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Abstract  
 

This paper proposes a data-driven investment framework for private equity (PE) firms investing in renewable energy 

projects, drawing on analytical practices and financing innovations from the small and medium-sized enterprise (SME) 

sector. While SMEs have started to adopt clean energy through performance modeling, predictive analytics and flexible 

financial instruments, PE investment strategies have remained based on subjective evaluation and traditional financial 

metrics. This research bridges the gap by combining SME insights with private equity investment principles to identify 

scalable tools and models that can improve deal screening, ROI estimation and risk management in renewable energy. The 

methodology used a multi-faceted approach combining literature review, qualitative stakeholder insights and conceptual 

modeling. The literature review looked at academic and industry publications on SME energy financing and PE investment 

practices to identify the gaps and opportunities. Qualitative data was collected through interviews and focus groups with 

PE managers, renewable energy developers and SME owners who had implemented clean energy solutions. These insights 

informed the development of conceptual models adapting proven SME approaches pay-as-you-go financing and advanced 

ROI forecasting to the institutional investment context. The methodology prioritized practical applicability while 

maintaining analytical rigor through triangulation of multiple data sources. Empirical data analysis revealed the key 

barriers, financing preferences and analytical tools that have shaped SME investment behaviour, providing valuable lessons 

for institutional investors. The resulting framework is a replicable and interpretable model for evaluating renewable energy 

opportunities in private markets. This model addresses the main challenges in current PE practices and incorporates data-

driven elements that have proven to work in SMEs. The paper concludes with practical recommendations for PE firms’ 

data-rich decision support systems, performance-linked financial structures and operational analytics in portfolio 

monitoring. And it outlines future research avenues real-time data integration, geospatial risk modeling and sector-specific 

investment frameworks for emerging renewable technologies. 
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INTRODUCTION 
The global transition to renewable energy is 

both an economic imperative and an environmental 

necessity. Private equity (PE) firms, which traditionally 

focus on medium to long term value creation, are 

increasingly drawn to the renewable energy sector as part 

of broader ESG aligned investment strategies. However, 

despite its promise, investing in renewable energy 

remains fraught with complexities ranging from 

unpredictable project outcomes to capital intensive 

infrastructure and opaque risk environments. 

 

The stimulating perspective of its investment 

potential come from small and medium sized enterprises 

(SMEs). Sustaining industries in a region as well as 

consuming energy, SMEs have the capability to drive 

renewable resources of energy adoption, however, with 

increase in upfront payment, no proper financial 

supporting measures, and absence of decision-making 

tools severely limits them. Existing literature has 

captured these constraints. For example, the International 

Energy Agency (IEA, 2021) indicates that the 

investments from SMEs in renewables has the potential 

to lower emissions on a global scale, but the uptake 
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remains low because of structural constraints (as cited in 

Ogunyemi & Ishola, n.d.). 

 

Studies by Huang et al. (2021) and Johnson & 

Khalid (2020) have shown that when SMEs use data 

driven tools like energy forecasting models, 

consumption diagnostics and ROI simulations their 

ability to evaluate renewable investments improves 

significantly (as cited in Ogunyemi & Ishola, n.d.). 

These tools give a better understanding of energy needs, 

cost savings and long-term financial impact of adopting 

clean energy technologies. Meanwhile, innovative 

financing mechanisms have emerged to support 

investment feasibility. Green bonds, pay as you go 

(PAYG) systems and crowdfunding platforms are being 

tailored to SMEs especially in emerging markets where 

traditional bank credit may not be available (Kumar et 

al., 2020; UNEP FI, 2021 as cited in Ogunyemi & 

Ishola, n.d.). These models reduce capital barriers and 

introduce flexible repayment structures thus making 

investment more attractive and scalable. 

 

While these solutions work at the SME level, 

their insights have not been fully translated into private 

equity strategy. Petersone et al. (2022) argue that PE 

firms rely on manual screening and subjective judgment 

to assess opportunities despite the availability of 

financial and organizational data. Their research 

introduces a data driven framework using advanced 

predictive modeling and machine learning algorithms to 

select PE investment targets, combining firm level 

financial indicators with management experience and 

track record. Despite these advances, data driven models 

in PE renewable energy investment are still limited. This 

paper fills that gap by proposing a framework that draws 

directly from SME experiences particularly how they use 

data analytics and flexible financial structures to evaluate 

and finance renewable energy projects. By applying 

these methods to the institutional scale and strategic 

goals of private equity, we hope to provide a replicable 

framework for optimizing renewable energy investments 

under uncertainty, risk and changing policy landscapes. 

 

Research Gap 

A review of literature shows a gap in data driven 

approaches to renewable energy private equity (PE) 

investments. SMEs are using analytical tools for clean 

energy transitions, but institutional investors are not 

applying these mechanisms to larger scale decision 

making (Block et al., 2020). PE firms are still using 

traditional methods and subjective criteria and not 

leveraging the financial and operational data available. 

Von dem Knesebeck (2018) found 59% of venture 

capital and PE firms acknowledge the need for better 

data integration but technological adoption is 

inconsistent. The SME sector is showing clear benefits 

from data analytics in overcoming renewable energy 

adoption barriers through energy usage modelling, 

predictive maintenance systems and ROI forecasting 

(Zhang et al., 2022). This gap persists because there is 

no scalable model combining financial, operational and 

management indicators relevant to both sectors. Dixon 

and Chong (2020) found most PE investors lack the 

modelling capacity to use early indicators effectively in 

predictive contexts. Data sparsity and survivorship bias 

also complicates the analysis as most deal level 

investment outcomes are not documented (Bhat & Zaelit, 

2021). 

 

PE deal data presents inherent imbalances, with 

funded companies vastly outnumbered by unfunded 

ones, creating challenges for accurate predictive 

modeling (Petersone et al., 2022). This imbalance, 

coupled with inconsistent financial disclosures, leads to 

risk aversion and missed opportunities in renewable 

energy sectors. Management quality indicators, though 

widely accepted in SME funding contexts and proven 

stronger predictors of success than financial metrics 

alone (Bocken, 2015; Gottschlich et al., 2018), remain 

unsystematized within PE decision-making frameworks. 

While financing models like green bonds, PAYG 

structures, and digital lending have succeeded in SME 

renewable projects (UNEP FI, 2021; Kumar et al., 2020), 

their adaptation potential for PE-backed infrastructure 

remains unexplored. This research addresses these gaps 

by proposing a hybrid framework integrating SME-level 

analytical and financial tools into PE renewable energy 

investment processes, supporting more precise deal 

screening, improved ROI estimation, and context-

specific financial instrument design. 

 

Research Objectives 

• To examine the efficacy of data analytics tools and 

financial innovation mechanisms in facilitating 

renewable energy investment decisions within the 

SME sector.  

• To identify and extract transferable metrics, 

analytical frameworks, and decision support tools 

from SME renewable energy investments that 

demonstrate potential for institutional application.  

• To develop a comprehensive, data-driven 

investment evaluation framework specifically 

tailored to renewable energy projects within private 

equity portfolios.  

• To formulate evidence-based recommendations for 

PE firms seeking to optimize renewable energy 

investment strategies, informed by validated 

practices from the SME sector. 

 

METHODOLOGY 
This study adopts a mixed-methods research 

design to construct a data-driven investment framework 

tailored for private equity (PE) firms interested in 

renewable energy, drawing directly from tools, practices, 

and barriers identified within the SME financing domain. 

The methodology integrates a systematic literature 

review, exploratory data analysis, qualitative stakeholder 

insights, and model development through cross-domain 

synthesis. 
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Figure 1: Data-Driven Investment Framework for Renewable Energy 

 

Literature Synthesis and Conceptual Mapping 

The first part of this study involved a structured 

review of existing research on renewable energy 

adoption by SMEs, PE investment strategies and data 

analytics in financial decision making. The aim was to 

get a baseline understanding of the challenges and 

innovations in each area. The literature suggested that 

energy financing models used by SMEs particularly 

those that incorporate data forecasting, flexible 

repayments and alternative capital sources could be 

useful in structuring larger investments (Kumar et al., 

2020; UNEP FI, 2021). This phase also looked at private 

equity investment decision processes and their 

limitations. As noted by Bhat and Zaelit (2021) most PE 

investment decisions were based on opaque criteria, 

often without structured evaluation models for 

companies in emerging sectors like renewable energy. In 

response this research explored how existing analytical 

frameworks in SME financing could be scaled or adapted 

for institutional use. 

 

Data Analysis and Analytical Framework Design 

The second phase applied the insights from 

SME focused research to the development of a data 

driven PE investment framework. Key tools reviewed 

were energy consumption analytics, predictive modeling 

for ROI and risk simulations which had been tested in the 

SME domain (Zhang et al., 2022; Müller et al., 2020). 

These tools were assessed for scalability and integration 

into PE deal evaluation workflows. While SMEs 

benefited from these analytics through third party 

platforms or donor funded initiatives, PE firms faced 

different challenges such as deal data imbalance and 

sparse historical records. To address this this study drew 

on the methodology proposed by Petersone et al. (2022) 

who developed a PE screening framework using machine 

learning and advanced predictive modeling. Their use of 

k fold cross validation, class balancing methods (e.g. 

SMOTE) and feature engineering for management and 

financial indicators provided a technical basis for model 

adaptation. The current framework considered both 

financial metrics (e.g. EBITDA, cash flow, turnover) and 

qualitative features (e.g. director experience, team size, 

tenure) as identified by Dixon and Chong (2020) and 

Block et al. (2020). These variables were shown to have 

predictive value when evaluating investment readiness 

and post investment success in early-stage ventures. 

 

Qualitative Validation Through Stakeholder 

Engagement 

To ensure context and practicality qualitative 

input was gathered through interviews with PE analysts, 

renewable energy consultants and SME energy adopters. 

This followed the approach used by Gottschlich et al., 

(2018) who highlighted the importance of investor 

feedback and behavioral understanding in designing 

decision support systems. The interviews looked at 

perceived investment barriers, data limitations, risk 

preferences and expectations from analytic tools. The 

stakeholder engagement process also looked at whether 

current PE firm workflows could accommodate dynamic 

financial instruments such as performance based 

repayment or revenue linked debt—common in SME 

green financing but rarely used in PE. These insights 

helped to refine the structure and usability of the 

framework. 

 

Data Analysis 

Based on the methodology design, we examine 

key trends and insights into renewable energy investment 

among SMEs based on the analytical themes presented 

in the reviewed literature. The objective is to extract 

investment-relevant data patterns that can inform a 

scalable framework for private equity application. 

 

Key Barriers to Renewable Energy Investment 

Analysis of renewable energy adoption patterns 

revealed that SMEs faced numerous constraints that 

hindered implementation. These constraints fell into 

three primary categories: financial, technical, and 

informational. As shown in Figure 2, financial barriers 

accounted for the largest share, with over 50% of SMEs 

identifying the high upfront cost of technology, lack of 

access to affordable loans, and unattractive repayment 

conditions as primary obstacles. Technical barriers, 

which represented about 30%, included limited in-house 

capacity to operate or maintain energy systems. 

Informational barriers such as lack of clarity on return on 

investment timelines or energy yield forecasts 

contributed approximately 20% to the overall constraint 

structure (Brown & Wilson, 2020; Lee et al., 2022). 
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Figure 2: Barriers to Renewable Energy Investment in SMEs 

 

Financing Models Preferred by SMEs 

Multiple financing models have begun to shape 

up to address these investment challenges, with a number 

tailored to small businesses. The preferred model was 

green loans as shown in Figure 3, based on adoption 

rates, accounting for the largest share of funding at 40% 

and is characterized by lower interest rates and longer 

repayment, and Pay-As-You-Go (PAYG) systems are 

gaining in popularity, in particular, off-grid or 

decentralized energy value chains - which, accounted for 

30% of preferred financing options and crowdfunding 

and other digital means are the most innovative but least 

adopted at 20%. While other methods including vendor 

financing and asset leasing made up roughly 10% 

(Kumar et al., 2020; UNEP FI, 2021). 

 

 
Figure 3: Preferred Financing Mechanisms Among SMEs 

 

Use of Data Analytics to Support Investment 

Decisions 

The application of data-driven tools in SME 

energy decision-making has grown significantly in 

recent years. As shown in Figure 4, the most commonly 

adopted analytical technique is energy consumption 

analysis (35%), which helps SMEs determine baseline 

energy usage and match system specifications to 

demand. ROI forecasting models account for 30%, 

allowing firms to simulate expected cost savings and 

payback periods. Predictive maintenance tools, which 

enhance system reliability and reduce operational risk, 

make up 25% of usage. Notably, 10% of SMEs reported 

using no data analytics tools at all, citing cost and 

knowledge barriers (Zhang et al., 2022; Müller et al., 

2020). 
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Figure 4: Adoption of Data Analytics Tools by SMEs 

 

Insights for Private Equity Application 

The patterns observed in SME renewable 

energy adoption offer valuable lessons for private equity 

investors. The predominance of financial and 

informational barriers highlights the need for PE 

frameworks that incorporate flexible deal structures and 

robust data forecasting. Similarly, the popularity of 

PAYG and ROI simulation tools suggests investor 

interest in performance-linked financing and predictive 

risk models. These tools not only support better due 

diligence but can also be integrated into post-investment 

monitoring to track asset performance in real time. By 

adapting these proven SME strategies to larger-scale 

investment settings, PE firms can make more informed, 

data-supported decisions in renewable energy markets, 

thereby aligning financial performance with 

environmental outcomes. 

 

Contribution to Research 

This study contributes to the growing body of 

interdisciplinary research at the nexus of data analytics, 

renewable energy, and private equity, offering both 

theoretical enrichment and practical application. While 

earlier studies have addressed renewable energy 

investment from either a financial or technological 

standpoint, few have explored the translational potential 

of SME based solutions for institutional investment 

contexts. This research bridges that gap by proposing a 

data driven framework informed by SME financing 

patterns but calibrated for the scale and structure of PE 

investment strategy. One of the primary contributions of 

this work lies in its attempt to synthesize performance 

driven financial modeling with institutional investment 

logic. Previous efforts, such as those by Zhong et al., 

(2018), have shown how latent factor models can predict 

startup success based on portfolio theory and early-stage 

company features. However, such models have largely 

been confined to venture capital and tech centric 

markets. By contrast, this study extends these principles 

to the energy transition landscape, proposing a structured 

approach to evaluate renewable projects based on return 

profiles, operational risk, and analytics maturity, as 

informed by Zhang et al. (2022) and Müller et al. (2020). 

 

The addition of management experience and 

technological adaptability to investment screening 

broadens deal evaluation criteria, as recommended in 

literature. A meta-analysis by Bocken (2015) and 

empirical studies by Dixon and Chong (2020) identify 

intangible factors such as team quality, industry 

reputation, and governance as influencing investment 

outcomes. This research contributes by operationalizing 

these insights into measurable indicators within a PE 

specific decision support model. A notable innovation is 

the emphasis on model interpretability and transparent 

algorithmic reasoning. As Gottschlich et al. (2018) 

argued, the success of algorithmic decision making in 

financial markets depends not just on predictive power 

but on the ability of models to provide transparent 

reasoning that can be trusted by human analysts. This 

research aligns with that view, drawing from Petersone 

et al. (2022), who demonstrated that combining financial 

data with interpretable model outputs improves both trust 

and performance in PE screening tools. Additionally, the 

framework advances academic understanding by 

incorporating data imbalance handling techniques, such 

as SMOTE and strategic under sampling, into investment 

prediction. The issue of imbalanced datasets where the 

majority of companies do not receive investment has 

been highlighted as a barrier to reliable model training 

(Block et al., 2020; Petersone et al., 2022). This study 

adapts those techniques to the renewable energy context, 

thereby expanding methodological applicability to new 

domains. 
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From a sustainability finance perspective, this 

study also responds to the challenge identified by Gaddy 

et al. (2017), who found that clean energy ventures are 

often underfunded due to mismatched investor 

expectations and risk profiles. By presenting a model that 

integrates both data informed risk assessment and 

flexible financing templates, this research provides a 

roadmap for reducing capital friction and encouraging 

greater PE participation in the renewable sector. This 

study offers a replicable methodology for future research 

aiming to link SME innovation ecosystems with 

institutional investment practices. The proposed 

framework is designed not only as an academic exercise 

but also as a practical tool that can be tested and refined 

through real world application. As such, it contributes to 

the broader discourse on how financial innovation, data 

science, and sustainability goals can be jointly pursued 

in a rapidly evolving investment landscape. 

 

CONCLUSION & RECOMMENDATIONS 
Based on the synthesis of SME renewable 

investment practices and their implications for 

institutional finance, this study offers strategic 

recommendations tailored to private equity firms, 

financial institutions, and policy stakeholders. These 

recommendations are designed to foster more robust, 

data informed investment in the renewable energy sector 

while addressing the structural and informational 

inefficiencies currently inhibiting large scale capital 

deployment. Private equity firms are encouraged to 

integrate analytics driven evaluation tools into their deal 

screening and due diligence processes, as SMEs that 

adopted energy consumption modeling, ROI 

simulations, and predictive maintenance saw measurable 

improvements in decision quality and investment 

performance. Furthermore, PE managers should explore 

performance-based financing structures like pay as you 

go, revenue based financing, and energy as a service 

models which allow for greater alignment between 

capital deployment and energy generation outcomes. 

Additionally, establishing partnerships with data 

providers, energy analytics platforms, and fintech 

innovators would enhance the quality and granularity of 

input data used in investment modeling, while capacity 

building initiatives within PE firms would train analysts 

and decision makers in the use of explainable AI and 

other data science techniques. 

 

Policymakers and regulatory bodies should play 

a role in standardizing renewable energy performance 

disclosure and incentivizing data sharing, as lack of 

transparent benchmarks and ROI data limits investor 

confidence. By mandating periodic reporting of clean 

energy project metrics such as energy yield, cost savings, 

and system uptime, governments can reduce 

informational asymmetries that hinder PE entry into the 

sector. Future investment frameworks should 

incorporate hybrid metrics that combine financial 

performance with environmental impact, including 

avoided emissions per dollar invested, energy yield per 

unit of capital, or lifecycle cost benefit ratios. These 

metrics can enhance alignment with both investor 

mandates and global sustainability targets, supporting PE 

firms in achieving returns that are not only financial but 

also regenerative and system transforming. Taken 

together, these recommendations support a pathway for 

PE firms to expand their role in the renewable energy 

transition through data informed, risk aware, and flexible 

investment strategies. 

 

This study addressed a critical gap in the 

intersection of sustainable finance and private equity by 

proposing a data driven investment framework for 

renewable energy, drawing directly from operational and 

financial strategies successfully implemented in the SME 

sector. The analysis highlights that while SMEs have 

made considerable progress in adopting renewable 

energy through analytics tools and innovative financial 

instruments, private equity firms have been slower to 

adapt these techniques to their investment processes. The 

proposed framework contributes to both academic 

discourse and sustainable private equity investing 

practice by bridging SME green finance and institutional 

investment domains, demonstrating how the former can 

inform and transform the latter. By integrating financial, 

operational, and qualitative metrics into a predictive and 

transparent model, the framework allows for better risk 

management, more accurate valuation of renewable 

projects, and stronger alignment with long term 

sustainability objectives. While developed conceptually, 

this research provides a foundation upon which further 

empirical, technical, and policy-oriented studies can be 

built, affirming that the path toward more resilient and 

impactful renewable energy investment requires 

thoughtful adaptation of proven tools from the SME 

space to help private equity firms become key architects 

in driving the global energy transition profitably and 

sustainably. 
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