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Matching the huge demand for capital in-
vestment in infrastructure projects around 
the world with the available supply of 
long-term funds by institutional investors 
-- be they pension funds, insurers or sove-
reign wealth funds -- has never been so 
high on the international policy agenda. 
This policy momentum, illustrated by the 
recent focus on long-term investment in 
infrastructure by the G20, coincides with 
the steadily growing investment appetite 
from institutional investors for unlisted 
and illiquid assets. 

However, solid evidence supporting the 
infrastructure investment narrative is 
still missing, and full-fledged investment 
solutions demonstrating the benefits of 
infrastructure investment for institutio-
nal investors remain elusive. Today, docu-
menting the investment characteristics 
of long-term investment in infrastructure 
has become a pressing question.

In this paper, we discuss the need and pro-
pose an approach to benchmark long-term 
investments in infrastructure, where long-
term investment simply refers to any un-
listed and illiquid asset.

We first highlight the reasons why bench-
marking long-term infrastructure invest-
ments has become a sine qua non to match 
the supply and demand of long-term capi-
tal, improve asset allocation outcomes for 
investors and support the development of 
the economy.

We propose a roadmap detailing the steps 
to create benchmarks of long-term infras-
tructure investments. Drawing on recent 
research,1 we also discuss how this road-
map can be implemented.

The need to inform asset allocation deci-
sions and to adapt regulation
Asset allocations to long-term investments 
in infrastructure require a/ that investors 
know what risk and performance to expect 
over time and in different economic envi-
ronments and b/ that regulators unders-
tand what risks investors are taking.

As a consequence, benchmarking the ex-
pected behaviour of long-term infras-
tructure investments is necessary to allow 
investors to fully integrate infrastructure 
investment into their asset-liability mana-
gement exercises, as well as to calibrate 
the risk-based regulatory frameworks that 
make these investments possible (or not) 
in the first place. The information created 
with such benchmarks will be instrumental 
to match the supply and demand of long-
term capital.

Substantial investment in infrastructure 
by long-term investors cannot take place 
without adequate measures of expected 
performance and risk. However, market 
mechanisms have so far failed to create the 
information necessary for the supply and 
demand of long-term investment to meet 
on a significant scale.

Today, asset allocation to long-term infras-
tructure investments remains a puzzle. 
Indeed, while they can a priori be expected 
to deliver improved diversification, better 
liability hedging and less volatile valua-
tions than capital market instruments, in-
vestment solutions that can demonstrably 
give access to this 'investment narrative' 
have remained few and far between.

Quantitative analysis remains necessary to 
help answer investors' most basic and pres-
sing question: is investing in illiquid infras-

Executive Summary

1 In 2012, EDHEC-Risk Institute created a thematic research program on infrastructure investment and esta-
blished a Research Chair dedicated to infrastructure debt investment with the support of NATIXIS. In 2013, a 
second Research Chair focusing on the characteristics of unlisted infrastructure equity was created with the 
support of Meridiam Infrastructure & Campbell Lutyens.
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tructure assets really relevant as an asset 
allocation decision?

Likewise, regulators require empirical evi-
dence before they can consider adapting 
the risk-weights that are currently appli-
cable to long-term investment in infras-
tructure.2

A double challenge: data collection and 
asset pricing
The nature of long-term investment in in-
frastructure makes the creation of invest-
ment benchmarks very challenging: ex-
tensive data collection, while absolutely 
necessary, will not be sufficient to create 
the necessary benchmarks.

First, limited cash flow data are available. 
They are scattered amongst numerous pri-
vate investors and lenders, and little or no 
effort has been made to construct a data-
base of these cash flows. Today, this data-
base must be built, and this is one of the 
steps on our proposed roadmap.

Nevertheless, even with such a database, 
empirical observations about infrastruc-
ture equity and debt cash flows will remain 
truncated in time and limited in the cross-
section. Infrastructure cash flow time series 
are incomplete: by definition, the immense 
majority of infrastructure projects current-
ly investable are far from having reached 
the end of their lives. Hence, most of these 
cash flows remain in the future for which 
very little, if any, comparable investments 
currently exist.

Indeed, in the cross section, the type of 
infrastructure projects that have been 
financed over the past few decades has 
evolved and is not necessarily representa-
tive of investment opportunities today.

The second challenge is the (almost) com-
plete absence of market valuation for 
projects that are invested at one point in 
time and are then held to maturity. While 
unlisted infrastructure project equity may 
be traded in secondary markets, this is rare 
and very few transactions exist. The same 
is even more true for infrastructure project 
debt.

In the majority of cases, the only obser-
vable price information is the initial equity 
investment and debt originated at the be-
ginning of infrastructure investment pro-
jects, given a cash flow forecast or "base 
case". We may also observe updated cash 
flow forecasts spanning the remaining life 
of each investment. Finally, we can observe 
realised cash flows and cash flow ratios, 
but not the for the entire life of individual 
projects.

In other words, the challenge is to estimate 
the performance of an asset that is lumpy, 
held to maturity, for which most cash flows 
remain to be observed, with limited granu-
larity in the cross-section, with (almost) no 
market prices.

The roadmap that we propose addresses 
the paucity of available data and aims to 
document the performance and risks of 
long-term investment in infrastructure in 
terms that are relevant to investors and 
regulators.

The roadmap: eight steps towards long-
term institutional investment in infras-
tructure
Our roadmap requires a two-level approach, 
starting with understanding financial 
assets, before documenting the behaviour 
of different portfolios built with such 
instruments.

Executive Summary

2 The recent debate around Solvency-II and long-term investment led to an impasse for lack of sufficent 
empirical evidence.
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At the financial asset level, five steps are 
necessary to clarify and document the per-
formance of unlisted infrastructure equity 
and debt:

1. Define your terms: Today infrastructure 
investment is ill-defined. The first step of 
our roadmap is the to agree on unambi-
guous definitions of what financial instru-
ments long-term investment in infrastruc-
ture refers to.

2. Design adequate valuation and risk 
measurement methodologies: With clear 
and consensual definitions of underlying 
instruments, adequate valuation and risk 
measurement methodologies can be deve-
loped that take into account the infrequent 
trading of most underlying infrastructure 
equity and debt. The proposed methodolo-
gies should also lead to the definition of 
the minimum data requirement (MDR), ne-
cessary to derive the required performance 
and and risk estimates.

3. Determine the data collection require-
ments: While ensuring theoretical robust-
ness is paramount to the reliability of per-
formance measurement, a trade-off exists 
with the requirement to collect real world 
data from market participants, in order to 
keep this process realistic and affordable.

The determination of a parsimonious data-
set for asset pricing will also inform the 
standardisation of a new investment data 
collection and reporting framework.

4. Standardise performance reporting: 
The standardisation of infrastructure 
investment data collection will allow the 
emergence of an industry-wide reporting 
standard. This reporting standard can 
increase transparency between investors 
and managers, maximise industry 
participation and reduce the cost of 
compliance.

5. Create a database of infrastructure equi-
ty and debt cash flows: With the identifi-
cation of the required data and a standar-
dised reporting/data collection template, 
a database of infrastructure project cash 
flows can be built to apply the methodo-
logies mentioned above, and it can be ma-
naged by an independent organisation to 
address potential conflict of interests.

At the portfolio level, three more steps are 
necessary to arrive at useful long-term in-
vestment benchmarks in infrastructure:

6. Identify building blocks: A number 
of risk factors can be expected to 
systematically explain investment 
performance in infrastructure projects. 
Once the most homogenous sub-groups 
of individual infrastructure finance equity 
and debt instruments have been identified 
(e.g. greenfield vs. brownfield), relevant 
investment strategies using these building 
blocks can de designed. 

The statistical validation of these insights 
is a key step on the roadmap towards in-
frastructure investment benchmarks, and 
will ensure that individual building blocks 
exhibit low levels of correlation between 
themselves.

7. Define relevant investment strategies: 
As long-term illiquid assets, a basket 
of infrastructure projects is not easily 
or instantly investable. However, the 
building blocks discussed above can be 
used independently or combined to guide 
different investment strategies with 
regard to long-term infrastructure and 
that can help achieve investors’ long-term 
objectives.

8. Investment benchmarks: These strate-
gies can be used as benchmarks to assist in 
investment decision making, performance 
and risk measurement. Using historical 

Executive Summary
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data, the correlation of each strategy’s 
performance with other asset classes (e.g. 
corporate debt, public or private equity 
etc.) can be measured and, with continued 
data collection it can be estimated with 
increased accuracy.

The role of infrastructure project finance
To achieve the first objective on the road-
map (to define the underlying assets), we 
argue that the financial instruments consi-
dered adequate should meet three criteria:

that such financial assets have a different 
investment profile than existing partitions 
of the investment set i.e. corporate bonds, 
private equity, etc.

-
tities to be relevant at the strategic asset 
allocation level for a typical investor. 

portfolios of sufficient granularity to 
achieve a sufficient degree of diversifica-
tion and to converge towards an average 
effect (the benchmark).

Today, project finance debt and equity 
are the main types of financial assets that 
meet all three criteria and can serve as the 
reference instruments for the construction 
of infrastructure investment benchmarks. 
Indeed:

alone infrastructure projects was created 
using project finance (USD3.3 trillion of 
financing closed over the past 15 years).

-
nationally recognised and uncontroversial 
definition in the Basel-II Capital Accord.

-
nance, it can be expected to have a unique 
risk/return profile and thus to contribute 

positively to long-term investors’ portfolio 
choices.

Valuation and risk measures
The second step of the roadmap requires 
the creation of asset pricing methodologies 
that can address one of the fundamental 
difficulties of investing in highly illiquid 
assets: the absence of a large number of 
trades or of publicly available cash flow 
data.

In the last part of this position paper, we 
present some of the results of two forth-
coming papers addressing, respectively, the 
valuation of infrastructure project finance 
equity and debt.

We highlight the fact that even if all exis-
ting empirical data were aggregated, va-
luing long-term infrastructure debt and 
equity would still have to rely on cash flow 
models because a significant part of rele-
vant and comparable cash flows still lie in 
the future. We suggest the use of Bayesian 
inference to build cash flow models that 
can be updated as new information be-
comes available.

The documentation of infrastructure cash 
flow dynamics requires a quasi-forensic 
effort to identify generic project financing 
structures and calibrate the relevant cash 
flow models. Once cash flow dynamics are 
understood, to the best of our current em-
pirical knowledge, valuation and perfor-
mance measurement can take place.

Our proposed approach takes advantage of the 
fact that project finance is well-documented 
at the time of investment, which makes it pos-
sible to group infrastructure investments into 
categories that are expected to correspond to 
homogenous cash flow processes.

In two forthcoming papers (Blanc-Brude 
and Ismail 2014; Blanc-Brude, Hasan, and 
Ismail 2014), we argue that by partitioning 

Executive Summary
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the investable universe of infrastructure 
projects with tractable cash flow models 
characterised by well-documented para-
meters – such as initial leverage, amorti-
sation profile, and typical average debt 
service cover ratio throughout the project 
lifecycle – we can apply Bayesian tech-
niques and elicit the prior distribution of 
a stochastic cash flow process that can 
subsequently be updated with empirical 
observations as they become available.

Thus, using a minimal amount of input 
data i.e. observing initial investment va-
lues, base case and revised equity cash flow 
forecasts even for a limited number of pro-
jects (per generic type), as well as actual 
dividend payouts even with truncated time 
series, we can derive full time series of dis-
count rates.

Likewise the performance of infrastructure 
project finance debt should be properly 
modelled and measured by taking into ac-
count the endogenous nature of credit risk 
in project finance, that is, the active role 
played by lenders across the lives of these 
instruments to maximise recovery rates 
and indeed returns per unit of risk taken.

Using these approaches to infrastructure 
equity and debt valuation, we can compute 
asset values, period rates of return, yield 
to maturity and a series of risk measures 
including expected loss, effective duration, 
value-at-risk, conditional value-at-risk for 
individual instruments and portfolios of 
equity and debt in infrastructure projects.

These results remain conditional on 
information available today, and on 
the initial segmentation of the unlisted 
infrastructure project equity universe 
into generic project types, each of which 
represents a single underlying cash flow 
process. 

Still, we show that it is possible to build 
performance measures that can inform 
portfolio construction and, eventually, as-
set allocation, for highly illiquid and sel-
dom traded instruments.

We also find that model calibration using 
even limited datasets leads to substantial 
variance reduction of the parameter esti-
mates.

In other words, the learning potential from 
a database of project cash flows combined 
with Bayesian methods is rapid and signi-
ficant even with initially small samples. 
Hence, more precise risk and performance 
measures are already achievable.

Crucially, this approach is completely trans-
parent. This methodology is not a black 
box. It uses well-documented assump-
tions about generic infrastructure project 
structures that can be refined to reflect an 
industry consensus. Furthermore, Bayesian 
models mostly involve simple algebra and 
calculus. 

Next steps
Thus, despite the absence of large or even 
complete datasets, the benchmarking of 
long-term investment in infrastructure can 
be achieved in a manner that is both useful 
and relevant to asset allocation decisions 
and the calibration of prudential regula-
tory frameworks. Our use of the prism of 
project finance to model and measure the 
volatility of underlying cash flows is ins-
trumental in this respect. 

Since project finance corresponds to a well 
defined category of financial instruments 
with unique characteristics, as well as the 
largest and most representative pool of in-
frastructure financing instruments, project 
finance debt and equity are well suited to 
be reference instruments for the construc-
tion of long-term infrastructure invest-
ment benchmarks.

Executive Summary
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EDHEC-Risk Institute’s effort to implement 
this roadmap continues with the standar-
disation of data collection and reporting of 
infrastructure investment cash flow data 
and performance, and the development of 
the first global database of project finance 
equity and debt cash flows.

Implementing our proposed roadmap 
will make it possible to create and pro-
duce long-term infrastructure investment 
benchmarks, and to calibrate the relevant 
prudential regulatory frameworks.

Executive Summary
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Matching the huge demand for capital 
in infrastructure projects around the 
world with the available supply of long-
term funds by institutional investors, be 
they pension funds, insurers or sovereign 
wealth funds, has never been so high 
on the international policy agenda. This 
policy momentum, illustrated by the 
recent focus on long-term investment in 
infrastructure by the G20, coincides with 
the steadily growing investment appetite 
from the same investors for unlisted 
and illiquid assets. However, full-fledged 
investment solutions demonstrating the 
benefits of long infrastructure investment 
for institutional investors remain elusive. 
Documenting the characteristics of long-
term investment in infrastructure has 
become a pressing question. 

In this paper, we discuss the need to 
benchmark long-term investments in 
infrastructure, where long-term investment 
refers to any unlisted and illiquid asset. 
Indeed, while investment solutions may 
be created that offer investors greater 
liquidity, at the underlying level, most 
investable infrastructure remain unlisted 
and highly illiquid.

We argue that asset allocations to long-
term investments in infrastructure require 
a/ that investors know what risk and 
performance to expect over time and in 
different economic environments and 
b/ that regulators understand what risks 
investors are taking. 

As a consequence, benchmarking the 
expected behaviour of long-term 
infrastructure investments is necessary to 
allow investors to fully integrate long-term 
infrastructure investment into their asset-
liability management exercises, as well 
as to calibrate the risk-based regulatory 
frameworks that make these investments 
possible (or not) in the first place. The 
information created with such benchmarks 
will be instrumental to match the supply 
and demand of long-term capital.

The need for benchmarks of long-term 
investment in infrastructure may seem 
incongruous at first. After all, infrastructure 
projects are lumpy and highly idiosyncratic 
endeavours. If every project is different, 
what can we learn from a benchmark?

However, in modern finance, asset allocation 
is not about picking individual investments, 
but instead focuses on investing in groups 
of reasonably homogenous assets giving 
access to remunerated risk factors. The 
performance of each of these groups can 
be evidenced by a benchmark.

Long-term investment in infrastructure 
assets is related to a broader trend 
amongst institutional investors to improve 
portfolio diversification or seek higher 
returns through alternative investments, 
to invest increasingly outside of public 
capital markets, to find sufficiently 
long-dated instruments with a more 
attractive performance than government 
bonds, and to invest in inflation-linked 
securities other than low-yielding Treasury 
Inflation Protected Securities (TIPS). One 
of the salient feature of these emerging 
investment choices is the decision to buy 
assets that are infrequently traded and to 
hold them until maturity.

In the absence of investment benchmarks, 
the growing interest of investors 
for infrastructure investment has 
been motivated by what we call the 
“infrastructure investment narrative” (see 
Blanc-Brude 2013), that is, the notion that 
infrastructure projects uniquely combine 
the following characteristics:

service, hence low correlation with the 
business cycle

hence an inflation hedge

flow

Section 1: Introduction
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Section 1: Introduction

available over long periods

assets

That is, investing in infrastructure implies:

inflation protection

instruments

Of course, this narrative is also a model i.e. 
it describes the expected characteristics 
of the average infrastructure project. 
Individual projects in specific jurisdictions, 
relying on one or other form of contractual 
or regulatory arrangement, may only have 
some or none of the above characteristics.

Hence, this narrative is a form of 
“benchmark”, albeit one that does not rely 
on any empirical observations, but on which 
investors currently considering investing 
in infrastructure must nevertheless rely 
to form their expectations and make 
allocation decisions.

Today, a quantitative analysis of the above 
narrative is necessary to help answer 
investors’ most basic and pressing question: 
is investing in illiquid infrastructure assets 
really relevant as an asset allocation 
decision? 

In the rest of this paper, we discuss a way 
forward to answer this question, highlight 
recent advances in the area of valuation 
and risk measurement for unlisted 
infrastructure and debt investments, as 
well as ongoing data collection efforts.

In the next section, we first discuss why 
creating long-term investment benchmarks 
in infrastructure would help address two 
important sets of issues: first, the need for 
measures of expected performance and 
risk for the purpose of asset allocation 
and prudential regulation, and, second, 
the inability of the market to create this 
information, and the role of independent 

research to help address this market failure.

Section 3, proposes a roadmap highlighting 
the necessary steps towards adequate 
and proper benchmarking of long-term 
investments in infrastructure equity and 
debt. At the underlying level, it involves the 
definition of relevant financial instruments, 
adequate valuation and risk measurement 
methods and the identification of a 
realistic and efficient data collection 
template. At the portfolio level, it requires 
identifying homogenous “building blocks” 
of infrastructure debt or equity, designing 
strategies using these blocks (portfolio 
construction) and comparing their 
performance with other assets.

Following the first step on our 
roadmap, section 4 proposes a clear 
and uncontroversial, albeit restrictive, 
definition of the financial instruments 
found in infrastructure projects and based 
on the Basel-II definition of infrastructure 
project financing.

Next, section 5, discusses the current 
state of empirical knowledge about 
infrastructure project cash flows as well 
as the approach taken in two forthcoming 
papers to measure value, returns and risks 
in, respectively, infrastructure project 
equity and debt.

Section 6 concludes and highlights ongoing 
and future work by EDHEC-Risk Institute 
towards the creation of benchmarks for 
long-term investors in infrastructure.
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2 Why benchmark unlisted infrastructure 
investments?

2.1 Informing asset allocation decisions
Long-term investors need benchmarks to 
make strategic asset allocation decisions 
which, as is well documented in the academ-
ic literature, explain most of the outcome of 
the investment process. Investing in illiquid 
infrastructure assets is a long-term alloca-
tion decision and thus requires having a view 
of expected performance3 over time and 
economic conditions. This view necessarily is 
a statistical construct of the distribution of 
possible outcomes at different horizons i.e. a 
benchmark.

Thus, a key question is to know if the ex-
pected performance a given basket of infra-
structure project debt or equity can add val-
ue to an investor’s existing asset allocation, 
including on the liability management side, 
and what are the factors that systematically 
explain this performance. A related question 
is to know how large such a basket has to 
be to yield this average or expected perfor-
mance given that individual assets can be 
lumpy, and that achieving substantial diver-
sification of idiosyncratic risks may require 
very large portfolios.

Long-term investors also need long-term 
infrastructure investment benchmarks to 
choose and monitor the performance of spe-
cialist asset managers, or of their own direct 
investment program. Without the constant 
feedback of market prices, long-term invest-
ment increases information asymmetry be-
tween investors and their managers, as well 
as investors’ corollary demand for monitor-
ing and reporting. The relative added-value 

of unlisted infrastructure investments to as-
set allocation policies cannot be adequately 
monitored without a performance measure-
ment tool i.e. a benchmark.

Finally, long-term infrastructure investments 
can potentially play different roles in perfor-
mance-seeking or liability-hedging portfoli-
os, and investors need long-term investment 
benchmarks to identify the most relevant 
strategies using infrastructure debt or equity 
as underlying instruments, given their own 
asset and liability management objectives 
and constraints.

2.2 Adapting prudential regulation
However, the opportunity for long-term inves-
tors to allocate funds to infrastructure is also 
conditioned by the adequacy of the pruden-
tial regulation framework which determines 
their ultimate costs of investment. Designing 
an adequate risk-based prudential framework 
requires accurate risk measures which do not 
distort investment decisions beyond the objec-
tive of creating the necessary risk buffers.

For example, the Solvency-II framework ap-
proaches the calculation of solvency capital 
requirements using building blocks represent-
ing a set of risk modules and submodules, the 
linear combination of which is known as the 
Standard Formula. By focusing on broad cat-
egories of risk factors, the Standard Formula 
implicitly addresses the strategic asset alloca-
tion of a typical insurer.4 

Thus, revising the Solvency-2 Standard For-
mula to accommodate long-term investment 
in infrastructure, as was recently discussed,5  
first requires the demonstration that such in-
vestments are relevant as a matter of strategic 
asset allocation for insurers.6 

Section 2: Why benchmark unlisted infrastructure?

3 We use the term “performance” to refer to risk-adjusted returns.

4 If they feel that the proposed risk modules and their calibration do not represent their individual situation, 
insurers have the choice of proposing their own risk model. The Standard Formula is thus meant to embody the 
average case.

5 See Blanc-Brude and Ismail (2013a) for our contribution to this debate.

6 This point is implicit in other parts of the Solvency-2 framework. For example, calibrating the “Global Equities” 
submodule based on the MSCI World Developed Price Equity Index assumes that, in terms of equity risk, a typical 
insurer is exposed to a market-cap weighted measure like the MSCI World. The use of the Standard Formula 
implies that such benchmarks are a sufficient approximation of the risk taken by a typical insurer.
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Section 2: Why benchmark unlisted infrastructure?

Without benchmarks however, the risks in-
herent in long-term investment are not 
properly documented and their prudential 
treatment defaults to the most conservative 
stance. 

Inadequate performance measurement leads 
to a regulatory dead-end: faced with un-
known quantities, prudential regulation pe-
nalises long-term unlisted bets, effectively 
making long-term investment in infrastruc-
ture prohibitively expensive.

Instead, creating and calibrating adequate 
risk measures for typical or ad hoc exposures 
to long-term infrastructure investments 
would permit adapting existing prudential 
frameworks and internal models to avoid 
distorting asset allocation policies to long-
term investments beyond what actual risk 
levels require. 

Such improvements of the prudential regu-
latory framework are relevant to most mar-
ket participants, including:

Lenders:

1. Regulated banks: Infrastructure debt 
benchmarks will allow better design and 
calibration of the risk weights for individ-
ual and portfolios of infrastructure project 
finance loans in the context of the current 
implementation of Basel-III.

2. Shadow banks: Infrastructure debt credit 
risk benchmarks may also be used to regu-
late investment funds or other non-bank 
entities originating infrastructure debt. The 
debate about the regulation of closed-ended 
debt funds typically revolves around impos-
ing fund leverage and diversification con-
straints. 

Thus, the relevant benchmarks can be can 
be used to asses the risks of long-term debt 
funds investing in infrastructure debt.

Long-term investors:

1. Insurers: Benchmarking is necessary to 
calibrate the impact of infrastructure credit 
spread and equity shocks, or, alternatively, to 
design a dedicated “infrastructure project fi-
nance” risk module. Building on the current 
debate about Solvency-II and its treatment 
of long-term investments, adequate risk-

modules may be designed and calibrated. 
Beyond the so-called standard formula, in-
ternal models require similar risk measures 
and would benefit from a dedicated infra-
structure benchmark.

2. Pension funds: Likewise, pension funds 
that are required to fulfil risk-based capi-
tal requirements will benefit from improved 
measures of the risks found in long-term in-
frastructure investments.

Solution providers:

1. Alternative asset managers: Infrastruc-
ture debt and equity benchmarks also allow 
the calibration of risk-based capital require-
ments for fund management companies 
(FMCs). Adequate methodologies for infra-
structure asset valuation and risk measure-
ment, standardisation of data collection and 
performance reporting, will also better de-
fine business conduct requirements for FMCs 
involved in infrastructure investing.

2. Collective investment schemes (CIS): CISs 
offering access to infrastructure-related 
products would benefit from dedicated 
valuation methodologies and standardised 
data reporting framework designed for the 
purpose of benchmarking the performance 
of infrastructure investments. CIS also fre-
quently have risk limits, thus better bench-
marking can help them measure manage risk 
exposures; and in jurisdictions where CIS op-
erators are required to hold risk-base capital, 
calibration needs also exist.

With the creation of benchmarks of long-
term infrastructure equity and debt invest-
ment, better measures of performance, risk 
and duration can be available, as well as 
the calculation of the most adequate risk-
weights. This would significantly improve 
origination conditions, investment solution 
design, prudential regulation and asset al-
location decisions.

2.3 Correcting a market failure
While achieving substantial investment in 
infrastructure by long-term investors is thus 
difficult to imagine without the creation 
of adequate measures of expected perfor-
mance and risk, market mechanisms have so 
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far failed to create the information neces-
sary for the supply and demand of long-term 
investment to meet. Today, asset allocation 
to long-term infrastructure investments re-
mains a puzzle.

For instance, capturing the performance of 
infrastructure equity has not proven straight-
forward for investors. So far, exposure to in-
frastructure equity has been mostly limited 
to two routes: the so-called listed infrastruc-
ture and unlisted private equity funds or 
“infrastructure funds”, the immense major-
ity of which are clones of private equity (PE) 
funds with similar investment timeframes, 
fee structures and use of fund-level leverage.

As we argue in Blanc-Brude (2013) following 
a comprehensive review of existing research 
on the subject, as well as our own research 
using updated datasets, neither listed or un-
listed infrastructure equity products have de-
livered the suggested “investment narrative” 
that we discussed in our introduction.

Listed infrastructure indices amount to cap-
weighted baskets of stocks selected mostly 
on the basis of their industrial categorisation 
(utilities, airpots, energy, etc.) Because utili-
ties tend to be very large, such “strategies” 
lead to over-concentration as measured by 
the effective number of stocks.7

And while infrastructure PE funds can be 
distinguished from other PE funds by their 
larger size and the slightly longer period dur-
ing which these “infrastructure funds” hold 
their assets, it is at best a diversifier of the 
PE space, but not something fundamentally 
different. It is neither about getting exposure 
to long-term stable cash flows, or an inflation 
hedge, but only, in the best cases, a profitable 
exit in the medium term. Table 1 summarises 
the findings of the existing literature.

The disconnect between the investment nar-
rative – a series of intuitions drawn from eco-
nomics – and the observed performance of 
available investment products, springs from a 
lack of clarity about what is meant by “infra-
structure” in the first place. 

The definition of the underlying often re-
mains vague and is driven by considerations 
about “real” assets and a number of assump-
tions about the characteristics of firms in cer-
tain sectors. Hence, the infrastructure sector 
is often described using a series of industrial 
classifications such as utilities, transport, en-
ergy, water, public buildings &c.

Perhaps unsurprisingly, without a clear defi-
nition of what infrastructure is understood to 
be from a financial perspective, no clear pic-
ture emerges from the evidence on the per-

Section 2: Why benchmark unlisted infrastructure?

Table 1: Recent research findings on the performance of "infrastructure" equity

Source: Newell and Peng (2007, 2008); Sawant (2010); Rothballer and Kaserer (2012); Bitsch et al. 
(2010); Weber and Alfen (2010); Bird et al. (2012); Blanc-Brude (2013)

Expected behaviour Listed infastructure indices Unlisted infrastructure PE funds

Low risk No No

Low correlation with the 
business cycle No No

Long-term No Exits after 5 to 7 years

Excess returns No Yes, with fund level leverage

Limited drawdown No No (impact of the credit cycle)

Inflation protection No No

7 The effective number of constituents of portfolio of N constituents is the inverse of the Herfindahl-Hirschman 
Index, which measures the concentration of the portfolio on a scale from 1/N to 1. When a portfolio is equally 
allocated to its N constituents, its effective number of constituents is equal to N, its nominal number of 
constituents. As concentration rises, the effective number of constituents tends towards unity (see Amenc, Goltz, 
and Lodh 2012).
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formance of existing infrastructure-related 
products. These strategies are not driven by 
well-identified mechanisms at the underly-
ing level, which could be expected to corre-
spond to remunerated risk factors. They are 
simply ad hoc asset selection schemes in the 
listed and unlisted spaces.

The significant lack of knowledge about the 
expected behaviour of infrastructure debt 
and equity and the various portfolios that 
can be built using them makes understanding 
infrastructure investment from a strategic as-
set allocation standpoint virtually impossible.

Documenting expected returns, risk measures 
and correlations (i.e. the necessary ingredi-
ents to take a view on long-term investing in 
infrastructure) can only be achieved with a 
clear and well-accepted definition of under-
lying instruments, and a transparent proposal 
about the investment strategy, including its 
diversification and leverage.

This lack of knowledge about the performance 
of infrastructure assets is, of course, not new, 
but as long as the decision to invest in long-
term unlisted assets was at best a subplot of 
the (relatively small) alternative investment 
allocations made by large institutional inves-
tors, this was unproblematic.

However, as soon as investors consider mak-
ing substantial allocations to infrastructure 
investment, ranging from several percentage 
points to almost a fifth of their assets in some 
cases, the absence of better knowledge about 
long-term unlisted investments such as infra-
structure becomes a significant impediment 
to new investments. 

This partly explains why investors have re-
mained mostly unable to make greater forays 
into the infrastructure sector.8

In the future, meeting investors’ and regula-
tors’ need for better information of the per-
formance of infrastructure assets and invest-
ment strategies will determine the extent to 
which long-term investment in infrastructure 
can take place.

Unfortunately, today this information re-
mains unavailable. Beyond the question of 
defining infrastructure investment discussed 
above, typical reporting by infrastructure PE 
funds does not improve the quality or rel-
evance of the information available to in-
vestors: existing research on PE performance 
overwhelmingly concludes that the self-re-
ported net asset values (NAV), internal rates 
of return (IRR) and investment multiples re-
ported by PE managers are both inaccurate 
and inadequate.

Inaccuracy springs from the tendency of 
PE managers to report their performance 
opportunistically. For example, Jenkinson, 
Sousa, and Stucke (2013) look at the quar-
terly valuation history of 761 PE funds in-
vested by CalPERS and find that PE manag-
ers tend to report conservative valuations 
hence smoothing returns, except when they 
are audited (fourth quarter “Santa effect”) 
and when they are raising a follow-on fund, 
in which case reported valuations soar for a 
few quarters before returning to their pre-
fund raising levels. 

Other papers arrive at similar conclusions. 
The inadequacy of reported performance 
is a function of the choice of performance 
measures. In their comprehensive critique of 
the performance monitoring of typical pri-
vate equity funds, Phalippou and Gottschalg 
(2009) show that pooling individual IRRs 
creates misleading results because IRRs can-
not be averaged. 

The authors also find a large negative corre-
lation between duration and performance in 
private equity funds, which, combined with 
the incentive to time cash flows strategically, 
tends to create an upward bias in reported 
performance as well as incentives to exit in-
vestments quickly. 

Likewise, Jenkinson, Sousa, and Stucke (2013) 
find that current reported IRRs are poor pre-
dictors of the ultimate returns of PE funds.

In a nutshell, current reporting in the long-
term investment space is grossly inadequate 

Section 2: Why benchmark unlisted infrastructure?

8 e.g. Australia may be a pioneering market for infrastructure investment but Australian super funds only invest 
3% of their assets in infrastructure.
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for the purpose of asset allocation. With un-
satisfactory performance measurement and 
monitoring by PE managers, a number of 
large institutional investors have ceased to 
delegate their investments in unlisted firms 
and have instead internalised the functions 
of acquiring and managing infrequently 
traded assets such as infrastructure.9 

This trend towards direct investment in il-
liquid assets is most developed amongst Ca-
nadian pension funds, a few large European 
pension funds and sovereign wealth funds.

Because long-term investment in unlisted 
firms leads to a significant increase in the 
demand for performance monitoring, and 
because the PE industry has been unable to 
provide better information to investors, in 
particular the kind of performance measure 
that would be meaningful from an asset al-
location perspective, the largest investors 
have resorted to internalise the investment, 
monitoring and reporting necessary to ac-
cess and benefit from long-term unlisted in-
vestments.

Whether or not there can be value in del-
egation to a specialist manager is beyond 
the scope of this discussion. Importantly, the 
so-called Canadian model neither solves the 
question of how to benchmark an allocation 
to long-term infrastructure investment ex 
ante, nor that of the ongoing monitoring of 
investment performance. 

Instead, investors are left to discover what 
DIY infrastructure investing can deliver ex 
post without much guidance about portfo-
lio construction and assessing diversification 
benefits.

Faced with a retreat from such large accounts 
as the Canadian pension industry, why are 
infrastructure PE managers not offering to 
improve their monitoring and reporting so 
that investors can benefit from delegation 
while making better-informed asset alloca-
tion choices? In effect, some managers are 
already evolving towards new PE models al-

lowing investors to gain the kind of longer-
term exposure they require and to under-
stand expected performance better.

Moreover, the tendency for institutional in-
vestors to create large or very large unlisted 
infrastructure allocations is a recent devel-
opment and the need to monitor and bench-
mark performance has only recently become 
more pressing.

But the failure of the PE industry to pro-
vide satisfactory monitoring and reporting 
to long-term investors is also a collective 
action problem: most of the necessary in-
formation is private and scattered amongst 
numerous firms. Data collection, when it ex-
ists, is ad hoc and relies on existing practices 
instead of promoting data collection accord-
ing to the requirements of proper asset pric-
ing and risk measurement methods. 

While PE managers could be more transpar-
ent and aim to provide performance meas-
ures that are more relevant to long-term in-
vestors, taken individually, none of them has 
access to enough information to answer the 
PE asset allocation question.

On the debt side, the same dichotomy exists 
between relatively more liquid instruments 
(bonds) and genuinely long-term portfolios 
of illiquid (private) debt, mostly loans ex-
tended to infrastructure projects. In the pro-
ject bond space, as for equities, the relevance 
of an asset selection scheme based on indus-
trial classifications may be questionable. 

More generally, institutional investors have 
been exposed to corporate bonds issued by 
utilities and other network operators for 
decades and such instruments are thus un-
likely to contribute anything new to their 
existing asset allocation choices. 

Instead, most infrastructure project debt is 
created as private bank loans, but so far, any 
evidence of the characteristics of a portfolio 
of long-term loans extended to infrastruc-
ture projects has remained very scarce. 

Section 2: Why benchmark unlisted infrastructure?

9 Using fund IRRs also reveals a well-documented identification problem i.e. the same cash flows may be returned 
to investors while individual assets have opposite betas and if alpha is allowed to be positive, the identification 
problem only grows. In effect, direct IRRs comparisons requires making assumptions about the functional form 
of fund return distributions and on such assumptions being constant across time and between funds (Korteweg 
and Sorensen 2007).



17
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Exiting studies of credit risk in infrastructure 
project finance (see for example Moody’s 
2013) limit themselves to the risk profile of 
individual loans but have not delved into is-
sues of valuation, duration, correlations, or 
portfolio construction.

Indeed, few infrastructure debt investment 
solutions existed until very recently. In this 
space, a lot can be learned from the difficul-
ties experienced by investors over the past 
decade with accessing unlisted infrastructure 
private equity funds.

2.4 Creating a public good
These issues characterise all long-term invest-
ments, beyond unlisted infrastructure equity 
or debt. Managers and (direct) investors do 
not have enough information to benchmark 
their own investment choices and there is no 
publicly available information through mar-
ket prices to validate or correct their invest-
ment decisions.

Hence, there is a clear role to play for policy 
makers and academia to address a collective 
action problem and support the standardisa-
tion of data collection and the creation of 
adequate investment benchmarks for the 
purposes of long-term investing in unlisted 
assets such as infrastructure.

Without such new knowledge, it will remain 
considerably difficult for long-term inves-
tors to make long-term allocations to infra-
structure debt and equity, or for regulators 
to make it possible for them to do so in a 
significant scale.

Indeed, the same need to create new knowl-
edge on the risks of long-term investment is 
also patent on the regulatory side: it is widely 
acknowledged that the current prudential 
regulatory framework is ill-suited to long-
term investment (see for example Faull 2012), 
especially in the case of infrastructure (MAS 
2013). 

As we argued above, designing proper bench-
marks to measure the risks of well-document-
ed investment strategies using well-defined 
underlying instruments can considerably im-
prove the accurate calculation of the relevant 
risk weights. 

More accurate risk measures almost certainly 
imply lower capital charges, and the more ef-
fective and efficient intermediation of long 
term capital.

Finally, benchmarking long-term infrastruc-
ture investment should be instrumental to 
improve public infrastructure procurement 
as well. A better understanding of the risks 
and  expected financial performance of long-
term public-private contracts shoudl both 
optimise the value-for-money such contracts 
from the point of view of the tax payer and 
help minimise poltiical risk for investors by 
increasing transparency. 

Next, we highlight a roadmap towards the 
creation of adequate, transparent and rigor-
ous investment benchmarks providing inves-
tors and regulators with an impartial view of 
expected performance for well-defined strat-
egies using infrastructure debt and equity as 
underlying instruments.
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3 A roadmap to develop long-term infra-
structure investment benchmarks

Benchmarking long-term investments in in-
frastructure requires a two-level approach, 
starting with underlying instruments, be-
fore documenting the behaviour of different 
portfolios built with such instruments.

3.1 Documenting underlying instruments
At the underlying level, five steps are nec-
essary to clarify and document the perfor-
mance of infrastructure financing instru-
ments, be they on the equity or debt side:

1. Definite your terms: Improving the bench-
marking and regulation of any type of in-
vestment first requires well-defined underly-
ing assets. Today infrastructure investment is 
ill-defined and the first step of our roadmap 
is the creation of unambiguous definitions 
of what financial instruments long-term in-
vestment in infrastructure refers to.

Indeed, infrastructure assets are not real as-
sets but financial contracts (see Blanc-Brude 
2013 for a detailed discussion of the con-
tractual nature of infrastructure assets) and 
from an asset allocation perspective, indus-
trial classifications such as “roads” or “pow-
er” are close to useless. 

A first solution to the absence of a widely 
agreed definition of “infrastructure”, which 
we develop in section 3, is to focus on Pro-
ject Finance debt and equity as defined in 
Basel-II. Other approaches to infrastructure 
investment at the underlying level must also 
be developed, as long as they refer to well 
identified financial instruments (e.g. the 
equity capital of certain types of regulated 
network operators).

2. Design adequate valuation and risk meas-
urement methodologies: With a clear and 
broadly accepted definition of underlying 
instruments, adequate valuation and risk 
measurement methodologies can be devel-
oped that take into account the infrequent 

trading of most underlying infrastructure 
equity and debt.

By “adequate” we mean that such methodol-
ogies should rely on the rigorous use of asset 
pricing theory and statistical techniques to 
derive the necessary input data, while aim-
ing for parsimony and realism in terms of 
data collection. The proposed methodologies 
should lead to the definition of the mini-
mum data requirement (MDR), necessary to 
derive robust return and risk estimates.

3. Determine the data collection require-
ments: While ensuring theoretical robust-
ness is paramount to the reliability of per-
formance measurement, a trade-off exists 
with the requirement to collect real world 
data from market participants. In particular, 
proposed methodologies should aim to mini-
mise the number of inputs in order to limit 
the number of parameter estimation errors.

Adequate models should also focus on using 
data points that are known to exist and are 
already collected/monitored or could rea-
sonably easily be collected. In all cases, data 
requirements should be derived from the 
theoretical framework, not the other way 
around.

In fact, the amount of available data will be 
initially limited in scope, since not all types 
of infrastructure projects exist in large num-
bers, and in time, because infrastructure in-
vestments may have multi-decade lives and 
available records are unlikely to span such 
periods. Such data paucity can also be ad-
dressed especially if models are designed to 
allow for learning. We return to these issues 
in section 4.

Whether the necessary data already exists 
or not, the determination of a parsimonious 
dataset for asset pricing will also inform the 
standardisation of a new investment data 
collection and reporting framework.

4. Standardise performance reporting: The 
standardisation of infrastructure investment 

Section 3: The roadmap

10 We detail this point in section 4.

11 While the operating phase of infrastructure projects is not risk-free, on average infrastructure projects are 
characterised by a sequential resolution of uncertainty, in particular constant de-leveraging, which justifies the 
premise of a dynamic, downward trending risk profile.
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data collection allows the emergence of an 
industry-wide reporting standard, which can 
be recognised by investors and regulators 
alike as “best practice”.

This reporting standard will increase trans-
parency between investors and managers, 
who can then be mandated to invest in a 
well-defined type of instrument and commit 
to report the relevant data. 

Adequate reporting will also maximise in-
dustry participation and reduce the cost of 
compliance.

5. Create a database of infrastructure equity 
and debt cash flows: With the identification 
of the required data and a standardised re-
porting/data collection template, a database 
of infrastructure project cash flows can be 
built to apply the methodologies mentioned 
above.

Initially, historical data can allow document-
ing the past performance of well defined 
infrastructure debt and equity instruments. 
Next, the ongoing collection of project cash 
flows can permit the production of regular 
updates of the known performance of such 
instruments over time.

Next, once the adequate valuation and risk 
measurement methodologies have been de-
termined for a given type of financial in-
strument, and data collection and reporting 
has been standardised, the benchmarking of 
long-term infrastructure investments can 
effectively take place.

What performance should a long-term in-
frastructure investment benchmark aim to 
capture?

While a portfolio consisting of a representa-
tive basket of assets is the most intuitive 
benchmark, it is also virtually impossible to 
invest in the case of unlisted infrastructure 
debt and equity i.e. given currently available 
infrastructure investment vehicles, an inves-
tor cannot instantaneously buy a basket of 
assets that is representative of investable 
infrastructure projects in existence at that 
point in time. 

It may be possible to invest in such a repre-
sentative basket over time, but this may take 

several years, by which time what constitutes 
a representative basket of infrastructure in-
vestments is likely to have changed with the 
evolution of public procurement policies. 

Instead, the most useful long-term invest-
ment benchmarks are likely to be a combina-
tion of well-documented “building blocks” 
capturing the most homogenous sub-groups 
of individual infrastructure finance equity 
and debt instruments. These building blocks 
can be used independently or combined to 
guide different investment strategies 

3.2 Building relevant portfolios
Thus, at the portfolio level, three more steps 
are necessary to arrive at useful long-term 
investment benchmarks in infrastructure:

6. Identify building blocks: A number of risk 
factors can be expected to systematically 
explain investment performance in infra-
structure projects. For example, Blanc-Brude 
(2013) shows that the most important such 
factors are the contractual features of indi-
vidual investment projects, in particular to 
what extent they are exposed to commercial 
risks, as well as the development of the typi-
cal project lifecycle, which, in infrastructure 
project finance, tends to correspond to the 
continuous de-leveraging of the firm’s bal-
ance sheet.

Thus, the risk/return profiles of most infra-
structure project financing instruments can, 
for example, be grouped by revenue risk pro-
file on the one hand, and lifecycle stage on 
the other. 

In other words, at a given point in time, in-
frastructure debt or equity can correspond 
to what is typically known as greenfield or 
newly built assets and brownfield or already 
existing and operating ones. The former are 
typically riskier and yield higher returns, the 
later less so.  

The same debt and equity instruments can 
also correspond to, say, toll roads and mer-
chant power projects in the higher commer-
cial risk, higher return category, and projects 
(also roads) that receive an income from 
the government based on the availability of 

Section 3: The roadmap
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service, or that have a take-or-pay off-take 
contract (possibly a power plant) by which 
their future income is independent of mar-
ket conditions. 

Such projects exhibit less volatile cash flows 
and lower returns than those exposed to 
commercial risks. Thus, any equity or debt 
instrument used to finance an infrastructure 
projects can be categorised according to 
such a two-dimensional matrix of revenue 
risk profile and lifecycle stage. 

While these are not the only relevant sys-
tematic risk factors found in infrastructure 
projects, Blanc-Brude and Strange (2007) 
and Blanc-Brude and Ismail (2013b) show 
for example that such risk categories explain 
most of the variance of the level of credit 
spreads in project finance loans in Europe.

Once the most homogenous sub-groups 
of individual infrastructure finance equity 
and debt instruments have been identified, 
relevant investment strategies using these 
building blocks can de designed. 

The statistical validation of these insights 
is a key step of the roadmap towards infra-
structure investment benchmark, includ-
ing ensuring that individual building blocks 
exhibit low levels of correlation between 
themselves.

7. Define relevant investment strategies: As 
long-term illiquid assets, a basket of infra-
structure projects is not easily or instantly 
investable. However, the building blocks dis-
cussed above can be combined to embody 
different investment strategies with regard 
to long-term infrastructure and best achieve 
investors’ long-term objectives. 

For example, Blanc-Brude and Ismail (2013b) 
show that combining a block of greenfield 
debt with one of brownfield debt can cre-
ate substantial diversification benefits i.e. 
increase returns and lower portfolio risk. 

Thus, along the greenfield/brownfield spec-
trum there is a continuum of efficient port-
folios that can serve as point of reference to 
build portfolio of infrastructure project debt 
using available instruments over a given pe-
riod of time.

For each strategy, and using the asset pric-
ing and risk measurement methodologies 
discussed above, various measures of re-
turn (period return, yield to maturity, return 
in excess of the investment base case), risk 
measures (expected loss, value at risk and 
expected shortfall) and (effective) duration 
can be computed and inform both the as-
set allocation process and the calibration of 
prudential regulatory frameworks or internal 
risk models, as discussed above.

8. Investment benchmarks: The strategies 
identified above can be used as long-term 
infrastructure investment benchmarks. Us-
ing historical data, the correlation of each 
strategy’s performance with other invest-
ment opportunities (e.g. corporate debt, 
public or private equity etc.) can be meas-
ured and estimated on an ongoing basis.

This last step answers the all important ques-
tion of the diversification potential of indi-
vidual strategies using infrastructure instru-
ments as underlying assets.

Implementing this roadmap requires an ex-
tensive data collection and modelling effort. 
Initially, historical data needs to be collected 
to calibrate valuation and risk models and 
provide a comparison with other types of as-
sets.

Such benchmarks can also be computed on 
an ongoing basis to continuously inform 
investors’ asset allocation choices but also 
provide them with performance assessment 
tools vis-à-vis infrastructure managers or 
their own direct investment program. 

The adoption of standardised performance 
reporting by market participants will be in-
strumental in this regard.

In the next section, we return to the first 
point in the roadmap and propose a clear 
and uncontroversial definition of long-term 
underlying infrastructure instruments, on 
both the debt and equity sides.

Section 3: The roadmap
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4 Defining long-term investment in infra-
structure

The Organisation for Economic Coopera-
tion and Development (OECD) has put for-
ward a definition of tangible infrastructure, 
which reads like a list of industrial sectors 
and sub-sectors: power plants, roads, water 
treatment, &c (OECD 2002). However, from 
an investment and regulatory perspective, a 
clear definition of what is meant by “infra-
structure” remains elusive. All involved rely 
on the proverbial wisdom that they shall 
know it when they see it.

Instead, it is often argued that there is no 
universally accepted definition of infrastruc-
ture. For a long time, the energy sector (coal 
and gas-fired power plants, wind power, 
etc.) was considered to be separate from in-
frastructure, understood as network utilities 
(water, road and gas networks).

 Today, with the growing popularity of in-
frastructure as an investment topic, more 
industrial sectors are covered by the um-
brella term of infrastructure. In our view, 
the definition of what constitutes physical 
infrastructure is unimportant. The sectoral 
terminology is close to meaningless from an 
investment point of view, since it does not 
refer to a specific type of financial instru-
ment or investible asset, and does not inform 
us about the contractual or regulatory char-
acteristics of individual projects either.

We have argued above, that most existing in-
vestment products labeled “infrastructure”, 
be they listed or unlisted, are at least one 
step removed from tangible infrastructure 
projects, and often have investment charac-
teristics that makes them hard to distinguish 
from other existing investment categories, 
such as private equity as in the case of un-
listed “infrastructure funds” or “low beta, 
large cap” as for listed utilities (see Blanc-
Brude 2013).

To agree on a definition, we must return 
to our initial question: what is relevant for 
investors and regulators from the point of 
view of strategic asset allocation?

It can be unclear how investing in a limited 
number of industrial sectors (see the OECD 

definition for a full list) via vehicles that 
may be listed or not, have variable invest-
ment horizons, and are more or less lever-
aged, necessarily creates a unique or even a 
new investment opportunity for a large and 
well-diversified investor.

As argued above, a benchmarking method-
ology must rest on a clear definition of in-
struments used to build the reference port-
folio. In Blanc-Brude and Ismail (see 2013c; 
Blanc-Brude and Ismail 2013d), we propose 
a definition of long-term investment in in-
frastructure, which is both universally rec-
ognised, captures the bulk of past and future 
underlying investments, and is relevant from 
an asset allocation perspective because it re-
fers to a financial asset: non-recourse pro-
ject financing.

4.1 Project finance as the reference long-
term infrastructure investment

Today, non-recourse infrastructure project 
finance corresponds to the most relevant 
form of long-term infrastructure debt or eq-
uity for three reasons:

-
able, stand-alone infrastructure project by 
size;

-
nised and uncontroversial definition;

risk/return profile and thus to contribute 
positively to long-term investors’ portfolio 
choices. We return to each point in turn be-
low.

4.1.1 Most investable infrastructure is pro-
ject financed
Project financing represents the bulk of in-
vestable, stand-alone infrastructure projects 
today, and in all likelihood, the majority of 
new infrastructure projects to be financed in 
the future. 

We estimate that more than USD3Tr of pro-
ject financing was closed worldwide be-
tween 1995 and 2012 (Blanc-Brude and Is-
mail 2013b).

Section 4: Defining infrastructure investment
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Furthermore, within the project finance uni-
verse, the vast majority of equity and debt 
instruments are privately held. For instance, 
infrastructure project debt can consist of 
loans or bonds but private loans constitute 
the lions’ share of total private sector debt 
(Yescombe 2002).

Project bond financing has always played a 
minimal role in project finance globally. In 
North America, the market in which they are 
the most used, cumulative project bond is-
suance between 1994 and 2013 amounts to 
a mere 5% of the total deal flow (see Blanc-
Brude, Hasan, and Ismail 2014). The figure is 
much lower in other regions. Thus, it is fair 
to say that the immense majority of infra-
structure project financing is private loan 
finance.

Likewise, project finance equity investments 
are almost always privately held by pro-
ject sponsors (construction companies), in-
frastructure asset managers, or directly by 
long-term investors.

Such instruments are genuinely long-term. 
They have long maturities, including on the 
equity side since projects always have a finite 
life. In effect, the maturity and duration of 
infrastructure project finance equity tends 
to be much longer than that of project debt. 

Project debt is structured to have a ’tail’ i.e. 
the post-maturity period in the project’s life 
which can serve to to recoup potential losses 
during the loan’s life. They are also highly il-
liquid and thus seldom traded.

4.1.2 Project finance corresponds to well-
defined financial instruments
A second reason to focus on project finance 
springs from the fact that, contrary to the 
ill-defined notion of ‘infrastructure’, it ben-
efits from a clear and universally recognised 
definition since the Basel-II Capital Accord.

“Project finance is a method of funding in 
which investors look primarily to the rev-
enues generated by a single project, both as 
the source of repayment and as security for 
the exposure. 

In such transactions, investors are usually 
paid solely or almost exclusively out of the 
money generated by the contracts for the 
facility’s output, such as the electricity sold 
by a power plant. 

The borrower is usually a Special Purpose En-
tity (SPE) that is not permitted to perform 
any function other than developing, owning, 
and operating the installation. 

The consequence is that repayment depends 
primarily on the project’s cash flow and on 
the collateral value of the project’s assets.” 
(BIS 2005)

Hence, by focusing on project finance, we 
capture the bulk of private infrastructure 
financing and gain a clear definition of in-
frastructure instruments at the underlying 
level.

Section 4: Defining infrastructure investment

Figure 1: A project finance SPE: Well-defined, investable infrastructure assets
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relevant infrastructure 

$senior debt$
$junior debt$

$equity$

[rights to the firm’s free cash flow]

{
Contract with a public or 
private party creating a 

binding commitment to pay

License granting the right to 
operate a regulated monopoly 

on a commercial basis
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4.1.3 Project finance is a unique form of cor-
porate governance
Finally, project financing can be expected 
to create financial instruments that have 
unique characteristics compared to other 
assets already available to investors.

Project financing is a specific model of corpo-
rate governance designed to optimally con-
strain the behaviour of the firm’s managers 
with the use of leverage, and create enforce-
able decade-long commitment mechanisms, 
thus making long-term investment possible 
without a large corporate having to put their 
balance sheet at risk.

As figure 1 illustrates, project financing 
amounts to investing in a single-project 
firm or SPE with a pre-defined lifespan. 
Before the financing decision can been 
taken, this SPE has to demonstrate its 
financial viability with a high degree of 
probability. Schematically, two inter-rela-
ted types of financial claims are created, 
splitting the free cash flow12  of the pro-
ject between a senior, fixed-rate claim on 
the one hand (debt), and subordinated, a 
variable rate claim on the other (equity).
Financial leverage thus plays an important 
role in project finance. In a recent review, we 
report that senior leverage13  in infrastruc-
ture project finance consistently averages 
75% between 1994 and 2012, irrespective 
of the business cycle, and can be as high as 
90% (Blanc-Brude and Ismail 2013b).

We and others have argued that the high 
leverage typically observed in project fi-
nance should be interpreted as a sign of low 
asset risk (Esty 2003; Blanc-Brude 2013) i.e. 
lenders agree to provide most of the funds 
necessary to carry out the planned invest-
ment without further recourse or security 
because the probability of timely repayment 
is considered to be very high. 

Thus, the form taken by non-recourse project 
financing clearly suggests that such struc-
tures and their associated senior and junior 
capital tranches have more in common with 

one another than with other types of assets 
and may contribute positively to traditional 
multi-asset class portfolios.

4.2 The role of definitions and models to 
benchmark long-term investments
Of course focusing on project financing can 
seem too restrictive as it leaves out a num-
ber of private investments in what can per-
fectly legitimately be labelled “infrastruc-
ture” (e.g. some airports). However, the task 
at hand is not to document the performance 
of any investable infrastructure asset but to 
understand the characteristics of sufficiently 
large and homogenous groups of assets that 
can be statistically expected to exhibit a cer-
tain risk/return profile over a given period of 
time.

In this respect, project finance provides us 
with an ideal type of what infrastructure in-
vestment is supposed to be (i.e. the invest-
ment narrative introduced in section 1 as 
well as a tractable and consensual model of 
underlying cash flows, which is necessary to 
benchmark long-term investment. We return 
to both point below.

4.2.1 Ideal-type infrastructure investment
Project finance can be considered to be an 
ideal-type of infrastructure project cash 
flows dynamics. Of course, other forms of 
corporate governance can also lead to genu-
inely long-term investment in infrastructure 
projects, however they are less clearly related 
to the infrastructure investment narrative: 
they tend to mix project revenues with other 
income from equipment sales, technology li-
censing and services.

Their long-term behaviour is also harder to 
predict. For example, the management of 
a large water utility with a sizeable project 
portfolio held on balance sheet could decide 
to branch out into new media to leverage 
its otherwise predictable net operating cash 
flow, thus completely changing the risk pro-
file of the firm’s equity. 

Section 4: Defining infrastructure investment

 12 or net operating cash flow.

 13 The ratio of senior debt to total investment.
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Thus, while investors may legitimately con-
sider such firms to be “infrastructure” even 
through they are not project finance vehi-
cles, they only label them as such because 
they expect them to behave like a collection 
of project finance SPEs. In other words, the 
project finance debt and equity (promises of 
timely debt repayment and of regular divi-
dend payouts, with a high probability and 
for several decades) are indeed the reference 
instruments.

To expect the same investment profile from 
a firm active in the infrastructure sector but 
without the ringed-fenced SPE structure 
found in project financing, requires making 
numerous assumptions about the behaviour 
of the firm’s management that are other-
wise explicit and well-documented in non-
recourse project finance, especially the level 
and expected evolution of balance sheet lev-
erage and the use of debt covenants to con-
strain the behaviour of the firm’s managers.

4.2.2 Tractable,predicable models of the firm
Instead, project finance provides us with a 
readily tractable investment model: a firm 
created to realise a single investment project 
and repay its debtors and investors through-
out its life according to a pre-agreed plan. 
By statutes, this firm is not allowed to en-
gage in any other activity or to raise capi-
tal for other investors or borrow from other 
lenders. 

In project finance, the firm is the infrastruc-
ture project and its financing includes a 
stringent plan to execute a set list of tasks 
at certain dates for the next 20 or 30 years. 
Each of these tasks is governed by a con-
tract allocating risks such as construction 
cost overruns or revenue volatility to a well-
identified party, which may or may not be 
the investor or lender.

Not only is there no other equivalent in cor-
porate governance, but a population of pro-
ject SPE structured roughly along the same 
lines can be expected to exhibit a reasonably 
homogenous average behaviour. 

With long-term investments, we cannot ob-
serve (unique) market prices. In the extreme 

case, infrastructure equity and debt can 
simply be held to maturity from their date 
of origination and never be traded. Conse-
quently, building a benchmark requires as-
suming the homogeneity of a group of in-
struments a priori i.e. before making any 
observations and confirming or rejecting this 
assumption once observations can be made 
a posteriori.

In other words, in the absence of sufficient 
representative market data, we cannot do 
without valuation models. In the case of 
long-term investment in infrastructure, we 
must make explicit use of models to formal-
ise our expectations about the performance 
of debt and equity instruments.

The choice of definition is thus a function of 
the empirical problem at hand: as we argued 
in section 3, we know that even with the 
best efforts to aggregate available data on 
infrastructure project cash flows today, em-
pirical evidence will remain limited in scope 
and in time.

We must then rely explicitly on cash flow 
models to represent the totality of the un-
derlying cash flow process that determines 
the expected value of infrastructure project 
debt or equity. 

If cash flow modelling plays a central and 
necessary role in the valuation of long-term 
investments in infrastructure, the choice 
of definition of the underlying instruments 
must allow for the formulation of a tracta-
ble and uncontroversial cash flow model.

Project finance allows the formulation of 
such models for generic types of infrastruc-
ture projects, which can be calibrated using 
available data. In other words, despite the 
paucity of available data, project finance 
provides us with an opportunity to anticipate 
future performance that is seldom found in 
the case of other long-term instruments.

To conclude, we note that financial instru-
ments other than project finance debt and 
equity could also be used to define the un-
derlying asset in a benchmark of long-term 
infrastructure investment. Such instruments 
would need to meet three criteria:

Section 4: Defining infrastructure investment
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that such assets have a different investment 
profile than existing partitions of the invest-
ment set i.e. corporate bonds, private equity, 
etc.

quantities to be relevant at the strategic as-
set allocation level for a typical investor. It is 
not clear that an asset pool that would, for 
example, represent less than 1 percent of as-
sets under management, requires an invest-
ment benchmark.

-
vestors in sufficiently granular portfolios 
that some degree of diversification and an 
exposure to the average asset should be pos-
sible.

To our knowledge, infrastructure project fi-
nance debt and equity are the main types 
of financial instruments that meet all three 
criteria today.

Next, using non-recourse project finance as 
our definition of both infrastructure debt 
and equity instruments, section 5 introduces 
the most recent advances in data collec-
tion, cash flow modelling, valuation and risk 
measurement applied to long-term infra-
structure equity and debt.

Section 4: Defining infrastructure investment
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Section 5: Recent advances

5 Recent advances

The first step of our roadmap towards the 
creation of benchmarks for long-term 
investment in infrastructure is to define 
underlying financial instruments. In sec-
tion 4, we argued that non-recourse pro-
ject finance debt and equity are the most 
relevant financial instruments for this pur-
pose. In this section, we highlight the 
findings of two forthcoming EDHEC-Risk 
Institute publications aiming to implement 
the second step on the roadmap: designing 
adequate and transparent valuation and 
risk methodologies.

First, we highlight the empirical issues 
characterising the collection of long-term 
infrastructure equity and debt cash flow 
data and how they may be addressed 
methodologically. 

Next, we discuss the challenges of valuing 
long-term equity investment in infrastruc-
ture projects and describe a simple and 
intuitive approach. The last section offers 
similar insights and conclusions regarding 
infrastructure debt instruments.

5.1 Addressing data paucity
Measuring the performance of infrastruc-
ture debt and equity investments requires 
empirical observations. However, long-
term investments such as these are char-
acterised by a significant paucity of avail-
able data.

First, limited cash flow data currently 
exists. It is scattered amongst numerous 
private investors and little or no effort 
has been made to construct a database of 
these cash flows. Today, this database must 
be built, and this is one of the steps on the 
roadmap.

Nevertheless, even with such a database, 
empirical observations about infrastruc-
ture equity and debt cash flows will remain 
limited in the cross-section and truncated 
in time.

First, infrastructure cash flow time series 
are incomplete: by definition, the immense 
majority of infrastructure projects current-
ly investable are far from having reached 
the end of their life. 

For instance, say that an infrastructure 
project has a 30-year life, how many pro-
jects and their cash flows can we obverse 
today that were financed in 1984? The 
answer is that few such projects existed at 
the time (e.g. oil & gas rigs and coal-fired 
independent power projects), that such 
projects have little to say about the kind 
of infrastructure investment that pension 
funds and insurers might consider today, 
and that the data records have not been 
kept!

Hence, most of these cash flows remain 
in the future for which very little, if any, 
comparable investments currently exist.

Indeed, in the cross section, the type of 
infrastructure projects that have been 
financed over the past few decades has 
evolved and is not necessarily representa-
tive of investment opportunities today.

In Europe for instance, certain types of 
projects only exist in certain countries 
and have been financed during a given 
time period. This is because the decision to 
build new infrastructure is the result of a 
procurement process which goes through 
public policy phases: for example, the 
1990s were characterised by the financing 
of new road projects in Eastern Europe, 
while the 2000s mostly led to the devel-
opment of social infrastructure in the UK 
and later France, as well as road projects in 
Spain and Portugal, with real and shadow 
toll mechanisms respectively.

Hence, what is representative of investable 
infrastructure in the cross-section changes 
with time, especially if one assumes that 
pension funds and insurers are buy-and-
hold investors.
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15 A p-value expresses the likelihood of observing a phenomenon if the underlying mechanism did not exist. 
Typically, frequency-based statistical results are considered to be “significant” with a high level of confidence 
when p-values are very small, typically 1%. This implies the ability to observe representative samples.

Moreover, the number of observations 
remains low for the purpose of measur-
ing cash flow volatility. Stochastic models 
can require large amounts of data points 
to populate probability distributions, but 
only dozens of investable infrastructure 
projects are created every year in the most 
active markets.

Instead, what can we observe? In the 
majority of cases, the only observable 
price information are the initial equity 
investment and debt originated at the 
date of financial close, given a risky cash 
flow forecast or “base case”. We may 
also observe updated cash flows forecasts 
spanning the remaining life of each invest-
ments. Finally, we can observe realised 
equity and debt cash flows and cash flow 
ratios but only for a faction of existing 
projects’ lives.

Realistically, we doubt that a bit more 
than a decade of observed cash flow data 
can be collected today (e.g. the project 
finance default studies undertaken by rat-
ings agencies do not manage much longer 
time series). Likewise, given the private 
nature of such information, even with the 
active cooperation of a number of market 
participants, sample size in the cross-sec-
tion will remain limited.

The second challenge is the (almost) com-
plete absence of market valuation for 
projects that are invested at one point in 
time and are then held to maturity. While 
unlisted infrastructure project equity may 
be traded in secondary markets, it is seldom 
the case (little transaction data exists). The 
same is even more true for infrastructure 
project debt.

If we do no expect that enough informa-
tion can be available to apply standard fre-

quency-based statistical techniques (e.g. 
ordinary least square or panel regression), 
Bayesian inference can be preferred as an 
estimation approach.

Bayesian statistical inference proposes to 
document the existence of mechanisms 
and their parameters, which we believe to 
exist but about which not enough data is 
available to warrant the calculation of a 
p-value in the classic statistical sense,15  
which of course does not mean that the 
mechanism in question does not exist! 
The p-value really is a statement about 
available data, when we want to make a 
statement about an hypothesis given the 
available data (McGrayne 2011).

Thus, Bayesian inference begins from a 
position of relative ignorance and proposes 
to update our knowledge conditional on 
what we can observe. Jeffreys, a promi-
nent Bayesian statistician, once remarked: 
“There has not been a single date in the 
history of the law of gravitation when a 
modern significance test would not have 
rejected all laws [of gravitation] and left us 
with no law.” (cited in Lindley 1999 p.391)

With Bayesian inference, we attribute a 
likelihood function to some phenomenon. 
For example, the likelihood of observing 
n defaults within a population of N loans 
during the first year of the loan’s life is a 
Binomial (binary) likelihood of parameters 
p and N i.e. if N=100 loans, p corresponds 
to the probability of default during the 
first year. 

We then attribute a prior distribution 
to  the value of the likelihood function’s 
parameter p, since it is unknown and few 
observations exist. Since p is a percentage 
value, it is given a Beta distribution, which 
can represent almost any density bounded 
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current period. A cash flow model can thus be build as a dynamic Bayesian Markov Chain.
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by 0 and 1. This prior distribution is given 
parameter values that either represent 
the best of our current knowledge of the 
mean and standard deviation of the prob-
ability of default (from a cash flow model 
for a generic type of infrastructure project 
financing) or the extent of our ignorance, 
for example a fifity-fifty probability of 
default.

As soon as we observe even a few defaults, 
the parameters of the beta distribution of 
p can be updated (in this case, using simple 
calculus) and our new current knowledge 
be captured by the so-called posterior dis-
tribution of p. In forthcoming research, we 
find that even a limited sample can lead to 
significance reduction in the variance of 
the parameter estimate i.e. in the extent of 
our ignorance of this parameter.16 

Because we use well-defined underlying 
instruments with a tractable cash flow model 
(see section 4 on defining long-term infra-
structure investment), we can first build a 
prior distribution of the cash flow process 
at each point in the lifecycle of generic 
infrastructure projects, given the state of our 
knowledge about how infrastructure projects 
are structured and expected to behave.

Next, using available data about realised 
states of the world and revised cash flow 
forecasts, we can update this a priori 
knowledge, using Bayesian inference tech-
niques, and arrive at posterior probability 
distributions of infrastructure equity and 
debt cash flows.

Given the nature of the empirical ques-
tion and the state of our knowledge, this 
is the best result that can be achieved. 
This set up actually allows for rapid and 
effective learning and we believe that 
setting the problem of long-term invest-
ment in Bayesian terms is both appropriate 
and more powerful than using frequency-

based approaches which, even with larger 
samples, can suffer from significant issues.

5.2 Approaching infrastructure equity 
valuation and performance measurement

5.2.1 The challenge
In a forthcoming paper (Blanc-Brude and 
Ismail 2014), we propose a methodology to 
value investments in unlisted infrastruc-
ture project equity on a buy-and-hold 
basis. We aims to use a limited amount of 
input data (mostly cash flows) and to apply 
this methodology at different points in 
time i.e. at the start of a new project and 
as the project happens and goes through 
its lifecycle, typically 25 years or more, 
both looking forward (assessing current 
value) and backward (assessing past per-
formance).

In this context, most methods applied to 
other illiquid types of equity investments 
such as private equity and real estate 
are inadequate. First, as discussed above, 
self-reported nat asset values (NAVs) are 
considered to offer limited reliability and 
are unlikely to have been computed with 
comparable assumptions about cash flow 
expected values or discount rates.

The repeat sales approach applied to PE 
(Woodward 2004; Cochrane 2005; Korteweg 
and Sorensen 2007) is inadequate because 
very few transactions involving infrastruc-
ture project equity stakes can be observed 
in secondary markets.17  

Indeed, we need to document the value 
of infrastructure project equity not only 
across different types of projects (e.g. by 
revenue risk profile as discussed in section 
3) but also at every point in a project’s 
lifecycle, from the construction phase, to 
the different operating and decommission-
ing phases. It is not the case that enough 
secondary market transactions can ever 
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17 Unlike venture capital (VC) or other PE investments, infrastructure project finance does not lead to multiple 
financing rounds or frequent public offerings (IPOs).
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be observed across a large enough sample 
of projects, in the cross-section and time 
series.

Public-market equivalents (PMEs) using 
the cash flows into and out of PE funds 
as if they represented buying and sell-
ing a public index (Kaplan and Ruback 
1995; Ljungqvist and Richardson 2003; 
Kaplan and Schoar 2005; Phalippou and 
Gottschalg 2009) are self-defeating in our 
case because they do not allow observing 
the covariance with market returns (beta) 
of private equity investments but rather 
assumes this can be proxied by an index of 
choice. If the implied beta is lower than the 
true beta, the measured outperformance is 
necessarily overstated (Woodward 2004).

Indeed, such market proxies are unlikely to 
be very useful in the case of infrastructure 
project financing. Identifying a peer-group 
of listed firms for a Leveraged Buy-Out deal 
in a given industrial sector with clear listed 
equivalents (e.g. retail or pharmaceuticals) 
may be reasonable, notwithstanding the 
necessary assumptions on sector specific 
leverage and the beta of the sector’s debt.

But since our premise is that project 
finance creates access to a new and unique 
beta, picking a market beta from a uni-
verse of traded stocks answers the question 
a priori, controlling for leverage, which is 
trivial.

An extension of the PME approach pro-
poses that if PE funds are valued fairly, 
the ratio of the present value of inflows to 
the present value of outflows should equal 
unity. Market betas and alphas can thus 
be extracted iteratively from inflows and 
outflows into PE funds from the point of 
view of the limited partner (see Driessen, 
Lin, and Phalippou 2012; Ang et al. 2013).

This new strand of the literature on PE 
aims to explain a given measure of PE per-
formance as a function of public market 
movements i.e. instead of assuming a beta 
value, they propose to estimate the beta of 
PE fund cash flows. 

But because of the documented bias in PE 
performance reporting discussed above, 
this approach only uses samples of PE 
funds for which all cash flows can be 
observed i.e. that have reached maturity 
and have effectively returned their funds 
to investors.

While this last approach is much more 
directly relevant to the estimation of the 
relative performance (beta) of long-term 
infrastructure equity investments, it also 
relies on the kind of dataset that we do not 
believe can be obtained for undeerlying 
infrastructure project equity today, for the 
reasons that we highlighted in the previous 
section.

Indeed, what we can observe in the case of 
infrastructure project finance equity stakes 
is limited to:

i. An initial investment value at the time 
of financial close

ii. A base case dividend forecast also at 
the time of financial close

iii. Revisions of the base case dividend 
forecast after financial close

iv. A (truncated) series of realised 
dividends, usually covering less than 
half of all expected dividend payouts

In other words, the challenge is to estimate 
the performance of an asset that is lumpy, 
held to maturity, for which most cash 
flows remain to be observed, with (almost) 
no market prices, limited observed cash 
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flows in time series and limited granularity 
in the cross-section.

Finally, we know that not all long-term 
investors will attribute the same value 
to the same infrastructure equity stake. 
In this case, markets can be considered 
incomplete for exogenous reasons (there 
is no easily identifiable portfolio of traded 
securities which replicates the payoff of 
the asset, even though this may change as 
infrastructure investment products devel-
op), as well as endogenous reasons (trans-
action costs are high).

In an incomplete market setup, individual 
investors arrive at different valuations of 
the same financial instrument: there is no 
single set of discount rates of expected 
payoffs. Instead, individual investor risk 
preferences partly explain their cost of 
equity for a given expected payoff.18 

Hence, the proportion of infrastructure 
equity returns that cannot be explained by 
objective systematic factors must lie within 
a subjective range of discount rates, deter-
mined by individual investors attitudes 
towards risk, liquidity, inflation, duration 
&c. For instance, investors’ valuation of the 
diversification benefits of infrastructure is 
a function of the size of their allocation to 
infrastructure equity. 

Likewise, the oft-mentioned illiquidity pre-
mium that characterises long-term invest-
ment is not uniquely priced i.e. investors 
with different preferences require differ-
ent levels of liquidity premia for the same 
asset.

5.2.2 Approach
The challenge described above is not just 
an empirical problem. Rather, it goes at 
the heart of long-term investment in 
infrastructure: assets with delayed payoffs 
determined by a set of future circumstanc-
es that can only partially be predicted by 
past observations.

Thus, illiquidity and the absence of fre-
quent or even unique market prices, com-
bined with long repayment periods that go 
beyond the length of currently available 
data time series means that we cannot 
value infrastructure equity without a cash 
flow model. 

That is also why a clear definition of 
underlying instruments is necessary: with-
out it, the relevant cash flow model cannot 
be built.

Our proposed approach consists of three 
stages: first we estimate the distribution of 
cash flow to equity at each point in time in 
the life of a typical or generic infrastruc-
ture project using a model calibrated with 
available observations.

Next, this chain or series of expected divi-
dend values and volatilities is combined 
with the range of observed initial invest-
ments made in this category of equity 
cash flow processes to derive the implied 
discount rates of investors.

Finally, the combination of expected divi-
dend estimates and implied discount rates 
allows the derivation of a number of (con-
ditional) performance measures.

18 For example, consider a basket of infrastructure equity in infrastructure projects with a well-documented 
duration and inflation hedging property. Imagine two potential investors: an insurance firm with a duration 
mismatch but no inflation-linked liabilities and a minimum liquidity constraint, and a sovereign wealth fund with 
a mandate to preserve the purchasing power of national savings and a very-long investment horizon. With no 
duration or liquidity constraint, the SWF is only interested in investing in the inflation-hedging property of these 
assets. Conversely, the insurer values the opportunity to invest in assets with a duration but must also price its 
liquidity constraint and, in this case, has no particular preference for inflation hedging. Both buyers are unlikely 
to offer the same price and there is no reason why their valuation should converge, except incidentally.

Section 5: Recent advances
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5.2.3 Modelling and calibrating a generic 
equity cash flow process
Our proposed approach takes advantage of 
the fact that project finance is well-docu-
mented at the time of investment to group 
infrastructure equity investments that are 
expected to correspond to a homogenous 
cash flow process.

For example, we can make groups of 
homogenous infrastructure project finance 
equity investment by type of SPE financial 
structure (e.g. initial leverage, amortisation 
profile, tail length19). 

Indeed, we only observe projects for which 
the decision to lend has already been taken 
by the relevant lenders and this can be 
interpreted as a partial price signal (lend-
ers have read all the documentation and, 
along with Esty (2003), we posit that in 
project finance, the choice of financial 
structure signals asset risk). Table 2 and 
figure 2 provide an example.

Additionally, we can group infrastructure 
equity investments by types of contractual 
features, as banks do before they decide 
to lend i.e. projects can be categorised by 
type of revenue risk (merchant, partially 
contracted or fully contracted income) as 
well as supply risk (e.g. the degree of price 
or volume certainty of fuel supply) or types 
of public counter-party risks (municipal vs. 
sovereign).

Using these ex ante categories, generic 
cash flow models can be built using Monte 
Carlo methods. This simulation provides us 
with prior distributions (before observing 
any data) of the probability of the equity 
cash flow being in different states at each 
point in time.

For example, the model produces a prob-
ability that the project be in a state of 
default or “lock-up” (close to default and 

in breach of a debt covenant), in which 
case equity cash flow is zero in that period. 
Conditional on not being in default or 
lock-up, the simulation also produces a 
distribution of the value of dividends pay-
able to equity holders at each point in 
time.

The result is a measure of expected cash 
flows and cash flow volatility in each 
period. It is modelled as a dynamic Markov 
chain i.e. in each state (e.g. default, lock-
up or payment state) we compute the 
probability of moving to any other state 
at the next period given the current state. 
We also compute the expected value and 
volatility of dividends in each state for 
each period.

Once a prior (simulated) distribution of 
dividends has been obtained, it can be 
calibrated using available data for this 
type of generic project and for the number 
of years for which it is available. Using 
Bayesian inference techniques, we update 
our knowledge of the probability of trans-
iting to any given state (default, lockup, 
payment) given the current state for an 
equity investment in the relevant group 
of projects, as well as the distribution of 
expected dividends themselves. 

As more data become available, our knowl-
edge of equity cash flow dynamics of 
a given type of infrastructure project 
improves and our estimates of the stochas-
tic parameters becomes more precise.

Faced with the empirical problem initially 
identified (no market prices and limited 
observable data) we can still construct 
expected equity cash flow dynamics by 
combining our knowledge of how infra-
structure project finance is structured and 
thus likely to behave on average, with as 
much data as can be obtained at this early 
stage in the data collection effort.

Section 5: Recent advances

19 The amount of time between the maturity of the project debt and that of the equity tranche.
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5.2.4 Implied discount rates
To derive the (un-observable) discount 
rates implied by the investment decision 
made by equity investors, we assume the 
existence of a linear relationship between 
the term of structure of investor’s discount 
rates and the characteristics of equity cash 
flows, namely, dividend volatility in each 
period.

In other words, the initial investment deci-
sion, given the base case equity cash flows 
implies the volatility of the base case. 
Hence, it also implies the investor’s term 
structure of discount rates of this invest-
ment opportunity at that time.

While their initial valuation need not 
always be correct since investors may fail 
to forecast cash flows accurately, these 
investment decisions and implicit valua-
tions are a) the only ones available, b) can 
be expected to be informative, if not cor-
rect, on average for a homogenous cash 
flow process.

Hence, observing a series of individual 
investments in what we consider a priori 
to be the same underlying equity cash flow 
process, and given our current knowledge 
of the volatility of this process, we can 
find the term structure of discount rates 
that minimises the distance between initial 
investment values and the present value of 
expected cash flows.

This is solved as a nonlinear fitting prob-
lem which considers a set of projects base 
cases and consists of computing the differ-
ence between the initial investments value 
(observed values) and the expected value 
of dividends (future cash flow estimates) 
discounted by an estimated term structure 
or discount rates.

Starting with an initial “seed” or construct 
for a term structure, the fitting proce-
dure advances in an iteratively to find an 
optimised term structure or discount rates 

function that minimises the difference 
between the observed initial investment 
value and the implied present value of the 
expected cash flows, over the whole set 
of projects base cases i.e. the procedure 
minimises the difference between what 
we actually observe and what we would 
observe if all investors valued the set of 
risky cash flow process in the same man-
ner (if they had identical preferences and 
utility function).

Finally, since individual investors put a 
different initial value on the same risky 
cash flow, their true individual discount 
rate must diverge somewhat from the 
average estimate. This is embodied by the 
error term in the fitting problem described 
above.

The range of individual valuations can be 
represented by considering the maximum 
divergence between the present implied 
by the estimated discount rates, and the 
actual initial value paid by each inves-
tors. The maximum percentage error in 
both directions and the difference in the 
implied discount rates that produce a bet-
ter fitting of the present value of these 
two extrema with the discounted expected 
dividends value, gives an upper and lower 
bound to the implied term structure of 
discount rates.

Figure 3 provides an illustration of the 
average and upper and lower implied 
discount rates for the same type of infra-
structure project than the one described 
in table 2, using a (simulated) range of 
investment decisions and the model’s pre-
dicted equity cash flow volatility.

5.2.5 Performance measures
Once the implied term structure at time t 
has been derived from a range of observed 
investors’ investment decisions in a given 
cash flow process, a new value of the pro-
ject equity at t+1 can be computed. That is, 
the implied discount rate at t+1 is treated 
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as the rate of return at that time condi-
tional on the implied valuation (discount-
ing) of the remaining T-(t+1) cash flows i.e. 
conditional on the information available at 
that time.

At the next period, the implied term struc-
ture is revised using the information that 
has become available at time t+1. This new 
view on cash flow volatility during the fol-
lowing periods i.e. after updating the cash 
flow model, gives a new conditional expec-
tation of dividend payouts in each period.

Estimated period returns thus remain con-
ditional on the expected value and vola-
tility of cash flows during the rest of the 
project’s life. As more time periods become 
observable in a population of projects, 
and the knowledge of the relevant cash 
flow process improves, this conditional-
ity introduces less and less variability in 
current valuations and period return esti-
mates. Reported period returns will only 
become unconditional once the project has 
reached the end of its life.

Other return measures that can be com-
puted at this stage include the yield-to-
maturity (since project finance equity has 
a fixed term) and the returns achieved 
in excess of the investment base case 
recorded at financial close.

In Blanc-Brude and Ismail (2014), we also 
show that our measure of expected cash 
flows combined with the implied discount 
rate of equity investors can be used to 
calculate an expected loss value and vari-
ous extreme loss measures such as value-
at-risk and expected shortfall. Figures 4 
and 5 provide an illustration for the case 
described in table 2.

5.2.6 Conclusion
To conclude on the topic of measur-
ing infrastructure project finance equi-
ty performance, in a forthcoming paper 
(Blanc-Brude and Ismail 2014) argue that 
by partitioning the investable universe 

of infrastructure projects with tractable 
cash flow models characterised by well-
documented parameters – such as initial 
leverage, amortisation profile, and typical 
average debt service cover ratio through-
out the project lifecycle – we can apply 
Bayesian techniques and elicit the prior 
distribution of a stochastic cash flow to 
equity process that can subsequently be 
updated with empirical observations as 
they become available.

Thus, using a minimum amount of input 
data i.e. observing initial investment val-
ues, base case and revised equity cash flow 
forecasts even for a limited number of pro-
jects (per generic type), as well as actual 
dividend payouts even with truncated time 
series, we can derived full time series of 
discount rates. 

These rates of return belong to a range 
indicating the highest and lowest valua-
tions made by individual investors given 
their risk preferences, which we also cal-
culate. From there, we can also compute 
period rates of return and a series of risk 
measures.

Recognising that these results remain con-
ditional on available information at the 
time, and on the initial segmentation of 
the unlisted infrastructure project equity 
universe into generic project types aiming 
to represent a single underlying cash flow 
process, we show that it is possible to build 
the kind of performance measures that 
can inform the portfolio construction and, 
eventually, the asset allocation process, 
for such highly illiquid and seldom traded 
instruments.

We also find that calibration using even 
limited datasets leads to substantial vari-
ance reduction for the parameter-esti-
mates. It other words, the learning poten-
tial from a database of project equity cash 
flows combined with Bayesian methods is 
very significant and immediate even with-
out large samples.
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Table 2: A generic "economic infrastructure" project with commercial revenue risk 
i.e. a growing and increasingly volatile debt service cover ratio

Figure 2: Base case equity cash flows (mn)

Source: Blanc-Brude and Ismail (2013b)
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information available at time 0 +0.1%
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In the next section, we present our 
approach to value the illiquid debt found 
in infrastructure project finance.

5.3 Approaching infrastructure debt val-
uation and performance measurement

5.3.1 The challenge
The difficulties posed by the valuation of 
infrastructure project finance debt are 
different than in the case of equity cash 
flows and require an approach that takes 
into account its unique characteristics. The 
main remarkable characteristics of project 
finance debt are the following:

Observable nature of the underlying: Unlike 
traditional corporations that often have 
tangible and intangible assets, the assets 
of project finance SPEs solely consist of 
their future cash flows available for debt 
service (CFADS), which can be monitored 
either directly or by monitoring the debt 
service cover ratio (DSCR).

Debt covenants: Debt covenants such as 
non-financial default triggers, reserve 
accounts, cash sweeps, and clawback 
provisions can change the timing and 
amount of cash flows, and can consider-
ably increase or decrease the risks involved 
in project finance debt investments.

Step-in options: project finance debt 
maturities are usually shorter than the 
maturity of the underlying project, and 
the cash flows in the period between the 
two maturities (often referred to as the tail 
of the project) serves as a security for the 
debt investors. Moreover, the projects are 
typically highly leveraged, and debt hol-
ders have greater control rights. 

Therefore, during financial distress, debt 
investors can step-in to renegotiate the 
debt schedule and recover their losses. This 
step-in option adds an endogenous dimen-
sion to recovery rates in project finance 
debt.

Refinancing option: Refinancing can occur 
if the cash flows to the project company 
reach a sufficiently high level, and the 
project company can replace its existing 
debt with cheaper debt.

Illiquid and lumpy debt: project finance 
debt is typically held by the original 
investors, and trades very infrequently, if 
at all.

Unhedgeable risks: Several of the risks 
in project finance debt investments may 
remain unhedgeable due to long maturi-
ties and availability of a limited number 
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Figure 3: Implied discount rate term structure and bounds, annual periods

Source: Blanc-Brude and Ismail (2014), forthcoming
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of projects at any time. Therefore, inves-
tors have no choice but to bear such risks, 
and would need to adjust their subjective 
valuation of such risks. As in the equity 
case, markets are incomeplete and a range 
of possible valuation is possible within a 
given investor population.

These characteristics distinguish project 
finance debt from corporate debt or bonds, 
which tend to be more standardised, and 
do not share features such as reserve 
accounts, illiquidity, and step-in options. 

Project finance covenants create signifi-
cant and extensive control rights for lend-
ers in infrastructure project financing i.e. 
embedded options which have a substan-
tial impact on recovery rates.

If these options are not taken into account, 
infrastructure debt valuation is likely to 
be off by an order of magnitude. Indeed, 
they are largely ignored in the current debt 
valuation models. 

Existing models for project finance debt 
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Figure 4: Average infrastructure equity upside and downside (loss)

Figure 5: 99.5% one-year infrastructure equity value-at-risk
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valuation include traditional capital budg-
eting methods such as net present value, 
internal rate of return, payback periods, 
and multinomial tree based option pric-
ing models (Ho and Liu (2002), Wibowo 
(2009)).

In a forthcoming paper (Blanc-Brude, 
Hasan, and Ismail 2014), we develop a 
model of endogenous recovery rates to 
construct a valuation framework that can 
overcome these limitations, and incorpo-
rates the key features of project finance 
debt investments.

5.3.2 Approach
Of course, unlisted infrastructure pro-
ject debt suffers from a similar albeit 
slightly less acute paucity of data than 
infrastructure equity investments, for the 
reasons highlighted earlier. Moreover, the 
endogenous nature of credit risk in project 
finance implies that a limited number of 
actual events of default and recovery can 
be observed.

In this context, so-called “reduced form” 
models which consider credit events to 
be purely stochastic and rely on observ-
ing large amount of data are inadequate. 
Instead, structural credit risk models are a 
natural choice. Structural models postulate 
the existence of a default triggering mech-
anism i.e. a discrete event at the thresh-
old between two states (default vs. no 
default). In other words, default events are 
not random amongst firms but must result 
from a contractual or financial breach.

5.3.2 Cash flow model
Our intuition is that the debt service cover 
ratio (DSCR) that lenders regularly monitor 
in project finance can be used as a type of 
state variable, the dynamics of which can 
be sufficient to predict events of default. 
In Blanc-Brude, Hasan, and Ismail (2014), 
we show that the distribution of the DSCR 
at each point in the life of a project loan is 
sufficient to compute standard credit risk 
measures such as the “distance to default”.

We also show that given a well document-
ed DSCR distribution at time t and the 
knowledge of base case debt service, we 
can reconstitute the dynamics of the cash 
flow available for debt service i.e. the free 
cash flow of the SPE, which is of course the 
underlying on which a put option is writ-
ten in the classic Merton debt valuation 
model (Merton 1974).

As in the case of equity valuation described 
above, we argue that frequency-based 
approaches to credit risk remain incon-
clusive and that Bayesian inference can 
be used to calibrate cash flow models of 
generic project finance SPE and derive 
performance measures to the best of our 
current knowledge.

Indeed, despite being monitored by lend-
ers, data from so called DSCR certificates 
can be difficult to obtain and is treated as 
private data by project lenders. As before, 
the majority of projects that are investable 
today still have many years of future cash 
flows to receive and it is unlikely that large 
samples of complete time-series of infra-
structure project DSCR and base case case 
flows can be obatined.

Furthermore, the lumpiness of infrastruc-
ture project investments also warrants 
some scepticism that we may be able to 
observe sufficiently large samples of DSCR 
observations in the cross section. 

We build a stochastic model of the free 
cash flow of the firm for well-defined 
partitions of the project finance universe 
and derive the prior probability distribu-
tion of the DSCR at time t conditional on 
no default until that time. This distribution 
can then be updated with available data 
i.e. observed DSCR at a given point in the 
loan’s life as illustrated by figure 6.

5.3.4 Dynamic renegotiation
Next, we model the trajectory of cash flow 
to debt holders in every state of the world. 
In our model, if a default or refinancing 
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trigger is reached, the entire remaining 
debt service is re-organised. Before observ-
ing such re-organisations, we model them 
using a dynamic debt renegotiation model 
taking into account liquidation costs. This 
model determines to what extent the debt 
service can be rescheduled without incur-
ring any losses, or if alternatively, lender 
should take over the project (and wipe out 
equity investors) and find new owners.

The result is largely a matter of the size of 
liquidation costs and of the loan’s “tail” i.e. 
the difference between the end of the pro-
ject’s life and the original loan maturity.

Typically, lenders structure projects that 
have more volatile free cash flow (e.g. 
merchant projects) with relatively less lev-
erage (c.75%) longer tails spanning many 
years and higher and rising DSCRs (1.5 
to more than 2) in order to maximise 
expected recovery. Conversely, in projects 
that have a very predictable free cash flow 
(e.g. social infrastructure with a guaran-
teed income from the public sector), initial 
leverage is higher (c.90%), DSCRs are lower 
(c. 1.2) and do not rise with time, and the 
loan’s tail is much shorter (c. two years).

By capturing explicitly the endogenous 
nature of credit risk in project finance 
debt, we can account for the embedded 
options that step-in rights and other cov-
enants represent.

5.3.5 Valuation
Since valuing project debt implies taking 
into account future cash flows in differ-
ent states of the world, including post 
renegotiation, implying actual discount 
rates from initial lending decisions and a 
measure of risk is not be possible. Instead, 
we arrive at a range of valuations by 
modelling the subjective probabilities that 
investors assign to future risky cash flows. 

These probabilities are known as the risk 
neutral probabilities, and the valuation 
method is called risk neutral valuation, 

as the investor behaves as a risk neutral 
investor under the risk neutral probabil-
ity measure (i.e. discounts the future cash 
flows at the risk free rate).

Risk-neutral valuation adjusts for risk 
aversion by assigning a lower probability 
to riskier cash flows, and hence decreas-
ing their expected value under the risk 
neutral distribution, instead of discount-
ing the expected values under the physical 
distribution at a higher discount rate — 
both approaches are indeed equivalent. In 
structural models, this risk neutralisation is 
done by mapping the physical probability 
of default to the risk neutral probability 
of default using a probability transform 
derived from the Merton model.

The probability transform decreases the 
physical distance to default (DD) by inves-
tors’ required risk premium for one unit of 
risk, to obtain the risk neutral DD. The risk 
neutral PD is then simply the cumulative 
density function (CDF) of the negative of 
the risk neutral DD.

In complete markets, the absence of arbi-
trage implies that the required price of risk 
can be uniquely determined using traded 
securities as the cost of hedging one unit 
of risk. In incomplete markets, while the 
required price for the hedgable risk can 
still be determined uniquely as the cost of 
hedging this risk, not all risk is hedgable, 
and the no-arbitrage principle leads only 
to weak bounds (which can be strength-
ened using approximate arbitrage models) 
for the unhedgable risks. 

Within these arbitrage bounds, different 
investors may demand different prices for 
these unhedgable risks. Hence, in incom-
plete markets, the mapping between phys-
ical and risk neutral distributions discussed 
above is not unique. The range of risk 
neutral distributions consistent with no 
arbitrage principle depends on the propor-
tion of unhedgable risk. 
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As the proportion of unhedgable risk 
decreases, this range shrinks, and in the 
limit when all risk is hedgable, the range 
of risk neutral distributions converges to a 
unique probability measure i.e. the law of 
one price. 

This risk-neutralisation incorporates inves-
tors’ risk preferences in the distribution of 
future cash flows, which can then be dis-
counted at the risk free rate to determine 
the value of debt.

The total value of the debt is then comput-
ed using a modified version of the Black 
and Cox decomposition, which splits the 
value of project debt into four components 
as illustrated on figure 7:

i. Value at the maturity date, if the firm 
has not been reorganised before then.

ii. Value if the firm is reorganised at some 
lower boundary. This can occur if the 
CFADS hits, say, the default threshold, 
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Figure 6: Sample base case, revised and observed DSCRs (debt service cover ratios) 
for a homogenous category of project finance structure

Figure 7: Black-Cox decomposition at one point in time.With renegotiations, one 
would need to perform a new Black-Cox decomposition everytime CFADS hits the 
lower boundary with updated payout functions determined through renegotia-
tion.
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and the project company reorganises.

iii. Value if the firm is reorganised at the 
upper boundary. This can occur if the 
project company refinances.

iv. Value of the payouts it will receive prior 
to any of the three events described 
above.

For each case, where the upper or lower 
threshold triggering a renegotiation of the 
debt service has been reached, a new debt 
schedule is derived and a new valuation 
conducted.

5.3.6 Performance measures
Once the effects of embedded options and 
debt covenants on the future cash flows 
have been taken into account, risk meas-
ures can be computed. The combination of 
cash flow dynamics and debt covenants 
(non-financial default triggers) allows the 
computation of the conditional probability 
of default at time t, as figure 8 illustrates 
(here at time 0).

Expected loss can be measured as the 
difference between the present value of 
the base case debt service schedule and 
the present value of the projected debt 
payments after incorporating the effects 
of debt covenants and embedded options 
but before incorporating the effect of risk 
aversion. The loss function also allows 
calculating extreme risk measures such 
as value-at-risk and conditional VaR 
(expected shortfall), as figures 9 illustrates.

Duration and convexity measures can 
also be computed. The duration of project 
finance debt is likely to be positively corre-
lated with the recovery rate. This is because 
the higher recovery rates are obtained by 
extending the maturity of the debt, which 
increases the duration. 

In other words, there is a trade-off between 
duration risk and credit risk in portfolios 
of project finance debt. 

Likewise, return measures can be computed 
from the valuation results. The yield can be 
calculated as the constant discount rate 
that makes the present value of promised 
debt payments equal to the value of the 
current value of the debt as shown on 
figure 10. 

We can also calculate the z-spread (a 
constant spread above the risk free term 
structure) at time t, and the expected 
(conditional) period discount rate i.e. the 
discount rate under the physical measure.

5.3.7 Conclusion
To conclude, we show in Blanc-Brude, 
Hasan, and Ismail (2014) that the perfor-
mance of infrastructure project finance 
debt cannot be properly modelled and 
measured without taking into account the 
endogenous nature of credit risk in project 
finance, that is, the active role played by 
lenders across the lives of these instru-
ments to maximise recovery rates and 
indeed returns per unit of risk taken.

As in the case of equity stakes in unlisted 
infrastructure projects, these results can be 
obtained despite significant data limita-
tions in the cross-section and time-series 
and the absence of market prices. 

The use of a cash flow model that is 
designed to allow for learning through 
repeated Bayesian inference is instrumen-
tal in making such approaches capable 
of adaption and improvements. Crucially, 
the valuation models outlined above draw 
their results from asset pricing theory and 
provide a fully transparent methodology.
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Figure 8: Simulated marginal probability of default for a homogenous project 
finance loan population
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Figure 9: Loss given default, Value-at-Risk and cVaR in infrastructure debt
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Figure 10: Yield for infrastructure project loans with constant (volatile) DSCR

Source: Blanc-Brude et al, 2014, forthcoming
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6 The way forward

In this paper, we have argued that creat-
ing benchmarks of long-term (illiquid) in-
frastructure investments is instrumental to 
allow investors to decide whether such in-
struments can contribute to asset allocation 
decisions, and to adapt and calibrate a pru-
dential regulatory framework that currently 
prevents long-term investment from taking 
place.

For this purpose, we propose a roadmap to 
address the significant lack of knowledge 
which characterises long-term investment in 
infrastructure equity and debt today.

This roadmap highlights the need to better 
define and document the cash flow dynam-
ics of underlying infrastructure financing 
instruments, and to develop adapted and 
transparent valuation and performance 
measurement models.

It also suggests that a long-term investment 
benchmark is not a representative basket of 
existing assets at a given point in time – since 
such illiquid assets would not be investable 
at that time – but an efficient combination 
of homogenous building blocks that are de-
signed to capture the average characteristics 
of homogenous groups of infrastructure eq-
uity and debt.

In recent publications, EDHEC-Risk Institute 
has begun to implementing this roadmap.

In particular, we have put forward the idea 
that non-recourse project finance under the 
Basel-II definition creates the most relevant 
type of underlying equity and debt to invest 
in infrastructure projects and embodies the 
expected characteristics of the infrastruc-
ture investment narrative. 

As a consequence, project finance instru-
ments qualify as reference instruments to 
build infrastructure investment benchmarks.

We have also developed adequate valuation 
methodologies, which allow for the current 
limited state of empirical knowledge about 
infrastructure investment and are designed 
to be updated as new information becomes 
available (see Blanc-Brude and Ismail 2014; 
Blanc-Brude, Hasan, and Ismail 2014).

The implementation of the rest of the road-
map is underway with the creation of a 
global database of infrastructure project 
cash flows and the development of a report-
ing standard. 

Thus database will make it possible to 
create and produce long-term infrastruc-
ture investment benchmarks, and to cali-
brate the relevant prudential regulatory 
frameworks.

Section 6: The way forward
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