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Abstract. Renewables investment is crucial in tackling a multitude of 

challenges and serving as a response to various issues such as economic 

uncertainties, escalating prices from the ongoing global energy crisis, en-

ergy security, and climate change threat. Renewable technologies, at dif-

ferent scales, have different economic profitability, necessitate capital in-

vestments, drive jobs creation, require materials and generate environ-

mental implications. This paper provides a comprehensive approach to 

investment analysis methods when the focus is on implementation of a 

sustainable energy system. It discusses the central issue of the eventual 

coexistence between purely private objectives focused on profitability 

and the public perspective in which environmental and economic impacts 

must be considered in the decision-making process. This review evalu-

ates both the advantages and disadvantages of the various investment 

analysis methods found in academic articles and documents from official 

institutions between 1994-2022.Traditionally, studies have primarily 

concentrated on investment rationality, employing methodologies rooted 

solely in financial optimization criteria. Nonetheless, a paradigm shift is 

evident.  Beyond mere financial gains, an increasing emphasis is placed 

on an integrated approach that acknowledges socio-economic and envi-

ronmental effects. Despite the challenge of its quantification, the focus 

on the public viewpoint and its influence on societal well-being is pro-

gressively gaining relevance.  

Keywords: Renewable; Investment; Technologies; Decision-making 

1 Introduction 

The economic and environmental sustainability of the energy system is a key topic on 

the political agenda. As underlined by the International Monetary Fund (IMF) [1], it 
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will be critical to invest heavily in mitigation and adaptation projects to address the 

challenges of climate change and vulnerability to shocks. The post-pandemic phase has 

created new investment opportunities aimed at a “green recovery” and sustainable de-

velopment, with financing instruments supporting environmental projects and renewa-

ble energy sources (RES) [2]. Moreover, the escalating energy prices and the security 

issues caused by the war in Ukraine, further the relevance of transitioning to RES. Sev-

eral RES technologies, at different scales, require capital investments, create jobs, and 

utilize the occupy-land [1], [3], [4]. These factors contribute to diverse economic and 

environmental consequences that may influence aspects such as economic growth, em-

ployment, human health, and equitable development [5]. While policy decision-makers 

should consider these aspects, private investors are primarily driven by profit. There-

fore, the investor incentive instruments should incorporate public interests in decision-

making. Collaboration with the public sector is necessary for this effort to reflect both 

private and public sector needs [1]. The key question is to ensure an optimal transition 

to RES that promotes sustainable economic development and maximizes well-being 

[6], [7]. This work aims to identify the most suitable methodologies for evaluating re-

newable energy projects to aid decision-making, focusing on sustainable energy sys-

tems. Rather than listing every available method, the review will discuss the advantages 

and drawbacks of various investment analysis methods found in academic articles and 

official institution documents. This survey aims to contribute to and improve the current 

literature by analysing the extent to which existing methods effectively address both 

the economic and environ-mental impacts and propose an integrated approach that can 

comprehensively support decision making. It aims to answer: which commonly used 

methodologies for evaluating renewable energy projects are better suited to support 

decision-making when the objective is to implement a sustainable energy system? 

2 Methods 

To achieve the objectives of this study, we performed a search on Scopus search, 

Google Scholar, Web of Science and official documents from the institutions with key-

words combinations of “investment” and the names of the nine main financial methods 

of evaluating investments and other non-financial assessment methodologies, such as 

Levelized cost of energy (LCOE), System Value (SV), Cost-Benefit Analysis (CBA), 

Life Cycle Assessment (LCA), Multicriteria Decision Making Aid (MCDA), System 

of Economic and Environmental Accounts (SEEA), Environmental Impact Assessment 

(EIA) and, Strategic Environmental Assessment (SEA).The scope of the review is sum-

marized in Fig. 1, which does not intend to provide an extensive list of all financial and 

non-financial methods literature by rather selecting the most relevant and highly cited 

papers for each method. 

 

Fig. 1: The review scope of literature 



3 

 

 

The review scope resulted in 211 academic articles and 66 official documents from 

government and private institutions published from 1994 to 2022. Among the seventeen 

methods, financial methods proved to be highly relevant in assessing investment in re-

newable energy projects. However, these methods mainly cater to purely private and 

neglect environmental and social objectives. Hence, non-financial methods should be 

more explored as a complement to financial methods.  

3 Results 

Encouraging renewable energies is crucial for a low-carbon energy matrix and energy 

policy. The appropriate investment indicator depends on the project´s goals. Cucchiella 

et al. [8] mention that while private investors aim to maximize profits, public decision-

makers seek to maximize social welfare. Table 1 outlines the advantages and disad-

vantages of each method, to advantages, the criteria considered were: popularity, easy 

calculation, simplicity, geographical relevance, consideration of time horizon, timing 

of investment, time value of money, profitability measurement, incorporation of uncer-

tainty, irreversibility, flexibility, and good environmental performance indicators. 

However, drawbacks include its complexity, scale problem, lack of integration between 

RES, failure to consider different levels of risk, absence of temporal and spatial aspects, 

and more general limitations. 

 

Table 1.  Strengths and weakness of the methodologies 

 

Methods Strength Weakness Refer-

ences 

Technolo-

gies 

Payback easy calculation; 

easy comprehension 

It does not take into account the 

time value of money ; 

It penalizes projects whose returns 

are long-term;  

It does not consider the cash flows 

after the payback period has been 

reached; 

It ignores all the costs and savings 

[9]–

[13] 

Wind, So-

lar PV,  

Hydro  

Source: Own Authors 
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that occur after the moment the 

payback is reached, and It does not 

differentiate between design 

alternatives with different design 

lifecycles and typically uses an 

arbitrary payback threshold. 

Dis-

counted  

Payback 

it takes into account the time 

value of money; 

easy comprehension. 

It does not consider the cash flows 

after the payback period has been 

reached; 

 it typically uses an arbitrary 

payback threshold. 

[9], 

[10] 

Wind, So-

lar PV,  

Hydro 

Net Pre-

sent Value  

(NPV) 

It takes into account the time 

value of money ; 

The decision rule suggested 

by NPV calculations is 

straightforward; 

It is one of the most widely 

used methodologies in 

finance; 

It NPV does not consider the irre-

versibility, uncertainty, and flexi-

bility of managing an investment 

project. 

[11], 

[13], 

[14] 

Wind, So-

lar PV,  

Hydro 

Adjusted 

NPV 

Adjusted NPV combines 

investment and financing 

decisions, as it dissociates 

the adverse effect of 

financing from the project's 

NPV value if the project 

were financed by equity; 

The APV technique is 

especially useful in 

evaluating acquisition goals. 

APV approach ignores the ex-

pected bankruptcy costs, the most 

significant cost of borrowing. 

It can run the risk of informing the 

overvalued value of the company 

with tax shields if it does not in-

clude in the calculation the distress 

costs and personal taxation, in or-

der to avoid the tax shields of the 

debt in the income tax of the Cia.; 

It does not define the level of risk, 

because it calculates all regular re-

turns and ignored the fluctuations 

in the investment process. 

[15]–

[17] 

Wind, So-

lar PV,  

Hydro 

Internal 

Rate of 

Return 

 (IRR) 

The decision rule suggested 

by IRR calculations are 

straightforward. 

It IRR does not take into account 

the irreversibility, uncertainty, and 

flexibility of managing an invest-

ment project;  

The IRR generates a problem of 

scale since it is not possible to 

compare investment projects with 

different scales; 

It cannot be used with unconven-

tional Cash Flow projects with 

more than one IRR. 

[12], 

[13], 

[18], 

[19] 

Wind, So-

lar PV,  

Hydro 

IRR Mod-

ified 

(MIRR) 

Used to improve IRR defi-

ciencies;  

It assumes that cash flows 

are reinvested at the cost of 

capital. 

 

It requires people to make multiple 

decisions about the cost of capital 

and the financing rate that gener-

ate additional estimates in the de-

cision-making process, causing 

hesitation on the part of those who 

want to analyse the investment. 

[13], 

[18], 

[20], 

[21] 

Wind, So-

lar PV,  

Hydro 
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Return of 

Invest-

ment 

(ROI) 

It is indicated when there is 
competition between mar-
kets and lack of financial re-
sources available to make 
investments, allowing to 
compare several projects 
and selecting the most prof-
itable project in different 
scenarios; 
Measure of profitability to 

generate a flow of future 

benefits with an expected re-

turn in a period of one year. 

ROI ignores that the rate of return 

must equal or exceed the cost of 

capital; 

It is a metric that is not widely 

used in most evaluations. 

 

[12], 

[22], 

[23] 

Wind, So-

lar PV 

ROI Ad-

justed 

(ROIA) 

It is the best alternative for 

estimating gains in an in-

vestment project because the 

wealth generated by the pro-

ject is presented in percent-

age form. 

 [13], 

[24] 

Wind, So-

lar PV 

Real Op-

tions 

Analysis 

(ROA) 

It allows one to verify with 
greater precision the best 
time to be invested, consid-
ering the “timing” of the in-
vestment itself, in addition 
to the value of uncertainty; 
It takes into account aspects 
of uncertainty, irreversibil-
ity, and flexibility providing 
more information to inves-
tors regarding the risk and 
return of the project. 

It is due to the complexity of the 

analysis and difficult interpreta-

tion, which is still considered a 

complex methodology. 

 

[13], 

[25]–

[28] 

Wind, So-

lar PV 

Levelized 

cost of en-

ergy 

(LCOE) 

It is a measure, widely dis-

seminated in the current lit-

erature; 

It is quite a popular method-

ology to assess the economic 

competitiveness of RES. 

 

It ignores the cost of integration 

and the variability of energy sys-

tems with high penetration in var-

iable renewable energy (VRE), 

failing in the precision of the re-

sults; 

The LCOE results for different 

technologies can be influenced by 

the location of the plant can influ-

ence; 

LCOE approach and other modi-

fied LCOE calculation methods 

put forth in various studies fall 

short in encompassing all the vari-

ables that impact investment deci-

sions. This renders a direct com-

parison of LCOE between differ-

ent technologies imprecise, espe-

cially when multiple-generation 

alternatives are available. 

[6], 

[7], 

[28] 

Wind, So-

lar PV 
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System 

Value 

(SV) 

SV is that it allows you to di-

rectly compare the cost of 

building new VRE plants 

with their net impact on the 

system; 

It can vary according to ge-

ography and time horizon. 

It ignores the broader socio-eco-

nomic impact of RES technolo-

gies, such as net employment 

gains/losses and Gross Domestic 

Product (GDP). 

[6], 

[7] 

Wind, So-

lar PV 

Cost-Ben-

efit Analy-

sis (CBA) 

CBA is simpler for decision-
makers; 
It is capable of removing 
market failures and indicat-
ing the lowest social cost or 
the highest net social bene-
fit; 
CBA shows the economic 
weaknesses and strengths 
of investment and plays an 
important role in the deci-
sion-making of investment 
projects; 
It is easy communication in 
quantifying in monetary 
terms the impacts in time 
and space, allowing the 
comparison between pro-
jects; 
It can help prevent the im-
plementation of projects 
that show negative impacts 
on social well-being, as well 
as make a political process 
more legitimate by measur-
ing the economic impacts; 
It is capable of facilitating 
the efficient allocation of re-
sources, giving an efficient 
alternative choice option for 
stakeholder. 

Although the techniques for mon-

etizing non-monetary and qualita-

tive aspects are a strength of the 

CBA methodology, it tends to dis-

regard or underestimate project 

impacts (e.g., environmental, and 

social). 

[29]–

[32] 

Renewa-

ble ener-

gies 

Life Cycle 

Analysis 

(LCA)  

LCA typically focuses on 

products; 

It is possible to determine 

environmental performance 

indicators, including energy 

intensity and the energy pay-

back time (EPBT) for en-

ergy technologies; 

LCA can be applied to as-

sess the environmental per-

formance of electricity gen-

eration from renewable 

It is not expressed some temporal 

and spatial aspects (local or re-

gional level) often important for 

decision-making by involved 

groups on the investment. 

 

[33]–

[36] 

Renewa-

ble ener-

gies 
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energy technologies; 

LCA application is also a 

useful tool to quantify all 

impacts of the entire energy 

supply chain. 

Mul-

ticriteria 

Decision 

Aiding 

(MCDA) 

MCDA techniques are popu-
lar in sustainable energy 
management to solutions 
with conflicting objectives 
and multiple problems; 
MCDA can inform the level 
of an alternative to reach 
the objectives and show the 
trade-offs; 
It improves understanding 
to resolve conflicts and it 
suggest solutions according 
to the preferences of indi-
viduals and stakeholders; 
MCDA is a reliable method 
to categorize renewable en-
ergy resources, technolo-
gies, and projects consider-
ing different objectives; 
It widely used in the assess-
ment and comparison of the 
sustainability of different 
renewable energy technolo-
gies, being important infor-
mation’s for decision mak-
ing. 

MCDA brings biased results and 
can "contaminate" decision-mak-
ing; 
MCDA is often known as an arbi-
trary and subjective process, with 
a certain negative effect on the 
part of the decision-making pro-
cesses in the weighting of the cri-
teria by not defining schemes and 
rules to achieve these criteria; 
The MCDA for processes whose 
objectives are conflicting, it is not 
indicated, because the search for 
congruence of objectives can gen-
erate doubts in the process itself; 
The more complex mathematical 
calculations make the MCDA pro-
cess more difficult to understand 
for the parties involved and less 
technical. 

[31], 

[35], 

[37], 

[38] 

Renewa-

ble ener-

gies 

System of 

Economic 

and Envi-

ronmental 

Account-

ing 

(SEEA) 

SEEA includes environmen-

tal considerations by analys-

ing all environment-related 

flows and stocks, highlight-

ing the costs associated with 

environmental conservation 

separately; 

It expands asset accounts to 

encompass economic and 

environmental assets, 

changes, and impacts on nat-

ural assets; 

In some countries, includes 

the monetary valuation of 

different environmental im-

pacts by different valuation 

techniques; 

SEEA data are useful in the 

application of econometric 

models for impact studies of 

They address only a part of the 

economic performance. 

 

[33] Renewa-

ble ener-

gies 
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fiscal and environmental 

policies. 

Environ-

mental 

Impact 

Assess-

ment 

(EIA) 

EIA is typically used for 

projects; 

EIA is a procedural tool and 

can be used jointly with 

other analytical tools; 

EIA is used frequently to 

evaluate alternative loca-

tions to projects and emis-

sions. Can be used as a 

broader sustainability evalu-

ation including social-eco-

nomic aspects; 

The use of the EIA as a tool 

for locating emissions is 

more indicated than the 

SEA. 

Quality of the assessment reports; 

Lack of public participation and 

low levels of cooperation between 

policy makers, researchers and 

stakeholders; 

EIA relies heavily on technical 

data, data collection processes and 

measurements are not always ac-

curate or may portray reality. 

[33], 

[39] 

Renewa-

ble ener-

gies 

Strategic 

Environ-

mental 

Assess-

ment 

(SEA) 

SEA is an evolution of EIA 

from the 1990s; 

SEA is a procedural tool and 

can be used jointly with 

other analytical tools; 

SEA is intended for policies, 

plans, and programs; 

SEA can be used as a 

broader sustainability as-

sessment, including socio-

economic aspects. 

Approach in conditions that in-

volve large uncertainty and little 

information; Although, strategic 

level, it may not provide more ac-

curate information on the location 

of emissions and require tradi-

tional assessment methods, as 

EIA. 

[33], 

[39] 

Renewa-

ble ener-

gies 

 

To effectively evaluate RES project, it is important to consider investment irreversibil-

ity, environmental uncertainty, and decision flexibilities. Each valuation method has its 

pros and cons and most of methods above do not take into account these factors [26]. 

To address these limitations, we propose an integrated approach (Figure 2) that com-

bines monetary techniques with other non-monetary methods, such as environmental 

assessment and Cost-Benefit tools. This comprehensive approach seeks to bridge the 

gap and provide a more holistic evaluation of the socio-economic and environmental 

aspects of RES investments. Firstly, we propose the application of the ROA methodol-

ogy on the financial side, as it considers uncertainty and decision flexibility. Although 

its mathematical calculations are complex ROA optimizes and postpones investment, 

adjusting project size, [13], [40]. Secondly, on the energy planning side, it is proposed 

the Life Cycle Assessment (LCA) and Cost-Benefit Analysis (CBA) are also suitable 

for energy planning, being dominant in Environmental Impact Analysis and Energy 

Policy and Management, respectively [35]. Browne & Ryan mention [38] that the CBA 

is useful for estimating costs and/or benefits associated with RES incentives, but it is 

limited in the quantification of impacts outside the market and in the monetization of 

total costs, and should be complemented with other environmental and socioeconomic 

indicators, namely the ones from LCA methodology (e.g., land-use, water consumption, 

materials use) or determined by econometric models (e.g., economic growth, 
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employment creation). This integration of ROA, CBA, environmental and socioeco-

nomic indicators from LCA and econometric analysis, respectively, offers a compre-

hensive evaluation framework that empowers both private investors and policymakers 

to make informed and sustainable choices. 

 

Fig. 2. The scheme of the suggested energy investment methodology 

 
 

4 Discussion 

This study was driven by the fact that despite many investment analysis techniques 

reported and recommended by researchers, there is a limited understanding of how they 

have been applied especially in practice. Conventional valuation measures (Net Present 

Value-NPV, Payback, and Internal Rate of Return-IRR), are insufficient to support in-

vestment decisions by themselves [13]. The Payback period, along with other metrics, 

can thus provide a more comprehensive analysis. Real options (ROA) models are more 

adequated to apply in investments in renewable energies, because it allows not only to 

reflect the investment options of private investors, but also to better understand their 

reaction to the incentives defined by policymakers. ROA considers uncertainty, and 

decision flexibility [13], [40]. To Pienaar [41], the APV (Adjusted Present Value) con-

siders investment and financing decisions. It dissociates the negative effect of financing 

on a project´s NPV if it is funded by equity.  IRR can be problematic for unconventional 

cash flows and multiple rates of return. Modified Internal Rate of Return (MIRR) uses 

multiple rates, in comparing alternative projects. But MIRR also leads uncertainty in 

decision-making when it relies on the cost of capital and financing rates [21]. Return of 

Investment (ROI) compares projects and selects the most profitable one [22]. It ignores 

returns equal to or over the cost of capital (Mäkeläinen, 1998). To (Pletsch, 2020), ad-

ditional Return of Investment (ROIA) is useful for estimating a project´s gains, it pre-

sents income in percentage. Furthermore, the U.S. Energy Information Administration 

(EIA) report [28]noted that the Levelized of Cost of Energy (LCOE) method or its 

modifications [3], [9], [22] are insufficient to capture relevant investment decisions 

Proposed energy 

investment methodology

ROA

Financial
Non-

Financial

• Economic

• Environmental

• Social Wellbeing

Integrated approach CBA LCA

Source: Own Authors 
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when multiple generations are available. Comparisons of LCOE between technologies 

ignore the temporal heterogeneity of electricity demand, the variability of the Variable 

renewable energy (VRE), and the integration between RES. Although, it is quite a pop-

ular methodology to assess the economic competitiveness of RES [6], [7]. However, 

the NPV and IRR have an advantage over the LCOE as they not only consider private 

expenses in the levelized costs and revenues from the sale of generated energy and 

potential concession. The System value (SV) varies by geography and time horizon, 

but it does not account for the socioeconomic impact of RES technologies, like em-

ployment and Gross domestic Product (GDP), crucial metrics for policymakers [7]. The 

use of the MCDA tool together with SEA, considering that the first one is more com-

plete for the assesses and compares the sustainability of different renewable energy 

technologies [37] and second one, it is a tool for evaluating potential environmental 

impacts of strategic decisions because SEA is a useful tool from cover spatial impacts 

(local or regional) from the project with specific environmental impacts. Additionally, 

SEA also has public involvement as part of the decision-making process [39]. To Stran-

tizali et al [35] , the LCA, CBA, and MCDA are suitable for energy planning, being 

LCA and CBA are dominant in Energy Policy and Management and Environmental 

Impact Analysis, respectively. While, LCA although the integration of this tool with 

environmental protection is excellent and useful, it fails when it does not express some 

important temporal and spatial aspects for investment decision-making that can be com-

pensated by SEA. SEA is a useful tool from cover spatial impacts (local or regional) 

from the pro-ject with specific environmental impacts [36]. The CBA is an analytical 

tool that shows the economic weaknesses and strengths of investment and plays an im-

portant role in the decision-making of investment projects. being capable of facilitating 

the efficient allocation of resources, giving an efficient alternative choice option for 

those involved [32]. However, although the techniques for monetizing non-monetary 

and qualitative aspects are a strength of the CBA methodology, it tends to disregard or 

underestimate project impacts (e.g. environmental and social) [31]. MCDA tool com-

pares the sustainability of various renewable energy technology options [37]CBA as 

complementary tool of MCDA in assessing the environmental and socioeconomic im-

pact [41], because although CBA is limited in the quantification of impacts outside the 

market and in the monetization of total costs, CBA is useful for estimating costs and/or 

benefits associated with policies [8]. 

5 Conclusion 

Until recently studies focused solely on investment rationality and relied on methodol-

ogies that primarily optimized financial criteria as the decision-making tool. However, 

nowadays, alongside profit considerations, there is a growing concern in other aspects, 

especially those related to impacts on the economy, the environment and on social well-

being. The review of methods for assessing RES investment has revealed the strengths 

and limitations of various approaches. To facilitate informed decision-making for both 

private investors and policymakers, an integrated approach. On the financial side, the 

application of Real Options Analysis (ROA) is essential as it considers uncertainty and 
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decision flexibility inherent to RES investment. Despite the complexity of the calcula-

tions, studies have highlighted its importance [12], [39] On the non-financial side, ap-

proach combines the strengths of Life Cycle Assessment (LCA), which provides a com-

prehensive understanding of the environmental impact of RES projects, with socioeco-

nomic indicators derived from econometric analysis, enabling a robust assessment of 

socioeconomic implications. Moreover, incorporating Cost-Benefit Analysis (CBA) 

complements the framework by quantifying costs and benefits. Such a comprehensive 

evaluation enables stakeholders to consider not only financial factors but also the 

broader environmental implications, thereby supporting sustainable and socially re-

sponsible investment decisions in the renewable energy sector. It was not found in the 

literature an integrated methodology that addresses all the pillars of sustainability, i.e., 

economic, social environmental. Thus, it is suggested that future work can carry out 

this suggested integrated approach, using renewable power sector investments in the 

Portugal as a case study. 
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