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ALES Almaty energy system HDI Human development index
CCuUs Carbon Capture Utilisation and Storar HOB Heat only boiler
CHP Combined heat and power plant HPP Hydropower plant
(cogeneration)
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transition company
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development
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List of concepts |

Energy Transition

The International Renewable Energy Agency (IRENA) identifies the energy transition agfiRENA, n.d:)
G¢KS SySNHe& GNryaAldAz2y Aa | LI GKgl & 42 g -bakedid oy
carbon by the second half of this century. At its heart is the need to reduce eakxtgg CQ emissions to limit
climate changé

Gielen et & (2019)state that, currently our society is in thmidst of an energy transition towards legarbon
and renewable energy sources. Worldde climate change and (local) air pollution are the key driver of this
transition. The global energy transition must reduce (§E@issions significantly, while alsoseming energy
security and availability. Two essential factors of the energy transition towards-eddyon energy systemare
the efficiency and a major increase in the share of renewable energy.

Primary Energy

Energy is a term that has to ldefined precisby, since it can be interpreted in various formdsgood way to
approach energy is using the concept of primary eneBigk and Nieuwlaaf2020)state that primary energy is
the original energy found in its natural form (e.g. crude oil, natural gas, coal, harvested woodnarskj etc.)
before conversion, such as fossil fuels to electricity and crude oil to gt & Nieuwlaar, 2020pPue to
various processes that have less than 100% conversion efficiency, the total demand for primary energy is
than direct energy uséBlok & Nieuwlaar, 2020%ince primary energy is the original quantity of enebefore

al conversion processes, it is a logical starting point for energy andbysing this thesis, when talking about
energy, primary energy is meant, unless otherwise stated.

Final EnergyConsumption

The totalenergyconsumed byhe end user (e.g. industry, agriculture, households). Final energy consumpti
excludes energy usage of the energy sector, such as internal usage, production inefficiencies, network lo
and transmission losses. For example, fuel transformed into elegtagjteriences inefficiency losses that are
not included in the final energy consumption of the end ugénsrostat, 2018)
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Renewable Energy
Although general consensus is similar, various definitions of what renewable energy is exist. IRENA desc
renewable energy a8RENA, 2009)

GNBySslotS SySNHe AyOfdRRSa Fff FT2Nya 2F SySNHe@
AyOf dzRAYy3a o0A2SySNHe&:X 3IS20KSNXYIt SySNHeé&IX KeéRNEPRLXE
ThelEA uses a slightly different definition, which defines renewable enerdinséernational Energy Agency
(IEA) & World Bank, 2014)

GRSNAGSR FNRBY yI Gdz2NI £ LINRPOS&aa
includes the follovng sourcesd St SOGNR OA (& | yR
IS2GKSNYIf NB&a2dZNOSas> FyR O0A?Z2

a¢ I yR GTNSES dEfivfitlod K
K Sdceéan, Ry8rbidovS homass.2 Y
dzSfa FyR K&RNRISy

Carbon neutrality

The European Parliament explains carbon neutralitfgasopean Parliament, 2021)

G/ FNb2y ySdziNttAGe YSIya KFE@Ay3a | ottllyOS 06Sisé
atmosphere in carbon sinks. Removing carbon oxide from the atmosphere arstdhag it is known as carbor
4S1jdzSAGNF GA2Yy dé

So if carbon is emitted somewhere in the supply chain, one has to compensate for this or change the acti
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 stud
valuable instruments to inform decisiemakers about possible pathways, the options and their consequenc;
(Neegler et al., 2021)

G¢KS ONRIR lyltfeaira FyR aaSaavySyid 2F LlraaArots
scenarios. For decades, such medukded studies have been an established instrument to inform decision
makersaboutJ2 a8 daA0f S LI Kol eax 2LIA2ya YR GKSANI STTFS

Coalto-gas transition
PfYFdeQa StSOGNROAGE YR KSIG LINRP@GAaAZ2Y O2YSa
Plants (CHP), heat generated fromKE, andmported electricityF NB Y W{ Gl GS YIT I 1 Kad
Operating Company (KEGOC). The three CHPs together form the Almaty Energy System (ALES). They ¢
cor 2F élebtivcity(m@dT%% of the heat)lhe additional 37%s provided by KEGOThe majority of
Almai @ Q& Sy SobisBdenekgi. H@@\erf Almaty is converting its CHPs from coal to gas based enel
production. CHR (145 MW) has been converted to gas in 2017. The plan is to conve (1B MW) to a
gasfired power plant as welland to increas€HR3 (173 MWi/its capacity and efficiencyrhe conversioof

CHRP2 from coatbased to gadasedelectricitygeneration should lead t&HGof around 504EBRD, 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, respectivelgglan assumed
financial life time. Often the concept is used to compare the level of competitiveness of various energy
technologieqEIA, 2022)

Carbon Capture Utilisation and Storage (CCUS)

Carbon capture, utilisation and storage (CCUS) involves the capture fb@Mroduction sources, such as
power generation or industrial facilities, or direct capture from the atmosphere. The captureck@®e used
for a range of applications (e.g. synthetic fuels, chemicals material), or permanently stored in deep gkeolof
formations (e.g. depleted oil and gas reservoirs or saline formatiogs), 2021f)

Green CityAction Plan(GCAP)

The Green City Action Plan of Almaty is an urban sustainability inittatimétigate and adapt to current
SYGANRYYSYyidlf FyR dzZNbly OKFffSy3aSa Ay | aegaidSyj
European Bank of Reconsttion and Development (EBRD), which assists ¢i¢ackle these challenges.

The Energy Efficiency Transformation Program of AIm@&iET)
The EET provides various energy reduction and efficiency measures to reduce the energy intensity of Alr
The pogram provides various measures per energy sector, the amount of reduced energy, the costs, ano
planning.
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Executive Summary

Almaty is positioned in a challenging situation witigard to increasing sustainabiliof their energy

system. Similar to variousban areas in Eastern Europe and p8stiet statesthe city highly depends

on coatbased energy for their heat and electricity. However, various fastimsulatefor phasing out

coatbased energy in Almaty, suas severe air pollution, damaging effects public health, and
(inter)national climatecommitments A fundamental project in this coal phasat is the conversion

of CHHXZ ! fYIFGeQa YIFI22Nl KSI G I yR -Ba6ef 0 gabdsélietedgy. LINR R dz(
Although, a transition from codb-gas (CtG)s regardedto 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 the CtGtransition.

This studypositiors! f Y I G@t@msition, and in specific the CHPconversionwithin its
wider energy goalandto become energy neutral in 2060hestructureof the study resultin bilateral
outcomes Frst, most importantly, the stdy providesadditional insightsextension of the assessment
frameworkand recommendations on the Gi@ansitionfor the city councilpolicy makers and urban
planness. Secondly, Almaty functions as a representative case study for various urban ardéasgubsit
in a similar situation. The research framework enables local authorities and urban planners to analyse
their energy situation and to conclua most urgent aspects for catalysing their development.

Theresearchmethodology consist of multidisciphary analysishat include three fundamental
dimensions of energy transitions, the sotéhnical, techneeconomic and political dimension. These
dimensions are individually analysdshsed on qualitativedesk research and descriptive and
correlational quantitative data. Next, theoutcomes and inteelatedness ofthe dimensions is
interpreted. Research is conducted with secondary data souréa®or to studying the three
dimensions, specifiasfthe CtGI NI} YAA A2y YR 1 fYIFGe8Qad OdaNNByild Sy

According to the research framewqitketechno-economic dimensioris characterisethy the
available resources, energy flows of supply and demand, and existing infrastructure. For Almaty the
technoeconomic dimension is mainly typified bgw-cost subsidised and abundant fos$ilel
reserves, and unexploite@otential for renewable enegy. Current system is dominated by and
developed for(mainly) coabasedenergy, which results in lowosts and energy intensive sectors.
However, although, current activities are highly pollutant, inefficient and energy intensive, Alasaty
clear energyambitions 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 potensahrious analysis
conclude that a RES alternative based on solar and wind enesrggvourable(over the CHR
conversion) on the long terfnom a financiahndsustainable (reducedarbon emissioypoint of view.
Implementation of solar and wind as coesation for CHR appears to be technically feasible for
Almatybecause of substantial alternative sources to back heat and electricity production for variable
renewable energy production

According to literature, thesociotechnical dimensionncludes(the presence of) innovation
systems, technological diffusion, the structure of existing systems and resources for technological
innovation. Regarding the energy transition, se@ohnical aspects concethe emergence of new
(clean)technologies withinthe embedded existing energy systemhich is oftencoal and gas
dominated For Almaty, this dimensias typified by being stuck in a carbon laok Thisentails the
seltmaintaining process @ffossil fuel based energy system because of significamtastsof various
societal aspects (e.g. political, economic, technical, soEiaf)example, political parties are bounded
to the habit of providing lowcost coalbased energy to households, and industrial parties are heavily
invested in coabased actiities that are economically rewarding. The conversion of -ZH#an
investment thatassumablyenhances the carbon lockn and reinforced f Y | piath @&pendence
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towards fossil energySibstantial investments are requiress well, and the gas power plants have a
assumed (financial) life expectancy of c. 30 years. Though, probably even longmeneasf current
power plants are already operational since 1970.

On the other hand,he obsolete infrastructure and need for financial investment provide a
possibility to break this lockin and avoid renewed path dependence towards fossil endrgy
investing in long term plans for increased renewable enekgpwever, currently there is a lack of
sufficient RES stimulating measures, and exigtilegsuresare insufficientand uncompetitivewith
fossil energy. Various arguments promote for RES stimulation on the long term, simbrasged
public health for citizenglecreasing the fossil fuel dependency, (inter)national clincatemitments,
ambitious energy transition activities of majorinternational trade partners (e.g. Europe) and
diversfication of economic activity.

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

For Almaty, ation in the political dimensioms required to catalyse the energy transition,
promote RES implementation, breach with the carbondiogcknd prevent renewed path dependence
on fossil energy(Local) political actors have to decide between short term economic growth and
political stability, or long term plannirand gradual developmenmbdwards a sustainable and diversified
energy system. Two policy cycles have to be adapted. Figatlations of fossil fuel energies have to
gradually be phasedout KS SYLKI aA & 2y Yitdldcdhoalicig@wtiaad pblivcal2 NI |y
stability are major driverfor remaining the status quo and existing policies. Secondcompetitive and
catalysing plicyto stimulateRES deslopment and implementatiois required. CurrentlyRES cannot
compete with fossidlternatives, and therefore cannot penetrate the heavily fadmihinated 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

Increased demand for
RES investments

Decrease long turn

. . ) Development of RES
investment in fossil eneray tecfmo\o ies
energies 9
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 reathingy” I énérgy @als.
Most important igo breach the dependency on fossil energy from an economic, technical, and political
point of view. This dependency is identified as acarbondogkz | YR | RRAGA2Y I f Ay @S:
gasbased energy infrastructure lead to rewed path dependence on fossihergyand a remained
carbon lockin. Progressively stimulating anchplementing solar and wind energy as alternatfoe
the CHPF2 conversion is an important step towanplsasing out fossil energy adeaching the carbon
lock in. Development towards increased RES is motivated by various long term economic,
technological, sustainability and (public) heath advantagHserefore local government should
conside heavily investing in implementation of renewable alternatigad stimulating policiesinstead
of converting CHP2, in order to seriously work towards timeclimate ambitions, and to prevent
another carbon lockn.
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[. Introduction

1.Energy transition goals of Kazakhstan
In December 2015 a sense of global unity and collective celebration echoed thhmugbwspapers
191 countries had signed commitmentsdd8 NE RdzOS GKSANJ SYAaaizya | yR
the impacts of climate change, and calls on countries®gtd 0 KSy GKSANI O2YaYA G Y Sy (
the Paris Climate Agreeme(¥ations, 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 enexdgch® be scaled up at least six
times faster globally to start meeting the goals that were set in ZIRENA, 2018RAlthough progress
is being made as IREZD21)states that more renewablelectricityhas been added to the grid than
nuclear and fossil fuels collectively for the past seven years, still renewbddticity should reach
10,700 gigawatts (GW) in 2030.,Z00 GW means that we have to quadruple the global amount of
renewableelectricityin the coming decaddRENA, 2021c)

Kazakhstan is one of the countries that signed the Paris agree(RemC, 2021)These
commitments arechallengng since the countryheavilyrelies on the fossil fuelexporting industry
Since theSoviet era, the exploration of oil and gas, refinement and distribution have been the corner
stone of the economyThe fossil fuel deperghcy is stressed iy KS t NBaAaA RSy G 2F YT
Bankas welin 2018since he confirmethat 85% of the economy was dependent on oil and gas exports
(Clingendael, 2021). Although the oil and gas sesteconomicallypredominant at the moment,te
Kazakhstani government committed itself to varisesewableenergyand CQreductiongoals inthe
previous years. These goals structure the energy transition in comprehensive phases. The most
important goals areshown intable 1(PwC, 2021)

2013 In 2013, Kazakhstan adopted a plan for transitioning to a green economy. According to this pl
share of renewable energy sourc@stotal electricity production should b&% by 202030% by 2030
and50% by 2050.

2016 In 2016, Kazakhstan signed tRaris Agreement on Climate Change, making a commitmenetthace
greenhouse gas emissions by 15% by 2é3@tive to the level of 1990.

2020 A lowcarbon strategy until 2050 is currently being developed (Yessekina, 2B2&des at the
climateactionsummitof December 2020, Kazakhstan pledged to achoewbon neutrality by 206G

TableLYI T I 1 K&dl yQa NBySslotS SySNHE | yR y@aNb2y NBRAzO
1The goal of 3% renewable energy by 2020 is met regasddirector of the RES Department at the Ministry of EneRfis generated
by hydropower (9%), solar (1%) and wind (1%) (PwC, 2021)

2A definition ofenergy neutrals not giving yeaind 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
especiallyfor wind and solar powe{Bogdanov et al., 2019yarious (national) challenges need to be
overcome in order to achieve the 2030 and 2050 gdaften occurring leallenges concerifimiting
policyflegislation, investmetrisks, limitedbalancing capacity, uncompetitive tariffs, lack of sufficient
renewableenergy infrastructure (especially in urban areas), and limited stimulation of micro level
renewable energy generatiofClingendael, 2021; MacGregor, 2017; PwC, 2021; World Bank Group,
2018) However, overcolingthe challengesand committing to set goals, is especially imporiginte
major trading partners are actilietransitioning to clean energgis well Most importanty Europe as
biggesttrading partner which isan activefrontrunner in the energy transition. Currently, 80% of

Y I T I | Kehdigyekmd is directed to EuropéClingendael, 2021)The expectation is that the
demand for oil imports will decrease by 78% antura gas by 5&%7% after 203QClingendael, 2021)

The economic impact of the falling demand by Europamaéjorly impact Kazakhstan. Besides, the
dropping demand will have high deflationary effects on global energy prices, arefdhenegatively
impact the profitability of hydrocarbon expor{€lingendael, 2021)'he importance of transitioning

to renewable energy sourcd®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 importan for Europe as well. Both parties have recagdi this, and mometarily
Europe is the largest investor in renewable projeictKazakhstanBesides they provide technical
support (Clingendael, 202150, the challenges may be significant, but tingency totransformas
well - andthe risks of not transforminghay beunsurmountable.

3. Coal dependency

Although many countries signed the Paris Climate Agreement, coal is still a dominant resource for
energy generationaccounting for 35% of the global electricity generat{titA, 2021e)Despite their
efforts to increase the use of losarbon and renewable energy sources, China (53%) and India (12%)
together, accoutfor two-thirds of the global coal consumptigihEA, 2021a)Though, many other
countries still heavily rely on coal for their electricity production as.vi#Edpecially in Eastefurope
post-Sovietstates, and (Middle)Asia, such as Poland (70%), Serbia (70%), and Indonesia (60%)
(EMBER, 2021Kazakhstan finds itself in a similar situation. AccordimeglEA(2021f) their energy
supply depends for around 5086 coal based energy production, followed by natural gas and oil both
for around 25%.

Natural gas is frequently considered as a transition fu¢h@ntrajectory of reaching energy
neutrality (IEA, 2019b; Stephenson et al., 20123cause on the one hand, neal gas is significantly
less pollutanthan coal, relatively easy to implement, and more stable, reliable, and financially feasible
than renewable sources currently. On the other hand, naturalggaserated power is still a fossil fuel
and not carbon netwal (Abbess, 2015; IERQ19b; Safari et al., 2019 ccording to the IE£019) a
coatto-gas(CtG)transition results in an average reduction of Gei@issions of 50% when generating
electricity and 33% when used in industrial activities. However, realizing this is an average is important,
as multiple variales are in play, and therefore the specific reduction varies from case to case. For
example the agesize,and efficiency of the codired plants, the chemical composition of the natural
gas and coal, and the infrastructure influence the exact redu@ieh 2012)But in general switching
from coal to gadired powerplants leado reduced GH&@&missions. In line with these ideas, the
Kazakhstani government set op national policies to drastically reduce the use dfredgbower
plants, and substitute them for natural gésed powered plants(World Bank Group, 2017as
intermediary result to eventually become energy neutral.

YI T | 1 KGGirangit®@dcan 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, theCtGtransitioncan be seen as a transition within a transition. Various examplesuritries
who transformed theirenergyinfrastructuretowards renewablessuch as Germany and Denmark,
stipulate the challenge and timeliness of such a transi(leyer, 2004; Pahle, 2010Yherefore
analysingthe current position and timing of thi§tGtransitionwithin the wider energy goals, is very
interesting.

4. 0y A godlttd=gas transition

One of the regions where the ceta-gas(CtG)transition and the implementation of environmental
sustainabity 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 relatddational Determined Conbutions(NDCs). For example the Municipal
Energy Efficiencyransformation (EET) repoaind the Green City Action Plan (GCERWA, 2021)
Developing a morsustainable and efficient energy systésrcentral in this process, sinddmaty is
infamous for its sever air pollution, mainly due tioe transport and energy sectofThey cause
respectively 64% and 358b emissiongRWA, 2020b)Although Almaty has a relatively good natural
gas infrastructure compared to various other regions and cities of Kazak{i&an 2020¢)their
electricity sector st reliesfor 85% on coal, and their district heat sector &% This isncluding
electricity import from the national energy producéworld Bank Group, 2017 he city council
(Akimat) plans taconvertthe biggestcoatbasedpower plant (CHP2), 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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around50%percent less than codRWA, 2021)but altering to a different prinary fuel come with
high costs, is time consuming and investmeetgail extensive payback times. The idealafge
invesmentsin a coatto-gas(CtG)transition might be a suitable option, but tanalso distract and
decreases funds for sustainable apts, and therefore work counter effective for sustaiiiiyp goals.
Various scholarsighlight the multidisciplinary challenges related to the energy transifidve.
need of amultidimensional (techneeconomic, socitechnical, political)approachof low-carbon
transitions(e.g. CtG or RE®)at support andaddsto current techneeconomic modelss frequently
promoted (Bolwig et al., 2019; Cherp et al., 2018; Geels et al., 2017; Gielen et al., RBid)gh,
techno-economic analysis are certainly necessary in-dawbon transitios, the process cannot be
reduced to anerelytechnical or financial matter due to its ndimear, disruptive and contested nature.
Thereforetechno-economic factors, such as technidaployment challengeandfinancial incentives,
often leading indecision processes, do not sufficBolitical, social and cultural processes, and
consumer behaviar practices should be included to structure the transiti¢Bgels et al., 2017)

5. Knowledge gaps

The aim of this research is to provide insights for two relevant topics with regard to energy transition
processesln order to obain these insight a case study is conducted onG@b@conversion of CHP

in Almatycity, Kazakhstan.

First, the Almaty case providaformation on the position o€tGtransitionswithin a broader
scope of the energy transition anclated goals that many countries committed themselves to.
Multiple urban areasespecially in Eastern Europe grukt-Soviet statesheavily rely on coaDn the
one hand CtGtransitions are a logicalstep since it reduces the amount of polluting GEi@issiors.

On the other hand, climate goals have to be fulfilled in the Aedgwre, and a CtGtransition would
merely be a temporarily option towards carbon neutraliBtudying theémplications of such &mely
and costly temporarily transitiorand exploring alternative scenarioss insightful sice various
countries are on the verge of adapting their energy infrastructure
Second, research on energy transitions are often conducted from a teetwmmwomic @proach for
specific target groupwith a primary focus on teclotogical possibilities and economic feasibility.
However, various socitechnical and poliical 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 Geett al. (2017) additional research should complement the techno
economic approach with the soetechnicaland politicaldynamics within lowcarbon transitionsin
short the definition of the three dimension are statbdlow. The theoretical framework elaborates on
the concepts, their interrelatedness, and frameworks to study th{Bwlwig et al., 2019)
1. Techneeconomic systemsare characterised by flows of energy, such as energwersion,
production and consumption directed by the energy market.
2. Socictechnical systemsdentified by socigechnical dynamics that influence the emergence
and embeddedness of technological innovations.
3. The system of political actiosishape the formulation and implementation of energy related
policies

6. Problem statement
From a practical castmiented point of view, lhe city council(Akimat) of Almaty committed itself to
ambitious energy plansf the CtGtransformationand significantly increasing the share of RBS
eventually became carbon neutralhe combination of these transformatignandthe relation to
stated energy goal$s complex and interesting.

Firstly,the dynamic between these ambitions are kind of conteéidg since gapower energy
is still fossil energy and GHnissions are still emitted, while poor air quality is a major problem in
the cityand increasing the air quality is urgent according to the city co(Waitld Bank Group, 2017)
On the other hand, GH€&ductions are significant when switching from ctaigas.
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Second, challenges of the energy sector predominantly concern depioeciand poor
connectivity of current fossil infrastructure and insufficient (financial) stimulation and policies for the
implementationof renewable energy. So, revisioning the existing infrastructure and the penetration
of RES tmetwork, both require ircreased focus and therefore, compete with each otflRWA, 2021)

CNRY |y I OFRSYAO LI Annsitiod EreledantSigcEdedsibryin the Q &
energy transition areregularly predominantly,based on techneeconomic analysisupported by
guantitative energynodels Howevermany oter socb-technicaland politicalvariablesnfluencethe
process as wellsuch as lockns, policy framework, political dynamics, behavioural change, and
industrial and public oppositiofGeels et al., 2017These challenges are oft@oorly repreented. It
is important to takethese dimensionsnto consideration in such a complex and timely process as
energy transitios. According tovarious academigssociotechnical and political aspects should be
incorporated in energy transition analysis aasbessment framework&olwig et al., 2019; Cherp et
al., 2018; Gielen et al., 201Besidesswitching from oal to gas is already a transition in itsgHeels
et al., 2017) For example, Denmark and Germany, who are concersddaalers within the energy
transition,the process is going on for decades, and tidpartly rely on fossil source@Meyer, 2004;
Pahle, 2010)So, tking! f Y I dafbdd &eutrality goal of 2060 into account, researching the impact
and strategy of a codb-gas transition at this stage is relevaimhe more since variousantries and
cities find themselves in a similar situation.

To onclude,analysinghe coalto-gas transition of Almaty from multidisciplinary- techno-
economic, socitechnical and political perspective is interesting within current energy landscape
andpracticaly adds tathe localassessmenframeworkof Almaty.

7. Research question:

A research question is defined in orderdlarify the endgoal of the research and its aim poovide
information and insights for the existing knowledge gaps i ¢mergy field, within a specific case
study. The research question is:

How does! f Y I Gt@&t@sition of CHR2 fit in the wider energy goal to beome carbon neutral

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

The definitions and dynamics of a multidisciplywapproach, and the techmeconomic, 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 elaboragientaally
answer he full question.Subquestions help to narrow down the scope and provide information on
distinctive elements. Eventually the sgliestions collectively enable us to answer the research
guestion.Specific aspects studied within the sqbestions are elab@ted on in the methodology
section.The subquestions are:

Subquestions

1. What is the current state of literature on the role of a multidisciplinary approattchno

economic, socidechnical, political of energy transitions?

2.What is thecurrent energy situation of Almaty?

3. What are specifics of the coefd-gas transition

42 K4 TNB !'fYldgeqQa SySNHe LRfAOe& o F&ansitoraand

its wider energy ambitions?

5. What arecharacteristics of the socio SOK Y A OF £  RA Y Sy arangiton? AadMbw

does this comply with their wider energy goals?

6. How dotechno-economicaspectsf the CtGtransitionrelateto aRES alternativeor Almaty?
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II. Theoretical Framework

Thistheoretical framework section provides the outcomegtud literature study on multidisciplinary
dynamics of energy transitiom®nducted for this researclsecondconcepts of energy modelling and
energy transition pathways aexplained. The complete literature study can be found inappendk

A. Page8 and 9 provide an overview of important abbreviations and energy related concepts to
understand the energy situation and the Gtt@nsition of Almaty.

1.Current state of literature of energy transitions

The literature study concluded that establish&tddieson energy transitios stipulate the importance

of integrating multiple disciplines through system thinkirecause oits complex and interdisciplinary
nature (Gielen et al., 2019; Kdhler et al., 2019; Turnheim et al., 20&3)ding inthis debate is the fact
that many energy transition analysis predominantly focus on teedcmnomic elements, but that
interdisciplinary approadasthat include, social, economic, technical, political and cultural aspeets
required to represent realityGeels et al., 2017)

An especially relevant challenge is to include interdisciplinary variables within energy system
modelling since thisvidely-used method remains heavily techiegonomic focussed, using vast
amounts of quantitative datéGielen et al., 2019; Li et al., 201BJthough, techneeconomic @ergy
modellingcan berelevant for studjng the impact of! f Y | Qt@t@rsition and thewider energy
ambitions pluralother aspects (e.g. economic, technical, social and politicat)are actively involved
in! £ Y& Qa Sy Shhiditbe iacludedEheiefo’ studying a method for interdisciplinary
energy system modelling is highly interesting. Li et(2015) evaluated various modelling tools
focussed on integrating techreconomic, socigechnical and political elements to quantitatively
analyse energy transitions. Secondly, Cherp et(2018) designed a comprehensive framework
involving three first-level variablesof energy transitios (sociotechnical, techneeconomic, and
political), andassignedecondlevelcharacteristics to them. These firsind seondlevel variables are
integrated in ainterrelated meta-theoretical framework. Geels et gR017)reasons in line with this
and discussgthe three perspectives within energy transitions. Therycluded that the societechnical
and political dimension should be intensively included in the debate, and suggest lessons to consider
in future lowcarbon analysis. Lastly, Bolwig et al. (2019) designé@mework that includes the
dynamics between the three perspectives, that function as a recommendations for implementing the
interrelated perspectives irffquantitative) models.

Researchon various multidisciplinangnergy transitionapproachesare studied for three
reasons. Firsto understandthe three dominant dimensions of energy transiticriechno-economic,
socictechnical and political) Second, to obtain knowleddpaut the dynamics between the three
dimensions within energy transitionsThird, to conclude what miltidisciplinary framework are
relevant for the Almaty case studyhe section below elaborates on these three aspézilaborate
on structure of this research.

2. Multidimensional energy transitions
Dimensions of energy transitions
Studies towards energy transitions have been conducted from distinctive theoretical perspdstives.
various studies conclude thanergy transitions are a coevolution of threaryingsystems, namely
(Bolwig et al., 2019)
1. Techneeconomic systemsharacterised by flows of energy, such as energy conversion,
production and consumption directed by the energy market.
2. Socictechnical systemsdentified by socigechnical dynamics that influence the emergence
and embeddedness of technological innovason
3. The system of political actionshaping the formulation and implementation of energy related
policies
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1 The techno- economic perspective
The techneeconomic perspective approachesergysystems, as an entity of energy flows of energy
inputs that deiver services. Energy inputs (e.g. natural gas, coal, nuclear, biomass) enable conversion
devices and processes (e.g. engines, burners, CHPSs) to supply leéedtocity to activate passive
systems (e.g. buildings, machines, computers, vehicles) toedeligrvices for endsers (e.qg.
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 andpgelines, etc. The techreconomic dimension consists of material goods, factories,
infrastructures, and input and output flows of supply chaf@®els & Turnheim, 2022Pue to its
material and financial character techiazonomic systems are relatively easy to quan(ify. Sankey
diagrams), andherefore economic norms can be applied to these servidéss makegechno
economic models and theoriesiitable forapplicationin energy processes and flows, as the physical
energy flows and conversion processes are traded in markets and can be cedsidgroduction and
consumption goods. However, due to this economic nature, subject to supply and demand dynamics,
it is also prone to economic logk mechanisms, such as sunk investments, economic competition
standards, and economies of scafor exanple, it is likely that large and powerful industries will
protect their vested interests and when their position is pressuraad therefore oppose change
(Kohler et al., 2019 he dovecharacteristicsnakes it challenging to catalyse change angdlement
new technologies and standards in existing #abarkets(Geels & Turnheim, 2022)

A limitation for the techneeconomic perspctivein energy transitionsgs that various dimensions
and societal aspects are excluded. First, teechoonomic (quantitative) approaches have
sophisticated instruments to explore decisioraking processes and policy targets. However, it
limitedly consi@rssocial and institutionathallenges, and the interplay between interests and politics
in a realworld context(Turnheim et al., 2015Policy is ermuntered as a fixed number of measures
with clear outcomes, buh reality policy isnon-linear and capricious. Second, challenging phenomena
as inertia, path dependence, and technological innovation cannot be overcome from a techno
economic perspectivenértia and path dependence occur due to powerful economic, political and
social interests, embedded in current systerfiBurnheim et al., 2015)The teclmo-economic
perspective tends to neglect intangible factors of transitions, for example institutional and cultural
aspects of socitechnical development, political power and willingness, and the-radionality
(irregularity) of realword processefGeels, 2014)rhus in order to comprehend energy transitions are
mere techneeconomic perspective does not suffice, due to its limited thinking and exclusion of
political and socidechnical factors.

2. The socic technical perspective
Socio- technical transitions
Thesocictechnical perspective tends to depacmore holistic and integrated loakn societal changes,
that analyses multiple dimensions of change, which include a wide variety of technological, economic,
political, and socieultural aspects at different \@ls(Turnheim et al., 201550cietechnical systems
provide societal functions that eevolve andhaveinterdependent interactionbetweentechnologies
supply chains, markets, infrastructure, user practices, cultural meanings, regulations, and policies.
Examples of urban soctechnical systems are buildiggheating, mobility, and food systems. Since
many societal actors are included in set@chnicalsystems, their development is a long term process
which stretches over decadé&eels et al., 2017)

The socieechnical perspective is clely related to socidgechnical transitions, and research
on these systems and transitisare 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 solvedmerely by technological fixes, but require radical societal shifts towards new
sustainable socitechnical systems. These transitions are callestanoability transitions, and the
energy transitions plays an major role ifKidhler et &, 2019)
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Four major research strands can be distinguished within the field of-tedimical transitions,
namelytransition managemen{TM), strategic niche managemeii&NM) the multi-level perspective
(MLP), andechnological innovation syste(i|S).The literature studyfappendixA) touches upon the
various research strandslowever, the MLP is mostlglevant 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 €G9) 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 MitBvides a good understanding on the robustness of existing
sociotechnicalstructures(e.g. energy systems), includingembedded actors and their interests, the
introduction of innovations, and theverallcomplexity of sustainability transitions.

The multi- level perspective (MLP)

Themulti-level perspectivexplains technological transitions through the interaction between three
different levels: niches, regies 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 hartb-disrupt regime. The niche break through can trifaute to

shifts and fundamental change at the regime level. The niegenelandscape interaction highly
depends on different dynamics, characteristics and timing.

The sociotechnical regime(hereinafter referred as regime) is fundamentalin the MLP.
Regimes are resilig and hard to disrupt, and can be defined as societal systems where incumbent
actors are guided by deeply entrenched rules, regulations and institu{i@esls 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 (pgiosction
standards, traffic rules),infrastructure (roads, factories, car oriented cities), economic interests
(retailers, dealers, garages) and secidtural aspects (user behaviour, transportation standards).
Regimes are resilient and stable in order to overcome external pressures)ahtmeakdowns and
disruptions. The interaction between the niche (innovations), regime, and landscape within socio
technical transitions is interestin@illustrated in appendix A figure A). The role of the regime is to
ensure that systems can fulfhieir important social functios(Markard et al., 2012)

Theniche leveis rapidly developing, but does not often prevail. They focus on radical social or
technical innovations that highly differ from the existing seteichnical system and regime. However
sometimes, with particular applications or with help from policy instents 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 devglawithout being pressured by prevailing regimes and existing
market competition(e.g. subsidies for electric cars). Windows of opportunities momentum of
disruption in existing regimesprovide possibilities for niches to compete with existing technologies
and to eventually stabilise irewv regimegMarkard et al., 2012)

The socidgechnical landscapéevel refers to wider societal contextuabwekelopments 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 sris@rge scale accidents, wars, political unrest, etc.). The MLP
describes the occurrence of transitions through the alignment of processes between the
interdependent three level§Geels, 2002)This is illustrated ifigure 1

Innovations might be beneficial for regimes to survive or expdid exampleupscalingof
renewable energy to become less dependent on fossilst However, penetrating or changing secio
technical regimes (e.g. current fossil fuel energy system) is difficult since new innovations that threat
0KS NB3IAYSQa aldloAafAide Yre 6S 6ft201SR 6S®3d YI N
sociotechnical regimes results in two dominant phenomenon that complicate and oppose adoption
of changes, new market players and innovation, nan@ticins and path dependenced.ockins refer
to mechanism that seduce actor to rather promote incremental chathge radical change. They
oppose actors to change their activities due to eeshterests, and thus stabilise existing systems and
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thus negatively influence change. Various forms of-logkexist, such as techreconomic lockns

(e.g. sunk investmentosts, lowvariablecosts, material obduracy), social and cognitive Jmsk(e.qg.
behavioural routines, habits, mindsets), political kiok (e.g. existing regulations, standardisation of
existing system, rules creating unequal playing field for innomajifGeels & Turnheim, 2022Jhe
carbon lek-in refers to a positive feedback loop towards stabilising the existing fossil fuel system. It
refers to economic, political and institutional letls that reinforce current fossil fuel systef@eels,

2014) Mahoney(2000)identifies path dependence as (i K I i ppérediat 4 learlier point in time

will affect the possible outcomes of a sequence of events occurring at a later point'irSomnpolitical,
technical or economic decisions previously made, are influencing todays energy system. And decisions
made tody 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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Figurel: lllustration of the multilevel perspective on soci@chnical transitions
SourceGeels et al. (2017)

3. The political perspective

The politicadimensions is oftemegarded as an integrated part of the sotézhnical perspective in
transition studies instead of a separate perspective. However, Turnheim ¢2@l5)concludeshat

these socigechnical analysis have limited forward orientation onlifical goals. Moreover
Meadowcroft (2009) states that the political dimension deserves a more prominent role in
sustainability transitions. He argues that political aspects in sustainability transitionsroomtas than

just the interrelatedness of ecomaic interests, technological feasibility and policy on which the
economic and socitechnological dimension react. The political aresmbails more thanjust policies

and holds great potential in sustainability transitions (difgy 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.W0&8projects in the Netherlangsolar PV in Germany)
(Meadowcroft, 2009, 2011)
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The politcal 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 ofjgipelicies 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 governmentgsied the Paris Climate Agreement, obtainddtionally Determined
Contribution (NDCs), which are mostly translated into detailed and specific plans by regional
governments(IEA, 2020¢)This central role of the state distinct the political perspective from the
techno-economic and socitechnical perspectives, where the state usually functions as a normal
economic actor, an element of the exhal landscape, or a steering factor for normative guidelines
(Cherp et al., 2018Within political perspective the motivation of political partieglanlack of political
will can greatly influence the pace and realisation of transiti@sels et al., 2017)

The complexity of the politicalimension with various influencing factors is elaboratetin
the appendicesg K S NB stale-tehtrfz @nd 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 caselystiossil 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 spalitical struggle. The political
landscae of Kazakhstan with various influencing factors interndilyt also internationallywith
predominantly China, Russia and the European Union, nthiedimensionrelevantfor the study.

Dynamics of the three perspectives in sustai nability transitions

Although the three perspectives discussed are seatonomous and have different boundaries, their
changes are mutually interdependent and they evolve collectively. Despite this acknowledged
interrelatedness and cevolving nature oftie systems, most existing energy transitions models lack
inclusion of socidgechnical 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 ceevolving dynamics between technology and soc{etyet al., 2015)For example they

do not comprehensively consider the unpredictébiof innovation, behavioural aspects of actors,
policy steering mechanisms, and the spatial dimension of energy transftimsp et al., 2018Yhey

are often techneeconomic models that entail quantitative analysis focussing on energy flows,
conversion of energy, and market dynamics that influence energy consumfitioet al., 2015)
However, to fully comprehend energy transitidgnamicsone shouldaddress all three systems since
various studies concluded that the transition is not merely a technicatemédtut is influenced by
values, strategies andehaviour of individual actors, anmdly on poliges, regulations and marketss

well (Bolwig et al., 2019; Geels et al., 2017; Li et al., 20163 idllustrated infigure 2.

Cherp et al. (2018) discussed how energy transitions analysis, frameworks and models can
become more realistic by integrating the fundamental teclsomnomic, socidechnical and socio
political dimensions. Theirdmework 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 €R@l8)designed a metdheoretical
framework to study energy transitions based on literature on the teeBoonomic, socigechnical,
and political dimensions. Thinterrelated framework (from now on referred to abe research
framework) includes essential @nents of each individual dimension provided in a talflee figure 2

& table 2) These primary and seconddeyel @I NA | 6 f Sa Fdzy OGdA2y & -+ &adl

transition analysis.
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Techno-economic

Resources Demand
Infrastructure
Innovation
systems
/7 \

Political

Figure2: First level variables related to (national) energy titioss from three perspectives
SourceBased orCherp et al. (2018)

Socio-technical

Techno-economic

Resources

Fossil fuel types, resources, reserves,
extraction costs

Import and export of fuels and carriers
Type and potential of RES, cost of relevant
technologies

Demand

Types and scale of energy uses

Energy intensity

Factors driving demand, growth and
decline (e.g. population and economic

Socio-technical

Innovation systems

Presence and structure of technological
innovation systems

Performance of innovation systems with
respectto their functions (e.g. R&D
activities, knowledge stock

Technology diffusion

Global level of relevant technologies
Location on core/periphery of technology
Possibilities for technology export

State goals

Type of state goals (e.g. energy security,
access to modern internet, climate change
mitigation)

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

Political interest

Special interests (e.g. industrial lobbies)

Party ideologies and organized social
movement (e.g. political positions, NGQ’s)
Voters' preference

growth, industrial restructuring)

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)

Regimes and niches

Existing infrastructure for extraction,
transportation, conversion and use

+  Age of infrastructure
Manufacturing, importand export of
equipment
Cost of operation and infrastructure
construction

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 the research frameworkom the three dimensions
SourceBased orCherp et al. (2018)

Bolwig et al. (2019) provides a theoretical framework ttainprehensively shows the effects
and complexity of the three dimension§energytransitions, by including behavioural changes, policy
and governmental influences, infrastructural development and other stbnicaland political
variableswithin their framework. It illustrates relations through feedback loops in which variables
positively (+) or negatively)(nfluence other variables. Collectively the variables create feedback loops
that are reinforcing (R) or balancing (B). The framewwdvides understanding of thaon-linear
nature of energy transitions, which tycludng socictechnical and political insighfgresent a more
realistic- and complex envisioning oenergy transitios (See figure 3)An extensive explanatiois
includedin the literature study oappendixA.

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 Scinaadying
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the multidisciplinary nature of energy transitions. Secotig 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: Basedn Bolwiget al. 019

Integrating models to analyse the CtG-transition of Almaty

The aim of this study is the analyse the @@&hsition within the wider energy transition ambition of
Almaty to become energy neutral in 2060 from a multidisciplinary approach. However, singg ene
transitions are mainly analysed and quantitatively modelled from a teeutmomic perspective,
exploring methods to realise this is challenging. The research consibte®phaseghat include the
three perspectives- techno-economic, socitechnicd and political- that are present inAlmatyQ@
energy landscapd@he phases collectively enable to analyse the Ct@ansitionfrom amultidisciplinary
approach.The phases are discussed in the methodology section (see table 3)
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[1l. Methodology

1.Research Method

Since this study aiedto analysehe CtGtransitionfrom a multidisciplinary perspective that focusses

on techneeconomic, socidechnical and political aspects, tlentralresearch methodvas asocic

technical system desigmhis research method focusses on systems that involve a complexity of
interactions between human actors, machines and environmental factSosictechnical system

designsuits thisresearch because of fiV@ K I NI OG SNRA & G A O& (K | -ilansfighid It & g A (
it involves systems thgBaxter & Sommerville, 2011)

1 Have interdependent parts

1 Adapt to and pursue goals in external environments

1 Have an internal environment comprising separate but interdependecinical and
social subsystems

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

1  Which performanceselies on the joint optimization of the technical and social subsystems.
Focusing on one of these systems to the exclusion of the dtlaels to suboptimal solutions.

Within the scope of this research the last aspexcprobably mostrelevantsince the success of
energy transitios relies on mutual cooperation betweesocial and technical systeni&eels et al.,
2017) Realizing the most optimal nergy transition pathway probably fails when focusing
merely/majorly onone element Joint optimization with ansensusbetween technicaleconomic,
social and politicatariablesmust be madeo achieveoptimal resuls.

As mentioned in the theoretical frameworknalysis that comprehensivelgtegrated techno-
economic, socigechnical and political perspectives of the energy transitioalimited, so aditional
insights and recommendatiomwere 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 theielevance recentness and frequency of appearance in otheademic
paper. A selection of relevant papers can be founcppendixB .

Although models exist that integrate techneeconomic and socHechnical elements in
guantitative modeldLi et al., 2015)using themwasbeyond the scope of thisesearch. Almaty was a
suitable case to explorativelgnalyseenergy transitions from multiple perspectisbecause ofits
specific coal to gasansition, similar circumstance®.g. coal dependency) and challengssvarious
cities in Eastern Europ@ost-Soviet states and Asia, and thavailable data and plansiowever
although datawas available, the amounof (reliable) quatitative data and a relativelghort period
made this aexploratively study, thahighlights points of attentions, possibilities and challenges for
further researchDespite limited datathe recommendation and insights are still relevant, siatieer
cities probably face similar challenges

Cherp et al. (2018) and Bolwig et @019)stipulate the need for multidisciplinary approaches of
energy transitions, and provide frameworks émalyse them Suppored by their frameworks a
combined effort of galitative research (literature and interviews) and quantitative modelling pralide
insights on the multi-dimensionaldynamics of theCtGtransition of Almat. The researchwas
conductedwith mainly secondary dateobtained from the national statics databasmstitutional
reports, policy documentsscientific literature and exploratory interviews

2. Methodological approach

Methodological steps

This research was divided in three major methodological sgges table3). These stepare linked to

the sub-questions that were developed tanalyse AlmatyQ &tG transition, provideinsights and
recommendations, and finally answer the research question. The steps are a combination of qualitative
and guantitative methodswhichwere aligned with the multidimensional nature of energy systems
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Step 1 consised of a qualitativeand quantitative2 @S NIIA Sg 2 F | f YI (& QAfutudec
energy prospects and specifics on the @#hsition. The analysis mainly focudsm sectors related to the
CtGtransitions, thus the energy production amtistribution sector and the build area. Data is obtain
through secondary qualitative and quantitative sourcg®p 1 providd background informationithe CtG
transition forfurther analysison individual dimensiosa

Step 2 focussed onanalysing the three dimensiongolitical, societechnical and techn@conomic)
individually their involvement inthe CtGtransitonss | Yy R NBf | 6§ SRy Saa { 2Thesé
analysis are based on the firsind second level variabléise resarch framework The socidechnical and
political analysis are conducted with secondary qualitative data and output of asteroiured exploratory
interview. Theresult is a selection of the main factdrdluencing the Ct@ransition. The techneeconomic
analysiswas conducted with secondary qualitative and quantitative datavhich the Ct@ransition was
compared to RE alternativewhich several graphimutputs as outcomes.

Step 3was characteriselly interpreting and interlinking previous analysis to concludesmommendations
and insights oh f Y | Cit@tr@rsitions within their energy ambition¥heresearchframeworksand Bolwig
et al. (2019kupportedinterpretation of interrelations between tk variousperspectivesand what lessons
can be obtainedimilar casesSince various assumptions were needed during the research, thisefladts
onvarious limitations as well.

Table3: Methodological steps to structure the researhd finally answer the research question.

Methodology for answering sub - questions

b-questionswere identifiedto structure the stepCollectively, thesub-questionsenabled to come

to insights and recommendations on the interplay of the interrelated dimensions and multidisciplinary
challenges of the Ct@ansitions, and thuso answerthe research questiorSpecifics on the methods

per subquestion are discussed ihe section below, and aoverview of the questions, research types
and methods ipresentedin table 4.

What is the currenienergy situationof Almaty?

The current energy situatioof Almaty wasrucialto analysethe impact of energy measures, to place
the coalto-gas transition into perspective, and to make recommendations for future scendries
total current energysituation functioned as a baseline for the climate commitmentsince it for
example determind the amount of GH@eduction andenewabé energyproduction thatare needed
to reach policy commitmentdhe analysis mainly focussed thve following threeaspectsn relation
to the CtGtransition:
f What are the dominant sectors involved!int Y | Gt@tr@risition?
1 What are thecharacteristics of the current energy infrastructure, source and consumers?
1 What are the forecasts of future energy usage?

Insights on these matters presentegportunities and challengesithin current energysystem
and therefore advantages amtisadvantages for the CHEansition. This sectiormimed to explore and
familiaise ourselves g A (i K ! dnéfgy Sitafigiby usinggualitative andquantitative data.
Qualitative data was collected gudy! f YI (& Q& S yaBd\i&tGrasiioh. @ivihadt Be
energy infrastructure looked like, what parties are involved, emg certainclimate goalsand policy
implementationswere neededData was mainly obtained frotditerature, andexplorative intervievs.
Literature mainly consisted of poli documentsand academic reports, and thus consi$tof
secondary dataThe exploratory interviewonsisted ofa semistructured interview with experts from
the planning and energy field and people that were involved in climate mitigation plans of Almaty.

Quantitative data wasbtained tounderstand andvisualse current energy situatio and to
roughlyanalysefuture energydemand Quantitative data wagollectedfrom governmental statistic
databases angolicy documentsas these sources providedost valuableextensive and recentiata.
Themain data source wathe Energy Efficiency Transformaticgport supported by the World Bank
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and the city council (World Bank Group, 2017he report includes datan energy production,
consumptionand reduction measures of Almaty. First, some basic characteristics, comparisons
between sectors, and challenges regarding the energy situatiere discussed. Second, data
concerning the energy sectarere analysed. This includes comparisamd characterists on various
energy production sources, the electricity network, (district) heating distribution, and energy
consumption of the build areduring this phase data was also structured for analysing specifics o
the CtGtransition and latethe techno-economicdimension

What are specifics of the codb-gas transition?

Specifics on the go#b-gas transitionwere gatheredfor familiarising withthe context and for
interpreting the multidisciplinary analysig A G KAy ! f YI 68 Q& Sy SNHBeC®2| f a f |
transitionwasleading in this research and therefasetareference framework for other sustainability
measures recommendationsand transition pathwaysThe bllowing specifics of th€tGtranstion
wereinvestigated:

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

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

1 What are the total estimated costs of the conversion?

1 What is the total emission reduction aftesmmversion?And what are the consequences for the

carbon neutrality goals of 2060.

The characteristioswere obtained through qualitative and quantitatiyeecondarygata gathering.
Qualitative data described the context of the plans, the planning andgttiécal motivation for the
operation. This data was collected from literature sources, such as policy docurfrentsthe city
council institutional reportsfrom the World Bank, nketreportsfrom! [ 9{ 6! € Yl &8 Q& 9y SN
anda semistructured interview with energy expert$he qiantitative data gatheringvasneeded to
analyse the CtGtransition within the wide scope of the energy transition. This part consisted of
descriptivequantitative analysis omariouscharacteristics of thelectricitysystem such ashe amount
of electricity and heat producedyy what type of energysources(e.g. coal,gas, hydropower),
electricity and heat infrastructure. This data gathering and &triing phase formed the basis for
analysis of the socitechnical, political and techreconomic dimensions.

Whatare! f YI (& Q& S(godisNane polltiilidyn&nicsegarding the Ct@ransition
and its wider energy ambition®

For thepolitical dimension, arrent polidesand policygoals wereanalysed based on the first
and second level variables thie researcHramework. Current policies presented insightslof Y { & Q&
visiors, desigrs,implemented plans, and the political dynamiés overview of the policy ambitis
defined the arena in which all energy transition measures and innovations sow# itsets the
baseline for energy transition development

The poliical analysis was divided over international, national and regional poliBiekicies
from the threescales were separaly appointed to the variables tiie research frameworkince this
created a better overview of where certain political decisgiould be made and specifics on the
dynamics within the energy transition.

Thepoliticaloverview was created through qualitative desk research with the use of secondary
data, mainly policy documents. The analysis focused on aspastthe publication datethe time
horizon of the policy plans, relation to thétGtransition and the motivation of the policy plans
technical, economic, political, etc. The overview resulted in a comfdete of current obtained goals,
responsible actors, target groupand political dynamics
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What are characteristics ofhe societechnicaldimension¥ 2 NJ ! fCyGitrangitiore? And

how does thiscomplywith their wider energy goals?

Thesociotechnical environment clarifies emergence of the current eneigiyation, and why
certain alternative can or cannot come to existence. Dynamics of the stmzibnical dimensiomvere
mainly defined by regime and niclebharacteristicssuch as thelevelopmentof technical innovation,
support of technological diffusionnd the protection of certain markets. These type of aspease

studies based on the firsand second levelariables of the researchframework

Analysing the socitechnical dimension wasonductedby qualitative desk research, which
focussed secondary literatusmurces on the energy sectanainly institutional reportsSources were
selected based on their relevance to the @ténsition, publication date and their assumed reliability
based on the source. Eventually a table was created that comprehensivelyagesibe dynamics of
the societechnical dimension within the energy sector of Almaty. The table was based on the research

framework to compare the various dimensions.

How do techneeconomicaspectsof the CtGtransition relate to a renewable alternativefor

Almaty?

The third and final analysis concerned the tecl@mmnomic dimension. The analysis consisted
of qualitative and quantitative results. Qualitative aspeatalysedpotentials for renewable energy
options near Almaty. Data was obtained fromri@us 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 afescriptiveand correlationalquantitative analysis.This
contained analysng fossil and renewable energgptions by comparingemitted CQ emissions,
average costs per kWlelectricity capacities, and spatial consequendég. methods and limitations
of these analysis are further explainedintd y I f @ aAy 3 YSOiKedan. YR € AYAGLI

Subquestion Research Method

What isthe current state of literature on the role of mutlisciplinary approach Qualitative  Academic

technaeconomic, socitechnical, politicat of energy transitions? literature review

What is the current energy situation of Almaty? Qualitative  Desk reserch
Quantitative Energy modelling

What are specifics of the co-gas transition? Qualitative  Desk research
Quantitative Energy modelling

2KFG FNB 'ttYlFrGeqQa SySNHeée Ll2fA0Oé& o632 Qualitative
transition and itswider energy ambitions?

Desk research

Whatisthesocidi SOKY A OF £ f I y R & @kgadFanFitwi®IAndhowldae Qualitative
this comply with the wider energy goals?

Desk research

How do techneeconomic aspects of the CtGransitions relate to a renewable Quantitative
alternative for Almaty?

Energy modelling

Table4: Overviewof methods for answering the suiesearch questions

AppendixA (p. 100 figureEandPF presentand elaborateon the conceptual framework that is
designed for his 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 Ct@&ansition from a multidisciplinary perspective.

Although this study obtained valuable isights, it still experiencedsarious limitations. Some
limitation were linked to analysing methods that experienced a lack of localspecificdata. Limitations
that were expectedecauseof selection processes are discussed in the nexdection.The discussion

sections reflects on the limitatiorthat were not coveredeforehand.
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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 ugto-date and reliableThis accounted for both qualitative and quantitative data.
Especially, since due to the pandemic, visitimg city, doing observation and interviewing people in
person was not an optioThis is a compromighat always exists wheoonducting researchOn the

one hand, conducting large scale research ltnty available data, but mostly come to genesal,
non-location specificonclusiors. Or on the other hand, focus on a local case for which often limited
reliabledatais availableLocalspecificdata can be collected first handedhich istime consuming and
costly. Or secondary data can be obtained,clhbften 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 limitationf®r both the qualitative and quantitative methods.

Thequalitative methods mainly consisted of desk research based on academic and institutional
literature, andexperienced two major limitationsirst,data wasregularlynot available on local scale.
However, local characteristics on the energy infrastructyrelitical dynamics, and soeiechnical
systems were valuable. Therefore, assumpdiavere made based omational (or even global)
literature. Second, somocalreports focussing specifically on Almatyere availableHowever,the
amount was limited, saeliability 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. Butesti#tification 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
CtGtransition and to compare with renewable alternativesamely 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 renewsaBlellectively, 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 ahaeus of Almaty
(World Bank Group, 2017, 2018he analysis togetha@imed to cover these three principles, for which
the methods and limitéions are elaborated on below.

Financial analysis (energy affordability)
As formostprojects, financial aspects are importakty” ! f Y |trarsiga. THisivas Y | maé Q a
reasonfor usingCHP2 as main productiorsource ascoalhad to lowestproduction costs. However,
the negative external effectg(g.air pollution) were heavily impacting the city, and therefore the city
council aimed for cleaner options in line with their ambitions.

Variousaspects impacproject costs and thus the price of energylmportant arethe total
installed costs, maintenance and operation costs Ml&nd, for investors, the costs ddjital (WACC).
A comprehensive method that is widely available and includes all these aspihat$evelised cost of
electricity(LCOE). This method is used every yedRENA to compare various energy soursexe
it is relatively simple and thereferpresent an overview oenergy technolog costsover many
countries. It measures the costs of electricity per kilowatt hour taking into account the total installed
costs, M&O, WACC, and an assumed life time of the production sREBIA, 2022)RENA calculates
the LCOE based on specific costs of realised projektsformula for calculéig the LCOE is shown
below. Though, during this research, results of IREXA2)are used for comparing alternatives.

LCOE = the average lifetime levelised cost of el@gtdeneration

n I+ M +F Il =investment expenditure in yedr
LCOE = =l {14+r )t M; =operations and maintenance expenditures in year
B - n E, R = fuel expenditures in yedr
t=1 m E = electricity generation in year
r = discount rate
n = lifetime of system
Figure4: Formula of LCOE with explanation of the variables SourcelRENA (202:

27



[ll. Methodology A COALTGACTION

However the LCOE dsnot include all factors involved for investment decisicrsd it
generalises project costsor examplewhen otherinstallations are already installed in the area, the
relative costs of addingsimilar plant is relatively cost efficietiowever, installing a new installation,
with new grid or infrastructural needs, the costs rige method that compares the costs that are
avoided by installing specific technology is tHevelised avoided cosf 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 currentiassd (and especially
coatbased) power p@nts are relatively expensive to replace, since these costs are relativeliFdow.
LACE comparisons are better to compare specific generation alternatives. However, for these
comparisons local specific data is required. Besides, the LACE is less inléyaiaty) éase since the
coatbased energy plant (CHB is béng replaceddespite the alternative

For these reasons, despites limitations, this research used the LCOE to conduct financial
comparisons between energy alternatives. Since local datatiavailable for cost analysing methods,
which is required for LACE, while data availability of numerous global projects is available for the LCOE.
Besides, the LACEassumablyess relevanin this casedue to aforementioned arguments.

Now it is regoned that the LCOE is a suitable method to compare energy production sources,
it is important to be aware of some specili€OE limitations. Firstly, the LCOE oversimplifies project
costs and project specific conteXvery project has specific costs deyling on the specific area
therefore these cannot be compared generally beforehaWdthin that specific area for example,
certain financial standards are leading and energy policies, v&rgh asspecific tax benefits,
subsidiariesand local wageqEIA, 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. BesideSQRe
calculates with a certain utilization ratBut, this rate depends on the electricity demand over time
and the existing resource mix in the ar@dA, 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 energymplementation The socidgechnical anl political aspects can be decisive despite
the fact that it is hard to account for them @nformula 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
y2G fFNBSt& AydSaNI Syt whithicéuld bearexira isk3.HovieyveS WHtde & & a G
energy prices can increase fuel prices for fossilémergy. These kind of risks are not concluded in the
LCOE .

Despite these limitation, the LCGi®mprehends many variables and therefore is quite
elaborated, and represents future trends relatively godtde LCOgeneratesa broad picture of costs
per specificenergy source

Lastly, the LCOE for Kazakhstan (or Almaty) are not available. Therefore future LCOE references
are based on prices of China and Eurgped presented as a range. China and Europe are selected
0SOldzaS 2F YI T I {dcaidnl sgrardonplabla miuialKifcuristinces and the fact
that these two countries are the most important trading partnefeerefore knowledge, techniques
and financial resourceare likely shared, but also their trading standards arebably demanded.
Besides, production costs are lower in China than in Kazakhstan, while the wages of Kazakhstan are
lower than in EuropeMoreover, transportation costs are probablgwer than for Europe, but higher
that for China.Therefore, the averageCOE of China altiropeis expected taealisticallyapproach
the LCOE oAlmaty.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)

Thespatial analysipresentedan impression of total space required to compensate the energyZHP
generates every year by renewable alternatives (solar and wind), taking energy losses into account.
For this analysi®ur steps are taken, that all contain assumptions and limitatiat tieed clarification

1.) dentifying and selecting renewable options for Almaty, @}ermining the ratio of various
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renewable energy options, 3.) calculate the required energy to compensate fe2 GiiH 4.) calculate
the needed space for the requiredmount of installed capacity.

Step oneconsisted of exploring various renewable energy potentials nearby Almaty. Academic
literature, energy modelling tools (e.g. ThinkGeothermal, SolarGIS, Global WindAdasstitutional
reports were used to explervarious renewable options and the potential they contain for future
implementation. Sep two determined an optimal balance between various renewable options as
alternative for CHR. Academic literature and the model.energy tool were useddétermine a
balance between renewable energy sources. The ratio is not fixed, and adapting it is merely a matter
of prioritizing criteria (e.g. capital investmeodsts energy balanceetc). In step threethe required
amount of electricity to compensate CkHs catulated. However, sincthe 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
arebased onl f Y I duréefd foss ratesenergy reduction measures planned for 2030, and converting
power-to-heat efficienciesStep 4 determined the requirednergy demand int;meededinstalled
capacities for renewable alternatives. Sirerapiricallocal daa was not availableenergy 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 eneifidpese modelsalculatelocal energy yieldsor
wind or solar eergy, based on local data andcalyearly averages. For solar this means local solar
irradiation intensity, yearly average sun hours and assumed inefficiencies (dirt and transmission). For
wind this mainly entailsannual wind speed averagebhe 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 (REXR¥are applicable
for Almaty as well.

Expected limitations within these steps mainly ergdithe presumed enegy loss rates on
planned energy measures, assumptdrased on IREN@®022)global averags, expected efficiency
rates for powerto-heat conversionandlandavailability forrenewable energy installations

Carbon emission analysis (energy sustainability)

Since! f YI ( & @dal ofytthe ICiGtransition is to reduce air pollution, analysingtdte carbon
emissions iselevant Besides, the cities policy tife green economy2013)and the GCAR2020b)
both promote cleaner energy and askeenergy intensive economy.

Various methods exist to measure carbon emissidfm. this research we compared two
techniques. A simple absolute measuring method and life cycle measuring mé¢iwodpean
Commission et al., 2020; Varun et al., 20@®)ring this research simplecarbon emission measuring
approach was selected for the purposeget an impression of the emission per scenario within the
time constraints. Therefore the absolute carbon emissions are measured during the expeateof
operatiors (European Commission et al., 2028Yith this method carbon emissions arising from
production processedransport and other secondary process are not includeat. such calculation
life cycle assessmengse required(Varun et al., 2009)Although this method in general is more
specific,the calculationare beyond tle 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 gasfired plants.With emissions of gafired plants around07 grams of C{per kWh,solar PV
between 9.7 and 250 grams ¢€@er kWh, and wind between 9.7 and 124 grams of @& 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 lfgcle emissions. Second, the carbon emission rates per year are
based on a single source, tBeergyHficiencyTransformationreport of the World Bank Grou{2017)
Though, the overall carbon emission reduction of a-&i@version 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 viewf the carbon emissions.
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Baseload and peak demand production analysis (energy security)

Fourth, theimpact of theREScenario on theenergy security is measured. A constant and reliable
electricity network are a prerequisite for alternatives. The rdlipband constancy of the electricity
network is measurethy two fundamental conceptshe baseload and the peak demand.

Baseloadcan be defined as the constant minimum amount of electricity dedn#irst, the
baseload demand covers certain industrial ggeses that are constantly active, but also residential
appliances such as refrigerators, freezers and appliances in-btamibde. Secondly, an substantial
share of the demand is the result simplestatistics, since (especially in urban areashdrsa-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 baseloadEIA, 2021; IRENA, 2015)

Peak demands more straightforward and refers to times during the day where most energy
demand exists. Times of pedkemanddiffer per global region, since different circumstances lead to
different electricity demands. For example, seasonal characteristics that ic#usmating and cooling
activities are important factors determining peak demai@#A, 2021; IRENA, 2015)

Historically, baseload electricity was typicalipduced by fossil fuel sources (e.g. coal and gas),
since production was assured and variable costs wergfmnsberg, 2019However, with the energy
transition ambitions and increased renewable endrgptalledcapacity, research aenewable energy
as baseload producer is increasing as (MBEENA, 2015Renewable energgroduction is infamousor
the variability of its electricity production since it often depends on natural circumstances (e.g. sun and
wind). Logielly, variability has to be taken into account for Almaty when installing solar and wind
energy sources instead of the Gt@nversion. Therefore the effects on the baseload and peak
electricity supply for the RES alternative are analysed.

Limited data is @ailable 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 pdittieanalysis is based on
assumption. According to IRENRENA, 2015)ypically 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 le®&esides, complementary RES, such as wind and solaasare
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. IRENE&015)show a baseload of around 40% of its peak generation for solar and wind energy
between 2012 and @15.

For peak demand, in general, baseload consists of approximately 50% of the peak electricity
demand(IRENA, 2018 2 KSy O2YLI NAy3I (G2 20KSNJ O2dzy i NRSazx
half the peak load capaciffRENA, 2015And 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 varisumpton 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 (CHR, CHF3, HPPL and HPR) are also not precisely known. Besides, increased energy
import by KEGOC coub@ 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{depth local research and exploring
the possibilities.

30

D



L+® LYy (GNRRdzOG Aransftioni 2 ! £ Yl @Qa / GD A COAL: TGO ACTION

IV. Introductionto U y AGtG tEansition

The Ct&ransition is one aspect of various energy transition measutdbersmeasuresare: stimuli

for RESmplementation increased building energy efficiency, and increased efficiency of energy
infrastructure (transmission andistribution). Eventudl these measures should increase the cities

energy efficiency and sustainability, with the ultimate goal to become energy neutral in 2060.
However, conversion towards ghased energy is a temporarily transition measure towards a carbon
neutral energy syem (IEA, 2019b; Stephenson et al., 201 e Ct@Gransition of Almaty fulfils this

role as wel(Samruk Energy, 2022d)his sectioimtroduces specifics of the Ct@nsition and provides

GKS FNIYSE2N] F2N FAdZNIKSNI Iyl feara 2y Ada LXIFOS

1.Context of the CtG transition

The Ct@ransitions concerns the conversion of CEEB10 MW) from codbased to gadhased energy
production by 2025and infrastructural improvementsThe conversion is considereds a priority
investment to be implementedRWA, 2021)CHR2 is located in the western area of Almaty, almost
directly connected to the Alatau district. The total site area ceved6 ha, divided by the CHP
industrial area (93 ha) and three ash dump areas (4133@nruk Energy, 20228ee figures for an

overview of the power plant site
N :

- Ash dump No. 1 of hydraulic
storage

[ Ash dump No. 1 section No. 3

- Ash dump No. 2 of dry storage

SPZ border

= = [ntegrated SPZ of the CHP-2

—— SPZ of the CHP-2 industrial site

$9 —— SPZ of the CHP-2 ash dump

Other symbols

a | Nearby settlements

| (©20) Border of Almaty, Alatau District
Reservoirs

— Watercourses

Figure5: Total area used foenergy production of CHP site
SourceSamruk Energy (2022)

With a generating capacity of 510 MW, CERs significantly the biggepower plant of the
city. Generating aroun87% of the citieglectricityand48% of the cities heat demand, with an annual
coal consumption of B million tons which emit circ@.5million tons of C@(Samruk Energy, 2022c;
World Bank Group, 2017)

The Ct@&ransition is mentioned in variousansition documents of Almaty. Theechnical
Assessment SectigmAS) of the GCAP (produced by the municipality, EBRD and consultants) and the
Resettlement Frameworkproduced by Samruk Energy, ALES and EBRD) are the most recently
published documents coeening the Ct@ransition. The formemwas published inJuni2021 and the
latter in February 2022RWA, 2021; Samruk Energy, 2022b)

ok
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2. Goal of the CtG-transition

CQ reduction is the primary goal of th€tGconversion, aiming to cut emissions down by 46% (c. 3

million tons C@) and to completely abandon emissions of particulate matter and R@oiding nitro

oxides (NG is essential since 24% aflults and 57% of children suffer from chronic pulmonary
RA&SIHaSy AA3AYyATFTAOlIyiGf e KAJtikEshigherkharyothatitbdnlarpas &féi | y Q &
ClS(Commonwealth of Independent Statg®BRD, 2022 otal project costare ¢. 680 million USD

(325 bInKZT), of which the EBRD finance265 millionUSD(122 bInKZT).

3. Planning of the CtG-transition

The perceived planning consists of various phases in whict2@wéhtually 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 elsmuld be completed in around 2 years. In total
the CHP2 conversion projecis planned tde realisedn 6 yeargSamruk Energy, 2022&lthough the
plan was to finish the conversion in 2025, on th& 8 February 2022 the plans fopnversion were

still not officially approvedSamruk Energy, 2022d8esides, in June 2022 a resettlement framework
with project specifications was published. According to this document, the project isihititd stage

of developmetQconsisting of prdeasibility studies and national public hearings. Moreover,-mid
November the Board of the EBRI2ns toreviewthe project documentation and funding plajend
take a vote. If the vote passes and the project plans and fundings agptadcthe implementation
phase start§EWS, 2022)herefore, if costruction phases develop according to plan, and we assume
that the project will start in the beginning of 2023, the project would be finished202i7.See table

5 for an overview of specifics on the GRIRonversion.

4. Overview of the CtG-transition

Type subject Amount Unit
Technological characteristics

Installed capacities 510 MW

Energy production (EET) 6,267 GWhlyear
Environmental impacts

Coalconsumption (current) 2,500,000 tons/year
Gas consumption (after conversion) 1,100,000 Nmlyear
CurrentCQ emissions 6,500,000 tonsCQ /year
EstimatedCQ emissions after conversion 3,500,000 tons CQ /year
Percentage emissions reducti@tGconversion 46 %

Financial facts

Total project costs 680,000,000 usD

EBRD financial support 265,000,000 usD

Tableb: Overviewof the characteristics of the CHPcoalto-gas conversion
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V. Current energy situation Almaty

Information on! £ YI (& Q& OdzNNE y5 liequBedis dtdketo andlySedtheliGtrangition
from a multiperspective approach. This section sheds light on the energy situation of Aémdty
plannedenergyreduction measures

1- e AEAT gUEi EgiTE Ce UyAgJ+ E UAUEc¢J EighAgi C
First of all, as nearly all upcoming countries and cities, Almaty as¢samounts of fossil fuel sources

in an inefficient manner. Economic growth has led to an increase of primary energy consumption and

a growing electricity deman(Kaatayev & Clarke, 2016)his is also a national treri8ee figures).

CO2 emissions and GDP growth Kazakhstan (%/ye
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Figure6: CQ emissionsand GDP growth per year for Kazakhstan (1-920P0)
SourceData retrieved from Our World in Data (2020) and The World Bank (2020)

Compared to other Kazakh citieg\lmaty has a relatively high connectivity of residential
buildings tonatural gas supply Though it still depends for around 60%nacoatbased energy
(Aidapkelov, 2020; World Bank Group, 20Mjth one of the largest coal reserves and forthcoming
low costs, it is hard to breach the path deplemce 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 efficieenergy usage, mainly motivated by local health implicatiofifessi
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 ohany 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 citizé&ssanov etlg 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 inverdayers that suppress vertical exchange,
which results in limited ia ventilation and thus lead to high emission rates in the(Zakarin et al.,

2021) The World Bank2017)concludes that Almaty, with a PEC of 24,907 kWh/capi#®15, 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 requast amounts of energy

High losses in energgléctricityand heat) generation and distribution, and inefficient energy
use in the eneusers phase

PowpnpE
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In the city, four sectors can be distinguished that contribute most to the energy intensity
transport, enegy production and distribution, build areand industry & commercéWorld Bank
Group, 2017)

The transport sectqmwith intensive use of public and private vehicles, has been a major issue for
the energy intensity, air pollution amiegativepublic healtheffects Transport consumes 3766 the
total energy demandvith dieseland gasoline usag&he reasons are high rates of private car usage
and aheavily outdated vehicle fleet. First, private car usage accoun@88fdr of total transport energy
consumption Second, the vehicle fledtas an average & years oldRWA, 2021)Lastly, 95% of all
cars and busses is gasolipesed(See figure’ & 8). (World Bank Group, 2017)

Share of energy type for road transport Energy consumption per transport method
(GWhlyear)

3,72% 0,83%

m Gasoline (95,45%)

® Diesel (3,72%)

95,45%

Other (e.g. mixed,
LPG, electric)

Figure7: Share of energy type for rodthnsport Figure8: Energy consumption per transport method
SourceThe World Bank, 2017 SourceThe World Bank, 2017

Second, the next most consuming energy sector is the energy production and distribution sect
Electricity and district heating consistf respectively 18% and 19% F ! f YI 68 Qa TFAYI ¢
consumption. Theelectricity and heat production sector is characterised by obsolete and highly
inefficient infrastructure and power plants. Specifics concernirig ghctor is discussed in coming
section.

Third, nearly all electricity and district heating is consumed by the bugld, amcluding residential,
municipal, and industrial & commercial buildingSee figure9 and 10). The housing stock is
OKI N} OGSNRAASR o0& | NRPdzyR ymE: W2fRQ 0dzZAf RAY3IAEAZT (K
The total build area consumes motean a third of theprimary energy demanchamely 164 TWh of
a total of ca 420 TWh. Aroud 50% of the energy savings of tBaergy Efficiency Prograame resulted
by improving the build area, including residential, municipal, and commercial & indusiridings.

More details on the build area are provided in the next section.

District heat consumption per sector Electricity consumption per sector
Figure9: District heat consumption per sector FigurelQ: Electricity consumption per sector
SourceThe World Bank, 2017 SourceThe World Bank, 2017
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