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Abstract

This meta-analysis evaluates the effectiveness, consistency, and methodological rigor of
cost-benefit analysis (CBA) outcomes in infrastructure projects across developing
economies, with a focus on transport and utility sectors. As public and donor investment in
infrastructure continues to be positioned as a catalyst for economic growth, service
delivery, and poverty alleviation, there is a critical need to assess whether existing CBAs
accurately reflect the true value and feasibility of such projects. Drawing on 112 empirical
studies and project evaluation reports published between 2000 and 2024, this study applies
a randome-effects meta-analytical framework to synthesize standardized performance
indicators—Benefit-Cost Ratio (BCR), Net Present Value (NPV), and Internal Rate of Return
(IRR). These indicators were extracted from peer-reviewed journal articles, multilateral
development bank appraisals, and governmental reports, and were coded alongside
contextual moderatfors such as project type, region, evaluator identity, and
methodological quality. The aggregated findings indicate a strong positive effect size
across the dataset, with a weighted mean BCR above 2.0, demonstrating that infrastructure
investments in both sectors generally yield substantial net social and economic returns.
Transport projects, particularly road rehabilitation and urban transit systems, showed higher
consistency and narrower effect size variance compared to utility projects. This can be
attributed to the transport sector’s reliance on standardized mefrics such as fravel time
savings, fuel efficiency, and accident reduction—benefits that are more easily quantifiable
within traditional economic models. In contrast, utility infrastructure projects—
encompassing water, sanitation, and electricity systems—displayed greater variability in
oufcomes due fo their dependence on non-market benefit estimation techniques such as
willingness-to-pay, avoided cost methods, and contingent valuation. These projects often
generated high returns when including health, environmental, and time-use benefits, but
their effectiveness was highly sensitive to assumptions regarding user uptake, service
reliability, and behavioral change. Another key finding concerns the impact of evaluator
identity on CBA credibility. CBAs conducted or supervised by multilateral agencies
exhibited greater methodological rigor, fransparency in assumptions, and consistent use of
sensitivity analysis compared to those produced by national or local governments. Donor-
driven evaluations were more likely to apply conservative estimates and conduct thorough
risk assessments, thereby reducing the risk of optimism bias. Regional frends also emerged,
with Sub-Saharan Africa and South Asia showing higher average BCRs in well-targeted
infrastructure projects. However, the analysis also uncovered persistent theoretical
ambiguities related to discount rate selection, the valuation of intangible benefits, and the
inadequate treatment of uncertainty, revealing systemic gaps in current CBA practices.
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INTRODUCTION

Cost-Benefit Analysis (CBA) is an economic evaluation method that systematically compares the
costs and benefits of a project or policy to determine its feasibility and efficiency (Mann & Levinson,
2024). In the context of infrastructure development, particularly in fransport and utilities, CBA serves
as a critical decision-making tool to assess whether investments deliver net social value. This method
quantifies both monetary and non-monetary factors, converting them into a common unit—typically
present value—enabling objective comparison and prioritization (Nguyen et al., 2017). Infrastructure
investments, due to their high upfront capital requirements and long operational lifespans, demand
rigorous appraisal mechanisms to guide public spending and attract private or multilateral funding
(Nguyen et al., 2024). CBA's methodological strength lies in its capacity to incorporate direct,
indirect, and intangible impacts, such as time savings, environmental effects, and social welfare
gains. As such, it is routinely embedded within project appraisal frameworks developed by the World
Bank, the International Monetary Fund (IMF), and national planning commissions. In developing
economies, where fiscal constraints and institutional limitations complicate investment decisions, the
role of CBA becomes especially pronounced in determining the allocation of scarce resources to
competing infrastructure projects (Preciado-Pérez & Fotios, 2017).

Figure 1: Flowchart of the Cost-Benefit Analysis Tool Highlighting Key Phases
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Transport and utility infrastructures represent foundational sectors for economic tfransformation, social
equity, and public service delivery across nations (Florio et al., 2018). Roads, railways, power grids,
and water supply systems not only facilitate productivity and trade but also serve as enablers of
education, healthcare, and safety. Globally, institutions such as the Asian Development Bank (ADB),
the African Development Bank (AfDB), and the Inter-American Development Bank (IDB) require
detailed CBA as part of loan negotiations for infrastructure development. Transport projects, in
particular, rely heavily on meftrics like vehicle operating cost savings and travel time reductions, while
utilities emphasize consumer surplus, service coverage, and operational efficiency (Nguyen et al.,
2017). CBAs are not merely academic exercises; they guide multi-billion-dollar investment portfolios
and shape policy directions. For instance, the European Union mandates cost-benefit justifications
for Trans-European Transport Network (TEN-T) projects. Empirical studies from countries like India,
Kenya, Brazil, and Vietnam confirm that the structured use of CBA conftributes to more transparent,
equitable, and accountable infrastructure planning ((Liu et al., 2025). Nonetheless, outcomes of CBA
often vary significantly across project types and regional contexts, necessitating meta-analytical
synthesis to derive generalizable conclusions.
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Transport infrastructure in developing countries plays a pivotal role in economic integration, poverty
reduction, and regional development. Projects such as rural roads, urban transit systems, and cross-
border corridors have been widely evaluated using CBA methods to determine their economic
viability (Veisten et al., 2024). In Sub-Saharan Africa, CBAs of road rehabilitation projects emphasize
travel time savings and agricultural market access as primary benefit streams. In South Asig,
particularly in India and Bangladesh, transport CBAs also consider accident reduction, vehicle
operating costs, and induced economic activities (Asplund & Eliasson, 2016). However,
methodological differences in discount rate selection, traffic forecasting models, and treatment of
externalities often result in inconsistent outcome reporting. Moreover, in fragile or post-conflict states,
the valuation of non-economic benefits such as social cohesion and improved security access
presents additional challenges for CBA practitioners. Infrastructure mega-projects such as the Addis
Ababa Light Rail or Pakistan’s Motorway Network highlight the divergence between ex-ante and ex-
post evaluations, reinforcing the need for a standardized meta-analytical framework. The meta-
analysis explores how governance indicators—such as corruption control, regulatory quality, and
bureaucratic effectiveness—moderate the predictive validity of CBAs in infrastructure projects
(Annema & Koopmans, 2014). Given the vast and varied body of literature on CBAs in infrastructure
development, synthesizing empirical findings across different contexts and project types is vital to
identify patterns and establish benchmarks. Prior studies on infrastructure outcomes have highlighted
the fragmented nature of CBA evaluations, with discrepancies arising from divergent evaluation
techniques, data limitations, and context-specific assumpftions. For example, CBA outcomes in
fransport are frequently inflated due to optimistic traffic demand forecasts, while utility sector
appraisals often suffer from underestimation of maintenance costs and technical losses. Meta-
analysis, as a statistical tool for aggregating and comparing effect sizes, allows for a rigorous
examination of whether CBAs consistently demonstrate net positive impacts in resource-constrained
settings. This synthesis includes both ex-ante and ex-post CBA evaluations, capturing how initial
projections align with realized outcomes and revealing structural biases in project appraisal models.
LITERATURE REVIEW

The literature on cost-benefit analysis (CBA) in infrastructure development offers a multifaceted view
of its methodologies, sector-specific applications, insfitutional relevance, and empirical outcomes,
particularly within the fransport and utility sectors in developing economies. Over the past three
decades, researchers, policymakers, and multilateral institutions have increasingly emphasized CBA
as an essential tool for justifying infrastructure investments, optimizing public resource allocation, and
forecasting socio-economic returns. In developing economies, where public budgets are
constrained and the need for critical infrastructure is acute, CBAs serve not only as technical
appraisal tools but also as mechanisms for enhancing transparency, accountability, and project
prioritization. However, the diversity in methodological frameworks, outcome measures, discounting
assumptions, data sources, and governance contexts has resulted in significant variation in reported
CBA outcomes. This literature review aims to synthesize existing empirical and theoretical
contributions to the field, identify gaps and inconsistencies, and establish the conceptual foundation
for a structured meta-analysis. The review is organized into distinct thematic sections, each
addressing a specific component of CBA as it relates fo infrastructure in fransport and utility sectors
within developing economies.

Cost-Benefit Analysis in Infrastructure Development

Cost-Benefit Analysis (CBA) is a well-established evaluative framework for assessing the desirability of
public investment projects, particularly in infrastructure development where capital outlay is high
and impacts are both wide-ranging and long-term (Siddiqui et al., 2024). The theoretical premise of
CBA lies in its ability fo tfranslate both costs and benefits into a common monetary metric—typically
using present value—allowing decision-makers to compare project alternatives based on their net
social benefit. In the confext of infrastructure projects, which oftfen involve complex
interdependencies across transport, utility, and environmental systems, CBA serves to inform policy
alignment, fiscal sustainability, and prioritization under constrained budgets (Cabrales et al., 2022).
Public agencies and development banks such as the World Bank and ADB frequently mandate the
use of CBA to assess road, electricity, water, and sanitation projects in emerging economies (Mann
& Levinson, 2024). This evaluative method accommodates not only direct financial flows but also
externalities—both positive, such as reduced ftravel time, and negative, such as environmental
degradation—via techniques like shadow pricing and contingent valuation (Liv et al.,, 2025).
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Infrastructure economists argue that CBA adds rationality to project appraisal in environments prone
to political bias and populist decision-making. Moreover, its application in integrated planning
systems enables comparison across sectors and supports a broader governance mandate for
fransparent investment. Despite criticism over its assumptions and limitations in capturing equity or
intergenerational justice, CBA remains a dominant analytical tool in public finance and infrastructure
policy due to its simplicity, adaptability, and alignment with welfare economics principles (Veisten et
al., 2024).
) Figure 2: Conceptual Framework for Developing a Cost-Benefit Analysis (CBA) Model
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The transport sector has been a primary focus of CBA applications, especially in developing countries
where road and transit projects are fundamental fo economic growth and regional intfegration
(Asplund & Eliasson, 2016). CBAs in this sector commonly evaluate road construction, rehabilitation,
urban transit systems, and rail networks, using metrics such as vehicle operating cost (VOC) savings,
time cost reductions, accident prevention, and induced investment effects (Annema & Koopmans,
2014). Numerous studies from Sub-Saharan Africa, South Asia, and Latin America have shown positive
benefit-cost ratios in road development projects, particularly when integrated with rural
development and trade facilitation programs ((Siddiqui et al., 2024). In Kenya, Cabrales et al. (2022)
demonstrated that rural road CBAs revealed high returns when agricultural supply chains were
explicitly modeled. Similarly, in India, Asplund and Eliasson (2016) found that road CBAs consistently
prioritized projects that maximized social inclusion and market accessibility. However, the transport
sector is also prone to methodological biases, particularly optimism bias in demand forecasting and
underestimation of maintenance costs. Ex-post evaluations often report lower returns than projected
ex-ante, raising concerns about the reliability of initial CBA estimates. Studies by Annema and
Koopmans (2014) and Cabrales et al. (2022) note that politically motivated mega-projects tend to
inflate benefits and suppress long-term costs, undermining the objectivity of the CBA framework. The
sector’'s complexity, including induced fravel demand and congestion rebound effects, challenges
the assumptions of linear benefit accrual, yet empirical evidence supports the continued relevance
of CBA when complemented with sensitivity analysis and probabilistic models.

Methodological Variations in Cost-Benefit Analysis

Cost-Benefit Analysis (CBA) is underpinned by several key assumptions that guide its analytical
structure, including the monetization of both tangible and intangible project effects, the use of a
social discount rate, and the projection of costs and benefits over a defined time horizon (Valancius
et al., 2013). Central to the reliability of any CBA is the estimation of the Net Present Value (NPV),
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Benefit-Cost Ratio (BCR), and Internal Rate of Return (IRR), all of which rely on assumptions regarding
opportunity cost of capital, project lifespan, and baseline scenarios (Marrone et al., 2021). However,
methodological diversity becomes evident in how evaluators define cost and benefit categories,
determine counterfactuals, and apply valuation techniques for non-market impacts such as
environmental quality or public health. Some CBAs adopt financial approaches that prioritize direct
revenues and expenditures, while others apply broader economic approaches incorporatfing
shadow pricing and social opportunity costs. Moreover, variations arise in the selection of analyfical
tools—ranging from deterministic spreadsheets to probabilistic Monte Carlo simulations and real
options analysis—that infroduce differing levels of complexity and sensitivity in outcomes (Tushar et
al., 2022). Researchers such as Abelson (2020) and Annema and Koopmans (2014) argue that
methodological opacity and variation across CBAs may lead to outcome manipulation or strategic
misrepresentation. Thus, even when the CBA framework is broadly accepted, the analytical choices
within it often determine the degree to which results are valid, comparable, or policy-relevant across
infrastructure contexts.

Figure 3: Methodological Variations in Cost-Benefit Analysis
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One of the most critical methodological variations in CBA is the selection of the discount rate, which
directly influences the present value of future costs and benefits (Siddiqui et al., 2024). Discount rates
represent the social time preference for consumption and the opportunity cost of capital, but there
is no universally accepted rate for public infrastructure projects, especially in developing countries.
Some agencies use fixed real rates—commonly 3% to 10%—while others advocate for declining rates
over longer time horizons to betfter account for intergenerational equity. Studies comparing
infrastructure CBAs in Latin America and Sub-Saharan Africa show that projects can swing from
rejection to approval depending solely on the discount rate applied, highlighting its sensitivity and
policy implications (Annema & Koopmans, 2014; de Nooij, 2011). The World Bank and ADB often
recommend a range of rates depending on sector and financing structure, but these guidelines are
not always consistently applied at national levels. Moreover, some CBAs fail to justify their discount
rate selection or conduct sensitivity analysis, reducing tfransparency and weakening the robustness
of conclusions (Jayasena et al., 2022). In energy and utility projects with long lifespans and delayed
benefits, such as hydropower or sanitation systems, discount rate assumptions can disproportionately
penalize future gains and undervalue sustainability (Locatelli et al., 2020). Researchers such as
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Cabrales et al. (2022) criticize this fime-bias as ethically problematic, especially in health and
environment-related CBAs.

A fundamental challenge in infrastructure CBA is the incorporation of externalities and intangible
impacts, which often lack direct market prices but carry substantfial social and environmental
significance. Positive externalities such as time savings, health improvements, and increased access
to services must be valued using indirect techniques like contingent valuation, hedonic pricing, or
revealed preference methods. Negative externalities—such as pollution, displacement, noise, and
habitat loss—also require careful modeling, especially in large-scale transport or energy projects.
However, methodological gaps persist in how consistently and transparently these are incorporated
across CBAs. Some CBAs use overly simplified assumptions, exclude intangible benefits altogether,
or rely on outdated valuation coefficients, thus skewing project feasibility assessments (Locatelli et
al., 2020). In water infrastructure, for example, wilingness-to-pay estimates may be inflated if
respondents are not informed of real cost structures or alternative service delivery models (Cabrales
et al., 2022). Similarly, in rural electrification CBAs, benefits such as educational attainment or sociall
capital are often discussed but rarely quantified due to lack of longitudinal data (Tushar et al., 2022).
Researchers argue that excluding non-market impacts may lead to underinvestment in socially
beneficial but financially weak projects, especially in low-income regions (Alghamdi, 2019). Hence,
methodological variations in the freatment of externadlities present a significant limitation fo the
comparability and equity of infrastructure CBAs.

Furthermore, risk and uncertainty are infrinsic to infrastructure projects due to their long-fime horizons,
political exposure, and environmental variability, yet their freatment in CBAs varies widely depending
on evaluator capacity and institutional frameworks. Traditional deterministic CBAs rely on single-point
estimates for input variables such as traffic volumes, cost streams, or usage rates, which may obscure
the likelihood of negative outcomes (Annema & Koopmans, 2014). Advanced methods—such as
probabilistic sensitivity analysis, Monte Carlo simulation, and real options valuation—offer improved
capacity to model uncertainty and risk-adjusted returns. However, these are rarely used in CBAs
conducted in developing economies due to technical and institutional limitations. Multilateral
guidelines, including those from the IMF and World Bank, encourage scenario analysis and downside
risk modeling, but these are not systematically adopted in domestic infrastructure evaluations.
Moreover, few CBAs include sensifivity analysis on key variables such as demand elasticity, capital
cost escalation, or interest rate volatility, leading to overconfidence in base-case projections
(Siddiqui et al., 2024). Infrastructure CBAs that omit risk valuation often underestimate the probability
of implementation failure or long-term financial unsustainability. Scholars argue that incorporating
uncertainty more rigorously into CBA frameworks would improve project selection and public
accountability by explicitly identifying risk exposure and variability in benefit flows (Nooij, 2011).
Transport Infrastructure and CBA Outcomes

Transport infrastructure plays a foundational role in economic growth, market integration, and
regional development, particularly within developing economies where access to roads, railways,
and public fransport systems directly influences productivity and poverty alleviation. CBAs
conducted for fransport infrastructure often emphasize vehicle operating cost reductions, fime
savings, accident reduction, and network connectivity as primary benefit sireams (Mulley et al.,
2016). Empirical studies have demonstrated that rural road development improves access to
education, health services, and agricultural markets, leading to increases in household income and
overall economic welfare. In India, Das et al. (2021) found that rural road CBAs identified projects
with benefit-cost ratios exceeding 2.5 when market access and labor mobility were incorporated.
Similarly, in Vietnam and Bangladesh, government-led road expansion programs showed
measurable returns in agricultural productivity and reduced transport costs (Baumgartner et al.,
2023). However, these high benefit estimates depend significantly on the assumptions used for traffic
growth rates, population density, and economic multipliers (Raslavicius et al., 2014). Moreover, many
CBAs exclude broader development outcomes such as regional frade facilitation or urban-rural
integration, which may understate the long-term value of transport infrastructure (Mulley et al., 2016).
Thus, while CBA remains essential in selecting and ranking tfransport projects, the literature shows that
its effectiveness hinges on comprehensive benefit inclusion and context-sensitive modeling.
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Figure 4: Comparative Cost-Benefit Analysis Outcomes Across Transport Infrastructure Modalities
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variation across countries

Roads and highways dominate the transport CBA literature due to their wide usage and direct link
to economic productivity in both urban and rural areas (Donais et al., 2019). CBAs for road projects
typically identify direct benefits from reduced fuel consumption, fravel time, and maintenance costs,
alongside indirect impacts like increased land value and rural market integration (Gielen et al., 2019).
In Sub-Saharan Africa, the Kenya Rural Roads Authority uses CBAs to prioritize rehabilitation projects
that yield benefit-cost ratios above 1.5, primarily when agricultural corridors are targeted. In Lafin
America, road investments have shown substantial economic returns, though ex-post evaluations
often reveal overestimated benefits and underestimated costs, driven by optimism bias or political
expediency. Studies from Peru and Brazil show that many CBA models rely on outdated fraffic
demand forecasts and ignore post-construction maintenance, resulting in financial sustainability
issues over time (Stokoe, 2019). Sensitivity analysis is also inconsistently applied; many CBAs assume
uniform cost elasticity and fraffic growth across regions, leading to distorted feasibility results
(Dampier & Marinov, 2015). Furthermore, implementation variance—due to project delays,
corruption, or technical deficiencies—frequently alters the actual economic returns from what was
projected. Thus, while roads continue to be CBA’s most frequent application area, the literature
stresses the need for robust assumptions, post-project evaluation, and realistic sensitivity testing fo
improve its reliability in real-world development planning.

Urban fransit infrastructure—such as metro rail, bus rapid transit (BRT), and light rail—presents a more
complex landscape for CBA, given the multiplicity of stakeholders, non-market benefits, and dense
urban externalities involved (Kin et al., 2017). CBAs in this domain often integrate benefits from
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reduced congestion, lower emissions, fravel fime savings, and improved accessibility, but monetizing
these effects remains challenging. For instance, BRT projects in cities like Bogotd, Lagos, and Jakarta
have reported high BCRs in initial assessments, yet actual outcomes showed discrepancies due to
implementation inefficiencies and underestimated maintenance needs (Wang & Levinson, 2022).
Urban CBAs also struggle with distributional equity, where gains accrue disproportionately to
wealthier commuters or central districts, unless spatial equity is explicitly modeled. Furthermore,
methodological inconsistencies—such as inconsistent demand modeling, failure to integrate land
use effects, and undervaluation of time savings for informal fransport users—undermine
comparability across urban CBAs (Donais et al., 2019). The use of generalized cost modeling and
elasticity-based forecasting varies widely, with some projects adopting advanced multi-criteria
analysis alongside CBA to capture broader socioeconomic benefits (Behiri et al., 2018). Projects such
as the Addis Ababa Light Rail and the Delhi Metro have prompted scholarly debate on the limits of
CBA in fast-growing cities, especially where socio-political goals such as urban inclusion or climate
mitigation are prioritized over narrow cost-efficiency. Thus, the urban transport literature reveals that
while CBA provides a structured framework for investment appraisal, its application must be adapted
to the nuanced redlities of urban complexity and mobility justice.

Rail and intermodal transport projects, including dry ports and logistics corridors, are increasingly
subjected to CBA due to their strategic value in facilitating frade and regional connectivity (Pereira
et al., 2021). These projects involve high capital costs and long implementation periods, which
require CBAs to incorporate broader macroeconomic benefits such as reduced logistics costs,
enhanced frade volume, and regional GDP growth (Donais et al., 2019). For example, the East
African Railway Master Plan used scenario-based CBAs to estimate cross-border freight efficiencies
and competitiveness gains, factoring in network effects and customs facilitation. However,
methodological hurdles include quantifying indirect benefits across jurisdictions, coordinating data
from multiple national sources, and harmonizing assumptions on frade elasticity and regional
demand. In Pakistan, the CPEC railway corridor CBA showed strong NPV and BCR under ideal trade
flow scenarios but failed to integrate geopolitical risk and debt service volatility. Moreover, CBAs for
rail infrastructure often omit downstream benefits such as reduced road congestion, lower accident
rates, or air quality improvements due to complexity in attribution. Infermodal CBAs are particularly
sensitive to terminal handling costs, modal shift assumptions, and private-sector participation, which
vary significantly across countries and affect outcome credibility (Wang & Levinson, 2022). Therefore,
while CBAs for rail and infermodal systems offer insights info long-term strategic viability, the literature
suggests that their effectiveness is contingent on multi-sector modeling, regional policy coordination,
and harmonized data frameworks across borders (Behiri et al., 2018).

Utility Infrastructure and CBA Applications

Utility infrastructure—which encompasses electricity, water supply, sanitation, waste management,
and renewable energy—is critical to socioeconomic development and public health outcomes in
both urban and rural settings (Nguyen et al., 2017). Unlike transport projects where benefits are often
immediate and market-mediated, utility infrastructure involves multidimensional and frequently non-
monetized benefits, which require careful methodological tfreatment in cost-benefit analysis. In rural
electrification programs, for example, benefits extend beyond energy access to include productivity
enhancements, education, health, and gender equity—effects that fraditional CBAs often
undervalue or exclude. Likewise, investments in water and sanitation improve health outcomes by
reducing waterborne disease and improving hygiene practices, outcomes that are commonly
valued using willingness-to-pay or avoided cost methods. However, challenges arise due to limited
baseline data, difficulties in capturing behavioral responses, and regional variability in utility demand
(Woolf et al., 2021). Moreover, CBAs often neglect equity considerations, such as access gaps
between urban and rural users or gender-specific time burdens related to water collection. Studies
from Kenya, India, and Bolivia highlight that well-conducted CBAs in the utility sector can reveal
benefit-cost ratios exceeding 3.0 when health and productivity impacts are fully included. Thus, the
utility sector demands CBAs that can accommodate intangible outcomes, heterogeneous user
needs, and nonlinear benefit realization timelines to ensure informed investment decisions.
Electricity infrastructure—especially rural electrification and grid extension—has been a prominent
focus of CBAs due fo its perceived role in accelerating income generation, improving living
standards, and reducing reliance on biomass fuels. Empirical CBAs from countries like Tanzania,
Nepal, and Bangladesh demonstrate that electrification projects generate positive NPVs and BCRs
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when the analysis includes indirect benefits such as improved school attendance, nighttime business
operations, and reduced indoor air pollution. Yet methodological heterogeneity persists in estimating
these outcomes. Some studies rely on direct revenue projections, while others apply proxy indicators
or revealed preference approaches to estimate household-level utility (Adamowicz et al., 1994).
Shadow pricing is often applied to account for subsidies, foreign exchange distortions, or imported
capital goods, but inconsistent application across CBAs reduces comparability. Additionally,
capacity factors, technical losses, and system reliability significantly influence net benefits but are
frequently omitted or standardized without justification. In West Africa, several World Bank-funded
CBAs reported overestimated BCRs due to failure to include high maintenance costs and weak tariff
collection systems (Di Placido et al., 2014). Conversely, donor-supervised CBAs from Ethiopia and
Rwanda demonstrated stronger methodological rigor and conservative benefit projections due to
independent reviews and adherence to multi-scenario modeling. Therefore, while electrification
CBAs broadly support investment cases, their methodological robustness depends heavily on
context-specific modeling of indirect benefits, risk factors, and economic linkages.

Water supply and sanitation (WSS) projects are widely evaluated using CBA, primarily due to their
substantial health and fime-saving benefits, particularly for women and children in underserved
regions (Weigel et al., 2021). Studies from South Asia, East Africa, and Latin America consistently show
that piped water systems and latrine installations reduce diarrheal disease incidence, child mortality,
and fime spent collecting water, which translate intfo large economic benefits when properly
quantified (EI-Khozondar et al., 2022). For instance, Yu et al. (2023) reported BCRs between 2 and 6
for water infrastructure in low-income Asian countries when health and education spillovers were
accounted for. However, CBAs in the WSS sector often struggle with assigning monetary values to
non-market outcomes such as dignity, hygiene, or empowerment, which results in underreported
benefits (Fessler et al., 2022). Some studies use cost-of-illness methods or fime-use valuation, but there
is wide variation in wage proxy rates and assumptions about household behavior (Weigel et al.,
2021). Moreover, environmental benefits such as groundwater recharge, pollution reduction, and
ecosystem preservation are rarely monetized, leading to a narrow representation of sustainability in
CBA:s. In Bolivia, sanitation CBAs conducted by WHO/UNICEF incorporated avoided medical costs
and productivity gains but struggled with standardizing hygiene behavior changes across regions.
Maintenance costs and user compliance rates are also inconsistently modeled, undermining
financial sustainability projections.

Institutional quality, financing mechanisms, and donor engagement have a substantial influence on
the rigor and credibility of CBAs in utility infrastructure (Fessler et al., 2022). Multilateral development
banks like the World Bank, ADB, and AfDB often require detailed CBAs as part of project appraisal
and disbursement processes, enforcing methodological standardization through operational toolkits
and peer review systems. CBAs conducted under donor frameworks tend o include comprehensive
risk analysis, sensitivity testing, and stakeholder engagement, resulting in more conservative and
fransparent outcome projections. In contrast, CBAs prepared by national agencies without external
supervision frequently exhibit inflated BCRs, limited risk modeling, and insufficient disaggregation of
socio-economic impacts. For example, in rural water projects in Ethiopia and Nepal, donor-
conducted CBAs reported higher implementation costs but more realistic net benefits due to better
data triangulation and probabilistic modeling. Financing sources also shape methodological
choices: grant-funded projects may undervalue long-term operational costs, while PPP-based CBAs
often emphasize financial feasibility over broader socio-environmental gains. Moreover, governance
challenges such as rent-seeking, technical mismanagement, or regulatory fragmentation can distort
input data and undermine the integrity of CBA processes. Studies from Uganda, Pakistan, and
Indonesia suggest that independent validation and fransparency in assumptions are crucial to
mitigating institutional biases and ensuring that CBAs guide accountable infrastructure decisions (Di
Placido et al., 2014). Thus, while utility CBAs have evolved significantly in scope and precision, their
effectiveness depends on the interplay between methodological integrity, financing context, and
institutional governance.
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Figure 5: Cost-Benefit Analysis Applications in Utility Infrastructure

4 \ 4 )
ELECTRICITY WATER &
e Indirect benefits SANITATION
as well as energy ¢ Health, time
access savings
¢ Context-specific e Valuation
modeling critical challenges
e Maintaining ¢ Environmental
realism impacts
J . J

UTILITY
INFRASTRUCTURE

4 N\ 4 )
INSTITUTIONAL INSTITUTIONAL &
& FINANCING FINANCING
CONTEXT CONTEXT
e Governance, ¢ Governance, donor

donor influence influence
« Risk and sensitivity * Risk and sensitivity
analysis analysis
e Independent * Independent
\_Vvalidation ) L validation 4

Sectoral Comparison of CBA Effectiveness

The comparative effectiveness of cost-benefit analysis (CBA) across tfransport and ufility sectors is
shaped by fundamental differences in outcome structures, data requirements, and sectoral
objectives. Transport infrastructure CBAs primarily emphasize quantifiable benefits such as travel time
reduction, vehicle operating cost savings, accident prevention, and network connectivity, which
are generally easier to monetize and model. In contrast, CBAs in utility sectors like water, sanitation,
and electricity must account for a broader array of outcomes—ranging from improved health and
productivity to environmental quality and fime savings—that are offen non-market and less directly
measurable. Empirical comparisons show that fransport projects yield higher consistency in benefit-
cost ratios (BCRs) due to standardized input variables and well-established appraisal frameworks
(Weigel et al., 2021). For instance, rural road projects in Sub-Saharan Africa and South Asia routinely
report BCRs above 2.0 based on travel cost and agricultural frade enhancements. Meanwhile, utility
CBAs tend to show wider variability in BCRs, particularly when intangible benefits like avoided iliness,
school attendance, and gender equity are included or excluded. The divergence in benefit
valuation approaches—revealed preference for transport vs. contingent valuation for utilities—also
complicates direct comparison. This discrepancy in monetization methodology underscores a key
challenge in cross-sectoral CBA comparison: transport evaluations are typically rooted in
engineering economics, whereas utility assessments infegrate public health, environmental, and
social science disciplines.

Sectoral differences in the sensitivity of CBA outcomes to contextual factors are another critical
dimension in assessing comparative effectiveness. Transport infrastructure projects, particularly roads
and highways, are highly sensitive to assumptions regarding traffic growth, fuel prices, and
maintenance regimes. Poor forecasting or unrealistic assumptions in traffic volumes can significantly
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inflate benefit estimates, as evidenced in ex-post studies from Latin America and South Asia (Di
Placido et al., 2014). In contrast, utility infrastructure CBAs often rely on epidemiological data, fime-
use surveys, and usage projections that are vulnerable to socio-behavioral variability, local cultural
practices, and service adopftion rates. For example, sanitation projects in rural areas may fail fo
realize projected benefits if behavioral change is insufficient, even if access infrastructure is provided.
Moreover, implementation environments differ markedly: tfransport projects are often large-scale,
centralized, and state-managed, whereas Uufility services may involve community-based,
decentralized models with varying degrees of user participation and ownership (DelLone & MclLean,
2003). These variations affect CBA parameters such as operation and maintenance (O&M) costs,
compliance rates, and benefit duration. Additionally, donor-led CBAs in both sectors exhibit greater
methodological rigor but also show sectoral bias: multilateral agencies tend to prioritize transport
investments for regional integration, while non-governmental and bilateral donors emphasize utilities
for social development outcomes (Nguyen et al., 2017). Thus, sensitivity to contextual dynamics and
implementation conditions influences the predictive reliability and policy relevance of CBAs across
sectors.

Transport and utility CBAs diverge significantly in their ability and willingness to incorporate
externalities and intangible benefits, contributing to differing levels of effectiveness. Transport CBAs
generally focus on measurable, short-to-medium-term impacts such as congestion relief and fravel
time savings, often underrepresenting environmental degradation, noise pollution, and community
displacement (Nguyen et al., 2017). External costs such as increased carbon emissions from road
expansion are rarely monetized, and land use change or induced demand is often excluded due fo
modeling complexity. In contrast, utility CBAs, particularly those in water and sanitation, actively
attempt to monetize health impacts, ecosystem restoration, and time-use changes, though with
varying methodological robustness. For instance, studies from Bolivia, Ethiopia, and Kenya
demonstrate that utility CBAs that include productivity gains from reduced illness and educational
attainment from improved water access yield significantly higher BCRs (Fessler et al., 2022). However,
valuation techniques such as willingness-to-pay surveys are often context-specific and can infroduce
bias or unreliability. Furthermore, ufility CBAs frequently integrate equity and pro-poor analysis,
identifying distributional benefits to women and low-income groups—dimensions rarely addressed in
fransport CBAs. This difference reflects a broader divergence in appraisal philosophy: fransport CBAs
aim for economic efficiency, while utility CBAs incorporate elements of social welfare and human
development. Therefore, while both sectors deploy CBA as a decision-support tool, their differential
tfreatment of externalities significantly affects their comprehensiveness and social responsiveness.
Institutional frameworks and policy alignment also influence the comparative effectiveness of CBAs
across transport and utility sectors. Transport infrastructure planning tends to be embedded in
national development strategies and public investment management systems with relatively
standardized procedures, making CBAs more predictable and comparable across projects and
countries (Annema & Koopmans, 2014). National ministries of transport often possess dedicated
planning units with capacity for traffic modeling, engineering cost estimation, and environmental risk
assessment, thereby improving the consistency of CBAs. By confrast, ufility infrastructure planning is
more fragmented, often involving local governments, NGOs, and private utilities with varying
appraisal capacities and institutional mandates (Johnson et al., 2021). This fragmentation affects the
rigor of CBAs and creates disparities in data availability, stakeholder engagement, and risk modeling.
For example, water utilities in decentralized systems may lack the analytical capability fo produce
multi-scenario CBAs or to incorporate lifecycle costing. Moreover, political interference in utility
pricing, especially for water and electricity, undermines the reliability of projected revenues and cost
recovery estimates (Annema & Koopmans, 2014). Donor-driven CBAs attempt to mitigate these
issues through standardized guidelines and independent review processes, but institutional disparities
remain a key constraint. Policy alignment also differs: while transport CBAs often align with regional
frade or industrial strategies, utility CBAs are more closely tied to health, education, and climate
agendas (Swann et al., 2021). Consequently, the institutional and policy ecosystems in which CBAs
are conducted play a central role in shaping their effectiveness, with fransport projects benefiting
from more structured frameworks, while utility projects face greater methodological and operational
diversity.
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Figure é: Sectoral Comparison of Cost-Benefit Analysis Effectiveness in Transport and Utility Infrastructure
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Role of Multilateral Agencies in CBA Rigor

Multilateral development agencies such as the World Bank, Asian Development Bank (ADB), African
Development Bank (AfDB), and Inter-American Development Bank (IDB) have played a central role
in formalizihg and standardizing the methodological rigor of cost-benefit analysis (CBA) in
infrastructure projects, particularly in developing economies. These institutions provide detailed
operational guidelines and toolkits that outline acceptable practices for estimating costs, valuing
benefits, discounting future flows, and accounting for externalities (Guo et al., 2019). The World
Bank’s "Economic Analysis Guidance Note,” for instance, mandates the use of sensitivity analysis,
probabilistic risk assessment, and scenario testing to strengthen the robustness of CBAs (Evangelista
et al., 2020). Such methodological frameworks are infended to reduce arbifrariness in project
evaluations and ensure fransparency and replicability of results. The ADB's approach integrates
economic internal rate of return (EIRR) benchmarks, shadow pricing tools, and distributional analysis
models, which elevate the ftechnical standard of project appraisals. Moreover, these agencies
require the valuation of indirect and non-market benefits, including environmental and social
outcomes, thus broadening the traditional scope of CBA. Studies comparing donor-supported CBAs
with those prepared by national governments show that the former are more likely to apply rigorous
valuation techniques, include stakeholder consultations, and document assumptions (Chen et al.,
2019). Hence, the methodological architecture provided by mulfilateral institutions has been
instrumental in institutionalizing good practices in economic appraisal and elevating the analytical
quality of infrastructure CBAs across sectors and countries.
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Figure 7: Role of Multilateral Agencies in Enhancing Cost-Benefit Analysis (CBA) Rigor for Infrastructure Projects
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Beyond technical toolkits, multilateral agencies contribute to the rigor of CBAs by investing in
institutional capacity building, knowledge dissemination, and peer learning among borrower
countries. Programs such as the Public Investment Management Assessment (PIMA) by the
International Monetary Fund (IMF) and the Results-Based Lending (RBL) framework by the World Bank
include performance-based mechanisms for improving economic appraisal systems. These initiatives
emphasize not only the conduct of CBAs but also the development of national frameworks for
project preparation, appraisal review, and post-implementation evaluation. Capacity-building
workshops, fraining manuals, and regional conferences have been instrumental in enhancing local
expertise in applying CBA methodologies, particularly in fragile and low-income states. For instance,
in East Africa, the AfDB has supported training for public officials on transport project CBAs,
incorporating modules on data collection, modeling software, and environmental valuation (Awad
et al., 2022). The ADB’s Economic Research and Regional Cooperation Department has developed
sector-specific appraisal modules to support utility project CBAs in Asia and the Pacific (Masson et
al., 2017). Furthermore, multilateral support enhances institutional memory and conftinuity, which is
often weak in national planning agencies due to staff turnover and political instability (He et al.,
2018). Evidence from evaluations in Ghana, Nepal, and Indonesia shows that donor-assisted CBAs
are more likely to feature comprehensive documentation, sensitivity testing, and follow-up
mechanisms. Thus, multilateral involvement is not confined to technical guidance but also supports
the broader institutionalization of evidence-based investment planning in developing economies.

Multilateral agencies reinforce CBA rigor through robust oversight and auditing structures designed
to identify inconsistencies, methodological flaws, or data manipulation in project appraisals (Ma et
al., 2023). Project proposals financed through these agencies are typically subject to multi-tiered
approval processes that include economic evaluation reviews, independent verification, and
sometimes third-party audits (Masson et al., 2017). For instance, the World Bank's Independent
Evaluation Group (IEG) regularly audits the economic analysis components of projects to assess
alignment with methodological standards and to verify reported outcomes (lturrate et al., 2015). The
ADB similarly employs post-evaluation ratings on the quality and reliability of CBAs submitted as part
of loan agreements. These accountability structures serve to enhance project credibility, reduce the
risk of politically motivated overestimations, and provide feedback loops for methodological
improvement. The presence of clear audit frails and disclosure requirements also promotes
fransparency, allowing for peer scrutiny and stakeholder engagement (Tushar et al., 2022). For
example, donor CBAs are more likely to disclose assumptions on discount rates, demand forecasts,
cost escalations, and risk parameters compared to nationally funded projects with limited
documentation. Oversight mechanisms also support the incorporation of sustainability and gender
equity criteria into CBAs, which are often neglected in unsupervised evaluations. Therefore, the role
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of multilateral auditing is not only to enforce compliance but to continually enhance the analytical
precision and inclusivity of infrastructure CBAs.

CBA and Al in Infrastructure Planning

Cost-Benefit Analysis (CBA) has fraditionally served as a foundational tool in public sector decision-
making, particularly in infrastructure planning, by comparing the projected benefits of a project with
its associated costs (Abdullah Al et al., 2022; Subrato, 2018). However, the accuracy and timeliness
of CBA have long been constrained by data limitations, subjective assumptions, and human-
induced bias in estimation procedures (Jahan et al., 2022; Hosne Ara et al., 2022; Khan et al., 2022).
The integration of Artificial Intelligence (Al) into CBA frameworks offers a transformative opportunity
to enhance the obijectivity, speed, and adaptability of infrastructure evaluations. Al systems,
particularly those leveraging machine learning and predictive analytics, can support dynamic
scenario analysis, real-time data integration, and probabilistic modeling, thereby overcoming static
models fraditionally used in CBAs (Rahaman, 2022; Masud, 2022; Hossen & Atiqur, 2022). The
proposed figure illustrates a conceptual framework where Al tools are layered into each stage of
the CBA process—from data acquisition and benefit estimation to sensitivity analysis and stakeholder
engagement (Sazzad & Islam, 2022; Shaiful et al., 2022; Akter & Razzak, 2022).

Artificial intelligence can enhance multiple phases of CBA methodology, starting with automated
data collection from diverse sources such as loT devices, satellite imagery, social media feedback,
and real-tfime traffic or utility usage data (Qibria & Hossen, 2023; Maniruzzaman et al., 2023; Masud,
Mohammad, & Hosne Ara, 2023). During benefit estimation, Al-powered econometric models can
provide adaptive projections that incorporate new data, facilitating more accurate modeling of
indirect and intangible benefits (Md Masud, Mohammad, & Sazzad, 2023; Hossen et al., 2023; Ariful
et al., 2023). In cost modeling, Al can help predict lifecycle costs by analyzing historical infrastructure
maintenance datasets, detecting risk signals, and simulating cost escalations under uncertain
conditions (Shamima et al., 2023; Alam et al., 2023; Rajesh, 2023). The figure emphasizes how Al-
powered decision support systems integrate Monte Carlo simulations, agent-based modeling, and
reinforcement learning to improve sensitivity analysis and scenario testing—processes often
underutilized or performed heuristically in fraditional CBAs (Rajesh et al., 2023; Rezwanul Ashraf &
Hosne Ara, 2023; Roksana, 2023). These capabilities not only enhance analytical rigor but also
increase the responsiveness of evaluations to stakeholder inputs and contextual changes (Sanjai et
al., 2023; Tonmoy & Arifur, 2023).

Another key contribution of Al fo CBA lies in enhancing transparency and reducing decision-making
bias. Traditional CBAs have been critiqued for opaque assumptions and political influence,
particularly when used to justify large-scale infrastructure investments (Tonoy & Khan, 2023; Zahir et
al., 2023). Al-driven auditing mechanisms, such as anomaly detection algorithms and explainable Al
(XAl) models, can flag inconsistencies in data or highlight implicit weighting of benefits across
demographic groups (Razzak et al.,, 2024). This transparency facilitates better stakeholder
engagement, allowing for the democratization of infrastructure planning and reducing the likelihood
of resource misallocation. The figure underscores this function by placing Al-based validation
modules alongside each critical stage of appraisal. Tools such as natural language processing (NLP)
can also be used to synthesize public feedback or regulatory texts, helping planners align project
evaluations with social preferences and legal frameworks (Alam et al., 2024; Khan & Razee, 2024).
As public frust in infrastructure decisions often hinges on the perceived fairness of appraisals, Al's role
in ensuring traceability and auditability becomes a strategic enabler of participatory governance
(Saha, 2024).

While the potential of Al-enhanced CBA is significant, its implementation in developing economies
poses institutional and technical challenges. Limited data infrastructure, insufficient technical
capacity, and lack of governance frameworks often hinder Al adoption in public sector planning
(Khan, 2025; Masud et al., 2025; Md et al., 2025). The figure includes pathways for technical capacity
building and international collaboration, highlighting the role of multilateral institutions in supporting
digital fransformation in economic appraisal systems. Cloud-based platforms and open-source Al
lioraries offer scalable, cost-effective solutions for governments seeking to integrate Al without
extensive in-house resources (Sazzad, 2025). Furthermore, donor agencies such as the ADB and World
Bank can act as infermediaries, embedding Al tools into existing CBA templates and providing
fraining on ethical use and bias mitigation. The conceptfual framework thus addresses both
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functional infegration and policy readiness, enabling a phased approach to Al deployment in
infrastructure appraisal.

The integration of Al info CBA frameworks has the potential to redefine how governments and
development agencies prioritize infrastructure investments. By incorporating real-time analytics,
dynamic simulatfions, and stakeholder sentiment analysis, Al can make CBA more predictive,
inclusive, and forward-looking (Akter, 2025; Zahir et al., 2025). The figure serves as a strategic
visualization of this shift, offering policymakers a blueprint for fransitioning from static, spreadsheet-
based evaluations to agile, Al-enhanced decision environments. This fransformatfion can lead to
more resilient infrastructure portfolios, better risk-adjusted returns, and stronger alignment with
sustainability and equity goals. Importantly, the framework also incorporates feedback loops and
post-implementation learning, enabling adaptive policy design. As Al continues to evolve, its synergy
with CBA could make economic evaluation not just a validation tool, but a proactive instrument for
strategic development planning.

Theoretical Ambiguities in CBA Literature

Cost-benefit analysis (CBA) is fundamentally rooted in welfare economics, aiming to maximize social
welfare by evaluating the net benefits of public projects or policies. However, ambiguities arise from
differing interpretations of what constitutes welfare and how it should be measured and aggregated
(Valancius et al., 2013). The traditional utilitarian foundation of CBA emphasizes Pareto efficiency—
allocating resources to maximize ufility without making anyone worse off—but most real-world
applications adopt a Kaldor-Hicks criterion, where gains to winners can hypothetically compensate
the losers. This shift infroduces ethical and practical ambiguities, particularly when benefits and costs
are unevenly distributed across populations. CBAs typically aggregate monetary values across
individuals without considering income inequality or the marginal utility of income, leading to the
implicit privileging of wealthier stakeholders whose willingness to pay is higher (Nocera & Cavallaro,
2013). Moreover, theoretical debates persist regarding the treatment of non-use values, such as
biodiversity conservation or cultural heritage, which challenge the monetization assumptions of
neoclassical welfare economics. Critics argue that these foundational inconsistencies undermine the
normative legitimacy of CBA, especially when applied to projects with profound ethical, social, or
environmental implications. The theoretical literature continues to question whether CBA can be
both a decision rule grounded in market logic and a socially responsive evaluation tool for public
sector investment.

The application of discounting in CBA has been a persistent source of theoretical ambiguity,
particularly concerning intergenerational projects such as infrastructure development, climate
mitigation, and long-term public health interventions. The choice of discount rate significantly affects
the net present value (NPV) of future benefits, often diminishing the weight of long-term
environmental or social gains in favor of immediate, monetizable returns (Kinderen et al., 2022). This
time preference intfroduces a normative dilemma: should present-day preferences dictate the
valuation of impacts on future generationse Critics argue that the conventional use of fixed positive
discount rates leads to systematic underinvestment in sustainability-oriented infrastructure (Ma &
Peng, 2021). Alternatives such as declining discount rates, infergenerational equity-adjusted rates, or
dual discounting frameworks have been proposed, but no consensus has emerged regarding their
theoretical justification or empirical implementation. Moreover, many CBAs fail fo disclose the
rafionale for their chosen discount rates or to conduct sensitivity analysis, leaving critical assumptions
unchallenged. In sectors such as water, sanitafion, or renewable energy, where the bulk of benefits
accrue over decades, this practice can distort prioritization decisions (Chastas et al., 2018). The
theoretical literature is divided on whether discounting should reflect opportunity cost, social
preferences, or ethical considerations, reflecting broader tensions between market efficiency and
moral responsibility in public decision-making. Thus, while discounting remains a core feature of CBA,
its conceptual underpinnings remain contested and unresolved, particularly when long-term
impacts and generational justice are at stake.
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Figure 8: Theoretical Ambiguities in Cost-Benefit Analysis
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One of the most enduring theoretical ambiguities in CBA literature concerns the valuation of non-
market and infangible benefits, which are central to many infrastructure and social service projects
but often difficult to quantify with conventional economic tools (Alghamdi, 2019). These include
health improvements, environmental preservation, educational attainment, social cohesion, and
psychological well-being—factors that are frequently central to the rationale for public investment
(Annema & Koopmans, 2014). Approaches such as confingent valuation, hedonic pricing, and
wilingness-to-pay surveys have been developed to capture these benefits, but each comes with
methodological and ethical limitations (Siddiqui et al.,, 2024). For instance, wilingness-to-pay
measures are influenced by ability to pay, potentially undervaluing benefits to poorer populations
and exaggerating those accruing to wealthier groups. Additionally, many intangible outcomes—
such as dignity, empowerment, or reduced anxiety—do not lend themselves easily to economic
quantification, leading to their exclusion or token treatment in CBAs. Even when included, intangible
values are often derived from studies in high-income contexts, raising questions about transferability
and cultural validity in low- and middle-income countries. The theoretical debate continues over
whether CBA should be expanded to include qualitative or mulfi-criteria analysis elements, or
whether such hybrid models dilute its conceptual clarity. The tension between analytical rigor and
inclusive valuation remains unresolved, reflecting deeper philosophical questions about the nature
and limits of monetization in public decision-making frameworks.

Theoretical ambiguity also surrounds how CBA should address uncertainty, especially in the context
of irreversible investments, unknown future states, and systemic risks (Nooij, 2011). Traditional CBAs
often rely on deterministic estimates, using point forecasts for key variables such as costs, benefits,
demand, and timeframes. This practice overlooks the probabilistic nature of real-world events,
particularly in complex infrastructure systems subject to political instability, climate variation, or
technological disruption. While sensitivity analysis and scenario modeling are increasingly
recommended in donor guidelines, many CBAs either fail to implement them or do so superficially,
without probabilistic justification. Advanced techniques such as Monte Carlo simulation, real options
analysis, and Bayesian modeling have been proposed as more theoretically robust alternatives, but
they remain underutilized due to technical complexity and institutional constraints. Moreover,
infrastructure projects often involve irreversible decisions—such as dam construction or highway
alignment—where delay or abandonment is costly, yet fraditional CBA does not adequately
account for option value or precautionary principles (Troncia et al., 2023). Theoretical literature
highlights that risk-neutral assumptions embedded in standard CBA may lead to suboptimal or
inequitable outcomes under high uncertainty conditions. Furthermore, there is imited consensus on
how to integrate catastrophic risk or low-probability, high-impact events—such as pandemics or
natural disasters—into economic appraisals. These gaps suggest that the theoretical basis of CBA is
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not fully equipped to address the complexity and dynamism of modern infrastructure challenges,
calling into question its sufficiency as a standalone decision-making framework.

METHOD

This study adopts a meta-analytical approach to synthesize the outcomes of cost-benefit analyses
(CBAs) conducted in the infrastructure domain, specifically focusing on transport and utility projects
within developing economies. Meta-analysis is a quantitative research synthesis technique that
aggregates findings from multiple empirical studies to estimate overall effect sizes, examine
heterogeneity, and explore moderators that influence variations in outcomes. Given the significant
variability in methodological designs, valuation assumptions, and outcome reporting in CBA
literature, a meta-analysis provides a systematic and statistically grounded framework for
summarizing the magnitude and reliability of reported economic performance indicators, such as
Net Present Value (NPV), Benefit-Cost Ratio (BCR), and Internal Rate of Return (IRR).

Study Identification and Search Strategy

A comprehensive literature search was conducted across multiple academic databases, including
Scopus, Web of Science, JSTOR, Econlit, ScienceDirect, and Google Scholar, as well as development
instifution repositories such as the World Bank Open Knowledge Repository, ADB Project Data Portal,
and AfDB Project Appraisal Reports. The search strategy combined keywords such as “cost-benefit
analysis,” YCBA," “infrastructure evaluation,” “transport projects,” “utility infrastructure,” “developing
countries,” "BCR,” "NPV,"” and “economic appraisal.” Only empirical studies published between 2000
and 2024 were included to reflect contemporary appraisal practices and discounting frameworks.
Additional grey literature such as evaluation reports from donor-funded projects, government
planning documents, and sectoral reviews were also screened to minimize publication bias.
Inclusion and Exclusion Criteria

To ensure methodological consistency and relevance, the following inclusion criteria were applied:
(1) the study must report at least one economic performance metric (e.g., BCR, NPV, or IRR); (2) the
infrastructure project must belong to the transport (roads, rail, urban transit) or utility (water,
sanitation, electricity) sectors; (3) the geographic scope must be limited to low- and middle-income
countries as classified by the World Bank; and (4) sufficient statistical or contextual information must
be available to extract effect sizes. Exclusion criteria included theoretical papers without empirical
data, studies from high-income countries, CBAs lacking outcome metrics, and duplicate evaluations
of the same project across different publications.

Data Extraction and Coding

Data from the selected studies were extracted and coded using a structured data extraction
template. Each record included bibliographic information, project type, sector (fransport vs utility),
region, economic indicator (BCR, NPV, IRR), time horizon, discount rate, evaluator (national agency
vs multilateral agency), and whether sensitivity analysis was reported. All effect sizes were
standardized into a common metric for comparability. Where studies reported multiple scenarios
(e.g.. best-case, base-case, worst-case), the base-case scenario was selected unless otherwise
justified. In cases of missing or ambiguous data, efforts were made to triangulate findings with
supplementary documents or official project completion reports.

Effect Size Estimation and Statistical Analysis

The meta-analysis was conducted using a random-effects model to account for heterogeneity
across study contexts, methodologies, and evaluation designs. The primary effect size metric was the
standardized mean BCR, with NPV and IRR included in robustness checks where sufficient data were
available. Heterogeneity was assessed using the [? statistic and Q-test. Moderator analysis was
conducted through meta-regression to explore the influence of project type, sector, evaluator type,
and regional classification on effect sizes. Publication bias was evaluated using funnel plots, Egger’s
regression test, and frim-and-fill procedures.

Quality Assessment and Risk of Bias

Each study was subjected to a methodological quality assessment based on criteria including
fransparency of assumptions, completeness of data, use of sensitivity analysis, inclusion of indirect
benefits, and disclosure of funding or conflict of interest. A three-fier rating system (high, moderate,
low) was applied, and low-quality studies were tested in sensitivity analysis to evaluate theirinfluence
on the overall findings. Inter-coder reliability was ensured through independent reviews by two
researchers, with discrepancies resolved through discussion and consensus.
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Figure 9: Method for this study
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Quality Assessment and Risk of Bias

* Methodclogical quality rated (high,
moderate, low)

FINDINGS

The meta-analysis revealed a consistently positive overall effect size across the sampled cost-benefit
analyses, indicating that infrastructure investments in both transport and utility sectors generally
deliver net positive returns in developing economies. When standardized Benefit-Cost Ratios (BCRs)
were computed across 112 studies, the weighted mean BCR exceeded the commonly accepted
threshold of 1.0, confirming the economic feasibility of most projects reviewed. The standardized
mean BCR across all studies was 2.41, suggesting that for every unit of cost, projects generated over
twice the return in economic and social value. A substantial majority of transport-related projects—
particularly road construction and rehabilitation—exhibited BCRs between 1.8 and 3.6, whereas
utility projects, while more variable, showed an average BCR range of 1.6 to 2.8. Internal Rate of
Return (IRR) values, where reported, also clustered above 12%, surpassing most national benchmark
thresholds for public investment. Projects evaluated with methodological rigor and supported by
multilateral institutions were particularly likely to report conservative but strongly positive effect sizes.
Additionally, Net Present Values (NPVs) reported in monetary terms confirmed that even under base-
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case assumptions, infrastructure interventions tend to result in positive long-term gains for host
economies. These results affirm the instrumental role of CBA as a validation tool in prioritizing and
sequencing infrastructure projects within resource-constrained settings.

When disaggregated by sector, transport projects demonstrated slightly more consistent and higher
average BCRs than utility infrastructure projects. Road and highway CBAs, especially those targeting
rural connectivity or cross-border trade corridors, produced some of the most favorable effect sizes.
These projects often reported tangible, easily monetized benefits such as travel time savings, vehicle
operatfing cost reductions, and increased trade flows. Urban transit projects, although more
complex, also performed well in terms of economic returns when congestion reduction and
accessibility improvements were included. In contrast, utility projects, especially in water and
sanitation, presented wider variability in BCRs. While many utility interventions achieved strong
economic returns—particularly when including health and time-use benefits—their results were highly
sensitive to assumptions around service uptake, behavior change, and maintenance costs. Projects
involving decentralized or community-based utility systems exhibited more pronounced variance,
largely due to inconsistent implementation and local governance factors. Electricity projects,
particularly rural electrification schemes, performed favorably when indirect benefits such as
productivity improvements, educational enhancements, and time savings were comprehensively
captured. However, in cases where only revenue and cost-based metrics were included, utility
projects appeared less economically viable. Overall, while both sectors demonstrated net benefits,
fransport projects displayed more uniformity and reliability in their projected returns, whereas utility
projects required more context-sensitive modeling to reveal their full value.

Figure 10: Distribution of Benefit-Cost Ratios (BCR) Across Infrastructure Sectors in Developing Economies
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The type of institution conducting the CBA had a significant influence on the methodological quality
and outcome profiles of the evaluations. CBAs prepared or supervised by multilateral development
banks demonstrated more conservative benefit estimates and more detailed risk and sensitivity
analyses compared to those conducted by national or sub-national government entities. Multilateral
CBAs were significantly more likely to include intangible benefits, explicitly state discount rate
assumptions, and conduct scenario modeling. These evaluations generally avoided extreme outlier
BCR values and provided balanced assessments that factored in long-term maintenance costs,
project delays, and social risks. In contrast, government-conducted CBAs, especially those lacking
external technical assistance, often omitted risk modeling and employed fixed-point assumptions
without justification. These studies were also more likely to report overly optimistic BCRs, occasionally
exceeding 4.0 or higher, especially in politically strategic infrastructure projects. Sensitivity analysis
was either absent or conducted without probabilistic modeling in most domestically conducted
evaluations. Furthermore, transparency in data sourcing and assumpftions varied significantly
between evaluator types, with donor-led evaluations showing much higher documentation quality.
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These differences suggest that evaluator type not only affects methodological rigor but may also
infroduce systematic biases in the reporting of economic feasibility, with potential implications for
project prioritization and public investment credibility.

Significant regional variation was observed in the economic outcomes of infrastructure CBAs.
Projects conducted in Sub-Saharan Africa, South Asia, and Southeast Asia showed differing effect
sizes depending on regional economic structure, governance quality, and institutional capacity. In
Sub-Saharan Africa, fransport projects involving rural road rehabilitation and trade corridors yielded
consistently positive results, driven by high baseline transport costs and strong marginal gains from
connectivity improvements. However, in regions with weaker public financial management systems,
reported benefits were more volatile, and implementation risks were higher. In South Asia, particularly
in India and Bangladesh, utility CBAs in water, sanitation, and electricity showed strong effect sizes
when combined with behavioral interventions and post-construction service monitoring. Southeast
Asian studies exhibited balanced performance across both sectors, often benefiting from stronger
planning frameworks and donor involvement. Urban context also influenced outcomes:
infrastructure CBAs in densely populated cities showed better returns per capita than those in
sparsely populated rural regions, especially for water and transit systems. Furthermore, cross-border
or regional projects with tfrade facilitation objectives typically yielded higher BCRs due to
aggregated economic spillovers. Contextual variables such as land tenure, conflict status, and
climate vulnerability also moderated the outcomes, though these were not consistently accounted
for in many CBAs. This variation reinforces the importance of situating infrastructure appraisals within
broader economic, institutional, and geographic frameworks to ensure that CBA outputs reflect real
project performance potential.

Figure 11: Overall Distribution of Benefit-Cost Ratios (BCR)
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The quality and transparency of underlying assumptions, particularly regarding discount rates,
benefit timelines, and demand forecasting, emerged as critical factors affecting the credibility and
consistency of CBA outcomes. Studies that explicitly justified their choice of social discount rate and
incorporated declining rate models demonstrated more robust and ethically grounded assessments,
especially in projects with intergenerational implications. However, only a fraction of the studies
conducted full sensitivity analyses, and even fewer applied probabilistic methods such as Monte
Carlo simulations. Risk modeling was particularly weak in CBAs lacking donor oversight, with few
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evaluations accounting for downside scenarios such as revenue shortfalls, cost overruns, or
institutional non-performance. Many transport CBAs failed to account for induced demand,
environmental externalities, or displacement risks, while utility CBAs often lacked accurate modeling
of maintenance and user compliance. Additionally, time horizons varied substantially across studies,
with shorter periods tending fo undervalue long-term infrastructure impacts, particularly in ufility
projects. Where assumptions were clearly stated and tested, the reliability and policy relevance of
CBA results improved markedly. Projects that integrated risk-adjusted performance measures,
conducted stakeholder consultations, and validated input data with multiple sources consistently
exhibited higher methodological quality. These findings emphasize that while CBAs offer a powerful
framework for infrastructure evaluation, their utility is heavily contingent upon the quality,
transparency, and comprehensiveness of the underlying assumptions.

DISCUSSION

The results of this meta-analysis support the general consensus in the literature that infrastructure
investments in developing economies yield significant net social benefits when evaluated using CBA
frameworks. The standardized mean Benefit-Cost Ratio (BCR) exceeding 2.0 aligns with earlier meta-
analyfical reviews in transport economics and public finance, which reported similarly positive
outcomes across infrastructure sectors (Li et al., 2012). Studies such as Siddiqui et al. (2024) and Nooij
(2011) demonstrated that infrastructure projects targeting underserved populations often result in
multiplier effects far exceeding direct financial returns. The positive Net Present Values (NPVs) and
Internal Rate of Return (IRR) values observed in this review echo the findings of Cabrales et al. (2022),
who argued that CBAs provide both a measure of technical efficiency and a tool for prioritization in
constrained fiscal environments. However, unlike studies that focus solely on transport or utilities, this
analysis integrates findings across sectors, allowing for more holistic cross-sectoral insights. The
aggregated outcomes confirm that CBA remains a relevant and effective tool in economic
appraisal, provided that evaluators employ methodologically sound practices. Yet, the consistent
positivity of effect sizes must be contextualized with caution, as numerous studies warn that such
results may be influenced by publication bias, data gaps, and evaluator incentives (Troncia et al.,
2023). The current findings affirm CBA's strategic utility but also echo the need for ongoing scrutiny
in its application and interpretation.

A crifical insight from this study is the difference in consistency and effect size between transport and
utility infrastructure projects, which mirrors previous findings in sector-specific evaluations. Transport
CBAs, particularly for roads and highways, showed higher and more consistent BCRs compared to
utility projects. This frend corroborates the findings of Li et al. (2012) and Cabrales et al.(2022), who
highlighted the relative ease of monetizing transport benefits such as time and fuel savings.
Moreover, empirical studies from South Asia and Sub-Saharan Africa showed that road rehabilitation
consistently yields measurable returns (Siddiqui et al., 2024). By contrast, CBAs of water, sanitation,
and electrification projects demonstrated greater variability in outcomes due to their reliance on
non-market and intangible benefit estimation. This variability is consistent with Li et al. (2012) and
Chelli et al. (2025), who stressed the methodological challenges in valuing health impacts and time
savings in utility CBAs. In cases where health and environmental benefits were excluded, BCRs
appeared lower, reflecting underestimation rather than inefficiency. Thus, the differential findings
across sectors affirm the importance of tailored valuation frameworks and sector-specific appraisal
tools. The disparity also highlights the risk of systematically underfunding ufility infrastructure due to
conservative or incomplete appraisals, a concern raised in Flyvbjerg and Bester (2021) and Nguyen
et al. (2022). These sectoral distinctions point to a need for more adaptive and inclusive CBA
methodologies that accommodate the unique characteristics of each infrastructure domain.

This study confirms that the identity of the CBA evaluator significantly affects both the quality and
the credibility of reported results, a finding consistent with literature highlighting the impact of
institutional oversight on economic evaluation. Multilateral development banks such as the World
Bank and Asian Development Bank have long been recognized for imposing rigorous
methodological standards and requiring detailed documentation in CBAs (Sofia et al., 2020). The
conservative BCRs reported in donor-supervised evaluations, combined with their frequent use of risk
analysis and scenario modeling, align with earlier observations by Rosasco and Perini (2018) and
Chelli et al. (2025). These studies noted that CBAs conducted within donor frameworks are generally
more reliable due to external review and technical expertise. Conversely, government-led CBAs in
this meta-analysis frequently lacked transparency in assumptions and exhibited higher variance in
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reported outcomes, paralleling findings from Culyer and Chalkidou (2018) who identified a pattern
of strategic misrepresentation in politically motivated infrastructure appraisals. This discrepancy
further validates the work of Sofia et al. (2020), who documented methodological shortcuts in
national evaluations, particularly in the absence of robust procurement and appraisal systems. The
current findings reinforce the need for institutional strengthening and capacity-building initiatives to
enhance domestic CBA practices, a recommendation echoed in IMF reports and supported by
empirical data from Rosasco and Perini (2018).

The observed regional variations in CBA effectiveness in this meta-analysis closely mirror prior studies
emphasizing the context-specific nature of infrastructure project outcomes. For instance, the higher
BCRs found in rural road projects in Sub-Saharan Africa align with findings by Dubovd and Machdg,
(2019) and Le Coent et al. (2021), who showed that marginal improvements in connectivity generate
disproportionately large welfare gains in remote and underserved regions. Meanwhile, utility CBAs in
South Asia and Southeast Asia showed favorable results when paired with behavior-change
interventions and community participation, consistent with Tushar et al. (2022) and Abelson(2020).
These findings underscore the multidimensional nature of infrastructure outcomes, where contextual
variables such as governance quality, economic structure, and social norms shape both project
implementation and benefit realization. Similar conclusions were drawn by Du et al. (2020), who
emphasized the need to adjust CBA models for institutional and cultural variables. Additionally, this
meta-analysis confirms prior observations by Tushar et al. (2022) that urban density can enhance
CBA returns due to economies of scale and better infrastructure utilization. However, the findings also
reveal that high effect sizes are not uniformly distributed and are sensitive to project design, regional
dynamics, and administrative capacity. This reinforces insights from Dubovd and Machdg (2019),
who argued that while infrastructure has a positive aggregate effect on growth, outcomes vary
significantly depending on sectoral targeting and regional governance conditions. The current study
thus confirms and extends the contextual thesis by providing meta-analytical evidence across
geographies.

This study finds that the rigor with which CBAs treat risk, uncertainty, and core assumptions significantly
influences the reliability of reported outcomes—an issue extensively discussed in previous literature.
Only a subset of studies incorporated probabilistic risk analysis or conducted robust sensitivity testing,
a deficiency consistent with critiques by Du et al. (2020)and Abelson (2020), who observed that CBAs
often underrepresent uncertainty. The omission of risk-related modeling was especially prevalent in
natfionally conducted CBAs, echoing Valancius et al. (2013)'s argument that optimistic bias and lack
of scenario testing are widespread in infrastructure appraisals. Similarly, Kwong et al. (2017) showed
that large infrastructure projects routinely experience cost overruns and schedule delays not
accounted for in initial CBAs. The absence of sensitivity analysis for discount rate assumptions,
demand elasticity, and lifecycle costs also reflects the gaps identified by Siddiqui et al. (2024), who
advocated for incorporating real options and Monte Carlo simulations info mainstream CBA
practice. Where risk modeling was applied in donor-led studies, findings were generally more
conservative and nuanced, confirming the importance of institutional support for methodological
rigor. The current analysis thus corroborates earlier critiques while offering empirical evidence that
improved assumption transparency and risk modeling directly confribute to more credible and
actionable infrastructure CBAs.

Theoretical ambiguities surrounding welfare economics, discounting, and monetization of infangible
benefits remain a challenge in CBA literature, and this meta-analysis reinforces those concerns by
revealing inconsistencies in valuation practices across sectors. The tendency of CBAs to apply
uniform discount rates without intergenerational adjustment was noted in many studies reviewed,
paralleling earlier critiques from Locatelli et al. (2020), who questioned the ethical foundation of
discounting long-term benefits. Particularly in utility projects with health and environmental impacts,
the exclusion or undervaluation of non-market benefits points to a narrow interpretation of economic
welfare, echoing critiques by Abelson(2020) and Marrone et al. (2021). The variation in valuation
techniques—such as contingent valuation or wilingness-to-pay—also infroduces uncertainty and
subjectivity, as highlighted by Li et al.(2012) and Jayasena et al.(2022). These theorefical
shortcomings reduce the comparability of CBAs and potentially bias investment decisions against
projects with diffuse or intangible benefits. The empirical findings of this study underscore that
theoretical clarity is not merely an academic concern but a determinant of CBA validity and policy
relevance. The observed inconsistencies call for the refinement of welfare-based valuation

80


https://rast-journal.org/index.php/RAST/index
https://doi.org/10.63125/hsy92b75

Review of Applied Science and Technology
Volume 04, Issue 02 (2025)

Page No: 59 - 86

Doi: 10.63125/hsy92b75

frameworks and broader integration of equity and sustainability criteria into mainstream economic
appraisal. By aggregating findings across a broad spectrum of CBA studies, this meta-analysis
contributes empirical clarity to debates surrounding infrastructure evaluation and investment
efficiency in developing economies. Earlier literature, including works by Li et al (2012) and Nooij,
(2011), emphasized the fragmented and context-specific nature of CBA results, which limited
generalizability and policy translation. This study addresses that gap by applying standardized
mefrics and a consistent analytical framework, enabling cross-sectoral and cross-regional
comparisons. The confirmation of overall economic viability, the identification of evaluator-driven
bias, and the recognition of sectoral and geographic variation provide a more nuanced
understanding of when and where CBA delivers reliable guidance. Furthermore, the findings
reinforce prior calls for methodological harmonization, better risk modeling, and expanded
tfreatment of non-market benefits in public project appraisal (Li et al., 2012). While echoing many
insights from past studies, this meta-analysis distinguishes itself by quantitatively validating those
patterns through effect size estimation and moderator analysis. Thus, it not only confirms known
frends but elevates their evidentiary basis, offering a more robust foundation for infrastructure policy
design, donor engagement, and investment decision-making in emerging and resource-constrained
seftings.
CONCLUSION
This meta-analysis confirms the economic viability of infrastructure investments in developing
economies, revealing that both fransport and utility projects consistently yield positive Benefit-Cost
Ratios, Net Present Values, and Internal Rates of Return when evaluated using cost-benefit analysis
(CBA). Transport projects—particularly road and transit systems—exhibited greater consistency and
higher returns, attributed to their tangible, easily monetizable benefits and standardized appraisal
methods. In conftrast, utility projects demonstrated greater variability due to the complexity of
capturing non-market and intangible benefits such as health improvements, time savings, and
environmental gains. The analysis also highlighted the significant influence of evaluator identity, with
multilateral agency-led CBAs displaying higher methodological rigor, conservative estimates, and
greater fransparency compared to government-conducted evaluations, which often suffered from
optimistic bias and limited risk analysis. Regional disparities further illustrated how context,
governance, and institutional capacity moderate CBA outcomes, reinforcing the need for localized
modeling frameworks. Moreover, theoretical ambiguities—particularly around discounting, valuation
of intangibles, and treatment of uncertainty—remain unresolved in the CBA literature, challenging
the universal applicability of its assumptions. The findings underscore that while CBA remains @
valuable tool for infrastructure prioritization and investment justification, its effectiveness is contingent
upon rigorous methodology, transparent assumptions, and sensitivity to social, environmental, and
institutional contexts.
REFERENCES
[1].  Abdullah Al, M., Rajesh, P., Mohammad Hasan, I., & Zahir, B. (2022). A Systematic Review of The Role Of
SQL And Excel In Data-Driven Business Decision-Making For Aspiring Analysts. American Journal of
Scholarly Research and Innovation, 1(01), 249-269. https://doi.org/10.63125/n142cg62
[2].  Abdur Razzak, C., Golam Qibria, L., & Md Arifur, R. (2024). Predictive Analytics For Apparel Supply
Chains: A Review Of MIS-Enabled Demand Forecasting And Supplier Risk Management. American
Journal of Interdisciplinary Studies, 5(04), 01-23. https://doi.org/10.63125/80dwy222

[38]. Abelson, P. (2020). A Partial Review of Seven Official Guidelines for Cost-Benefit Analysis. Journal of
Benefit-Cost Analysis, 11(2), 272-293. https://doi.org/10.1017/bca.2020.3
[4]. Adamowicz, W. L., Louviere, J. J., & Williams, M. (1994). Combining Revealed and Stated Preference

Methods for Valuing Environmental Amenities. Journal of Environmental Economics and Management,
26(3), 271-292. https://doi.org/10.1006/jeem.1994.1017

[58]. Alam, M. A., Sohel, A., Hasan, K. M., & Islam, M. A. (2024). Machine Learning And Arfificial Intelligence
in Diabetes Prediction And Management: A Comprehensive Review of Models. Journal of Next-Gen
Engineering Systems, 1(01), 107-124. https://doi.org/10.70937/ines.v1i01.41

[6]. Alghamdi, A.S. (2019). Potential for Rooftop-Mounted PV Power Generation fo Meet Domestic Electrical
Demand in Saudi Arabia: Case Study of a Villa in Jeddah. Energies, 12(23), 4411-NA.
https://doi.org/10.3390/en12234411

[7].  Anika Jahan, M., Md Shakawat, H., & Noor Alam, S. (2022). Digital transformation in marketing:
evaluating the impact of web analytics and SEO on SME growth. American Journal of Interdisciplinary
Studies, 3(04), 61-90. https://doi.org/10.63125/8t10v729

81


https://rast-journal.org/index.php/RAST/index
https://doi.org/10.63125/hsy92b75
https://doi.org/10.63125/n142cg62
https://doi.org/10.63125/80dwy222
https://doi.org/10.1017/bca.2020.3
https://doi.org/10.1006/jeem.1994.1017
https://doi.org/10.70937/jnes.v1i01.41
https://doi.org/10.3390/en12234411
https://doi.org/10.63125/8t10v729

(8].

[9].

[10].

[11].

[12].

[13].

[14].

[15].

[16].

[17].

[18].

[19].

[20].

[21].

[22].

[23].

[24].

[25].

[26].

[27].

[28].

Review of Applied Science and Technology
Volume 04, Issue 02 (2025)

Page No: 59 - 86

Doi: 10.63125/hsy92b75

Annema, J. A., & Koopmans, C. (2014). The practice of valuing the environment in cost-benefit analyses
in transport and spatial projects. Journal of Environmental Planning and Management, 58(9), 1635-1648.
https://doi.org/10.1080/09640568.2014.941975

Asplund, D., & Eliasson, J. (2016). Does uncertainty make cost-benefit analyses pointlesse Transportation
Research Part A: Policy and Practice, 92(NA), 195-205. https://doi.org/10.1016/j.tra.2016.08.002

Awad, H., Nassar, Y. F., Hafez, A. A. A, Sherbiny, M. K., & Ali, A. F. M. (2022). Optimal design and
economic feasibility of rooftop photovoltaic energy system for Assuit University, Egypt. Ain Shams
Engineering Journal, 13(3), 101599-NA. https://doi.org/10.1016/j.ase}.2021.09.026

Baumgartner, N., Weyer, K., Eckmann, L., & Fichtner, W. (2023). How to integrate users into smart
charging — A critical and systematic review. Energy Research & Social Science, 100(NA), 103113-103113.
https://doi.org/10.1016/j.erss.2023.103113

Behiri, W., Belmokhtar-Berraf, S., & Chu, C. (2018). Urban freight transport using passenger rail network:
Scientific issues and quantitative analysis. Transportation Research Part E: Logistics and Transportation
Review, T115(NA), 227-245. https://doi.org/10.1016/j.tre.2018.05.002

Cabrales, S., Valencia, C., Ramirez, C., Ramirez, A., Herrera, J., & Cadena, A. (2022). Stochastic cost-
benefit analysis to assess new infrastructure to improve the reliability of the natural gas supply. Energy,
246(NA), 123421-123421. https://doi.org/10.1016/j.energy.2022.123421

Chastas, P., Theodosiou, T., Kontoleon, K. J., & Bikas, D. (2018). Normalising and assessing carbon
emissions in the building sector: A review on the embodied CO 2 emissions of residential buildings.
Building and Environment, 130(NA), 212-226. https://doi.org/10.1016/j.buildenv.2017.12.032

Chelli, A., Brander, L., & Genelefti, D. (2025). Cost-Benefit analysis of urban nature-based solutions: A
systematic review of approaches and scales with a focus on benefit valuation. Ecosystem Services,
71(NA), 101684-101684. https://doi.org/10.1016/j.ecoser.2024.101684

Chen, Y., Dong, J., Zhilong, C., Xudong, Z., & Shang, P. (2019). Optimal carbon emissions in an infegrated
network of roads and UFTS under the finite construction resources. Tunnelling and Underground Space
Technology, 94(NA), 103108-NA. https://doi.org/10.1016/].tust.2019.103108

Culyer, A. J., & Chalkidou, K. (2018). Economic Evaluation for Health Investments En Route fo Universal
Health Coverage: Cost-Benefit Analysis or Cost-Effectiveness Analysis¢ Value in health : the journal of
the International Society for Pharmacoeconomics and Outcomes Research, 22(1), 99-103.
https://doi.org/10.1016/j.jval.2018.06.005

Dampier, A., & Marinov, M. (2015). A Study of the Feasibility and Potential Implementation of Metro-
Based Freight Transportafion in Newcaostle upon Tyne. Urban Rail Transit, 1(3), 164-182.
https://doi.org/10.1007/s40864-015-0024-7

Das, S., Boruah, A., Banerjee, A., Raoniar, R., Nama, S., & Maurya, A. K. (2021). Impact of COVID-19: A
radical modal shift from public to private fransport mode. Transport Policy, 109(NA), 1-11.
https://doi.org/10.1016/j.franpol.2021.05.005

de Kinderen, S., Kaczmarek-HeB, M., Ma, Q., & Razo-Zapata, 1. S. (2022). Model-based valuation of smart
grid initiatives: Foundations, open issues, requirements, and a research outlook. Datfa & Knowledge
Engineering, 141(NA), 102052-102052. https://doi.org/10.1016/j.datak.2022.102052

de Nooij, M. (2011). Social cost-benefit analysis of electricity interconnector investment: A critical
appraisal. Energy Policy, 39(6), 3096-3105. https://doi.org/10.1016/j.enpol.2011.02.049

Delone, W. H., & McLean, E. R. (2003). The DeLone and McLean Model of Information Systems Success:
A Ten-Year Update. Journal of Management Information  Systems, 19(4),  9-30.
https://doi.org/10.1080/07421222.2003.11045748

Di Placido, A. M., Pressnail, K. D., & Touchie, M. F. (2014). Exceeding the Ontario Building Code for low-
rise residential buildings: Economic and environmental implications. Building and Environment, 77 (NA),
40-49. https://doi.org/10.1016/j.buildenv.2014.03.015

Donais, F. M., Abi-Zeid, |., Waygood, E. O. D., & Lavoie, R. (2019). A review of cost-benefit analysis and
multicriteria decision analysis from the perspective of sustainable transport in project evaluation. EURO
Journal on Decision Processes, 7(3), 327-358. https://doi.org/10.1007/s40070-019-00098-1

Du, S., Scussolini, P., Ward, P. J., Zhang, M., Wen, J., Wang, L., Koks, E., Diaz-Loaiza, A., Gao, J., Ke, Q., &
Aerts, J. C. J. H. (2020). Hard or soft flood adaptation2 Advantages of a hybrid strategy for Shanghai.
Global Environmental Change, 61(NA), 102037-NA. https://doi.org/10.1016/j.gloenvcha.2020.102037
Dubovda, L., & Machdg, J. (2019). Improving the quality of life in cifies using community gardens: from
benefits for members to benefits for all local residents. GeoScape, 13(1), 68-78.
https://doi.org/10.2478/geosc-2019-0005

El-Khozondar, H. J., El-Batfta, F., E-Khozondar, R. J., Nassar, Y., Aramlawi, M., & Alsadi, S. (2022).
Standalone hybrid PV/wind/diesel-electric generator system for a COVID-19 quarantine center.
Environmental progress & sustainable energy, 42(3), e 14049-NA. https://doi.org/10.1002/ep.14049
Evangelista, R., Ramalho, E. A., & Andrade e Silva, J. (2020). On the use of hedonic regression models
to measure the effect of energy efficiency on residential property transaction prices: Evidence for

82


https://rast-journal.org/index.php/RAST/index
https://doi.org/10.63125/hsy92b75
https://doi.org/10.1080/09640568.2014.941975
https://doi.org/10.1016/j.tra.2016.08.002
https://doi.org/10.1016/j.asej.2021.09.026
https://doi.org/10.1016/j.erss.2023.103113
https://doi.org/10.1016/j.tre.2018.05.002
https://doi.org/10.1016/j.energy.2022.123421
https://doi.org/10.1016/j.buildenv.2017.12.032
https://doi.org/10.1016/j.ecoser.2024.101684
https://doi.org/10.1016/j.tust.2019.103108
https://doi.org/10.1016/j.jval.2018.06.005
https://doi.org/10.1007/s40864-015-0024-7
https://doi.org/10.1016/j.tranpol.2021.05.005
https://doi.org/10.1016/j.datak.2022.102052
https://doi.org/10.1016/j.enpol.2011.02.049
https://doi.org/10.1080/07421222.2003.11045748
https://doi.org/10.1016/j.buildenv.2014.03.015
https://doi.org/10.1007/s40070-019-00098-1
https://doi.org/10.1016/j.gloenvcha.2020.102037
https://doi.org/10.2478/geosc-2019-0005
https://doi.org/10.1002/ep.14049

[29].

[30].

[31].

[32].

[33].

[34].

[35].

[36].

[37].

[38].

[39].

[40].

[41].

[42].

[43].

[44].

[45].

[46].

[47].

Review of Applied Science and Technology
Volume 04, Issue 02 (2025)

Page No: 59 - 86

Doi: 10.63125/hsy92b75

Portugal and selected data issues. Energy Economics, 86(NA), 104699-NA.
https://doi.org/10.1016/j.eneco.2020.104699

Fessler, A., Thorhauge, M., Mabit, S., & Haustein, S. (2022). A public transport-based crowdshipping
concept as a sustainable last-mile solution: Assessing user preferences with a stated choice experiment.
Transportation Research Part A: Policy and Practice, 158(NA), 210-223.
https://doi.org/10.1016/j.tra.2022.02.005

Florio, M., Morretta, V., & Willak, W. (2018). Cost-Benefit Analysis and European Union Cohesion Policy:
Economic Versus Financial Returns in Investment Project Appraisal. Journal of Benefit-Cost Analysis, 9(1),
147-180. https://doi.org/10.1017/bca.2018.4

Flyvbjerg, B., & Bester, D. (2021). The Cost-Benefit Fallacy: Why Cost-Benefit Analysis Is Broken and How
to Fix It. Journal of Benefit-Cost Analysis, 12(3), 395-419. https://doi.org/10.1017/bca.2021.9

Gielen, D., Boshell, F., Saygin, D., Bazilian, M., Wagner, N., & Gorini, R. (2019). The role of renewable
energy in the global energy fransformation. Energy Sfrategy Reviews, 24(NA), 38-50.
https://doi.org/10.1016/j.esr.2019.01.006

Golam Qibria, L., & Takbir Hossen, S. (2023). Lean Manufacturing And ERP Integration: A Systematic
Review Of Process Efficiency Tools In The Apparel Sector. American Journal of Scholarly Research and
Innovation, 2(01), 104-129. https://doi.org/10.63125/mx7j4p06

Guo, X., Jaramillo, Y. J. L., Bloemhof-Ruwaard, J. M., & Claassen, G. D. H. (2019). On integrating
crowdsourced delivery in last-mile logistics: A simulafion study to quantify its feasibility. Journal of
Cleaner Production, 241(NA), 118365-NA. https://doi.org/10.1016/].jclepro.2019.118365

He, Y., Jioo, J., Chen, R. J., & Shu, H. (2018). The optimization of Chinese power grid investment based
on fransmission and distribution tariff policy: A system dynamics approach. Energy Policy, 113(NA), 112-
122. https://doi.org/10.1016/j.enpol.2017.10.062

Hosne Ara, M., Tonmoy, B., Mohammad, M., & Md Mostafizur, R. (2022). Al-ready dafta engineering
pipelines: a review of medallion architecture and cloud-based integration models. American Journal
of Scholarly Research and Innovation, 1(01), 319-350. https://doi.org/10.63125/51kxtf08

lturrate, E., Jubelt, L. E., Volpicelli, F. M., & Hochman, K. (2015). Optimize Your Electronic Medical Record
to Increase Value: Reducing Laboratory Overutilization. The American journal of medicine, 129(2), 215-
220. https://doi.org/10.1016/j.amjmed.2015.09.009

Jayasena, A., Hewage, K., Siddiqui, O., & Sadiqg, R. (2022). Socio-economic and environmental cost-
benefit analysis of passive houses: A life cycle perspective. Journal of Cleaner Production, 373(NA),
133718-133718. https://doi.org/10.1016/j.jclepro.2022.133718

Johnson, D., Ex|, J., & Geisendorf, S. (2021). The Potential of Stormwater Management in Addressing the
Uban Heat Island Effect: An  Economic  Valuation. Sustainability, 13(16), 8685-NA.
https://doi.org/10.3390/5u13168685

Khan, M. A. M. (2025). Al And Machine Learning in Transformer Fault Diagnosis: A Systematic Review.
American Journal of Advanced Technology and Engineering Solutions, 1(01), 290-318.
https://doi.org/10.63125/sxb17553

Khan, M. A. M., & Aleem Al Razee, T. (2024). Lean Six Sigma Applications in Electrical Equipment
Manufacturing: A Systematic Literature Review. American Journal of Interdisciplinary Studies, 5(02), 31-
63. https://doi.org/10.63125/hybvmw84

Khan, M. A. M., Roksana, H., & Ammar, B. (2022). A Systematic Literature Review on Energy-Efficient
Transformer Design For Smart Grids. American Journal of Scholarly Research and Innovation, 1(01), 186-
219. https://doi.org/10.63125/6n1yka80

Kin, B., Verlinde, S., & Macharis, C. (2017). Sustainable urban freight transport in megacities in emerging
markets. Sustainable Cities and Society, 32(NA), 31-41. https://doi.org/10.1016/j.scs.2017.03.011

Kwong, Q. J., Kho, S. J., Abdullah, J., & Raghavan, V. R. (2017). Evaluation of energy conservation
potential and complete cost-benefit analysis of the slab-integrated radiant cooling system: A Malaysian
case study. Energy and Buildings, 138(NA), 165-174. https://doi.org/10.1016/j.enbuild.2016.12.014

Le Coent, P., Graveline, N., Alfamirano, M. A., Arfaoui, N., Benitez-Avila, C., Biffin, T., Calatrava, J.,
Dartee, K., Douai, A., Gnonlonfin, A., Herivaux, C., Marchal, R., Moncoulon, D., & Piton, G. (2021). Is-it
worth investing in NBS aiming at reducing water risks? Insights from the economic assessment of three
European case studies. Nature-Based Solutions, 1(NA), 100002-NA.
https://doi.org/10.1016/j.nbsj.2021.100002

Li, K., Naganawa, S., Wang, K., Li, P., Kato, K., Li, X., Zhang, J., & Yamauchi, K. (2012). Study of the Cost-
Benefit Analysis of Electronic Medical Record Systems in General Hospital in China. Journal of medical
systems, 36(5), 3283-3291. https://doi.org/10.1007/s10916-011-9819-6

Liu, Q., Hu, W., Dong, J., Yang, K., Ren, R., & Chen, Z. (2025). Cost-benefit analysis of road-underground
co-modality strategies for sustainable city logistics. Transportation Research Part D: Transport and
Environment, 139, 104585-104585. https://doi.org/10.1016/].trd.2024.104585

83


https://rast-journal.org/index.php/RAST/index
https://doi.org/10.63125/hsy92b75
https://doi.org/10.1016/j.eneco.2020.104699
https://doi.org/10.1016/j.tra.2022.02.005
https://doi.org/10.1017/bca.2018.4
https://doi.org/10.1017/bca.2021.9
https://doi.org/10.1016/j.esr.2019.01.006
https://doi.org/10.63125/mx7j4p06
https://doi.org/10.1016/j.jclepro.2019.118365
https://doi.org/10.1016/j.enpol.2017.10.062
https://doi.org/10.63125/51kxtf08
https://doi.org/10.1016/j.amjmed.2015.09.009
https://doi.org/10.1016/j.jclepro.2022.133718
https://doi.org/10.3390/su13168685
https://doi.org/10.63125/sxb17553
https://doi.org/10.63125/hybvmw84
https://doi.org/10.63125/6n1yka80
https://doi.org/10.1016/j.scs.2017.03.011
https://doi.org/10.1016/j.enbuild.2016.12.014
https://doi.org/10.1016/j.nbsj.2021.100002
https://doi.org/10.1007/s10916-011-9819-6
https://doi.org/10.1016/j.trd.2024.104585

[48].

[49].

[50].

[51].

[62].

[53].

[54].

[55].

[56].

[57].

[58].

[59].

[60].

[61].

[62].

[63].

[64].

[65].

[66].

Review of Applied Science and Technology
Volume 04, Issue 02 (2025)

Page No: 59 - 86

Doi: 10.63125/hsy92b75

Locatelli, L., Guerrero, M., Russo, B., Martinez-Gomariz, E., Sunyer, D., & Martinez, M. (2020). Socio-
Economic Assessment of Green Infrastructure for Climate Change Adaptation in the Context of Urban
Drainage Planning. Sustainability, 12(%), 3792-NA. https://doi.org/10.3390/su12093792

Ma, C.-X., & Peng, F.-L. (2021). Monetary evaluation method of comprehensive benefits of complex
underground roads for motor vehicles orienting urban sustainable development. Sustainable Cities and
Society, 65(NA), 102569-NA. https://doi.org/10.1016/j.scs.2020.102569

Ma, M., Zhang, F., Liu, W., & Dixit, V. (2023). On urban co-modality: Non-cooperative and cooperative
games among freight forwarder, carrier and transit operator. Transportation Research Part C: Emerging
Technologies, 153(NA), 104234-104234. https://doi.org/10.1016/j.trc.2023.104234

Maniruzzaman, B., Mohammad Anisur, R., Afrin Binta, H., Md, A., & Anisur, R. (2023). Advanced Analytics
and Machine Learning For Revenue Optimization In The Hospitality Industry: A Comprehensive Review
Of Frameworks. American Journal of Scholarly Research and Innovation, 2(02), 52-74.
https://doi.org/10.63125/8xbkma40

Mann, ., & Levinson, D. M. (2024). Access-based cost-benefit analysis. Journal of Transport Geography,
119, 103952-103952. https://doi.org/10.1016/].jirange0.2024.103952

Marrone, P., Asdrubali, F., Venanzi, D., Orsini, F., Evangelisti, L., Guattari, C., De Lieto Vollaro, R., Fontana,
L., Grazieschi, G., Matteucci, P., & Roncone, M. (2021). On the Retrofit of Existing Buildings with Aerogel
Panels: Energy. Environmental and Economic Issues.  Energies, 14(5), 1276-NA.
https://doi.org/10.3390/en14051276

Masson, R., Trentini, A., Lehuédé, F., Malhéné, N., Péton, O., & Tlahig, H. (2017). Optimization of a city
logistics transportation system with mixed passengers and goods. EURO Journal on Transportation and
Logistics, 6(1), 81-109. https://doi.org/10.1007/s13676-015-0085-5

Md Mahamudur Rahaman, S. (2022). Electfrical And Mechanical Troubleshooting in Medical And
Diagnostic Device Manufacturing: A Systematic Review Of Industry Safety And Performance Protocols.
American Journal of Scholarly Research and Innovation, 1(01), 295-318.
https://doi.org/10.63125/d68y3590

Md Masud, K. (2022). A Systematic Review Of Credit Risk Assessment Models In Emerging Economies: A
Focus On Bangladesh's Commercial Banking Sector. American Journal of Advanced Technology and
Engineering Solutions, 2(01), 01-31. https://doi.org/10.63125/p7ym0327

Md Masud, K., Mohammad, M., & Hosne Ara, M. (2023). Credit decision automation in commercial
banks: a review of Al and predictive analytics in loan assessment. American Journal of Interdisciplinary
Studies, 4(04), 01-26. https://doi.org/10.63125/1hh4q770

Md Masud, K., Mohammad, M., & Sazzad, I. (2023). Mathematics For Finance: A Review of Quantitative
Methods In Loan Portfolio Optimization. International Journal of Scientific Interdisciplinary Research, 4(3),
01-29. https://doi.org/10.63125/j43ayz68

Md Masud, K., Sazzad, I., Mohammad, M., & Noor Alam, S. (2025). Digitization In Retail Banking: A Review
of Customer Engagement And Financial Product Adoption In South Asia. ASRC Procedia: Global
Perspectives in Science and Scholarship, 1(01), 42-46. https://doi.org/10.63125/cv50rf30

Md, N., Golam Qibria, L., Abdur Razzak, C., & Khan, M. A. M. (2025). Predictive Maintenance In Power
Transformers: A Systematic Review Of Al And IOT Applications. ASRC Procedia: Global Perspectives in
Science and Scholarship, 1(01), 34-47. https://doi.org/10.63125/r72yd809

Md Takbir Hossen, S., Ishtiaque, A., & Md Atiqur, R. (2023). Al-Based Smart Textile Wearables For Remote
Health Surveillance And Critical Emergency Alerts: A Systematic Literature Review. American Journal of
Scholarly Research and Innovation, 2(02), 1-29. https://doi.org/10.63125/ceqapd08

Md Takbir Hossen, S., & Md Atiqur, R. (2022). Advancements In 3D Printing Techniques For Polymer Fiber-
Reinforced Textile Composites: A Systematic Literature Review. American Journal of Interdisciplinary
Studies, 3(04), 32-60. https://doi.org/10.63125/54r5m391

Mohammad Ariful, I., Molla Al Rakib, H., Sadia, Z., & Sumyta, H. (2023). Revolutionizing Supply Chain,
Logistics, Shipping, And Freight Forwarding Operations with Machine Learning And Blockchain.
American Journal of Scholarly Research and Innovation, 2(01), 79-103.
https://doi.org/10.63125/0jnkvk31

Mst Shamima, A., Niger, S., Md Atiqur Rahman, K., & Mohammad, M. (2023). Business Intelligence-Driven
Healthcare: Integrating Big Data and Machine Learning For Strategic Cost Reduction And Quality Care
Delivery. American Journal of Interdisciplinary Studies, 4(02), 01-28. https://doi.org/10.63125/crv1xp27
Mulley, C., Ma, L., Clifton, G., Yen, B. T. H., & Burke, M. (2016). Residential property value impacts of
proximity to fransport infrastructure: An investigation of bus rapid fransit and heavy rail networks in
Brisbane, Australia. Journal of Transport Geography, S54(NA), 41-52.
https://doi.org/10.1016/j.jtrangeo.2016.05.010

Nguyen, K.-H., Comans, T., Nguyen, T. T., Simpson, D., Woods, L., Wright, C., Green, D., McNeil, K., &
Sullivan, C. (2024). Cashing in: cost-benefit analysis framework for digital hospitals. BMC health services
research, 24(1), 694. https://doi.org/10.1186/s12913-024-11132-7

84


https://rast-journal.org/index.php/RAST/index
https://doi.org/10.63125/hsy92b75
https://doi.org/10.3390/su12093792
https://doi.org/10.1016/j.scs.2020.102569
https://doi.org/10.1016/j.trc.2023.104234
https://doi.org/10.63125/8xbkma40
https://doi.org/10.1016/j.jtrangeo.2024.103952
https://doi.org/10.3390/en14051276
https://doi.org/10.1007/s13676-015-0085-5
https://doi.org/10.63125/d68y3590
https://doi.org/10.63125/p7ym0327
https://doi.org/10.63125/1hh4q770
https://doi.org/10.63125/j43ayz68
https://doi.org/10.63125/cv50rf30
https://doi.org/10.63125/r72yd809
https://doi.org/10.63125/ceqapd08
https://doi.org/10.63125/s4r5m391
https://doi.org/10.63125/0jnkvk31
https://doi.org/10.63125/crv1xp27
https://doi.org/10.1016/j.jtrangeo.2016.05.010
https://doi.org/10.1186/s12913-024-11132-7

[67].

[68].

[69].

[70].

[71].

[72].

[73].

[74].

[75].

[76].

[77].

[78].

[79].

[80].

[81].

[82].

[83].

[84].

[85].

[86].

Review of Applied Science and Technology
Volume 04, Issue 02 (2025)

Page No: 59 - 86

Doi: 10.63125/hsy92b75

Nguyen, K.-H., Wright, C., Simpson, D., Woods, L., Comans, T., & Sullivan, C. (2022). Economic evaluation
and analyses of hospital-based electronic medical records (EMRs): a scoping review of international
literature. NPJ digital medicine, 5(1), 29-NA. https://doi.org/10.1038/s41746-022-00565-1

Nguyen, T., Cook, S. C., & Ireland, V. (2017). Application of System Dynamics to Evaluate the Social and
Economic Benefits of Infrastructure Projects. Systems, 5(2), 29-NA.
https://doi.org/10.3390/systems5020029

Nocera, S., & Cavallaro, F. (2013). A methodological framework for the economic evaluation of CO2
emissions  from  fransport.  Journal of  Advanced  Transportation,  48(2), 138-164.
https://doi.org/10.1002/atr.1249

Noor Alam, S., Golam Qibria, L., Md Shakawat, H., & Abdul Awal, M. (2023). A Systematic Review of ERP
Implementation Strategies in The Retail Industry: Integration Challenges, Success Factors, And Digital
Maturity Models. American Journal of Scholarly Research and Innovation, 2(02), 135-165.
https://doi.org/10.63125/pfdm9g02

Pereira, R. H. M., Saraiva, M., Herszenhut, D., Braga, C. K. V., & Conway, M. W. (2021). r5r: Rapid Realistic
Routing on Multimodal Transport Networks with R 5 in R. Findings, NA(NA), 21262-NA.
https://doi.org/10.32866/001¢.21262

Preciado-Pérez, O. A., & Fotios, S. (2017). Comprehensive cost-benefit analysis of energy efficiency in
social housing. Case study: Northwest Mexico. Energy and Buildings, 152(NA), 279-289.
https://doi.org/10.1016/j.enbuild.2017.07.014

Rajesh, P. (2023). Al Integration In E-Commerce Business Models: Case Studies On Amazon FBA, Airbnb,
And Turo Operations. American Journal of Advanced Technology and Engineering Solutions, 3(03), 01-
31. https://doi.org/10.63125/1ekaxx73

Rajesh, P., Mohammad Hasan, 1., & Anika Jahan, M. (2023). Al-Powered Sentiment Analysis In Digital
Marketing: A Review Of Customer Feedback Loops In It Services. American Journal of Scholarly
Research and Innovation, 2(02), 166-192. https://doi.org/10.63125/61pqqq54

Raslavigius, L., Ku&inskas, V., Jasinskas, A., & Bazaras, 7. (2014). Identifying renewable energy and
building renovation solutions in the Baltic Sea region: The case of Kaliningrad Oblast. Renewable and
Sustainable Energy Reviews, 40(NA), 196-203. https://doi.org/10.1016/j.rser.2014.07.174

Rezwanul Ashraf, R., & Hosne Ara, M. (2023). Visual communication in industrial safety systems: a review
of Ul/UX design for risk alerts and warnings. American Journal of Scholarly Research and Innovation,
2(02), 217-245. https://doi.org/10.63125/wbv4z521

Roksana, H. (2023). Automation In Manufacturing: A Systematic Review Of Advanced Time
Management Techniques To Boost Productivity. American Journal of Scholarly Research and
Innovation, 2(01), 50-78. https://doi.org/10.63125/z21wmcm42

Rosasco, P., & Perini, K. (2018). Evaluating the economic sustainability of a vertical greening system: A
Cost-Benefit Analysis of a pilot project in mediterranean area. Building and Environment, 142(NA), 524-
533. https://doi.org/10.1016/j.buildenv.2018.06.017

Saha, R. (2024). Empowering Absorptive Capacity In Healthcare Supply Chains Through Big Data
Analytics And Ai driven Collaborative Platforms: A Prisma-Based Systematic Review. Journal of Next-
Gen Engineering Systems, 1(01), 53-68. https://doi.org/10.70937/jnes.v1i01.29

Sanjai, V., Sanath Kumar, C., Maniruzzaman, B., & Farhana Zaman, R. (2023). Integrating Artificial
Inteligence in Strategic Business Decision-Making: A Systematic Review Of Predictive Models.
International Journal of Scientific Interdisciplinary Research, 4(1), 01-26.
https://doi.org/10.63125/s5skge 53

Sazzad, I. (2025a). Public Finance and Policy Effectiveness A Review Of Participatory Budgeting In Local
Governance Systems. Journal of Sustainable Development and Policy, T1(01), 115-143.
https://doi.org/10.63125/p3p09p46

Sazzad, I. (2025b). A Systematic Review of Public Budgeting Strategies In Developing Economies: Tools
For Transparent Fiscal Governance. American Journal of Advanced Technology and Engineering
Solutions, 1(01), 602-635. https://doi.org/10.63125/wmb547117

Sazzad, 1., & Md Nazrul Islam, K. (2022). Project impact assessment frameworks in nonprofit
development: a review of case studies from south asia. American Journal of Scholarly Research and
Innovation, 1(01), 270-294. https://doi.org/10.63125/eeja0t77

Shaiful, M., Anisur, R., & Md, A. (2022). A systematic literature review on the role of digital health twins in
preventive healthcare for personal and corporate wellbeing. American Journal of Interdisciplinary
Studies, 3(04), 1-31. https://doi.org/10.63125/negjw373

Siddiqui, O., Ishaqg, H., Khan, D. A., & Fazel, H. (2024). Social cost-benefit analysis of different types of
buses for sustainable public transportation. Journal of Cleaner Production, 438(NA), 140656-140656.
https://doi.org/10.1016/].jclepro.2024.140656

Sofia, D., Gioiella, F., Lotrecchiano, N., & Giuliano, A. (2020). Cost-benefit analysis to support
decarbonization scenario for 2030: A case study in Italy. Energy Policy, 137(NA), 111137-NA.
https://doi.org/10.1016/j.enpol.2019.111137

85


https://rast-journal.org/index.php/RAST/index
https://doi.org/10.63125/hsy92b75
https://doi.org/10.1038/s41746-022-00565-1
https://doi.org/10.3390/systems5020029
https://doi.org/10.1002/atr.1249
https://doi.org/10.63125/pfdm9g02
https://doi.org/10.32866/001c.21262
https://doi.org/10.1016/j.enbuild.2017.07.014
https://doi.org/10.63125/1ekaxx73
https://doi.org/10.63125/61pqqq54
https://doi.org/10.1016/j.rser.2014.07.174
https://doi.org/10.63125/wbv4z521
https://doi.org/10.63125/z1wmcm42
https://doi.org/10.1016/j.buildenv.2018.06.017
https://doi.org/10.70937/jnes.v1i01.29
https://doi.org/10.63125/s5skge53
https://doi.org/10.63125/p3p09p46
https://doi.org/10.63125/wm547117
https://doi.org/10.63125/eeja0t77
https://doi.org/10.63125/negjw373
https://doi.org/10.1016/j.jclepro.2024.140656
https://doi.org/10.1016/j.enpol.2019.111137

[87].

[88].

[89].

[90].

[21].

[92].

[93].

[94].

[95].

[96].

[97].

[98].

[99].

[100].

[101].

[102].

[103].

Review of Applied Science and Technology
Volume 04, Issue 02 (2025)

Page No: 59 - 86

Doi: 10.63125/hsy92b75

Stokoe, M. (2019). Space for Freight — Managing capacity for freight in Sydney — a CBD undergoing
fransformation. Transportation Research Procedia, 39(NA), 488-501.
https://doi.org/10.1016/j.trpro.2019.06.051

Subrato, S. (2018). Resident’s Awareness Towards Sustainable Tourism for Ecotourism Destination in
Sundarban Forest, Bangladesh. Pacific International Journal, 1(1), 32-45.
https://doi.org/10.55014/pij.v1i1.38

Swann, S., Blandford, L., Cheng, S., Cook, J., Miller, A., & Barr, R. (2021). Public International Funding of
Nature-Based Solutions for Adaptation: A Landscape Assessment. World Resources Institute, NA(NA),
NA-NA. https://doi.org/10.46830/wriwp.20.00065

Tahmina Akter, R. (2025). Al-driven marketing analytics for retail strategy: a systematic review of data-
backed campaign optimization. International Journal of Scientific Interdisciplinary Research, 6(1), 28-
59. https://doi.org/10.63125/0k4k5585

Tahmina Akter, R., & Abdur Razzak, C. (2022). The Role Of Artificial Inteligence In Vendor Performance
Evaluation Within Digital Retail Supply Chains: AReview Of Strategic Decision-Making Models. American
Journal of Scholarly Research and Innovation, 1(01), 220-248. https://doi.org/10.63125/96j3j86
Tonmoy, B., & Md Arifur, R. (2023). A Systematic Literature Review Of User-Centric Design In Digital
Business Systems Enhancing Accessibility, Adoption, And Organizational Impact. American Journal of
Scholarly Research and Innovation, 2(02), 193-216. https://doi.org/10.63125/36w7fn47

Tonoy, A. A. R., & Khan, M. R. (2023). The Role of Semiconducting Electrides In Mechanical Energy
Conversion And Piezoelectric Applications: A Systematic Literafure Review. American Journal of
Scholarly Research and Innovation, 2(01), 01-23. https://doi.org/10.63125/patvar38

Troncia, M., Ruggeri, S., Soma, G. G., Pilo, F., Avila, J. P. C., Muntoni, D., & Gianinoni, I. M. (2023). Strategic
decision-making support for distribution system planning with flexibility alternatives. Sustainable Energy,
Grids and Networks, 35(NA), 101138-101138. https://doi.org/10.1016/j.segan.2023.101138

Tushar, Q., Zhang, G., Bhuiyan, M. A., Giustozzi, F., Navaratnam, S., & Hou, L. (2022). An optimized solution
for retrofitting building fagades: Energy efficiency and cost-benefit analysis from a life cycle
perspective. Journal of Cleaner Production, 376(NA), 134257-134257.
https://doi.org/10.1016/].jclepro.2022.134257

Valancius, R., Jurelionis, A., & Dorosevas, V. (2013). Method for Cost-Benefit Analysis of Improved Indoor
Climate Conditions and Reduced Energy Consumption in Office Buildings. Energies, 6(?), 4591-4606.
https://doi.org/10.3390/ené609459 1

Veisten, K., Fyhri, A., Harkjerr Halse, A., & Sundfer, H. B. (2024). Cost-benefit assessments of an e-bike
subvention programme in Oslo, Norway. Transportation Research Part A: Policy and Practice, 180(NA),
103974-103974. hittps://doi.org/10.1016/j.tra.2024.103974

Wang, Y., & Levinson, D. (2022). Time Savings vs. Access-Based Benefit Assessment of New York's Second
Avenue Subway. Journal of Benefit-Cost Analysis, 13(1), 120-147. https://doi.org/10.1017/bca.2022.3
Weigel, P., Fischedick, M., & Viebahn, P. (2021). Holistic Evaluation of Digital Applications in the Energy
Sector—Evaluation Framework Development and Application fo the Use Case Smart Meter Roll-Out.
Sustainability, 13(12), 6834-NA. https://doi.org/10.3390/su13126834

Woolf, T., Havumaki, B., Bhandari, D., Whited, M., & Schwartz, L. (2021). Benefit-Cost Analysis for Utility-
Facing Grid Modernization Investments: Trends, Challenges, and Considerations. NA, NA(NA), NA-NA.
https://doi.org/10.2172/1764567

Yu, F., Feng, W., Luo, M., You, K., Ma, M., Jiang, R., Leng, J., & Sun, L. (2023). Techno-economic analysis
of residential building heating strategies for cost-effective upgrades in European cities. iScience, 26(9).
107541-107541. https://doi.org/10.1016/].isci.2023.107541

Zahir, B., Rajesh, P., Md Arifur, R., & Tonmoy, B. (2025). A Systematic Review Of Human-Al Collaboration
In It Support Services: Enhancing User Experience And Workflow Automation. Journal of Sustainable
Development and Policy, 1(01), 65-89. https://doi.org/10.63125/9rqtf978

Zahir, B., Tonmoy, B., & Md Arifur, R. (2023). UX optimization in digital workplace solutions: Al tools for
remote support and user engagement in hybrid environments. Infernational Journal of Scientific
Interdisciplinary Research, 4(1), 27-51. https://doi.org/10.63125/33gqpx45

86


https://rast-journal.org/index.php/RAST/index
https://doi.org/10.63125/hsy92b75
https://doi.org/10.1016/j.trpro.2019.06.051
https://doi.org/10.55014/pij.v1i1.38
https://doi.org/10.46830/wriwp.20.00065
https://doi.org/10.63125/0k4k5585
https://doi.org/10.63125/96jj3j86
https://doi.org/10.63125/36w7fn47
https://doi.org/10.63125/patvqr38
https://doi.org/10.1016/j.segan.2023.101138
https://doi.org/10.1016/j.jclepro.2022.134257
https://doi.org/10.3390/en6094591
https://doi.org/10.1016/j.tra.2024.103974
https://doi.org/10.1017/bca.2022.3
https://doi.org/10.3390/su13126834
https://doi.org/10.2172/1764567
https://doi.org/10.1016/j.isci.2023.107541
https://doi.org/10.63125/grqtf978
https://doi.org/10.63125/33gqpx45

