ECONOSCITECH
INTEGRATION

INTERNATIONAL SCIENTIFIC SRENRVARS
ELECTRONIC JOURNAL _ (77

American University
] I T onomics () of Techmoiooy
v powered by Arizona State University ®

ISSN: 3060-5075

PART I

Acceptance of articles
PUBLISHED MONTHLY

&

ARTICLE CONTRIBUTORS

PROFESSORS, SCHOLARS,
SPECIALISTS, AND RESEARCHERS

scholar

INTERNATIONAL
STANDARD
SIERILAIL,

NUMBER
DENMARK

CONTACT: @ +998 94 3540880 https://econoscitech-integration-journal.uz 2026



EDITOR-IN-CHIEF:

Zufarova Nozima Gulamiddinovna
DSc., Dean of Tourism Faculty, TSUE

DEPUTY EDITOR-IN-CHIEF:
Makhmudov Nosir Makhmudovich
DSc., Prof., Academican

DEPUTY EDITOR-IN-CHIEF:
Suyunov Dilmurod Xolmurodovich
Doctor of Economics (DSc), Professor,

DEPUTY EDITOR-IN-CHIEF:
Allayarov Shamsiddin Amanullayevich
doctor of economics (DSC), professor

RESPONSIBLE SECRETARY:
Otaboyev Axmed Maxsudbek o‘g‘li
TSUE independent researcher

THE SCIENTIFIC-POPULAR
ELECTRONIC JOURNAL
"ECONOSCITECH-INTEGRATION"
HAS BEEN REGISTERED UNDER
THE NUMBER C-5669651 BY THE
AGENCY FOR INFORMATION AND
MASS COMMUNICATIONS (AOKA)

OF THE REPUBLIC OF UZBEKISTAN,
EFFECTIVE FROM OCTOBER 9, 2024. ,

In accordance with Resolution No.
384/6 dated April 10, 2026, issued

by the Presidium of the Supreme
Attestation Commission under the
Ministry of Higher Education, Science
and Innovation of the Republic of
Uzbekistan, this journal is included in
the list of recommended international

scientific publications for publishing
the primary research findings of
doctoral dissertations in the field of
Economic Sciences.

Partners: Tashkent State University of
Economics / American University of
Technology in Tashkent (AUT)

Electronic publication. Issue 10. PART I

500 pages. Approved for publication in October 2026.

Editorial Board Members:

Sharipov Kongratbay Avezimbetovich,
Doctor of Technical Sciences (DSc), Professor

Teshabayev To‘lqin Zakirovich,
Doctor of Economic Sciences (DSc), Professor

Said Irandoust,
Doctor of Chemical Engineering Sciences,
Professor

J

&

Abdurakhmanova Gulnora Kalandarovna,
Doctor of Economic Sciences (DSc), Professor

Khudoykulov Sadirdin Karimovich,
Doctor of Economics, (DSc), Professor

-

Tokunaga Masahiro, h

professor, PhD of Economics of the Faculty of

Business and Commerce )
~

Debasis Das,

professor Department of Computer Science )

Nitin Goje,

professor and Program Lead - Computer Science

Nargizakhon Shamshieva
Doctor of Economic Sciences, Professor

Rakhmonov Norim Razzakovich,
Doctor of Economic Sciences (DSc), Professor

Bayxonov Bahodirjon Tursunbayevich
Doctor of Science (DSc), Professor

Shomurodov Ravshan Tursunkulovich,
PhD, Associate Professor

Boymuratov Abduraxmat Djumayevich
Doctor of Philosophy (PhD) in Economics

Sharopova Nafosat Radjabovna
DSc, Associate Professor

Sultanova Kamila Mukhtorali Kizi
Master of Science

—/ ) O U U




10/2026 ECONOSCITECH INTEGRATION

CONTENTS

THE ORGANISATIONAL AND ECONOMIC MECHANISM FOR MANAGING THE

COMPETITIVENESS OF ENTREPRENEURIAL ENTITIES: A SUBSYSTEM-BASED FRAMEWORK

AND A MEASUREMENT-ORIENTED CLASSIFICATION OF FACTORS ... sessesessesssssesens 14
Akhmadjanov Abrorbek Akbarjon ugli

STATISTICAL ANALYSIS OF HUMAN CAPITAL ALLOCATION EFFICIENCY

ACROSS SECTORS OF UZBEKISTAN’S ECONOMY ...ttt ssssssssssssssssssssssssssssssssssssssssssssssassssssssssssssssnns 23
Ne’matova Gulchehraxon
AKTYAJIBHBIE BOIIPOCBI OHEHKHW KPEJWUTOCIIOCOBHOCTH 1100) /10 V:N 5070 SO 32

LLomyponor PaBliaH TypcyHKynoBu4

A COMPARATIVE STATISTICAL ASSESSMENT OF REAL ECONOMIC GROWTH ACROSS

UZBEKISTAN’S REGIONS, Z0T10-2025 ...oiereeeereeeeeseeseseeeseessesssessssessesssesssesssesssssssessssssssssssssesssesssesssesssesssssasssssssasssssssasees 38
Shamsiyeva Nigora Rafiq qizi

3EJIEHAS 3KOHOMUKA KAK UHCTPYMEHT OBECITEYEHWA 3KOHOMUWYECKOH

BE30ITACHOCTHU I'OCYJJAPCTBA: MEXK/IYHAPO/IHBIM OTIBIT U OCOBEHHOCTH

PASBUTHUSA B Y3BEKUCTAHE ...t ss s ssssssnns 45
XypcaHgoB KomumkoH MaxmaTtkynoBuY

DIAGNOSIS-BASED TARGETING OF SUPPORT FOR CREATIVE ECONOMY ENTITIES: AN

INDEX-BASED ALLOCATION MECHANISM (EVIDENCE FROM UZBEKISTAN )....cocovmineemmesssssessessssssseens 56
Kurbonova Zebiniso Azimovna
MANAGING INNOVATION RISKS IN THE DEVELOPMENT OF THE GREEN ECONOMY......cccooniiiirerniniennnn, 63

Madraximova Shohista Bahrom qizi

IMPROVING THE INVESTMENT STRATEGY FOR SUSTAINABLE DEVELOPMENT OF
INDUSTRIAL ENTERPRISES ..ottt s 72
Samijonov Musobek

HOW CAN BEHAVIOURAL AND PSYCHOLOGICAL THEORIES EXPLAIN PATTERNS OF ARTIFICIAL

INTELLIGENCE (AI) USE AMONG 15-YEAR-OLD STUDENTS, AND HOW ARE THESE PATTERNS

ASSOCIATED WITH LEARNING OUTCOMES AND ACADEMIC PERFORMANCE? ..o 86
Fayazov Xasan Jaxongir o‘g‘li

OPPORTUNITIES FOR IMPROVING THE AUDIT OF EXTRABUDGETARY REVENUES IN HIGHER
EDUCATION INSTITUTIONS BASED ON INTERNATIONAL STANDARDS ... ssessessesseseens 94
Abduraxmonov Saidqosimxon Abduhamid o‘g‘li

REGIONAL DIFFERENTIATION OF SMALL BUSINESS AND PRIVATE

ENTREPRENEURSHIP ACTIVITY: A COEFFICIENT-BASED INDEX FOR

THE DISTRICTS OF NAMANGAN REGION, UZBEKISTAN ....vttrtreeresesesssessssessessessessssssssssessessessssssssssssesseses 100
Malikov Ulug‘bek Xoldarboyevich

INTEGRATED ASSESSMENT OF COMMERCIAL BANKS” ECONOMIC SECURITY: RISK-BASED

EVIDENCE FROM UZBEKISTAN ....ottitirtererresesesesssssssessessesssssssssssssessessess s s ssssssssessssssssssssssssessessssssssssssssssssessssssssssses 106
Shavkat Makhramovich Uralov

CURRENT CHALLENGES AND PROSPECTS FOR ENHANCING

COMMERCIAL BANKS’ REVENUE GENERATION ....ouitincremnessesmssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssasees 113
Ostonakulova Gulchekhrakhon Mukhammadyokub kizi

THE INTERRELATIONSHIP BETWEEN CORPORATE GOVERNANCE,

INTERNAL CONTROL SYSTEMS, AND FINANCIAL DISCIPLINE IN

STATE-OWNED TRANSPORT ENTERPRISES ...ttt 120

Raxmatov Ziyodullo Nosirovich
econoscitech-integration-journal.uz < 3 >




ECONOSCITECH INTEGRATION 10/2026

BEYOND THE 3R APPROACH: INSTITUTIONAL STRUCTURE AND OPERATIONAL
DYNAMICS OF THE 9R CIRCULAR ECONOMY HIERARCHY .ot sssesessessssssessesssssssssessessseanes 130
Mirzayev Muzaffar Maxmudovich

INTEGRATED ASSESSMENT OF THE ECONOMIC DEVELOPMENT OF RAILWAY

ROLLING STOCK MANUFACTURING AND REPAIR ENTERPRISES: A

WEAKEST-LINKSENSITIVE AGGREGATION APPROACH. ... rsesssssnessesressessssssssesssssesssssssssssssssssssessssssssssssanes 141
Mannonov Shohruhmirza Abdirashid o‘g‘li

ADVANCED INTERNATIONAL MODELS FOR ORGANIZING FOOD SUPPLY FOR

MILITARY PERSONNEL: EXPERIENCES OF SEVEN LEADING COUNTRIES AND

THEIR ADAPTATION TO THE NATIONAL GUARD SYSTEM ..ociicsessirirctresessssesssssssessessessesssssssssssssssssssssssssssssns 148
Sharifov Akmal Mamadaminovich

THE SIGNIFICANCE OF TRADITIONAL CRAFTSMANSHIP IN PRESERVING INTANGIBLE

CULTURAL HERITAGE: THE CONTRIBUTION OF DILBAR MEROSI AND ITS RELATIONSHIP

WITH CULTURAL TOURISM IN UZBEKISTAN.....cstttrerreresensesesesressesssssessssssssssssesssssssssssssssssssessessssssssssssssessesssssssssnes 156
Tongotarova Zuhra
Amiriddinova Muslima

PROSPECTS FOR THE APPLICATION OF CLOUD COMPUTING IN THE

DEVELOPMENT OF MODERN INFORMATION SYSTEMS... e sesssssssssssssssssssssssssssssesssens 160
Bozorova Irina Jumanazarovna
INNOVATIVE APPROACHES TO ECONOMIC INCENTIVES FOR ENHANCING SOIL FERTILITY ..ovvvurerenae 168

Muslimjon Isakhanov

CONCEPTUAL FOUNDATIONS FOR DEVELOPING MARKETING STRATEGIES
TO DIVERSIFY TOURISM SERVICES: THE CASE OF KHOREZM REGION ... seesesseseenes 176
Komilov Dostonbek Ro‘zimboy o‘g‘li

REGULATORY FRAMEWORK FOR THE ACCOUNTING AND AUDITING OF FINANCIAL

INSTRUMENTS IN UZBEKISTAN: A CLAUSELEVEL COMPARATIVE ANALYSIS WITH IFRS 9

AND ISA 540 (REVISED) ..curiirtiseieeeeeiseeseessessesssesssesssesssessssssssssssssesssesssesssssssessssssse e ssssssssssssssesssssssasssssssesssessssssesssssssssnees 187
Shanasirova Nodira Abdullaevna

IMPROVING INTEGRATED MANAGEMENT OF INDUSTRIAL ENTERPRISES

THROUGH ERP SYSTEMS: A DYNAMIC INVENTORY CONTROL AND AI-ASSISTED

DECISION SUPPORT FRAMEWORK ...t sss s ss s ss st se s bsssssssssss s basssnssssnsssssasns 197
Farhod Toshmuradovich Xoliyarov

THE ESSENCE, NECESSITY, AND SIGNIFICANCE OF ARTIFICIAL

INTELLIGENCE TECHNOLOGIES IN THE BANKING SYSTEM.....csiiierersreeressstssesessssssessessessssssessessssssssesssssssanes 205
Jurayeva Sevara Zakirovna
COBEPIIEHCTBOBAHUE CUCTEMBbI CTPAXOBAHUA YKUBOTHOBO/ICTBA B Y3BEKUCTAHE............. 212

Xyxakynosa Upoaa YpanoBHa

IMPROVING THE ORGANIZATIONAL AND ECONOMIC MECHANISM FOR THE

TRANSITION TO CLOUD SOLUTIONS IN COMMERCIAL BANKS ... ereseereererneeseessesseseessesseseessessesssessessesseaes 219
Jumayev Sohib Bahodirovich

EXPANDING THE SCOPE OF GREEN BANKING SERVICES IN UZBEKISTAN:

BASED ON INTERNATIONAL EXPERIENCE ... seeseeeessee s ses s sssssessessssssssesssssssssessssssesssssesssssnes 226
Mirzakhmedova A.A.

AN ECONOMETRIC ASSESSMENT OF GUIDE TRAINING, SERVICE QUALITY, AND TOURIST

SATISFACTION: THREE STANDARD TOOLS AND WHAT EACH OF THEM REVEALS......renirees 232
Misirxonov Habibxon Iskandar o‘g‘li

RISK-TIERED CUSTOMS CLEARANCE OF TRAVELLERS BASED ON ADVANCE INFORMATION

AS ATOOL FOR DEVELOPING CROSS-BORDER TOURISM IN UZBEKISTAN......ooerereenrerrerseeeesseeseeseessessesseens 243
Ergashev Qobiljon Ernazarovich

< 4 > econoscitech-integration-journal.uz




10/2026 ECONOSCITECH INTEGRATION

CREDIT RISK CAPITAL DIAGNOSTICS UNDER LIMITED DEFAULT DATA IN UZBEKISTAN.....cccvcstneerreens 249
Gaybullaev Umidillaxon Hasan ugli

ASSET EFFICIENCY AND PROFITABILITY OF LARGE HOTEL ENTERPRISES IN UZBEKISTAN:
EVIDENCE FROM FINANCIAL STATEMENTS FOR 2021 =2025 .ieeieesrreresesssesesesssssssesssssssesssssssssesssssssssssassens 256
Rakhimov Hasan Abdusaitovich

ECONOMIC EFFICIENCY OF AI-BASED VIRTUAL TRY-ON TECHNOLOGIES IN

ENHANCING DIGITAL MARKETING STRATEGIES IN THE FASHION INDUSTRY ...cevunurererersersenssnsssessesresnens 263
Ahmedova Rayhona Jasurbek qgizi
DIRECTIONS FOR IMPROVING STATE FISCAL (BUDGETARY AND TAX) POLICY ..vvnrerereermeeneenneenseessesneees 272

Asatullaev Khurshid Sunatullaevich

AHAJIM3 COBPEMEHHOT'O COCTOSAHUSA U NTEPCIIEKTHUB PA3BUTHS YCTOMYMBOI'O

BU3HECA B IEATEJIBHOCTHU AO «Y3BEKUCTOH TEMUP MYJIJIAPH ..rrvveeereesssssssssssssssessssssssssssseseen 277
A6pypaxmaHoBa M. T.
Mawapunos Macbya HymoHxoHOBUY

STRUCTURAL SOURCES OF LABOUR PRODUCTIVITY GROWTH IN UZBEKISTAN

IN THE CONTEXT OF GLOBAL TRENDS ...t ssssssssesssss s sssssssssssssssssssssssssssssssesssssssssnses 284
Artigova O‘g‘iljon Zafar qizi

EFFICIENT USE OF ECONOMIC RESOURCES IN THE CONTEXT OF DIGITAL TRANSFORMATION.......... 290
Muydinov Khurshidbek Abdullaevich

IMPROVING THE ACCOUNTING AND AUDIT OF TAX OBLIGATIONS ....ooivrrreressensinsisssssssesesesssss s sssssessens 295
Dulabov Zafar Akbarovich

ECONOMETRIC MODELLING METHODS FOR ASSESSING THE INVESTMENT

ATTRACTIVENESS OF INDUSTRIAL ZONES: A METHODOLOGICAL FRAMEWORK WITH

EVIDENCE FROM UZBEKISTAN ....totnintirereerenisssssssssssessessssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssss s ssssssssssssssssssssssses 299
Bozorova Nargiza Tolibjonovna

SUSTAINABLE UTILISATION OF THE TOURISM AND RECREATIONAL POTENTIAL

OF PROTECTED NATURAL AREAS: THE CASE OF JIZZAKH REGION ...t ssessseseees 307
Mamadiyorov Adhamjon Kuchkar ugli

THE MAIN ECONOMIC FACTORS AFFECTING AGRICULTURAL PRODUCTION ON FARMS......oomieereennes 321
Axmedova Mavluda Shavkatovna

THE IMPACT OF DIVIDEND POLICY ON FINANCING DECISIONS AND

CAPITAL STRUCTURE IN JOINT-STOCK COMPANIES .....coieeeeereeereireesseesesssesssssssssssesssessssssessssssssssssssssssssssssssssssees 327
Abdurazakova Nargiza Rixsibayevna

METHODOLOGY FOR FINANCING JOINT-STOCK COMPANIES

THROUGH IPOS, SPOS, AND FPOS ... ertisetseesseteessessesssesssesssesssessse s ssss st s sss st s ssss s st ssssss 332
Abdurazakova Nargiza Rixsibayevna
FUNDAMENTALS OF INTERNAL AUDIT ORGANIZATION IN BUDGETARY ORGANIZATIONS........ccoueuneee. 342

Nurmetov Nurmat Aminbayevich

THE IMPORTANCE OF TALENT MANAGEMENT IN ENSURING MANAGEMENT EFFECTIVENESS.......... 347
Xolbayev Shaxriyor Abdullayevich

Nasimov Dilmurod Abdulloyevich

A METHODOLOGY FOR CONSTRUCTING AND ASSESSING AN INTEGRATED
RESOURCE EFFICIENCY INDEX FOR INDUSTRIAL ENTERPRISES ... seesensenns 355
Rasulova Durdona Gayratovna

THE IMPORTANCE OF ORGANIZING ESG AUDITS IN CONSTRUCTION AND
CONTRACTING ORGANIZATIONS ..ottt ss s ssssssss s s b s ssssssss s 360

Tulovov Erkinjon Tolgin ugli
econoscitech-integration-journal.uz < 5 >




ECONOSCITECH INTEGRATION 10/2026

TESTING A PUBLISHED PROVISION MATRIX: EVIDENCE FROM
AN UZBEK ELECTRICITY DISTRIBUTOR ...t ireseereererseeseesesssesesssesssssesssesssssesssessssssssssssssssssssssssssssssssssssssssssssssssssess 365
Suyunov Jaloliddin O‘ktam o‘g‘li

INTERNATIONAL EXPERIENCE IN IMPROVING COMMERCIAL BANK CAPITAL EFFICIENCY
AND OPPORTUNITIES FOR ITS APPLICATION IN UZBEKISTAN’S BANKING PRACTICE ..o 376
M. Sa’dullaeva

DETERMINANTS OF PURCHASE CHANNEL CHOICE AND THE ECONOMIC EFFICIENCY

OF E-COMMERCE TOOLS FOR SMALL FOOTWEAR BUSINESSES: EVIDENCE FROM A

MULTINOMIAL LOGIT MODEL IN UZBEKISTAN ...t rerireeeeerersseeesssssessessesssssessesssssssssssssssssssessssssssssssssssssssssesssssssaes 383
Makhmudova Munisakhon Abbos qizi

IMPROVING THE EFFICIENCY OF FINANCIAL RESOURCE ALLOCATION FOR FUNDING

CIVIL SOCIETY INSTITUTIONS THROUGH ARTIFICIAL INTELLIGENCE TECHNOLOGIES.......cocoereereennes 392
Khusanov Otabek Nishonovich

FORMATION AND DEVELOPMENT OF ECONOMIC SUPPORT MECHANISMS FOR

EXPORT ACTIVITIES AT THE REGIONAL LEVEL...oiriseeererreeeesee s ssesssessesssessssssssssssesssssssssessesssssssssesssssssanes 398
Dadajanova Moxinur Alisher qizi

ENHANCING THE EFFICIENCY OF THE PUBLIC PROCUREMENT SYSTEM:

INSTITUTIONAL REFORMS AND INTERNATIONAL BEST PRACTICES ...t seessesseseenes 405
Kurbonbekov Sardorbek Ravshanovich

INTEGRATED STATISTICAL ASSESSMENT AND ECONOMETRIC MODELLING OF BUSINESS

DEVELOPMENT ACROSS THE REGIONS OF UZBEKISTAN......iocereeeereereeeesessesssesessesssesessessssseessessessessessessssses 412
Saidova Markhabo

QUANTITY IS NOT QUALITY: TRADITIONAL BIOMASS, ADAPTIVE CAPACITY, AND THE

GROWTH RETURNS TO RENEWABLE ENERGY IN BRICS+ ECONOMIES, 2002-2022 ....ooorereereererrerreenes 417
Muslimova Farangiz

DOES INDUSTRIAL EXPANSION STILL DRIVE INCOME GROWTH? AN ARDL ANALYSIS

OF INDUSTRIALISATION, ELECTRICITY CONSUMPTION, AND ECONOMIC GROWTH IN

UZBEKISTAN ..ot steceuseeseeeessessesssessessesseessessessesssesssssesssessessesssessessesssessessessssssesssssesssesssssesssessessesssessessesssessessessssssesssssesssessesassnesnes 424
Eshboev Mirjalol Bakhrom ugli
Rayimbaev Otabek Uktamboy ugli

IMPROVING THE METHODOLOGY FOR ASSESSING THE INSTITUTIONAL AND

ECONOMIC EFFICIENCY OF MANAGEMENT MODELS IN TEXTILE INDUSTRY ENTERPRISES................. 439
Avulchayeva Feruza Jurakuziyevna

A STATISTICAL ASSESSMENT OF TOURISM CLUSTERS IN DRIVING REGIONAL ECONOMIC

GROWTH: A COMPARATIVE ANALYSIS OF UZBEKISTAN AND CYPRUS ...t sseessesseseenes 445
Dilshodjon Nematov

CONTROLLING FREQUENCY-INDUCED IMPLICIT WEIGHTS IN MULTI-SOURCE

CONSUMER PRICE DATA

(A Two-Stage Geometric Aggregation Approach and Evidence from Uzbekistan).......cooeneneeneeneerseenes 450
Ismailova Shaxnoza

ASSESSMENT OF THE EFFECTIVENESS OF EXISTING ORGANIZATIONAL AND ECONOMIC

MECHANISMS FOR MANAGING INNOVATION ACTIVITIES IN TEXTILE INDUSTRY ENTERPRISES....... 456
Abdurahmanova Feruza Nusratovna

GOVERNING DIGITAL CHANGE THROUGH SCHOOL LEADERSHIP COMPETENCIES ... 462
Avazbek Esanov

THEORETICAL FOUNDATIONS AND INTERNATIONAL EXPERIENCE IN THE

DEVELOPMENT OF SMALL BUSINESS AND PRIVATE ENTREPRENEURSHIP ... 468
Kaxorova Zamira Safaraliyevna

< 6 > econoscitech-integration-journal.uz




10/2026 ECONOSCITECH INTEGRATION

IFRS LINE: AN AUTHOR’S MODEL OF PARALLEL ACCOUNTING UNDER IFRS AND

THE NATIONAL ACCOUNTING STANDARDS OF THE REPUBLIC OF UZBEKISTAN......ccecocouiieniereececnereenenas 474
Rakhimova Khalida Bakhodurovna

IMPROVING A MULTIFACTOR REGRESSION MODEL FOR ASSESSING THE WORK

PERFORMANCE OF FACULTY MEMBERS IN HIGHER EDUCATION.....ooeeir it ssssssseanas 480
Sultanova Kamila Mukhtorali kizi

ANALYSIS OF THE DEVELOPMENT STATUS OF THE FOOD INDUSTRY IN THE KHOREZM

REGION AND THE EFFECTIVENESS OF STATE REGULATION ..ot sssssss s ssssssssssssassessas 487
Xolmuratov Jamshidbek Xayrulla ugli

ECONOMIC-MATHEMATICAL MODELLING OF THE RELATIONSHIP BETWEEN INNOVATION

OUTCOMES AND COMMERCIALISATION TIME IN COTTON-TEXTILE CLUSTERS ..o 495
Tadjiyev Sadulla Muxidinovich
CONTEMPORARY TRENDS IN INDUSTRIAL DEVELOPMENT ......ovvrrnininsinesresresessessssssssssssessessesssssssssssssssssnens 501

Kasimov Azamat Abdukarimovich

WAYS TO IMPROVE MANAGEMENT EFFICIENCY THROUGH ARTIFICIAL

INTELLIGENCE TECHNOLOGIES......oiirresesssssssssssessessesssssssssssesse s ssssssssessssssssssssssssssssssssssssssssssssssssssssssssssssses 509
Mardiev Bunyod Sirojiddin o‘g‘li
Amanova Lola Baydulla qizi

TIME-AWARE ALLOCATION OF CUSTOMS INSPECTION RESOURCES ACROSS RISK

LANES: DECLARATION-LEVEL EVIDENCE FROM UZBEKISTAN .....ocniiererreeneesrerseeseessessessesssessessesssessesssssesseses 514
Kilichov Nazar Bafoyevich

HAKOIIVIEHUE KAITUTAJIA OIIEPEXKAET POCT ITIPOU3BOJAUTEJIBHOCTHU:

TEXHUKO-UHIUKATHBHAS MATPUIIA /111 TIPOU3BO/JUTEJIEM CIIOPTUBHOI'O

OBOPYZIOBAHUS B Y3BEKHCTAHE ...t sssssssssss s ssssssssssssnsns 519
XampakynoB UxTnép bBaxTtuépoBuy

AN INTEGRATED FRAMEWORK FOR ASSESSING AND ENHANCING OPERATIONAL

PERFORMANCE IN ORGANIZATIONS ..ot seteessessesssessessesssessessessssssessessesssessessesssssssssesssessessessssssesssssssssesssssssssesssssesans 526
Oybek Rixsillayevich Sheraliyev
REGIONAL FRUIT BRANDS AND EXPORT COMPETITIVENESS IN UZBEKISTAN .....onerereeeesrerseeeesneens 530

Karimova Maftuna Nurdinovna

STRATEGIC INVESTMENT POLICY AND MANAGEMENT MODERNIZATION IN

UZBEKISTAN’S CONSTRUCTION MATERIALS INDUSTRY: EMPIRICAL EVIDENCE AND

STRUCTURAL TRAJECTORIES ...t reererseteesessessseeessesssssesssesssssesssesssssssssessessssssessssssssssssssssssssssesssssssssessssssssesssssssanes 536
Kutbitdinova Moxigul Inoyatovna

A RISK-BASED AUDIT METHODOLOGY FOR ELECTRICITY LOSSES IN DISTRIBUTION
UTILITIES: EVIDENCE FROM UZBEKISTAN .....ooirieieeereseeseessessesseessessessssssessessssssessssssssssssssssssssssesssssssssessessssssessssssanes 543
Xojimuradov Zuxriddin Shukurullo o‘g‘li

econoscitech-integration-journal.uz < - >



10/2026 ECONOSCITECH INTEGRATION

A RISK-BASED AUDIT METHODOLOGY FOR
ELECTRICITY LOSSES IN DISTRIBUTION
UTILITIES: EVIDENCE FROM UZBEKISTAN

Xojimuradov Zuxriddin Shukurullo o‘g‘li
PhD Candidate,
Tashkent State University of Economics

Abstract. Electricity losses are the largest expense of distribution utilities, yet they are typically recorded in
aggregate and audited using general-purpose procedures. At the Jizzakh branch of Hududiy Elektr Tarmogqlari (HET)
JSC, losses amounted to UZS 207.3 billion, or 90.3% of selling expenses, in 2024. This paper develops and calibrates
a risk-based audit methodology for such losses. The audit risk model is extended by dividing control risk into technical
(metering and data systems) and administrative components; the required detection risk and monetary-unit sample
sizes are derived analytically; and the loss statistics of all 14 HET branches for 2024—-2025 are examined using
analytical procedures. Overall materiality (5% of selling expenses) is UZS 11.48 billion, equivalent to approximately
one percentage point of the branch’s loss ratio, while a systematic 0.5% bias in input metering alone would misstate
the loss amount by UZS 5.58 billion, exceeding specific materiality (UZS 3.44 billion). With an audit risk of 0.10, the
required sample size decreases from 99 monetary units under the current control environment to 42 when both control
components are remediated. The analysis shows that all 14 branches reported lower loss ratios in 2025 (relative
declines of 3-35%). However, the commercial component of losses was negative in eight branches and decreased
in only four, while the reported decomposition could not be independently recalculated. Jizzakh and Samarkand are
assigned the highest audit priority. The 47-day audit programme is revised to address an insufficient allocation of time
to planning and the absence of a scheduled confirmation of purchased electricity volumes. The results provide auditors
of regulated distribution utilities with a transparent basis for determining the scope and sample sizes of electricity loss
audits.

Keywords: electricity losses, audit risk, materiality, monetary-unit sampling, analytical procedures, distribution utilities,
Uzbekistan.

AHHOoTaumsA. [loTepu SMEKTPOSHEPrMM COCTaBMSKOT  KPYMHEWLIY0 CTaTbld PacXOOOB  3NEKTPOCETEBbIX
pacnpefenuTenbHbIX NpeanpusiTuiA, ogHako O0ObIYHO YYMTHIBAOTCA B arperMpoBaHHOM BMOE W MPOBEPSIOTCA C
ncronb3oBaHnem obLmx ayautopckux npoueayp. B xusakckom cdunvane AO «Xygyaoun anektp tapmoknapuy (HET)
B 2024 r. pacxofbl, CBsI3aHHbIE C NOTEPSMU 3reKkTpoaHeprun, coctaBunm 207,3 mnpa cymos, unmn 90,3% pacxodoB Ha
peanu3auuto. B ctatbe paspabaTbiBaeTca M kanubpyeTca pUCK-OpMEHTUPOBaHHas MEeTOAONOorns ayauta Takvx notepb.
Mopenb ayauMTopckoro pucka pacluvpeHa nyTém pasfeneHus pucka CPEeACTB KOHTPOMSA Ha TEeXHUYECKYH (CUcTeMbl
y4éTa BMeKTPO3HEPrnM U 06paboTkM AaHHbIX) U aAMUHUCTPATMBHYK cOcCTaBrsiowme. Heobxoanmbli ypoBEHb pucka
HeobHapyeHWs 1 06 bEMbI BbIOOPKM METOAOM MOHETaPHbIX €ANHWL, ONPeAeNeHbl aHaNUTUYECKUM MYTEM, a8 CTaTUCTUYECKME
OaHHble O noTepsax anekTpoaHeprum Bo Bcex 14 cdwmnmanax HET 3a 2024-2025 rr. uccnefoBaHbl C MPUMEHEHNEM
aHanuTnyeckux npoueayp. OO6was cyllecTBEHHOCTb, YCTaHOBMEHHadA Ha YypoBHe 5% pacxogoB Ha peanusaumio,
coctasnset 11,48 Mnpg CyMOB, YTO 3KBUBANEHTHO NPUBNN3NTENBHO OOHOMY MPOLIEHTHOMY NYHKTY KoaddumumneHTa notepb
dunuana. lNMpn 3TOM cuctemaTnyeckas NOrpeLlHOCTb Y4YéTa MocTynarwLen anekTpoaHeprum Ha ypoBHe 0,5% moxeT
NPVBECTU K UCKAXXEHWIO BENNYMHbBI NOTEPb Ha 5,58 MNpA cyMoB, YTO NPEeBbILLAET CneuuanbHbIA YPOBEHb CYLLECTBEHHOCTU
(3,44 mnpg cymo). Mpu ayautopckom pucke 0,10 Heobxoanmbln 06bEM BbIGOPKM cokpallaeTcs ¢ 99 MOHeTapHbIX eAUHWL,
Npu CyLLECTBYIOLLIEN CUCTEME BHYTPEHHErO KOHTPOMS A0 42 npy COBEPLUEHCTBOBAHUN 06eMX COCTaBMSIOLLMX KOHTPOMS.
AHanu3 nokasbiBaeT, 4To B 2025 r. Bce 14 hunmanoB OTYNTANUCh O CHXKEHUN KOS(PMDULMEHTOB NOTEPL (OTHOCUTENbHOE
cokpalleHue coctaBuno 3—35%). Bmecte ¢ Tem Kommepyeckasi COCTaBnsLLas NoTepb MMena oTpuuaTenbHoe 3HadYeHne
B BOCbMM hunmanax v CokpaTunach TOMbKO B YETLIPEX, @ MpeACcTaBlIEHHYO AeTanu3aluio NoTepb He yaanoch He3aBUCUMO
nepecuntath. [xusakckun n CamapkaHackuii ounmansl OTHECEHbI K KaTEropyv HavBbICLLErO ayAUTOPCKOro npuopuTeTa.
Mporpamma ayguta NpoAorPKUTENBHOCTBIO 47 OHEW CKOPPEKTMPOBaHa C y4ETOM HEOOXOAMMOCTU YBEMUYEHNUS BPEMEHN
Ha NIaHMPOBaHWE W BKIIOYEHUS paHee He MpedyCMOTPEHHOM Mpoueadypbl NOATBEPKOAEHUA OOBEMOB MPUOOPETEHHON
3NeKTpoaHepruun. MNMony4eHHble pesynbTaTel POPMUPYIOT NPO3PaYHyd OCHOBY AN onpefeneHns obbéma m macwTabos
ayAMTOPCKMX MpoLeayp Npu NpoBEpKe MOTEPb 3NEKTPO3SHEPIMN B PErynmpyemblX pacnpefenurenbHbiX aNeKTpoceTeBbIX
npeanpusaTUsIX.

KntoyeBble cnoBa: NoTepu aNekTpo3HEPrnv, ayaUTOPCKUIA PUCK, CYLLLIECTBEHHOCTb, BbiGOpKa METOAOM MOHETAPHbIX
€[VHW1L, aHanuTu4eck1e npouenypbl, pacnpeaenutenbHble aNeKTPOCeTEBLIE NPEANPUSTUS, Y30eKncTaH.
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INTRODUCTION

Electricity distribution utilities purchase energy at wholesale prices and sell it to end users, so the difference
between the energy received into the network and the energy billed represents both a physical and a financial
quantity. Technical losses arise from energy dissipation in conductors and transformers, whereas non-technical
energy losses arise primarily when electricity delivered to consumers is not accurately metered or billed
because of theft, metering errors or billing failures. Unpaid electricity bills constitute a separate collection and
receivables issue (Antmann, 2009; Smith, 2004). In Uzbekistan, the financial significance of electricity losses
is considerable. At the Jizzakh branch of Hududiy Elektr Tarmoqlari (HET) JSC, electricity losses amounted to
UZS 207.3 billion, or 90.3% of selling expenses of UZS 229.6 billion, in 2024, compared with 88.8% in 2022
(HET JSC Jizzakh branch, 2022-2024). For the company as a whole, the loss ratio was reported at 9.96% in
2025 (HET JSC, 2025), and the World Bank (2025) has noted that substantial commercial losses, including
payment arrears, continue to affect the financial sustainability of the country’s energy sector.

Despite their financial significance, electricity losses are not treated as a separate accounting object.
Under the national chart of accounts in force until the end of 2024, losses of different types were recorded
collectively within selling expenses (account 9410), and the relevant instructions did not provide dedicated
accounts for electricity losses by type (Ministry of Finance, 2002). Consequently, the auditor receives a single
aggregate balance whose composition (normative technical losses, above-norm losses, commercial losses
and unexplained differences) is not directly identifiable in the ledger. Moreover, the balance itself represents the
difference between two metered energy flows generated by technical systems operating outside the accounting
function.

LITERATURE REVIEW

International Standards on Auditing (ISA) are recognised for use in Uzbekistan under a procedure
approved by the Cabinet of Ministers in 2022 (Cabinet of Ministers, 2022). These standards require auditors
to identify and assess the risks of material misstatement and to determine the nature, timing and extent of
further audit procedures in response to those risks (ISA 315; ISA 330; Ministry of Economy and Finance,
n.d.). However, they do not specifically address cost structures dominated by a single measured quantity,
such as electricity network losses. The existing literature on electricity losses is predominantly technical or
enforcement-oriented: it classifies electricity theft methods and detection technologies (Depuru et al., 2011;
Smith, 2004) and recommends loss-reduction programmes for utilities (Antmann, 2009). Studies conducted
in Uzbekistan address the standardisation of technological losses (Shodiyev, 2024) and the accounting of
revenue and settlements in a distribution company (Suyunov, 2026). The literature reviewed for this study
did not identify a published Uzbekistan-specific audit methodology devoted explicitly to electricity losses. The
scope and limitations of the literature search should, however, be acknowledged.

The aim of this paper is to develop a risk-based audit methodology for electricity losses in distribution
utilities and to calibrate it using data from HET JSC. Three research questions are addressed. RQ1: What
do materiality and the structure of the loss ratio imply for the scope of the audit? RQ2: How does the control
environment affect the required detection risk and sample size? RQ3: Which branches and which characteristics
of the reported loss statistics should receive priority in the audit programme? The contribution is threefold: an
audit risk model in which control risk is divided into technical and administrative components; a link between
materiality, the loss ratio and sample size; and an analytical screening protocol with explicit red flags, applied
to all 14 branches.

RESEARCH METHODOLOGY

Design and Data. The study follows a design-and-calibration approach. First, the audit risk model is adapted
to the operational characteristics of a distribution utility. Second, audit planning parameters are calibrated using
data from the Jizzakh branch, for which the structure of selling expenses for 2022—-2024 and the volume of
electricity losses in 2024 (493.6 million kWh) are available (HET JSC Jizzakh branch, 2022-2024). Third,
analytical procedures, as defined in ISA 520, are applied to the loss ratios of all 14 regional branches for 2024
and 2025 and to the commercial component of losses reported for the same branches (HET JSC, 2025). The
loss ratio represents the proportion of energy purchased by a branch that is not sold to consumers. The data
are internal and unpublished; the branch-level extracts used in the analysis are reproduced in Table 3 and
Figure 1. Monetary values are expressed in Uzbek soums (UZS); “bn” denotes billion (10°), “mIn” denotes
million and “pp” denotes percentage points. All calculations are the author’s own.

Audit Risk Model. The standard audit risk model expresses audit risk as the product of inherent risk,
control risk and detection risk (Arens et al., 2020). For electricity losses, the audited quantity represents
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the difference between energy purchased and energy sold. The first flow is measured at the interface with
the wholesale supplier, while the second is derived from consumer metering and billing. Both flows are
processed through automated metering and control systems (AMCS), which are technically distinct from
the administrative controls governing recording and classification. Control risk is therefore divided into a
technical component (CR

- metering accuracy, AMCS reliability and integration of meter data with the ledger) and an administrative
component (CR

- written procedures, allocation of responsibilities and review). The model is

AR=IR xCR.xCR,xDR (1)

where AR is the acceptable audit risk, /R the network-specific inherent risk and DR the detection risk.
Each risk is assessed on a three-level scale: low (0.1-0.3), moderate (0.4—0.6) and high (0.7-0.9). Acceptable
audit risk is set at 0.10 and is lowered to 0.05 as controls mature. The detection risk required to hold audit risk
at the chosen level is

DR =min{1, AR/ (IR, x CR, x CR,)} (2)

Because ISA330 ({[18) requires substantive procedures for each material class of transactions, account
balance and disclosure irrespective of the assessed risks, DR" = 1 is read as “substantive analytical procedures
only”, not as the absence of testing.

Materiality and sample size. Overall materiality (OM) is set at 5% of selling expenses and specific materiality
(SM) for the loss line at 30% of OM, reflecting the fraud-risk characteristics of the balance (ISA 320; ISA 240).
The sample for substantive testing of the loss line is sized by monetary-unit sampling. If no misstatement is
expected, the probability that a sample of n monetary units contains no misstatement of at least the tolerable
amount is approximately exp(—n-TM/BV), where BV is the book value of the population and TM the tolerable
misstatement. Requiring this probability not to exceed DR’ gives

n=(BV/TM) xIn(1/DR) (3)

rounded up. The factor In(1/DR’) is the Poisson reliability factor of monetary-unit sampling (Arens et al.,
2020), for example 3.0 at DR = 0.05. Here TM is set equal to SM; a lower tolerable misstatement, such as
performance materiality below SM (ISA320), raises n in inverse proportion.

Monetary equivalents of the loss ratio. Two conversions link the loss ratio to the financial statements. At a
given volume of energy received and a given valuation, the loss line L varies in proportion to the loss ratio A (a
fraction), so one percentage point of the ratio is worth

V,=0.01xL/A(4)

A systematic relative bias ¢ in the metering of input energy, with consumer sales unchanged, shifts the

measured loss line by
AL=exL/A (5)

because L/A is the value of the energy received at the book valuation of losses.

Analytical screening protocol. Following ISA520, the loss statistics of the 14 branches were screened with
five procedures: (i) distribution and tier shift, using the utility’s own thresholds of 8%, 11% and 13%; (ii) rank
persistence between 2024 and 2025, measured by Spearman’s coefficient; (iii) relative change in the loss ratio;
(iv) sign and additivity of the reported components; and (v) reconciliation of the company-wide figure to the
branch figures. Two flags were then assigned to each branch. Flag A (exposure): a 2025 loss ratio above 13%.
Flag C (implausible commercial component): a negative component below —0.10pp, or a component within
1+0.10pp of zero at a loss ratio above 13%, in which practically the entire loss is classified as technological.
Branches with both flags have priority 1, with one flag priority 2 and with none priority 3. The 0.10pp tolerance
is a judgemental allowance for rounding.

Artificial intelligence (Al) tools were used to a limited extent, accounting for approximately 10% of the overall
research preparation process. Their use was primarily confined to language refinement, technical editing, and
structural support. The selection of research methods, analysis and interpretation of findings, formulation of
scientific conclusions, and overall scientific responsibility remained entirely with the author.

ANALYSIS AND RESULTS

Materiality and the monetary meaning of the loss ratio (RQ1). Table 1 summarises the audit planning
parameters for the Jizzakh branch in 2024. Selling expenses amounted to UZS 229.63 billion, of which electricity
losses accounted for UZS 207.32 billion (90.28%). Overall materiality is therefore UZS 11.48 billion, while
specific materiality is UZS 3.44 billion. The loss amount is 18.1 times overall materiality and 60.2 times specific
materiality. Consequently, the balance is not only material but also pervasive: an audit of selling expenses is, in
substance, an audit of electricity losses (Table 1).
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Table 1
Planning quantities for the loss line, Jizzakh branch of HET ]JSC, 2024
Quantity Value Derivation
Selling expenses UZS 229.63 bn Branch data
Electricity losses (loss line, L) uzs 207'32‘322;2253% of selling Branch data
Loss volume; book value per kWh 493.6 min kWh; UZS 420 207.32 bn + 493.6 min kWh
Overall materiality (OM) UZS 11.48 bn 5% x 229.63 bn
Specific materiality (SM) UZS 3.44 bn 30% x OM
Loss line + OM; + SM 18.1;60.2 207.32 + 11.48; 207.32 + 3.44
Loss ratio 2024 (A) 18.58% Table 3
Value of one percentage point (V,) UZS 11.16 bn Equation (4): 0.01 x 207.32 + 0.1858

Note: bn = billion; min = million. Source: HET JSC Jizzakh branch (2022—2024); author’s calculations.

Equation (4) shows that one percentage point of the loss ratio corresponds to UZS 11.16 billion. Accordingly,
overall materiality is equivalent to 1.03 pp of the loss ratio, while specific materiality corresponds to 0.31 pp. A
difference of approximately one percentage point between the reported loss ratio and the ratio obtained from
a recalculated energy balance would therefore already be material to the financial statements. The decline
reported for 2025 (from 18.58% to 13.74%, or 4.84 pp) is equivalent, at the 2024 volume and valuation, to UZS
54.0 billion, or 4.7 times overall materiality. Consequently, the reported improvement itself requires supporting
audit evidence.

Equation (5) quantifies the sensitivity to measurement accuracy. A systematic bias of +0.5% in input
metering, with sales remaining unchanged, would overstate the loss amount by UZS 5.58 billion (0.49 times
OM and 1.62 times SM). A bias of 0.2% would result in a misstatement of UZS 2.23 billion (65% of SM), while
a bias of 1% would result in a misstatement of UZS 11.16 billion, approximately equal to overall materiality.
The loss amount therefore depends critically on the accuracy of the two metered energy flows. This explains
why technical control risk is assessed separately from administrative control risk and why confirmation of the
volume of electricity purchased from the wholesale supplier (ISA 505) is an essential audit procedure rather
than a formality.

Control Environment, Detection Risk and Sample Size (RQ2). Inherent risk is assessed as high (IR= 0.8)
because the balance is highly concentrated (90.3% of selling expenses), is derived from two metered energy
flows, includes technological and commercial components that are difficult to distinguish, and is affected by
tariff changes and seasonality. According to the author’s preliminary observations, some branch practices may
involve limited AMCS—ledger integration, manual processing of metering data and inconsistencies in accounting
procedures. These observations require verification through documented process reviews, interviews and tests
of controls before definitive conclusions can be drawn. Accordingly, both control risk components are assessed
as high (CR= CR= 0.8). With an acceptable audit risk of 0.10, the required detection risk is 0.195, and Equation
(3) yields a sample size of 99 monetary units (Table 2). Reducing the acceptable audit risk to 0.05 increases
the required sample size to 141 monetary units (+42%) (Table 2).

Table 2
Required detection risk and monetary-unit sample size for the loss line under alternative control environments
(Jizzakh branch, 2024)

Control environment CR, CR, IR *CR xCR, DR(;’_;AOR = n DR(;’_:SR = n

Current: no m’jr'i\t"t;s:rz‘izzzj'r'::grat'o”‘ no 08 08 0512 0.195 99 0.098 141
Technical controls remediated 0.5 0.8 0.320 0.313 71 0.156 112
Administrative controls remediated 0.8 0.5 0.320 0.313 71 0.156 112
Both remediated 0.5 0.5 0.200 0.500 42 0.250 84

Low-risk controls 0.3 0.3 0.072 1.0002 — 0.694 22

Note: IR, = 0.8 in all rows; BV = UZS 207.32 bn; TM = SM = UZS 3.44 bn (BVITM = 60.19); n = (BVITM)
x In(1/DR"), rounded up. @ Required detection risk exceeds 1 (1.39) and is truncated at 1: substantive analytical
procedures only (ISA 330, 18). Source: author’s calculations.
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Remediation of controls reduces the required audit effort. If either component is reduced to a moderate
level (0.5), DR« increases to 0.313, and the sample size decreases to 71 (-28%). If both components are
reduced to this level, DR« increases to 0.50, and n = 42 (-58%). Three considerations should be taken into
account. First, the risk values are based on professional judgement, and reliance on remediated controls
is justified only after their operating effectiveness has been tested (ISA 330). Therefore, Table 2 represents
a planning sensitivity analysis rather than a forecast of cost savings. Second, Equation (3) assumes zero
expected misstatement, and setting tolerable misstatement at 75% of SM would increase each sample size (n)
by one-third. Third, only the substantive component of audit effort varies proportionally with n. Nevertheless, the
results establish a transparent link between improvements in accounting practices (AMCS—ledger integration
and written procedures) and audit efficiency.

Analytical Screening of the 14 Branches (RQ3). Figure 1 and Table 3 present the screening results. All 14
branches reported lower loss ratios in 2025 than in 2024. The unweighted mean decreased from 13.76% to
10.48%, while the range narrowed from 12.65 to 9.44 percentage points (pp). The number of branches with loss
ratios above 13% declined from nine to four, whereas the number with ratios below 8% increased from one to two
(Figure 1a). The relative decline ranged from 3.1% to 35.4% (mean: 22.6%; standard deviation: 8.7). However,
six of the 14 branches reported declines within a narrow range of 26.0-28.3%, despite initial loss ratios ranging
from 11.2% to 18.6%. The ranking of branches remained largely unchanged (Spearman’s p = 0.92, n =14, p
< 0.001). This pattern is consistent with the implementation of a common loss-reduction programme, although
it may also reflect centrally established targets or a common change in estimation methodology. Accordingly,
the consistency of estimation methods across branches and reporting periods requires examination (ISA 540),
while the observed pattern may also serve as an indicator of incentive-related risks (Section 3.5).

The reported components warrant further examination. The commercial component was negative in
10 of the 14 branches in 2024 and in eight branches in 2025 (Figure 1b), which is not consistent with the
conventional interpretation of electricity losses. This may indicate an overestimation of normative technological
losses or discrepancies in metering and energy balance calculations. The unweighted mean of the commercial
component decreased from 1.03 to 0.45 pp. However, this decrease was driven by three branches: Andijan
(=13.16 pp), Namangan (-3.38 pp) and Fergana (-2.82 pp). In the remaining 11 branches, the commercial
component increased by a combined 11.1 pp. Consequently, the reduction in total losses was not accompanied
by a reduction in the commercial component in most branches. In all 28 branch-year observations, the column
reported as technological losses equals the total loss ratio. Therefore, the technological and commercial
components cannot be reconciled with the total, and the reported decomposition cannot be independently
recalculated from the available figures. Furthermore, the company-wide loss ratio for 2024 is reported as
12.55% in the international comparison and 13.81% in the branch-level table, compared with an unweighted
branch mean of 13.76%. Depending on the figure used, the reported improvement amounts to either 3.85 or
2.59 pp. Without branch-level electricity volumes, the weighted mean cannot be reconstructed (Figure 1).

Shaded rows: priority 1 (flags A and C) O 2024 ® 2025

(a) Loss ratio, % of energy received (b) Commercial component of losses, pp
8 11 13 % negative
Samarkand o——O )]
Fergana | e—O —O
Jizzakh 13.7;4 o— 01858 @ 196
Andijan O—O —453 ° 015.12
Karakalpakstan ;. e——O O—e
Syrdarya ———0 O——o
Khorezm 0‘—'—0 (o
Surkhandarya O—O Ot-e
Namangan ————0 —O
Bukhara i e—O : Ote
Kashkadarya 0—0 : Ot
Tashkent region :0) (]}
Tashkent city -0 Ce
Navoi  ®—O Co
4 8 12 16 20 -5 0 5 10 15

Figure 1. Loss ratio (a) and commercial component of losses (b) by branch, 2024 and 2025. Dotted
lines in (a) mark the 8%, 11% and 13% thresholds of the utility’s tier classification; the shaded area in
(b) contains negative values, which cannot represent a loss".

1 Source: HET JSC (2025); author’s calculations.

econoscitech-integration-journal.uz

547



ECONOSCITECH INTEGRATION 10/2026

Table 3 presents the comparative analysis of electricity loss ratios, commercial loss components and audit
screening results for all 14 branches of HET JSC in 2024-2025. The findings indicate a consistent reduction
in total electricity loss ratios across all branches. The unweighted mean decreased from 13.76% in 2024 to
10.48% in 2025, representing a decline of 3.28 percentage points (pp), with an average relative reduction
of 22.6%. The largest absolute reduction was recorded in Surkhandarya (-5.64 pp), followed by Namangan
(=5.20 pp) and Jizzakh (-4.84 pp). In contrast, Tashkent region recorded the smallest reduction (-0.26 pp).
Despite the overall improvement, differences in loss ratios remained substantial, ranging from 4.71% in Navoi
to 14.15% in Samarkand in 2025 (Table 3).

Table 3
Loss ratio, commercial component and screening flags by branch of HET JSC, 2024-2025
Branch L;;; 4rao;i)o ngzssra:;i)o Change, pp Chz;/r:ge, i::’: iz:: Flags Priority
’ ’ 2024, pp 2025, pp

Samarkand 17.27 14.15 -3.12 -18.1 -0.01 -0.02 A C 1

Jizzakh 18.58 13.74 -4.84 -26.0 -0.16 -0.02 A C 1

Fergana 16.81 14.14 -2.67 -15.9 +5.68 +2.86 A 2

Andijan 17.75 13.04 -4.71 -26.5 +15.12 +1.96 A 2

Karakalpakstan 16.50 11.83 -4.67 -28.3 -4.53 -2.51 C 2

Khorezm 14.62 10.71 -3.91 -26.7 -0.72 -0.41 C 2

Tashkent region 8.35 8.09 -0.26 -3.1 -0.36 -0.23 C 2

Tashkent city 8.44 7.41 -1.03 -12.2 -1.07 -0.58 C 2

Navoi 5.93 4.71 -1.22 -20.6 -1.51 -1.17 C 2

Syrdarya 14.90 11.03 -3.87 -26.0 +0.74 +3.87 — 3

Surkhandarya 15.91 10.27 -5.64 -35.4 -0.60 +0.86 — 3

Namangan 15.42 10.22 -5.20 -33.7 +3.30 -0.08 — 3

Bukhara 10.98 9.16 -1.82 -16.6 -0.64 +0.65 — 3

Kashkadarya 11.21 8.22 -2.99 -26.7 -0.78 +1.06 — 3

Unweighted mean of 14 15 7 10.48 -3.28 226 +1.03 +0.45
branches

Note: A = 2025 loss ratio above 13%; C = implausible commercial component (negative below -0.10 pp,
or within £0.10 pp of zero at a loss ratio above 13%). Priority 1 = Aand C; 2 = A or C; 3 = none. Changes
are recomputed from the rounded levels (the source table shows —-4.85 pp for Jizzakh). HET JSC reports a
company-wide loss ratio of 9.96% for 2025 and of 13.81% (branch table) or 12.55% (international comparison)
for 2024. Source: HET JSC (2025); author’s calculations.

Applying flags A and C identifies two priority-1 branches, Jizzakh and Samarkand (with loss ratios of
13.7% and 14.2%, respectively, and commercial components of —0.02 pp in both branches, indicating that
practically all losses are classified as technological), seven priority-2 branches and five priority-3 branches.
The priority-1 group remains unchanged for any exposure threshold between 11.9% and 13.7% and any
tolerance between 0 and 0.10 pp. However, because anomalies in the decomposition occur in most branches,
the screening indicates a systemic reporting issue as well as branch-specific concerns. The audit programme
should therefore begin with a head-office recalculation of the loss decomposition and reconciliation of the
aggregate figures (WP-07), while the established priorities should guide the sequencing of on-site audit
procedures.

Audit Programme: Allocation of Effort and Break-Even Analysis. Table 4 presents the three-stage audit
programme, comprising planning, execution and completion. The proposed engagement is scheduled to last
47 working days, with a four-person team (188 person-days) and an estimated cost of UZS 200-250 million,
equivalent to UZS 1.06—1.33 million per person-day (Table 4).
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Table 4
Three-stage programme for the audit of electricity losses: designed
and recommended allocation of the 47-day engagement

Stage Days (share): designed Main procedures and working papers ISA anchors
— recommended
Understanding of the entity and its environment (WP-02); risk ISA 300 315. 320
Planning 6 (12.8%) — 8 (17.0%) matrix, materiality, DR" and sample size, programme (WP-01, ' ' '
330
WP-03)
Energy balance and confirmation of purchased volumes (WP-04,
WP-05); AMCS—ledger reconciliation (WP-06); decomposition
of losses and normative/excess split (WP-07, WP-08); entries
Execution 35 (74.5%) — 33 and loss accounts (WP-09, WP-10); commercial-loss tests ISA 240, 330, 500,
(70.2%) and attribution of responsibility (WP-11, WP-17); consumer 505, 520, 530, 540
confirmations (WP-12); analytical procedures including first-digit
test (WP-13, WP-14); control tests (WP-15); tariff recalculation
(WP-16)
Evaluation of misstatements, conclusions and recommendations ISA 220, 230, 450
i 0, 0, ’ ’ il ) )
Completion 6 (12.8%) — 6 (12.8%) report and quality review (WP-18) 700
Total 47 days Four-person team (188 pers;g(;d:yl/:); estimated cost UZS 200—

Note: shares are percentages of the 47 days. Source: author’s programme; author’s calculations.

Two inconsistencies were identified in the proposed allocation of audit effort. First, planning accounts for 6
days (12.8%), below the recommended range of 15-20%, while execution accounts for 35 days (74.5%), near
the upper limit of the recommended range of 65-75%. Reallocating two days from execution to planning results
in 8, 33 and 6 days for planning, execution and completion, respectively (17.0%, 70.2% and 12.8%). This
adjustment brings the allocation into line with the recommended proportions and provides additional time for the
calibration of risks, materiality and sample size described above. Second, confirmation of purchased electricity
volumes (WP-05) is included among the working papers (WPs) but is not explicitly scheduled, although input
metering is the most sensitive element of the electricity loss amount (Section 3.1). Accordingly, this procedure
is scheduled alongside the energy balance verification (WP-04). The first-digit (Benford’s law) test included
in WP-14 is appropriate for invoice-level amounts (consumption multiplied by tariff) but not for assigned or
bounded numerical values (Durtschi et al., 2004; Nigrini, 2012).

The audit cost can be assessed in relation to the financial exposure. At a book valuation of UZS 420 per kWh,
UZS 250 million is equivalent to 0.60 million kWh, representing 0.12% of the branch’s electricity losses in 2024,
0.02 percentage points (pp) of its loss ratio and 2.2% of overall materiality. For an audit cost of UZS 200 million,
the corresponding figures are 0.48 million kWh, 0.10%, 0.02 pp and 1.7%, respectively. The engagement would
therefore achieve its break-even point if it enabled the recovery or prevention of misstatements or losses of a
comparable magnitude. This provides a transparent break-even condition rather than relying on assumptions
about the expected benefits.

Governance, Incentives and Fraud Risk. Electricity losses are managed and measured within the same
organisational structure. Under the Three Lines Model, operational management (the first line) is responsible
for risk ownership and measurement, risk management and compliance functions (the second line) provide
support, and internal audit (the third line) provides independent assurance (1A, 2020, 2026). Where management
is also rewarded for reductions in reported electricity losses, the loss ratio becomes a performance indicator
that may be subject to incentives and managerial discretion. An incentive scheme such as that proposed in the
author’s loss-management matrix, providing a bonus equivalent to 30% of remuneration when performance is
10% below the established norm and a penalty of 30% when the norm is exceeded by more than 15%, could
increase the incentive and opportunity conditions identified in ISA 240 as fraud-risk factors. This is particularly
relevant because the allocation of losses between normative and above-norm categories and the cut-off dates
for meter readings involve elements of judgement and discretion.

Three safeguards are therefore proposed: (i) the basis for performance incentives should be the loss
ratio verified by internal audit rather than the ratio reported by individual branches; (ii) purchased electricity
volumes should be independently confirmed with the wholesale supplier (ISA 505), while meter data should be
maintained under separate custody; and (iii) normative technological losses, determined using approved norms
and therefore treated as accounting estimates, should be evaluated in accordance with ISA 540, including an
assessment of the consistency of estimation methods across branches and reporting periods.
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CONCLUSION AND RECOMMENDATIONS

This paper developed and calibrated a risk-based audit methodology for electricity losses in distribution
utilities. Three principal findings address the research questions. First, at the Jizzakh branch, electricity
losses account for 90.3% of selling expenses, overall materiality corresponds to approximately one
percentage point of the loss ratio, and a systematic input metering bias of 0.5% would exceed specific
materiality. Consequently, auditing electricity losses essentially involves examining two metered energy
flows and reconciling the resulting balances. Second, dividing control risk into technical and administrative
components makes the effect ofimprovements in internal controls on audit effort explicit. With an acceptable
audit risk of 0.10, the required sample size decreases from 99 to 42 monetary units when both control
components are remediated. Third, all 14 branches reported reductions in electricity loss ratios that were
not consistently accompanied by corresponding reductions in the commercial component. The analysis
also identified negative commercial loss components, a loss decomposition that could not be independently
recalculated and discrepancies in company-wide reported figures. Jizzakh and Samarkand were assigned
priority 1; however, the overall pattern indicates a systemic reporting issue that should first be examined at
the central level. The 47-day audit programme was revised to address the insufficient allocation of time to
planning and the absence of a scheduled confirmation of purchased electricity volumes. Further research
should pilot the proposed methodology in a full audit engagement, estimate control risk using tested
evidence, weight financial exposure by electricity volumes and evaluate the effectiveness of the proposed
incentive safeguards.
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