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ASSESSMENT OF THE ECONOMIC EFFICIENCY OF INVESTMENT  
PROJECTS IN INDUSTRIAL ENTERPRISES 

 
URMANBEKOVA IRODA FARXODOVNA 

Department of Finance and Credit, 
Renaissance University of Education 

E-mail: i_urmanbekova@renessans-edu.uz 
ORCID: 0009-0007-3982-0320 

HOJIKULOVA FERUZA DONA KIZI 
Department of Finance and Credit 

Renaissance University of Education 
E-mail: f_hojiqulova@renessans-edu.uz 

ORCID: 0009-0000-0120-4011 
 

Abstract. The economic assessment of investment projects in industrial enterprises remains 
a persistent challenge in applied corporate finance, particularly given the limitations of 
conventional discounted cash flow methods in capturing risk heterogeneity, strategic 
optionality, and sustainability imperatives. This study proposes and empirically validates a 
Multi-Dimensional Investment Efficiency Framework (MDIEF) that integrates traditional 
financial metrics-net present value (NPV), internal rate of return (IRR), and discounted 
payback period (DPP)-with advanced instruments including Monte Carlo simulation-based 
risk modelling, real options analysis (ROA), and environmental, social, and governance (ESG) 
performance indicators. Employing a mixed-methods research design, we analyse 
longitudinal panel data from 87 industrial enterprises across three emerging market 
economies over the period 2015–2023, supplemented by structured expert interviews and 
scenario analysis. Empirical results demonstrate that the MDIEF yields investment efficiency 
scores with a predictive accuracy of 91.3% relative to ex-post project outcomes, significantly 
outperforming single-metric approaches. Critically, projects evaluated under the integrated 
framework exhibit a 34.7% reduction in post-implementation variance, suggesting superior 
ex-ante risk identification. The findings carry substantial implications for industrial policy, 
corporate governance, and development finance institutions, advocating for a paradigm shift 
from mono-dimensional appraisal toward contextually adaptive, multi-criteria assessment 
architectures. 
Keywords: investment project appraisal; economic efficiency; real options analysis; Monte 
Carlo simulation; industrial enterprises; ESG integration; multi-criteria decision analysis. 
 
Annotatsiya. Sanoat korxonalarida investitsiya loyihalarining iqtisodiy baholanishi amaliy 
korporativ moliya sohasida dolzarb muammo bo‘lib qolmoqda, ayniqsa an’anaviy 
diskontlangan pul oqimlari usullarining risklarning geterogenligi, strategik 
moslashuvchanlik (opsionallik) hamda barqaror rivojlanish talablarini to‘liq aks ettira 
olmasligi sharoitida. Ushbu tadqiqot ko‘p o‘lchovli investitsiya samaradorligini baholash 
tizimi - Multi-Dimensional Investment Efficiency Framework (MDIEF) ni taklif etadi va 
empirik jihatdan asoslaydi. Mazkur yondashuv an’anaviy moliyaviy ko‘rsatkichlar - sof joriy 
qiymat (NPV), ichki rentabellik darajasi (IRR) va diskontlangan qoplash muddati (DPP) ni 
Monte-Karlo simulyatsiyasiga asoslangan risk modellashtirish, real opsionlar tahlili (ROA) 
hamda ekologik, ijtimoiy va korporativ boshqaruv (ESG) ko‘rsatkichlari bilan 
integratsiyalashni nazarda tutadi. Aralash metodologiya asosida olib borilgan tadqiqotda 
2015-2023-yillar oralig‘ida uchta rivojlanayotgan iqtisodiyotga mansub 87 ta sanoat 
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korxonasi bo‘yicha panel ma’lumotlar tahlil qilindi, shuningdek, tuzilmaviy ekspert 
intervyulari va ssenariy tahlillari qo‘llanildi. Empirik natijalar MDIEF modeli investitsiya 
samaradorligini baholashda yakuniy (ex-post) natijalarga nisbatan 91,3% aniqlik darajasiga 
erishganini va bir ko‘rsatkichli yondashuvlardan sezilarli darajada ustun ekanligini ko‘rsatdi. 
Muhimi, integratsiyalashgan yondashuv asosida baholangan loyihalarda amalga 
oshirilgandan keyingi variatsiya 34,7% ga kamaygani aniqlanib, bu risklarni oldindan 
aniqlash samaradorligi yuqori ekanligini tasdiqlaydi. Mazkur natijalar sanoat siyosati, 
korporativ boshqaruv va rivojlanish moliya institutlari uchun muhim ahamiyat kasb etadi 
hamda investitsiya loyihalarini baholashda bir o‘lchovli yondashuvdan kontekstga 
moslashuvchan, ko‘p mezonli baholash tizimlariga o‘tish zarurligini asoslaydi. 
Kalit sо‘zlar: investitsiya loyihalarini baholash; iqtisodiy samaradorlik; real opsionlar tahlili; 
Monte-Karlo simulyatsiyasi; sanoat korxonalari; ESG integratsiyasi; ko‘p mezonli qaror qabul 
qilish. 
 
Аннотация. Экономическая оценка инвестиционных проектов на промышленных 
предприятиях остаётся одной из ключевых проблем прикладных корпоративных 
финансов, особенно с учётом ограниченности традиционных методов 
дисконтированных денежных потоков в отражении гетерогенности рисков, 
стратегической опциональности и требований устойчивого развития. В данном 
исследовании предлагается и эмпирически обосновывается многофакторная система 
оценки инвестиционной эффективности -Multi-Dimensional Investment Efficiency 
Framework (MDIEF). Данный подход интегрирует традиционные финансовые 
показатели - чистую приведённую стоимость (NPV), внутреннюю норму доходности 
(IRR) и дисконтированный срок окупаемости (DPP) - с современными инструментами, 
включая моделирование рисков на основе метода Монте-Карло, анализ реальных 
опционов (ROA), а также показатели экологической, социальной и управленческой 
ответственности (ESG). Исследование выполнено с использованием смешанного 
методологического подхода: проведён анализ панельных данных по 87 
промышленным предприятиям из трёх стран с формирующейся экономикой за 
период 2015–2023 гг., дополненный структурированными экспертными интервью и 
сценарным анализом. Эмпирические результаты показывают, что модель MDIEF 
обеспечивает точность прогнозирования инвестиционной эффективности на уровне 
91,3% по сравнению с фактическими (ex-post) результатами проектов, существенно 
превосходя однофакторные методы оценки. Более того, проекты, оценённые в рамках 
интегрированного подхода, демонстрируют снижение постреализационной 
вариативности на 34,7%, что свидетельствует о более эффективной предварительной 
идентификации рисков. Полученные результаты имеют значимые последствия для 
промышленной политики, корпоративного управления и институтов развития, 
обосновывая необходимость перехода от одномерных методов оценки к адаптивным, 
многофакторным системам анализа инвестиционных проектов. 
Ключевые слова: оценка инвестиционных проектов; экономическая эффективность; 
анализ реальных опционов; моделирование Монте-Карло; промышленные 
предприятия; ESG-интеграция; многокритериальный анализ принятия решений. 

 
INTRODUCTION 
The global industrial sector accounts for approximately 38% of total fixed 

capital investment annually, rendering the quality of investment decision-making 
a determinant of macroeconomic productivity trajectories (OECD, 2023). Within 
this context, industrial enterprises face a compounding set of pressures: 
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accelerating technological obsolescence, volatile commodity cycles, tightening 
environmental regulations, and increasingly sophisticated capital market 
expectations. The economic assessment of investment projects-the systematic 
process through which enterprises evaluate the financial viability and strategic 
merit of capital allocation decisions—thus occupies a position of considerable 
analytical importance. 

Despite its centrality to managerial practice, investment project appraisal in 
industrial contexts has been critiqued for its over-reliance on static, deterministic 
models that inadequately represent the dynamic and stochastic nature of 
industrial investments (Trigeorgis & Reuer, 2017). Net present value (NPV) 
remains the dominant appraisal criterion across industrial enterprises in both 
advanced and emerging economies (Graham & Harvey, 2001; Durnev & Nain, 
2020), yet it is widely acknowledged to neglect managerial flexibility, systemic 
risk dependencies, and non-financial value dimensions. These limitations become 
especially acute in capital-intensive sectors-including manufacturing, mining, 
energy, and heavy industry-where sunk costs are high, asset lives are extended, 
and operational conditions are subject to significant exogenous variability. 

A substantial body of literature has explored augmentations to the 
conventional discounted cash flow (DCF) framework. Real options analysis (ROA) 
has been advanced as a theoretically coherent mechanism for valuing managerial 
flexibility under uncertainty (Dixit & Pindyck, 1994; Smit & Trigeorgis, 2012). 
Multi-criteria decision analysis (MCDA) methods have been proposed as 
integrating tools capable of bridging quantitative financial criteria with 
qualitative strategic and sustainability dimensions (Zavadskas et al., 2014; 
Antucheviciene et al., 2021). Simulation-based risk assessment, particularly 
Monte Carlo methodologies, has demonstrated utility in characterising the 
distributional properties of investment returns under parameter uncertainty 
(Brandão et al., 2018). However, a critical gap persists: the literature has 
produced these contributions largely in disciplinary isolation, and their 
systematic integration into a unified, empirically validated appraisal framework 
applicable to industrial enterprise contexts remains underdeveloped. 

This gap is further compounded by the insufficient attention afforded to 
environmental, social, and governance (ESG) considerations within investment 
efficiency assessments. While ESG integration has advanced considerably in 
portfolio management and institutional investment practice (Friede et al., 2015; 
Berg et al., 2022), its operationalisation within project-level appraisal for 
industrial enterprises remains nascent. This is particularly consequential in light 
of evolving regulatory environments-including the EU Taxonomy for Sustainable 
Activities, the IFRS S1 and S2 sustainability disclosure standards, and analogous 
national frameworks in emerging economiesthat increasingly tie capital access to 
demonstrated sustainability performance. 

Against this backdrop, the present study pursues three interconnected 
objectives: (1) to develop a theoretically grounded, Multi-Dimensional 
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Investment Efficiency Framework (MDIEF) that integrates financial, risk-analytic, 
strategic optionality, and ESG dimensions; (2) to empirically validate the MDIEF 
against ex-post project outcomes using longitudinal panel data from 87 industrial 
enterprises across three emerging market economies; and (3) to derive evidence-
based recommendations for investment practitioners, policymakers, and 
development finance institutions regarding the operationalisation of 
comprehensive appraisal architectures. 

The research is guided by three primary questions: (RQ1) To what extent do 
conventional single-metric appraisal approaches diverge from ex-post 
investment outcomes in industrial enterprises? (RQ2) Does the integration of risk 
simulation, real options, and ESG criteria into a composite framework 
demonstrably improve predictive accuracy? (RQ3) What contextual factors 
moderate the relationship between appraisal framework comprehensiveness and 
investment performance? 

The study makes four principal contributions to the literature. First, it 
advances a novel conceptual framework synthesising previously disparate 
appraisal instruments. Second, it provides large-sample empirical evidence on the 
comparative predictive validity of integrated versus conventional appraisal 
approaches. Third, it operationalises ESG criteria at the project level in an 
industrial enterprise context, addressing a significant methodological gap. Fourth, 
it generates policy-relevant insights applicable to emerging market industrial 
investment governance. 

 
LITERATURE REVIEW 
The theoretical architecture of investment project appraisal has evolved 

considerably over the past six decades. The seminal contribution of Modigliani 
and Miller (1958) established the foundational logic of capital structure 
irrelevance under perfect market conditions, providing a theoretical baseline 
from which applied appraisal methods departed. The subsequent canonisation of 
NPV as the primary decision criterion, grounded in Fisher's (1930) theory of 
interest and Hirshleifer's (1958) capital budgeting framework, established a 
paradigm that, despite its well-documented limitations, persists as the dominant 
practitioner heuristic (Arnold & Hatzopoulos, 2000; Ryan & Ryan, 2002). 

Critical assessments of NPV-centric appraisal have proliferated across the 
finance and operations management literatures. Luehrman (1998) famously 
characterised investment opportunity sets as analogous to option portfolios, 
directly challenging the static NPV logic. Subsequent work by Copeland and 
Antikarov (2001) formalised the theoretical equivalence between real options 
valuation and expanded-NPV methods, while Smit and Trigeorgis (2012) 
synthesised competitive game-theoretic considerations with real options models 
to produce a more comprehensive strategic investment theory. More recently, 
Thakor (2015) identified the divergence between academic appraisal 
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sophistication and practitioner adoption rates, attributing this gap to 
implementation complexity and cognitive constraints. 

The parallel development of risk-adjusted appraisal techniques has followed 
two principal trajectories: scenario analysis and sensitivity methods on one hand, 
and simulation-based approaches on the other. Brandão et al. (2018) 
demonstrated through a large-scale empirical study that Monte Carlo simulation 
significantly improves the accuracy of probability-weighted return distributions 
relative to scenario-based approaches, particularly in projects characterised by 
high parameter correlation. Simultaneously, Hertz (1964) early advocacy of 
simulation in capital budgeting has been revived and extended in the context of 
computational advances that render complex simulations tractable for 
enterprise-level decision support. 

The multi-criteria decision analysis literature has developed a diverse 
methodological toolkit for investment appraisal, including the Analytical 
Hierarchy Process (AHP), Technique for Order Preference by Similarity to Ideal 
Solution (TOPSIS), and their numerous hybrids. Zavadskas et al. (2014) provided 
a systematic review of MCDA applications in construction and real estate 
investment, identifying critical challenges in criterion weighting and consistency 
validation. Antucheviciene et al. (2021) extended this analysis to industrial sector 
investments, demonstrating the comparative advantages of integrated MCDA-
financial hybrid approaches over purely financial methods in projects with 
significant non-monetary externalities. 

Notwithstanding these advances, the integration of MCDA with simulation-
based risk modelling and real options analysis within a unified empirically tested 
framework remains largely theoretical. Ferreira et al. (2021) identified this 
integration as a critical frontier for investment appraisal research, noting that the 
practical operationalisation of such integrated approaches faces significant data 
requirements, methodological complexity, and organisational resistance. The 
present study responds directly to this identified gap. 

The incorporation of ESG considerations into investment decision 
frameworks has accelerated substantially following the publication of the UN 
Principles for Responsible Investment (2006) and the proliferation of mandatory 
and voluntary sustainability reporting standards. At the portfolio level, meta-
analytic evidence by Friede et al. (2015), drawing on 2,200 individual studies, 
found a predominantly positive relationship between ESG performance and 
corporate financial performance. Berg et al. (2022) further demonstrated that 
ESG rating divergence across providers introduces significant noise into 
investment screens, with implications for appraisal reliability. 

At the project level, however, ESG integration in industrial investment 
appraisal remains methodologically underdeveloped. Mervelskemper and Streit 
(2017) documented that project-level ESG indicators are rarely incorporated into 
formal capital budgeting processes in industrial enterprises, despite evidence 
that ESG-related risks-including regulatory transition risk, reputational risk, and 



AGROBIZNES, FAN VA TEXNOLOGIYALAR JURNALI           2026-yil, aprel. №4-son 
 

 
400 

physical climate risk-materially affect project cash flows over extended time 
horizons. This oversight is particularly consequential for long-duration industrial 
investments where the terminal value of assets is highly sensitive to carbon 
pricing trajectories and environmental compliance costs. 

 
METHODOLOGY 
This study adopts a sequential mixed-methods research design (Creswell & 

Creswell, 2018), combining longitudinal quantitative panel data analysis with 
structured expert interviews to ensure both statistical rigour and contextual 
interpretive depth. The quantitative strand provides the empirical backbone for 
framework validation, while the qualitative strand enriches understanding of 
practitioner constraints and organisational implementation dynamics. The 
research adheres to the epistemological position of critical realism, 
acknowledging the existence of generative mechanisms in investment decision 
systems that are not directly observable but can be inferred through systematic 
empirical enquiry (Bhaskar, 1978). 

The primary dataset encompasses 87 industrial enterprises operating in 
three emerging market economies-Kazakhstan, Uzbekistan, and Azerbaijan-
spanning the period 2015 to 2023. These economies were selected on the basis of 
(a) comparable institutional development trajectories, (b) significant industrial 
sector prominence (manufacturing and extractive industries account for 32–47% 
of GDP across the sample countries), and (c) data accessibility through national 
statistical agencies and firm-level financial disclosure requirements. 

Project-level data were obtained through three complementary channels: (1) 
audited financial statements and investment project documentation obtained via 
formal data sharing agreements with participating enterprises; (2) national 
statistical databases administered by the state statistical agencies of the 
respective countries; and (3) a structured survey instrument administered to 
chief financial officers and investment directors at sample enterprises, yielding a 
response rate of 73.6% (n = 64 enterprises providing survey data). The final 
analytical sample comprised 312 discrete investment projects with complete pre-
investment appraisal documentation and post-implementation outcome data 
available. 

Ethical approval for the study was obtained from the institutional review 
board of the lead author's institution. All firm-level data were anonymised prior 
to analysis, and enterprise identifiers were replaced with randomised 
alphanumeric codes. Informed consent was obtained from all interview 
participants. 

The MDIEF proposed in this study operationalises investment efficiency as a 
composite construct comprising four primary dimensions: (D1) Financial Return 
Efficiency, encompassing NPV, IRR, and DPP; (D2) Risk-Adjusted Return, 
incorporating Monte Carlo simulation-derived value-at-risk (VaR) and expected 
shortfall (ES) metrics; (D3) Strategic Option Value, assessed through binomial 
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real options valuation of expansion, deferral, and abandonment options 
embedded in each project; and (D4) ESG Performance Index, constructed from 18 
project-level indicators aligned with the Global Reporting Initiative (GRI) 
Standards and the Task Force on Climate-related Financial Disclosures (TCFD). 

Dimension weights were determined through a two-stage Delphi process 
involving 34 expert panellists drawn from investment banking, industrial 
management, development finance institutions, and academic economics. The 
Delphi process converged to consensus weights of D1 = 0.38, D2 = 0.27, D3 = 0.21, 
and D4 = 0.14 after three iterative rounds, with an inter-rater reliability 
coefficient (Kendall's W) of 0.74, indicating acceptable consensus. 

The composite MDIEF score for project i is computed as: 
MDIEF_i = 0.38·FRE_i + 0.27·RAR_i + 0.21·SOV_i + 0.14·ESG_i 

where each dimension score is normalised to a [0,1] interval through min-
max scaling relative to the full project sample. A composite MDIEF score above 
0.65 is operationally classified as indicating high investment efficiency, consistent 
with thresholds validated against ex-post outcome data. 

Quantitative analysis proceeded through four sequential stages. In Stage 1, 
descriptive statistics and distributional diagnostics (Shapiro-Wilk tests, skewness 
and kurtosis measures) were computed for all continuous variables. Stage 2 
involved Monte Carlo simulation (10,000 iterations per project) using @Risk 
software to generate probability distributions for NPV and IRR under parameter 
uncertainty, with correlation structures among input variables specified from 
historical time-series analysis. Stage 3 applied binomial lattice models for real 
options valuation, with volatility parameters estimated from comparable project 
data and industry-specific benchmarks. Stage 4 entailed the construction and 
validation of the composite MDIEF score through predictive validity analysis 
against ex-post project outcome classifications, using logistic regression, receiver 
operating characteristic (ROC) curve analysis, and k-fold cross-validation (k = 10). 

 
RESULTS 
The 312 investment projects in the analytical sample are distributed across 

manufacturing (43.3%), energy and utilities (28.5%), mining and extractive 
industries (18.6%), and logistics and infrastructure (9.6%). The median project 
investment volume is USD 14.7 million (IQR: 4.2–67.3 million), reflecting the 
predominance of medium-scale capital expenditure characteristic of emerging 
market industrial enterprises. Project durations range from 2 to 18 years, with a 
median of 7 years. Table 1 presents the distributional characteristics of key 
financial variables. 

A central empirical objective of this study is the comparative evaluation of 
predictive accuracy across appraisal approaches. Ex-post project outcomes were 
classified as “successful” (achieving or exceeding the pre-defined financial and 
operational targets) or 'unsuccessful' based on post-implementation audits 
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conducted 24 months following project completion. Of the 312 projects, 194 
(62.2%) were classified as successful by this criterion. 

Table 1 
Descriptive Statistics of Key Financial and Non-Financial  

Project Variables (n = 312) 
Variable Mean Std. Dev. Median Min Max Skewness 

NPV (USD million) 8.43 21.67 4.12 -34.5 187.3 2.14 

IRR (%) 16.8 8.93 15.2 -12.4 54.7 0.87 

DPP (years) 6.41 3.18 5.9 1.2 17.8 0.92 

Monte Carlo NPV 
(mean) 7.91 19.34 3.87 -41.2 176.4 2.31 

NPV VaR (95%) -6.24 12.47 -3.91 -78.3 0.0 -1.87 

Real Option Value 
(USD mn.) 2.18 5.43 0.74 0.0 43.6 3.12 

ESG Index Score [0–1] 0.53 0.19 0.55 0.08 0.94 -0.24 

Composite MDIEF 
Score [0–1] 0.58 0.16 0.59 0.11 0.96 -0.18 

 
Table 2 reports the classification accuracy, Area Under the Curve (AUC), and 

Brier Score for four appraisal models: the standalone NPV criterion (Model 1), the 
DCF composite (NPV + IRR + DPP; Model 2), the DCF-Risk integrated model (DCF 
+ Monte Carlo; Model 3), and the full MDIEF (Model 4). Results consistently 
demonstrate the superiority of the integrated MDIEF approach. 

Table 2 
Predictive Validity of Alternative Appraisal  
Models (n = 312; 10-Fold Cross-Validation) 

Appraisal Model 
Overall 

Accuracy 
(%) 

Sensitivity 
(%) 

Specificity 
(%) AUC Brier 

Score 

Model 1: NPV only 68.4 71.2 63.8 0.694 0.231 

Model 2: DCF Composite 73.1 75.8 68.9 0.741 0.203 

Model 3: DCF + Monte 
Carlo 

83.7 86.2 79.8 0.854 0.151 

Model 4: Full MDIEF 91.3 92.8 89.2 0.927 0.098 
 

The MDIEF (Model 4) achieves an overall classification accuracy of  
91.3%, compared with 68.4% for the standalone NPV criterion-a differential of 
22.9 percentage points. The AUC of 0.927 indicates excellent discriminative 
ability, substantially exceeding the DCF Composite (AUC = 0.741) and the DCF-
Monte Carlo model (AUC = 0.854). The Brier Score of 0.098 for the MDIEF, 
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approaching the theoretical optimum of zero, confirms the calibration quality of 
the probability estimates generated by the framework. 

The Monte Carlo simulation results reveal that 38.7% of projects exhibit NPV 
distributions with negative expected values at the 5th percentile (VaR₅ < 0), 
despite positive deterministic NPV estimates. This finding demonstrates the 
systematic optimism bias in deterministic appraisal and corroborates the risk 
obfuscation documented by Brandão et al. (2018). Crucially, projects 
subsequently classified as unsuccessful ex-post exhibit statistically significantly 
higher NPV standard deviations under Monte Carlo simulation (mean σ_NPV = 
31.4 vs. 14.2 million USD for successful projects; t(310) = 9.87, p < 0.001), 
confirming the informational value of distributional risk metrics over point-
estimate criteria. 

Real options analysis identifies significant embedded option value across the 
project sample, with a mean option value of USD 2.18 million (SD = 5.43 million) 
representing a median uplift of 17.4% relative to deterministic NPV. Option to 
defer constitutes the most prevalent and highest-valued strategic option (present 
in 78.2% of projects with positive option value), followed by the option to expand 
(48.6%) and the option to abandon (34.1%). Critically, 24 projects (7.7%) exhibit 
negative deterministic NPV but positive expanded NPV when real options are 
incorporated, suggesting that conventional appraisal would systematically reject 
strategically valuable investment opportunities. 

The ESG Performance Index demonstrates a statistically significant positive 
association with ex-post project success (Spearman's ρ = 0.43; p < 0.001). Projects 
in the highest ESG quartile exhibit a success rate of 81.3%, compared with  
44.7% for projects in the lowest quartile. Multivariate logistic regression 
controlling for project size, sector, and country confirms the independent 
predictive contribution of the ESG Index (OR = 3.82; 95% CI: 2.14–6.81; p < 0.001). 
These results provide the first large-sample project-level evidence of the  
ESG-performance link in industrial enterprise investment contexts in emerging 
economies. 

 
DISCUSSION 
The empirical evidence presented in this study delivers a clear and decisive 

indictment of mono-dimensional investment appraisal. The 22.9 percentage point 
differential in predictive accuracy between NPV-only evaluation (68.4%) and the 
full MDIEF (91.3%) is not merely a statistical artefact; it represents a substantive 
decision quality gap with direct economic consequences. In the context of the 
sample's median project value of USD 14.7 million, the accuracy improvement 
from comprehensive appraisal translates into an estimated expected loss 
reduction of approximately USD 3.2 million per project through avoided 
misclassification errors—a figure that dwarfs the implementation cost of more 
sophisticated analytical approaches. 
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These findings are consistent with the conceptual critiques advanced by 
Trigeorgis and Reuer (2017) and Ferreira et al. (2021), who identified the 
strategic blindspots of NPV-centric appraisal as systemic rather than incidental. 
The present study, however, advances beyond conceptual argument by providing 
quantified empirical evidence at the scale and granularity necessary for policy-
level inference. In doing so, it responds to the repeated calls in the literature for 
large-sample empirical validation of integrated appraisal frameworks 
(Antucheviciene et al., 2021; Brandão et al., 2018). 

The finding that 38.7% of projects with positive deterministic NPV exhibit 
negative expected values at the 5th percentile represents a structural failure of 
point-estimate appraisal. This result is particularly significant in the context of 
emerging market industrial enterprises, where capital constraints amplify the 
consequences of investment failure and institutional creditors may impose 
restrictive covenants triggered by performance shortfalls. The systematic 
underestimation of downside risk in conventional appraisal-documented in this 
study through the NPV VaR data-suggests that enterprises relying exclusively on 
deterministic methods are implicitly assuming risk profiles that do not 
correspond to the actual stochastic properties of their investment opportunities. 

This finding extends the simulation-based appraisal literature by 
demonstrating its practical importance not merely in theory but in the prediction 
of real-world outcomes. The significant difference in Monte Carlo NPV standard 
deviations between successful and unsuccessful projects (σ = 14.2 vs. 31.4 million 
USD) establishes simulation-derived risk metrics as genuinely informative 
predictors of investment performance, supporting their operationalisation as 
formal components of enterprise investment governance frameworks. 

The identification of 24 projects with negative deterministic NPV but positive 
expanded NPV provides direct empirical support for Dixit and Pindyck's (1994) 
foundational argument that conventional appraisal systematically destroys 
strategic value through the neglect of managerial flexibility. In practical terms, 
these 24 projects represent investment opportunities that would have been 
foregone under conventional appraisal frameworks, with aggregate real option 
values estimated at USD 52.3 million. The prevalence of deferral options (78.2% 
of option-positive projects) reflects the pronounced uncertainty characterising 
emerging market industrial environments, where regulatory, commodity price, 
and macroeconomic volatility creates genuine economic value in preserving 
future discretion. 

These results reinforce the arguments of Smit and Trigeorgis (2012) and 
Copeland and Antikarov (2001) regarding the strategic option-enhancement of 
NPV, while extending their empirical base to a novel emerging market industrial 
context. They also carry a practical implication: the systematic incorporation of 
real options valuation into enterprise capital budgeting is not merely an academic 
refinement but a material determinant of investment portfolio performance. 
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The positive association between project-level ESG performance and ex-post 
investment success (Spearman's ρ = 0.43; OR = 3.82) constitutes the most 
significant and practically consequential finding of this study. It establishes, for 
the first time in the industrial enterprise investment literature for emerging 
markets, that ESG performance at the project level is not merely a compliance or 
reputational consideration but a genuine predictor of financial investment 
efficiency. This finding aligns with Friede et al.'s (2015) portfolio-level meta-
analytic evidence while extending it to the specific mechanism of project-level 
appraisal. 

The causal mechanisms linking ESG performance to project success operate 
through several pathways. Environmentally compliant projects face lower 
regulatory and litigation risk, reducing the probability of cash flow disruptions 
due to regulatory interventions. Socially responsible project designs-
encompassing labour relations, community engagement, and health and safety 
standards-reduce the incidence of operational disruptions from industrial action 
or community opposition. Projects with robust governance-including transparent 
contractor selection, monitoring protocols, and audit mechanisms-demonstrate 
lower incidence of cost overruns attributable to agency problems and 
procurement irregularities. Collectively, these mechanisms explain why high-ESG 
projects exhibit success rates 36.6 percentage points above their low-ESG 
counterparts. 

Moderated regression analysis reveals that the predictive superiority of the 
MDIEF is most pronounced for projects with investment horizons exceeding five 
years (accuracy differential: 28.4 percentage points vs. 14.2 for shorter-horizon 
projects) and for projects in the energy and extractive industries (accuracy 
differential: 31.7 percentage points). This heterogeneity in framework 
effectiveness carries important practical implications: the marginal benefit of 
implementing comprehensive appraisal is concentrated in long-duration, capital-
intensive, and environmentally exposed investments-precisely the project 
categories where misallocation risks are most severe. For shorter-duration, 
lower-complexity projects, the cost-benefit calculus of comprehensive appraisal 
adoption may be less decisive. 

 
CONCLUSION 
This study has advanced, empirically validated, and practically 

contextualised a Multi-Dimensional Investment Efficiency Framework (MDIEF) 
for the assessment of investment projects in industrial enterprises. Three 
principal findings emerge from the analysis. First, the MDIEF achieves a predictive 
accuracy of 91.3% against ex-post investment outcomes, representing a  
22.9 percentage point improvement over standalone NPV appraisal and a  
7.6 percentage point improvement over DCF-Monte Carlo integration without 
real options and ESG components. Second, Monte Carlo simulation reveals that 
38.7% of conventionally appraised projects carry undetected downside risk 
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profiles, with simulation-derived risk metrics demonstrating significant 
independent predictive power. Third, project-level ESG performance constitutes 
a statistically and economically significant predictor of investment success, with 
the highest-ESG project quartile exhibiting success rates 36.6 percentage points 
above the lowest quartile. 

Theoretically, this study contributes to the investment appraisal literature 
by providing large-sample empirical validation of an integrated multi-criteria 
framework, operationalising ESG performance at the project level for the first 
time in an emerging market industrial enterprise context, and quantifying the 
economic costs of mono-dimensional appraisal in terms of decision 
misclassification rates. Practically, the findings provide actionable guidance for 
enterprise investment directors to move beyond NPV-centric appraisal toward 
more comprehensive evaluation architectures, for development finance 
institutions to require MDIEF-consistent appraisal in project financing due 
diligence, and for policymakers to incorporate multi-criteria investment 
efficiency standards into industrial development programming. 

Several limitations must be acknowledged. The sample is confined to three 
Central Asian and Caucasian emerging economies, potentially limiting the direct 
generalisability of findings to other institutional contexts. The ESG Performance 
Index is constructed from self-reported enterprise data, introducing potential 
social desirability bias despite anonymisation procedures. The Delphi-derived 
dimension weights reflect expert consensus at the time of the study and may 
require recalibration as regulatory environments evolve, particularly regarding 
carbon pricing and mandatory sustainability disclosure. Finally, the 24-month 
post-completion audit window may be insufficient to capture the full 
performance trajectory of long-duration industrial investments. 

Future research should extend the MDIEF validation to diverse institutional 
contexts, including advanced economy industrial enterprises and lower-income 
country settings, to assess the robustness of dimension weights and threshold 
parameters across varying regulatory, financial, and cultural environments. The 
development of automated, real-time MDIEF computation tools integrating 
enterprise resource planning data streams represents a significant practical 
research frontier. Additionally, the causal mechanisms linking ESG performance 
to project-level financial outcomes merit deeper investigation through natural 
experiment designs exploiting regulatory discontinuities in environmental and 
social compliance requirements. 
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