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ALES Almaty energy system HDI Human development index
CCuUs Carbon Capture Utilisation and Storage HOB Heat only boiler
CHP Combined heat and power plant HPP Hydropower plant
(cogeneration)
CtG- Coal-to-gas transitions KEGOC Kazakhstan electricity grid operating
transition company
DH District heating KzZT Kazakh Tenge
EBRD European bank of reconstruction and LCOE Levelised cost of electricity
development
EFR External framework report MW Megawatt
FEC Final energy consumption MWh Megawatt hours
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GCAP Green City Action Plan PEC Primary energy consumption
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GHG Greenhouse gasses RE Renewable energy
GWh Gigawatt hours RES Renewable energy sources
TAS Technical assessment section

List of concepts ‘

Energy Transition

The International Renewable Energy Agency (IRENA) identifies the energy transition as follows (IRENA, n.d.):
“The energy transition is a pathway toward transformation of the global energy sector from fossil-based to zero-
carbon by the second half of this century. At its heart is the need to reduce energy-related CO2 emissions to limit
climate change”

Gielen et al. (2019) state that, currently our society is in the midst of an energy transition towards low-carbon
and renewable energy sources. World-wide climate change and (local) air pollution are the key driver of this
transition. The global energy transition must reduce (GHG-)emissions significantly, while also ensuring energy
security and availability. Two essential factors of the energy transition towards a low-carbon energy system are
the efficiency and a major increase in the share of renewable energy.

Primary Energy

Energy is a term that has to be defined precisely, since it can be interpreted in various forms. A good way to
approach energy is using the concept of primary energy. Blok and Nieuwlaar (2020) state that primary energy is
the original energy found in its natural form (e.g. crude oil, natural gas, coal, harvested wood for biomass, etc.)
before conversion, such as fossil fuels to electricity and crude oil to petrol (Blok & Nieuwlaar, 2020). Due to
various processes that have less than 100% conversion efficiency, the total demand for primary energy is higher
than direct energy use (Blok & Nieuwlaar, 2020). Since primary energy is the original quantity of energy before
al conversion processes, it is a logical starting point for energy analysis. During this thesis, when talking about
energy, primary energy is meant, unless otherwise stated.

Final Energy Consumption

The total energy consumed by the end user (e.g. industry, agriculture, households). Final energy consumption
excludes energy usage of the energy sector, such as internal usage, production inefficiencies, network losses
and transmission losses. For example, fuel transformed into electricity experiences inefficiency losses that are
not included in the final energy consumption of the end users (Eurostat, 2018).
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Renewable Energy

Although general consensus is similar, various definitions of what renewable energy is exist. IRENA describes
renewable energy as (IRENA, 2009):

“renewable energy includes all forms of energy produced from renewable sources in a sustainable manner,
including bioenergy, geothermal energy, hydropower, ocean energy, solar energy and wind energy.”

The IEA uses a slightly different definition, which defines renewable energy as: (International Energy Agency
(IEA) & World Bank, 2014):

“derived from natural processes” and “replenished at a faster rate than they are consumed” The IEA definition
includes the following sources: “electricity and heat derived from solar, wind, ocean, hydropower, biomass,
geothermal resources, and biofuels and hydrogen derived from renewable resources”

Carbon neutrality

The European Parliament explains carbon neutrality as (European Parliament, 2021):

“Carbon neutrality means having a balance between emitting carbon and absorbing carbon from the
atmosphere in carbon sinks. Removing carbon oxide from the atmosphere and then storing it is known as carbon
sequestration.”

So if carbon is emitted somewhere in the supply chain, one has to compensate for this or change the activities in
such a way that carbon is not emitted anymore.

Energy transition pathways (ETPs)

Energy Transition Pathways can be defined as broad analysis and assessments of potential options and
alternatives for future energy systems, often based of quantitative methods. These energy transition studies are
valuable instruments to inform decision-makers about possible pathways, the options and their consequences
(Naegler et al., 2021).

“The broad analysis and assessment of possible options and alternatives is usually done by means of quantitative
scenarios. For decades, such model-based studies have been an established instrument to inform decision-
makers about possible pathways, options and their effects”

Coal-to-gas transition

Almaty’s electricity and heat provision comes mainly from four sources, namely three Combined Heat Power
Plants (CHP), heat generated from ATKE, and imported electricity from ‘State Kazakhstan Electricity Grid
Operating Company (KEGOC). The three CHPs together form the Almaty Energy System (ALES). They generate
63% of Almaty’s electricity (and 75% of the heat). The additional 37% is provided by KEGOC. The majority of
Almaty’s energy is coal-based energy. However, Almaty is converting its CHPs from coal to gas based energy
production. CHP-1 (145 MW) has been converted to gas in 2017. The plan is to convert CHP-2 (510 MW) to a
gas-fired power plant as well, and to increase CHP-3 (173 MW) its capacity and efficiency. The conversion of
CHP-2 from coal-based to gas-based electricity generation should lead to GHG-of around 50% (EBRD, 2022).

Levelised Cost Of Electricity (LCOE)

Levelized cost of electricity represents the average revenue per unit of electricity generated that would be
required to recover the costs of building and operating the power plant, respectively during an assumed
financial life time. Often the concept is used to compare the level of competitiveness of various energy
technologies (EIA, 2022).

Carbon Capture Utilisation and Storage (CCUS)

Carbon capture, utilisation and storage (CCUS) involves the capture of CO2 from production sources, such as
power generation or industrial facilities, or direct capture from the atmosphere. The captured CO2can be used
for a range of applications (e.g. synthetic fuels, chemicals material), or permanently stored in deep geological
formations (e.g. depleted oil and gas reservoirs or saline formations) (IEA, 2021f) .

Green City Action Plan (GCAP)

The Green City Action Plan of Almaty is an urban sustainability initiative to mitigate and adapt to current
environmental and urban challenges in a systemic way. Almaty’s GCAP is part of a global program of the
European Bank of Reconstruction and Development (EBRD), which assists cities to tackle these challenges.

The Energy Efficiency Transformation Program of Almaty (EET)

The EET provides various energy reduction and efficiency measures to reduce the energy intensity of Almaty.
The program provides various measures per energy sector, the amount of reduced energy, the costs, and the
planning.
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Executive Summary

Almaty is positioned in a challenging situation with regard to increasing sustainability of their energy
system. Similar to various urban areas in Eastern Europe and post-Soviet states, the city highly depends
on coal-based energy for their heat and electricity. However, various factors stimulate for phasing out
coal-based energy in Almaty, such as severe air pollution, damaging effects on public health, and
(inter)national climate commitments. A fundamental project in this coal phase-out is the conversion
of CHP-2, Almaty’s major heat and electricity production plant, from coal-based to gas-based energy.
Although, a transition from coal-to-gas (CtG) is regarded to be a significant improvement, this
transition project majorly affects future development of the city. Almaty has several ambitious energy
and climate goals that are affected by the CtG-transition.

This study positions Almaty’s CtG-transition, and in specific the CHP-2 conversion, within its
wider energy goals and to become energy neutral in 2060. The structure of the study results in bilateral
outcomes. First, most importantly, the study provides additional insights, extension of the assessment
framework and recommendations on the CtG-transition for the city council, policy makers and urban
planners. Secondly, Almaty functions as a representative case study for various urban areas positioned
in a similar situation. The research framework enables local authorities and urban planners to analyse
their energy situation and to conclude on most urgent aspects for catalysing their development.

The research methodology consist of multidisciplinary analysis that include three fundamental
dimensions of energy transitions, the socio-technical, techno-economic and political dimension. These
dimensions are individually analysed based on qualitative desk research and descriptive and
correlational quantitative data. Next, the outcomes and interrelatedness of the dimensions is
interpreted. Research is conducted with secondary data sources. Prior to studying the three
dimensions, specifics of the CtG-transition and Almaty’s current energy situation are described.

According to the research framework, the techno-economic dimension is characterised by the
available resources, energy flows of supply and demand, and existing infrastructure. For Almaty the
techno-economic dimension is mainly typified by low-cost, subsidised and abundant fossil fuel
reserves, and unexploited potential for renewable energy. Current system is dominated by and
developed for (mainly) coal-based energy, which results in low-costs and energy intensive sectors.
However, although, current activities are highly pollutant, inefficient and energy intensive, Almaty has
clear energy ambitions of 30% RES in 2030, 50% RES in 2050, and carbon neutrality in 2060.

Existing infrastructure is highly outdated and substantial financial investments are urgent,
which provides a window of opportunity for substantial unexploited RES potential, as various analysis
conclude that a RES alternative based on solar and wind energy, is favourable (over the CHP-2
conversion) on the long term from a financial and sustainable (reduced carbon emission) point of view.
Implementation of solar and wind as compensation for CHP-2 appears to be technically feasible for
Almaty because of substantial alternative sources to back heat and electricity production for variable
renewable energy production.

According to literature, the socio-technical dimension includes (the presence of) innovation
systems, technological diffusion, the structure of existing systems and resources for technological
innovation. Regarding the energy transition, socio-technical aspects concern the emergence of new
(clean) technologies within the embedded existing energy system, which is often coal and gas-
dominated. For Almaty, this dimension is typified by being stuck in a carbon lock-in. This entails the
self-maintaining process of a fossil fuel based energy system because of significant interests of various
societal aspects (e.g. political, economic, technical, social). For example, political parties are bounded
to the habit of providing low-cost coal-based energy to households, and industrial parties are heavily
invested in coal-based activities that are economically rewarding. The conversion of CHP-2 is an
investment that assumably enhances the carbon lock-in and reinforces Almaty’s path dependence
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towards fossil energy. Substantial investments are required as well, and the gas power plants have an
assumed (financial) life expectancy of c. 30 years. Though, probably even longer, as some of current
power plants are already operational since 1970.

On the other hand, the obsolete infrastructure and need for financial investment provide a
possibility to breach this lock-in and avoid renewed path dependence towards fossil energy by
investing in long term plans for increased renewable energy. However, currently there is a lack of
sufficient RES stimulating measures, and existing measures are insufficient and uncompetitive with
fossil energy. Various arguments promote for RES stimulation on the long term, such as improved
public health for citizens, decreasing the fossil fuel dependency, (inter)national climate commitments,
ambitious energy transition activities of major international trade partners (e.g. Europe), and
diversification of economic activity.

The political dimension explains the political landscape of the city, consisting of current
policies, stated ambitions, and political dynamics. This includes three variables; state goals (e.g.
economic growth, energy security and climate change mitigation), political interest (e.g. voters
preference and party ideologies), and institutions and capacities (e.g. political stability, economic
resources, trade relations, international treaties).

For Almaty, action in the political dimension is required to catalyse the energy transition,
promote RES implementation, breach with the carbon lock-in, and prevent renewed path dependence
on fossil energy. (Local) political actors have to decide between short term economic growth and
political stability, or long term planning and gradual development towards a sustainable and diversified
energy system. Two policy cycles have to be adapted. First, regulations of fossil fuel energies have to
gradually be phased out. The emphasis on ‘gradual’ is important since economic growth and political
stability are major drivers for remaining the status quo and existing policies. Second, competitive and
catalysing policy to stimulate RES development and implementation is required. Currently, RES cannot
compete with fossil alternatives, and therefore cannot penetrate the heavily fossil dominated markets.

Incremental long term
decrease of carbon Policy for competitive
subsidies and pricing RES pricing

Continued palitical system Increase RES and
stability because of slow decrease fossil energy
rate

l Reduced popularity of l

carbon intensive
energy Development of RES

technologies

Increased demand for
RES investments

Decrease long turn
investment in fossil
energies

Increase production costs of Fossil energy Reduction of Reduction of j
fossil energy prices increase electricity costs production costs

Current energy systems contains many barriers that oppose reaching Almaty’s energy goals.
Most important is to breach the dependency on fossil energy from an economic, technical, and political
point of view. This dependency is identified as a carbon lock-in, and additional investments in Almaty’s
gas-based energy infrastructure lead to renewed path dependence on fossil energy and a remained
carbon lock-in. Progressively stimulating and implementing solar and wind energy as alternative for
the CHP-2 conversion is an important step towards phasing out fossil energy and breaching the carbon-
lock in. Development towards increased RES is motivated by various long term economic,
technological, sustainability and (public) heath advantages. Therefore local government should
consider heavily investing in implementation of renewable alternatives and stimulating policies instead
of converting CHP-2, in order to seriously work towards their climate ambitions, and to prevent
another carbon lock-in.

11
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l. Introduction

1. Energy transition goals of Kazakhstan

In December 2015 a sense of global unity and collective celebration echoed through the newspapers.
191 countries had signed commitments to “[...Jreduce their emissions and work together to adapt to
the impacts of climate change, and calls on countries to strengthen their commitments over time.” in
the Paris Climate Agreement (Nations, 2021). Optimism, however, turned into scepticism soon after,
when commitments had to be translated into realistic, practical goals. In 2018 the International
Renewable Energy Agency (IRENA) stated that renewable energy needed to be scaled up at least six
times faster globally to start meeting the goals that were set in 2015 (IRENA, 2018). Although progress
is being made as IRENA (2021) states that more renewable electricity has been added to the grid than
nuclear and fossil fuels collectively for the past seven years, still renewable electricity should reach
10,700 gigawatts (GW) in 2030. 10,700 GW means that we have to quadruple the global amount of
renewable electricity in the coming decade (IRENA, 2021c).

Kazakhstan is one of the countries that signed the Paris agreement (PwC, 2021). These
commitments are challenging since the country heavily relies on the fossil fuel exporting industry.
Since the Soviet era, the exploration of oil and gas, refinement and distribution have been the corner
stone of the economy. The fossil fuel dependency is stressed by the President of Kazakhstan’s Central
Bank as well in 2018 since he confirmed that 85% of the economy was dependent on oil and gas exports
(Clingendael, 2021). Although the oil and gas sector is economically predominant at the moment, the
Kazakhstani government committed itself to various renewable energy and CO; reduction goals in the
previous years. These goals structure the energy transition in comprehensive phases. The most
important goals are shown in table 1 (PwC, 2021):

2013 In 2013, Kazakhstan adopted a plan for transitioning to a green economy. According to this plan, the
share of renewable energy sources in total electricity production should be 3% by 2020, 30% by 2030,
and 50% by 2050.!

2016 In 2016, Kazakhstan signed the Paris Agreement on Climate Change, making a commitment to reduce
greenhouse gas emissions by 15% by 2030 relative to the level of 1990.

2020 A low-carbon strategy until 2050 is currently being developed (Yessekina, 2022). Besides, at the
climate action summit of December 2020, Kazakhstan pledged to achieve carbon neutrality by 2060.2

Table 1: Kazakhstan’s renewable energy and carbon reduction goals introduced in previous years

1The goal of 3% renewable energy by 2020 is met regarding ex-director of the RES Department at the Ministry of Energy. RE is generated
by hydropower (9%), solar (1%) and wind (1%) (PwC, 2021).

2 A definition of energy neutral is not giving yet and plans towards this energy neutrality are being developed (2021)

2. Energy transition challenges

Despite high potential for renewable energy generation due to suitable natural circumstances,
especially for wind and solar power (Bogdanov et al., 2019), various (national) challenges need to be
overcome in order to achieve the 2030 and 2050 goals. Often occurring challenges concern limiting
policy/legislation, investment risks, limited balancing capacity, uncompetitive tariffs, lack of sufficient
renewable energy infrastructure (especially in urban areas), and limited stimulation of micro level
renewable energy generation (Clingendael, 2021; MacGregor, 2017; PwC, 2021; World Bank Group,
2018). However, overcoming the challenges, and committing to set goals, is especially important since
major trading partners are actively transitioning to clean energy as well. Most importantly Europe, as
biggest trading partner, which is an active frontrunner in the energy transition. Currently, 80% of
Kazakhstan’s energy export is directed to Europe (Clingendael, 2021). The expectation is that the
demand for oil imports will decrease by 78% and natural gas by 58-67% after 2030 (Clingendael, 2021).
The economic impact of the falling demand by Europa will majorly impact Kazakhstan. Besides, the
dropping demand will have high deflationary effects on global energy prices, and therefore negatively
impact the profitability of hydrocarbon exports (Clingendael, 2021). The importance of transitioning
to renewable energy sources (RES), and reducing dependency of fossil fuel sources, for Kazakhstan
may be clear. But reliable renewable energy supply, and a decreasing supply of fossil fuel energy, in
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the future are important for Europe as well. Both parties have recognised this, and momentarily
Europe is the largest investor in renewable projects in Kazakhstan. Besides they provide technical
support (Clingendael, 2021). So, the challenges may be significant, but the urgency to transform as
well - and the risks of not transforming may be unsurmountable.

3. Coal dependency

Although many countries signed the Paris Climate Agreement, coal is still a dominant resource for
energy generation, accounting for 35% of the global electricity generation (IEA, 2021e). Despite their
efforts to increase the use of low-carbon and renewable energy sources, China (53%) and India (12%)
together, account for two-thirds of the global coal consumption (IEA, 2021a). Though, many other
countries still heavily rely on coal for their electricity production as well. Especially in Eastern-Europe,
post-Soviet-states, and (Middle-)Asia, such as Poland (70%), Serbia (70%), and Indonesia (60%)
(EMBER, 2021). Kazakhstan finds itself in a similar situation. According the IEA (2021f), their energy
supply depends for around 50% on coal based energy production, followed by natural gas and oil both
for around 25%.

Natural gas is frequently considered as a transition fuel in the trajectory of reaching energy
neutrality (IEA, 2019b; Stephenson et al., 2012). Because on the one hand, natural gas is significantly
less pollutant than coal, relatively easy to implement, and more stable, reliable, and financially feasible
than renewable sources currently. On the other hand, natural gas-generated power is still a fossil fuel
and not carbon neutral (Abbess, 2015; IEA, 2019b; Safari et al., 2019). According to the IEA (2019), a
coal-to-gas (CtG) transition results in an average reduction of GHG-emissions of 50% when generating
electricity and 33% when used in industrial activities. However, realizing this is an average is important,
as multiple variables are in play, and therefore the specific reduction varies from case to case. For
example the age, size, and efficiency of the coal-fired plants, the chemical composition of the natural
gas and coal, and the infrastructure influence the exact reduction(IEA, 2012). But in general switching
from coal to gas-fired powerplants lead to reduced GHG-emissions. In line with these ideas, the
Kazakhstani government set op national policies to drastically reduce the use of coal-fired power
plants, and substitute them for natural gas-fired powered plants (World Bank Group, 2017), as
intermediary result to eventually become energy neutral.

Kazakhstan’s CtG-transition can be interpreted as a logical step forward in reducing GHG-
emissions in the energy sector. Due to its very large coal infrastructure and time pressured energy
goals, the CtG-transition can be seen as a transition within a transition. Various examples of countries
who transformed their energy infrastructure towards renewables, such as Germany and Denmark,
stipulate the challenge and timeliness of such a transition (Meyer, 2004; Pahle, 2010). Therefore
analysing the current position and timing of this CtG-transition within the wider energy goals, is very
interesting.

4. Almaty’s coal-to-gas transition

One of the regions where the coal-to-gas (CtG) transition and the implementation of environmental
sustainability plans is actively undertaken is former capital, Almaty. Various policy plans in Almaty are
focused on increasing its sustainability and mitigating climate impact in line with national policies, the
Paris Agreement and related National Determined Contributions (NDCs). For example the Municipal
Energy Efficiency Transformation (EET) report and the Green City Action Plan (GCAP) (RWA, 2021).
Developing a more sustainable and efficient energy system is central in this process, since Almaty is
infamous for its sever air pollution, mainly due to the transport and energy sector. They cause
respectively 64% and 35% of emissions (RWA, 2020b). Although Almaty has a relatively good natural
gas infrastructure compared to various other regions and cities of Kazakhstan (IEA, 2020c), their
electricity sector still relies for 85% on coal, and their district heat sector for 60%. This is including
electricity import from the national energy producer (World Bank Group, 2017). The city council
(Akimat) plans to convert the biggest coal-based power plant (CHP-2), accountable for 29% of air
pollution, into a natural gas plant. This transition may be a good alternative, since natural gas emits
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around 50% percent less than coal (RWA, 2021), but altering to a different primary fuel comes with
high costs, is time consuming and investments entail extensive payback times. The idea of large
investments in a coal-to-gas (CtG) transition might be a suitable option, but it can also distract and
decreases funds for sustainable options, and therefore work counter effective for sustainability goals.
Various scholars highlight the multidisciplinary challenges related to the energy transition. The
need of a multidimensional (techno-economic, socio-technical, political) approach of low-carbon
transitions (e.g. CtG or RES) that support and adds to current techno-economic models is frequently
promoted (Bolwig et al., 2019; Cherp et al., 2018; Geels et al., 2017; Gielen et al., 2019). Although,
techno-economic analysis are certainly necessary in low-carbon transitions, the process cannot be
reduced to a merely technical or financial matter due to its non-linear, disruptive and contested nature.
Therefore techno-economic factors, such as technical deployment challenges and financial incentives,
often leading in decision processes, do not suffice. Political, social and cultural processes, and
consumer behaviour practices should be included to structure the transitions (Geels et al., 2017).

5. Knowledge gaps

The aim of this research is to provide insights for two relevant topics with regard to energy transition
processes. In order to obtain these insight a case study is conducted on the CtG-conversion of CHP-2
in Almaty city, Kazakhstan.

First, the Almaty case provides information on the position of CtG-transitions within a broader
scope of the energy transition and related goals that many countries committed themselves to.
Multiple urban areas, especially in Eastern Europe and post-Soviet states, heavily rely on coal. On the
one hand, CtG-transitions are a logical step since it reduces the amount of polluting GHG-emissions.
On the other hand, climate goals have to be fulfilled in the near-future, and a CtG-transition would
merely be a temporarily option towards carbon neutrality. Studying the implications of such a timely
and costly temporarily transition and exploring alternative scenarios is insightful since various
countries are on the verge of adapting their energy infrastructure.

Second, research on energy transitions are often conducted from a techno-economic approach for
specific target groups with a primary focus on technological possibilities and economic feasibility.
However, various socio-technical and political aspects are influencing and important in energy
transitions as well since social, political and cultural aspects and changes in consumer practices are
involved. And regarding Geels et al. (2017) additional research should complement the techno-
economic approach with the socio-technical and political dynamics within low-carbon transitions. In
short the definition of the three dimension are stated below. The theoretical framework elaborates on
the concepts, their interrelatedness, and frameworks to study them (Bolwig et al., 2019).

1. Techno-economic systems are characterised by flows of energy, such as energy conversion,

production and consumption directed by the energy market.

2. Socio-technical systems identified by socio-technical dynamics that influence the emergence

and embeddedness of technological innovations.

3. The system of political actions shape the formulation and implementation of energy related

policies

6. Problem statement

From a practical casus-oriented point of view, the city council (Akimat) of Almaty committed itself to
ambitious energy plans of the CtG-transformation and significantly increasing the share of RES to
eventually became carbon neutral. The combination of these transformations, and the relation to
stated energy goals, is complex and interesting.

Firstly, the dynamic between these ambitions are kind of contradicting since gas-power energy
is still fossil energy and GHG-emissions are still emitted, while poor air quality is a major problem in
the city and increasing the air quality is urgent according to the city council (World Bank Group, 2017).
On the other hand, GHG-reductions are significant when switching from coal-to-gas.

14



l. Introduction A COAL-TO-ACTION

Second, challenges of the energy sector predominantly concern depreciation and poor
connectivity of current fossil infrastructure and insufficient (financial) stimulation and policies for the
implementation of renewable energy. So, revisioning the existing infrastructure and the penetration
of RES to network, both require increased focus and therefore, compete with each other (RWA, 2021).

From an academic point of view, Almaty’s CtG-transition is relevant since decisions in the
energy transition are regularly, predominantly, based on techno-economic analysis supported by
guantitative energy models. However, many other socio-technical and political variables influence the
process as well, such as lock-ins, policy frameworks, political dynamics, behavioural change, and
industrial and public opposition (Geels et al., 2017). These challenges are often poorly represented. It
is important to take these dimensions into consideration in such a complex and timely process as
energy transitions. According to various academics, socio-technical and political aspects should be
incorporated in energy transition analysis and assessment frameworks (Bolwig et al., 2019; Cherp et
al., 2018; Gielen et al., 2019). Besides, switching from coal to gas is already a transition in itself (Geels
et al., 2017). For example, Denmark and Germany, who are concerned as leaders within the energy
transition, the process is going on for decades, and they still partly rely on fossil sources (Meyer, 2004;
Pahle, 2010). So, taking Almaty’s carbon neutrality goal of 2060 into account, researching the impact
and strategy of a coal-to-gas transition at this stage is relevant. The more since various countries and
cities find themselves in a similar situation.

To conclude, analysing the coal-to-gas transition of Almaty from a multidisciplinary - techno-
economic, socio-technical and political - perspective is interesting within current energy landscape,
and practically adds to the local assessment framework of Almaty.

7. Research question:

A research question is defined in order to clarify the end-goal of the research and its aim to provide
information and insights for the existing knowledge gaps in the energy field, within a specific case
study. The research question is:

How does Almaty’s CtG-transition of CHP-2 fit in the wider energy goal to become carbon neutral

in 2060 from a multidisciplinary - techno-economic, socio-technical and political - perspective?
And what are alternative energy transition pathways?

The definitions and dynamics of a multidisciplinary approach, and the techno-economic, socio-
technical and political perspectives are elaborated on in the theoretical framework.

8. Sub-questions:

The research question is broad and contains various dimensions that need elaboration to eventually
answer the full question. Sub-questions help to narrow down the scope and provide information on
distinctive elements. Eventually the sub-questions collectively enable us to answer the research
guestion. Specific aspects studied within the sub-questions are elaborated on in the methodology
section. The sub-questions are:

Sub-questions

1. What is the current state of literature on the role of a multidisciplinary approach - techno-
economic, socio-technical, political - of energy transitions?

2. What is the current energy situation of Almaty?

3. What are specifics of the coal-to-gas transition

4. What are Almaty’s energy policy (goals) and political dynamics regarding the CtG-transition and
its wider energy ambitions?

5. What are characteristics of the socio-technical dimension for Almaty’s CtG-transition? And how
does this comply with their wider energy goals?

6. How do techno-economic aspects of the CtG-transition relate to a RES alternative for Almaty?
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Il. Theoretical Framework

This theoretical framework section provides the outcomes of the literature study on multidisciplinary
dynamics of energy transitions conducted for this research. Second, concepts of energy modelling and
energy transition pathways are explained. The complete literature study can be found in the appendix
A. Page 8 and 9 provide an overview of important abbreviations and energy related concepts to
understand the energy situation and the CtG-transition of Almaty.

1. Current state of literature of energy transitions

The literature study concluded that established studies on energy transitions stipulate the importance
of integrating multiple disciplines through system thinking because of its complex and interdisciplinary
nature (Gielen et al., 2019; Kohler et al., 2019; Turnheim et al., 2015). Leading in this debate is the fact
that many energy transition analysis predominantly focus on techno-economic elements, but that
interdisciplinary approaches that include, social, economic, technical, political and cultural aspects are
required to represent reality (Geels et al., 2017).

An especially relevant challenge is to include interdisciplinary variables within energy system
modelling since this widely-used method remains heavily techno-economic focussed, using vast
amounts of quantitative data (Gielen et al., 2019; Li et al., 2015). Although, techno-economic energy
modelling can be relevant for studying the impact of Almaty’s CtG-transition and the wider energy
ambitions, plural other aspects (e.g. economic, technical, social and political) that are actively involved
in Almaty’s energy situation, should be included. Therefore studying a method for interdisciplinary
energy system modelling is highly interesting. Li et al. (2015) evaluated various modelling tools
focussed on integrating techno-economic, socio-technical and political elements to quantitatively
analyse energy transitions. Secondly, Cherp et al. (2018) designed a comprehensive framework
involving three first-level variables of energy transitions (socio-technical, techno-economic, and
political), and assigned second-level characteristics to them. These first- and second-level variables are
integrated in a interrelated meta-theoretical framework. Geels et al. (2017) reasons in line with this
and discusses the three perspectives within energy transitions. They concluded that the socio-technical
and political dimension should be intensively included in the debate, and suggest lessons to consider
in future low-carbon analysis. Lastly, Bolwig et al. (2019) designed a framework that includes the
dynamics between the three perspectives, that function as a recommendations for implementing the
interrelated perspectives in (quantitative) models.

Research on various multidisciplinary energy transition approaches are studied for three
reasons. First, to understand the three dominant dimensions of energy transitions - techno-economic,
socio-technical and political) Second, to obtain knowledge about the dynamics between the three
dimensions within energy transitions. Third, to conclude what multidisciplinary frameworks are
relevant for the Almaty case study. The section below elaborates on these three aspects to elaborate
on structure of this research.

2. Multidimensional energy transitions
Dimensions of energy transitions
Studies towards energy transitions have been conducted from distinctive theoretical perspectives. But
various studies conclude that energy transitions are a coevolution of three varying systems, namely
(Bolwig et al., 2019):
1. Techno-economic systems characterised by flows of energy, such as energy conversion,
production and consumption directed by the energy market.
2. Socio-technical systems identified by socio-technical dynamics that influence the emergence
and embeddedness of technological innovations.
3. The system of political actions shaping the formulation and implementation of energy related
policies
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1. The techno-economic perspective

The techno-economic perspective approaches energy systems, as an entity of energy flows of energy
inputs that deliver services. Energy inputs (e.g. natural gas, coal, nuclear, biomass) enable conversion
devices and processes (e.g. engines, burners, CHPs) to supply heat or electricity to activate passive
systems (e.g. buildings, machines, computers, vehicles) to deliver services for end-users (e.g.
transportation, (thermal) comfort, assistance). Moreover, it includes material consumption and many
technical aspects, such as transmission and distribution systems, road infrastructure, railway signalling
systems, gas and pipelines, etc. The techno-economic dimension consists of material goods, factories,
infrastructures, and input and output flows of supply chains (Geels & Turnheim, 2022). Due to its
material and financial character techno-economic systems are relatively easy to quantify (e.g. Sankey
diagrams), and therefore economic norms can be applied to these services. This makes techno-
economic models and theories suitable for application in energy processes and flows, as the physical
energy flows and conversion processes are traded in markets and can be considered as production and
consumption goods. However, due to this economic nature, subject to supply and demand dynamics,
it is also prone to economic lock-in mechanisms, such as sunk investments, economic competition
standards, and economies of scale. For example, it is likely that large and powerful industries will
protect their vested interests and when their position is pressured, and therefore oppose change
(Kohler et al., 2019). The above characteristics makes it challenging to catalyse change and implement
new technologies and standards in existing stable markets (Geels & Turnheim, 2022).

A limitation for the techno-economic perspective in energy transitions is that various dimensions
and societal aspects are excluded. First, techno-economic (quantitative) approaches have
sophisticated instruments to explore decision-making processes and policy targets. However, it
limitedly considers social and institutional challenges, and the interplay between interests and politics
in a real-world context (Turnheim et al., 2015). Policy is encountered as a fixed number of measures
with clear outcomes, but in reality policy is non-linear and capricious. Second, challenging phenomena
as inertia, path dependence, and technological innovation cannot be overcome from a techno-
economic perspective. Inertia and path dependence occur due to powerful economic, political and
social interests, embedded in current systems (Turnheim et al., 2015). The techno-economic
perspective tends to neglect intangible factors of transitions, for example institutional and cultural
aspects of socio-technical development, political power and willingness, and the non-rationality
(irregularity) of real-word processes (Geels, 2014). Thus in order to comprehend energy transitions are
mere techno-economic perspective does not suffice, due to its limited thinking and exclusion of
political and socio-technical factors.

2. The socio-technical perspective

Socio-technical transitions

The socio-technical perspective tends to depict a more holistic and integrated look on societal changes,
that analyses multiple dimensions of change, which include a wide variety of technological, economic,
political, and socio-cultural aspects at different levels (Turnheim et al., 2015). Socio-technical systems
provide societal functions that co-evolve and have interdependent interactions between technologies,
supply chains, markets, infrastructure, user practices, cultural meanings, regulations, and policies.
Examples of urban socio-technical systems are buildings, heating, mobility, and food systems. Since
many societal actors are included in socio-technical systems, their development is a long term process
which stretches over decades (Geels et al., 2017).

The socio-technical perspective is closely related to socio-technical transitions, and research
on these systems and transitions are motivated by the recognition that many environmental problems
(fossil fuel depletion, decreasing biodiversity, global warming) are caused by unsustainable socio-
technical systems. These systems elicit unsustainable consumption and production patterns that
cannot be solved merely by technological fixes, but require radical societal shifts towards new
sustainable socio-technical systems. These transitions are called sustainability transitions, and the
energy transitions plays an major role in it (Kéhler et al., 2019).
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Four major research strands can be distinguished within the field of socio-technical transitions,
namely transition management (TM), strategic niche management (SNM), the multi-level perspective
(MLP), and technological innovation system (TIS). The literature study (appendix A) touches upon the
various research strands. However, the MLP is mostly relevant for this study. First, because of its wide
acknowledgment and fitting characteristics for the Almaty case. Second, the framework is mentioned
by various scholar involved in energy transitions, e.g. Bolwig et al. (2019), Turnheim et al. (2015) and
Geels et al. (2016). Although the framework is not directly implemented in the study, a basic
understanding is favourable since the MLP provides a good understanding on the robustness of existing
socio-technical structures (e.g. energy systems), including embedded actors and their interests, the
introduction of innovations, and the overall complexity of sustainability transitions.

The multi-level perspective (MLP)

The multi-level perspective explains technological transitions through the interaction between three
different levels: niches, regimes and landscape. In general the theory concludes that landscape
dynamics might pressure existing regimes and create windows of opportunities for niche innovations,
that might find their way into the hard-to-disrupt regime. The niche break through can contribute to
shifts and fundamental change at the regime level. The niche-regime-landscape interaction highly
depends on different dynamics, characteristics and timing.

The socio-technical regime (hereinafter referred as regime) is fundamental in the MLP.
Regimes are resilient and hard to disrupt, and can be defined as societal systems where incumbent
actors are guided by deeply entrenched rules, regulations and institutions (Geels et al., 2017). For
example, various actors are active in the regime of the car industry (manufactures, dealers, policy
makers, engineers, users), and together they form a strong balance with rules (policies, production
standards, traffic rules), infrastructure (roads, factories, car oriented cities), economic interests
(retailers, dealers, garages) and socio-cultural aspects (user behaviour, transportation standards).
Regimes are resilient and stable in order to overcome external pressures, internal breakdowns and
disruptions. The interaction between the niche (innovations), regime, and landscape within socio-
technical transitions is interesting (illustrated in appendix A figure A). The role of the regime is to
ensure that systems can fulfil their important social functions (Markard et al., 2012).

The niche level is rapidly developing, but does not often prevail. They focus on radical social or
technical innovations that highly differ from the existing socio-technical system and regime. However
sometimes, with particular applications or with help from policy instruments for example, these
innovations can prevail in the existing regime. Niches are fundamental in the emergence of novel
technologies, which can occur in protected environments (e.g. market regulation, subsidies, etc.)
where radical innovation can develop without being pressured by prevailing regimes and existing
market competition (e.g. subsidies for electric cars). Windows of opportunities - momentum of
disruption in existing regimes - provide possibilities for niches to compete with existing technologies
and to eventually stabilise in new regimes (Markard et al., 2012).

The socio-technical landscape level refers to wider societal contextual developments that
impact the regime level and over which regime actors have little or no influence. Landscape level
developments involve both slow changing movements (e.g. ideology, geopolitics, demographics, etc.)
and exogenous shocks (e.g. financial crises, large scale accidents, wars, political unrest, etc.). The MLP
describes the occurrence of transitions through the alignment of processes between the
interdependent three levels (Geels, 2002). This is illustrated in figure 1.

Innovations might be beneficial for regimes to survive or expand. For example upscaling of
renewable energy to become less dependent on fossil fuels. However, penetrating or changing socio-
technical regimes (e.g. current fossil fuel energy system) is difficult since new innovations that threat
the regime’s stability may be blocked (e.g. market parties with vested interest). The robustness of
socio-technical regimes results in two dominant phenomenon that complicate and oppose adoption
of changes, new market players and innovation, namely lock-ins and path dependence. Lock-ins refer
to mechanism that seduce actor to rather promote incremental change than radical change. They
oppose actors to change their activities due to vested interests, and thus stabilise existing systems and
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thus negatively influence change. Various forms of lock-ins exist, such as techno-economic lock-ins
(e.g. sunk investment costs, low variable costs, material obduracy), social and cognitive lock-ins (e.g.
behavioural routines, habits, mindsets), political lock-ins (e.g. existing regulations, standardisation of
existing system, rules creating unequal playing field for innovations) (Geels & Turnheim, 2022). The
carbon lock-in refers to a positive feedback loop towards stabilising the existing fossil fuel system. It
refers to economic, political and institutional lock-ins that reinforce current fossil fuel system (Geels,
2014). Mahoney (2000) identifies path dependence as “that has happened at an earlier point in time
will affect the possible outcomes of a sequence of events occurring at a later point in time". So, political,
technical or economic decisions previously made, are influencing todays energy system. And decisions
made today are forming future energy systems. Since societal transitions often take decades, these
are important factor to take into account for the Almaty case study.
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Figure 1: Illustration of the multi-level perspective on socio-technical transitions
Source: Geels et al. (2017)

3. The political perspective

The political dimensions is often regarded as an integrated part of the socio-technical perspective in
transition studies instead of a separate perspective. However, Turnheim et al. (2015) concludes that
these socio-technical analysis have limited forward orientation on political goals. Moreover
Meadowcroft (2009) states that the political dimension deserves a more prominent role in
sustainability transitions. He argues that political aspects in sustainability transitions contain more than
just the interrelatedness of economic interests, technological feasibility and policy on which the
economic and socio-technological dimension react. The political arena entails more than just policies
and holds great potential in sustainability transitions (defining the landscape, (de)stabilising regimes,
protecting or exposing niches), and should therefore be a separate dimension to attain explicit
attention. Besides he concludes that without crucial political power certain decisions and transitions
directions would not have been possible (e.g. CCUS projects in the Netherlands; solar PV in Germany)
(Meadowcroft, 2009, 2011).
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The political perspective within energy transitions focusses on how policy adaptations come
to existence and how implementations affect energy systems. For energy transitions the political
perspective regularly focusses on the national level, as the majority of energy policies are implemented
by the government who act in interest of the state. Regional governmental bodies mostly have to
design and implement policy regulations for policy goals set by the national government. For example,
the Kazakhstani government signed the Paris Climate Agreement, obtained Nationally Determined
Contribution (NDCs), which are mostly translated into detailed and specific plans by regional
governments (IEA, 2020c). This central role of the state distinct the political perspective from the
techno-economic and socio-technical perspectives, where the state usually functions as a normal
economic actor, an element of the external landscape, or a steering factor for normative guidelines
(Cherp et al., 2018). Within political perspective the motivation of political parties and a lack of political
will can greatly influence the pace and realisation of transitions (Geels et al., 2017).

The complexity of the political dimension with various influencing factors is elaborated on in
the appendices where Hall's state-centric and state-structural typologies are explained. These
typologies regard the sphere of influence and whether policies come to existence through best
national interests or through competing interests of various actors (e.g. voters, lobby groups, NGOs).
Geels (2014) for example, states that incumbent industrial parties use their power to prevent
transitions from happening. Regarding the Almaty case study, fossil fuel companies and actors are
highly involved in the regime, and thus play a fundamental role in the energy transition, which with
their role in society, power and competing interests results in a socio-political struggle. The political
landscape of Kazakhstan with various influencing factors internally, but also internationally with
predominantly China, Russia and the European Union, makes this dimension relevant for the study.

Dynamics of the three perspectives in sustainability transitions

Although the three perspectives discussed are semi-autonomous and have different boundaries, their
changes are mutually interdependent and they evolve collectively. Despite this acknowledged
interrelatedness and co-evolving nature of the systems, most existing energy transitions models lack
inclusion of socio-technical and political factors. They frequently focus on quantitative techno-
economic inputs, and lack inclusion of political aspects, involvement of societal actors, and poorly
represent the co-evolving dynamics between technology and society (Li et al., 2015). For example they
do not comprehensively consider the unpredictability of innovation, behavioural aspects of actors,
policy steering mechanisms, and the spatial dimension of energy transitions (Cherp et al., 2018). They
are often techno-economic models that entail quantitative analysis focussing on energy flows,
conversion of energy, and market dynamics that influence energy consumption (Li et al., 2015).
However, to fully comprehend energy transition dynamics one should address all three systems since
various studies concluded that the transition is not merely a technical matter, but is influenced by
values, strategies and behaviour of individual actors, and rely on policies, regulations and markets as
well (Bolwig et al., 2019; Geels et al., 2017; Li et al., 2015). This is illustrated in figure 2.

Cherp et al. (2018) discussed how energy transitions analysis, frameworks and models can
become more realistic by integrating the fundamental techno-economic, socio-technical and socio-
political dimensions. Their framework has a central role in this research since it comprehensively
studies the dynamics of energy transitions, is conducted recently, is acknowledged by many scholars,
and they appear to relate to the Almaty case study. Cherp et al. (2018) designed a meta-theoretical
framework to study energy transitions based on literature on the techno-economic, socio-technical,
and political dimensions. This interrelated framework (from now on referred to as the research
framework) includes essential elements of each individual dimension provided in a table (See figure 2
& table 2). These primary and secondary level variables function as a starting point for Almaty’s CtG-
transition analysis.
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Figure 2: First level variables related to (national) energy transitions from three perspectives
Source: Based on Cherp et al. (2018)
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access to modern internet, climate change
mitigation)

Factor affecting state goals (e.g.
international competition, dependency of

technologies activities, knowledge stock

import)

Political interest

Demand Technology diffusion

* Typesand scale of energy uses . . . .
yp ey Special interests (e.g. industrial lobbies)

* Energy intensity * Global level of relevant technologies X X X .
.. X X Party ideologies and organized social
* Factors driving demand, growth and + Location on core/periphery of technology L " ,
. . . e movement (e.g. political positions, NGQ’s)
decline (e.g. population and economic + Possibilities for technology export

’
growth, industrial restructuring) Voters’ preference

Infrastructure Regimes and niches

+  Existing infrastructure for extraction,
transportation, conversion and use

+  Age of infrastructure

+ Manufacturing, import and export of
equipment

+ Costof operation andinfrastructure
construction

State capacity (e.g. political stability,
economic and other resources)
Institutional arrangements (e.g.
government and party system, sorts of
capitalism)

International processes (e.g. international
treaties, political polarisation)

* Structure, resources, and coordination of
existing regimes

*  Structure and resources of newcomers’
niches

* Niche-regime interaction incl. external
support mechanisms

Table2: First- and second level variables of the research framework from the three dimensions
Source: Based on Cherp et al. (2018)

Bolwig et al. (2019) provides a theoretical framework that comprehensively shows the effects
and complexity of the three dimensions of energy transitions, by including behavioural changes, policy
and governmental influences, infrastructural development and other socio-technical and political
variables within their framework. It illustrates relations through feedback loops in which variables
positively (+) or negatively (-) influence other variables. Collectively the variables create feedback loops
that are reinforcing (R) or balancing (B). The framework provides understanding of the non-linear
nature of energy transitions, which by including socio-technical and political insights present a more
realistic - and complex - envisioning of energy transitions (See figure 3). An extensive explanation is
included in the literature study of appendix A.

The theories and frameworks of Cherp et al. (2018) and Bolwig et al. (2019) are suitable for
this research for various reasons. First, the theories are acknowledged by various scholars for studying
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the multidisciplinary nature of energy transitions. Second, the frameworks enables to execute analysis
with limited information, since either qualitative or quantitative analysis can be included. Third, the
frameworks, especially Bolwig et al (2019), provide insight on specific relations and effects between
the various dimension. This is valuable when integrating the various dimensions active in the CtG-
transition.
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Figure 3: Dynamic model of feedback loops between actors in the electricity system
Source: Based on Bolwig et al. (2019)

Integrating models to analyse the CtG-transition of Almaty

The aim of this study is the analyse the CtG-transition within the wider energy transition ambition of
Almaty to become energy neutral in 2060 from a multidisciplinary approach. However, since energy
transitions are mainly analysed and quantitatively modelled from a techno-economic perspective,
exploring methods to realise this is challenging. The research consists of three phases that include the
three perspectives - techno-economic, socio-technical and political - that are present in Almaty’s
energy landscape. The phases collectively enable to analyse the CtG-transition from a multidisciplinary
approach. The phases are discussed in the methodology section (see table 3)
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[ll. Methodology

1. Research Method

Since this study aimed to analyse the CtG-transition from a multi-disciplinary perspective that focusses
on techno-economic, socio-technical and political aspects, the central research method was a socio-
technical system design. This research method focusses on systems that involve a complexity of
interactions between human actors, machines and environmental factors. Socio-technical system
design suits this research because of five characteristics that comply with Almaty’s CtG-transition, as
it involves systems that (Baxter & Sommerville, 2011):

e Have interdependent parts;

e Adapt to and pursue goals in external environments;

e Have an internal environment comprising separate but interdependent technical and
social subsystems;

e Have goals that can be achieved by more than one means. This implies that there are design
choices to be made during system development.

e  Which performances relies on the joint optimization of the technical and social subsystems.
Focusing on one of these systems to the exclusion of the other leads to suboptimal solutions.

Within the scope of this research the last aspect is probably most relevant since the success of
energy transitions relies on mutual cooperation between social and technical systems (Geels et al.,
2017). Realizing the most optimal energy transition pathway probably fails when focusing
merely/majorly on one element. Joint optimization with consensus between technical, economic,
social and political variables must be made to achieve optimal results.

As mentioned in the theoretical framework, analysis that comprehensively integrated techno-
economic, socio-technical and political perspectives of the energy transition are limited, so additional
insights and recommendation were relevant. Therefore, the theoretical framework provided an
overview of relevant and recent findings on various approaches of energy transitions. Academic papers
were selected based on their relevance, recentness and frequency of appearance in other academic
paper. A selection of relevant papers can be found in appendix B .

Although models exist that integrate techno-economic and socio-technical elements in
quantitative models (Li et al., 2015), using them was beyond the scope of this research. Almaty was a
suitable case to exploratively analyse energy transitions from multiple perspectives because of its
specific coal to gas transition, similar circumstances (e.g. coal dependency) and challenges as various
cities in Eastern Europe, post-Soviet states and Asia, and the available data and plans. However,
although data was available, the amount of (reliable) quantitative data and a relatively short period
made this a exploratively study, that highlights points of attentions, possibilities and challenges for
further research. Despite limited data, the recommendation and insights are still relevant, since other
cities probably face similar challenges.

Cherp et al. (2018) and Bolwig et al. (2019) stipulate the need for multidisciplinary approaches of
energy transitions, and provide frameworks to analyse them. Supported by their frameworks, a
combined effort of qualitative research (literature and interviews) and quantitative modelling provided
insights on the multi-dimensional dynamics of the CtG-transition of Almaty. The research was
conducted with mainly secondary data obtained from the national statics database, institutional
reports, policy documents, scientific literature and exploratory interviews.

2. Methodological approach

Methodological steps

This research was divided in three major methodological steps (see table 3). These steps are linked to
the sub-questions that were developed to analyse Almaty’s CtG- transition, provide insights and
recommendations, and finally answer the research question. The steps are a combination of qualitative
and gquantitative methods, which were aligned with the multidimensional nature of energy systems.
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Step 1 consisted of a qualitative and quantitative overview of Almaty’s current energy situation, future
energy prospects and specifics on the CtG-transition. The analysis mainly focussed on sectors related to the
CtG-transitions, thus the energy production and distribution sector and the build area. Data is obtained
through secondary qualitative and quantitative sources. Step 1 provided background information of the CtG-
transition for further analysis on individual dimensions.

Step 2 focussed on analysing the three dimensions (political, socio-technical and techno-economic)
individually, their involvement in the CtG-transitions, and relatedness to Almaty’s energy ambitions. These
analysis are based on the first- and second level variables the research framework. The socio-technical and
political analysis are conducted with secondary qualitative data and output of a semi-structured exploratory
interview. The result is a selection of the main factors influencing the CtG-transition. The techno-economic
analysis was conducted with secondary qualitative and quantitative data in which the CtG-transition was
compared to RE alternatives, which several graphic outputs as outcomes.

Step 3 was characterised by interpreting and interlinking previous analysis to conclude on recommendations
and insights on Almaty’s CtG-transitions within their energy ambitions. The research frameworks and Bolwig
et al. (2019) supported interpretation of interrelations between the various perspectives and what lessons
can be obtained similar cases. Since various assumptions were needed during the research, this part reflects
on various limitations as well.

Table 3: Methodological steps to structure the research and finally answer the research question.

Methodology for answering sub-questions

Sub-questions were identified to structure the step. Collectively, the sub-questions enabled to come
to insights and recommendations on the interplay of the interrelated dimensions and multidisciplinary
challenges of the CtG-transitions, and thus to answer the research question. Specifics on the methods
per sub-question are discussed in the section below, and an overview of the questions, research types
and methods is presented in table 4.

What is the current energy situation of Almaty?

The current energy situation of Almaty was crucial to analyse the impact of energy measures, to place
the coal-to-gas transition into perspective, and to make recommendations for future scenarios. The
total current energy situation functioned as a baseline for the climate commitments, since it for
example determined the amount of GHG-reduction and renewable energy production that are needed
to reach policy commitments. The analysis mainly focussed on the following three aspects in relation
to the CtG-transition:

e What are the dominant sectors involved in Almaty’s CtG-transition?

e What are the characteristics of the current energy infrastructure, source and consumers?

e What are the forecasts of future energy usage?

Insights on these matters presented opportunities and challenges within current energy system,
and therefore advantages and disadvantages for the CtG-transition. This section aimed to explore and
familiarise ourselves with Almaty’s energy situation by using qualitative and quantitative data.
Qualitative data was collected to study Almaty’s energy activities and the CtG-transition. So, what the
energy infrastructure looked like, what parties are involved, and why certain climate goals and policy
implementations were needed. Data was mainly obtained from literature, and explorative interviews.
Literature mainly consisted of policy documents and academic reports, and thus consisted of
secondary data. The exploratory interview consisted of a semi-structured interview with experts from
the planning and energy field and people that were involved in climate mitigation plans of Almaty.

Quantitative data was obtained to understand and visualise current energy situation and to
roughly analyse future energy demand. Quantitative data was collected from governmental statistic
databases and policy documents, as these sources provided most valuable, extensive, and recent data.
The main data source was the Energy Efficiency Transformation report supported by the World Bank
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and the city council (World Bank Group, 2017). The report includes data on energy production,
consumption and reduction measures of Almaty. First, some basic characteristics, comparisons
between sectors, and challenges regarding the energy situation were discussed. Second, data
concerning the energy sector were analysed. This includes comparisons and characteristics on various
energy production sources, the electricity network, (district) heating distribution, and energy
consumption of the build area. During this phase data was also structured for analysing specifics on
the CtG-transition and later the techno-economic dimension.

What are specifics of the coal-to-gas transition?

Specifics on the goal-to-gas transition were gathered for familiarising with the context and for
interpreting the multidisciplinary analysis within Almaty’s energy goals later in the process. The CtG-
transition was leading in this research and therefore set a reference framework for other sustainability
measures, recommendations and transition pathways. The following specifics of the CtG-transition
were investigated:

e What is the overall situation and cause for converting to natural gas?

e What is the time horizon and current state of the conversion?

e What are the total estimated costs of the conversion?

e What is the total emission reduction after conversion? And what are the consequences for the

carbon neutrality goals of 2060.

The characteristics were obtained through qualitative and quantitative, secondary, data gathering.
Qualitative data described the context of the plans, the planning and the political motivation for the
operation. This data was collected from literature sources, such as policy documents from the city
council, institutional reports from the World Bank, market reports from ALES (Almaty’s Energy System),
and a semi-structured interview with energy experts. The quantitative data gathering was needed to
analyse the CtG-transition within the wider scope of the energy transition. This part consisted of
descriptive quantitative analysis on various characteristics of the electricity system, such as the amount
of electricity and heat produced, by what type of energy sources (e.g. coal, gas, hydropower),
electricity and heat infrastructure. This data gathering and structuring phase formed the basis for
analysis of the socio-technical, political and techno-economic dimensions.

What are Almaty’s energy policy (goals) and political dynamics regarding the CtG-transition
and its wider energy ambitions?

For the political dimension, current policies and policy goals were analysed based on the first-
and second level variables of the research framework. Current policies presented insights on Almaty’s
visions, designs, implemented plans, and the political dynamics. An overview of the policy ambitions
defined the arena in which all energy transition measures and innovations occur since it sets the
baseline for energy transition development.

The political analysis was divided over international, national and regional policies. Policies
from the three scales were separately appointed to the variables of the research framework since this
created a better overview of where certain political decision should be made and specifics on the
dynamics within the energy transition.

The political overview was created through qualitative desk research with the use of secondary
data, mainly policy documents. The analysis focused on aspects as the publication date, the time
horizon of the policy plans, relation to the CtG-transition and the motivation of the policy plans -
technical, economic, political, etc. The overview resulted in a complete table of current obtained goals,
responsible actors, target groups, and political dynamics.
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What are characteristics of the socio-technical dimension for Almaty’s CtG-transition? And
how does this comply with their wider energy goals?

The socio-technical environment clarifies emergence of the current energy situation, and why
certain alternatives can or cannot come to existence. Dynamics of the socio-technical dimension were
mainly defined by regime and niche characteristics, such as the development of technical innovation,
support of technological diffusion and the protection of certain markets. These type of aspects were
studies based on the first- and second level variables of the research framework.

Analysing the socio-technical dimension was conducted by qualitative desk research, which
focussed secondary literature sources on the energy sector, mainly institutional reports. Sources were
selected based on their relevance to the CtG-transition, publication date and their assumed reliability
based on the source. Eventually a table was created that comprehensively showcases the dynamics of
the socio-technical dimension within the energy sector of AlImaty. The table was based on the research
framework to compare the various dimensions.

How do techno-economic aspects of the CtG-transition relate to a renewable alternatives for
Almaty?

The third and final analysis concerned the techno-economic dimension. The analysis consisted
of qualitative and quantitative results. Qualitative aspects analysed potentials for renewable energy
options near Almaty. Data was obtained from various secondary literature sources, mostly academic
and institutional. The qualitative parts presented the context for quantitative analysis, and selected
specific renewable alternatives that were most potential.

The quantitative part consisted of descriptive and correlational quantitative analysis. This
contained analysing fossil and renewable energy options, by comparing emitted CO, emissions,
average costs per kWh, electricity capacities, and spatial consequences. The methods and limitations
of these analysis are further explained in the “Analysing methods and limitations’ section.

Sub-question Research
What is the current state of literature on the role of multi-disciplinary approach - Qualitative
techno-economic, socio-technical, political - of energy transitions?

Method
Academic
literature review

What is the current energy situation of Almaty? Qualitative Desk research
Quantitative  Energy modelling
What are specifics of the coal-to-gas transition? Qualitative Desk research

Quantitative

Energy modelling

What are Almaty’s energy policy (goals) and political dynamics regarding the CtG- Qualitative
transition and its wider energy ambitions?

Desk research

What is the socio-technical landscape for Almaty’s coal-to-gas transition? And how does  Qualitative
this comply with the wider energy goals?

Desk research

How do techno-economic aspects of the CtG-transitions relate to a renewable Quantitative
alternative for Almaty?

Energy modelling

Table 4: Overview of methods for answering the sub-research questions

Appendix A (p. 100, figure E and F) present and elaborate on the conceptual framework that is
designed for this study. The framework visualises the intention of the research and how the sub-
guestions and intermediary results assist in finally answering the research question, which assist in

analysing the CtG-transition from a multi-disciplinary perspective.

Although this study obtained valuable insights, it still experienced various limitations. Some
limitation were linked to analysing methods that experienced a lack of local specific data. Limitations
that were expected because of selection processes are discussed in the next section. The discussion

sections reflects on the limitations that were not covered beforehand.
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3. Analysing methods and limitations

First of all, since this research concerned a case study. The biggest limitation was to obtain local specific
data that was up-to-date and reliable. This accounted for both qualitative and quantitative data.
Especially, since due to the pandemic, visiting the city, doing observation and interviewing people in
person was not an option. This is a compromise that always exists when conducting research. On the
one hand, conducting large scale research with plenty available data, but mostly come to generalised,
non-location specific conclusions. Or on the other hand, focus on a local case for which often limited
reliable data is available. Local specific data can be collected first handed, which is time consuming and
costly. Or secondary data can be obtained, which often means taken assumptions when local data is
not available. Since this study used secondary data, the availability of the data and the necessity to
make assumption were the major limitations, for both the qualitative and quantitative methods.

The qualitative methods mainly consisted of desk research based on academic and institutional
literature, and experienced two major limitations. First, data was regularly not available on local scale.
However, local characteristics on the energy infrastructure, political dynamics, and socio-technical
systems were valuable. Therefore, assumptions were made based on national (or even global)
literature. Second, some local reports focussing specifically on Almaty were available. However, the
amount was limited, so reliability of the content could not always be verified. Although, two
fundamental reports were supported by the city council, international institutions and field experts.
Besides, most data could be compared to national or even global data. But still the verification of data
remained a limitation.

Quantitative methods experienced the same limitations of local data availability, and therefore
the necessity of making assumption. Four major quantitative analysis are conducted to explore the
CtG-transition and to compare with renewable alternatives, namely a financial comparison on project
investments and LCOE, an spatial analysis of renewable alternatives, a carbon reduction comparison,
and an analysis of electricity reliability and peak demand for renewables. Collectively, the analysis
represent three aspects central to the energy transitions; energy security, affordability and
sustainability (IEA, 2020b). These aspects are also frequently recurring in policy documents of Almaty
(World Bank Group, 2017, 2018). The analysis together aimed to cover these three principles, for which
the methods and limitations are elaborated on below.

Financial analysis (energy affordability)

As for most projects, financial aspects are important in Almaty’s CtG-transition. This was Almaty’s main
reason for using CHP-2 as main production source, as coal had to lowest production costs. However,
the negative external effects (e.g. air pollution) were heavily impacting the city, and therefore the city
council aimed for cleaner options in line with their ambitions.

Various aspects impact project costs, and thus the price of energy. Important are the total
installed costs, maintenance and operation costs (M&OQ) and, for investors, the costs of capital (WACC).
A comprehensive method that is widely available and includes all these aspects is the levelised cost of
electricity (LCOE). This method is used every year by IRENA to compare various energy sources, since
it is relatively simple and therefore present an overview of energy technology costs over many
countries. It measures the costs of electricity per kilowatt hour taking into account the total installed
costs, M&0O, WACC, and an assumed life time of the production source (IRENA, 2022). IRENA calculates
the LCOE based on specific costs of realised projects. The formula for calculating the LCOE is shown
below. Though, during this research, results of IRENA (2022) are used for comparing alternatives.

LCOE = the average lifetime levelised cost of electricity generation

n ft + Mt + Fr I = investment expenditure in year t
N =1 (l +r i‘ M = operations and maintenance expenditures in year t
LCOE = _ . .

n E; F: = fuel expenditures in year t

t=1 El + rjr E; = electricity generation in year t
r = discount rate
n = lifetime of system

Figure 4: Formula of LCOE with explanation of the variables Source: IRENA (2022)
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However the LCOE does not include all factors involved for investment decisions and it
generalises project costs. For example, when other installations are already installed in the area, the
relative costs of adding a similar plant is relatively cost efficient. However, installing a new installation,
with new grid or infrastructural needs, the costs rise. A method that compares the costs that are
avoided by installing a specific technology is the levelised avoided cost of electricity (LACE). In general
when you are replacing an expensive alternative, the LACE are higher, and when you are replacing a
inexpensive alternative the LACE are lower. This often means that current fossil-based (and especially
coal-based) power plants are relatively expensive to replace, since these costs are relatively low. For
LACE comparisons are better to compare specific generation alternatives. However, for these
comparisons local specific data is required. Besides, the LACE is less relevant in Almaty’s case since the
coal-based energy plant (CHP-2) is being replaced despite the alternative.

For these reasons, despite its limitations, this research used the LCOE to conduct financial
comparisons between energy alternatives. Since local data is not available for cost analysing methods,
which is required for LACE, while data availability of numerous global projects is available for the LCOE.
Besides, the LACE is assumably less relevant in this case, due to aforementioned arguments.

Now it is reasoned that the LCOE is a suitable method to compare energy production sources,
it is important to be aware of some specific LCOE limitations. Firstly, the LCOE oversimplifies project
costs and project specific context. Every project has specific costs depending on the specific area,
therefore these cannot be compared generally beforehand. Within that specific area for example,
certain financial standards are leading and energy policies vary, such as specific tax benefits,
subsidiaries, and local wages (EIA, 2022). Secondly, LCOE ignores the flexibility and inflexibility of
certain energy sources, although this can play an important role. Variability of certain renewables can
increase project costs due to energy storing systems or balancing techniques. Besides the LCOE
calculates with a certain utilization rate. But, this rate depends on the electricity demand over time
and the existing resource mix in the area (EIA, 2022). Third, the LCOE does not take externalities into
account. For example, changing policy to tackle negative externalities of fossil fuel energy can favour
renewable energy implementation. The socio-technical and political aspects can be decisive despite
the fact that it is hard to account for them in a formula. Uncertainties such as, future fuel prices, future
policies and trading relations may lead to divergent investments decision. Lastly, the LCOE excludes
project risks, though this is important for financial decision making. Renewable energy production is
not largely integrated with Almaty’s energy system yet, which could bear extra risks. However, volatile
energy prices can increase fuel prices for fossil fuel energy. These kind of risks are not concluded in the
LCOE .

Despite these limitation, the LCOE comprehends many variables and therefore is quite
elaborated, and represents future trends relatively good. The LCOE generates a broad picture of costs
per specific energy source.

Lastly, the LCOE for Kazakhstan (or Almaty) are not available. Therefore future LCOE references
are based on prices of China and Europe , and presented as a range. China and Europe are selected
because of Kazakhstan’s geographical location, some comparable natural circumstances and the fact
that these two countries are the most important trading partners. Therefore knowledge, techniques
and financial resources are likely shared, but also their trading standards are probably demanded.
Besides, production costs are lower in China than in Kazakhstan, while the wages of Kazakhstan are
lower than in Europe. Moreover, transportation costs are probably lower than for Europe, but higher
that for China. Therefore, the average LCOE of China and Europe is expected to realistically approach
the LCOE of Almaty. Sometimes, when data is available, a specific country in Europe is selected since
the natural characteristics are expected to better represent Almaty, for example solar energy in Spain.

Spatial analysis (energy security and affordability)

The spatial analysis presented an impression of total space required to compensate the energy CHP-2
generates every year by renewable alternatives (solar and wind), taking energy losses into account.
For this analysis four steps are taken, that all contain assumptions and limitation that need clarification.
1.) Identifying and selecting renewable options for Almaty, 2.) determining the ratio of various

28



lll. Methodology A COAL-TO-ACTION

renewable energy options, 3.) calculate the required energy to compensate for CHP-2, and 4.) calculate
the needed space for the required amount of installed capacity.

Step one consisted of exploring various renewable energy potentials nearby Almaty. Academic
literature, energy modelling tools (e.g. ThinkGeothermal, SolarGIS, Global Wind Atlas) and institutional
reports were used to explore various renewable options and the potential they contain for future
implementation. Step two determined an optimal balance between various renewable options as
alternative for CHP-2. Academic literature and the model.energy tool were used to determine a
balance between renewable energy sources. The ratio is not fixed, and adapting it is merely a matter
of prioritizing criteria (e.g. capital investment costs, energy balance, etc.). In step three the required
amount of electricity to compensate CHP-2 is calculated. However, since the renewables (wind and
solar) only generate electricity, the amount required to transform electricity to heat was calculated.
These calculation are based on assumptions, since specific information was missing. These assumption
are based on Almaty’s current loss rates, energy reduction measures planned for 2030, and converting
power-to-heat efficiencies. Step 4 determined the required energy demand into needed installed
capacities for renewable alternatives. Since empirical local data was not available, energy modelling
tools are used to calculate the required land areas. The used energy modelling tools are SolarGIS for
solar energy, and Global Wind Atlas for wind energy. These models calculate local energy yields for
wind or solar energy, based on local data and local yearly averages. For solar this means local solar
irradiation intensity, yearly average sun hours and assumed inefficiencies (dirt and transmission). For
wind this mainly entails annual wind speed averages. The expected averages per installed capacity
(wind and solar) in specific areas are subsequently calculated into required area sizes. For required
land size per installed capacity it is assumed that the global averages of IRENA (2022) are applicable
for Almaty as well.

Expected limitations within these steps mainly entailed the presumed energy loss rates on
planned energy measures, assumptions based on IRENA (2022) global averages, expected efficiency
rates for power-to-heat conversion, and land availability for renewable energy installations.

Carbon emission analysis (energy sustainability)

Since Almaty’s main goal of the CtG-transition is to reduce air pollution, analysing future carbon
emissions is relevant. Besides, the cities policy of the green economy (2013) and the GCAP (2020b)
both promote cleaner energy and a less energy intensive economy.

Various methods exist to measure carbon emissions. For this research we compared two
techniques. A simple absolute measuring method and life cycle measuring method (European
Commission et al., 2020; Varun et al., 2009). During this research a simple carbon emission measuring
approach was selected for the purpose to get an impression of the emission per scenario within the
time constraints. Therefore the absolute carbon emissions are measured during the expected years of
operations (European Commission et al., 2020). With this method carbon emissions arising from
production processes, transport and other secondary process are not included. For such calculation
life cycle assessments are required (Varun et al., 2009). Although, this method in general is more
specific, the calculation are beyond the scope of this research. Though, overall, the total carbon
emissions emitted during the lifetime of an installation is significantly lower for renewable plants than
for gas-fired plants. With emissions of gas-fired plants around 607 grams of CO, per kWh, solar PV
between 9.7 and 250 grams CO; per kWh, and wind between 9.7 and 124 grams of CO, per kWh in
2009 (Varun et al., 2009).

There are two limitations to this method. First, as mentioned, it is simplified calculation of the
carbon emission, excluding the full life cycle emissions. Second, the carbon emission rates per year are
based on a single source, the Energy Efficiency Transformation report of the World Bank Group (2017).
Though, the overall carbon emission reduction of a CtG-conversion is normally around 50%, which is
near the 46% from the report. Taken these limitations into consideration, it is expected the method
represents a realistic view of the carbon emissions.
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Baseload and peak demand production analysis (energy security)

Fourth, the impact of the RES scenario on the energy security is measured. A constant and reliable
electricity network are a prerequisite for alternatives. The reliability and constancy of the electricity
network is measured by two fundamental concepts: the baseload and the peak demand.

Baseload can be defined as the constant minimum amount of electricity demand. First, the
baseload demand covers certain industrial processes that are constantly active, but also residential
appliances such as refrigerators, freezers and appliances in stand-by mode. Secondly, an substantial
share of the demand is the result of simple statistics, since (especially in urban areas) 24-hours-a-day
somewhere, someone is using electricity. At any moment people charge devices, use washing
machines, and switch on lights. These two factors results in a minimum constant required amount of
electricity, the baseload (EIA, 2021; IRENA, 2015).

Peak demand is more straightforward and refers to times during the day where most energy
demand exists. Times of peak demand differ per global region, since different circumstances lead to
different electricity demands. For example, seasonal characteristics that influence heating and cooling
activities are important factors determining peak demands (EIA, 2021; IRENA, 2015).

Historically, baseload electricity was typically produced by fossil fuel sources (e.g. coal and gas),
since production was assured and variable costs were low (Forsberg, 2019). However, with the energy
transition ambitions and increased renewable energy installed capacity, research on renewable energy
as baseload producer is increasing as well (IRENA, 2015). Renewable energy production is infamous for
the variability of its electricity production since it often depends on natural circumstances (e.g. sun and
wind). Logically, variability has to be taken into account for Almaty when installing solar and wind
energy sources instead of the CtG-conversion. Therefore the effects on the baseload and peak
electricity supply for the RES alternative are analysed.

Limited data is available on standards about baseload or peak demand capacity. Besides, data
specifics on the baseload and peak demand of Almaty, or similar cases, were not available. Therefore,
although this is an important aspect for energy security, the starting point of the analysis is based on
assumption. According to IRENA (IRENA, 2015), typically the baseload consists of more than half of the
total yearly electricity demand. For now we assume a baseload of around 60% of the annual electricity
demand, although is probably is less. Besides, complementary RES, such as wind and solar, are also
providing a certain baseload since almost always there is some wind or solar energy generated. .
Although, this is not measurable and therefore not taken into account, it is an important aspects to
consider. IRENA (2015) show a baseload of around 40% of its peak generation for solar and wind energy
between 2012 and 2015.

For peak demand, in general, baseload consists of approximately 50% of the peak electricity
demand (IRENA, 2015). When comparing to other countries, Germany’s baseload consist of around
half the peak load capacity (IRENA, 2015). And in the US peak demand during summer increasing
around 75% (EIA, 2021). For Almaty it is assumed that the baseload is half of the peak demand, and
thus electricity demand increases 100% during peak hours.

The analysis of baseload and peak production consists of various assumption and should be
analysed thoroughly with local data and knowledge. On the one hand the baseload and peak load
scenario could be more negative, but on the other hand the constant production rates of current
power plants (CHP-1, CHP-3, HPP-1 and HPP-2) are also not precisely known. Besides, increased energy
import by KEGOC could be an option for a transition period.

Conclusive, this method provides an impression of the current baseload and peak demand
capacities, but these should be considered as a starting point for in-depth local research and exploring
the possibilities.
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IV. Introduction to Almay’s CtG-transition

The CtG-transition is one aspect of various energy transition measures. Others measures are: stimuli
for RES implementation, increased building energy efficiency, and increased efficiency of energy
infrastructure (transmission and distribution). Eventually these measures should increase the cities
energy efficiency and sustainability, with the ultimate goal to become energy neutral in 2060.
However, conversion towards gas-based energy is a temporarily transition measure towards a carbon
neutral energy system (IEA, 2019b; Stephenson et al., 2012). The CtG-transition of Almaty fulfils this
role as well (Samruk Energy, 2022c). This section introduces specifics of the CtG-transition and provides
the framework for further analysis on its place in Almaty’s wider energy ambitions.

1. Context of the CtG-transition

The CtG-transitions concerns the conversion of CHP-2 (510 MW) from coal-based to gas-based energy
production by 2025 and infrastructural improvements. The conversion is considered as a priority
investment to be implemented (RWA, 2021). CHP-2 is located in the western area of Almaty, almost
directly connected to the Alatau district. The total site area covers 506 ha, divided by the CHP-2
industrial area (93 ha) and three ash dump areas (413 ha) (Samruk Energy, 2022c). See figure 5 for an
overview of the power plant site.
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[ CHP-2 industrial site

- Ash dump No. 1 of hydraulic
storage

[ Ash dump No. 1 section No. 3
[l Ash dump No. 2 of dry storage
SPZ border
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—— SPZ of the CHP-2 industrial site
Be¥y —— SPZ of the CHP-2 ash dump
. Other symbols
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Border of Almaty, Alatau District
Reservoirs
— Watercourses

Figure 5: Total area used for energy production of CHP-2 site
Source: Samruk Energy (2022)

With a generating capacity of 510 MW, CHP-2 is significantly the biggest power plant of the
city. Generating around 37% of the cities electricity and 48% of the cities heat demand, with an annual
coal consumption of 2.5 million tons which emit circa 6.5 million tons of CO, (Samruk Energy, 2022c;
World Bank Group, 2017).

The CtG-transition is mentioned in various transition documents of Almaty. The Technical
Assessment Section (TAS) of the GCAP (produced by the municipality, EBRD and consultants) and the
Resettlement Framework (produced by Samruk Energy, ALES and EBRD) are the most recently
published documents concerning the CtG-transition. The former was published in Juni 2021 and the
latter in February 2022 (RWA, 2021; Samruk Energy, 2022b).
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2. Goal of the CtG-transition

CO; reduction is the primary goal of the CtG-conversion, aiming to cut emissions down by 46% (c. 3
million tons CO3) and to completely abandon emissions of particulate matter and NOy. Avoiding nitro
oxides (NOy) is essential since 24% of adults and 57% of children suffer from chronic pulmonary
disease, significantly higher than Kazakhstan’s average and 2-3 times higher than other urban areas of
CIS (Commonwealth of Independent States) (EBRD, 2022). Total project costs are c. 680 million USD
(325 bln KZT), of which the EBRD finances c. 265 million USD (122 bln KZT).

3. Planning of the CtG-transition

The perceived planning consists of various phases in which CHP-2 eventually is fully converted to a gas-
based fire plant, generating heat and electricity. The first phase consists of replacing a 200 MW unit,
and takes approximately 4 years. The second phase should be completed in around 2 years. In total
the CHP-2 conversion project is planned to be realised in 6 years (Samruk Energy, 2022c). Although the
plan was to finish the conversion in 2025, on the 28" of February 2022 the plans for conversion were
still not officially approved (Samruk Energy, 2022c). Besides, in June 2022 a resettlement framework
with project specifications was published. According to this document, the project is in its ‘initial stage
of development’ consisting of pre-feasibility studies and national public hearings. Moreover, mid-
November the Board of the EBRD plans to review the project documentation and funding plans, and
take a vote. If the vote passes and the project plans and fundings are accepted the implementation
phase starts (EWS, 2022). Therefore, if construction phases develop according to plan, and we assume
that the project will start in the beginning of 2023, the project would be finished mid-2027. See table
5 for an overview of specifics on the CHP-2 conversion.

4. Overview of the CtG-transition

Type subject Amount Unit
Technological characteristics

Installed capacities 510 MW

Energy production (EET) 6,267 GWh/year
Environmental impacts

Coal consumption (current) 2,500,000 tons/year

Gas consumption (after conversion) 1,100,000 Nm3/year
Current CO; emissions 6,500,000 tons CO, /year
Estimated CO; emissions after conversion 3,500,000 tons CO, /year
Percentage emissions reduction CtG-conversion 46 %

Financial facts

Total project costs 680,000,000 usD

EBRD financial support 265,000,000 usb

Table 5: Overview of the characteristics of the CHP-2 coal-to-gas conversion
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V. Current energy situation Almaty

Information on Almaty’s current energy situation is required in order to analyse the CtG-transition
from a multi-perspective approach. This section sheds light on the energy situation of Almaty and
planned energy reduction measures.

1. Characteristics of Almaty’s energy situation

First of all, as nearly all upcoming countries and cities, Almaty uses vast amounts of fossil fuel sources
in an inefficient manner. Economic growth has led to an increase of primary energy consumption and
a growing electricity demand (Karatayev & Clarke, 2016). This is also a national trend (See figure 6).
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Figure 6: CO, emissions and GDP growth per year for Kazakhstan (1990 - 2020)
Source: Data retrieved from Our World in Data (2020) and The World Bank (2020)

Compared to other Kazakh cities, Almaty has a relatively high connectivity of residential
buildings to natural gas supply. Though, it still depends for around 60% on coal-based energy
(Aidapkelov, 2020; World Bank Group, 2017). With one of the largest coal reserves and forthcoming
low costs, it is hard to breach the path dependence of a fossil fuel based infrastructure. However,
various laws, strategies and reports of Almaty prove the motivation and plans to transform towards
cleaner alternatives and efficient energy usage, mainly motivated by local health implications of fossil
fuel usage.

Characteristics of current energy infrastructure are dominantly influenced by aged technologies
and outdated urban structures, and therefore often lack efficiency, clean(er) technologies and
sufficient insulation. The intensive usage of many out-dated and obsolete private cars, trucks and
buses, and the emissions of nearby coal fired power plants and combustion by households, are
considered to be the main contributors to poor air conditions for citizens (Assanov et al., 2021; Carlsen
et al., 2013). The effects are even more severe due to climatological circumstances, as the geographical
position of Almaty results in calm weather and strong inversion-layers that suppress vertical exchange,
which results in limited air ventilation and thus lead to high emission rates in the air (Zakarin et al.,
2021). The World Bank (2017) concludes that Almaty, with a PEC of 24,907 kWh/capita in 2015, scores
low-to-medium compared to peer cities. They mention four main reasons for it:

Climatological circumstances that require a long heating period

An abundance of available coal and gas resources

Necessary industrial, service and trade activities that require vast amounts of energy

High losses in energy (electricity and heat) generation and distribution, and inefficient energy
use in the end-users phase

PwNPE
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In the city, four sectors can be distinguished that contribute most to the energy intensity:
transport, energy production and distribution, build area, and industry & commerce (World Bank
Group, 2017).

The transport sector, with intensive use of public and private vehicles, has been a major issue for
the energy intensity, air pollution and negative public health effects. Transport consumes 37% of the
total energy demand with diesel and gasoline usage. The reasons are high rates of private car usage
and a heavily outdated vehicle fleet. First, private car usage accounts for 98% of total transport energy
consumption. Second, the vehicle fleet has an average of 8 years old (RWA, 2021). Lastly, 95% of all
cars and busses is gasoline-based (See figure 7 & 8). (World Bank Group, 2017).

Share of energy type for road transport Energy consumption per transport method

(GWh/year)
3,72% 0,83% 249
(2%)
m Gasoline (95,45%)
m Diesel (3,72%)
12079 )
® Other (e.g. mixed, (98%) Public transport

(taxis & busses)

LPG, electric) m Private cars

Figure 8: Energy consumption per transport method
Source: The World Bank, 2017

Figure 7: Share of energy type for road transport
Source: The World Bank, 2017

Second, the next most consuming energy sector is the energy production and distribution sector.
Electricity and district heating consist of respectively 18% and 19% of Almaty’s final energy
consumption. The electricity and heat production sector is characterised by obsolete and highly
inefficient infrastructure and power plants. Specifics concerning this sector is discussed in coming
section.

Third, nearly all electricity and district heating is consumed by the build area, including residential,
municipal, and industrial & commercial buildings (See figure 9 and 10). The housing stock is
characterised by around 80% ‘old’ buildings, that are poorly insulated and consume a lot of energy.
The total build area consumes more than a third of the primary energy demand, namely 16.4 TWh of
a total of ca 42.1 TWh. Around 50% of the energy savings of the Energy Efficiency Program are resulted
by improving the build area, including residential, municipal, and commercial & industrial buildings.
More details on the build area are provided in the next section.

District heat consumption per sector Electricity consumption per sector
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Figure 9: District heat consumption per sector
Source: The World Bank, 2017
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Figure 10: Electricity consumption per sector
Source: The World Bank, 2017
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The commercial and industrial activities in Almaty are combined in one sector with regard to
energy analysis, because the share of industrial activities is relatively small. Industry accounts for only
5% of Almaty’s total Gross Regional Product (including the ‘food industry’), compared to more than
50% from the service sector, 35% from trade, and 5.5%. Moreover (World Bank Group, 2017). The
major challenge for the industrial and commercial is increasing energy efficiency for the build area
since most energy is consumed in district heating (19%) and electricity (42 %) (World Bank Group,
2017).

Overall, this research focusses on the energy production and distribution sector and the build area
(i.e. residential, public (municipal), and commercial & industry buildings) sector, as these sectors
consume the absolute majority of energy related to the CtG transition, namely electricity and district
heat. The energy consumption of the commercial & industrial sector is included in the build area,
because of their substantial consumption of electricity and district heating. The transport section is
thus excluded from the analysis, despite their extensive energy consumption. This is because this
energy include gasoline and diesel, which is not related to the CtG-transition. Next section elaborates
on these two sectors in order to collect information on the CtG-transition.

2. Energy production sector

Electricity and district heat production

The energy production sector of Almaty is very energy intensive and completely fossil fuel dependent
Besides 60% of the DH-system is depreciated and 45% is more than 25 years old. In total around 18,800
GWh/year of energy is involved in the production process of electricity and heat for consumers in
Almaty, this includes heat distribution losses, network losses, and internal energy usage. The final
share of energy loss and internal usage is around 22%. In total the electricity and heat production
industry uses approximately 60% of coal and 40% natural gas, and an insignificant percentage of
heating oil (mazut) (See figures 11 and 12).

Shares of primary energy sources Total heat and electricity production
in electricity and heat production (incl. losses and internal usage
188
(1%) 4244

(22%) il

4

6894

(37%)
7149

(38%) 11477

(61%)

m Electricity

m Coal m Heat

® Natural Gas

7676
Mazut ) Internal usage
(41%) and losses
Figure 11: Shares of primary of energy sources in Figure 12: Total amount of heat and electricity
electricity and heat production production (incl. losses, and internal energy use)
Source: The World Bank, 2017 Source: The World Bank, 2017

The energy production and distribution system, that generates heat and electricity, is a
complex system. The majority of heat and electricity is produced by the Almaty Energy System (ALES).
ALES produces electricity and heat, mainly through three combined heat power plants (CHP-1, CHP-2,
and CHP-3) and marginal share from two hydropower plants (HPP-1 an d HPP-2). The Kazakh
government is sole shareholder of ALES, as it belongs to the state owned Samruk-Kazyna welfare fund.
63% of Almaty’s electricity is produced by ALES, and the other 37% of electricity is imported from the
State Kazakhstan Electricity Grid Operating Company (KEGOC).
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ALES also produces 75% of Almaty’s district heat. The other 25% is produced by Almaty Teplo
Kommun Energo (ATKE), an organisation under municipal authority (See figure 13 and 14). Distribution
of electricity and heat is executed by two separate parties. Distribution to end-users (residents,
commercial, public and industrial parties) is done by Almaty Zharyk Company (AZhK) for electricity
and Almaty Teplo Seti (ATC) for heat. An overview of the system is provided in appendix E.

Shares of electricity production Shares of district heat production

38%

48%
KEGOC: ALES: ALES:
( 18%
. ATKE:
6% 17% 25%
3% 8% 1%
m KECOG m CHP-1 CHP-2 CHP-3 m HPP m CHP-1 = CHP-2 CHP-3 HOB = ATKE
Figure 13: Shares of electricity production Almaty (left) and Figure 14: Shares of district heat production Almaty
shares of ALES electricity production (right) (left) and shares of ALES district heat production (right)
Source: The World Bank, 2017 Source: The World Bank, 2017

The share of heat and electricity production varies per source. On average ALES produces
around 43% of electricity and 57% heat, with CHP-1 and CHP-3 running on natural gas and CHP-2 on
coal. CHP-2 generates the majority of the energy, with 60% of ALES electricity and 64% of ALES heat.
The heat produced by ATKE comes from 78 HOB, of which 73 use natural gas, one each using coal,
diesel, and electricity, and two are oil-based. The imported electricity from KEGOC comes for 90% from
Pavlodar-Ekibastuz which produces electricity on coal, and 10% from hydropower plants in the Almaty
region (Global Energy Monitor, 2021, 2022).

Energy production losses

Almaty’s energy sector is characterised as highly inefficient, experiences high production and
distribution loss rates. Overall efficiency losses in the heat sector account for 20% (ALES + AKTE) and
16% in the electricity sector (ALES + KEGOC) (World Bank Group, 2017). Efficiency rates vary highly per
source, with CHP-1 being most efficient (81%), second CHP-2 (60%) and CHP-3 (38%). CHP-3’s
inefficiency is probably caused by a focus on electricity production, and thus residual thermal energy
is not used for district heating. The energy imported from KEGOC is even less efficient, and pollutes
1.5 times more CO; than ALES (World Bank Group, 2017).

Challenges and reduction measures production losses
The main challenge in the energy generation sector is to generate cleaner energy, and increase the
generation and distribution efficiency. Experts estimate an increased efficiency potential of 50% by
installing generation and distribution technological improvements. For example, HOBs that run on
electricity, coal or oil can be replaced by natural gas. (RWA, 2021; Samruk, 2021; World Bank Group,
2017). In the DH-system, rehabilitation and modernisation of heat pipes are the biggest challenge.
Efficiency of the heating system can be improved by modernisation and rehabilitation of pipelines,
insulation of pipelines, heat regulating valves, automated heat transfer combined with individual
automated heat systems (IHS). Lastly, with beneficial climate conditions solar power has lots of
potential through solar heating systems and solar power production.

Together all interventions of the EET report should lead to reducing 34% of district heat losses
(1712 GWh/year) and 41% power system losses (1589 GWh/year) in 2030.
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3. The build area

Overview of the build area

The build area can best be distinguished in three categories; public (municipal), residential, and
commercial & industrial buildings. The amount of houses is depicted in figure 15. The number of
houses of the residential area includes around 640,000 apartments. The total housing stock is relatively
old, with 80% of old buildings in the residential sector and around 20% new buildings. The older
buildings are often poorly insulated and contain inefficient heating regulation systems. Compared to
other cities with a same HDI (e.g. Kiev, Sofia, Belgrade and Astana) Almaty is one of the largest heat
energy consumers (209 kWh/m?).

The residential area is the biggest energy (electricity + heat) consumer (53%), followed by the
industrial & commercial area (42%). The least amount of energy is consumed by the public (municipal)
buildings (5%)(figure 16). However, the industrial & commercial sector consumes the most electricity.

Smart metering, insulation and individual heat regulation are measures that the EET and GCAP
reports mention to improve energy efficiency (RWA, 2021; World Bank Group, 2017).

Number of buildings per sector Energy consumption per building sector
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157516 Residential buildings

Residential buildings

Figure 15: Amount of buildings per sector
Source: The World Bank, 2017

Figure 16: Energy consumption per building sector
Source: The World Bank, 2017

Electricity and heat consumption

The total build area concludes more than a third of the primary energy demand, namely 19.5 TWh of
a total of ca 42.1 TWh. The amount and shares of energy consumption per building sector is illustrates
in figure 17. The vast majority of energy in the building stock is consumed in the form of district heat,
and electricity, and some smaller amounts of solid coal and other fuels (natural gas, LPG, oil). (World
Bank Group, 2017).

Another important aspect is that only 72% of
households is connected to the DH-network. So, more
than a quarter relies on individual heating system for
which little data consists. However, it is likely these

® Public (municipal) buildings

Shares of energy types of total building stock

individual heating consists mainly of a natural gas
connection, but also small portions of other sources,
such as propane, butane, coal and wood heaters
(World Bank Group, 2017). Though, 95% of the
apartments is connected to district heating (RWA,
2021). According to the EET program, residents prefer
to be connected to the district heating. Connection
could be realised through individual boilers

The conclusion remains that nearly two-thirds
of the energy is consumed on electricity and district
heating of which the majority is produced by coal.

25,10%
37,51%

3,71%

= District heat and district hot water

= Power

Coal

Other fuel (gas, LPG, oil)

33,68%

Figure 17: Shares of energy consumption of building stock
Source: The World Bank, 2017
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Energy reduction measures

The energy reduction potential in the building stock is substantial with an estimated total energy
reduction of 40-50%. Most savings concern technical improvements that simultaneously improve living
comforts. Potential measures include heat distribution systems with individual adaptive heat control,
insulation of buildings and heat pipes, and LEDs (World Bank Group, 2017). Overall, the EET plans an
energy reduction of 42% (412 GWh/year) for the municipal sector and 31% for the residential area
(3,233 GWh/year) in 2030.

The municipal energy saving program mainly focusses on retrofitting and insulating schools,
medical centres and other public buildings. For the residential area the energy efficiency measures
focus on individual automated heating stations in multi-story buildings, individual heat meters,
retrofitting multi-story buildings, and solar PV on rooftops. Overall building norms and energy
efficiency labels should encourage energy efficiency measures for new buildings and renovation
projects, and should provide insight on the property characteristics.

3. Energy efficiency measures for production and build area sector

Table 6 presents and overview of the total energy reduction from measures for the district heating,
energy sector and build area of Almaty presented in the EET and the calculated reduction. The
measures are evaluated and selected for the CtG-transition analysis. Specifications on the measures
for all sectors is provided in appendix C.

Overview of energy efficiency measures

Sector District heat = Electricity Build area: Build area:
Residential buildings = Public buildings

Energy saving (GWh/year) 1,712 1,589 3,233 412

Energy saving (%) 34% 41% 31% 42%

Table 6: Overview of total energy reduction in 2030 for district heating, electricity and the build area.
Source: The World Bank, 2017
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VI. Political dimension

Energy policies and political dynamics Almaty

The political context in which societal development takes place is important for understanding decision
making processes and implemented policies. In order to understand, analyse and develop pathways
for the CtG-transition, an analysis of political dynamics and policies is provided. The policy overview
concerns international, national and local policies and presents an overview of political commitments
and goals, clarifies strategical choices and therefore sets the political arena.

The research framework assisted on analysing the political context basedich on the three first-
level variables: state goals, political interests, and institutions & capacities. The first-level variables
consist of each three varying second-level variables (see figure 2 (p. 17) and table 7). Each policy level,
international, national and regional, is analysed these variables.

This chapter is a summary of the complete analysis on the political dimension. The complete
analysis is added in the appendices

variables Innovation systems Technology diffusion Regimes and niches

Structure, resources, and coordination
Presence and structure of . £

S . Global level of relevant technologies of existing regimes
tedinoloelcalinnovation systerms Location on core/periphery of *  Structure and resources of newcomers’
Secor_rdbllevel Performance of innovation systems oo PEBRRCY =
variables . : ;
with respect to their functions (e.g. Sk 5 S S
P (g Possibilities for technology export * Niche-regime interaction incl. external

R&D activities, knowledge stock) S portrcchanions

Table 7: First and second level variables related to the political domain of energy transitions
Source: Cherp et al. (2018)

1. Policy goals and ambitions

International energy ambitions and policies

International agreements and treaties foster international cooperation, and they set directives on the
development of countries, and therefore cities. The NDCs of the Paris Accord are a clear example for
this (United Nations, 2021a). According to the World Bank Group (2017) Kazakhstan increased its
sustainability efforts in 2010 by putting energy efficiency and climate mitigation on the political
agenda. The goals were set to decrease the energy intensity of the economy by 10% in 2015 and 25%
in 2020 compared to 2008. The 2015 goal is likely met with a reduction of 15% (Our World in Data,
2020). However, the 2020 goal is arbitrary. On one side, the energy intensity increased in 2018 to a
reduction of 10% compared to 2008 (Our World in Data, 2020). But on the other side, in 2019 a
reduction of 21% compared to 2008 was achieved (KNOEMA, 2019).

Kazakhstan’s most important international political commitment to the energy transition is
signing the Paris Climate Accord (2015) in 2016, which legally binds Kazakhstan to reach an economy
wide absolute 15% GHG-emissions reduction from 1990 levels by 2030. Besides, Kazakhstan
announced a motivation to increase their mitigation ambitions to 25% from 1990 levels when
additional international support, finance access to international carbon markets, and low carbon
technological sharing were provided (World Bank Group, 2017). However, after a downfall of carbon
emissions from 1990 -1999 due to economic stagnation, emissions steadily increased since 1999 (see
figure 18) (Ministry of Energy, 2015). Growing carbon emission are directly correlated to GDP growth,
which is a major goal of the government. A carbon decrease with growing GDP trend has not been
observed yet, and therefore, major adaptations are required to achieve the 2030 goals. (Our World in
Data, 2020).

Secondly, Kazakhstan incorporated the United Nation’s ‘2030 agenda for sustainable
development’ in two national policy documents (RWA, 2020b). The agenda includes at least four goals
directly related to Almaty’s energy transition. Unfortunately, clear factual commitments are not
included in this agenda.
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Annual CO; emissions vs Paris Climate goals
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Figure 17: Carbon emission compared to the Paris Climate Goals
Source: Our World In Data, 2020

Thirdly, trading relations are implicitly and explicitly influencing national policy. The EU is
Kazakhstan’s most important trading partner with a significant 40% of its external trade. Currently,
80% of Kazakhstan’s energy exports go to Europe, mainly petroleum (products) (European
Commission, 2022). However, regarding the Clingendael Institute (2021), between 2015 - 2030 imports
of coal will drop by 71-77%, oil 23-25%, and natural gas by 13 - 19%. After 2030, expectations are that
imports decrease more drastically, with oil imports dropping 78-79% and natural gas 58-67% (Leonard
et al.,, 2021). These drops are dramatic for the economic stability of Kazakhstan since their gross
domestic product (GDP) relied for 21% on fossil fuels in 2020, and around 70% of all its exports (World
Bank, n.d.).

Besides, the EU is also the single biggest investor in Kazakhstan, representing 48% of total
(gross) foreign direct investment (FDI) flows and around 60% of total net FDI stocks in 2018 (EEAS,
2020). Policy influence via these investments is explicitly mentioned by the EBRD (EBRD, 2020, P. 1):

“We combine investments with policy dialogue to develop a good regulatory framework for
sustainable energy, water and resource use. Through EBRD Green Cities, we support municipalities in
developing Green City Action Plans to address key environmental challenges and to invest in sustainable
infrastructure.”

The GCAP of Almaty is a relevant example of policy steering investments of Kazakhstan and
Almaty. The EBRD has invested 1.37 billion euros in green economy developments between 2015 -
2020.

In 2015, these trading relations, were intensified with an increased (trade) collaboration
between Kazakhstan and the European Union (EU): the Enhanced Partnership and Cooperation
Agreements (EPCA). This also increases the influence of EU’s policy frameworks on Kazakhstan’s
development directions (European External Action Service, 2021). The European Green Deal is
probably the most important and related policy linked to energy transitioning since it concerns clean
energy production, sustainable industries, and clean buildings. The Grean Deal likely influences
Kazakhstan’s policies.

National energy ambitions and policies

The ‘Strategy Kazakhstan 2050’ provides development goals and challenges for the coming decades.
The main goal is to enter the world’s top 30 most developed countries in 2050. This goal forms the
centre of political decision making in which economic growth is the key performance indicator
(Nazarbayev, 2012, p. 2). See appendix D (p. 108) for an elaborated reflection of the ‘Strategy
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Kazakhstan 2050°. On the one hand this focus on economic growth is counter intuitive to sustainability
policies and sustainable development goals as Kazakhstan’s steep GDP growth was merely the
outcome of exploiting exhaustive natural resources (IEA, 2021g). On the other hand, does the strategy
focus on results in 2050 for which ten complex challenges are defined, that demand a reform of current
economic behaviour. The strategy proclaims that developed countries heavily invest in green energy
technologies, and estimates a 50% renewable energy production in 2050. Another challenge is the
exhaustion of natural resources. Due to its large amount of natural resources Kazakhstan holds a strong
trading position. However, the strategy admits that, although natural resources are crucial for
economic growth, they are limited, and therefore should be managed efficiently and carefully.
Therefore, the ambitions is to transform natural resources into a sustainable and efficient vehicle for
economic growth (Nazarbayev, 2012). Interestingly, various scholars concluded the favourable natural
climate conditions of Kazakhstan for renewable energy production, especially for wind and solar power
(Bogdanov et al., 2019; Karatayev & Clarke, 2016).

In 2013 the government presented the ‘Concept for the Transition of Kazakhstan towards a
Green Economy’, Green Economy Concept (GEC) in short. The GEC pleads for economic transformation
motivated by various deficiencies in current economic standards and activities. First, billions of
economic losses occur due to inefficiencies in natural resource exploitation. Second, an inadequate
energy tariff pricing systems disincentivises technological development and innovation. Third, current
economic (industrial) activities have severe negative environmental consequences. For example,
almost one third of agricultural land is degraded or under significant threat of being so; a forecasted
sustainable water sources shortage of 13-14 billion cubic meter in 2030; and sever negative health
effects caused by environmental contamination and air pollution (Nazarbayev, 2013; PwC, 2021).

The GEC was adopted in 2013 and set clear goals for the water sector, energy sector, air
pollution and waste recycling. These are the latest binding national goals concerning air pollution and
clean energy production with the main energy goals of an share of RES in electricity production of no
less than 3% in 2020, 30% in 2030, and 50% in 2050 (Nazarbayev, 2013). Realisation of the 2020 is
probably not met, even when hydropower is included, since hydropower provide no more than 2% of
annual electricity (ITA, 2021). Although, according to PwC (2021), nationally hydropower provides
around 9%, while solar and wind both generate around 1%. However, probably this relates to the
installed capacity instead of realised production. Locally, Almaty obtains around 4% of their electricity
from hydropower (World Bank Group, 2017). However, these plants were already commissioned in
1970 (HPP Kapshagai) and 2011 (HPP Moinak). Accurate and recent data on shares of solar and wind
generation are not available for Almaty.

Regional (city) energy ambitions and policies

Since 2010 various energy related policies have been active in the Almaty region. This section provides
a brief overview. Appendix D provides the complete overview. The “Law on Energy Saving and Energy
Efficiency” (2012) was introduced to obligate energy consumers that exceed 1,500 toe/year annually
to report and submit energy efficiency plans (RWA, 2020b). Around 7,500 organisations exceed the
limit, with 4,300 governmental organisations, 2,500 public actors and 765 private entities (World Bank
Group, 2017). Besides, a State Program “Energy Efficiency-2020” was approved, as well as the
“Strategic Development Plan until 2020”. The municipality is responsible for planning and execution of
these energy efficiency programs for the city. However, despite these laws and strategies the most
clear energy goals seem to be the ones of the Paris Climate Accord (World Bank Group, 2017). The
“Law On Supporting the Use of Renewable Energy Sources” established a feed-in-tariff policy in 2013
for the coming 15 years to support RE implementation in de area. However, according to various
sources, feed-in-tariffs are not competitive with traditional energy sources (Karatayev et al., 2016;
Laldjebaev et al., 2021; PwC, 2021).

Another local strategy that included energy measures as well was the “Almaty 2020
Development Program”. The program included energy measures to modernise and upgrade heat
supply, install natural gas-based equipment in CHP-1, and installing heat pipes and boilers in
neighbourhoods poorly connected to the heat system. The program also set goals to achieve a total of
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4.25% renewable energy of total electricity volume and increase to gas supply by 1.2 million m3/h in
2020 (RWA, 2020b; World Bank Group, 2017). The 4.25%-goal is probably only met when hydropower,
consisting of 4% of RES, is included. However, this includes plants from 1970 and 2011, so not much is
done to reach the goals. Accurate and recent shares of renewable energy are not available.

Besides, two recent policy documents are published that concern clear energy reduction
measures. The Energy Efficiency Transformation (EET) focusses on energy consumption reduction
measures, to increase the energy service proficiency of the municipality to its citizens, and to mitigate
related municipal expenditures. The research mainly focussed on qualitative goals, namely reducing
GHG-emissions and Primary Energy Consumption (PEC), prevent energy bills to increase when local
public service provider improve their services, and create an attractive environment for private
(foreign) investment for energy efficiency measures. An overview of the EET measures is provided in
appendix C. The Green City Action Plan (GCAP) strives to systematically address (urgent)
environmental and urban development challenges, while taking social concerns into deliberation. The
plan focusses on seven sectors: transport, buildings, water and wastewater, solid waste, energy,
industry and land use (RWA, 2020a). An important (political) motivation to be involved in the green
cities program of the EBRD for local authorities is the severe air pollution Almaty experiences (RWA,
2020a). The GCAP identified sectoral challenges, of which six out of eight concern district heating and
renewable energy sources with regards to the energy sector. The original plan was to present the final
reportin September 2021. However, due to various reason, for example the COVID-pandemic, the plan
was still not finalised when conducting this research (June 2022).

2. Political dynamics of CtG-transition

The overview of the various binding and non-binding policies, treaties, partnerships and plans provide
insights that relate the research framework. This section analysis the political dynamics for the CtG-
transition regarding the first and second level variables of the research framework. An overview is
presented in table 7 .

State goals

First, binding policies are directly related to the type of state goals. On every policy level the plans
focus on specific type of goals. Internationally the Paris Agreement is the most important binding
energy policy, directly related to the goal: climate change mitigation. Regionally, the EET mostly relates
to this, as cleaner energy should decrease air pollution. Furthermore, nationally sustainable energy
sources should go hand in hand with state goals as energy security and affordability. The national
leading ambitions to enter the top 30 most developed countries directly relates to this. Energy
affordability and reliability have clear implications for local policies. Currently, (fossil)energy prices for
households are subsided for 33% to assure affordability (OECD, 2014). These subsidies negatively
influence penetration of renewable sources to the market. Bolwig et al. (2019) shows that low
electricity prices negatively impact the introduction of renewables to the market. However, the
importance of affordable energy, and the vulnerability of political stability, became clear at the
beginning of 2022, when increased LPG prices (due to lifted price controls), lead to violent protests
(CNN, 2022).

There are various factors affecting the state goals. The major (negative) factor is the
dependence on fossil fuels for internal usage and export. Currently, fossil fuels are of existential
importance for Kazakhstan. Overall, Kazakhstan is the world’s 9% largest coal, 9" largest crude oil, and
12" largest natural gas exporter (IEA, 2021g). However, international energy transition trends, trading
agreements, foreign investments, and future demand decline are factors affecting this situation.
Regionally, the investments by the EBRD and the World Bank are major factors affecting the energy
goals via their investments. Besides development banks, Almaty aims to obtain an attractive financial
climate for foreign investors. Because an improved investment climate can positively affect the goals
by attracting foreign (private) investments, which can catalyse the energy transition, and therefore
help reaching the goals.
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Political interests

Second, with regard to the political interests, special interests are most relevant. (Inter)nationally and
regionally, demand for fossil fuels is expected to be drastically declined around 2050. Therefore a new
focus on economic activity is needed as the major trading partner (EU) moves away from fossil fuels
relatively quickly and Kazakhstan committed itself to sustainability goals as well. Though, industrial
lobbies profit from the status quo, such as pricing systems for fossil fuels. Investments in fossil fuels
result in technological lock-ins, which are further discussed in the socio-technical section. Steering
mechanism or adaptation in pricing systems are needed for other energy source to penetrate the
market. However, political action is required to change the current energy landscape in Almaty, as the
few market leaders do not favour system change due to profitability. But new income streams and
(clean) energy production have to be planned carefully to anticipate on coming fossil fuel decline and
EU’s import standards.

Besides, energy affordability and security are important aspects for political stability. Changing
current energy system is fragile, since it cause political unrest and destabilize current situation.
However, somewhere in the future the change towards other income streams and clean energy need
to be made. Besides, various (urban) residents profit highly by clean(er) energy because it increased
the air quality and therefore public health.

Institutions and capacities

Third, the second level variables state capacity and international processes are relevant. State
capacity is closely related to the political stability. The growing GDP is highly related to political
stability, and to vision is to remain this growth (Feng, 1997). However, the market and pricing systems
causing this growth, constrain implementation of sustainable practices Moreover, regional
governments are constraint by limited economic resources. Therefore a long term plan involving
attracting financial investments is required. International processes and agreements can help in this.
The implications of this variable are explained in the second level variable factors affecting state goals.
The interrelatedness illustrates the complexity of the situation and the involvement of various
interests.

3. Energy policy goals and political influences

The political arena is important to understand the status quo, current measures, and to identify
challenges when implementing new policies. The two tables below present the most important
binding policy goals (table 8) and an overview of political variables of the research framework related
to the CtG-transitions (table 9). Some factors impact multiple levels. Unless the impact is highly
different, similar factors are mentioned a single time on the largest active level.

Agreement / treaty Goals / commitments 2020 2030 2050
International
Paris Climate Accord Economy wide absolute GHG reduction (from 1990 level) 15%
National
Green Economy Concept Power sector: No less 3%
Share of alternative sources in electricity production?® from solar and wind 30% 50%
Power sector:
Share of gas power plants in electricity production 20% 25%  30%
Power sector: 2012
Reduction in CO, emissions in electricity production (2012 levels) level 15%  40%
Local (city level)
Air Quality Improvement Conversion of CHP-2 and CHP-3 from coal-to-gas generated 2025
for the City of Almaty energy
Almaty 2020 Development  Share of renewable energy of total electricity production 4.25%
Program

Table 8: Overview of important binding energy policy goals for Almaty in the CtG-transition and energy neutrality ambitions
1 Renewable sources identified as solar, wind, hydro and nuclear power (GEC, 2013)
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First-level Second-level
variable variable
International
scope
State goals Type of state Paris Climate Accord: binding commitment to reduce the GHG-emissions 15% compared to the 1990
goals level in 2030
Factors effecting Economic dependence: fossil fuel exports highly depend on Europe and China. Current export result
state goals in economic growth, which causes political stability.
Income dependence: major share of economic resources obtained from foreign investors (EU and
China). EU responsible for 80% of energy export, 40% of all external trade, and 60% of net FDI.
Reduced demand: drastically demand decline forces Kazakhstan to move towards other (more
sustainable) trading activities. Also if it wants to maintain strong economic partnership with Europe.
Institutions International International agreement: (non-)binding international treaties (EPCA in specific) steer policy
and processes frameworks towards sustainable development which otherwise probable would be hard due to
capacities financial dependence on fossil fuel and technological lock-ins.
National
scope
State goals Type of state Economic diversification: creating modernised income streams from alternative resources, that are
goals energy efficient, less air polluting, and mitigate negative climate effects.
Factors effecting Fossil fuel dependence: export shares highly depend on fossil energy (60% of total export). But,
state goals demand will likely reduce coming decade, and thus alternative income streams are needed.
Political Special interests Industrial lobbies: energy pricing systems and current energy demand makes fossil energy more
Interests profitable than (sustainable) alternatives. Therefore political steering mechanisms and other stimuli
to invest in sustainable business cases are needed.
Technological lock-ins: drastic decline of fossil fuel demand forces industrial parties to find new
economic activities in the future. However, traditional activity is most profitable. Government should
intervene for sustainable implementation.
Institutions State capacity Political stability: closely related to voters’ preferences. Growing GDP leads to political stability.
and Sustainable practices cannot be drastically implemented and follows international demand and
capacities standards. However, economic reform cannot wait until fossil fuels are abandoned from the market.
Local (city)
scope
State goals Type of state Modernise energy infrastructure: Energy infrastructure of the city is inefficient and outdated. Heat
goals and electricity sector experience losses up to 22% of PEC for final district heat and electricity users.
Modernization and increased efficiency is needed, especially since energy demand is growing.
Affordable energy: Increasing efficiency and modernizing the energy should not lead to increased
energy costs for residents.
Energy accessibility: only 70% of citizens is connected to DH. Municipal plans aim to increase this
percentage. Besides a goal is set to increase the conversion form residential DH from coal to gas.
Factors effecting Investment climate: Almaty aims to provide an attractive environment for foreign investors to invest
state goals in cleaner, more efficient and renewable energy sources
Political Special interests Industrial lobbies: energy sector is dominated, by a few parties. Likely they are against radical change
Interests due to technological lock-ins and path dependence.
Voter’s preference: Municipalities depend on their citizens. Citizens profit from energy security and
affordability, and demand this from municipality.
On the other hand do current circumstances harm citizens health due to air pollution caused by
power plants and traffic. This is an important political motivation and responsibility of municipality.
Institutions State capacity Economic resources: Economic resources are limited for the municipality. And although energy
and efficiency plans should be profitable at the long term, initial investments are substantial. Therefore,
capacities (investment) funds, development banks and private investors are attracted and involved in

development projects. Involvement comes with influence in project decisions. Therefore the World
Bank and the EBRD influence decisions for the EET and GCAP.

Governmental system: It appears that governmental and municipal power is more centralized.
Besides many companies with high energy consumption are state-owned or public. The municipality
has more influence in the decision-making processes.

International agreements: Due to large investments, the EBRD and the World Bank influence the
decision making process. Besides, the banks invest in line with Western policy directions (e.g. climate
mitigation, renewable energy production, etc.).

Table 9: Overview of relevant political variables influencing the energy landscape of Almaty, based on the research framework
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VIl. Socio-technical dimension

Socio-technical aspects of Almaty’'s energy landscape

1. Overview of socio-technical system

Various circumstances create a situation in Almaty that favours fossil energy, and results in challenging
circumstances to transform to cleaner or renewable energy infrastructure. The challenging situation is
a combination of various economic, technical, political, and social aspects. Economic actors are inclined
towards fossil energy because of low production costs, profitability of current processes, and
expensive transformation processes. Political factors are inclined to fossil energy usage because of
increased economic growth, increased GDP, and resources for development projects, which support
political stability. Besides the riots of early 2022 illustrated the political and social impact of disruption
in the status quo, and showcased the importance of affordable energy (LNG fuel) for citizens. All these
factors explain why Almaty’s is completely fossil fuel oriented. And why, despite Almaty’s geographical
favourable renewable energy characteristics, implementation does not emerge. All these factors result
in a stable socio-technical fossil fuel oriented regime involving many factors and actors that favour the
status quo and oppose radical change of current system.

This section analysis important socio-technical factors active in Almaty’s CtG-transition and it’s
wider energy goals. The first- and second-level variables of the research framework assist in analysing
socio-technical aspects (Figure 2 (p. 17) and table 10). Besides, the framework of Bolwig et al. (2019)
provides insights on the dynamics of RES in socio-technical systems (see Appendix A).

Presance and structura of Structure, resources, and coordination

o . Global level of relevant technologies of existing regimes
techmomogical Innowgtionsystens Location on core/periphery of «  Structure and resources of newcomers’
Secor7dbllevel Performance of innovation systems tedinology penpnery e
variables - ‘ :
with r their functions (e.g. ) SRR T
Spect o thelifinctions (€g Possibilities for technology export * Niche-regime interaction incl. external

R&D activities, knowledge stock) e T

Table 10: First and second level variables related to the socio-technical domain of energy transitions
Source: Cherp et al. (2018)

2. Disrupting the existing regime

Central to socio-technical system is the current regime, the stable existing system defended and
marginally developed by incumbent parties, who are heavily involved and benefit from current rules
and institutions (Geels et al., 2017). Almaty’s energy regime is heavily fossil fuel oriented. Many facets
of society (e.g. politics, economics and society) are organised around the current system, which is
expressed in legislation, subsides, infrastructure, behaviour, build area, industrial lobbies, heating
systems, etc. Altering this status quo, so disrupting this systems, requires commitment and
collaboration of multiple actors and systems. The Green Economy Concept (Nazarbayev, 2013) was a
start in this process, pleading for economic transformation, a tariff system for RE to compete with fossil
fuels, and reduce negative external effects. This policy is the backbone of Almaty’s technical innovation
system towards renewable energy. However, considering remarks on a lack of RE microgeneration
processes and uncompetitive feed-in-tariffs for RE, the policy does not suffice (Karatayev et al., 2016;
Laldjebaev et al., 2021; PwC, 2021).

Currently, Almaty is positioned in a crucial situation, since the obsolete and deteriorated,
existing infrastructure requires financial investments and technical changes to remain active, but also
to increase productivity, and efficiency of existing infrastructure. The CtG-conversion of CHP-2 is an
example of such investments. However, with these infrastructural changes there will be heavily
invested in fossil fuel-based infrastructure, while GHG-emissions have to be diminished and should
eventually be zero in 2060.

CtG-investments are ambiguous, and should be analysed carefully. On the one hand these
investments are required since they increase energy efficiency and decrease carbon emissions and air
pollution. Which is significant progress for current situation of Almaty. On the other hand, investments
lead to path dependence in the future, and should therefore be thoroughly analysed, as this inclines
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that decision made currently, largely shape the development and innovation path of the future.
Therefore, current CtG-transition investment creates a situation in which there is no place for large
scale RES in the future. The CtG-transition requires a balance within a diabolical dilemma, between
improving current system without creating path dependence on fossil energy for coming decade.
Current situation of an obsolete infrastructure that demands development, can function as a
window of opportunity to step away from fossil fuel dominated infrastructure. Vigorous policy and
legislation, sufficient (infrastructural) investments focussed on long term effects, and supporting
financial systems for large-scale RES (feed-in-tariffs) steer towards clean(er) energy systems. Current
situation appear to be a crossroad between previous and future investments, and sunk investments
seem to be manageable due delays of various infrastructural improvements.
The effects of feed-in-tariffs and other financial stimuli can for example be seen in the Netherlands.
Since 2008 they had three variations of the Stimulating Renewable Energy (SDE) subsidy, which was
more progressive than previous renewable energy stimulating measures. Due to these stimulating
measures, which were introduced to fulfil energy efficiency goals, the implementation of renewable
energy increased significantly (See figure 19)(CBS, 2022)
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Figure 19: Implementation of renewable energy with SDE-subsidy, introduced in 2008
Source: CBS (2022)

Germany confirms the potential success of feed-in tariffs. Due to competitive pricing systems
renewables were economically profitable, which lead to an tremendous upcome of renewable source.
Nowadays, Germany is famous for its share of electricity from renewables since it proclaims around
30% of all electricity (Geels et al., 2017). However, important to realise is that this transition covered
around 30 years since the tariff-system was implemented in 1990. This example, with a favourable
outcome, highlights the importance of path dependence.

3. Financial stimulation of niche development

Many factors benefit from and favour current socio-technical energy regime, and therefore obstruct
progress of upcoming niches and regime disruption, thus implementation of RES. Many of these factors
involve financial incentives that maintain the status quo or are insufficient to trigger change. For
example, to maintain energy accessibility for citizens, fossil fuel energy consumption is subsidised
through price controls for approximately 33%, which account for a total of 3,3% of national GDP in
2014. Overall, coal consumption had an estimated subsidisation rate of around 60%. And domestic oil
prices are at least two times below the export prices (OECD, 2014). The political sensitivity of this
situation became clear during the riots of January 2022, when LPG prices rose as price controls were
loosened and the price became market conform (CNN, 2022).
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Low feed-in tariffs for RES implementation cannot compete to the subsidies of fossil energy.
The two systems are similar, but change is required for RES to become competitive. The government
maintains the fossil fuel subsidies to promote economic growth. The probability of this to change is
low, and therefore higher feed-in tariffs are more realistic (Karatayev et al., 2016). Kazakhstan’s Ex-
director of the RES department also mentions that current low fossil energy prices are merely possible
due to amortised power plants. However, she proclaims after required financial investments for new
installations, renewable energy will be quite competitive (PwC, 2021).

So, on the one hand policy should decrease fossil fuel subsides. On the other hand, policy
should stimulate and support the implementation of renewable energy. According various sources
renewable energy cannot be competitive to fossil energy. Feed-in-tariffs should recalibrated for RES
implementation.

4. Niche development and awareness

Lastly, behavioural change and awareness of energy consumption is a recurring theme in socio-
technical transitions. This awareness is lacking in Almaty according to various experts. Firstly, overall
awareness about energy consumption and external effect is lacking by citizens, and should be
promoted (RWA, 2020b). Current circumstances are beneficial for increasing awareness, such as
unadaptable district heating and price controls leading to very low fossil -energy prices. Second, the
implementation of microgeneration projects is lacking. Additionally to contribution to the amount of
renewable energy, microgeneration does also create awareness among citizens and businesses (PwC,
2021). Individuals who want to become prosumers by installing small-scale RES experience many
difficulties, for example electricity restrictions supplied to the grid, lack support of authorities and
bureaucratic difficulties, lack of differentiated tariffs per time of the day, monopolisation of the energy
market, and lack of local small-scale renewable equipment (RWA, 2020b). So, besides various financial
stimuli, there are also legislative measures that can promote small-scale generation and awareness.

9. Relevant socio-technical factors

Previous section discusses the most prominent socio-technical trends in the energy transition of
Almaty. However, various more socio-technical factors can be distinguished. Table 11 (next page)
presents an overview of most socio-technical aspects related to the energy transitions of Almaty.
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First-level Second-level variable
variable
Innovation  Presence and structure of Current system is not encouraging innovation. Legislation and fossil subsidies are not encouraged
systems technological innovation technological or behavioural change. For example, public organisations are not rewarded for
system energy saving behaviour (World Bank Group, 2021).
For specific sector this a technological innovation system is not present. For example for
stimulating private RE microgeneration projects and cleaner private transport methods. However,
innovation on public transport is relatively present (World Bank Group, 2021).
Performance of innovation  Lack of monitoring and checks results in disincentivised citizens and organisations for investing in
systems with respect to efficiency measures or behavioural change. More data and monitoring of energy consumption
their functions (e.g. R&D, should enable adequate energy audits. This will likely increase awareness for energy efficiency too.
knowledge stock)
Technology  Global level of relevant Suitable landscape for existing technologies that should be exploited. Levelised cost of energy of
diffusion technologies renewable energy already outperforms fossil-based alternatives in new projects (IRENA, 2022)
Location on core periphery  Regarding RE implementation the location of Almaty is interesting, since it is relatively close to
of technology China. Besides, various trade agreements with China and Europe encourage to share newest
technologies.
Regimes Structure, resources, and Overcoming path dependence requires sufficient legislative backing and financial investment to
and niches  coordination of existing promote large-scale RES. Despite increased legislation previous years, it seems insufficient yet.
regimes Legislation should be implemented based on implementation challenges (PwC, 2021)
Structure and resources of  Existing funds are not competitive with traditional fossil-energy system, also because large-scale
newcomers’ niches infrastructural adaptations are required (World Bank Group, 2017). Moreover, current supportive

tariff-system for implementation of RES does not unlock substantial implementation by RES (RWA,
2021). This is because RE can simple not compete with fossil energy within current infrastructure
and legislation (PwC, 2021)

Insufficient small scale and microgeneration projects. These projects should be promoted by
providing information, legislation and traject support. This would create awareness among citizens,
and could fasten large-scale uptake of market players (PwC, 2021)

Niche regime interaction
incl. external support
mechanism

Tariff mechanism introduced in 2013 does not succeed in large-scale uptake of renewable sources

Table 11: First and second level socio-technical aspects related to the CtG-transition of Almaty
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VIlIl. Techno-economic dimension

Analysis of Almaty’s energy landscape
The last dimension comprises the techno-economic dimension. Relevant techno-economic aspects are
current and future energy demand, the type of requested energy (e.g. electricity, heat), and current
and future price(trends). These aspects are studied following the New Stepped Strategy (NSS), inspired
on the Trias Energetica approach. The NSS consists of three steps (Van Den Dobbelsteen, 2008):

1. Reduce the demand

2. Reuse waste streams

3. Implement renewable energy sources

Regarding the CtG-transitions the first and third step are studied during this research. Reduction
of demand is based on the reduction measures of the EET, which regardless of the CHP conversion,
should be implemented. Potential reduction, and the measures, of the electricity and district heat
sector have been discussed in chapter V. During this section it is analysed what Almaty’s potential is
for implementing renewable sources, when reduction and reuse have been maximised.

This section consists of two parts. Part one studies the renewable energy potential of Almaty for
various energy sources, and compares them to fossil fuel options. This part focusses on natural
circumstances for implementation of solar, wind, geothermal and hydro energy.

The second part consists of quantitative analysis comparing the CtG-plans of converting CHP-2 to
renewable alternatives, based on four aspects; 1.) technological possibilities, 2.) carbon emission, 3.)
economic feasibility, and 4.) impact on the existing network. The analysis are inspired by first- and
second level variables of the research framework (see table 12). The variables are implicitly integrated
in quantitative analysis and graphs, instead of tables as previously.

The sections of renewable energy potential and financial trends of energy production present the
outcomes that form the starting point of the quantitative analysis. Next, the techno-economic analysis
are discussed. The complete analysis is found in appendix E.

Existing infrastructure for extraction,

Fossil fuel types, resources, reserves, *  Typesand scale of energy uses transportation, conversion and use
Second level extraction costs * Energy intensity «  Age of infrastructure
variables * Import and export of fuels and carriers * Factors driving demand, growth and * Manufacturing, import and export of
* Type and potential of RES, cost of decline (e.g. population and economic equipment
relevant technologies growth, industrial restructuring = Cost of operation and infrastructure

construction

Table 12: First and second level variables related to the techno-economic domain of energy transitions
Source: Cherp et al. (2018)

1. Renewable energy potential
The energy transition towards large-scale implementation of RES in Almaty (and Kazakhstan) is
divided in extremes when considering technological and economic opportunities and challenges.

Opportunities

First, various natural characteristics result in a favourable climate, and thus technological potential, for
production of renewable energy (Bogdanov et al., 2019; Karatayev et al., 2016; MacGregor, 2017; PwC,
2021). Solar and wind energy contain the most potential in nearby Almaty.

First, for solar energy, regions nearby Almaty belong to the areas with the highest potential
for solar PV production of Kazakhstan, based on direct normal irradiation (NDI), with averages around
1,500 - 1,600 kWh/m?. The north of Kazakhstan has irradiations rates around 1,100 kWh/m?, and for
example the Netherlands 900 - 1000 kWh/m? NDI (World Bank Group). Spaces with high irradiation
rates appear to be suitable for solar PV installation, since the terrain is open, flat, not densely
populated. Besides, nearby potential areas existing grid connection is available (220kV, 500kV and
1150kV) (see figure 20).
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Figure 20: Solar PV potential nearby Almaty (left) and nearby grid connection to potential PV areas (right)
Source: SolarGIS (2022), Energydata.info (2018)

The situation for wind energy is similar to that of solar energy (see table 21). The steppes
climate and wind streams create suitable circumstances for wind power generation nearby Almaty.
However, conditions in the Middle- South and South-West of Kazakhstan are favourable. The Almaty
region experiences wind speeds of around 6.4 m/s with energy potential of 425 W/m?, compared to
600 W/m? Turkestan (Middle-South), 450 W/m? Atyrau (South-West), and 300 W/m? for Amsterdam
(World Bank Group, ESMAP, Vortex, et al., 2022).

Figure 21: Wind energy potential nearby Almaty
Source: Global Wind Atlas (2022)

Third, regarding geothermal energy, potential around Almaty limited data is available. Various
sources exclude geothermal energy from their studies (Bogdanov et al., 2019; Karatayev et al., 2016,
2016; PwC, 2021), and only few include it (Boguslavsky et al., 1999; World Bank Group & ESMAP, 2019).
The exclusion of geothermal potential could be prescribed to the zeitgeist of last decades, since
geothermal was not popular and our society is mainly designed on fossil based energy. However, due
to lacking data on geothermal energy and the popularity of other sources (e.g. solar and wind),
geothermal energy is excluded from the quantitative analysis. Though, further research and renewed
popularity of geothermal energy could introduce it in future scenarios.
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Last, hydropower already accounts for around 13% of the total energy generating capacity if
Kazakhstan. Nearby Almaty two large scale hydro power plants (> 50 MW) generate energy for Almaty,
the HPP Moynak (300 MW) and HPP Kapchagay (364 MW). Besides, MacGregor (2017) states that 8
small HPPs are operational in the Almaty region, with a total generating capacity of 72,1 MW. Five
more hydro power plants are planned for the Almaty region with capacities of 34,8 MW, 42 MW, 24,9
MW, 15 MW, and 12 MW (total of c. 130 MW) (Eshchanov et al., 2019). Next to these planned hydro
energy plants there is limited data on future potential in the Almaty region. Therefore, during this
research hydropower, as new implemented technology, is not included in the quantitative analysis.
However, the main purpose of HPP plants nearby Almaty is to cover peak loads in the region (Samruk
Energy, 2017).

For this research the focus of a RES alternative for CHP-2 will consist of solar and wind energy,
in which hydro energy can play a role for balancing the network. Solar and wind energy dominate in
literature for renewable energy, for example in policy reports (Nazarbayev, 2013; World Bank Group,
2017), institutional reports (PwC, 2021; World Bank Group, 2018) and academic papers (Bogdanov et
al., 2019; Karatayev et al., 2016; MacGregor, 2017; PwC, 2021). Other sources of renewable energy
therefore excluded for the analysis.

Challenges

Besides the favourable aspects, various challenging characteristics for large-scale implementation of
RES can be identified. First, the harsh continental climate results in very cold, long winters and high-
temperature summers (Karatayev et al., 2016). As mentioned previously, district heating is one of the
main energy consuming services of the city. This is partly due to system inefficiencies and poor
insulation, but also due to long winters resulting in high seasonal demand. Second, as previously
discussed, an abundance of fossil fuels and current pricing systems lead to fossil fuel production low
costs. These low costs compete with the implementation of RES (Bogdanov et al., 2019). Lastly, the
economy is very energy intensive, which makes it hard to generate sufficient energy with the right
characteristics (e.g. electricity, district heat, high temperature energy) (Bogdanov et al., 2019).

2. Financial trends of energy production

LCOE ranges

This section provides an overview of current cost levels and future cost trends various renewable and
fossil fuel energy sources. For renewable sources the focus is on solar and wind energy, as these are
considered to be favourable for Almaty. The costs (trends) are based on the LCOE, which is a relatively
simple measure for analysing (expected) energy costs per kWh. Overall, the LCOE is a comprehensive
measure, that includes most essential cost aspects, the total installed costs, M&O costs, and costs of
capital. The motivation and limitations for this method is elaborated on in the methodology section.
Moreover, as specified in the methodology section, when Kazakh specific number were not available,
assumption are made on the average of China and Europe.

Table 13 presents an overview of current and expected cost level ranges of Europe and China,
as Kazakhstan was not available. These ranges are used to analyse the CtG-conversion of CHP-2 and
potential renewable sources. (World Bank Group, 2017). LCOE averages of hydropower are hard to
predict since the costs highly vary per case, due to natural circumstances, technological requirements,
and case specificities (EIA, 2022). However, as mentioned before, is new hydropower potential not
included in the quantitative analysis of the CtG-transition.

Interestingly, the LCOE of new coal projects is 1.5 times higher than for solar projects. New gas
projects are around 1.7 times more expensive per kWh. IEA (2020) takes into account capital costs,
operations and maintenance (O&M), thermal fuel (fuel), electricity costs (fuel ), price per tonnes
emitted carbon (carbon), and CHP heat revenues. A more elaborated analysis of current LCOE
measures is presented in the financial analysis of appendix E.
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Energy source electricity generation LCOE 2021 LCOE 2030 LCOE 2050
($/kwWh) ($/kwWh) ($/kwh)

Coal + gas (CHP K2) 0.042! ( 0.056 excl. subsidies) | - -

Coal (CHP) 0.060 - 0.170? 0.080- 0.185? 0.095-0.200?

Gas (CHP) 0.100 - 0.110? 0.120-0.140? 0.130- 0.170?

Solar (utility scale) 0.035-0.0483 0.020 - 0.040? 0.015 - 0.030?

Wind (on shore) 0.028 - 0.0423 0.045?2 0.040 - 0.045?

Hydropower (river) 0.048 0.048 - 0.0824 0.048 - 0.0824

Table 13: Overview LCOE per energy source

1Source: globalpetrolprices.com (December 2021), comparable (World Bank Group, 2017a p. 44, 2017b, p. 23)

2 Source: IEA (2021b) specification of LCOE per energy source in 2020, 2030 and 2050 per region (China and Europe)

3 Source: IRENA (2022): realised LCOE measures for the year 2021

4 Source: EIA (2022) specification of LCOE of hydropower in 2040, so accounted these numbers to 2030 and 2050 (global)

Renewable energy cost trends
The LCOE of Solar energy has been declining majorly because of technological improvements and
increased competition. First, the levelised cost of electricity (LCOE) declined from 0,417 (S/kWh) in
2010 to 0,048 (S/kWh) in 2021. Second, the total installed cost decreased from 4,808 $/kW in 2010 to
857 S/kW in 2021. Last, the capacity factor (production efficiency) has significantly increased as well,
from 2,37 - 2,69 ha/MW in 2010 to 1,89 - 1,94 ha/MW in 2021, with the top 5" percentile at 0,93
ha/MW (IRENA, 2022).

Onshore wind energy experienced a similar development, with a global average LCOE
decrease from 0,102 S/kWh (2010) to 0,033 $/kWh (2021). Total installed cost decreased 35% between
2010 and 2021, from 2,042 $S/kW to 1,325 S/kW. Wind turbines are more efficient in energy generation
as well. The capacity factor increased from 27% (2010) to 39% (2021) as global average.

Hydropower has been implemented in Almaty’s energy grid for decades. Hydropower is the
only technique that experienced increased LCOE between 2010 and 2021, from 0.039 S/kWh in 2010
to 0.48 S/kWh in 2021. However, still 85% of newly commissioned hydropower plants has cheaper
LCOE than new fossil fuel-fired alternatives. The increase in cost is due to challenging locations and
therefore higher install costs. The total installed costs were 2135 S/kWh in 2021 and 1315 $/kWh in
2010.

For quantitative analysis and calculations the average LCOE and total installed costs of China
and (countries in) Europe was leading. These values can vary from global averages. Figure 22
showcases the cost trends of global average cost decrease of solar, wind and hydropower.
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Figure 22: Development of LCOE’s of solar PV, onshore wind, and hydropower
Source: IRENA (2021)
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3. Quantitative analysis: RES alternative for the CtG-transition

This section presented results of comparing the conversion of CHP-2 to the RES alternative of solar and
wind. The analysis departed from four various starting points: 1.) financial resources, 2.) spatial impact
of the RES scenario, 3.) avoided carbon emissions, 4.) network reliability and stability including to two
fundamental aspects, the baseload capacity and peak demand generation. Motivations and limitations
of the quantitative analysis methods is elaborated on in the methodology section.

In order to conduct quantitative analysis, the exact context in which they are executed need
to be defined. Compensating CHP-2 by the RES alternative energy contains implications varying per
energy source due to their characteristics (e.g. LCOE, capacity factor, spatial requirements, etc).
Therefore, prior to the analysis, the ratio of wind and solar energy and the amount of energy required
to compensate CHP-2 had to be determined.

Wind and solar energy ratio

Various challenges must be overcome in order to implement large shares of RES, and even
more to achieve energy neutrality, such as stabilising the electricity network, electrification of current
sources, and storing energy. For this analysis a preferred ratio of 50% solar and 50% wind energy was
determined for compensating the yearly CHP-2 energy production. This ratio was selected because of
favourable natural circumstances, the complementary characteristics of solar and wind, and thermal
energy saving potential during cold periods. Besides, it is assumed that this ratio suffices during the
beginning of the energy transition (and for this study), as various traditional energy sources are still
active, for example CHP-1, CHP-3, two HPP’s and imported energy from KEGOC. This is elaborated on
in ‘starting point four’. See appendix E for the complete analysis

This conclusion lead to an equal share of energy generated from wind and solar to compensate
CHP-2 (6,267 GWh/year). However this amount is without energy losses and required electrification
steps. The final energy demand by wind and solar is explained in the next section.

Energy demand to compensate CHP-2

In order to compensate the energy production of CHP-2 by renewable sources, various aspects
have to be taken into account. First, CHP-2 generates heat and electricity, in which heat is for a
significant amount a by-product in this process. However, solar and wind energy solely produce
electricity. Therefore, compensating CHP-2 requires electric energy to be converted to heat. Power-
to-heat can be converted with an efficiency of nearly 100% with electrical boilers (Beyond Zero
Emissions, 2018; IRENA, 2019c; Schoeneberger et al., 2022). Therefore, for calculations an efficiency
rate of 99% was taken.

Second Almaty experiences considerable network losses due to the obsolete infrastructure.
Current transmission and distribution losses had to be included. Especially heat losses are significant
due to obsolete infrastructure system (World Bank Group, 2017). An overview of the CHP production,
power-to-heat conversion and current energy losses is presented in figure 23 .

59% heat
- 20%

41% electricity

CHP production Heat distribution

loss
SSS -_— 0, : : -_— 0
Electricity-to- Electricity network Figure 23: Specifics of current energy
) production and losses
heat efflency loss

Source: The Word Bank, 2017
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However, these loss rates do not include the energy efficiency improvements planned to be
implemented in Almaty before 2030 (World Bank Group, 2017). Reducing energy demand before
increasing generating capacity is conform the Trias Energetica principle. Therefore, it is assumed that
these improvements are realised. The EET reduction measures (appendix C) are taken into account,
which leads to heat and electricity loss rates presented in table 14.

Overall, table 15. Includes a breakdown of the required generated amount of energy by RES
for heat and electricity, taken into account the various consequences for compensating CHP-2 with
renewable sources.

Energy reduction sector  Current energy loss (%) Energy savings per 2030 energy loss (%)
sector (%)

District heating 20% 34% 13%

Electricity network 16% 41% 9%

Table 14: Almaty’s energy losses and reduction in percentages based on the EET

Type of energy Specification Amount (GWh)
Electricity CHP-2 net production for final usage 2,546
Heat CHP-2 net production for final usage 3,721
Heat distribution losses (13%) 491
Loss power-to-heat (1%) 42
Subtotal Heat + electricity demand (excl. electricity network losses) 6,800
Electricity network losses (9%) 642
Total Heat + electricity demand (incl. losses) 7,442

Table 15: Breakdown of required generated energy by RES for heat and electricity

Starting point 1: project finances
Financial investments are a decisive factor for project realisation, and a frequently mentioned
threshold for RES implementation in Almaty (PwC, 2021; RWA, 2020b). The LCOE of renewables was
proven to already outcompeted traditional sources in general (e.g. coal and gas) with differences only
expected to increase in 2030 and 2050 (see table 13) (IEA, 2021d). Besides, since the financial
investments to convert CHP-2 are considerable it was interesting to compare the required investments
for the CHP-2 conversion with the RES alternative. These calculations are based on the LCOE, for which
an elaborated argumentation is provided in the methodology.

First, this section analysed the total investments costs of the RES alternative for compensating
CHP-2. Second, it was analysed how much solar and wind energy potential could be installed from the
total project costs of the CHP-2 conversion. See table 18 for current LCOE’s for Almaty. The total project
costs contain c. 680 min USD.

Financial investment RES scenario

The lower and further decreasing LCOE of solar and wind energy compared to gas-based energy should
function as clear long term financial incentive to implement RES. Although, current prices of coal-based
electricity in Almaty are equal or slightly higher than the to the LCOE of RES alternatives, in 2030 prices
of so