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FOREWORD

Just recently we believed that we have an undepletable source
of almost free energy made of coal and gas. Today we painfully
realise that the years of delays and disregard of the necessity
for finding other ways to meet energy needs of Ukraine have
caused the energy crisis.

The conflict in Donbas and the lack of access to our own
deposits of coal, outdated units of Ukraine’s nuclear power
plants, the lack of investment in energy innovations and latest
technologies, rising cost of energy resources make clear that
there is no time to postpone the problem.

At the same time, rapid development of the renewable
energy, the reduction in prices of solar and wind technologies,
their higher environmental and social standards as well as the

international consensus on the need of transition to renewable
energy for reducing the emissions of greenhouse gases and
counteracting climate change give us an insight about the necessary
direction for modernization of the energy sector in Ukraine.

That is why we decided that the first step towards the
energy transition in Ukraine should be a study, which will show
that replacement of traditional energy sources with renewable
ones is possible and most importantly will answer the question
on what we can do for this.

Kind regards,

Head of the Heinrich Boell Foundation
Regional Office in Ukraine,

Sergej Sumlenny

Ukraine has chosen energy independence as one of the
priority directions for development. Therefore, today we are
confidently moving towards reduction and substitution of gas
consumption, increasing energy efficiency in various aspects of
life of the population and development of renewable energy.

There are many achievements in Ukraine. Over the past
3 years, about EUR 700 million have been invested in “green”
projects in Ukraine thanks to the consistent action of the
Government and the improvement of the legislative framework
in the field of renewable energy. Almost EUR 400 million are
invested in the development of 1,670 MW of new thermal
capacities using alternative energy sources. About EUR
300 million were allocated by the business to set up 278 MW
of renewable energy facilities.

All these examples prove effectiveness of legislation,
which is the result of the fruitful cooperation between the
Government, the Parliament, the State Agency on Energy
Efficiency and Energy Saving and all market participants.

This is confirmed by the fact that Ukraine has begun a
globalenergytransition for future economic growth. Renewable

energy brings additional investments into Ukraine’s economy
and opens up new horizons of development.

We are aware that the potential of clean energy
development is significant. According to the National
Renewable Energy Action Plan by 2020, we should provide
11% of the energy needs of the state by renewable energy
sources in 2020. In addition to this, the share of “green”
energy in the total primary energy supply should be 25% in
2035. So, we continue to look for ways to accelerate the
transition to sustainable energy not only to achieve energy
independence, but also to provide a decent future for future
generations. That’s why this work is extremely important, as it
demonstrates the opportunities that are now open to Ukraine
under the condition of intensifying the efforts of all market

players towards sustainable energy and economic growth.

Best regards,
Head of the State Agency on Energy Efficiency
and Energy Saving of Ukraine

A key feature of today’s global economic processes
is the rapid increase in the competitive struggle between
countries for limited natural resources, the main ones being
energy products and food. Almost no country in the world can
be fully self-sufficient with such resources.

As the results of many scientific studies show, the
use of traditional energy resources (coal, oil, gas) causes
significant damage to the ecosystem of the planet and causes
climate change, which in turn affects the health and living
conditions of the population and, as a consequence, the world
and national economies. To address this problem, the world
community is actively developing technologies and means of
using renewable and clean energy sources such as wind, solar
radiation, renewable bioenergy resources, and other in the
last decades.

Localization of these problems is not exclusive,
therefore Ukraine should actively participate in low carbon
economic development initiatives, taking full care of present
and future generations. The task of scientists and experts in
this context is to implement a comprehensive analysis of the
interdependencies between the conditions of use of natural
resources and the risks that it has for the environment.

The State Organization “Institute for Economics and
Forecasting” of the National Academy of Sciences of Ukraine
is grateful for the proposal and support to the Heinrich
Boell Foundation Regional Office in Ukraine in conducting
a scientific study on the possibilities of Ukraine to move to
almost 100% use of renewable energy sources by 2050. Such a
transformation of the energy sector can become an important
factor in the socio-economic development of Ukraine, which

3




B vill improve the living conditions of the population,

increase competitiveness of the economy, resolving the
problem of an energy dependence, etc. Of course, such
an “energy transition” will require significant resources
technological), and will require the

(human, financial,

implementation of appropriate structural changes in
Ukraine’s economy. Presented results are the first step in
the “energy transition”. Further research should be carried

out considering that potential benefits of the long-term

transformation of energy and the economy, as well as
challenges and threats, are not fully defined and examined as
of today. However, we are sure that this movement is in the
right direction!

Regards,

Authors’ Group of the State Organization
“Institute for Economics and Forecasting”

of the National Academy of Sciences of Ukraine
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BN SUMMARY

The adoption of the Paris Climate Agreement has
become a symbolic decision for the world community. It
will have a significant impact on the development of world
economy and energy as well as particular countries since it
aims to keep the average temperature rise on the planet well
below 2°C (compared to the pre-industrial levels). To make it
happen it is necessary for the energy sector to become carbon
neutral (greenhouse gases (GHG) emissions must not exceed
the level of their absorption and / or capture on the planet). In
other words, a so-called “energy transition” from the fossil to
renewable types of energy resources based on the principles
of sustainable development is needed. It will stimulate a
significant increase in energy efficiency and rational use of
energy resources.

Heinrich Boell Foundation Regional Office in Ukraine
has initiated development of an ambitious study on the
possibility of Ukraine’s energy sector transition to maximum
share of renewable energy sources (RES) in final consumption
by 2050. The State Organization “Institute for Economics and
Forecasting” of the National Academy of Sciences of Ukraine
that is the main partner of this research project has modeled
three scenarios of the energy sector development. Modeling
was carried out using well-known economic and mathematical
models (TIMES-Ukraine model and Computable General
Equilibrium Model of Ukraine) that are used on a permanent
basis by the Institute.

The Conservative Scenario that in fact is the reference
one implies “freezing” of technologies at the present level.
The Liberal Scenario involves the development of energy
sector under conditions of free competition, while the
Revolutionary Scenario — the rapid development of RES. It
should be noted that these scenarios on the Ukrainian energy
sector development are just scenarios, and are not strategies,
plans, programs, etc. However, they can be taken as a basis for
further study of practical steps towards the “energy transition”
of Ukraine to the RES.

The Conservative Scenario is considered to be a
hypothetical scenario when characteristics of most energy
technologies remain unchanged by 2050 compared to 2012
and hence there is almost no increase in efficiency of the
use of energy resources and only a very small part of the
potential of RES is used. The Conservative Scenario is used as
a reference for comparing alternative scenarios (Liberal and
Revolutionary), in particular the effectiveness of measures
and policies that stimulate technological change in the energy
sector and economy.

Conditions of the Liberal Scenario include perfect
competition across the national energy market and its sectors.
In the case of their implementation, it can be expected that
by 2050 the share of RES in the structure of the final energy
consumption (FEC) may exceed 30% and the need for energy
resources will decrease due to the introduction of energy
efficiency measures while the economy will grow. Results
of this scenario demonstrate competitiveness potential of the
renewable energy compared to the traditional one without the
use of additional incentives for the development of RES.

In case target policy for the renewable energy
development (condition of the Revolutionary Scenario of
the “energy transition”) is implemented, it is quite feasible
to increase the share of RES in the structure of FEC up
to 91% in 2050 and to reduce the demand for energy
resources by 42% compared to the Conservative Scenario
due to the implementation of energy efficiency and energy
saving measures. In other words, the results of modeling
of the Revolutionary Scenario indicate that Ukraine has a
sufficient renewable energy potential that can fully cover
possible future demand for energy resources and services,
even if a high share of energy-intensive industry will be
maintained (metallurgy, chemical industry, etc.). In case
required technologies are fully or at least partially produced
domestically, Ukraine can solve not only energy, environmental
and climate problems, but also the socio-economic ones.
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INTRODUCTION

Depletion of traditional types of energy resources, agrravation
of a negative environmental impact of energy sector and,
consequently, strengthening of environmental standards,
significant fluctuations in energy prices, objective to strengthen
energy and economic security, the politicization of energy
supplies and other factors have led to the urgent need to revise
current state in the energy sector and look for opportunities
for its modernisation and policy review.

Ukraine is one of many countries that are suffering from
all of these problems. Its dependence on the import of expensive
energy resources leads to considerable socio-economic problems.
An extremely high degree of the infrastructure depreciation
(in particular the one of energy sector) and consequently a
very low efficiency of energy resources use are the factors
explaining the position of Ukraine among the countries with
high indexes of energy intensity of the economy. Thus, the
energy intensity of Ukraine’s GDP was 2.8 times higher than the
corresponding indexes of OECD and Visegrad countriesin 2014.
A similar situation is observed with the GDP carbon intensity.
Moreover, Ukraine has one of the highest mortality rates* due
to the illnesses associated with air pollution as a result of the
energy wastefulness and the lack of modern requirements for
ecologically acceptable functioning of the energy system with
a careful attitude towards the environment.

At the same time, Ukraine and the world have faced the
problem of climate change that has been observed since the
middle of the 20th century and is a consequence of human
activity2. 195 countries of the world, including Ukraine, decided
to approve the Paris Climate Agreement in 2015. It is aimed at
strengthening of the global response to the threat of climate
change in the context of sustainable development and efforts
to eradicate poverty, in particular by limiting the growth of the
global average temperature well below 2°C compared to the
pre-industrial level and making efforts to limit the temperature
growth to 1.5°C. However, in 2015-2016 the average global
temperature exceeded the index of the 1850 by more than
1°C3. That is why the immediate actions are needed in order to
achieve the goal of the Paris Agreement for the effective and
proper respond to the problem of the GHG global emissions.

One of the most complex and realistic ways to solve
these problems and to adapt to the climate change is the
implementation of the complete “energy transition” from fossil
fuels to renewables. It’s really possible as today’s development
of high-tech and science-intensive technologies has already
opened up real prospects for renewable energy

There is already seen a movement towards the
decarbonisation of the energy sector. Thus, energy-generating
facilities of the renewable energy are becoming more and
more competitive in comparison with the ones that use fossil
fuels, although the real environmental cost of the electricity
from fossil fuels is not yet taken into account. Production
of electric vehicles is continually growing and their models
variety is developing. There are available technologies for
the significant increase of the buildings’ energy efficiency.

The energy intensity of industrial products is significantly
reduced due to the modernization and robotization of the
production processes. The possibilities of electricity storage are
increasing. There is a progress in the digitalization of all spheres
of energy (IT technologies, smart grids, etc). Investments in the
research and development of “clean” technologies and the
construction of new renewable energy facilities are steadily
increasing. For instance, the RES sector set a new record in
2015. It attracted USD 312.2 billion of investments that is two
times more than the investments in the gas and coal sectors
(USD 130 billion)?.

Unfortunately, Ukraine lags behind not only the
economically developed countries of the world (including the
countries of the Visegrad Group) but also the global index in
terms of the RES use. The share of RES in the global total final
energy consumption was amounted to 20% in 2014, while in
Ukraine this figure was only 4.2%?°.

However, Ukraine has a lot of prerequisites for the
“energytransition” already. In particular, the level ofinvestment
in renewable energy is increasing. There are corresponding
economic incentives (“feed-in tariff”’, cost recovery programs
for implementation of energy efficiency measures) and the
State Agency on Energy Efficiency and Energy Saving of Ukraine
promotes more active development of the renewable energy.
Ukraine is a member of the European Energy Community. It
signed and ratified the Association Agreement with the EU,
undertaking the commitment to increase energy efficiency, to
develop renewable energy, to reduce emissions of greenhouse
gases and pollutants.

The Greenpeace in collaboration with the Institute
of Engineering Thermodynamics, Systems Analysis and
Technology Assessment (DLR), Global Wind Energy Council
and SolarPower Europe has already developed a fully realistic
long-term scenario for the complete energy supply based on
the RES (Energy [R]evolution Scenario)® for some countries. The
Heinrich Boell Foundation Regional Office in Ukraine initiated
a similar research for Ukraine being inspired by their results.
Scientists of the State Organization “Institute for Economics and
Forecasting” of the National Academy of Sciences of Ukraine,
that is the main partner of this study, has modeled three
scenarios of the energy sector development. Obtained results
are not the strategy for Ukraine’s energy sector development,
although they can be used for the formulation of relevant
long-term strategic documents. Also these scenarios are not
the predictions for the future of energy sector of Ukraine. This
study only model pathways how Ukraine can implement the
“energy transition” under the given conditions and if we set
the goal to reach 90-100% of the energy supply of the country
with RES in 2050. In this report readers can find out about
the results of the research and see how the state’s economy
will change and what will be the consequences for reducing
of social inequality, the environmental protection and the
fulfillment of international obligations if Ukraine decides to
perform “energy transition” to clean and safe energy.

1 https://www.theguardian.com/environment/2016/sep/27/more-than-million-died-due-air-pollution-china-one-yea

2 Climate Change 2013: The Physical Science Basis. Intergovernmental Panel on Climate Change. — Available at: http://www.climatechange2013.org/images/report/WG1ARS5_ALL_FINAL.pdf [in English].

32016 Climate Trends Continue to Break Records. — Available at: https://www.nasa.gov/feature/goddard/2016/climate-trends-continue-to-break-records

4 http://www.ren21.net/wp-content/uploads/2016/06/GSR_2016_Full_Report.pdf
5 The calculations are made by authors on the base of the International Energy Agency's data

6 http://www.greenpeace.org/international/en/campaigns/climate-change/energyrevolution/
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1.1 Climate Policy as the Driving Force of Energy Changes

The adoption of the Paris Climate Agreement’ in 2015 has
become a landmark decision that has a significant impact
on the development of both the world economy and energy
and the economies and energy sectors of separate countries.
First of all, the sector of electricity and heat production (e.g.
the intensive development of the distributive generation of
electricity and heat, the smart grids, etc.) as well as industry
(the widespread use of robotics and technologies that use
electricity for production) and transport (gradual phase-out
of oil products and the use of electricity, hydrogen, biofuels,
etc.) are undergoing the transformation that is aimed for
decarbonisation. Private residential sector is moving towards
energy self-sufficiency through wider use of RES, energy
storage technologies and a significant reduction of energy
needs without losing the comfort of buildings.

In its latest World Energy Outlook 20168 the
International Energy Agency (IEA) states that if countries
comply with their commitments undertaken during the
preparation and ratification of the Paris Agreement (nationally
determined contributions), then by 2040:

e electricity production from RES will reach 37% in the overall
structure of electricity generation (compared to 23% now);

e almost 60% of all new capacities will be using RES and
the majority of the renewable energy facilities will be
competitive without any subsidies;

e the number of electric cars will be increased from 1.3
to 150 million units;

e the demand for gas will be increased by 50%, replacing
the coal in the global energy balance.

In case of realization of these forecasts, CO, emissions
from functioning of the global energy sector will annually
increase by an average 0.5%, whereas since 2000 they
grew by an average 2.4%. According to the IEA, even such
deceleration in the growth of CO, emissions is absolutely
insufficient to achieve the main goal of the Paris Climate
Agreement — to keep the average temperature increase
on the planet well below 2°C compared to pre-industrial
levels. According to the Intergovernmental Panel on Climate
Change (IPCC), the humanity still has a so-called “carbon
budget” the volume of which is no more than 1 thousand Gt®
CO, since today. In other words, the humanity must transit
even more actively towards the carbon neutral development,
in particular through the development of RES.

Investments play an important role in the development
of RES. In 2015 global investments in RES set another record —
USD 312.2 billion (Figure 1.1) and exceeded the investments in
the gas and coal sectors more than twice (USD 130 billion). In
2016 investments dropped to USD 241.6 billion, however, they
exceeded the level of 2013.

Ocean energy = Biofuel

= Geothermal energy === Hydropower <50 MW

= Biomass —— Wind energy = Solar energy

300

200

0
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Figure 1.1 Global trends of investment in RES in 2005-2016

Units: USD billion. Source: prepared by the authors according to the data of REN21, http://www.ren21.net/wp-content/
uploads/2017/06/17-8399_GSR_2017_Full_Report_0621_Opt.pdf.

2011 2012 2013 2014 2015 2016

7 http://unfccc.int/paris_agreement/items/9485.php

1.2 Global Scenario of Transition to RES

In September 2015 the Greenpeace!, an international
environmental organization, together with the Institute
of Engineering Thermodynamics, Systems Analysis and
Technology Assessment (DLR), the Global Wind Energy
Council and SolarPowerEurope presented an updated study
on modeling of the global energy transition scenariost. These
scenarios foresee a gradual transition from the fossil fuel
consumption to the 100% use of RES by 2050. They are aimed
to keep the global warming within 2°C.

A combination of forecasts about population and
GDP growth and future energy intensity indexes that is
used to model the Reference Scenario of the energy sector
development indicates an increase in global demand for
energy. According to the Reference Scenario, total final energy
consumption is expected to increase by 65% from the current
level (from 326,900 PJ/a in 2012 to 539,000 PJ/a in 2050).
According to the Energy [R]evolution Scenario, final energy
consumption will decrease by 12% (Figure 1.2) compared to
the current consumption and will reach 289,000 PJ/a by 2050.
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Figure 1.2 Forecast of the final energy consumption according
to the three global scenarios of energy sector development

Note: REF- Reference Scenario, E[R]- Energy [R]evolution Scenario, ADV E[R]- Advanced Energy [R]evolution Scenario.
Units: 1000 PJ/a. Source: Energy [R]evolution. A sustainable world Energy Outlook 2015. 100% renewable energy for all

At the moment RES provide 21% of the world heat
demand, mainly by biomass. The role of biomass can be
diminished by the development of other technologies in the
future. For example, the role of solar collectors, geothermal
energy and hydrogen energy will increase in industry especially
after 2030. According to the basic and advanced Energy
[R]evolution Scenarios, RES will provide respectively 42% and
43% of the world demand for heat in 2030 and 86% / 94% in
2050. The energy efficiency measures will reduce demand for
heat by 33% in 2050 according to the Reference Scenario. The
estimated investment volume for the heat production based
on the RES by 2050 will be USD 16.3 billion. According to the
improved scenario, it will be necessary to invest a little bit
more money for substitution of natural gas with synthetic fuels
and / or hydrogen.

According to the Energy [R]evolution Scenario, the
demand for electricity will increase despite the increasing
efficiency in all sectors. Total demand for electricity will
increase from 18,860 TWh/a in 2012 to 37,000 TWh/a in
2050. Thanks to the energy saving measures, the generation of
16,700 TWh/a could be avoided. The transition to the carbon-
free energy system with 100% of RES in accordance with the
Advanced Energy [R]evolution Scenario will lead to further
increase of demand for electricity (up to 40,000 TWh/a in
2050) due to the electrification of industry, transport and part
of the heat energy sector. About 8,100 TWh will be used by
electric vehicles and by rail in 2050, 5,100 TWh — for hydrogen
production and 3,600 TWh — for synthetic liquids production.

8 World Energy Outlook 2016. Executive summary [Electronic resource] / Official website of the Internation Energy Agency — Available at: https://www.iea.org/publications/freepublications/publication/WorldEnergyOutlook2016ExecutiveSummaryEnglish.pdf

9 1 gigaton is 1 billion tons

10 http://www.greenpeace.org/international/en/

11 “Energy [R]evolution. A sustainable world Energy Outlook 2015. 100% renewable energy for all”. Greenpeace International, Global wind energy Council, Solar PowerEurope September 2015

