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Abstract
This paper investigates the effectiveness of Special Purpose Vehicle (SPV)-based project finance
structures in mitigating risk in renewable energy projects, specifically focusing on large-scale solar and
wind infrastructure. Using three global case studies and over 10,000 Monte Carlo simulation scenarios,
we analyze project financial robustness using Debt-Service Coverage Ratio (DSCR) and Internal Rate
of Return (IRR) under tariff, load factor, and cost volatility. Results suggest SPV structures reduce
sponsor risk significantly but must be complemented with sound contract design and credit
enhancement tools. The paper proposes improvements to financing models for emerging market
renewables.
Keywords: Project Finance, Renewable Energy, SPV, Monte Carlo Simulation, Risk Mitigation,
DSCR, IRR
I. INTRODUCTION
With the rising demand for renewable energy, large-scale solar and wind projects require significant
capital, often sourced through project finance. SPV-based structures are commonly used to isolate
financial risk and limit sponsor liability. However, renewable projects are uniquely exposed to
regulatory uncertainty, climatic variability, and grid integration issues. This study evaluates whether
project finance via SPVs adequately mitigates these risks and enhances bankability.
II. LITERATURE REVIEW
Project finance in the renewable energy sector has grown by over 12% CAGR globally since 2015
(BloombergNEEF, 2023). SPVs are designed to be bankruptcy-remote and enable non-recourse
financing. Academic studies (Yescombe, 2014) support the risk mitigation role of SPVs but highlight
limitations in political and operational risk contexts. Risk transfer via Power Purchase Agreements
(PPAs), EPC contracts, and multilateral guarantees is also widely discussed. Our work builds on these
by integrating probabilistic simulations to assess outcome ranges under realistic volatility.
III. METHODOLOGY
This research adopts a mixed-method approach that combines qualitative case study analysis with
quantitative financial modeling and simulation. The methodology consists of the following key
components:
A. Selection of Case Studies Three large-scale renewable energy projects were selected to represent
diverse geographic, regulatory, and technological contexts:

¢ ReNew Power Solar Park, India (2021): A grid-connected photovoltaic solar project.

e  WindCo LLC, Texas, USA (2019): An onshore wind project financed via syndicated loans.

e Lake Turkana Wind Power Project, Kenya (2018): Africa’s largest wind energy project

backed by IFC and AfDB.
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Each project was evaluated based on its financing structure, contractual design, risk allocation
mechanism, and performance under real-world conditions.
B. Data Collection Data was obtained from company reports, PPA disclosures, financial statements,
World Bank databases, and interviews with infrastructure finance experts. Key inputs for simulations
were derived from these sources and validated against industry norms (IRENA benchmarks).
C. Monte Carlo Simulations Monte Carlo simulations were conducted to assess the financial resilience
of each project under uncertainty. Each model simulated 10,000 iterations using variations in:

o  Tariff rates (£15%)

e Plant Load Factor (PLF) (£10%)

e Capital Expenditure (CAPEX) (£10%)
Python was used to implement simulations, leveraging NumPy for stochastic modeling and Matplotlib
for visualization.
D. Financial Metrics Evaluated The following metrics were calculated for each scenario:

¢ Debt Service Coverage Ratio (DSCR): Measures ability to service debt from operational cash

flows.

¢ Internal Rate of Return (IRR): Evaluates profitability from an investor’s perspective.

¢ Probability of Default (PoD): Captured as the proportion of scenarios where DSCR < 1.2.
E. Validation Results were compared to actual project outcomes and benchmarked against sector
averages published by BloombergNEF and the International Energy Agency (IEA).
This integrated methodology enabled both a qualitative and quantitative evaluation of how SPV-based
project finance structures influence project stability and risk under real-world volatility.
IV. RESULTS AND DISCUSSION
A. Financial Structure Overview

Project Debt:Equity | PPA Term | Lenders EPC Risk
ReNew Solar | 75:25 25 years SBI + ADB | Covered via LDs
WindCo 70:30 20 years JP Morgan | EPC fixed price
Turkana 80:20 20 years IFC + AfDB | Risk-shared

B. Simulation Results
Project DSCR > 1.2 (probability) | IRR Mean (%) | IRR Std. Dev (%)
ReNew Solar | 92.4% 13.1 1.9
WindCo 87.5% 11.6 2.5
Turkana 89.8% 12.3 2.1

DSCR remained above 1.2 in >85% of scenarios for all projects, validating SPV structures. IRR was
most volatile for WindCo due to resource unpredictability.
C. Risk Event Outcomes
o ReNew Solar: Avoided loss during 2022 tariff freeze due to fixed PPA.
¢  WindCo: Experienced 8% lower revenue due to underperformance but still met DSCR due to
conservative leverage.
e Turkana: Faced payment delays from government, mitigated through MIGA political risk
insurance.
V. CONCLUSION SPV-based project finance significantly mitigates financial risk in renewable energy
projects when paired with well-designed contracts and credit enhancements. However, operational and
political risks persist and require additional tools like insurance and indexed PPAs. The results support
the continued use of SPVs but also recommend:
e Broader adoption of hybrid instruments (e.g., subordinated green debt)
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e Performance-linked tariff indexing
¢ Expanded use of multilateral guarantees
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