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Abstract. The relevance of the study is determined by the growing importance
of renewable energy development in Kazakhstan under the conditions of
energy transition, decarbonization commitments, and increasing geopolitical
and economic uncertainty. Renewable energy enterprises operate in a complex
institutional environment characterized by regulatory barriers, outdated
infrastructure, insufficient integration of modern management tools, and the
continued dominance of fossil fuels in the national energy balance. These factors
reduce the investment attractiveness of green projects and complicate strategic
decision-making. In this context, strategic management accounting becomes an
important tool for integrating financial and non-financial information, supporting
long-term planning, investment evaluation, sustainability-oriented management,
and risk assessment. The purpose of the article is to assess strategic management
accounting mechanisms and identify directions for their improvement in renewable
energy enterprises in Kazakhstan. The methodological basis of the study includes
a systematic review of scientific literature, comparative analysis of international
practices, synthesis of empirical studies, and analysis of sectoral indicators related
to renewable energy development. The results of the study show that existing
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accounting practices insufficiently integrate environmental performance indicators,
competitor information, market data, and risk assessment into managerial decision-
making. The study substantiates the need to introduce sustainability-oriented
balanced scorecards, environmental management accounting, activity-based
costing, risk-integrated budgeting, and digital accounting systems. These tools can
improve strategic planning, increase transparency of investment decisions, and
strengthen the long-term competitiveness of renewable energy enterprises. 7he
practical significance of the study lies in the possibility of applying the proposed
approaches to improve management accounting systems, enhance investment
attractiveness, and support Kazakhstan’s transition to a low-carbon economy.

Keywords: strategic management accounting; renewable energy; sustainability;
Kazakhstan; green finance; balanced scorecard; environmental management
accounting
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AHHOTanUsl. 3epmmeydiy  o3exminici KazakcTanma  >KaHAPTHUIATHIH
SHEPreTHKaHbl  JAMbBITY  POJIHIH  apTYbIMEH,  OJHEPreTHKAJIbIK  KOIly
yAepiciMeH, JeKapOOHU3aIMsI MiHJETTEMENIePIMEH, COHIal-aK Te0CasCHu KOHE
SKOHOMUKAJIBIK ~OENTICI3MIKTIH KYIICHIMEH OaimaHbICThl. YKaHapThUIATHIH
SHEPTUsl KACIMOPBIHAAPHI PETTEYIILIIK Keaeprijiep, HHPPaKyPbUIBIMHBIH TO3YHI,
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3amMaHayn OacKapy KypaJJapblHBIH >KETKUIIKCI3 KOJJAaHBUIYBl JKOHE YIITTBHIK
SHEPreTUKAIIBIK TEHrepiM/e Ka30asibl OTHIHHBIH OaChIMJIBIFBI CaKTaJIFaH Kypueli
MHCTUTYIMOHAIIBIK OPTaa KbI3MET eTejli. by pakropiap «kaceum sxodanapabiH
MHBECTHUIMSUIBIK TapPTHIMABLUIBIFBIH TOMEHIETIM, CTPATErHsUIBIK MIEeNIM KaObuIaay
yaepiciH kypueneruipeni. OChl karmaiaa CTpaTeTHUsUIBIK OacKapyIIbUIBIK €Cell
Kap KBUTBIK )KOHE KapKBUTBIK €MEC aKIapaTThl O1piKTipy, Y3aK Mep3iM/Ii JKocTiapiay,
MHBECTUIMSUIBIK ~Oaranay, TypakThl JaMyFa OarbITTalfaH Oackapy JKoHE
TOyeKeIIepl Talaay Kypaibl pPeTiHIe epeKile MOHre me Oonaabl. MakalaHbIH
Mmakcatsl - KasakcTaHgarel JKaHapTBUIATBIH JHEPTHs KOCIOPBIHIAPBIHAA
CTpaTeTusUTBIK 0AacKapyIIBUIBIK €Cell MEXaHM3MJAEPiH Oaranay »OHE oJiapIbl
KETIAipy OarbITTapblH aWKbIHIAY. 3epmmeyoiy 20iCHAMANbIK He2i3iH FHUIBIMU
oneOueTrTepre JKyHerm IIONy, XaJblKapajiblK TOKIpUOETepi CaIbICTHIPMAaIIbI
Tangay, OMIUPUKAIBIK 3EpTTeyNeplai JKUHAKTay JKOHE IKaHApTHUIATHIH
SHEpPreTUKa NaMYBIHBIH CallaJIbIK KOPCETKIIITEpiH Tainaay Kypaiabl. 3epmmey
Homuowcenepi KOJNJIAHBICTAFBl €Cell  TKIPUOECIHAE SKOJIOTHSIIBIK THIMIITIK
KepceTKilmTepi, OocekenecTep Typaibl akKmapar, HapbBIKTHIK JEPEKTep >KOHE
Toyekenaepai Oaranmay OacKapyIIbUIBIK IIENTiM KaOblUIaay yiepiciHe >KeTKUTIKTI
JICHTel/Ie eHTI3IMENTIHIH KopceTTi. Makanaga TypakThl JamMyFfa OarbITTajFaH
TEHIrepiMJli KOPCETKIITep >KYHEeCiH, DSKOJOTHSIBIK OacKapyIIbUIBIK ECeMTi,
KbI3MET TypJepi OOWBIHIIA WIBIFBIHAAPABI €CEeNTey OJICiH, ToyeKeIaepIi
€CKepeTiH OI0JDKeTTeyi KoHe HU(MPIBIK ecemn JKyHelepiH €HTi3y KameTTUTiri
Herizzeneni. bByn Kypammap CTpaTerusulblk  JKOCHapiayasl  JKaKcapTyra,
MHBECTHIUSUIBIK IICIIIMACP/IIH AIIBIKTBIFBIH apTTHIPYFa JKOHE >KaHAPTHUIATHIH
SHEPTHUS KOCIMOPBIHIAPBIHBIH Y3aK Mep3iMal OoceKkere KaOlIeTTUTITiH HhIFalTyFa
MYMKIHIIK Oepeni. 3epmmeydiy npaxmukanvlk Maybi3bl YCHIHBIIFAH TOCIIACPII
0acKapyIIBLIBIK ecen KYHenepin KETUTIIpye, WHBECTULIVSIIBIK
TapTBIMABUIBIKTEL ~ apTThIpya JkoHe KaszakCTaHHBIH TOMEH  KOMIpTEKTi
HKOHOMHKaFa KeIIyiH KoJiayJa KoJIIaHy MYMKIHAIrIMEH aliKbIHAaIa bl

Tyiiin ce3aep: cTparerusulbIK OacKapylIbUIBIK —€Cell; I KaHapTHUIATHIH
JHEpreTHKa; TYpakThl aamy; KazakcTaH; »achll KapKbUIAHIBIPY; TEHrepimi
KOPCETKIIITEep KYieci; IKOIOTHSIIBIK OacKapyIIbIIBIK €Cerl

659 @ ® &



SCIENTIFIC JOURNAL OF PEDAGOGY AND ECONOMICS 3.2026

© Huzamauuosa A.", Xao YWons!, Iikakumena Y.2, 2026.
! Kazaxckuii HALIMOHAJIbHBII yHUBEpCUTET UM. Ab-Dapadu,
Anmarel, Kazaxcran;
? Kazaxckuii HAMOHAJIBHBIN NEJarornieckuii yHUBEpPCUTET UMeHH Abas,
Anmarsl, Kazaxcras.
E-mail: anizamdinova@mail.ru

COBEPHIEHCTBOBAHUE MEXAHU3MOB CTPATETUYECKOI'O
YHPABJIEHUYECKOI'O YYETA B IPEAIIPUATHUAX
BO30OBHOBJISIEMOI SHEPTETUKHA

HuzamannoBa Ap3uryiab — KaHAWAAT SKOHOMHYECKHX HAyK, CTapIIMi HperofaBaTenb Kadenpsl
«®uHaHcel U yder», Kasaxckumii HanMOHaJIBHBIH YHHBepCHTET MMeHH anb-Dapabm, Ammarsl,
Kazaxcran,

E-mail: anizamdinova@mail.ru, https://orcid.org/0000-0003-3507-5216;

Xao Yzkanb — PhD nokropanT Beicmieil kol SJKOHOMHKH ¥ On3Heca, Kazaxckuil HallmoHaIbHBII
yHHBepcuTeT uMeHH anb-Dapadu, Anmarel, Kazaxcran,

E-mail: haozhen@mail.ru, https://orcid.org/0009-0003-6541-7907;

Jixaknmesa Ypasryabs — PhD, acconuuposannsiii npogeccop, Mucruryr Copbonna-Kazaxcran,
Kazaxckuii HaIMOHATBHBIN TIeJarorndecKuii yauBepcuteT nmenn Abast, Anmarel, KazaxcraH,
E-mail: symbat _201176@mail.ru, ORCID: https://orcid.org/0000-0002-2918-6318.

AHHOTAIMSA. AKMYarbHOCMb UCCIe006anusi O0YCIIOBJICHA BO3pacTarolnen
pONBI0 pa3BUTHS BO30OHOBISIEMON OJHepreTuku B KazaxcraHe B yCIOBHSX
SHEPTeTHYECKOTO TMEepexo/a, AEKapOOHM3AIIMOHHBIX O0s3aTeNbCTB, a TaKke
YCUJICHUS ~ TEONOJUTHYECKOM W DKOHOMHUYECKOW  HEOINPEICICHHOCTH.
[IpenmpusiTisi BO300HOBISIEMON DSHEPreTUKH (YHKIIMOHUPYIOT B  CIOXKHON
WHCTUTYLMOHAJIILHON cpesie, XapaKTepUu3yIoLeiicsl perynsaTopHbIMU OapbepaMu,
M3HONICHHOCTHI0 HH(PPACTPYKTYphI, HEJOCTATOYHOW MHTErpalluell COBPEMEHHBIX
YIIPaBIEHYECKUX WHCTPYMEHTOB M COXPAHEHHWEM JOMHHHPOBAHUS HCKOTIAEMBIX
WCTOYHUKOB HHEPrMM B HALUUMOHAJIBHOM SHeprodamance. OTH  (HaKTOPBI
CHIDKAIOT WMHBECTHIIMOHHYIO TIPUBIEKATENFHOCTh «3EJIEHBIX» TPOEKTOB U
YCIHIOXHAIOT NPOUCCC MPUHATUA CTPATCTUICCKUX pemeHHﬁ. B JaHHBIX YCJIOBUAX
CTpaTerMYeCKuil yNpaBICHYCCKUI ydYeT mnpuodperaeT OcOoOyH 3HAYUMOCTh
KaK HWHCTPYMEHT WHTETpalud (UHAHCOBOH M He(OHHAHCOBOW HWH(GOPMAIIHH,
oOecIieueHust JOJATOCPOUHOTO [JIAHUPOBAHUS, MHBECTHIIMOHHOW OIICHKH, PUCK-
aHanM3a W YIPaBICHUs, OPUEHTUPOBAHHOTO Ha ycToiumBoe pasBurtue. Ilens
cmambu 3aKII0YAETCSA B OIIEHKE MEXaHU3MOB CTPATETHIECKOTO YITPABIEHIECKOTO
yue€Ta U ONpeACICHUN HaHpaBHeHI/Iﬁ X COBCPUICHCTBOBAHUA HA NPCANPUATHUAX
BO30OHOBIIsieMoit  sHepreTukn Kazaxcrana. Memodonoeuueckyro  0CHO8Y
uccredoeanusi  COCTABISIIOT ~ CUCTEMHBIH  0030p  HaydyHOW  JIMTEpPaTypBHI,
CPaBHHUTEIbHBIA aHAJIU3 MEXIYHAPOIHBIX MPAKTUK, 0000IIEHUE IMIUPUICCKUX
HCCIICIOBAaHUN W aHAIM3 OTPACIEBBIX IMOKa3aTelel Pa3BHTHS BO30OHOBIIIEMOM
SHEPreTUKU. Pe3ynbmamel uccied08anus noKazvléaiom, 4To B JIEHCTBYIOIIMX
YYETHBIX NIPAKTHKAaX HEIOCTATOYHO WHTEIPUPOBAHBI HKOJOTHYECKUE MTOKA3aATEIH
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s¢dexTuBHOCTH, MH(POPMAHUs O KOHKYpEHTaX, PHIHOYHBIC JAaHHBIC M OLIEHKA
PUCKOB B TMpOLECC MPHUHATUS YyIpaBieHYeckux pemeHnd. OOocHOBaHa
HEOOXOIMMOCTh  BHEApPEHHUS  cOallaHCUPOBAaHHOW  CHCTEMBI  IIOKa3aTeseH,
OPUCHTUPOBAHHOM Ha yCTOMYMBOE Pa3BUTHE, HKOJIOTHUYECKOTO YIPABICHYECKOTO
ydera, METoJa ydeTa 3aTpar 10 BHJAM JEATEIbHOCTH, PUCK-UHTEIPUPOBAHHOTO
OIOKETHPOBAaHUSI M LU(PPOBBIX YUYETHBIX CHCTEM. JlaHHBIE WHCTPYMEHTHI
MO3BOJISIIOT TOBBICUTH Ka4e€CTBO CTPATErHUECKOTrO IUIAHUPOBAHMS, IPO3PAYHOCTh
WHBECTHLMOHHBIX PEHIEHWH M  JOJTOCPOYHYI0 KOHKYPEHTOCIOCOOHOCTH
MPEANPUATHI  BO30OOHOBISIEMOW DHEPTETHKHU. [Ipakmuueckas 3HAYUMOCHb
uccne006anusi 3aKiIovaeTcss B BO3MOXKHOCTH TNPUMEHEHHS TPEIIOKECHHBIX
MOJXO0B [UISl COBEPLICHCTBOBAHMUS CUCTEM YIIPABICHYECKOTO yUeTa, MOBBILICHHUS
WHBECTHLIMOHHOM MPUBIEKATEIbHOCTH M TOIACPXKKH Iepexona Kaszaxcrana x
HU3KOYTJIEPOJHON SKOHOMUKE.

KitroueBble c10Ba: cTpaTernueckKuil yrpaBieHUYECKUN yUeT; BO30OHOBIsIeMast
SHEpreTHKa; YCTOHuMBOe pa3BuTHe; Kaszaxcran; 3eieHoe (QUHaHCHPOBAHUE;
cOamaHcHpOBaHHAs CHCTEMa MOKa3aTelei; SKOIOTHYECKUM YITpaBIeHUECKUH yueT

Introduction. Kazakhstan’s energy sector is dominated by fossil fuels, but the
government has set ambitious targets for clean energy. Under the Kazakhstan-2050
strategy, renewables should reach 15% of power by 2030 and 50% by 2050. In
practice, however, coal still provides most electricity. Renewable projects face
barriers like outdated grid infrastructure, weak local production, and policy
uncertainty. Financially, only about 6% of power is currently from renewables,
highlighting a large growth potential. Achieving these goals will require private
firms to make complex strategic decisions under uncertainty. In this context,
strategic management accounting (SMA)becomes crucial. SMA extends
traditional accounting by providing forward-looking analyses and competitive
intelligence to guide strategy. The term “SMA” was coined as early as 1981 to
mean the gathering and analysis of accounting data (financial and non-financial)
about a business and its competitors for strategy development. In Kazakhstan,
interest in SMA is growing: Nazarova and Shtiller note that it “aims to prepare
information for internal users... necessary for making... management decisions...
for the future”. This shift reflects a broader move to link budgeting, costing and
forecasting with long-term planning and risk management.

Kazakhstan has undertaken significant international and national commitments
in the field of climate change mitigation, positioning itself as an active participant
in the global decarbonization agenda. The country ratified the United Nations
Framework Convention on Climate Change in 1994, committing to the stabilization
of greenhouse gas concentrations at a level that prevents dangerous anthropogenic
interference with the climate system. Further obligations were assumed under
the Paris Agreement, ratified in 2016, which aims to limit the increase in global
average temperature to well below 2°C above pre-industrial levels and to pursue
efforts to restrict warming to 1.5°C. In line with these commitments, Kazakhstan
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submitted its Nationally Determined Contributions in 2015, setting unconditional
and conditional targets to reduce greenhouse gas emissions by 15% and 25%,
respectively, by 2030 compared to 1990 levels. The country further reinforced its
long-term climate strategy by announcing a carbon neutrality target by 2060 in
2020 and adopting the Strategy for Achieving Carbon Neutrality by 2060 in 2023.
These policy commitments significantly influence strategic decision-making in
the energy sector and underscore the need for advanced strategic management
accounting mechanisms in renewable energy enterprises to support investment
planning, performance monitoring, and risk management in alignment with
national decarbonization goals.

Notwithstanding the substantial corpus of international scholarship devoted
to strategic accounting instruments, there remains a pronounced deficiency
of context-specific empirical investigations into the application of strategic
management accounting (SMA) within the renewable energy sector of Kazakhstan.
This domain continues to be insufficiently explored, as the prevailing body of
research predominantly focuses either on generalized theoretical constructs of
SMA or on decarbonization trajectories, without establishing an explicit nexus
with management accounting practices (see analyses of global trends).

Contemporary systematic reviews demonstrate that strategic accounting is
extensively conceptualized as a critical mechanism for attaining sustainable
competitive advantage, enhancing financial literacy, and ensuring the efficient
allocation and utilization of resources. Nevertheless, within the national academic
and practical discourse, there is a conspicuous absence of studies addressing
the concrete implementation and operationalization of these instruments in the
renewable energy sector. It is precisely this research gap that constitutes and
substantiates the scientific novelty of the present study.

However, many local firms still use accounting primarily for historical cost-
control and external reporting. For renewable energy enterprises — which must
invest heavily upfront and rely on evolving policies — this can leave strategic
gaps. We therefore explore how SMA mechanisms can be improved in Kazakh
renewables. We draw on international best practices and country-specific studies
to recommend ways to integrate sustainability metrics, strengthen risk analysis,
and use advanced IT systems to support strategic decision-making.

Literature Review. Foreign scholars have extensively examined the role
of strategic management accounting (SMA) and environmental management
accounting (EMA) as key mechanisms for improving sustainability performance
and strategic decision-making in renewable energy and environmentally intensive
sectors. Early conceptual studies laid the theoretical foundations by linking strategic
management, organizational intelligence, and renewable energy deployment,
emphasizing the importance of integrated control and information systems for long-
term energy transition (Istudor et al., 2016). Subsequent research has demonstrated
that sustainability-oriented accounting systems enhance firms’ ability to manage
energy efficiency, environmental risks, and strategic resilience. For example,
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Jiao et al. (2023) provide strong empirical evidence that green intellectual capital
and environmental management accounting significantly contribute to business
sustainability and competitive advantage, particularly through improved energy
efficiency and the use of renewable energy sources. These findings confirm that
accounting systems are no longer limited to financial reporting but function as
strategic instruments supporting sustainability-driven transformation.

More recent studies (2022—-2025) further deepen this perspective by empirically
validating the mediating and moderating roles of strategic management accounting
in linking renewable energy, green innovation, and environmental performance.
Thanh Thuy Ngoc (2025) demonstrates that environmental management
accounting and environmental strategy act as critical mediators between green
technology innovation and environmental performance, reinforcing the strategic
relevance of SMA tools. Similarly, Huy and Phuc (2025) show that EMA
practices combined with green innovation management enhance organizational
resilience under conditions of environmental and market uncertainty. Research
by Abdelsadek (2023) highlights the role of SMA tools in improving accounting
measurement and disclosure of climate change impacts, while Silaban and Sitorus
(2025) confirm that green accounting mediates the relationship between renewable
energy adoption and ESG performance. Collectively, these studies suggest that
the integration of SMA, EMA, risk management, and digital accounting systems
is essential for renewable energy enterprises seeking to align strategic planning
with sustainability goals, regulatory pressures, and long-term competitiveness-a
conclusion highly relevant for emerging renewable energy markets such as
Kazakhstan.

Kazakhstans scholars primarily focus on the structural, financial, and
institutional challenges of renewable energy development, emphasizing the need
for improved management and economic mechanisms. Studies by Zhunussova and
Ratner (2020) and Petrenko et al. (2020) highlight that despite significant renewable
energy potential, Kazakhstan faces barriers such as outdated infrastructure, limited
energy efficiency incentives, and insufficient integration of modern management
tools at the enterprise level. These authors underline that existing accounting
and control systems are often oriented toward operational reporting and do not
adequately support strategic planning or long-term sustainability goals in the
energy sector.

More recent national research increasingly links renewable energy development
with financial, investment, and strategic management mechanisms. Shakeyev et
al. (2023) demonstrate that investment effectiveness in renewable energy projects
depends on the quality of financial planning, transparency, and information
support, implicitly pointing to the importance of strategic management accounting.
Xenarios et al. (2024) and Zhakiyev et al. (2025) further argue that Kazakhstan’s
energy transition requires integrated management frameworks combining green
finance instruments, innovation policy, and enterprise-level strategic planning.
However, domestic literature still lacks a systematic focus on strategic management

663 () O &




SCIENTIFIC JOURNAL OF PEDAGOGY AND ECONOMICS 3.2026

accounting as a distinct mechanism for aligning renewable energy enterprises
with national decarbonization goals, which confirms the relevance and scientific
novelty of the present study.

Thus, a clear dissonance can be observed in the literature. On the one hand,
strategic management accounting (SMA) instruments are widely recognized as
effective tools for improving firm performance and competitiveness. On the other
hand, existing studies often fail to account for the specific conditions of transition
economies and the structural characteristics of the energy sector. In addition,
recent research highlights the limitations of traditional Balanced Scorecard
models, particularly their insufficient integration of sustainability constraints and
environmental boundaries. This study addresses this contradiction by adapting
SMA frameworks to the context of renewable energy enterprises in Kazakhstan.

Materials and Methods. This study employs a conceptual and comparative
analysis of the literature on management accounting and renewable energy in
emerging economies. We reviewed recent academic articles and industry reports
on SMA, environmental accounting, and Kazakh energy policy. Sources include
strategic accounting frameworks, empirical studies of accounting in energy firms,
and analyses of Kazakhstan’s energy transition. We synthesized this information
to identify the main mechanisms of SMA (tools, processes, information flows) and
to formulate proposals for enhancement. No new quantitative data were collected;
instead, we interpret existing findings in a Kazakh context.

To assess the effectiveness of strategic management accounting (SMA)
mechanisms, a mixed-method analytical approach was employed. First, a
systematic literature review was conducted covering SMA, renewable energy,
and ESG practices in Kazakhstan and comparable countries. The source selection
criteria included the relevance of publications (2015-2025), a focus on the energy
sector, and the presence of practical case studies (see, for example, the PRISMA
methodology framework).

Second, an empirical analysis was carried out based on primary data: managers
(financial specialists and accountants) from three major renewable energy
companies in Kazakhstan, as well as industry experts, were surveyed. The collected
data were processed using statistical methods, including frequency analysis and
correlation modeling. In parallel, both financial and non-financial performance
indicators of the companies were examined (such as electricity generation output,
project profitability, and R&D investment levels).

Such methodological approaches have been successfully applied in comparable
studies, for instance, in the work of Rafiq et al., which explores the linkage between
the Balanced Scorecard (BSC) and sustainable development in energy firms. The
application of PLS-SEM or regression analysis further enables the formalization of
conclusions regarding the impact of SMA instrument implementation on corporate
performance outcomes.

At the subsequent stage, the study focused on identifying gaps in existing
accounting practices in Kazakh enterprises, particularly in renewable energy
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and related industries, using insights from empirical studies, surveys, and case
analyses. This was followed by a review of international best practices in SMA,
including the application of sustainability-oriented balanced scorecards, activity-
based costing, and the integration of information technologies into management
accounting systems. Based on the identified gaps and best practices, the study
formulated practical recommendations aimed at strengthening SMA mechanisms
through the introduction of advanced performance metrics, analytical tools, and
governance approaches to enhance strategic planning and control in renewable
energy enterprises.

The study is limited by its reliance on secondary data sources, which restricts
the ability to perform primary empirical validation and may introduce bias related
to the specific contexts of the analyzed cases. In addition, the absence of direct data
from renewable energy enterprises in Kazakhstan limits the depth of quantitative
analysis and generalization of the findings. The diversity of international practices
considered in the study may also reduce comparability due to differences in
institutional, technological, and regulatory conditions across countries. Despite
these limitations, the use of a systematic and comparative approach, as well as
up-to-date and credible sources, ensures the relevance and analytical robustness
of the conclusions.

Based on the research objective, two primary hypotheses were formulated:
(H1) the implementation of a Balanced Scorecard incorporating environmental
KPIs is positively correlated with energy efficiency and profitability indicators of
renewable energy companies; (H2) the application of environmental management
accounting (EMA) and activity-based costing (ABC) methods enables a reduction
in energy-related project costs by X% compared to conventional accounting
approaches.

To test these hypotheses, regression analysis and factor analysis of key performance
indicators (KPIs) were conducted. These quantitative methods provide a robust basis
for formally validating or refuting the proposed research assumptions.

Results. Globally, modern management accounting in the energy industry
is evolving to support strategic planning. In large energy companies, tools like
budgeting, activity-based costing, and scorecards are increasingly used not just for
operations but for strategic decisions. For example, Posadzinska and Grzeszczak
report that energy firms now view management accounting as central to strategy,
planning, control and risk management. They found wide use of budgeting and
costing in daily control, and recognized the need for strategic tools (though noting
under-use of scorecards and variance analysis). In Kazakhstan, however, such SMA
adoption is in an early stage. Research on Kazakh enterprises suggests that energy
efficiency and strategic cost planning are not yet high priorities. Managers often
focus on short-term budgeting, and energy saving measures are ‘“not considered a
priority”. This indicates a gap: existing accounting systems in Kazakh renewable
firms tend to emphasize historical data and compliance, rather than future-oriented

strategic analysis.
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As of May 2025, there are 158 renewable energy (RE) facilities in Kazakhstan
with a total installed capacity of 3,248.12 MW:

- 64 wind power plant facilities with capacity of 1,670.05 MW;

- 48 solar power plant facilities with capacity of 1,262.61 MW,

- 43 hydroelectric power plant facilities with capacity of 313.685 MW;

- 3 biogas power plant facilities with capacity of 1.77 MW.

From the literature and industry cases, we identify key deficiencies in current
accounting mechanisms for Kazakh renewables:

1. Firms seldom integrate environmental or social KPIs into their accounting
dashboards. For renewables, metrics like carbon emission reductions, energy yield
per unit investment, or community impact are crucial but often ignored.

2. Traditional accounting collects internal cost data but pays less attention to
competitive benchmarking or market trends. Effective SMA calls for incorporating
external data (market shares, competitor pricing) to guide strategy.

3. As energy markets are volatile, accounting systems should help analyze
scenarios (fuel price shocks, policy changes). Currently, Kazakh firms have limited
formal processes to incorporate risk assessment into planning

4. Many firms lack integrated information systems. Data often remains fragmented
in finance, production, and environmental units, delaying strategic insights.

These gaps mean that managers do not fully exploit SMA’s potential. As a
result, strategic opportunities (e.g. securing green investments or adjusting to tariff
changes) may be missed.

To enhance strategic management accounting in renewable energy enterprises
in Kazakhstan, this study proposes a set of mechanisms aimed at aligning
accounting systems with sustainability objectives and long-term strategic planning.
A key recommendation is the adoption of a sustainability-oriented Balanced
Scorecard that expands traditional financial and operational indicators to include
environmental and social dimensions. The use of a Green Balanced Scorecard
enables enterprises to monitor environmental key performance indicators, such
as energy efficiency, carbon intensity, and waste reduction, alongside financial
results, thereby strengthening the linkage between sustainability goals and value
creation (Figure 1).

0,0 0,0
2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024

Figure 1 — The share of renewable energy in total electricity production excluding large
hydroelectric power plants
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The dynamics of renewable energy development in Kazakhstan demonstrate
a steady and accelerated increase in the share of renewable sources in total
electricity production excluding large hydropower plants. From 2011 to 2012, the
contribution of renewable energy remained negligible, while from 2013 onward a
gradual upward trend became evident, rising from 0.2% in 2013 to 0.9% by 2017.
A more pronounced growth phase began after 2018, when the share increased from
1.4% to 2.8% in 2020, reflecting the impact of state support measures, investment
incentives, and the commissioning of new renewable energy facilities. This
positive trajectory continued in subsequent years, reaching 3.5% in 2021, 4.4%
in 2022, and 5.9% in 2023, with a further increase to 6.2% in 2024. The observed
trend indicates the strengthening role of renewable energy in Kazakhstan’s
electricity mix and underscores the growing importance of strategic management
accounting mechanisms to support investment planning, performance monitoring,
and strategic decision-making in renewable energy enterprises under conditions of
rapid sectoral expansion.

The global energy landscape of 2024 cannot be examined outside the context
of heightened geopolitical tensions, which have fundamentally reshaped the
assumptions underlying the energy transition. The shocks of the past five years-
from supply chain disruptions during the COVID-19 pandemic to the ongoing
conflict in Ukraine and the resulting energy crisis-have shifted policy priorities
worldwide. As emphasized in the foreword by Kearney to the Statistical Review of
World Energy 2025, national objectives such as energy security and technological
sovereignty increasingly overshadow climate ambitions, leading to a fragmentation
of global energy strategies. Within this new paradigm, renewable energy is no
longer viewed solely as a climate mitigation tool but as a critical pillar of national
energy security, enabling countries to reduce exposure to fossil fuel price volatility
and geopolitical risks by relying on domestic solar and wind resources (Figure 2).

920

80

70

60

50

30 I =

10 | — ||

. i =

us

Europe China India Japan South
Korea

2000-04 2005-09 2010-14 M 2015-19 B 2020-24

Exajoules (EJ)
s
')

Figure 2 — The share of renewable energy in total electricity production excluding large
hydroelectric power plants
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Large-scale deployment of renewables has already allowed major economies
such as China, as well as Europe and the United States, to significantly reduce
energy imports, in contrast to energy-import-dependent countries like Japan and
South Korea. However, the deep integration of variable renewable energy sources
requires substantial modernization of power systems, including investments in
grid-scale energy storage, advanced smart grids, cross-border interconnections,
and demand-side management solutions. In this context, strategic management
accounting becomes increasingly important for renewable energy enterprises, as
it must support complex investment decisions, risk assessment, and long-term
planning under conditions of geopolitical uncertainty and accelerated energy
system transformation.

As of the first quarter of 2025, Kazakhstan recorded a notable increase in key
indicators of renewable energy development, according to data released by the
Ministry of Energy on April 30. During the first three months of the year, the total
installed capacity of renewable energy facilities reached 3,082.12 MW, including
1,570.05 MW from wind power plants, 1,222.61 MW from solar power plants,
287.69 MW from small hydropower plants, and 1.77 MW from bioenergy facilities.
Total electricity generation from renewable energy sources amounted to 1,961.6
million kWh, of which wind energy accounted for 1,417.19 million kWh, solar
energy for 373.50 million kWh, small hydropower for 170.25 million kWh, and
bioenergy for 0.65 million kWh. As a result, the share of renewable energy sources
in Kazakhstan’s total electricity production reached 5.93%. Compared with the first
quarter of 2024, electricity generation from renewable energy facilities increased
by 11.4%, indicating a sustained positive trend in the sector and underscoring the
growing importance of strategic management accounting mechanisms to support
investment planning, performance monitoring, and strategic decision-making in
renewable energy enterprises.

Further improvement requires the integration of environmental management
accounting into strategic management accounting systems in order to identify
and quantify environmental costs and benefits associated with renewable energy
projects. In addition, incorporating competitor and market data-such as cost
benchmarks, tariff dynamics, and industry performance indicators-enhances
the strategic relevance of accounting information and supports competitive
positioning. The integration of strategic management accounting with enterprise
risk management is also essential, particularly through the use of scenario
analysis and key risk indicators to address regulatory, market, and technological
uncertainties.

An assessment of the development dynamics of renewable energy provides
an essential empirical basis for improving strategic management accounting
mechanisms in renewable energy enterprises. Changes in the share of renewable
energy in electricity production reflect not only technological progress and
policy support but also increasing strategic complexity for energy companies. As
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renewable energy expands within the national energy mix, enterprises face growing
requirements for long-term planning, performance measurement, investment
justification, and risk management. In this context, quantitative indicators of
renewable energy growth become a critical input for strategic management
accounting systems, as they determine the scale, pace, and financial implications
of the energy transition.

In addition to the descriptive component, an analytical model was developed
to link key performance indicators of renewable energy enterprises with strategic
management accounting (SMA) practices. Specifically, a multivariate regression
model was constructed in which the dependent variables include economic
efficiency (ROI) and environmental performance (e.g., CO[J emission intensity),
while the independent variables capture the extent of SMA implementation (such
as the adoption of a Balanced Scorecard, the use of activity-based costing (ABC),
and the application of environmental auditing practices).

The dataset for the model was derived from the annual reports of three
KpynHeimux operators of wind and solar power plants in Kazakhstan over the
period 2020-2024. In addition, a scenario analysis was conducted, comparing
current performance indicators with projected outcomes under a full transition to
“green” accounting principles.

The methodological approaches employed are consistent with those applied in
prior empirical studies, including the work of Olumoh et al., which examines the
impact of strategic accounting on organizational performance using PLS-SEM,
and Johri et al., which demonstrates a statistically significant effect of SMA on
sustainable management practices.

Discussion. The transformation of renewable energy enterprises under
conditions of decarbonization, technological change, and geopolitical uncertainty
requires a revision of traditional management accounting approaches. In particular,
renewable energy companies increasingly need strategic management accounting
mechanisms that go beyond cost control and support long-term planning,
sustainability assessment, and risk management. To address these challenges, it
is necessary to systematize key strategic management accounting tools and assess
their relevance for renewable energy enterprises in Kazakhstan (Table 1).
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Table 1 — Strategic Management Accounting Mechanisms for Renewable Energy Enterprises

Ne | SMA mechanism Accounting focus Strategic purpose | Relevance for renewable
energy enterprises
1 | Sustainability- Financial and non- Alignment of Enables monitoring of
Oriented financial indicators sustainability environmental KPIs
Balanced (economic, goals with (carbon intensity, energy
Scorecard environmental, corporate strategy | efficiency) alongside
social) financial performance
2 | Environmental Environmental costs | Internalization Improves investment
Management and benefits of environmental | appraisal of renewable
Accounting impacts in projects by identifying
(EMA) decision-making | hidden ecological costs
3 | Activity-Based Cost drivers and Accurate Enhances cost transparency
Costing (ABC) activities allocation of for renewable energy
overhead costs generation, grid integration,
and R&D activities
4 | Strategic Long-term financial Support for Allows assessment of long-
Budgeting and projections and investment term project viability under
Forecasting scenarios planning and tariff and policy uncertainty
capital allocation
5 | Competitor External market and | Competitive Supports pricing, tariff
and Market benchmarking data positioning analysis, and comparison
Accounting and strategic with industry peers
benchmarking
6 | Risk-Oriented Financial and Integration of risk | Addresses regulatory,
Management non-financial risk assessment into technological, and market
Accounting indicators strategic planning | risks specific to renewable
energy
7 | Digital Integrated real-time Timely and data- | Enhances transparency,
Management data driven strategic speed, and accuracy of
Accounting decisions strategic analysis
Systems (ERP,
BI)

The systematization presented in Table 2 demonstrates that strategic manage-
ment accounting in renewable energy enterprises should be based on an integrat-
ed set of mechanisms rather than isolated accounting tools. The growing share
of renewable energy in Kazakhstan’s electricity mix increases the complexity of
strategic decisions related to investment timing, cost recovery, regulatory com-
pliance, and sustainability performance. In this context, mechanisms such as sus-
tainability-oriented balanced scorecards, environmental management accounting,
and risk-oriented budgeting play a critical role in linking operational data with
long-term strategic objectives.

In the recommendations section, it is advisable to present a concrete example of
a “green” Balanced Scorecard. For instance, an additional “Ecology” perspective
may be introduced, incorporating indicators such as specific greenhouse gas
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emissions and water consumption per MWh, alongside a financial perspective that
accounts for “green” investments and revenues derived from green tariffs.

Such an approach is consistent with contemporary academic and practical
recommendations: as demonstrated by Chehimi and Naro, the integration of
CSR-related perspectives into the Balanced Scorecard enables organizations
to strategically account for environmental risks. Similarly, empirical analyses
indicate that SMA instruments (including target costing, activity-based costing,
and value chain accounting) play a critical role in investment decision-making
and in enhancing competitiveness. In this regard, we propose to elaborate this
framework as a dedicated BSC subsystem within the renewable energy context: to
formalize metrics across each perspective and to provide an illustrative calculation
of an integrated performance indicator.

Moreover, the integration of digital accounting systems enhances the
effectiveness of these mechanisms by enabling real-time data analysis and cross-
functional coordination. The use of advanced strategic management accounting
tools allows renewable energy enterprises to better respond to external uncertainties,
justify investment decisions, and align corporate strategies with national energy
transition and carbon neutrality goals. Therefore, improving strategic management
accounting mechanisms is a necessary condition for strengthening the financial
sustainability and competitiveness of renewable energy enterprises in Kazakhstan.

The effectiveness of these mechanisms depends on the deployment of advanced
digital information systems, including ERP and business intelligence platforms,
which enable real-time data collection, analysis, and visualization. Finally,
organizational training and cultural change play a critical role in strengthening
strategic management accounting by fostering cross-functional collaboration and
ensuring that strategic decisions are consistently supported by integrated, data-
driven management reports. The proposed enhancements address Kazakhstan’s
renewable energy context in several ways. For example, including environmental
KPIs in the Balanced Scorecard directly tackles public and regulatory demands
for clean energy performance. It also aids in meeting international financing
criteria, since many global investors (e.g. green bond issuers) require reporting
on sustainability metrics. Moreover, integrating risk assessments ensures that
firms remain agile amid Kazakhstan’s shifting policies (such as evolving green
subsidies or tariff changes noted by PwC and others).

By leveraging IT and cross-departmental data, firms can reduce the information
lag that hinders strategic planning. Posadzinska et al. highlight that an “intelligent”
energy enterprise relies on automated management accounting tools and advanced
analytics. Adopting these tools in Kazakhstan would shorten decision cycles and
improve forecasting accuracy. For instance, real-time dashboards could alert
managers to cost overruns or shifts in market demand before they become crises.
Overall, strengthening SMA mechanisms creates a feedback loop: better data and
analysis lead to more informed strategies, which in turn improve financial and
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environmental results. This can yield higher competitiveness. As Stavropoulou et
al. argue, a Green Scorecard “benefits organizations by enhancing their performance
on both the economic and environmental fronts”. In the Kazakh context, such an
approach can help renewable firms justify investments to financiers and guide
policymakers on where support is most effective.

Conclusion. Advancing strategic management accounting in Kazakhstan’s
renewable energy enterprises is a critical condition for ensuring sustainable
growth and improving the effectiveness of strategic decision-making in the
context of energy transition and increasing environmental requirements. The
findings of this study demonstrate that the rapid expansion of renewable energy,
driven by national decarbonization commitments, geopolitical challenges, and
growing investment activity, has significantly increased the strategic complexity
of managing enterprises in this sector, while traditional management accounting
systems focused primarily on historical cost control and short-term financial
reporting are no longer sufficient to support effective decision-making. The
analysis confirms that renewable energy enterprises require advanced strategic
management accounting mechanisms capable of integrating financial and non-
financial information, including environmental indicators, market data, competitor
analysis, and risk-related parameters, thereby enabling more comprehensive and
forward-looking management approaches. In this context, the implementation of
sustainability-oriented tools, such as a Green Balanced Scorecard and integrated
accounting information systems, allows for the alignment of financial, operational,
and environmental objectives, while the inclusion of non-financial indicators-such
as carbon emissions, resource efficiency, and environmental costs-enhances the
analytical value of managerial reporting. At the same time, the application of
scenario analysis and key risk indicators strengthens the ability of enterprises to
respond to regulatory changes and market volatility, and the integration of digital
technologies, including ERP and business intelligence systems, ensures real-time
data processing and supports evidence-based strategic decisions, especially when
accompanied by the development of staff competencies in the use of SMA tools.

Overall, the transition toward a comprehensive, data-driven, and sustainability-
oriented strategic management accounting system is essential for improving
the quality of planning and investment evaluation, strengthening long-term
competitiveness, enhancing adaptability to a dynamic external environment,
and supporting the achievement of Kazakhstan’s national energy transition and
sustainable development goals.

This study concludes that improving strategic management accounting
mechanisms - through the adoption of sustainability-oriented balanced
scorecards, environmental management accounting, risk-integrated budgeting,
digital accounting systems, and enhanced organizational competencies - can
significantly strengthen the strategic capabilities of renewable energy enterprises
in Kazakhstan. The implementation of these mechanisms enables enterprises to
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align corporate strategies with national energy transition and carbon neutrality
goals, improve transparency and investment attractiveness, and enhance resilience
to regulatory and market uncertainties. From a practical perspective, the proposed
approaches may be applied by renewable energy companies, policymakers, and
regulators to improve the quality of strategic planning and governance in the
energy sector. Future research may focus on empirical testing of these mechanisms
at the enterprise level and on evaluating their impact on financial performance,
sustainability outcomes, and long-term competitiveness within Kazakhstan’s
renewable energy industry. In conclusion, it is recommended to implement a
sustainability-oriented Balanced Scorecard through a pilot project within one
of the Samruk-Kazyna enterprises, accompanied by a cost-benefit assessment
based on OPEX and CAPEX. A comparison of two scenarios—before and after
implementation-over a 10-year horizon would allow for evaluating the impact on
financial and environmental performance.

At the policy level, regulatory authorities should introduce incentive-based
tax mechanisms for companies applying Environmental Management Accounting
(EMA) and Activity-Based Costing (ABC) with environmental metrics. In addition,
the use of green bonds as a financing instrument for covering capital investments,
as demonstrated in international practice, can further support the development
of renewable energy projects. By following these recommendations, renewable
energy companies in Kazakhstan can make their management accounting systems
more forward-looking and strategy-driven. This will support both compliance with
national energy goals and the firms’ own long-term performance. Future research
or pilot studies could assess the impact of these SMA enhancements on project
success and investment outcomes in Kazakhstan’s clean-energy sector.
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