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for banks, an increase in the speed of adoption of ESG factors, and an increase in
awareness about climate-related factors were noted. A reduction in private
participation in infrastructure (PPI) was noted from USD 96.8 billion in 2019 to USD
45.7 billion in 2020, which then increased to USD 86 billion in 2023. This was a
volatile period for the market for project finance. The purpose of this paper is to
outline a structured narrative review of the published research between 2020 and
2025 on debt structuring and investment strategies for large-scale infrastructure
investments. The argument is that the key to capital efficiency in infrastructure
finance is not "leverage," but rather the concurrent optimization of the three
interdependent design elements of risk-aligned contract architecture, a capital
structure that is aligned with cash flow quality, and structural control mechanisms.
The combination of the three elements of a well-structured infrastructure finance
solution is referred to as the Infrastructure Finance Efficiency Triangle (IFET). Itis a
new approach to making decisions based on the synthesis of the published research.
The paper reviews the following eight categories of financial instruments along the
three dimensions of risk position, return sources, and capital efficiency. The
benchmarks are as follows: the yield on infrastructure debt is 4.9-5.1%, five-year
default rate is 2.4% versus 9.6% for non-financial corporates; DSCR is 1.20x-1.50x;
DSRA commitments are six months' debt service; debt equity ratio is 70/30 for
contracted assets [12]. The paper provides a structured review of the following three
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regulated water utility. A seven-step implementation roadmap is provided.
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1. INTRODUCTION

This infrastructure can best be described as
a logistics system, which has its own balance sheet. A
port is a definition of trade velocity; a grid is a
definition of industrial uptime; a water system is a
definition of service uptime; a digital system is a
definition of commerce velocity. If infrastructure is
well financed, meaning that the capital structure is
appropriate  for infrastructure assets, the
maintenance reserve is appropriate for
infrastructure renewal profiles, the covenant
structure is appropriate for infrastructure risk
profiles, then infrastructure works, and the result is
the reliability of infrastructure services and the
stability of infrastructure cash flows. If infrastructure
is not well-financed, then infrastructure fails, and the
result is the cascading effect of infrastructure failures
on the supply chains and communities supported by
the failing infrastructure assets. The period between
2020 and 2025 was perhaps the most volatile
operating environment in which infrastructure
finance has ever operated. Global PPI infrastructure
finance decreased from a 2019 amount of USD 96.8
billion in 323 projects to a 2020 amount of USD 45.7
billion in 183 projects, a decrease of 53% in one year.
This was a result of demand shocks and capital
market disruptions owing to the pandemic.
Infrastructure finance for PPl showed a strong
rebound in 2023 at USD 86 billion, with a focus on
energy transition and digital infrastructure finance
but was slow for transport infrastructure finance and
water infrastructure finance. The macro environment
was another factor that contributed to the mixed
performance of the PPI. The US Federal Reserve
increased its interest rates from an initial 0.25% at
the start of 2022 to a range of 5.25%-5.50% in July
2023. Similarly, the European Central Bank increased
its interest rates from negative interest rates to 4.0%.
For infrastructure finance, which is based on long-
term debt with a match for asset lives of twenty-to-
thirty years, the change in the level of interest rates
led to an increase in debt costs, an increase in
refinancing risks in mini-perm structures, and a
decrease in the present value of regulated cash flows
contracted with historical WACC benchmarks. In this
backdrop, there were two counter-balancing trends
that provided opportunities. The global energy
transition created a significant pipeline of bankable
projects in offshore wind, solar, green hydrogen,
transmission, and electric vehicle charging that had
to be financed in a structured manner. The
International Energy Agency found that clean energy
investments reached USD 1.74 trillion globally in
2023, out of which 40% had to be financed through
project finance or infrastructure debt solutions [31].
At the same time, the growth in multilateral
development bank (MDB) guarantee and blended
finance instruments improved the risk-return profile
of projects in emerging markets that would have

otherwise remained unbankable. A joint report by
MDB/DFI groups found that multilateral instruments
mobilised USD 87-110 billion in private sector
finance annually in 2022-2023, or a mobilisation rate
of 2.2:1 compared to MDB/DFI commitments [14,
15].

In this backdrop, it can be argued that the
structuring of debt is as important as the selection
process. In this paper, evidence from 2020-2025 is
synthesised to propose a framework for efficiently
taking such decisions, called the Infrastructure
Finance Efficiency Triangle (IFET).

2. AIM AND OBJECTIVES OF THE STUDY
Aim: The objective is to synthesize the evidence base
for debt structuring and investment strategies for
large-scale infrastructure projects for the period
2020-2025. In addition, the objective is to develop the
Infrastructure Finance Efficiency Triangle (IFET) as a
decision-support tool that includes risk allocation,
capital stack structuring, and structural design as the
three interdependent levers for capital efficiency in
infrastructure finance. The specific objectives are:

1. To discuss the role of contract structure and
risk allocation on the stability of the cash
flow, which determines the feasible leverage
ratio and debt tenor for a particular
infrastructure project [2, 3, 4].

2. To discuss the debt structuring levers,
including amortisation sculpting, DSCR-
based covenant triggers, reserve accounts,
cash waterfalls, hedging, and refinancing,
including their respective roles in the
maintenance of service continuity and
returns under downside scenarios [5, 21].

3. To discuss the various infrastructure
investment products, including their
respective risks, returns, and capital
efficiency drivers across the infrastructure
investment universe [12-20].

4. To discuss the interplay between various
infrastructure disruption risks, including
construction risks, demand risks, regulatory
risks, climate risks, refinancing risks, and the
respective structural mitigants for these
risks [2-28].

5. To apply the IFET as a structuring tool for
three structuring cases and propose a seven-
step implementation roadmap.

3. REVIEW METHODOLOGY
3.1 Research Design

The research design for this research follows
a structured narrative review methodology. A
detailed systematic review using a meta-analysis
approach for homogeneous data is not considered to
be the most appropriate approach for research in the
domain of infrastructure finance. Considering the
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heterogeneous nature of the research, a structured
narrative review, where a set of rules are followed for
documenting the research methodology as well as the
search protocol and criteria for selecting the
literature, is considered to be the most appropriate
approach for conducting a review in the domain of
infrastructure finance [4, 5].

The structure for conducting this research
follows the transparency guidelines as prescribed in
PRISMA 2020 [1]. In a similar manner to the research
methodology prescribed in the research paper on
PPP risks conducted by Rasheed et al, [4], this
research does not follow the PRISMA protocol for a
meta-analysis flow chart. The research follows a
combination of research papers from peer-reviewed
journals, research papers from multilateral
institutions, research papers from market data, and
principles from industry associations. However, such
aresearch does notlend itself to a PRISMA flow chart.
However, it is stated as against suggested.

3.2 Search Strategy

The literature search for conducting this
research was carried out between January 2020 to
April 2025. The research was conducted using
Scopus, Web of Science, Google Scholar for research
papers from peer-reviewed journals. In addition to
that, research papers from IMF, World Bank, OECD,
IFC, AIIB, EIB, Global Infrastructure Hub, ICMA, LSTA,
LMA, Moody’s databases were searched for research

papers from institutional sources. The Boolean

search term was applied for conducting this research:
("Infrastructure finance" OR "project
finance") AND ("debt structuring” OR
"capital stack” OR"DSCR" OR "covenants" OR
"refinancing risk") AND ("risk allocation” OR
"blended finance" OR "green bonds" OR
"sustainability-linked"” OR "PPP fiscal risks"
OR "capital efficiency")

3.3 Inclusion Criteria and Synthesis

The key words were searched, and this led to
around 100-130 publications within the above
databases. However, after filtering out repeated
publications, those that were not relevant to the
research subject (such as real estate DSCR
publications), and those published before 2020, 50
publications were selected for in-depth analysis. Out
of these publications, 32 key publications were found
to fulfill all three criteria for in-depth analysis.
However, it is worth mentioning that these figures
are only indicative of the scope of the search. A formal
process was not followed. Additionally, grey
publications from MDBs, DFIs, or prominent market
associations were considered for inclusion in this
research. However, this research was more focused
on the subject of policy and practice. Hence, inclusion
criteria 2 and 3 were considered for such
publications. The PRISMA-relevant components that
were applied to this research are presented in Table
1.

Table 1: PRISMA 2020 transparency elements as applied in this structured narrative review

PRISMA 2020 Element | Application in This Structured Narrative Review

Review scope

implications.

Explicit 2020-2025 time window; infrastructure finance focus covering debt
structuring, capital stack design, investment strategy, and capital-efficiency

Search transparency

3.2.

Search terms, databases (Scopus, Web of Science, Google Scholar, IMF, World Bank,
OECD, ICMA, LSTA, GI Hub, Moody's), and source domains documented in Section

Screening and
eligibility

An initial keyword search identified approximately 100-130 records; around 50
advanced to full-text review after removing duplicates and off-topic items; 32 key
sources met all three eligibility criteria for substantive inclusion.

Synthesis approach

Integrative synthesis rather than quantitative meta-analysis, given heterogeneity of
source types and jurisdictions. Outputs: IFET framework (Section 4), cross-
instrument Table 1 (Section 9), and seven-step roadmap (Section 10).

Limitations disclosed

Grey and institutional literature (MDB reports, market association principles) is
included where peer-reviewed evidence is thin; this is made transparent rather than
implied. Heterogeneity of jurisdictions limits direct comparability across case data.

4. Conceptual Framework: The Infrastructure
Finance Efficiency Triangle (IFET)

The basic premise of this paper is that the
concept of capital efficiency in infrastructure finance
is the result of the interdependent interplay of three
vertices or design choices rather than a singular
financial metric or a function of the market. Thus, the
attempt to optimise one vertex or the other in a
standalone manner—maximising leverage,

minimising spreads, or using the most popular
instrument—without simultaneously optimising the
other two vertices is likely to create a structurally
weak project that is technically efficient under base
case conditions but weak under stressed conditions.
The Infrastructure Finance Efficiency Triangle
(IFET), as described in Figure 1 below, is a framework
that combines the interdependent choices of the
vertices: (A) Risk-Aligned Contract Architecture,
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which determines the cash flow profile; (B) Capital efficiency—defined in this context as the maximum
Stack Design, which converts the cash flow profile service per unit of risk capital—is achieved when the
into a cost of finance; and (C) Structural Control interdependent  vertices are simultaneously
Mechanisms, which protect the cash flows and the optimised.

cost of finance under stressed conditions. Capital

Author's Synthesis Framework — Imran Saee Muhammed (2025)

A — Contract architecture

Risk allocation determines cash flows

Contract CAPITAL
EFFICIENCY

Controls reinforce contract

B — Capital stack design C — Structural controls
Cash-flow quality — financing cost Covenants - reserves - hedging

All three vertices must be co-desighed — weakness at any one propagates through the other two

Figure 1: The Infrastructure Finance Efficiency Triangle (IFET)
Source: Author's synthesis from the reviewed literature (2020-2025). Capital efficiency is maximised when all
three vertices are co-designed simultaneously — weakness at any single vertex propagates through the other two.

Figure 1 — IFET Framework: Vertex-by-Vertex Explanation

Vertex A — Risk-Aligned Contract Architecture (The Foundation)

Definition: The contract structures governing a project — PPP concession, RAB regulatory framework, PPA,
offtake agreement, availability payment regime — determine which risks sit with which party and therefore
establish the predictability and floor of project cash flows.

In practice: A contract allocating construction risk to a creditworthy EPC contractor (fixed-price, liquidated
damages, performance bonds), demand risk to a public authority (availability payments), and operating risk to
an incentivised O&M provider supports 65-75% senior debt leverage at DSCR of 1.30-1.50x. The same project
with demand risk retained by the project company may support only 50-55% leverage at 1.50-1.80x DSCR — a
difference that materially determines cost of capital and project viability [2-4].

Key evidence: Rasheed et al,, [4], identify construction, demand, and regulatory risk as the three highest-impact
misallocation categories across 87 PPP studies. IMF [2], documents that implicit government guarantees
frequently materialise as public costs not captured in fiscal accounts, converting private finance into contingent
public debt.

Vertex B — Capital Stack Design (The Structure)

Definition: Given a defined cash-flow profile, the capital stack translates it into a financing cost and a resilience
level. Senior secured debt (150-250 bps over benchmark for investment-grade infrastructure, 2023-2024)
provides the lowest-cost layer but is constrained by DSCR coverage requirements. Mezzanine and subordinated
debt (400-700 bps over benchmark) fills funding gaps. The efficient capital stack minimises WACC while
maintaining DSCR headroom under the credible downside case.

In practice: In the 2022-2023 rate environment, a 300-basis-point rise in base rates increased annual debt
service on a USD 500 million, 20-year loan by approximately USD 15 million — equivalent to a 3-percentage-
point reduction in equity IRR. Infrastructure debt AUM reached USD 175-200 billion globally by end-2023,
reflecting a threefold increase from 2018 as institutional investors sought the asset class's combination of
elevated yields and low default rates [12].
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Key evidence: Moody's data show a five-year cumulative default rate for infrastructure debt of 2.4% versus 9.6%
for non-financial corporates, with cumulative credit losses of 0.5% versus 8.9%. Demirel et al., [5], document that
investors consistently prioritise contractual protections and cash-flow control over IRR optimisation.
Vertex C — Structural Control Mechanisms (The Operationalisation)
Definition: Controls — DSCR-based covenant triggers, debt service reserve accounts (DSRA), maintenance
reserve accounts, cash sweep mechanisms, dividend lock-ups, and interest rate and currency hedges —
operationalise the capital stack under real-world conditions. They do not eliminate risk; they price it, allocate its
consequences, and prevent it from propagating into service disruption or default.
In practice: Market practice post-2022 includes: DSCR lock-up trigger at 1.15x (versus base-case 1.40-1.60x);
technical default trigger at 1.05x; six-month DSRA funded at financial close; maintenance reserves sized against
the independent engineer's lifecycle schedule; cash sweeps above 1.50x DSCR; and interest rate hedging covering
75-100% of floating exposure for years one to ten [5, 21].
Key evidence: Demirel et al, [5], find that investors in public infrastructure projects deploy a 'portfolio of
protections' — combining contractual rights, financial controls, and governance mechanisms — rather than
relying on point-forecast returns. GI Hub [32], found that projects with funded lifecycle reserves showed 23%
lower probability of availability shortfalls and 31% lower probability of technical default.
The IFET Principle: Capital efficiency is maximised when all three vertices are co-designed simultaneously. A
robust contract with a poorly structured capital stack results in over-priced financing. An efficient capital stack
without adequate controls produces covenant breaches under stress. Strong controls without a sound contract
are cosmetic. The three vertices are interdependent: weakness at any single vertex propagates through the other
two.
Failure illustration: @rsted's 2023 USD 4 billion write-down on US offshore wind projects illustrates a Vertex
B/C failure. The contract architecture (Vertex A) was sound — long-term PPAs with creditworthy offtakers. But
the capital stack was sized on base-case assumptions without sufficient contingency for supply chain cost
escalation (22% average overrun in offshore wind, 2021-2023), and the control mechanisms did not include an
adequate construction contingency reserve. The financing structure could not absorb the cost shock without
material equity loss [11, 31].

Figure 1: Vertex-by-vertex explanation of the IFET framework with definitions, practical benchmarks, and

evidence citations

5. Debt Structuring Levers: Balancing Risk, amount to 350 points over SOFR, as opposed to 180

Returns, and Capital Efficiency
5.1 Amortisation Design and Refinancing
Resilience

The main method of relating debt servicing
to cash flows during the period of a loan by designing
an amortisation profile in line with cash flows
generated by a project during its period of life is by
sculpting an amortisation profile. This will defer debt
servicing during the ramp-up period when cash flows
are low and increase debt servicing when cash flows
are stable. This will smooth out the debt servicing
coverage ratio ("DSCR"). This will then enable a
greater amount of debt to be raised based on a
minimum debt servicing coverage ratio. This is
normally achieved by establishing a debt servicing
profile based on a minimum debt servicing coverage
ratio during a downside case rather than an annuity
method. The risk calculation of sculpting
amortisation profiles has witnessed a dramatic shift
in the 2022-2023 rate environment. Indeed, in
projects where a sculpting amortisation profile has
been adopted with a back-ended bullet profile,
refinancing risks of bullet repayments in years eight
to twelve are now a critical credit issue. A case in
point is a sculpting amortisation profile of a USD 400
million loan of a toll road project where a back-ended
bullet repayment of USD 80 million is due in year ten.
In 2023, the refinancing costs of bullet repayment

points estimated in 2019 financial close. This
difference translates to a debt servicing cost of USD
1.4 million annually, which is sufficient to reduce
equity distributions by 15-20% in the refinancing
year. Deal documentation post-2022 has revealed a
resurgent focus on loan life coverage ratios (LLCR)
and PLCR, in addition to point-in-time DSCR. A ratio
of 1.30-1.50x is needed for a material buffer against
refinancing spread widening. A PLCR of above 2.00x,
up to the end of the concession period, has emerged
as a standard requirement for lenders of projects
where bullet maturities are material [21].

5.2 Covenant Architecture and Cash Flow
Waterfall

The cash flow waterfall represents the
operational model in which covenant architecture is
executed. A cash flow waterfall represents a critical
component in which a strict ordering of cash flows is
achieved. This ordering includes operational and
maintenance costs, senior debt repayment, top-up of
DSRA, maintenance reserves, junior debt repayment,
and finally equity distribution, provided all tests are
passed at a compliant level of DSCR [5-21].The
operational logistics of the waterfall framework
represent a critical component. A toll road in which
resurfacing of a road is delayed in order to optimize
equity distribution will directly impact the structural

© 2026: Global Academic Journal’s Research Consortium (GAJRC)

159



Imran Saee Muhammed, Glob Acad ] Econ Buss; Vol-8, Iss-2 (Mar-Apr 2026): 155-165

integrity of a toll road. This will impact safety and
ultimately impact the revenue stream used to fund
debtrepayment. A delayed cost will ultimately impact
credit. A reserving of maintenance costs in favor of
equity distribution creates a structural incentive for
longevity, which will benefit all stakeholders in a toll
road [5]. The best practice in the market, as evident
in post-2022 deal documentation, suggests a cash
lock-in based on a DSCR of 1.15%, as opposed to a base
case DSCR of 1.40-1.60%, and a technical default of
1.05x, which offers a 150-350bp cushion between
normal operations and covenant breach [5-21].

5.3 Hedging and Indexation

Interest rate hedging locks a floating rate
debt into a fixed cost base. This makes the project
more predictable, enabling more leverage at a
particular coverage ratio. For example, if a project has
USD 300 million of floating rate debt with a 200 bp
spread over SOFR, an interest rate swap fixing SOFR
at 4.0% for five years eliminates USD 12 million of
annual variability in DSCR.Market practice is to
mandatorily hedge 75-100% of the floating rate
exposure for the first five to ten years [21]. The
hedging of currencies is an important factor when the
revenue is not in the same currency as the debt
servicing, a common feature of infrastructure
projects in emerging markets. For emerging
economies such as African or South Asian nations, the
cost of hedging USD-local currencies is estimated at a
range of 300-600 bp annually, thus offsetting the
advantage of a relatively lower interest rate on USD
debt. According to the MDB/DFI mobilization
reports, there is a shift towards the use of Currency
Exchange Fund (TCX) and political risk insurance by
MIGA as a solution for currency mismatches for
emerging economies [14, 15]. Revenue indexation,
i.e, using CPI, PPI, or sector-specific indexation to
escalate tariff or availability payments, is a natural
hedge against cost-push inflation without a cash
premium. Projects with a credible revenue
indexation structure have shown significantly lower
variability in DSCR for the period of high inflation
between 2021 and 2023 compared to those with a
nominal revenue structure [3-5].

5.4 Risk Transfer and Credit Enhancement

The guarantee products play a vital role in
the projects that are financially viable but
structurally unfinanceable. The joint report on the
mobilisation for the year 2022 prepared by the
MDB/DFI indicates that a total amount of USD 62
billion was mobilised for a total commitment of USD
28 billion for the joint MDB/DFI risk guarantee
products. The report indicates that the mobilisation
was achieved at a leverage ratio of 2.2:1. The key
products are as follows:
World Bank Group partial risk guarantees;
MIGA political risk insurance;

Export credit agencies export credit facilities;

DFI first-loss tranches, where the loss is
absorbed by the DFI for the first 10 to 20 percent of
the credit loss to make the risk profile attractive for
the commercial investors for the senior tranches [6-
15].

5.5 Security Package, Lender Controls, and
Intercreditor

The security package refers to the rules that
govern the control of the lenders’ cash flows and
assets. In infrastructure financing, the security
package usually includes a pledge on project bank
accounts, the assignment of project contracts, a share
pledge on the project company, step-in rights for the
lenders to take control of project management in the
event of a default, and contracts between the lenders
and the government authorities to enable the lenders
to cure the default of the sponsors before the
termination of the contracts [5-21]. The goal of a
security package in infrastructure finance is
operational continuity, not asset liquidation. Step-in
rights, along with cure periods of 30 to 90 days, create
a framework for lenders to replace a defaulting
sponsor prior to termination of a contract,
maintaining a cash flow on which debt servicing is
dependent. In cases of multiple tranche financings,
intercreditor agreements between senior lenders,
mezzanine investors, and hedge counterparties are a
key part of security packages. Uncertainty in
standstill periods of 90 to 180 days, cure rights, and
voting requirements in enforcement cases have
historically added an additional period of six to
twenty-four months in cases of restructuring. This is
a cost to maintenance budgets and operational
continuity [5-21].

5.6 Debt Sizing, Coverage Ratios, and Downside
Case Engineering

The debt sizing for the project finance is
based on downside case DSCRs as opposed to base
case DSCRs. The downside case for infrastructure
projects post-2022 is assumed to have five
concurrent stress assumptions. The stress
assumptions for the downside case for infrastructure
projects post-2022 include a construction cost
overrun of 10-15% for infrastructure projects, which
is 229% for offshore wind farms. In addition, there is a
completion delay of 12-18 months for the projects.
Other assumptions for the downside case for project
finance debt sizing include a 20-25% demand
underperformance in the first three years of
operations for the projects. Finally, there is an
increase in refinancing rates of 200-300 basis points
at the maturity date of the mini-perm facility for the
projects. In addition, there is an adverse movement of
15% for the key currency pair for cross-currency
projects [5-21]. The structural mitigants for each of
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the downside risk scenarios for the projects are more
capital efficient than the generic haircuts used for the
projects. The construction delay for the projects is
addressed using completion support from a sponsor
with high creditworthiness or a standby equity
commitment. The demand shock for the projects is
addressed using a minimum revenue guarantee or an
offtake top-up. Finally, the refinancing risk for the
projects is addressed using provision for bridge-to-
bond or refinancing from relationship banks [2-21].

5.7 Reserve Accounts and Lifecycle Renewal as
Continuity Instruments

Infra assets have a known degradation
profile that is engineerably predictable. A highway
needs resurfacing in 7 to 12 years. A gas turbine
needs a major overhaul in 25,000 to 30,000 hours. A
subsea cable needs repeaters changed every 15 to 20
years. This is a planned capital expenditure that can
be funded through a lifecycle reserve account that can
be added as part of the debt structure from project
close. An analysis from the Global Infrastructure Hub
in 2022 found that projects with a lifecycle reserve
account have a 23% lower probability of default on
availability payment obligations and a 31% lower
probability of default on technical debt than projects
without a lifecycle reserve account. This adds to the
case for adding a lifecycle reserve above the equity
distribution line as a capital efficiency measure. It is
not a credit risk mitigant, it is a capital efficiency
measure. The cost of providing a reserve account
upfront reduces the risk premium required by senior
lenders, allowing for higher debt with lower spreads
or alower WACC [5-32].

6. Investment Strategies across the Capital Stack
6.1 Senior Infrastructure Debt as an Institutional
Strategy

There are several key infrastructural
investment vehicles that should be highlighted as
critical for IFET development: senior secured
infrastructure debt that has gained increasing
popularity as an infrastructure investment vehicle in
light of its long tenor, low-default rates, and, in many
cases, good ESG fit (particularly, renewable energy
and social infrastructure). Such investments work
best with contracted and/or regulated assets and/or
construction financings with solid contractual
protection; project bonds and private placements,
which make sense after risks associated with
construction are addressed. In addition to
eliminating refinancing risks, matching tenors with
assets, and offering fixed rate certainty, bonds offer
certain economic benefits that will depend on the
economic situation (for example, in the high-rate
environment, several previously planned bond take-
out structures became less economically viable and
the sponsor had to refinance through banks instead).
Green bonds, sustainability bonds, and sustainability-

linked loan may help expand investors' pools and/or
optimize financing costs, although more important
benefits are access to broader market segments,
reporting practices discipline, and incentive
alignment; green/sustainability bond or SLLs
economics should not be overestimated - no
guarantees exist for "greenium."” mezzanine financing
and preferred equity may prove effective in case of
restricted senior leverage but sound asset economics;
mezzanine/PE structures may be very cost-effective
in bridge or construction financings, yet less
economical for addressing poor operating results.
blended finance/viability gap financing are especially
important for projects with significant positive
externalities but poor commercial bankability
(adaptation infrastructure, certain emerging market
projects, etc.). Their efficiency depends on additional
funding, crowding-in effect, and full disclosure of
fiscal commitments.

7. Disruption Management: Structuring for
Downside and Recovery
7.1 Construction and Completion Risk

The construction phase is the risk that has
the highest impact for debt investors, occurring
before cash flow is generated [4]. The structural
response is at three levels: contract (EPC with fixed
price, fixed schedule, performance tested, liquidated
damages, performance bonds); financial
(contingency budget of 10-15% of construction cost,
increasing up to 20%+ for offshore wind depending
on supply chain experience); and legal (step-in rights
with cure mechanism for failure of EPC contractor)
[2-4]. In a survey carried out by Global Infrastructure
Hub in 2022, it was observed that 68% of projects
under construction in 2021/2022 experienced cost
increases beyond contingency budget provisions.
Projects such as offshore wind, hydrogen projects,
have been particularly affected, with an average cost
overrun of 22% beyond contingency [11]. This has
been a key factor for @rsted’s write-down of USD 4
billion in 2023 of its US offshore wind projects. Since
2022, supply chain risks are included as a downside
scenario for offshore wind projects, with specific
structural mitigants included.

7.2 Demand and Revenue Risk

The structural toolkit for demand risk
mitigation consists of: availability payments,
minimum revenue guarantees (covering 70-80% of
forecast traffic during ramp-up years), off-take, and
demand smoothing reserves [2, 3]. The IMF [2], states
that contingent fiscal liabilities arise from the use of
demand risk mitigation instruments. "The
commitment by a government to a minimum revenue
guarantee is a contingent expenditure commitment
that should be recorded in national accounts." A
capital-intensive project that is bankable because of
an implicit government guarantee is no more capital
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efficient than a project that is bankable on its own
merits; it is less transparent.

7.3 Climate and Adaptation Risk

Currently, climate-related physical risks are
factored into debt covenants for infrastructure debt
finance and insurance for infrastructure assets that
have a long lifespan. Assab [22], has developed a
framework for pricing loss and damage from climate-
related risks in infrastructure finance. He concludes
that the expected present value of physical climate
damage is factored into debt pricing and covenant
structures for infrastructure finance, utilizing
scenario-based stress testing for debt pricing, based
on the physical pathways for climate-related risks
developed by the IPCC. New loan agreements for
infrastructure projects initiated after 2022 include
climate-related risks, such as climate risk covenants
for physical climate risk assessment, insurance cover
for named climate perils, and adaptation reserve
cover based on scenario risks. The OECD framework
on infrastructure governance indicators [28], has
included climate resilience as a developing
dimension of infrastructure governance, which is
increasingly factored into the regulatory framework
in OECD countries.

7.4 Refinancing Risk and Liquidity Management
Another important credit risk factor that has
come to play in the 2022/2023 interest rate
environment is refinancing risk. The structural
solution to refinancing risk has been found to have
four components: the adoption of a debt repayment
profile that minimises refinancing risk through
amortising debt repayment; the adoption of a DSRA
that covers six months of minimum debt service, with
a range of three to twelve months depending on the
risk profile; refinancing facilities with relationship

banks; and access to bridge-to-bond facilities that
offer access to the bond market on opportunistic
terms. Projects that have adopted all these
components have successfully navigated the interest
rate cycle without any breaches, while projects that
have adopted bullet maturities and refinancing
assumptions have incurred significant restructuring
costs.

7.5 Policy, Regulatory, and Social Licence Risk

The OECD’s approach to measuring
infrastructure governance indicators [28], has
identified that regulatory predictability, the sanctity
of contracts, and the efficiency of dispute resolution
are the three most important drivers for private
infrastructure investment flows for 28 countries
under the OECD. The mitigants for the structural debt
design are tariff re-openers indexed to regulatory
reviews, escrow for disputed revenues, step-in and
cure triggered by regulatory events, and political risk
insurance. Social licence is a key standalone risk for
socially sensitive infrastructures, with debt
structures including budgets for stakeholder
engagement and communities benefiting from the
infrastructure investment as a continuity rather than
discretionary spend [2-28].

8. Illustrative Structuring Cases: Applying the
IFET Framework

The following three cases illustrate how the
IFET framework applies across different risk profiles
and asset types. The cases are based on
representative transaction structures consistent with
published market data and the reviewed literature;
they are not drawn from specific named projects, but
the parameters used are calibrated to actual market
benchmarks documented in the reviewed sources.

Case 1: 200 MW Solar PPA — Contracted Cash Flows, Green Bond Take-Out
Vertex A — Contract Architecture: 20-year PPA with a state utility at a fixed tariff indexed annually to CPI.
Demand risk fully transferred to the offtaker; construction risk borne by the EPC contractor under a fixed-price,
date-certain contract with liquidated damages and a 10% performance bond. No government guarantee required
[3, 4].
Vertex B — Capital Stack: Total construction cost USD 200 million. Capital structure: 70% senior debt (USD 140
million), 30% equity (USD 60 million). Senior debt: 15-year DFI loan at 5.0% fixed and a 7-year mini-perm
commercial bank tranche at SOFR + 200 bps. DSCR target: 1.35x base case, 1.20x downside. Green bond take-out
at COD planned for the DFI tranche [12-16].
Vertex C — Controls: Six-month DSRA funded at financial close. Maintenance reserve sized against inverter and
tracker replacement schedule (~1.5% of construction cost annually from year eight). Interest rate swap fixing
80% of floating tranche at close. DSCR lock-up at 1.15x; default at 1.05x. Step-in rights exercisable after 30 days
of uncured performance breach [5-21].
IFET Outcome: Strong Vertex A (fully contracted, no demand risk) supports maximum senior leverage (70%).
Vertex C controls enable the green bond take-out at COD. Projected WACC: 6.8%; equity IRR: 11.5%.

© 2026: Global Academic Journal’s Research Consortium (GAJRC) 162



Imran Saee Muhammed, Glob Acad ] Econ Buss; Vol-8, Iss-2 (Mar-Apr 2026): 155-165

Case 2: 100 km Toll Road Concession — Demand Risk, Ramp-Up Reserves

Vertex A — Contract Architecture: 30-year concession with annual toll escalation indexed to CPI. Demand risk
retained by investors after year 5; in years 1-5, government provides a minimum revenue guarantee covering
70% of base-case traffic forecast — creating a contingent fiscal liability per IMF [2]. Political risk mitigated
through international arbitration provisions [2, 3].

Vertex B — Capital Stack: Total construction cost USD 1 billion. Capital structure: 65% debt (USD 650 million),
35% equity (USD 350 million) — lower leverage than the solar PPA reflecting retained demand risk. USD 450
million 25-year project bond at 5.5% fixed (issued at COD); USD 200 million 7-year mini-perm bank loan at SOFR
+ 225 bps. DSCR target: 1.40x base case, 1.20x downside [12-21].

Vertex C — Controls: Twelve-month DSRA (versus six months for the solar case) reflecting higher demand risk
and mini-perm refinancing exposure. Traffic smoothing reserve funded from excess revenues. Cash sweep of
75% of excess cash above 1.50x DSCR. Dividend lock-up until DSCR exceeds 1.30x and DSRA is fully funded [5-
21].

IFET Outcome: Vertex A is partially effective — government guarantee mitigates early demand risk but creates
a contingent fiscal liability [2]. Vertex B correctly reflects lower leverage for the higher risk profile. Projected
WACC: 7.4%; equity IRR: 10.5%.

Case 3: Water Utility Expansion — RAB Model, Institutional Debt

Vertex A — Contract Architecture: Private water utility investing USD 500 million in network expansion under
a RAB model. The regulator allows recovery of capital plus a regulated return through consumer tariffs over a
20-year regulatory period. Demand risk is low (water consumption is inelastic); construction risk sits with the
utility but cost overruns reduce returns rather than jeopardising debt service — tariffs will be adjusted in the
next regulatory review [3, 28].

Vertex B — Capital Stack: Capital structure: 80% debt (USD 400 million), 20% equity (USD 100 million) —
highest leverage of the three cases, reflecting lowest demand risk under RAB regulation. 20-year bonds
purchased by pension funds and insurance companies at 4.8% fixed. Equity investors target a 5-6% post-tax
regulated return. DSCR target: 1.10-1.15x [12-21].

Vertex C — Controls: Six-month DSRA. Regulatory performance covenants (leakage rates, water quality
standards) — non-financial performance triggers activating lender remediation rights on breach. Distribution
tests requiring regulatory performance compliance before dividend payment [5-28].

IFET Outcome: Strong Vertex A (RAB model transfers demand risk to consumers) supports the highest leverage
(80%) and lowest DSCR (1.10-1.15x) of the three cases. Projected WACC: 5.6%; equity IRR: 5.5% (regulated
return). Highest capital efficiency per unit of equity of the three cases.

9. A Practical Roadmap for Sponsors, Lenders,
and Public Agencies

The IFET framework translates into a seven-
step structuring process applicable across
infrastructure sectors and jurisdictions. The steps are

sequenced to ensure downstream choices are
grounded in upstream decisions — capital stack
composition (Step 4) is only meaningful once the risk
profile (Steps 1-2) and cash-flow design (Step 3) are
defined [2-21].

Seven-Step IFET Implementation Roadmap

1. Define Service and Continuity Targets. Quantify the infrastructure service requirement — availability targets
(e.g., 97% uptime for a power plant), throughput per annum, and maximum tolerable outage duration. These
targets determine the asset specification, maintenance regime, revenue model, and reserve sizing [32].

2. Map and Allocate Risks Transparently. Allocate each material risk to the party best positioned to manage it:
construction risk to the EPC contractor; demand risk to the public authority or creditworthy off-taker; operating
risk to the incentivised O&M provider; regulatory risk through contract indexation; political risk through MDB
guarantees or political risk insurance. Ensure all contingent liabilities are explicitly disclosed — opacity creates
the fiscal illusions documented by IMF [2].

3. Design the Cash-Flow Waterfall. Structure the waterfall with O&M costs and lifecycle maintenance reserve
contributions above the debt service line, and equity distribution below DSCR compliance. Size the DSRA at a
minimum of six months of senior debt service (twelve months for high demand-risk or mini-perm structures).
Size the maintenance reserve against the independent engineer's lifecycle schedule [5-32].

4. Select and Size the Capital Stack. Size senior debt to achieve a minimum downside-case DSCR of 1.20x and an
LLCR of 1.30-1.50x. Target senior leverage of 65-75% for contracted/regulated assets (Cases 1 and 3) and 50-
65% for merchant/demand-risk assets (Case 2). Consider mezzanine only if it enables completion or prevents
equity dilution at a construction-risk discount. Apply blended finance where externalities justify concessional
support and fiscal transparency is maintained [2-21].
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5. Add Controls and Hedges. Implement the full IFET control package: DSCR covenant triggers at 1.15x (lock-up)
and 1.05x (default); six-month DSRA (or twelve months where warranted); lifecycle maintenance reserve; cash
sweep of 75%+ above 1.50x DSCR; dividend lock-up until compliance; interest rate hedging covering 75-100%
of floating exposure for years one to ten; currency hedging where revenue and debt denominations differ [5-21].
6. Match the Investor Channel to the Cash-Flow Profile. Construction phase: bank club loan for flexibility.
Operating phase: project bond or infrastructure debt fund placement for duration and fixed-rate cost certainty.
ESG-eligible assets: green bond or sustainability-linked loan. Emerging market assets with policy risk: DFI-
supported or MDB-enhanced structure. Complex multi-tranche capital stacks: debt fund for covenant flexibility
[12-30].

7. Monitor, Report, and Adapt. Implement quarterly covenant monitoring (DSCR, DSRA balance, maintenance
reserve balance), annual independent engineer review, and TCFD-aligned climate risk assessment for long-tenor
assets. Use scenario analysis — rate, demand, construction cost, and climate scenarios — as early warning
instruments, and engage lenders proactively when any scenario approaches a covenant threshold. Prepare for

refinancing at least eighteen months ahead of maturity [22-28].

10. CONCLUSION

This paper has demonstrated that capital
efficiency in large-scale infrastructure finance is a
structural concept, not a financial ratio calculated in
isolation. The concept of the Infrastructure Finance
Efficiency Triangle (IFET) has been introduced as a
decision tool for the co-design of contract
architecture, capital stack, and structural control
design. The evidence base for the period 2020-2025
has been used to draw three key conclusions. Firstly,
the allocation of risk at the contract level is the key
determinant of finance cost. Projects with strong
design support at the Vertex A level achieve 65-75%
senior debt at a DSCR range of 1.30-1.50%, whilst
projects where these risks are managed require only
50-55% debt at a DSCR range of 1.50-1.80x [2-4].
Secondly, structural control is an important concept
for capital efficiency: a comprehensive solution at the
Vertex C level reduces the risk premium required by
senior debt providers, thus unlocking higher debt at
a lower spread. Projects with lifecycle reserve
accounts achieve a 23% reduction in the probability
of non-payment of availability payments and a 31%
reduction in the probability of technical default
compared with projects without these accounts [32].
Third, sustainable debt instruments and blended
finance truly add value if information, investor base,
and incentives are improved, but this necessitates
effective governance and financial transparency so as
not to fall into the risks of greenwashing and financial
illusion, as the literature has shown [2-17]. In
summary, the three illustrative examples show how
the IFET framework results in structurally different
and appropriate capital structures for different risk
profiles: 80% leverage at 1.10x DSCR for the RAB-
regulated water utility, 70% leverage at 1.35x DSCR
for the fully contracted solar PPA, and 65% leverage
at 1.40x DSCR for the demand-risk toll road
concession. These differences are the result of the
disciplined application of the IFET triangle to each
project's risk profile [2-21]. For project sponsors,
lenders, and governments, the key takeaway is that
the efficiency frontier of infrastructure finance lies
not with the amount of capital raised but with the

discipline of its structural design, with effective risk
allocation, capital structure, and control mechanisms
aligned across the full project lifecycle. With the IEA
estimating a clean energy investment gap of USD 1
trillion annually between now and 2030 relative to a
net-zero pathway [31], the quality of infrastructure
finance structuring will be at least as important as the
quantity of capital raised. The IFET framework offers
a practical and evidence-based starting point for
improving this quality.
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