

Table 1 Proven reserves of energy raw materials in Azerbaijan and
Poland in 2018

Reserves Unit Proven reserves
Azerbaijan Poland

Oil Billion barrel 7.0 0.0
Natural gas Trillion m® 2.1 0.1
Coal Billion ton 0.0 26.5
Hydropower GW 1.25 2.39
Wind power GW 0.07 5.78
Biomass GW 0.04 1.00
Solar GW 0.04 0.49

Source: BP Statistical Review of World Energy, 68™ edition, 2019;
IRENA, Renewable capacity statistics 2019
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energy is economically profitable—the so-called economic
potential).

Azerbaijan’s energy reserves mainly consist of oil and
natural gas, as proven oil reserves are estimated to be 7
billion barrels, whereas the yearly average production is
about 44 million tons. In the case of natural gas, it is 2.1
trillion m? of proven reserves, whereas average production
is about 16.75 billion m* (Energy: About energy balance of
Azerbaijan in 2018). As expected, annual oil production in
Azerbaijan, which is the main income of the country, has
entered into a phase of decline (Table 2), and this has created
a potential challenge for developing RES in the years ahead.

Poland has a completely different energy mix to Azerbai-
jan, but also produces energy based on conventional sources.

The largest energy reserves come from coal (hard coal and
lignite) and these are about 1,055 billion tons. Annual coal
production is very high (55.2 million t—average from last
12 years) but is constantly falling (in contrast to world pro-
duction). Crude oil and natural gas are also produced in
Poland; however, they are mainly imported in large quanti-
ties from abroad (mainly from Russia)—national resources
are insufficient. RES (mainly biomass, geothermal, wind,
water and solar energy) are constantly developing in Poland;
however, the potential for their use is relatively small.
While approximately 65Mtoe of energy is produced annu-
ally from oil and natural gas in Azerbaijan, these being the
main energy sources of the country, annual consumption is
only 14.3 Mtoe of energy products, including both crude

Table 2 Production and consumption of energy products in Azerbaijan and Poland

2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018
Coal (Mt)
Azerbaijan
Production 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Consumption 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Export 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Import 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Poland
Production 62.50 60.90 56.40 55.40 55.70 57.80 57.20 54.00 53.00 52.10 49.80 47.50
Consumption 55.90 55.20 51.80 55.10 55.00 51.20 53.40 49.40 48.70 49.50 49.80 50.50
Export 19.20 15.60 14.20 17.10 14.60 14.50 18.40 16.50 16.40 16.80 14.50 12.60
Import 6.00 10.10 10.10 12.80 13.70 9.50 10.00 10.00 7.80 7.80 12.20 18.80
Natural gas (billion m’)
Azerbaijan
Production 10.60 15.90 15.90 16.30 16.00 16.80 17.40 18.40 18.80 18.30 17.80 18.80
Consumption 8.80 10.00 8.60 8.10 8.90 9.40 9.40 9.90 11.10 10.90 10.60 10.80
Export 1.90 5.40 6.10 6.40 7.10 6.90 7.60 8.40 8.40 8.30 9.20 10.30
Import 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.30 2.20 1.90
Poland
Production 4.50 4.30 4.30 4.30 4.50 4.50 4.40 4.30 4.30 4.10 4.00 4.00
Consumption 14.40 15.60 15.10 16.20 16.50 17.40 17.40 17.00 17.10 18.30 19.20 19.70
Export 0.00 0.00 0.00 0.00 0.00 0.00 0.10 0.10 0.10 0.80 1.10 0.60
Import 9.20 10.20 9.10 9.90 10.70 11.20 11.40 10.80 11.10 13.50 14.50 14.50
Oil (Mtoe)
Azerbaijan
Production 43.40 45.30 50.90 51.30 46.10 43.70 43.80 42.50 42.00 41.40 39.10 39.20
Consumption 4.60 3.70 3.50 3.40 4.20 4.40 4.80 4.70 4.70 4.70 4.70 4.60
Export 35.80 37.90 45.60 45.80 40.20 37.80 37.80 36.20 36.10 36.00 33.80 33.60
Import 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.10 0.00
Poland
Production 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Consumption 26.10 27.20 27.10 28.50 28.40 27.50 25.60 25.70 26.70 29.10 31.70 32.80
Export 0.30 0.30 0.20 0.20 0.30 0.20 0.40 0.40 0.30 0.20 0.20 0.30
Import 21.20 21.10 20.40 23.00 24.20 25.00 23.70 24.10 26.90 24.90 25.00 27.30

Source: based on BP Statistical Review of World Energy, 68™ edition, 2019, Databases: Eurostat, State Statistical Committee of Azerbaijan (BP

2018 & BP 2019)
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oil (32%) and natural gas (65%) which are also the most
important export products. In Poland, about 103.4 Mtoe of
primary energy products was used, primarily solid and liquid
fossil fuels (78.7%), natural gas (14.2%) and RES (5.5%)
(Tables 1 and 2) (Azerbaijan’s country-wide electricity
blackout 2018).

A direct comparison of energy consumption does not
reflect the conditions prevailing in the markets of these
countries, hence the correlation of energy consumption (toe)
with GDP growth in 1990-2018 (Fig. 1). As can be seen,
the correlation showed a significant reduction in energy con-
sumption in terms of Azerbaijan’s GDP, while in the case
of Poland a slight downward trend is visible. This situa-
tion is due to the fact that Azerbaijan is a developing coun-
try and its GDP increased more than 5 times in the period
indicated with a decrease in energy consumption of about
36%. By contrast, Poland has recently been included in the
group of developed countries and its GDP has grown almost
9 times and its energy consumption has also increased by
1%. Currently, energy consumption figures in these countries
are 60.7 GJ/cap (Azerbaijan) and 115.5 GJ/cap (Poland).
Although seemingly much more energy is used in Poland,
it should be noted that it is largely used for heating, while
some countries need little or no heat at all. It is worth noting
that the rates of energy consumption per capita (in 2018) in
the world range from 9.0 (Bangladesh) to 749.7 GJ (Qatar),
with a world average of 76.0 GJ (BP Statistical Review of
World Energy 2019).

Fig.1 Correlation of energy
consumption with GDP toe / 1000US$
(toe/1000 US$). Source: BP 5
Statistical Review of World
Energy, 68th edition, 2019 and
The world data bank (Database: 4
https://data.worldbank.org/
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Energy resources and electricity generation
Azerbaijan

Azerbaijan is one of the key countries in the Caspian region
that exports crude oil to global energy markets. However, the
discovery of huge natural gas reserves on its offshore terri-
tory, the start of negotiations with Turkmenistan to estab-
lish a legal framework for constructing the Trans-Caspian
Pipeline, and recently signed gas agreements have also made
Azerbaijan a major natural gas exporting country. Nowa-
days, supplying natural gas to European markets through the
Southern Corridor is the main focus of Azerbaijan’s energy
policy. The Southern Corridor, a central part of the country’s
energy diversification policy, is the only westward route for
exporting hydrocarbons from the Caspian (Akiner & Aldis
2004).

Supplying natural gas through pipelines creates a long-
term linkage and increases interdependency between suppli-
ers and consumers, which in turn makes the process more
vulnerable from the political point of view. By pursuing a
multi-dimensional energy policy, Azerbaijan has taken a
cautious and balanced approach, where political interests
along with economic interests play a key role in defining
priorities within long-term energy projects.

There are 30 power plants operating within the coun-
try with an overall 6,402 MW installed power capacity. If
operated with full capacity and all hours of the year, 56.08
TWh could be produced. It is worth mentioning that average
demand for electricity is 22.4 TWh/year, which is 40% of
the installed maximum output in the years 2007-2017 while
peak demand was 24.7 TWh in the two consecutive years
starting from 2014. In electricity generation, fossil energy
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sources, in particular natural gas, provide 91.2% of supply
against 8.8% for all RES, and of this, 8.4% is supplied by
hydro stations. Figure 2 illustrates yearly electricity produc-
tion and installed power capacity in the period 1913 to 2017.
It can be seen from the figures that there was a miniscule
reduction in electricity generation within 10 years start-
ing from 1990, but there were major reductions in installed
capacity in years concerning from 1990 to 1995 and from
2005 to 2010.

Poland

In Poland, about 4,400 PJ of primary energy is generated
annually, which is mostly produced from hard coal and oil
(to a lesser extent from natural gas, lignite and RES). Poland
is mainly an importer of energy resources, despite having
huge deposits of mainly hard coal and lignite. The demand
for these raw materials is mainly covered from domestic
resources; however, imports are higher than exports (331.9
to 195.2 PJ respectively). The use of these raw materials

MW Azerbaijan electricity (1913-2017) TWh
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Fig.2 Electricity generation and installed electric power capacity in
Azerbaijan. Source: Own study based on State Statistical Commit-
tee of Azerbaijan; Eurostat, Energy balance sheets 2017 DATA, 2019
edition

Fig.3 Electricity production

Polish electricity (1946-2019)

(especially lignite) will be difficult due to the need to meet
climate and environmental policy objectives (Energii 2040).

Poland has no large reserves of oil and natural gas; there-
fore, domestic consumption is mainly covered by imports
from abroad (imports are 96% and 78% respectively). Meas-
ures to ensure this are required for the sake of the country’s
energy security.

RES (biomass, biogas, solar and wind energy), whose
availability is usually evenly distributed across the country,
are also used for energy purposes. Poland also uses geother-
mal energy, whose availability is related to the presence of
groundwater (mainly in the southern part of the country).
On the other hand, hydro resources are among the smallest
in Europe and therefore only make a minor contribution.

In Poland, there are 17 Combined Heat and Power (CHP)
plants, 33 power plants and 18 hydroelectric power plants
from which electricity is obtained and whose annual con-
sumption is about 171 TWh and this is mainly covered by
domestic power plants. Most is provided using hard coal and
lignite; however, the share of RES and natural gas is becom-
ing increasingly important. Due to international obligations,
a further increase in the contribution of RES to the energy
balance is expected. Figure 3 illustrates yearly electricity
production and installed power capacity in the period from
1946 to 2019.

The examples of Azerbaijan and Poland show a steady
increase in generation capacity and energy production asso-
ciated with the economic development of the two countries.
The transition to a green economy should be accompanied
by the construction of new power plants based on environ-
mentally friendly technology, as well as a thorough mod-
ernisation of old power plants, which should be the goal of
national policy (Sachs et al. 2019). Notwithstanding the state
guidelines, some financial sector institutions have tried to
support the transformation of the energy sector. An example
is found in the activities of mBank, which, since 2019, has
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no longer been financing the construction of new coal-fired
units, at the same time trying to increase its share in the
green energy sector.

Transition to renewable energy

Over the past century, there has been a large increase in
the potential for renewable energy production. As a result
of technological development, programmes supporting the
development of renewable energy, and measures to increase
energy security, a significant decrease in the costs of RES
technology can be observed. Popularising RES can con-
tribute to achieving social, economic and environmental
benefits, as well as to creating a more diverse and stable
electricity sector and being an engine of economic growth.
A reflection of these trends can also be observed in the case
of the two countries in the Soviet sphere of influence ana-
lysed (Azerbaijan, Poland), which were chosen as examples
of developing and developed countries. The analysis of stra-
tegic documents of both countries showed that they are plan-
ning to build new generation facilities mainly based on RES.

In the Polish National Energy and Climate Plan for the
years 2021-2030, there are 5 targets including increasing
RES and diminishing GHG emissions (Fig. 4). It is esti-
mated that RES in heating and cooling will increase by an
average of 1.1 percentage points per year. In transport, a
14% share of renewable energy is expected to be achieved by

-7% reduction of CO2
emissions in non-ETS sectors
by 2030 (compared to 2005)

23% increase in energy efficiency
by 2030 (23% reduction of primary
energy consumption comparing
to PRIMES2007 forecasts)

Fig.4 Targets in the Polish National Energy and Climate Plan
(https://ec.europa.eu/energy/sites/ener/files/documents/pl_final_necp_
summary_en.pdf). Source: Polish National Energy and Climate Plan,
2020
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2030. The RES share in electricity production will increase
to approx. 32% in 2030. To enable the achievement of the
above-mentioned targets, it is planned to support RES in
the form of a continuation of existing and creation of new
support and promotion mechanisms. It is also planned to
increase the use of advanced biofuels, introduce offshore
wind energy and increase the dynamics of development of
renewable energy micro-installations.

On the basis of the climate agreement signed by Azer-
baijan, the country is to reduce its emissions by 2030 (the
power sector is responsible for 85% of emissions). Renew-
able energy is a relatively new sector in Azerbaijan and
still faces many challenges; however, the government has
expressed a will to develop RES and stressed that the coun-
try’s goal is to increase the share of renewable energy and
diversify energy production. On the basis of the draft ver-
sions of these documents (e.g. The Strategic Roadmap for
specific capacities), potential targets have been identified,
among which are the achievement of a share of 35-40%
of renewable energy in the total energy stream by 2030
(Table 3). Diversification of Azerbaijan’s energy system is
mainly to be achieved through the construction of new wind
and hydropower plant. Azerbaijan has extensive renewable
energy potential with wind, solar and hydropower being
particularly promising. The technical potential for hydro-
power plants (HPP) is very large—HPP is the second largest
source of electricity generation at a national level, and there
is potential for their electricity output to contribute up to
14.6% of supply (Yusifov 2018).

Plans to change the energy mix of Azerbaijan and Poland
are ambitious and assume a reduction in fossil fuel consump-
tion of about 10% every 5 years. However, given Poland’s
current situation, achieving a 71% share of fossil fuels in
2020 seems unrealistic as does the achievement of subse-
quent objectives. Azerbaijan’s plans, despite a more favour-
able situation related to RES potential, also seem far from
being realistic. For certain, one of the main reasons for this
is, in both cases, the instability of the law and the lack of
sufficient support instruments.

PESTEL analysis of the transition
towards renewable and sustainable energy
in Azerbaijan and Poland

In order to assess the possibility of transitioning to sus-
tainable and renewable energy in Azerbaijan and Poland, a
PESTEL analysis was carried out for both countries. In this
case, the PESTEL analysis concerns the assessment of the
macroeconomic environment of an energy sector. It con-
sists in the description of 6 key groups of factors: political,
economic, social, technological, environmental and legal.
The main assumption of the PESTEL analysis is to discuss
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Table 3 Electricity mix—shares

. Energy sources 2018 2020 2025 2030 2035 2040 Trend

and total amount by installed

capacity—development plan Azerbaijan

until 2040 Conventional fuels (gas and oil) 837% 80.0% 70.0% 600% N/A NA |
Hydro 144% 133% 16.0% 18.2% 1
Wind 0.8% 49% 10.1% 153% 1
Solar 0.5 1.0% 28%  4.9% 1
Biogas and solid domestic waste (SDW) 0.6 0.8% 1.1% 1.7% 1
Nuclear 0.0 0.0% 0.0% 0.0% -
Total [GW] 7.82 8.48 8.45 8.65 1
Poland
Conventional fuels (coal and gas) 80.8% 71.0% 643% 53.4% 49.0% 39.9%
Hydro 2.2% 2.4% 2.5% 20% 1.9% 1.8%
Wind 132% 142% 155% 19.6% 13.1% 15.7%
Solar 1.3% 54% 111% 178% 24.5%

Biogas and solid domestic waste (SDW) 2.5% 7.1% 6.7% 71% 6.5% 5.7%

Nuclear
Total [GW]

0.0% 0.0% 0.0% 0.0% 4.9% 8.5%

!

T

T

28.5% 1
)

)

4420 4228 4511 5615 6119 1

70.23

Source: Own study

and concider the future actions in detail and take relatively
quick actions aimed at its correct shaping (Rialland and Wolf
2009).

This analysis is also used to create context for further
research and was carried out on the basis of the data pre-
sented in the previous parts, international relations and
trade, as well as an examination of strategic documents and
the supporting instruments used by Azerbaijan and Poland
(Table 4).

The first step of the analysis was to identify the issues
that affect the implementation of sustainable renewable
energy systems and classify them into six groups. This
stage was based on a detailed analysis and synthesis of
knowledge in the field of renewable energy sources, taking
into account the main assumptions of the authors. Then, in
each group, a constant number of elements were identified
which were considered the most important for the devel-
opment of renewable energy. For this purpose, scientists
brainstormed. The brainstorming was moderated by the
authors. The selected elements were then included in the
analysis below. Brainstorming was conducted in a group of
about 150 experts composed of academics and entrepreneurs
(which took place during a conference organised by the Pol-
ish Ministry of Entrepreneurship and Technology in 2019).
They were professionally involved in the design, construc-
tion and operation of drainage energy sources with many
years of experience in this field. The scientific community
was represented by people with a recognised reputation and
outstanding scientific achievements in the field of sustain-
able renewable energy.

The RES sector is a fast-growing economic sector
worldwide, including Azerbaijan and Poland. However, as

indicated above, this development is accompanied by a num-
ber of opportunities and threats. Political factors relating to
RES development in Poland, despite the fact that it can be
considered relatively neutral, create a number of opportuni-
ties which mainly result from its membership of European
Union structures. This allows active participation in the
research sphere, as well as stability of the political system.
However, due to legislation that is too extensive and has
low effectiveness in the practical implementation of politi-
cal objectives, it is a considerable threat which significantly
slows down RES development and the fulfilment of climate
obligations. In turn, both the lack of Azerbaijan’s mem-
bership of similar structures which could have financially
supported and helped develop research into RES and the
natural monopoly in the energy market are factors which
strongly slow down the chances of developing this market.
A significant obstacle to the implementation of innovative
energy solutions is institutional barriers, narrow business
horizon and lack of communication between different enti-
ties (Nanekely et al. 2016; Trapp et al. 2017). Improved
cooperation could increase the effectiveness of implemen-
tation of new solutions and spending of funds.

Poland is characterised by good economic conditions
for the development of RES research and investment as
there is the possibility of obtaining EU funds for this pur-
pose, as well as national support systems which are still
developing and accompanied by positive economic devel-
opment. However, green certificates, which were supposed
to be a great opportunity for the development of RES, have
not met the hopes placed on them. In particular, the possi-
bility of using external funds is greatly restricted by Azer-
baijan; however, the government is trying to support the

@ Springer
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transfer of expensive technologies and to surround RES
with the seeds of a support system. Economic considera-
tions included the benefits of new investments in renewa-
ble energy. Schmidt and Hauck (Schmidt and Hauck 2018)
noted that the economic aspects of using green infrastruc-
ture objects (Hopkins et al. 2018) are related to benefits,
cost of investments, salaries and land ownership. Investors
face these limitations as well as the benefits of specific
solutions. In situations where the maintenance of sustain-
able infrastructure is financially supported, the application
of appropriate solutions will also contribute to creating
and securing jobs (Schmidt and Hauck 2018).

Azerbaijan’s social environment is also characterised
by poor access to information, but the Memorandum of
Understanding signed with BP provides a number of oppor-
tunities to improve this situation. The situation in Poland,
on the other hand, is quite different, as the country is well
computerised and has access to the latest information and
technologies, e.g. through cooperation within the EU, and
additionally, the creation of dedicated RES studies supportss
this process. The elements that influence the development
of sustainable energy sources also include the tendency of
society to use innovative solutions in the field of renewable
energy sources. The global trend to reduce environmental
impacts may contribute to developers limiting themselves to
air pollution only. It is worth noting here that although the
use of RES helps to reduce emissions, locally, it may have
significant impacts (e.g. noise, landscape change, wastewater
from biogas plants, particulates from biomass combustion).
Therefore, each investment should be preceded by a mul-
tifaceted environmental impact assessment in a long-term
perspective (e.g. using the life cycle assessment method).
That is why some economic circles are highlighting the
importance of reducing emissions in financing energy tech-
nologies. It is essential that governments and international
institutions develop criteria to identify and prioritise envi-
ronmentally friendly energy technologies based on the con-
cept of sustainable development (Twidell and Weir 2006).
The success of such activities depends on the awareness and
willingness of society to implement innovative and envi-
ronmentally friendly solutions (Sun and Hall 2016). From
such a point of view, it is important to create an appropri-
ate incentive, an incentive system combined with relevant
socio-environmental issues (Cettner et al. 2014; Madsen
et al. 2017).

Technological factors, such as the possibility of knowl-
edge transfer, the high efficiency of RES installations and a
considerable potential for photovoltaic production in Poland,
which is lacking in the other country, constitute a significant
opportunity for the development of RES in Poland. The poor
condition of power grids as well as the limited scope of
cooperation between science and business is also a major
threat in both countries being examined.

Both Poland and Azerbaijan have a large supply of energy
resources (coal or oil and gas), which makes them natural
sources of energy in these countries and at the same time
poses a considerable challenge due to the conventional fuels
lobby. Also, the signing of climate commitments makes cer-
tain commitments to these countries in terms of inter alia
reducing emissions and increasing the share of energy from
RES. In this respect, Azerbaijan has better access to RES
(especially the sun) while in Poland the biomass market is
undergoing significant development.

Taking into account legal factors, it should be noted that
strategic documents are being developed and updated in both
countries. Despite this, the existing documents in Azerbai-
jan are of a poor standard and are not properly coordinated,
which is further compounded by the corrupt system. In
Poland, on the other hand, despite an extensive legal system,
the administration is not working effectively, which trans-
lates into poor implementation of the objectives adopted.

Conclusion

Development is associated with an increase in energy con-
sumption. Despite the fact that the Earth has large energy
reserves, which increase with the development of technol-
ogy, pollution also increases. The reason for this is mainly
the use of fossil fuels for energy production, which generates
huge amounts of emissions during its combustion. There-
fore, in order to reduce the impact of energy production on
the environment and the depletion of resources, it is neces-
sary to transform the energy market through diversification
towards renewable energy. This is a transformation in which
renewable and conventional sources support each other, cre-
ating a beneficial effect on the country’s potential and the
environment. Such a transformation, apart from investments
in infrastructure enabling the acquisition of green energy,
also requires the planned construction of new and the mod-
ernisation of existing network infrastructure. Increasing net-
work performance will contribute to reducing transmission
losses and will also increase the possibility of connecting
alternative and distributed power sources to it.

At the current rate of fossil fuel consumption, the
approximate lifetime of the world’s reserves is as follows:
for petroleum—>350 years, natural gas—>52.8 years and coal—
153 years. Therefore, we must conserve, limit, innovate, or
learn to live without fossil fuel resources which pollute the
environment.

The results of the PESTLE analysis showed that both
Azerbaijan and Poland face significant challenges in diversi-
fying their energy system. Azerbaijan is a developing coun-
try, an energy-independent and whose economy is almost
entirely based on fossil fuels (similar to Poland a dozen or
so years ago). However, despite this, it has great potential
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for transformation towards a renewable economy, which is
partially limited by the inability to use the Caspian Sea for
wind farms due to the lack of agreement with neighbouring
countries.

The short-, medium- and long-term goals of this coun-
try development have been set out in strategic road maps
that indicate that by 2030 renewable energy will account
for 35-40% of the total electricity mix. Relevant govern-
ment policy is also extremely important for transformation,
which has stated that it wants to obtain 20% of its electricity
generation from renewables in the years to come. Currently,
the Ministry of Energy is in the process of developing leg-
islation which will support the development of solar and
wind energy projects at selected advantageous sites around
the country, the first effects of which can already be seen.

Considering that Azerbaijan’s budget is dependent on oil
prices (resulting in lower state budget revenues), government
investment in renewable energy is limited. Private sector
interest in RES development is low, which is also due to low
rates of return. It follows that the government must create an
attractive environment for private entrepreneurs to invest in
RES, which can contribute to the UN Sustainable Develop-
ment Goals and the Paris Agreement (2015).

Poland is a country with a stable political system, where
economic growth is recorded, which positively influences
the scientific and research sphere. The energy mix of this
country (like that of Azerbaijan’s) is based on fossil fuels
(mainly coal—about 80%), which means that the country
also has a high potential for change towards RES. Polish
international commitments create both imposes obligations
and development opportunities for this country (e.g. by pos-
sibility of financing research and wide access to modern
technologies).

It is also important to note that frequent legislative
changes in Poland in the field of RES and the lack of a stable
support system make it often unprofitable for private inves-
tors, both individual and entrepreneurs, which hampers the
development of this sector (e.g. by lack of predictable regu-
lations facilitating economic decisions, oversupply of green
certificates affecting the liquidity of RES installations—
a significant drop in prices of certificates). Regardless of
that, many companies decide to invest in RES for the sake
of international cooperation and improving their image as
environmentally friendly company, or improving existing
technology by implementing their own ideas. In addition,
analysis of the current legal system has shown that regu-
lations related to onshore wind farms are more stringent,
hindering its development in favour of offshore wind farms.

Due to the fact that coal power industry has strong roots
in Poland (especially in Silesia region), there is a strong
opposition to RES development caused by the liquidation of
coal mines, related distribution structures and thus numer-
ous jobs, as well as the impact of RES on local ecosystems,
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as pointed out by a strong coal power industry lobby. It is
also worth noting the condition of the transmission infra-
structure, which is largely outdated, resulting in significant
energy transmission losses (the grid is gradually being
replaced), which favours the use of distributed RES and
reduces transmission losses.

In conclusion, it should be pointed out that the PESTEL
analysis conducted showed that despite some problems,
RES has a chance for further development in Poland, espe-
cially through friendly legal regulations, financial subsidies,
development of domestic producers of RES installations,
and the education of society. On the other hand, in Azer-
baijan, despite more problems of a different nature, RES is
constantly being developed and supported by the govern-
ment. However, compared to Poland, it requires much more
support and foreign cooperation (e.g. technology sharing,
international agreements and support).

In order to achieve the goals indicated in the road map
regarding the level of renewable energy use in subsequent
years, legal, financial and technical challenges (no legal reg-
ulations regarding RES, simplification of technology trans-
fer procedures, lack of financial resources and high interest
rates, obsolete infrastructure) must be removed and aware-
ness of the renewable energy sector should be increased.
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