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30 April 2013 page 3/221



European Investment Bank

The Economic Appraisal of Investment Projects at the EIB

JASPERS:
kV:
KWh:
LC:
LCU:
LCOE:
LNG:
LTE:
LV:
MBT:
MCA:
MLD:
MV:
MVA:
MW:
MWh:
NPC:
NPV:
OCF:
OECD:
O&M:
OPEX:
OPS:
PC:
PHEV:
PJ:
PPP:
PSO:
PV:
R&D:
RDI:
RI:
RM:
ROA:
ROIC:
RU:
SAAS:
SME:
SP:
SPL:
SRAS:
STPR:
STS:
SW:
SWM:
TAC:
TEU:
TSO:
TTM:
TWh:
UGS:
UMTS:
UNWTO:
VAT:
VHV:
VOC:
VOT:
VPD:
WACC:
W&S:

Joint Assistance to Support Projects in European Regions
kilo Volt

Kilowatt-hour

Levelised cost

Local currency units

Levelised cost of energy

Liquefied natural gas

Long-term evolution

Light vehicle (transport context) or low voltage (energy context)

Mechanical biological treatment
Multi-criteria analysis

Mega litre

Medium voltage

Megavolt-ampere

Megawatt

Megawatt-hour

Net present cost
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Present value
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Foreword

The EIB Projects Directorate conducts technical and economic appraisal of the projects
financed by the Bank, and JASPERS includes economic appraisal in its project preparation
assistance. Economic appraisal thus plays a central role in the operations of the EIB. It
allows the Bank to judge whether an investment project will contribute to the economic growth
and cohesion of the EU and the economic progress of its partners.

Some projects have poor financial performance, and therefore may not be financed by the
private sector at reasonable terms, or at all. Private sector investors evaluate projects using
standard financial appraisals that focus on private financial returns. Economic appraisal, in
turn, takes a broader view to include other benefits and costs to society, accounting for all
resources used by the project, whether human, technological, or natural, and gauges the
value the project generates to all stakeholders, to determine whether society at large gains
from the investment.

The economic viability of a project can be seen as synonymous with sustainability, cohesion
and growth in many respects. A project that is economically viable generates products or
services that are valued by society and that may contribute to improving productivity and
growth for the economy. Any employment generated by an economically sound project would
involve jobs that are sustainable over the long run. By accounting for environmental costs
and benefits, economic appraisal sees that any impact on the environment is not gratuitous,
while giving full credit to the benefits of environmentally efficient technologies. Finally,
economic appraisal ensures that any financial support by the government or from European
funds to a viable project is public money well spent.

This guide illustrates how the Bank conducts economic appraisal across all the sectors of the
economy where it operates. The Bank uses standard economic appraisal techniques,
including Cost-Benefit Analysis, Cost-Effectiveness Analysis and, more recently, Multi-Criteria
Analysis, taking into account the evolving circumstances of each sector. Indeed, economic
appraisal is not a static discipline. The development of new sectors and technologies, and
the advancement of technigques and publication of new findings by academia, require that the
methodologies and parameters used in project appraisal evolve. For this reason, the Bank
continuously engages in revisions of methodologies and updates key variables used in
appraisals, most often in cooperation with academia and other consultants, as will become
apparent to the reader.

Given the wide range of sectors, the treatment of each in the guide is necessarily schematic.
Still, by combining discussions of the application of techniques to each sector with case
studies, the document provides a comprehensive picture of appraisal practice in the Bank.
Methodology themes of particular interest are treated separately in more detail and, whereas
the guide is intended for as wide an audience as possible, technical precision is provided
where needed for the benefit of the specialist reader.

The guide should allow the reader to gain a thorough understanding of how the EIB looks
beyond commercial considerations to ensure that investment projects are supported for their
contribution to cohesion, employment, growth and sustainability of the EU and its partners.

Christopher Hurst
Director General, Projects Directorate
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1 Introduction

J. Doramas Jorge-Calderén®

1.1 Objective of the guide

This document presents the economic appraisal methods that the EIB (the Bank) uses in
order to assess the economic viability of projects. It is not intended as a manual, nor is it
meant to instruct the reader about how to conduct the economic appraisal of a project — a
“how to do it” guide — as there are already many textbooks and guides widely available.?
Likewise, the aim here is not to review the theory behind economic appraisal, as many widely
available references are suitable for that purpose. Rather, this guide describes “how the EIB
does it,” giving the general reader an overview of the methods used, and the specialist a
guide to the application of analytical tools across sectors by the Bank.

The document has been written by EIB economists working on project appraisal. There are
30 authors, each of them writing on their areas of specialisation. Economic appraisal is an
ever-evolving field, and individual contributors have identified areas where there is ongoing
work to update parameters or revise methods. This is thus a snapshot of economic appraisal
practice at the time of writing and lends itself to updates over time.

It is also worth underlining that the guide covers economic appraisal only. The overall
appraisal of a project by the Projects Directorate also involves technical, environmental and
procurement aspects. More broadly, every Bank operation also involves credit and legal
assessments.

This introductory chapter goes on to present the case for economic appraisal, which
complements financial appraisal in measuring the returns of a project to society. It then
describes how the conditions under which the Bank operates shape the type of appraisal
suitable for providing the answer the Bank’s governing bodies require to help them channel
financing to projects that fulfil the Bank’s objectives. It finishes by making a general
introduction to the structure of the guide.

1.2 The need for economic appraisal

In competitive, undistorted markets with well-defined property rights, the revenues generated
by an investment project measure the value that the output of the project generates for its
users, and the money costs of the project measure the value (or opportunity cost) of
resources used in producing the output. In other words, prices for inputs and outputs are
valid measures of value and scarcity. In addition, since projects tend to be marginal in
relation to the size of the economy at large, they do not affect prices more than marginally,
and hence there is no need to make additional considerations about consumer or producer
surplus. Under such circumstances, the financial return on capital of the project would be a
necessary and sufficient indicator to determine whether the project is worth undertaking or not
from the social welfare point of view.

However, markets are not always sufficiently competitive, prices are often distorted, and
property rights are at times not well defined, leaving externalities with no price assigned to
them. For these reasons, a project’s financial return may not be an adequate indicator for the

! This introduction builds partly on the note to the Board of Directors of 2008 “The Economic Appraisal of Projects: An
Overview of the Approach within the Bank” 08/580 prepared by J. Doramas Jorge-Calderén and Edward Calthrop
with the cooperation of all PJ departments.

2 The DG Regio Guide to Cost-Benefit Analysis has such a pedagogic element. In addition, it sets the principles that
applicants for European Cohesion Fund financing must follow in their preparation of CBAs, adding an element of
“how we want it done.” See European Commission (2008) Guide to Cost Benefit Analysis of Investment Projects.
European Commission Directorate General Regional Policy: Brussels. Available at:
http://ec.europa.eu/regional_policy/information/evaluations/guidance en.cfm#5

30 April 2013 page 9 /221


http://ec.europa.eu/regional_policy/information/evaluations/guidance_en.cfm#5

European Investment Bank The Economic Appraisal of Investment Projects at the EIB

desirability of the project for society at large. At times, as in some public goods, a financial
return may not exist at all. Provision of public goods may be made free of charge to the user
and generate no revenues to the investor, such as a dyke to preserve an eroding beach.

The standard economic appraisal technique, which helps assess the socio-economic
desirability of the project, is cost-benefit analysis (CBA). It is designed to produce a measure
of project returns corrected for the various distortions and constraints to markets mentioned
above.

CBA has a long tradition within Europe. Its origin as a discipline is attributed to a French
engineer, Jules Dupuit (1848), before being developed by economists. It has become a
standard part of public decision-making in many Member States, notably as a means to justify
the use of public funds. At the European level, projects that apply for grant funding from the
European Commission are required to present an economic justification — in 2008 DG Regio
updated an appraisal guide to help promoters and consultants to provide robust analysis (see
footnote 2). In addition to the EIB, many other International Financial Institutions (IFls) and
international organisations also appraise projects’ economic desirability.

The outcome of a CBA is summarised in two complementary figures — the economic rate of
return (ERR) and the economic net present value (ENPV). The ERR of a project is the
average annual return to society on the capital invested over the entire life of the project. It is,
in other words, the interest rate at which the project’s discounted benefits equal discounted
costs, both valued from the entire society’s point of view. A project is accepted if the ERR is
equal to or exceeds a certain threshold (the social discount rate). The ENPV of a project is
the difference between discounted benefits and costs at a given discount rate. The correct
discount rate equals the threshold rate just mentioned. Projects are accepted if the ENPV is
positive.

Despite this seemingly schematic way of applying CBA, it is worth emphasising that economic
appraisal by means of CBA is more than just a mechanical exercise. Good analysis can help
clarify the aim of the project; estimate what will happen if the project is undertaken, and what
will happen if it is not; evaluate whether the proposed project is the best option available;
identify whether components of the project are the most efficient; identify who wins and who
loses from the project; quantify the overall impact on government'’s fiscal position; evaluate
whether the project is financially sustainable; evaluate the risks in the project; and — ultimately
— provide an informed view to decision-makers as to whether the project is worthwhile for
society.

CBA measures the difference between the flow of costs and benefits with the project and
those without (the "with project” and "without project” scenario). Policy choices are rarely
between a project and no project — rather, there are usually several plausible policy
alternatives (e.g. the construction of a new greenfield motorway for 100km, or greenfield for
the first 50km only, with upgrading of existing road for remainder, or upgrading existing road
for the entire length). Economic analysis will typically compare several policy scenarios
against a common “without project” baseline. Moreover, as infrastructure and other capital
assets typically have long lives, these different scenarios must measure flows over many
years.

Depending on the nature of the alternatives to be assessed, and the type of data available, a
comprehensive CBA may not be possible. In such cases, the CBA may be replaced by a
cost-effectiveness analysis (CEA, focusing on the cost of attaining a given target) or perhaps
a multi-criteria analysis (MCA). These alternatives are not necessarily substitutes for each
other and may well be seen as complementary to full CBA, particularly if economic viability is
to be weighed with other policy considerations. However, as discussed below, the Bank
makes a discrete choice among the methodologies, applying CBA where feasible, CEA where
the project focuses on choice of technology, and MCA where the other methods are deemed
impractical.

Much depends on the extent to which output variables, and benefits in particular, can be
measured and monetised. There are cases where benefits are hard to quantify, in which
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case a traditional CBA cannot be applied, and a cost-effectiveness analysis becomes more
appropriate. In such cases the decision to carry out a certain type of investment or program
is determined as part of the political process and a cost-effectiveness analysis is used to
determine the best project to achieve the desired results, generally the one that achieves the
greatest output per unit of input.

MCA, in turn, consists of combining various evaluation techniques addressing different
criteria, and applying weightings to each of them in order to arrive to a single score used to
compare alternative projects. Typical criteria would include affordability tests, income
distribution considerations, compliance with strategic objectives, quality of the internal
decision-making of the promoter, visual appeal, etc.

In general, the suitability of the three techniques to project circumstances can be summarised

as in Table 1.1. The two drivers are the extent to which the output variables can be
measured (and monetised) and the degree to which the project produces multiple outputs.

Table 1.1:
Suitability of methodologies across project circumstances

Number of output variables

High Low
Degree to which Hiah CBA CBA
output variables can 9 CEA CEA
be easily measured
and monetised Low MCA CEA

The aim of all three techniques is to go beyond financial flows, and to correct for distortions
that may be present in markets, to reflect wider benefits and costs to society, in order to
assess the viability of the project to meet society’s needs.

1.3 Economic appraisal at the EIB

The Bank finances projects in a very broad range of sectors, essentially covering all industries
with the exception of only a few. Sectors include competitive industries, oligopolies and
natural monopolies, as well as public goods. The outputs produced include both
manufactured goods and services. The latter case includes, among others, basic services
where consumer surplus may be impracticable to measure, for reasons that will become
apparent in the sector presentations.

Such variety implies that the Bank must use an array of methodologies rather than a single,
homogeneous one. In the Bank, about half of project appraisals rely on ERR calculations,
and the other half on other methods. This variety means that the results of studies across
sectors are not always directly comparable. Nonetheless, it is necessary for them to be
compatible and consistent, meaning that the application of alternative methodologies to
projects, where feasible, would yield the same decision as to the suitability for Bank financing.

131 Context of Bank appraisals

The previous section provided an overview of the role economic appraisal can play in
informing political choice on the socio-economic value of a project. This is of primary benefit
to national authorities themselves, not least in justifying the use of public funds to taxpayers.
This type of appraisal is most useful when performed early in the project cycle, when very
different possible courses of action may be taken (e.g. fossil-fuel versus renewable energy;
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high-speed rail versus upgrade to conventional rail system etc.). Indeed, in many Member
States, economic appraisal is a sizeable industry in itself. A large project may require
something in the order of five to ten person-years in consultancy work, developing models,
collecting data, analysing different scenarios. In some sectors, such as road transport,
economic appraisal is often undertaken by Bank services on the basis of an economic
feasibility study provided by the project promoter. In other sectors the Bank’s services must
normally construct the economic appraisal from scratch, on the basis of business plans and
financial projections.

If the promoter has produced an economic appraisal, and if the promoter’s studies were of
consistent high quality, the services review and summarise the available material and their
suitability for decision-making. In practice, however, there are several possible problems that
may be encountered when discussing the economic justification of a project with the
promoter, as discussed below.

1.3.2 Possible problems with studies presented to the Bank

“No appraisal”. In some countries, there is only a weak tradition of justifying the selection of
a particular project via an explicit analysis of costs and benefits. Whilst regular attempts are
made to improve this situation, often initiated by the Bank itself,® the fact remains that, for the
time being, many projects come accompanied with little more than a financial model. In
addition, if the domestic political decision to fund has already been made, there may be
inadequate incentives for the promoter to go back and quantify the impact of discarded
options or a “without project” scenario. In this case, the Bank’s services perform their own
economic appraisal.

“Deficient appraisal”. Whilst views may differ on specific points (e.g. the assumptions of a
particular model), a feasibility study prepared by a consultant may not meet the minimum
standards required in terms of transparency, rigour and internal consistency (for example, by
the DG Regio guide). In this case, the Bank extracts the key assumptions behind the existing
work, discusses the main assumptions with the promoter, and then reworks the analysis
within a consistent appraisal framework. In this respect deficiencies may concern the use of
impacts on the regional economy or on jobs created as part of the project benefits, which
constitutes mostly double counting and confuses benefit and impact analysis.4

“Over-optimistic appraisal”. In some cases, promoters are over-optimistic on future demand
patterns for their project — indeed, this may even be a strategic response to the need to outbid
other competing claims for national and European funds. As a result, Bank services revisit
the promoter’s basic model but with different key assumptions — lower growth, perhaps, or
including a more realistic implementation schedule, as well as extending the sensitivity
analysis. For this the Bank makes use of its extensive experience in appraising other similar
projects. If the Bank does not have access to the promoter's model, it is necessary to
“"translate" the promoter’'s model into a simplified format, and then explore how robust findings
are to different assumptions on key inputs.

1.3.3 Need for consistent tools within the Bank

Given the varied quality of promoters’ studies, even within Europe, there is a need for Bank
services to have a common approach when presenting projects to the Board. That is to say,
even where promoters provide studies that are plausible, rigorous and transparent, there is a
need to develop internal tools to provide a consistent view on projects across different
countries.

For those sectors where a financial appraisal is only a poor proxy for economic appraisal, the
discussion above makes the case for the Bank’s services to develop simple, practical
appraisal tools that can be rapidly applied to a wide variety of projects. This is exactly what
has happened — and the nature and type of models have developed over time.

% Reference is made to RAILPAG and JASPERS.
“ See chapter 6 on Wider Economic Impacts.
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1.34 Use of methodology across sectors

In appraising the economic viability of projects, the EIB uses CBA, CEA and MCA as
substitutes rather than complements, as mentioned above. In general, the Bank would use
CBA whenever possible. In some sectors an estimate of the benefits yielded by a project
may not be practical, since the service is deemed too basic a necessity. This is generally the
case in sectors such as electricity provision, water and sanitation. Moreover, in such cases
the policy context implies that the service level must be supplied. The project appraisal then
focuses on whether the project constitutes the most efficient alternative to supply the good or
service. CEA is only practicable when the output or service is homogeneous and easily
measurable. Whereas this may well be the case in the provision of, say, electricity, it is
generally much more difficult in sectors such as education, health and projects addressing the
urban environment, where output can have many dimensions and may not be easily
measurable. In such cases MCA would constitute a more fitting version of CEA, or a proxy to
CBA.

Table 1.2 summarises the use of methodologies across sectors. The table is indicative, as

the choice of appraisal technique is ultimately determined by the circumstances of each
project.

Table 1.2: Methodology use in the EIB across sectors

CBA CEA MCA

Agro-industry Energy Education

Energy Solid waste management | Health

Manufacturing Water and wastewater Urban and Regional Development
Telecommunications

Tourism

Transport

Water and wastewater

1.4 Structure of the guide

The document is structured into three parts. The first two parts describe methodological
topics that have relevance across many sectors (Part 1), and topics that are sector—specific
(Part 2). These parts do not seek to present an exhaustive guide to preparing a CBA or
economic appraisal; instead, they describe how the EIB addresses key methodological
issues. Future versions of the guide may address additional issues as a response, for
instance, to methodological developments deemed noteworthy. Part 3 describes the
application of appraisal methods to specific sectors, including a description of the key
variables and circumstances affecting economic appraisal in individual sectors and an
overview of important parameters and assumptions used. It also presents one or more short
case studies for each sector.
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PART 1:

METHODOLOGY TOPICS: CROSS-SECTOR
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2 Financial and Economic Appraisal

Harald Gruber and Pierre-Etienne Bouchaud

2.1 Financial appraisal

The essence of financial appraisal is the identification of all expenditures and revenues over
the lifetime of the project, with a view to assessing the ability of a project to achieve financial
sustainability and a satisfactory rate of return. The appraisal is usually done at constant
market prices and in a cash flow statement format. It is the difference of all revenues and
expenditures at the time at which they are incurred.

211 Revenues

The cash flow statement sets out the revenues to be derived from a project. These revenues
can take several forms. The easiest to identify are the products and services from the project
sold through normal commercial channels as well as any commercially exploitable by-
products and residues. Revenue valuation is then simply a matter of estimating the sales
values of these products and services.

2.1.2 Expenditures

The cash flow statement embraces both capital and operational expenditures. Capital
expenditures are simply the expenditures of those items needed to set up or establish the
project so that it can be operated. Operating expenditures are those incurred in operating
and maintaining the project. Capital expenditures usually cover items related to construction
of facilities, including site preparation and other civil costs; plant and equipment, comprising
not only the acquisition cost but also the cost of transport, installation and testing; vehicles;
and working capital.

Operating expenditures typically comprise raw materials, labour and other input services,
repairs and maintenance. Pre-operating expenses, sunk costs, and working capital may be
included under certain conditions. In a financial appraisal used as the basis of an economic
appraisal, other costs such as depreciation, interest and loan repayments are not included.
Depreciation is excluded, because it would double count the capital cost. Interest payment
and loan repayment are not included, because one of the major purposes of deriving the cash
flow is to determine the rate of interest the project can bear.

Some projects do not lead to any direct increase in revenues, but achieve their objective by
reducing operating expenditures. When these can be quantified, they are included in the
cash flow as negative operating expenditures.

This can be quite straightforward with “greenfield” projects. However, where the project is
instead an addition to an existing activity, then a difference between the “with” and “without”
project is established. The entire output of the enterprise cannot be treated as the outcome of
the project, either in terms of increased revenues or decreased operating expenditures. Only
the impact of the project ought to be counted. Care must be exercised in constructing a
counterfactual, for some increases in expenditures or revenues that occur after the
establishment of a project would have occurred even without the project. "Before and after” is
not the same as "with and without", and in project analysis it is the "with and without"
comparison that matters. In cases of this kind it has proven more effective to prepare two
separate cash flows, one with the new project and one without it, and then to treat the
differences as the project impact.

2.13 Financial profitability

The financial profitability evaluates the returns to the financial stakeholders in the project, by
calculating the rates of return to the holders of equity and therefore providing indications
about improvements in the financing structure of the project. The cash flow statement
describes the ability of a project to raise its own financing and to assess whether it is
financially sustainable. The latter is summarised by indicators such as the financial internal
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rate of return (FRR), i.e. the discount rate that yields a zero net present value of the cash
flow over the lifetime of the project. The FRR is then compared with the overall cost of
funding rate. If the FRR falls below it, the project as defined is financially not worth
undertaking, and therefore requires a redesign and/or additional sources of funding such as
for instance grants and subsidies. A frequently used alternative indicator is the Net Present
Value (NPV) of the project, which is calculated by using the cost of funding rate® as discount
rate. The project is financially viable if the NPV is positive. The FRR and NPV capture
different aspects of the project return, but in any case lead to the same conclusions with
respect to viability.

2.2 Economic appraisal

2.2.1 Elements for economic appraisal

Indications of financial profitability do not necessarily provide reliable estimates of the value of
a project from a "social" or “European” point of view, as they focus rather on the investors'
perspective. In some cases there is a coincidence of interest, making the financial appraisal
a valid starting point to assess the economic viability of a project (and sometimes, financial
profitability can even be valid guidance for economic profitability). In most cases, however,
this is not the case, for instance when there are important spillovers or externalities. These
can be costs or benefits that would arise as a direct consequence of a project, but which
accrue to agents in the economy other than those who sponsor the project or who are outside
the primary market. Such indirect effects can be very important, especially when
environmental or information resources such as innovation are involved, and it is clear that
they should be considered when deciding whether or not to accept a project proposal. In this
case, the analysis has to be broadened to include these external benefits of projects. For
example, in the transport sector such economic benefits typically are: (i) the value of time
saved by the users; (i) the diminution of vehicle operating costs; (iii) the reduction in
accidents; and (v) environmental benefits linked with a reduction of CO, emissions. In
contrast, economic external costs can be increased maintenance costs or any of the above-
enumerated benefits if the project has a detrimental impact in their regards (e.g. CO,
emissions could increase as a result of induced traffic, higher travel speeds or a longer route).

Differences between the financial and economic profitability can also be due to price
distortions induced through taxes or subsidies. This may occur where inputs or outputs of the
project enjoy favourably distorted prices. A project may be profitable for its sponsors because
it benefits from elements of subsidies or regulated prices. This is a common situation where
the project's products or inputs compete with others paying “market prices”. The
consequence is that either the government loses revenue or consumers have to pay higher
prices than would otherwise pay, with the risk that the economy becomes a high-cost
producer and cannot compete internationally.

Another case is when some payments that appear in the expenditure streams of financial
analysis do not represent economic costs and are merely a transfer of the control over
resources from one group in society to another group. For example, taxes and subsidies are
generally transfer payments, not economic costs.® When looking at the project from the point
of view of the project entity, taxes and subsidies affect the revenues and expenditures of the
project, but when looking at the project from society’s viewpoint, a tax for the project entity is
an income for the government and a subsidy, since the entity is an expense to the
government. The flows net out. Transfer payments affect the distribution of project cash
flows and hence are important to assess who gains and who loses from the project. Usually,
the government collects the taxes and pays the subsidies. In these cases, the difference
between the financial and the economic analyses accounts for a major portion of the fiscal
impact of the project.

® This is normally indicated by the cost to a promoter of raising funding, such as the weighted average cost of capital
WACC).
g This of course ignores that the mere act of raising taxes may itself cause economic costs and inefficiency.
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Some care must be exercised in identifying taxes. Not all charges levied by governments are
transfer payments; some are user charges levied in exchange for goods sold or services
rendered. Water charges paid to a government agency, for example, are a payment by
farmers to the irrigation authority in exchange for the use of water. Whether a government
levy is a payment for goods and services or a tax depends on whether the levy is directly
associated with the purchase of a good or a service and accurately reflects the real resource
flows associated with the use of the service. For example, irrigation charges frequently do not
cover the true cost of supplying the service; thus, while they indicate a real resource flow as
opposed to a pure transfer payment, the real economic cost would be better measured by
estimating the long-run marginal cost of supplying the water and showing the difference as a
subsidy to water users.

Subsidies are taxes in reverse, and for purposes of economic analysis should be removed
from the receipts of the projects. From society’s point of view, subsidies are transfers that
shift control over resources from the giver to the recipient, but do not represent a use of
resources. The resources needed to produce an input (or import it from abroad) represent
the input’s true cost to society. For this reason, economic analysis uses the full cost of goods,
not the subsidised price.

In some cases, a project may not only increase output but also reduce the price of the output
to consumers. Output price changes typically (but not only) occur in power, water, sanitation,
and telecommunications projects. When a project lowers the price of the project’s output,
more consumers have access to the same product and the old consumers pay a lower price
for the same product. Valuing the benefits at the new, lower price understates the project’s
contribution to society’s welfare. If the benefits of the project are equated with the new
guantity valued at the new price, the estimate of benefits ignores consumer surplus: the
difference between what consumers are prepared to pay for a product and what they actually
pay. In principle, this increase in consumer surplus should be treated as part of the benefits
of the project. The benefits include the increase in consumer surplus of existing users
(thanks to lower prices induced by lower costs) and the willingness to pay of nhew consumers
net of incremental cost.

222 Shadow prices

Costs and benefits used in the financial analysis are valued at the prices that the project entity
is expected to pay for them. Usually these are prices set by the market, although in some
cases they may be controlled by government. However, these prices do not necessarily
reflect economic costs to society. The economic values of both inputs and outputs may differ
from their financial values because of market distortions created either by the government,
the macroeconomic context or the private sector. Such distortions or market biases are
government controls, over- or undervaluation of the domestic currency and imperfect market
conditions, including low labour mobility and large underemployment of labour. To
compensate for such distortions “shadow” prices can be calculated to reflect more closely the
opportunity costs and benefits of the project. In contrast to possibly distorted market prices,
shadow prices better reflect the willingness to pay and willingness to accept compensation
values in the face of these market imperfections. Shadow pricing chiefly applies to:

e Situations where the official exchange rate of a country does not properly reflect the
scarcity value of foreign exchange. This is because the costs of imports are held
artificially low (in case of overvaluation) or high (in case of undervaluation), and the
demand for them is therefore arbitrarily altered. To estimate shadow exchange rates
that reflect the scarcity value of foreign exchange, a recommended approach is to
use conversion factors, which establish the correct relationship between the prices of
internationally traded goods and services relevant to a project and the prices of goods
and services that are not so traded. Distortions arise from many sources, such as
import or export taxes or subsidies, quantitative restrictions on trade, and so on.
Because the distortions affect different goods differently, conversion factors are, in
theory, needed for each commodity involved in a project. Since this is not practical, a
single conversion factor corresponding to the economy wide shadow exchange rate,
and referred to as the standard conversion factor, can be calculated. It is a summary
indicator of trade distortions that are expected to prevail in the future.
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e In countries where the labour market functions smoothly, the wage actually paid is
adequate for both financial and economic analysis.  However, government
interventions in some labour markets (e.g., minimum wage legislation, legal
impediments to labour mobility and especially high taxes) introduce distortions that
could justify using shadow wage rates to reflect the opportunity cost of using labour in
a project. In this case, the monetary cost of labour is not necessarily equal to the
marginal output of labour and needs to be corrected. Most commonly, in an
environment where unemployment or under employment prevails, the economic cost
of unskilled labour is less than the monetary cost of labour paid by the project.
Reducing labour costs through shadow pricing increases the net present value of the
project (social net benefits) in comparison with its financial value.

Box: The use of shadow prices

Shadow prices can be a useful construct in assessing the value of relaxing a resource constraint
for the economy. In analytical terms, the shadow price is the “Lagrange multiplier” of the
constraint in the context of the optimisation problem for an objective function (e.g. social welfare)
subject to a constraint (e.g. resource). The shadow price is the value of relaxing the constraint
by one unit. This should be used in project appraisal when there is strong evidence for non-
performing markets or when administrated prices are far away from matching supply and
demand.

For instance, in the case of a persistently high unemployment rate (say in excess of 10%) the
excess supply of labour compared to the market clearing level means the shadow wage would
be below the going wage rate. This wedge between the two values could be explained by
contributions and taxes added on top of wages. To account for this in project appraisal, one can
introduce the provision that the price labour input should be valued at the wage rate before taxes
and social contributions, in particular in the case that a country is suffering from a high
unemployment rate. Mere inspection of actual data* shows that the wedge can be a large share
of labour cost, up to one-third in some countries. A practical solution to determine the shadow
price for labour for project appraisal can be the reduction of unit labour costs by a percentage
determined the share of contributions and taxes in labour cost. See chapter 4 for the case of
pricing carbon emissions, another common externality requiring a shadow price adjustment.

Bank appraisals use conversion factors available from national governments or from
development agencies. The EC DG Regio Guide to CBA** includes a good summarised version
of standard international practice. Consideration is currently being given to determine standard
conversion factors to be used across Bank appraisals, and common methods to estimate
conversion factors when no estimates are available. Whereas this would have the benefit of
improving the comparability of Bank appraisals, the exercise would require addressing many
markets in many countries and would need to be revised regularly.

*  http://epp.eurostat.ec.europa.eu/statistics _explained/index.php/Labour_cost_structural
statistics#Labour_cost_and _earnings

** European Commission (2008) Guide to Cost Benefit Analysis of Investment Projects.
European Commission Directorate General Regional Policy: Brussels.
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2.2.3 Economic profitability

After taking into account all the costs and benefits of the project, the economic analysis has to
give an indication on whether or not the project is worth undertaking. The Bank uses the
economic rate of return (ERR) as benchmark, i.e. the discount rate that yields a zero net
present value of the economic net benefits over the lifetime of the project. The ERR is then
compared to the social discount rate (see chapter 8). If the ERR falls below the social
discount rate, the project as defined is economically not justified and should therefore not be
undertaken, as it would constitute a misallocation of economic resources. An ERR at or
above the social discount rate is a prerequisite for the project to be financed by the Bank.
The Net Present Value of the project can be calculated using the social discount rate. The
project is economically justified if the NPV is positive.7

" If the decisions concern more than one project, the ERR should be used for ranking the contributions of projects for
welfare purposes.
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3 Defining the Counterfactual Scenario

J. Doramas Jorge-Calderon

3.1 Introduction

The economic and financial profitability of projects is estimated by considering the
incremental benefits and costs resulting from the project. That is, the estimated project
profitability does not measure the total benefits and costs to stakeholders resulting from the
activities of the promoter. Instead, it measures the additional or incremental benefits and
costs brought about by the project, over and above what would have happened without the
project.

Assessing the total benefits of production would aim at measuring the total reservation price
of consumers, and would be largely of descriptive use rather than a decision-making tool
about investment viability. Measuring total benefits would not need to make any assumptions
regarding what would happen in the absence of the project, since the counterfactual would
effectively consist of no production activity at all.

Instead, when measuring incremental returns, the analyst must make an assumption about
what would happen in the absence of the project — a counterfactual or “without project”
scenario. Two broad possibilities arise, involving the degree of competition in the market
concerned. In competitive markets, where entry and exit is free, and the goods or services
produced by the project face close substitutes in the market, the “without project” scenario
would consist of other competitors taking the place of the project promoter. There is no need
to construct an ad hoc counterfactual, as the without project scenario is the opportunity cost
of the resources devoted to the project, including the cost of capital. Indeed, if the promoter
does not invest in keeping up its competitiveness, it will be pushed out of the market.

Where markets are not competitive, entry is restricted, and substitutes are very inferior, in the
absence of the project the promoter would continue operating without the incremental benefits
and costs brought about by the project. The project appraisal must necessarily involve an
assumption as to what would happen in the absence of the project. This counterfactual
scenario constitutes a benchmark against which to compare the benefits and costs of the
project, reflecting the incremental nature of any investment decision.

This section summarises the criteria to be used in defining counterfactual scenarios across
the various methodologies used by the Bank, namely Cost-Benefit Analysis (CBA), Cost-
Effectiveness Analysis (CEA), and Multi-Criteria Analysis (MCA) in situations where markets
lack sufficiently close competing substitutes.

3.2 Types of counterfactual

3.2.1 The three basic types

The projects financed by the Bank involve capital formation, whether tangible or not, and
therefore always consist of capacity investment, whether new or upgraded, and never of
stand-alone corporate finance. In this sense, the project, or “with project” scenario always
consists of a “do something” scenario. There are three basic types of counterfactual or
“without project” scenarios against which to compare the project, including:

1. “Do nothing”: This scenario assumes that in the absence of the project, no investment
takes place at all. Capacity will gradually deteriorate, reducing the future ability of the
facility to meet demand. This type of “without project” scenario is suitable for projects
that consist of capacity rehabilitation.

2. “Do minimum”: Assumes that there will be sufficient investment to keep existing
capacity operational in the future. It is a suitable counterfactual for capacity
expansion or upgrading projects. The investment analysis would compare the project
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with the counterfactual scenario of carrying out necessary investments to keep
installed capacity operational for the full length of the life of the project.

3. “Do something (else)”: As mentioned above, the “with project” scenario is already a
“do something” scenario. A “do something (else)” scenario would consist of an
alternative approach to meet the objectives pursued by the project. This may consist
of an alternative technology, a different project scale, or an alternative project
location. It is an appropriate counterfactual for analysing project options, timing or
phasing, once it has been recognised that “something” must be done.

As mentioned in the introduction to this guide, Bank appraisal methods must fit the remit of
the Bank. It is not the remit of the EIB to act as a planning agency and decide on the best
project option. Most projects are proposed for Bank financing once the project option has
been chosen and preparatory work or construction has already begun. Likewise, the Bank
does not engage in a budgeting exercise whereby only the projects with the highest returns
are financed. Bank operations are embedded in the commercial lending market, and the
Bank has limited visibility about future project pipelines. Instead, the Bank focuses on
ensuring that the projects to be financed are viable and generate sufficient economic value.
For these reasons, Bank appraisals do not formally evaluate project options, and economic
appraisals do not consider “do something (else)” counterfactual scenarios. Instead, Bank
appraisals aim at yielding an eligible/non-eligible, viable/non-viable opinion. Bank appraisals
therefore only rarely use “do something (else)” as a counterfactual. Instead, the
counterfactuals used in project appraisals follow the “do minimum” criterion for capacity
expansion or upgrade projects and the “do nothing” criterion for capacity rehabilitation
projects.

The above does not mean that the Bank does not evaluate project options where it is useful
for the promoter and the project. However, such analysis is not the norm for lending
operations. Moreover, it is only of use in the few instances when the Bank or, more
frequently, JASPERS, appraises the project early in the project definition process.

3.2.2 Cost-Benefit Analysis

For CBAs the Bank uses the “do minimum” scenario by default, except for capacity
rehabilitation projects. For capacity expansion or upgrade projects, the analysis asks the
qguestion: “Do we expand capacity or keep it at current levels?” The analysis then compares
the “do something” with a “do minimum”. If the analyst instead compared the “do something”
with a “do nothing”, the project would not be one of capacity upgrade versus no capacity
upgrade, but rather one of capacity upgrade versus letting capacity deteriorate potentially into
inoperability. The consequence of using a “do nothing” instead of a “do minimum”
counterfactual would normally be to overestimate the returns of the capacity expansion
project, since the “do minimum” scenario includes fewer benefits or higher costs to users.
This is illustrated in the example further below.

In rehabilitation projects, the nature of the project itself calls for comparing a “do something”
with a “do nothing”. Generally a pure rehabilitation project involves keeping existing capacity
constant, rather than expanding it. That is, the “with project” scenario involves no growth in
capacity. In that sense, and although it is just a matter of semantics, a rehabilitation project
could be viewed as comparing a “do minimum” with a “do nothing.”

3.2.3 Cost-effectiveness Analysis

CEA analysis starts from the premise that the good or service concerned must be supplied.
There is no room therefore for a “do nothing” scenario, requiring as the counterfactual at least
a “do minimum” scenario. The appraisal then focuses on whether the chosen technology
meets the minimum required cost performance criteria. Should there be room for selecting
among alternative options, the result of the analysis may evaluate alternative “do something”
options to help identify the most efficient option, effectively comparing a “do something”
against a “do something (else).”
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3.24 Multi-Criteria Analysis

A MCA-based appraisal can be constructed with the same array of scenarios as the CBA, and
MCA in the Bank uses the same criteria to define counterfactuals as for CBA. That is, for a
capacity expansion or upgrade project, the comparison is between a “do something” and a
“do minimum,” and on rehabilitation projects it is between a “do something” and a “do
nothing.”

MCA, like CBA, lends itself to considering alternative project options — that is, to an analysis
comparing “do something” versus “do something (else)”. However, as mentioned in the
introduction, the Bank focuses on ensuring that the option financed is economically viable.
Only where critical does it try to determine whether the proposal is the best option that might
be adopted.

3.3 lllustrating the impact of an inadequate counterfactual

A common source of error while building scenarios for capacity enhancement projects
involves mixing a “do nothing” with a “do minimum” counterfactual. As mentioned above,
when the appraisal asks the question “should capacity be expanded or kept constant?” the
“with project” scenario should be compared with the scenario of keeping existing capacity
constant. If instead it is compared with the “do nothing” scenario, the question being asked is
rather: “Is it worth rehabilitating and expanding existing capacity as opposed to letting it
degrade?” If management asks the former question but the project analyst performs the
appraisal with the latter question in mind, the economic returns of the capacity expansion
would be overestimated, which may lead management to take a wrong decision, probably by
overinvesting.

Table 3.1 illustrates the issue by presenting net operating benefits and investment costs for
three possible scenarios in a hypothetical project: “do something,” “do minimum”, and “do
nothing”. Although the scenarios are mutually exclusive, the technologies in the different
scenarios could be thought of as cumulative. The “do something” scenario involves investing
EURA450 million, and will result in benefits growing by 5% per year. It includes an element of
rehabilitating existing capacity plus an element of expanding capacity. The “do minimum”
scenario involves investing EUR30 million, followed by constant benefits. It involves only
rehabilitating existing capacity. The “do nothing” project involves no investment at all, and
letting existing capacity deteriorate over time, affecting the amount of output the facility can
produce, and causing a fall in net benefits of 5% per year. The first numerical column
includes the present value of the flows, discounted at 3.5%.

Table 3.1: Project return under alternative counterfactuals

Scenarios PV 1 2 10 21
1) Do something Net benefit (EURm) 1058 45 47 70 119
) Investment (EURm) 435 450
?3) Do minimum Net benefit (EURmM) 661 45 45 45 45
4) Investment (EURm) 29 30
(5) Do nothing Net benefit (EURm) 442 45 43 28 16
(6) Investment (EURmM) 0 0

Project returns

"With project" "Without project”

(7)=(1)-(2)-(3)+(4) Do something Do minimum Net flows  (EURm) -9 -420 2 25 74
IRR 3%

(8)=(1)-(2)-(5)+(6) Do something Do nothing Net flows  (EURm) 182 -450 5 41 103
IRR 6%

(9)=(3)-(4)-(5)+(6) Do minimum Do nothing Net flows  (EURm) 191 -30 2 17 29
IRR 28%
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The last three rows of Table 3.1 present the calculation of (incremental) project returns for the
three possible combinations of scenarios. Row (7) presents the capacity expansion scenario,
comparing a project to expand capacity with a situation where capacity is left constant. It is
calculated by comparing the “do something” with the “do minimum” scenario, as the “do
minimum” scenario includes the necessary investments to keep current capacity constant for
the entire life of the project against which it is being compared. The project presents a return
of 3%. If instead the capacity expansion project is compared to the “do nothing” scenario, the
return increases to 6%. But there the analysis would not be estimating the returns from
increasing capacity; it would be estimating the returns of both increasing capacity and
maintaining existing capacity. The choice facing the operator would be: “Do we maintain and
expand capacity or do we let it degrade?” rather than: “Do we expand or not (and keep
capacity constant)?” Reporting 6% as the return on capacity expansion would be incorrect as
the low returns on expansion, equal to 3%, are being masked by the high returns of
rehabilitating existing capacity, equal to 28%. If the threshold for accepting projects was 5%,
then clearly the capacity expansion would not be viable, but it would appear viable using an
alternative “do nothing” counterfactual.

If the social discount rate is 3.5%, it would be viable to maintain existing capacity but not to
expand it. In evaluating the expansion project with a “do nothing” counterfactual instead of a
“do minimum” counterfactual, the capacity expansion would be undeservedly supported.
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4 Incorporating Environmental Externalities

Edward Calthrop

4.1 Introduction

Standard project evaluation typically focuses on measuring the benefits and costs of a project
to the direct users of the infrastructure or asset in question. However, projects may also
result in costs borne by wider society, usually referred to as external costs or externalities.®
For example, most capital-intensive infrastructure projects — transport networks, power plants,
industrial production facilities — are associated with significant emissions of greenhouse
gases, which result in global warming. Most combustion processes, even where compliant
with EU legislation, result in residual emissions of localised air pollutants: nitrous oxide,
sulphur dioxide, or small particulate matter, which may have a negative impact on the health
of vulnerable people in the local community. Projects involving land use change can result in
loss of wider ecosystem services, notably biodiversity.

In order to assess the costs and benefits to society as a whole, therefore, it is necessary to
adjust the economic analysis to take into account such externalities. In conceptual terms, this
is relatively straightforward: external costs need to be added alongside operating and
maintenance costs over the economic lifetime of the asset. This requires an estimate of the
volume of externality (e.g. tonnes of greenhouse gas emissions per year, increase in
decibels of noise to the exposed population) and an appropriate unit price, or marginal
external cost estimate (euros per tonne of carbon dioxide equivalent; euros per extra decibel
per person).

Whilst conceptually straightforward, however, the merit of this exercise ultimately depends on
whether external costs can be meaningfully valued. This is a challenge, particularly in the
case of global warming. Impacts are global, persistent over very long time periods, uncertain
and potentially catastrophic. Valuing the loss of ecosystem services also raises complex
empirical and conceptual issues. A decade or so ago, the response of many practitioners
was simply to ignore such external costs as “It is all too difficult”. This is ill-judged. Ignoring
external costs is equivalent to assuming a value of zero — which is almost certainly wrong, no
matter what the range of uncertainty. Significant progress has been made over recent
decades in establishing and applying external cost estimates. Several public administrations
have developed guidance in recent years for practitioners on the values of externalities to be
used systematically across project appraisals.

The Bank began to integrate a cost for environmental externalities (carbon and local air
pollutants) into project appraisal in the late 1990s, notably for energy and transport projects.
The external cost values have been updated on several occasions subsequently, in light of
new evidence, as well as applied more systematically across all relevant sectors of Bank
operation.

This section briefly summarises the Bank's approach to date towards integrating
environmental externalities into its economic appraisal techniques. It does so in three steps.
Firstly, it presents the unit values of environmental externalities, notably carbon, currently
used by the Bank. Secondly, it presents the main methodology through which environmental
externalities have been integrated into project appraisal at the Bank.

& Baumol and Oates (1988) define an externality as being present whenever some individual's (say A) utility or
production relationship include real (i.e. non monetary) variables whose values are chosen by others without
particular attention to the effects on A’s welfare (pg. 17).
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4.2 Estimates of external costs

The value of carbon currently applied by the Bank is shown in Table 4.1 below. It consists of
a central estimate for the damage associated with an emission in 2010 of EUR25 per tonne of
carbon dioxide equivalent,® plus a high and low estimate of EUR40 and 10, respectively (all
measured in 2006 constant euros). Reflecting a common finding that the marginal damage of
emissions increase in function of the atmospheric concentrations of carbon, annual "adders"
are applied after 2010 — i.e. an absolute increase in value per year (measured in constant
2006 prices) shown in Table 4.1. Hence an emission in 2030 under the central estimate
equals 25+(20x1) = EUR45 (in 2006 euros).

Table 4.1: Value of carbon in EIB appraisal (EUR/t CO.e)

Value 2010 Annual adders
emission 2011 to 2030
High 40 2
Central 25 1
Low 10 0.5

These parameter values are drawn from an extensive review conducted for the Bank by the
Stockholm Environmental Institute in 2006. The estimates are drawn largely from the findings
of a body of research using integrated assessment and abatement cost models of meeting
regional and global climate targets.10 Since 2006, these values have been periodically
reviewed internally. 1

The Bank also integrates local air pollution, water and noise externalities. The unit values
applied by the Bank are drawn from a review of the literature, notably the 2008 HEATCO
study.™ In the case of transport projects, Table 4.2 presents the values currently applied by
the Bank converted into per passenger kilometre terms (in constant 2008 euros).

Table 4.2: Values of local air pollutants and noise

Mode EUR per passenger kilometre

Local air pollution Noise
New Rail 0.0049 0.0029
Existing Rail 0.0049 0.0039
Car 0.0173 0.0057
Plane 0.0019 0.0036

® Carbon dioxide equivalency is a quantity that describes, for any greenhouse gas, the amount of carbon dioxide that
would have the same global warming potential when measured over a specific timescale. Recognised conversion
factors have been established by the International Panel on Climate Change.

1% 1AMs are large-scale models that map emissions into atmospheric concentrations, onto impacts on physical and
biological systems and finally, into economic damage across the global and over time. A useful review of these
models can be found in A Question of Balance by William Nordhaus (2008).

 Work is currently underway in the Bank to survey results since the Stern Review, drawing on the results from a
recent EIB-funded research contract with the University of Venice.

12 See http://heatco.ier.uni-stuttgart.de/ for results, in particular Deliverable 5 for unit values. The same institute has
developed a useful web-based calculator EcoSense LE: http://ecoweb.ier.uni-
stuttgart.de/EcoSenseLE/scenario_definition.php
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4.3 Integration into project analysis

The previous section presents the values adopted for environmental externalities by the Bank.
This section shows in a simplistic way how such values are integrated into the economic
analysis, distinguishing between cost-benefit analysis and cost-effectiveness. To simplify
matters, assume a single pollutant, perhaps carbon, associated only with the operating phase
of a project. The framework presented can be extended in a rather straightforward manner to
include emissions from construction or de-commissioning, where relevant.

In the case of cost-benefit analysis, assume a simple capital investment in year zero (C,),

leading to a stream of benefits (B) over the life of the asset (to year T), net of fixed and
variable operating costs'® (C) and external costs (EXT), including climate change. At
discount rate r, the net present value (NPV) of the investment is given by:

NPV (r) = Z% .

in which EXT, =V, X E, i.e. the annual emissions** (E) multiplied by the value (in euros) per

unit of emissions (V). This approach, using the unit values described in section 2 above, is
applied for road, rail and urban transport projects appraised by the Bank, relative to a
baseline scenario.

Two points follow with relation to the unit external cost estimate (V):

e ceteris paribus, as expected, the higher the external cost estimate, the lower the net
benefit of a project that results in a net increase in emission — i.e. the numerator of
the first term — and thus the lower the overall net present NPV or ERR;

e In the case of carbon, the unit value of an emission is assumed to grow in real terms
over time ("adders"). To simplify matters, assume a constant growth rate, g, i.e.

V, =V, (L+g)"'. The net present value of the externality becomes:

1+
V, x Z ~+g
1+r
The growth rate in the value of the carbon externality — the numerator — is offset by
the discount rate — the denominator. In the special case that g equals r, the net

present value of emissions is simply the sum of emissions valued at current value.™

The Bank also employs cost-effectiveness analysis, notably for some energy projects. Where
the benefit (electricity or heat) is homogenous, the analysis for mature technologies focuses
on the relative cost per unit of energy produced. Environmental externalities are included as
a cost and hence penalise relatively polluting or carbon-intensive generation technologies.

Under a similar set of assumptions, the total life cycle cost (TC) of electricity for any particular
mature generation technology, j, becomes:

'3 Benefits and costs are measured in resource terms; hence (carbon) taxes, where present, would be stripped out.
This avoids double counting for instance a fuel exercise duty on petrol with the external cost of road emissions.

 The Bank estimates the absolute and relative greenhouse gas emissions from large projects (primarily investment
loans) with emissions beyond a certain threshold. See http://www.eib.org/about/documents/footprint-
methodologies.htm

5 As is well-established in the climate economics literature, the estimate of V, in fact depends to a significant degree
on the discount rate, in turn dependent on the pure rate of time preference. However, it is standard practice to
differentiate between the social discount rate for a marginal investment decision (i.e. r) and the discount rate
emerging from the optimal path of consumption in long run climate-economy models. In this sense, there is no
formal link between the assumed pure rate of time preference embodied in V, and the discount rate r.

30 April 2013 page 26 / 221


http://www.eib.org/about/documents/footprint-methodologies.htm
http://www.eib.org/about/documents/footprint-methodologies.htm

European Investment Bank The Economic Appraisal of Investment Projects at the EIB

T j i
ch :COJ +{Z_1:(Ct a(:_/tr;Et ))

where Ctj contains both fixed operating and maintenance costs as well as fuel input costs.

Projects are assessed on the basis of what is referred to as the levelised cost of electricity. *°
The two points raised above concerning the value of the externality V in the case of cost-
benefit analysis apply equally here too: the larger the value, the larger the penalty applied to
relatively carbon-intensive technology; secondly, the growth rate in V over time (adders) will in
effect be traded off in the model against the discount rate.

Table 4.3: Percentage value of EXT in levelised cost

Value for carbon

Power generation technology scenario

Central High
Combined Cycle Gas Turbine 13% 20%
Coal or lignite 31% 44%

As discussed in chapters 18 and 19 below, this methodology can be applied both to
renewable and conventional power generation projects. For instance, when assessing a loan
for a mature renewable energy project within the Union, the Bank appraises it against the
alternative marginal plant on the system, which in many cases may be a combined-cycle gas
turbine. Whilst the exact results are project specific, Table 4.3 shows for a simple example
that the external cost of carbon can comprise 13-20% of the levelised cost for a combined
cycle gas turbine, depending on whether the central or high value of carbon value is used.
For a coal/lignite plant, in this particular example, the external cost comprises 30 to 45% of
the levelised cost.

4.4 Conclusions

In order to be fit for purpose in evaluating many projects with impact on the environment,
economic analysis needs to be able to integrate environmental externalities. Significant
progress has been made in recent years in refining the estimates (or distributions) of values
and improving methods to integrate such values into economic analysis.

The Bank has for some time been incorporating global and local pollutants into projects.
However, the Bank needs to remain vigilant to developments in this field, both empirically and
theoretically. Moreover, attention is required in order to integrate this approach across all
sectors in which the Bank operates, as well as to broaden the range of externalities
considered (e.g. loss of biodiversity and ecosystem services).

'8 This is the cost per unit of energy that equals the TC once aggregated and discounted back to the base year.
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5 Land Acquisition and Resettlement

Edward Calthrop

5.1 Introduction

Many infrastructure projects financed by the EIB involve land acquisition.” This change in
land use may lead to some degree of physical or economic displacement of people living on
the land, or using it. Unless undertaken as part of free market transactions where affected
individuals or communities have the right to refuse land acquisition, the displacement is
considered involuntary.™® In principle, the full opportunity cost of this land, and associated
services, needs to be taken into account in the economic appraisal of the project. This is not
always straightforward. One proxy, where land markets operate, might be the market price
for land, but when is this likely to be a reasonable approximation? When should the analyst
be concerned; and what can be done to improve the estimate?

This short note identifies the basic issue and offers some initial guidance. However, it is clear
that further work is needed in this area, and the Bank will continue to monitor developments in
this field. On involuntary resettlement in particular, the reader is directed to a detailed
sourcebook published in 2004 by the World Bank. "

5.2 The opportunity cost of land — going beyond the market price

In the context of a well-developed and liquid land market, the market price may generally be a
good indicator of the opportunity cost of land.?° Indeed, in several countries, compensation
under compulsory purchase orders is tied to market valuation.”* In the case of resettiement,
this would need to be augmented by the resource cost of organising and administering any
resettlement programme.

However, in the case of developing countries, notably in rural areas, there may be no market
at all. Property rights, including access and use, may be unclear: the affected persons may
not be the owners of the land they are using, but instead may hold customary tenure to the
land or be squatters. If so, the opportunity cost of rural land may be calculated as the
agricultural and/or minimal husbandry output foregone, measured at economic prices — i.e.
the value of the income to be earned from that land over a period of time, although this
narrow measure may need to be expanded to include non-market, subsistence-related
income from land (charcoal, medicinal plants, bushmeat, etc.). However, the real value to the
local community in the land may be as a cultural asset vested with spiritual significance:
shrines and places of prayer, burial grounds, and access to social services. As discussed in
the earlier chapter on environmental externalities, the value of the land may also involve
ecosystem services, including biodiversity provision and carbon sequestration. If so, the
appraisal framework needs to account for these benefits foregone by the project.

' The Bank is mandated to finance asset creation. As a result, it typically excludes land purchase from its estimation
of project cost and thus potential loan to an operation. However, the Bank does include the opportunity cost of land
within the economic analysis of a project.
18 Resettlement is considered involuntary when affected individuals or communities do not have the right to refuse
land acquisition resulting in displacement. This occurs via (a) land acquisition, (b) expropriation or restrictions on land
use based on eminent domain, (c) forfeiting of a livelihood/subsistence strategy dependant on the use of natural
resources, and (d) negotiated settlements in which the buyer can resort to expropriation or impose legal restrictions
on land use if negotiations with the seller fail.
% world Bank (2004) Involuntary Resettlement Sourcebook: planning and implementation in developing projects; EIB
Social Assessment Guidance Note on Involuntary Resettlement (2009).
% The price is likely to be a good approximation for surplus when land acquisition is marginal and demand is
relatively elastic.

This would be Complemented by additional compensatory elements assuring the attainment of the full replacement
cost principle. Such principle, in turn, guarantees that all costs arising out of the resettlement have been effectively
addressed by the global compensation offered to each affected party.
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The same principle applies in an urban context. Given existing spatial patterns, urban derelict
space may have little or no formal market value. Yet the opportunity cost of the land should
nevertheless reflect the value the land provides to those currently using it. In short, the
market price of land, even where available, may provide only a lower bound to the opportunity
cost of the land.

5.3 Valuation techniques

In principle and where appropriate, economic valuation techniques can be used to estimate
the “willingness to accept compensation” for resettlement of displaced people in order to
capture valuations of, at least, cultural assets and nonmarket benefits. However, valuation
technigues based on surveys — known as contingent valuation — need to pay careful attention
to problems of free riding and moral hazard, framing and starting point bias. Willingness-to-
accept studies are also relevant to market assets because of the likely presence of consumer
surplus, that is, valuations of assets over and above the market price of those assets. There
is a large literature reviewing such valuation techniques in the field of environmental
economics (see, for example, Hanley 2008); however, there appear to be few applications in
the field of involuntary resettlement programmes in practice.

5.4 Measuring economic cost in practice

Where no such valuation studies are available, a replacement cost approach may be used to
estimate value, albeit recognising that this is likely to be only a lower bound to the true
opportunity cost:

e For agricultural land, it is the pre-project or pre-displacement — whichever is higher —
market value of land of equal productive potential or use located in the vicinity of the
affected land, plus the cost of preparing the land to levels similar to those of the
affected land.

e For land in urban areas, it is the pre-displacement market value of land of equal size
and use, with similar or improved public infrastructure facilities and services and
located in the vicinity of the affected land.

e For houses and other structures, it is the market cost of the materials to build a
replacement structure with an area and quality similar to or better than those of the
affected structure, or to repair a partially affected structure, plus the cost of
transporting building materials to the construction site, plus the cost of any labour and
contractors' fees.

In determining the replacement cost, depreciation of the asset and the value of salvage
materials are not taken into account, nor is the value of benefits to be derived from the project
deducted from the valuation of an affected asset.

Where such replacement cost rules are used to determine actual compensation, the financial
cost of resettlement therefore becomes a lower bound for the actual opportunity cost in the
economic appraisal of the project.

5.5 Equity and Bank social standard

Economic appraisal tends, in practice, to focus on economic efficiency, implicitly valuing a
euro of additional income equally across different income and social classes. Explicit welfare
weights can be introduced in theory, but have proven difficult to apply in practice — and
arguably simply transfers the problem to one of how to establish appropriate welfare weights.
This shortcoming can be exposed in projects that displace some of the poorest and most
vulnerable in society. In addition, as argued above, in practice the replacement cost is likely
to represent only a lower bound to the true opportunity cost, at least from an efficiency
perspective. In part, the issue of social equity can be partially remedied through the
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application of performance standards applied by the Bank in determining whether to support a
project or not. For this reason, the Bank requires that — outside of any cost-benefit calculation
— the Bank’s social guidelines are observed as a precondition for financing a project.*

% The EIB's Environmental and Social Handbook is available online:
http://www.eib.org/about/publications/environmental-and-social-practices-handbook.htm
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6 Wider Economic Impacts

Edward Calthrop

6.1 Introduction

Suppose that a project is judged to be economically weak. More precisely, suppose the
economic internal rate of return (ERR) of the proposed investment, measured using the
standard appraisal techniques described elsewhere in this report, including externalities, is
below the social discount rate. Is this a sufficient condition for the Bank to reject the project?
Or could it be that the standard techniques somehow fail to capture all the relevant benefits?

This Chapter briefly reviews the evidence for including "wider economic impacts" into
economic appraisal, i.e. tangible benefits or costs to the economy that stem from an
investment, but are not included in standard economic appraisal techniques.23 It tries to
identify conditions under which it may be valid to include wider impacts (although they may be
difficult to measure) and distinguish these from inherently weak projects. This is necessary:
with many projects competing for scarce public funds, there may be a temptation for project
promoters to exaggerate the benefits and minimise the costs (Flyvberg, 2003).

Discussion of wider economic benefits is often beset by a confusing array of terminology and
concepts ranging from external benefits, economic multipliers, job creation, impact on public
finances, regional or urban development. This Chapter is therefore structured as follows.
Firstly, building on a simple distinction between primary and secondary markets, it sets out
the conditions under which including impacts on secondary market is valid and when, on the
other hand, it would constitute double counting. Secondly, it explores other notions of wider
economic impacts, notably on growth and public finance. Thirdly, it examines some
developments in evaluating wider benefits in the context of transport projects.

6.2 Impacts on secondary markets

6.2.1 The basic framework

In this section, a wider economic impact is taken to mean the impact of investment in a
primary market on secondary markets. For instance, suppose a new road increases urban
labour supply by reducing commuting times. Should the impact of the (secondary) labour
market be included in the appraisal? Or has the direct time savings on the (primary) transport
market already captured this benefit? Equivalently, should the benefits of a new steel factory
to the (primary) regional steel market also include the boost in productivity to the (secondary)
automobile manufacturing industry?

Imagine an investment in a primary market (e.g. good A). As shown in Figure 6.1, the
marginal cost of producing a unit of A before the investment equalsci. After the

investment,® it falls to ci. In a competitive market, consumer prices equal unit costs, and
hence prices fall from Cito ci. As shown by the shaded area, consumer surplus increases by

the reduction in cost (AC,) to existing customers (qi), and by the triangular benefit to new

customers. Using conventional appraisal techniques, the project would pass a cost-benefit
test when:

% The definition of wider economic impacts will be made more precise below. Clearly, there can also be simple
errors in applying standard appraisal techniques, including data input errors or poor forecasting techniques. As this
is more an issue of quality assurance, it is not considered further.
24 . . . .

This is a very general (and simple) example. It could apply to reduced travel time from new transport
infrastructure, which lowers the generalised cost of travel, lower electricity prices from new power generation, or
lower product prices from an industrial facility.
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AcA(q; + AgA J > INV @

where INV denotes the annuitised investment cost of the project.

Figure 6.1: Impact of investment on primary market A

Unit cost

f A
of good demand

Output of good A / year

Investment reduces the unit cost of good A from cttoc® Ina competitive market,
where consumer price equals unit cost, demand increases from q1 to q2. The welfare
benefit (on the primary market) is given by the shaded area.

Thus far, attention has been exclusively on the primary market, A. , but now let us assume
that the reduction in cost for good A impacts a secondary market — good B. Does this also
need to be included in our appraisal formula (1)?

The answer turns out be somewhat intuitive. When the secondary market is perfectly
competitive — i.e. the price equals the marginal cost of production — no additional adjustment
is required. This is because the direct benefits measured on the primary market capture all
relevant benefits. Equation 1 suffices. This is shown in Figure 6.2. In this case, any attempt
to add impacts on secondary markets would amount to double counting.

However, if a “distortive wedge” exists between price and marginal cost on market B, an
additional to equation 1 is required. Such a distortive wedge may exist for numerous reasons:
the presence of taxes or subsidies, imperfect competition, returns to scale, externalities,
asymmetric information etc. If the consumer price (i.e. marginal benefit) is higher than
marginal cost for the last unit, welfare increases if the proposed investment boosts demand
on market B. Conversely, if the investment were to reduce demand on B further, the
subsequent reduction in welfare should be included. The former case is shown in Figure 6.3.
The welfare gain on the secondary market is shown by the shaded rectangle. Equation 1
becomes:

AcA(qi\ + Ag’* j +(pg =€ )AG, >INV (2)
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Figure 6.2:
Impact of investment on secondary market B in absence of market distortions

Unit cost
of good B

D(c))
D(c)

Output of good B / year

The investment on the primary market causes the demand for good B to increase, i.e. A
and B are complements. Demand for good B therefore shifts out from D(Cl) to D(CZ).
Equilibrium output of good 2 rises from q1 to qz. However, if market B is perfectly
competitive, there is no welfare impact. Rather, this is just the equilibrium response to
the investment (and welfare benefit) on the primary market.

When might this adjustment matter in practice? In other words, when is the second term in
equation 2 likely to be relatively large in absolute terms? This is the case if: (i) there is a
relatively large pre-existing distortive wedge between price and cost on the secondary market;
and/or, (ii) there is a relatively large cross-price elasticity between the primary and secondary
market. Note that the sign of this second term can be positive or negative: the secondary
market can be complement or substitute for the primary market; there can be taxes or
subsidies on the secondary market. In general, there can be wider economic benefits or
costs from an investment.

This result was established in Harberger’'s work on monopoly pricing (see Harberger 1974): it
has been subsequently generalised in the academic literature, most notably Dreze and Stern
(1987, 1990), and is reflected in several practical appraisal guides (e.g. European
Commission 2008, World Bank, SACTRA 1999, ITF 2011). The appendix to this chapter
provides a more formal derivation of the basic result.

In reality, of course, market distortions are pervasive. Hence, even when measured
accurately, equation (1) is only an approximation of the total benefit. This might suggest that
appraisal should consider numerous secondary markets, including labour markets — i.e. it
should be general equilibrium rather than partial equilibrium in nature. However, in practice,
general equilibrium models are rarely used to appraise individual projects: in many cases, the
added complication and expense of including many secondary markets would not be justified
by the (relatively small) refinement in net benefit estimated by a partial equilibrium approach
(see ITF, 2011 for a review).
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Figure 6.3:
Impact of investment on secondary market B in presence of pre-existing distortions

Unit cost
of good B
D(c?)
D(c})
p,=cC,+tax
C B
s a.

Output of good B / year

In contrast to Figure 6.2, in this case the secondary market is characterised by a pre-
existing distortive wedge between consumer price (p) and unit cost (c), perhaps due to a

tax. As a result, before the investment, marginal benefit D(pB,Ci) is higher than

marginal cost cg. Investing in the primary market shifts out the demand curve for good
B, thus increasing output for a good that is undersupplied. This increases welfare by the
shaded amount.

An alternative approach is to approximate wider distortions through converting market prices
(on primary markets) into shadow prices (reflecting distortions on secondary markets). This
approach was set out in the mid-1970s by Little and Mirrlees (1974), most famously arguing
for the use of border prices to value tradable goods and long run marginal cost for non-traded
goods. A rather abstract approach to using shadow prices to perform cost-benefit analysis in
distorted economies is set out in Dreze and Stern (1990). Shadow pricing is further
discussed in chapter 2.

6.2.2 Implications for analysing labour market impacts

Let us apply this framework to consider the impact on local labour markets of an investment
project, e.g. a new road. In particular, we might distinguish three different impacts that may
be relevant:

e A short-term increase in demand for labour during construction;

e Along-term increase in demand for labour during operation;

¢ In the case of transport projects, an increase in labour market supply resulting from
improved accessibility.

Recall that the theory suggests it is valid to include wider impacts if secondary markets are
distorted. This is generally the case with labour markets, not least given the presence of
taxes. Given the difficulties in constructing a labour market model, however, standard
practice is to adjust market prices for shadow wages (see chapter 2; and EC, 2008). The size
of the adjustment (per hour of labour) clearly depends on the size of the market imperfection

(recall that it is equal to Py —Cy in equation 2) as well as the impact of the project on local
labour supply (skilled, unskilled etc.). This adjustment requires detailed information on the
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local labour market as well as estimates of the job creation by the project. In short, equation
2 helps develop the intuition needed to capture secondary labour market benefits.

6.3 Wider impacts on public finances and GDP

Section two has focused on the impact of investments on secondary markets. However,
other interpretations of wider economic impacts also exist. This section briefly reviews two.

6.3.1 Impacts on public finances

As is well known, the cost of a project is measured in terms of the opportunity cost of
resources. Taxes or subsidies do not correspond to a resource flow and hence are usually
considered as a pure transfer and stripped out.”®

This approach is correct if governments have access to non-distortive instruments to raise
public revenues (so-called lump sum transfers). In reality, this is not the case: governments
use an array of distortive taxes on income and consumption. As a result, each euro of
government tax revenue has an opportunity cost — the welfare cost from the distortion in
consumer and producer behaviour induced by the tax (see Riess, 2008, for a review). In the
literature this welfare cost per unit of tax revenue raised is usually referred to as the marginal
cost of public funds. Where the marginal cost of public funds is greater than one, the welfare
cost of raising one euro is greater than the tax received.

A large empirical literature has attempted to estimate the marginal cost of public funds from
different tax instruments (see e.g. Myles, 1995 or Riess, 2008). In general, it is estimated to
be larger than 1, although, in the case of reform of the tax structure, the marginal cost of
funds depends both on the instrument used to raise revenue and to recycle it (see Goulder et
al 1997).

Large investment projects — even when wholly financed by the private sector — can have a
significant impact on regional and even national net tax receipts. For example, indirect
impacts on public finances of a new urban rail line in London, presented in the section below,
are estimated to equal approximately one-quarter of the total user benefits. If the marginal
cost of public funds is one, no value is placed on this transfer of resource. If it is above one,
an additional cost is placed on the fact that governments need to address this loss of tax
revenue through raising distortive taxes elsewhere in the economy.

The practice of the Bank — in line with a number of practical guidelines, including EC (2008) —
is to abstract from these wider fiscal costs, i.e. to assume that the marginal cost of public
funds equals one. This is questionable, at least in principle, particularly at a time of acute
strain on public finances. However, where the primary purpose of the Bank’s analysis is to
screen out relatively poor projects from within a single sector, the degree of inaccuracy
introduced may be rather small.

6.3.2 Impacts on GDP

Cost-benefit analysis estimates the impact of an investment on social welfare. When done
well, it should quantify the impact on all relevant people and firms affected by the project. In
this sense, it is a wider concept than aggregate income, captured by GDP. Nevertheless,
many policymakers remain sceptical about its merits, preferring to know the contribution of
the project to economic growth (Worsley, 2011). This is legitimate in its own right; but as
witnessed in Europe in response to the 2008 crisis, it can become elevated to new heights
during times of economic crisis when investment in “shovel-ready” projects is seen as a
means to boost aggregate demand.

The impact of projects on GDP growth can in principle be measured. However, in general,
this is a separate metric from welfare. As discussed in UK Dept. of Transport (2005), care is

% There are exceptions to this rule. In the case of a distorted market, the tax revenue from increased demand
resulting from the investment can be used as a measure of social surplus.
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required not to add welfare measures with GDP measures. In many cases, impacts are
captured by both measures, and consequently adding would lead to double counting.

The impact of public investment on productivity (and GDP) has been a lively area of research
over the last twenty years. Early research by Aschaeur (1989) found that public infrastructure
has a large and positive impact on productivity, but other studies quickly found contrasting
results. For a survey of this strand of literature, including the methodological difficulties
inherent to it, see De la Fuente (2000).

In conclusion, although measures can be developed for the impact of projects on GDP, these
are largely separate from welfare measures and should not in general be added. In some
cases, in the absence of measures of welfare, GDP can provide an approximation of benefit.

6.3.3 Focus on transport infrastructure

The wider benefits of transport projects, perhaps more than any other sector financed by the
Bank, are often espoused by project promoters. This may reflect legitimate concerns to
capture the full range of benefits of a transport infrastructure within a wider regional network,
in contrast for example with the more narrowly defined cost-effectiveness analysis required to
compare alternate power generation technologies for a single power generation project.
However, it may also reflect the fact that many transport infrastructure projects are publicly
funded to some extent and hence compete for scarce public funds. The higher the stated
benefits, the higher the chance of public funding.

As a result, there remains a lively academic debate over wider economic impacts in the field
of transport (see ITF, 2007 and ITF, 2011). This section identifies two transport-specific
issues: agglomeration benefits and property price increases. Other more general issues,
such as impact on government finances, or labour market influences, have been discussed
above.

6.3.3.1 Economies of agglomeration

A recent and controversial development in transport appraisal concerns the benefit of
providing better access to dense, urban agglomerations (see UK DfT, 2005 for a review; or
ITF 2011). In economic theory, a case can be made for including an additional agglomeration
benefit given the impact of the project in effect to bring firms closer to one another and hence
boosting productivity.?® Standard appraisal techniques would capture part of the benefit, via
the reduction in generalised cost valued at gross wage rate. However, given the returns to
scale®’ (or externality) in the firms’ production function, it can be shown that the social returns
from investment exceed private returns.

In a discussion paper in 2005, the UK Department of Transport proposed a methodology to
measure agglomeration benefits in practice. The result for a large urban rail project in
London (Crossrail) is shown in Table 6.1 and for a new intercity high speed rail line (HSR2) in
Table 6.2. These results suggest that the magnitude of agglomeration impact will depend
strongly on the context of the individual project: in the case of Crossrail, agglomeration
impacts could account for approximately an additional quarter of conventional time savings
benefits, whilst for the high speed line it is estimated at less than ten percent.

However, some recent studies (Graham and Van Dender, 2009; de Palma, 2011) have
challenged the techniques used to estimate agglomeration economies, concluding that it may
not be precise and solid enough for inclusion in routine transport project appraisal. Whilst the
conceptual case remains, it is difficult to transfer this evidence to the context of a typical
project. An OECD workshop in 2007 concludes that using a rule of thumb to account for
agglomeration benefits should not be considered best practice.

% |n fact, two different effects need to be distinguished. For a given pattern of location, the investment reduces
generalised travel cost. However, the investment may alter location decisions, as firms or people move in response
to the investment. In particular, some firms may respond to the improved access to relocate from core to periphery.
The net impact on agglomeration levels in the core is ambiguous and needs to be determined empirically on a case-
by-case basis.

* This is consistent with the model presented in section 2. One of the conditions required to ignore impacts on
secondary markets was precisely (locally) constant returns to scale.

30 April 2013 page 36/ 221



European Investment Bank

The Economic Appraisal of Investment Projects at the EIB

Table 6.1: Wider Benefits of Crossrail project

Welfare (GBP million)

Business time savings 4,487
Commuting time savings 4,152
Leisure time savings 3,833
Total transport user benefits 12,832
Agglomeration benefits 3,094
Increased competition 0
Imperfect competition 485
Exchequer consequences 3,580

Addition to conventional appraisal (percentage of

conventional)

7,159 (55%)

Total (excluding externalities)

19,991

Source: UK Department of Transport (2005). Crossrail is an urban rail project in London estimated by the promoter

to cost GBP16bn. For an update, see Worsley (2011).

Table 6.2: Wider Benefits of High Speed Rail 2 (HSR2)

Welfare (GBP million)

Business time savings 17,600
Commuting and leisure savings 11,100
Other benefits: accidents, air quality, noise <100
Total transport user benefits 28,700
Agglomeration benefits 2,000
Increased competition 0
Imperfect competition 1,600
Exchequer consequences 0

conventional)

Addition to conventional appraisal (percentage of

3,600 (13%)

Total

32,300

Source: UK Department of Transport (2010). The project is a new high speed rail line between London and

Birmingham (with possible extensions northwards). The project is estimated by the promoter to cost GBP25.5bn.

6.3.3.2 Local property prices

In urban infrastructure projects, for instance upgrading a metro line, promoters sometimes
add the positive impacts on local property prices as a benefit. In general, this constitutes
double counting, since the benefits have already been measured on the primary transport
market i.e. as time savings, improved reliability etc. However, there may be impacts on local
public finances through property taxation — but, as discussed above, this is only a resource
cost if the marginal cost of funds is assumed to be larger than one.

6.4 Conclusions

When the net present value of the benefits of a project, measured using standard appraisal
techniques, fail to outweigh the costs, it may be tempting for promoters to search for “wider
economic impacts”.

This chapter has briefly reviewed several candidates for inclusion as wider benefits, including
exacerbating pre-existing distortions on secondary markets, impacts on public finances and
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GDP. Particular attention has been given to transport projects, given widespread application
of full cost-benefit techniques and the common need to justify the use of public funds.

Based on this review, it seems appropriate to draw the following conclusions for appraisal
work:

In line with standard practice in this field, the central focus of the economic appraisal
is to capture accurately the flows on relevant primary markets (e.g. relevant transport
network; energy markets; industrial sector). In this sense, there is a presumption
against including wider impacts on secondary markets, GDP or public finances. This
is to avoid double counting project benefits and thus biasing the funding decision.

e Under some strict conditions, however, economic theory would support including
specific wider benefits. From the Bank’s perspective, however, if the ERR estimated
using standard techniques exceeds the social discount rate, the funding decision can
already be made.”® Under these conditions, any additional benefits are of academic
interest only.

e Where appropriate, one practical way of dealing with impacts on secondary markets
may be to convert market prices into shadow prices (e.g. to capture structural
rigidities in the local labour market). Even here, it is likely that the overall impact on
results is likely to be within the range of sensitivity testing performed on the standard
model.

o Exceptionally, secondary markets may be considered more explicitly by the promoter,
e.g. the impact of an urban rail scheme on business productivity. This will be
considered by the Bank on a case-by-case basis, with a view to ensuring consistency
of approach between evaluations of similar projects across different countries. In
such cases, good practice would require the project analyst to provide clear
justification, based on quantifiable evidence of the impact on pre-existing market
distortions.

e Whilst it is fair to say that there have been relatively strong developments surrounding
the theoretical basis for wider economic impacts in recent years, there remains little
established practice on how to translate these ideas into robust techniques for
individual projects. This justifies a cautious approach by the Bank, although it
underlines the importance of monitoring closely developments in this field.
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Appendix: Formal presentation of section 6.2

This section provides a more formal treatment of the discussion in section 6.2. A very simple
setting29 is assumed to illustrate the main result. Let us assume an economy with three

goods: X;, X,and X,.  Quantities are defined in units such that producer price (without
investment) equals 1. Let X, be the untaxed numeraire, hence p,=1. We assume
government can invest by an amount k in a second market to reduce the price such that
p,=1- K. Finally, the third market is subject to a distortive wedge between consumer and

producer prices: p, =1+ 7. This set-up equates to the example given graphically in section 2
above, with X, equivalent to market A and X,equivalent to market B.

Consumer problem
A representative consumer is assumed to maximise a utility function with standard properties

defined over the three goods U(X;,X,,X,)subject to a budget constraint in which

X +(@—-k)x, + (1+7)X; <G. Solving this problem leads to demand functions x;(k,z,G).

Substituting these back into the utility function gives an indirect utility function V (k,z,G).

oV ov
Using Roy’s identity, this implies — = AX, where — = A .
Iy Y PIES "o =7 G

Government budget constraint
The government collects taxes from good 3, pays for investment c(k) and returns any balance

to the consumer. Hence the budget constraint is given by: 2x; —c(k) =G .

Welfare impact of marginal investment
The welfare impact of marginal investment is given by:

1ow _1(ov oV d6
Aok Alok oG dk
Substituting the various terms and rearranging gives the result:

10w dx

———=x,-c'k)+r—2

A ok dk

This result is the formal equivalent of both Figure 6.1 and Figure 6.3. At the margin, the
benefit of the investment on the primary market is given by X, (equal to the shaded area in

Figure 6.1 as the dQ is very small) minus the cost of the investment. The welfare impact on
the secondary market is measured by the distortive wedge (7 ) multiplied by the change in
demand. In the special case that no distortion exists (7 =0), analysis of the primary market
alone suffices.

# gee Calthrop et al. (2010) for a more general model, including labour market distortions and a full set of feedbacks.
Note that — as pointed out by Professor Johansson — care is required when generalising the simple result presented
here. For instance, once lump sum taxes are not available, it is in general not correct to adjust costs on the primary
market by a marginal cost of funds parameter and, in addition, retain the tax wedge on the secondary market.
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7 Economic Life and Residual Value

Diego Ferrer

7.1 Introduction

The need to estimate a project’s economic life is twofold: firstly, life is a basic parameter in the
evaluation of the economic profitability of the project; and secondly, economic life is a
reference to determine the maturity of the loan financing the project.

In line with sound banking practice, the Bank ensures that the maturity of its loans is shorter
than the underlying project life. When the Bank is lending to guaranteed public sector
projects, the main reason for capping the maturity of the loan is to make beneficiaries pay for
the project, avoiding potential inter-generational transfers that may arise in detriment of future
generations. When the Bank lends to the private sector, and in particular in project finance,
the “user pays principle” tends to inherently apply to the project, and the link between loan
maturity and project life relates mostly to credit risk considerations.

In general, the assessment of a project’s economic life is left to a large extent to the discretion
of the PJ team and depends on the sector and specifics of the project. In 2002, following
internal discussions on the economic life of high speed railway lines, the Bank decided to
adopt a specific methodology.

7.2 Definitions of life

The literature addresses various notions of life, raising the possibility of confusion. Terms
such as average life, useful life, economic useful life, effective life or mean life are used in
different contexts, sometimes wrongly. PJ has retained three main life definitions: economic,
physical and financial. The notion of design life is closely related to physical life.

The following generally accepted definitions are inserted here for convenience and as an
introduction to the PJ methodology.

7.2.1 Economic life

The period over which an asset is expected to be usable, with normal repairs and
maintenance, for the purpose it was acquired, rented, or leased. Expressed usually in
number of years, process cycles, or units produced, it is usually less than the asset's physical
life.

At each point in time, a project may be considered economically alive if it has a positive net
present value. On the cost side, economic life depends on the same factors determining
physical life (see below). On the benefit side, economic life depends primarily on the level of
demand and on the economic value attached to this use, which in turn depend on exogenous
variables such as market risk (competition, possible change of use) and risk of obsolescence.
Externalities may also affect the benefits stream and thus the economic life of a project.

7.2.2 Physical life

The physical life is the life for which the facility is designed under given operating conditions.
The notion of physical life of a project is related to the physical deterioration of its components
over time. It depends on the intrinsic quality of the project's components (initial capital
investment), on the type of maintenance applied (operation and maintenance regime), on the
usage rates (demand) and on the environmental conditions (e.g. storms, salinity or humidity
levels). While the first two variables are mainly endogenous (i.e. can be controlled by the
promoter and/or operator), the latter two are primarily exogenous (i.e. cannot be controlled
and therefore need to be estimated, largely on the basis of empirical evidence).
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Predicting physical life is a difficult exercise. Efforts concentrate on empirical evidence and
statistical approaches, aiming at the estimation of a minimum physical life, sometimes
referred to as design life.

The design life of an infrastructure project is the minimum physical life, as defined in the
project’s technical specifications. Design life is a notion that adapts well, for instance, to an
industrial product such as rolling stock. Load, fatigue and corrosion tests can be made to
predict nominal design lives of individual components. Despite uncertainty on a number of
factors, engineers are normally able to determine the asset’s design life with some accuracy.
In general, the capability to achieve a physical life in excess of the design life is related to
both the quality of the available empirical evidence at design stage and to the safety factors
employed.

7.2.3 Financial life

The concept of financial life can be defined when a project generates a financial cash flow.
Similarly to the methodology illustrated for the economic life, the project can be considered
financially alive as long as the NPV of the future net financial cash flow is above the financial
residual value of the project's components. The financial life could be affected by fiscal
and/or accounting considerations, and also by the promoter’s opportunity cost of capital
considered as discount rate.

7.3 EIB methodology to assess economic life

The approach to estimating the economic life of an infrastructure project is to first estimate the
average physical life. Average physical life is defined as the cost-weighted average of the
physical life of the components of the project under normal operating and maintenance
conditions.

The calculation is normally done by the Bank engineer appraising the project, on the basis of
cost information obtained from the promoter and a set of tables including physical life values
for the project components. Reference values are available for the main components of
transport projects, but also water and building operations.

PJ reports on the average physical life and provides an analysis of the factors affecting the
project's economic life. This can be supported by CBA modelling and sensitivities. If
applicable, a risk matrix will be developed to assess risks associated to the intrinsic quality of
the asset, the operation and maintenance policies, the use of the asset and the environmental
conditions. The PJ team will also assess the probability that the economic life is finally
shorter, or perhaps in some cases longer, than the average physical life.

PJ should report on the project’s average physical life, but should avoid calling it economic
life. Qualitative or statistical considerations should provide an indication on the expected
economic life relative to the calculated average physical life. As an example, a tramway
project would be as illustrated in Table 7.1.

The calculated average physical life for the project is 36 years, with the shortest life
corresponding to equipment, 20 years. In order to assess the economic life, additional
considerations are taken into account. From a functional point of view, the project is
pioneering an innovative type of rolling stock on tyres, which is able to operate both as a
tramway and as a trolleybus. This type of technology has no precedent and despite thorough
testing, it could suffer from market risk. In particular, if users do not accept it relative to
alternative technological options, it could quickly become obsolete. Because of these risks,
the project team deemed prudent to limit the economic life to 25 years.
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Table 7.1:
Calculation of average project physical life

COST M EUR % Physical life Average project
physical life
Infrastructure 59 34% 60 20.5
Energy & signalling 36 21% 25 5.2
Equipment 9 5% 20 11
Workshop 1 1% 25 0.2
Urban works 28 16% 20 3.2
Rolling stock 40 23% 25 5.8
TOTAL 175 100% 35.9

7.4 Residual value

In general, the PJ team determines the residual value to be considered in the project's
economic appraisal on the basis of the nature of the technology concerned and the market
risks surrounding it. For example, in the case of rail projects, where rolling stock is normally
replaced after 20-25 years of operation, the in-house CBA models assume by default that the
residual value at the end of the project’s physical life is 0.
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8 The Social Discount Rate

Armin D. Riess ¥

8.1 Introduction

One objective of this chapter is to set out what the social discount rate is for, which factors
determine it, and how it can be estimated. An equally important and related objective is to
guide Bank appraisal practitioners in choosing the "right" social discount rate. In this context,
the chapter warns against making seemingly plausible but wrong ad hoc adjustments to social
discount rates. As to terminology, note that what is called "social discount rate" here is called
"economic discount rate" in Bank appraisal. This use of terminology is in line with the CBA
literature, which also uses both terms synonymously.

The remainder of this chapter is structured as follows. Section 8.2 provides a reminder of the
purpose of discounting. Section 8.3 sets out the concept of the "social time preference rate”
(STPR), which recent literature reviews have found to be the most appropriate parameter for
setting social discount rates (see, for instance, Spackman (2004) and OECD (2007).31
Section 8.4 provides figures for the STPR. Section 8.5 briefly explains why risk and
uncertainty have (almost) no impact on the social discount rate. Section 8.6 summarises,
highlights practical implications for project appraisal, and suggests social discount rates for
the appraisal of Bank projects.

8.2 What is the social discount rate for?

The sole purpose of the social discount rate (s) is to make costs and benefits that arise at
different points in time comparable. Specifically, from today’s perspective (t =0), the
economic value that society attaches to a net benefit (benefit — cost) of EUR1 accruing in
period t is d =]/(l+ S)t, with d being the discount factor. For $>0 and t > 0, d < 1;

what is more, d declines over time, suggesting that society attaches greater weight to near

benefits than to distant ones.*>. If S is big, d is small and, thus, society weighs near
benefits particularly high relative to distant ones.

To make things clear, it does not hurt to consider numerical examples.

Suppose $=0.11 and, thus, the social discount factor linking two consecutive
periods is d =0.9. From today’s perspective (the current period), society attaches a
weight of 0.9 to a benefit of EUR1 tomorrow (the next period). This implies that
society values EURO0.9 today as much as EUR1 tomorrow. One rationale for valuing
EURO0.9 today as much as EUR1 tomorrow is time preference, implying that people
and the society they constitute prefer to have good things sooner rather than later.

Alternatively, suppose S =0.25 and thus d = 0.8. This implies that society values
EURO0.8 today as much as EUR1 tomorrow. With the time preference rationale for
discounting, a comparison of both cases suggests the following: $ =0.25 reflects a
higher time preference than $=0.11; this is because for S=0.11 society's
preference for the present is such that EUR0.9 today would be of the same value as

30
31

Thanks to Edward Calthrop and Marco Springmann for their excellent comments.

Spackman, M. (2004), “Time discounting and the cost of capital in government”, Fiscal Studies, Vol 25, no.4, pp
467-518 OECD (2007).

OECD (2007). Working Party on National Environmental Policies — Use of discount rates in the estimation of
costs of inaction with respect to selected environmental concerns. Paper drafted by Cameron Hepburn.

3 More formally, the discount rate (S ) is the rate of change of the discount factor ( d ) over time. This is easy to

. . . . . —st
see in the continuous form expression of the discount factor, i.e. dt =g,
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EUR1 tomorrow; by contrast, for S = 0.25, preference for the present is so strong
that a mere EURO.8 today suffices to be of equal value to society as EUR1 tomorrow.

In sum, the social discount rate (s) is a parameter that determines the discount factor d(t),
which in turn is nothing but a weight that society gives to benefits accruing in period t. Future
benefits are valued less than present ones. One rationale for this is that societies prefer the
present over the future. Reflecting this rationale, the social discount rate (s) is called “social

time preference rate” (STPR). Other reasons for discounting relate to social opportunity
costs or the mere existence of interest rates. The next section will explore the STPR and
sketch the link between the STPR , social opportunity costs and interest rates.

8.3 The social time preference rate (STPR): concept
The classic approach to STPR (and thus $) is the Ramsey equation:*
@ s=STPR = a+bg

According to (1), the STPR has two components: a and the product of b and ¢. Thus,
there are two reasons why society prefers having things sooner rather than later. The first is
captured by a, which is the so-called pure time preference rate; a >0 reflects the
hypothesis that society prefers today’s consumption®* over tomorrow’s purely because of its
precedence in time.*®. All other things being equal, the social time preference rate (STPR)
is the higher, the higher the pure time preference rate (a).

The second reason why society prefers having things sooner rather than later is captured by
bg. In tun, bg reflects a combination of two things. Firstly, the hypothesis that
consumption possibilities grow over time (at the rate g) and, secondly, that the additional
welfare that society derives from an increase in consumption declines — an effect captured by
b (an economic interpretation of b will follow below). All other things being equal, the higher
b g, the higher the STPR.

To illustrate, suppose consumption possibilities do not grow ( g = 0); society can therefore

not look forward to a level of consumption that is higher in the future than at present. In these
circumstances, there is no reason for society to prefer present over future consumption simply
because future consumption possibilities are expected to be higher than today’s (they aren't)

and STPR would be determined by a alone — and if @ were zero (or close to zero), STPR

would be zero (or close to zero) and, thus, there would be no discounting (or near-zero
discounting).

To offer another illustration for the term b g, assume that consumption possibilities are
expected to grow at 2% a year ( g = 0.02), ignoring — for the sake of simplicity — pure time

preference (a =0), and consider alternative values for b, say, b=1 and b=4 (b=1)
means that a 1% increase in consumption reduces the marginal welfare of consumption by

1%; b =4 means that a 1% increase in consumption reduces the marginal welfare of

% This Ramsey equation, developed in the late 1920s, assumes a particular iso-elastic functional form for utility,

constant population, no inequality within society and perfect certainty. All of these assumptions have been
relaxed in subsequent work (e.g. see Gollier, C., 2001, The Economics of Risk and Time), although the basic
intuition remains.

Reflecting the economic model underpinning the social time preference rate, we will talk about "consumption”
rather than net benefits.

For projects with very long time horizons that span across generations, several economists (e.g., Frank Ramsey,
Amartya Sen, and Robert Solow) have argued that the only sound ethical basis for a positive pure time
preference rate is the uncertainty over whether the world will exist. The use of near-zero pure rates of time
preference is raised in the context of the social cost of carbon (see chapter 4).

34

35
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consumption by 4%).%® According to equation (1), STPR would be 0.02 (i.e., 2%) for b =1
and 0.08 (i.e., 8%) for b = 4.

An intuitive explanation why STPR increases with b runs as follows: b measures the pace
at which the additional (marginal) welfare arising from an increase in consumption declines; if
this decline is fast (b is high), society has a relatively strong preference for consumption
when the level of consumption is still relatively low, which is today because of g >0. As b
is a parameter that indicates how society’s welfare responds to an increase in the level of
consumption, it has no effect on the STPR when no increase in consumption is expected,
that is, when g =0.

In sum, the STPR -based social discount rate is driven by three factors: society’s pure time
preference (@), a measure of how fast marginal welfare falls with an increase in consumption
(b), and expected per capita consumption growth (). In more general settings, it may also
depend on other factors, such as the degree of inequality across society. The impact of
uncertainty is discussed below. The welfare economics perspective championed in this
section also indicates, too, what the social discount rate is not: it is not a parameter
representing opportunity costs (public or private), market interest rates, government
borrowing rates, and the like. That said, as set out in Box 1, these variables are related to the
STPR and they are candidates for estimating S in the absence of direct estimates of

STPR . The next section presents results from directly estimating STPR .

Box: Social time preference rate, social opportunity cost,
and market interest rates

The purpose of this box is to explore the link between the STPR, social opportunity cost,
and market interest rates.

To fix ideas, it is useful to consider a perfectly competitive economy. Such an economy
comprises identical, profit-maximising firms and identical, utility-maximising individuals; there
is no government (and, thus taxation), no public goods and other market failures, and no
uncertainty. In such an economy, the interactions between profit-maximising firms and utility-
maximising individuals result in an intertemporal allocation of consumption that maximises
society’'s welfare. The intertemporal allocation of consumption is such that (1) the rate at
which individuals willingly forgo present consumption for an increase in future consumption
just equals (2) the rate at which firms can transform present output (which could be consumed
today) into future output, and both rates are linked by (3) the market interest rate. Thus,
equality of three rates characterises a welfare-maximising intertemporal allocation of
consumption. Introducing a little more terminology, let us look at this equality in greater detail.

(1) The rate at which individuals willingly forgo present consumption for an increase in
future consumption is called the marginal rate of substitution (MRS) and it can be
expressed as 1/(1+ ITPR), ITPR being the time preference rate of a representative

individual; for now, let us assume that this rate reflects society’s time preference, too,
thatis, ITPR =STPR =5

% To offer another interpretation of b , imagine a doubling of consumption between the present and the future (e.g.,

20 years from now). With b= 1, doubling the level of consumption reduces the marginal welfare of a unit

consumption by one-half; with b= 4, doubling consumption reduces the marginal welfare of a unit of
consumption by one-sixteenth.

30 April 2013 page 46 / 221




European Investment Bank The Economic Appraisal of Investment Projects at the EIB

(2) The rate at which firms can transform output not consumed today into future output is
the marginal rate of transformation (MRT ) and it can be expressed as 1/(1L+r), r
being the marginal productivity of capital, that is, of resources not consumed today but
invested with a view to increasing future consumption possibilities; thus, r captures
the opportunity cost of present consumption. For now, let us assume that this rate also
reflects society’s opportunity cost (SOC), that is, I = SOC

(3) The link to the market interest rate M in this perfect economy is that

1/(L+m)=MRS = MRT , implying s = STPR = SOC =m .

In sum, in this perfect world, S = STPR = SOC =m. That s, the social time preference rate

STPR is equal to the social opportunity cost of capital SOC, and both are identical to the
market interest rate M. In these circumstances, choosing the social discount rate S is easy:
one simply selects the (observable) market interest rate, knowing that it measures social time
preference (and social opportunity costs).

Departures from this ideal benchmark make the choice of the social discount rate complex
and controversial. For instance, information asymmetries, risk, externalities, capital market
imperfections, and distortionary taxes undo the equality between STPR, SOC, and m. A
tax on interest income, for instance, drives a wedge between the social opportunity cost of
capital and the social time preference rate. More precisely, a tax on interest income reduces
the after-tax return to individuals and, in equilibrium, makes STPR lower than the before-tax

marginal productivity of capital (SOC). Should one use STPR or SOC as the social
discount rate (S) — or a combination of the two? If funds for a project had been consumed in

its absence, there is an argument for using STPR. In contrast, if the project crowds out

investment, it is tempting to make a case for choosing SOC - that is, the social opportunity
cost of capital — as the discount rate. Finally, there appears to be some logic to using a

weighted average of STPR and SOC as the discount rate if the funds committed to the
project replace consumption and investment.

This being said, setting the discount rate on the basis of the opportunity cost of capital is
contentious — even if the project examined fully crowds out investment. A neat way to
illustrate the point is to consider a cost-effectiveness analysis — an analysis comparing the
discounted costs of project alternatives that have the same non-monetised benefits. In this
case, there is no logic to using a discount rate based on forgone benefits, or opportunities,
because valuing the benefits of these alternatives is not the purpose of the analysis in the first
place.

To summarise, in a perfect world (including the assumption that individual time preference
equals social time preference and that firms’ opportunity costs equal society’s opportunity
costs), the market interest rate reflects the social discount rate that should be used to make
costs and benefits occurring at different points in time comparable. Outside this world, this is
no longer true and how to set the social discount rate becomes controversial — with
considerable practical implications, such as the choice between public-private partnerships
and traditional public procurement.37 Obviously, things become even more complicated if,
contrary to what we have assumed so far, there are reasons to believe that individual time

preference is not equal to social time preference (that is, STPR # ITPR), and that private
opportunity cost do not coincide with social opportunity cost ( thatis, SOC # ). The finance

literature — centred on the efficient market hypothesis — considers market interest rates an
appropriate measure for the social time preference rate. Perhaps reflecting this approach,

American economists often prefer a SOC based approach (see Burgess and Zerbe (2011),
for instance). By contrast, the welfare economics literature mostly finds market interest rates

%" The choice between PPP and traditional public procurement ought to be informed by comparing the present value
of net benefits that a PPP provides with those of a public-sector comparator. Since the discount rate used for the
PPP reflects financial risks it is typically higher than the rate used for the public-sector comparator. There is debate
as to whether or not this builds in an "unfair" bias against PPP. For a comprehensive discussion see Grout, P. (2005),
“Value-for-money measurement in public-private partnerships”. EIB Papers Vol. 10, No 2, pp 32-56.
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misleading — for a variety of reasons. Weighing the pros and cons of the controversy — as set
out in Spackman (2004), for instance — this section subscribes to the welfare economics
approach to determining the social discount rate, a position also emerging from a recent
OECD (2007) paper on the subject. Cognizant of this judgment, section 8.4 presents figures

for the STPR and its components (that is, &, b, and g in equation (1)).

8.4 The social time preference rate (STPR): figures®

While the welfare economics approach to social discounting sees market interest rates as
inappropriate for estimating the STPR and, by extension, choosing the social discount rate

(see Box 1), the government borrowing rate is often considered a lower bound for the STPR .
Conggidering real yields on long-term government bonds, this would imply a lower bound of 1-
2%.

An upper bound for the STPR could be the individual time preference rate (ITPR), which
could be as high 25% reflecting people’s observed willingness to borrow at these rates.
However, it is plausible and broadly accepted that the STPR is lower than the ITPR. One
reason is that the pure time preference rate (ain equation (1)) is lower for society at large
than for individuals. In fact, there are ethical arguments for choosing a zero (or near-zero)
pure time preference rate for society despite evidence for a higher individual pure time
preference rate. Based on the literature reviewed in Spackman (2004), society’s pure time
preference rate a can be posited to range from 0 to 3%, with “some consensus in the
literature on a value over a few decades of around 1.5% per year” (the qualification "over a
few decades" is important, and we will return to it when discussing the argument for a social
discount rate that is not constant but declines over time).

The parameter b — that is, the consumption elasticity of the marginal welfare of consumption
—can be gauged from both normative views and revealed behaviour (e.g., of society as
reflected in a country’s income tax regime and of individuals as reflected in personal saving
behaviour or attitudes towards risk). Seen as normative parameter in a growing economy, a
low (high) value of b would imply that decision-makers give little (much) weight to the fact

that people living in the future might be richer than people living today. As b thus reflects
views about the distribution of income across time, its value might be inferred from society’s
view about the distribution of income at any point in time which — in turn — could be seen as
reflected in a country’s personal income tax system. Empirical work drawing on the UK tax
regime in 1990s suggests a figure for b of around 1.3 to 2; similar work for the US in the
1960s point to a figure of 1.5. Estimates based on personal saving behaviour range from
close to 0.2 to around 5.5; and estimates based on direct evidence on personal risk aversion
suggest four as a plausible value.

All in all, if we combine a value of 1.5% for society’s pure time preference rate (a = 0.015)
with a value of, say, two for the consumption elasticity of the marginal welfare of consumption
(b =2) and an expected per capita income growth of 2% (g = 0.02), we arrive at a social

time preference rate of 5.5% (STPR =0.015+ 2*0.02 = 0.055) . Perhaps considering an

even lower pure time preference rate, Spackman pictures an STPR  of around 4% to 5% in
real terms for a typical developed economy with an expected annual per capita growth rate of
2%. Furthermore, he emphasises that this is above the risk-free government borrowing rate,
illustrating the view that the government borrowing rate is not equal to, though it is possibly a
lower bound for, a social discount rate.

38

w0 This chapter draws on Section V of Spackman, M. (2004).

Smithers, A. (2009). Wall Street Revalued. 1% is the estimated real return on long-term UK government bonds in
1900-2007. 2% is the comparable estimate for the United States.
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8.5 Why risk and uncertainty have (almost) no impact on the social
discount rate

There is a seemingly conspicuous absence of risk and uncertainty in an STPR -based social
discount rate. To put things into context, the discount rate used for financial analyses should
reflect non-diversifiable risks (though not project-specific, that is, diversifiable risks). For
instance, using the capital-asset-pricing model (CAPM), the risk premium would be a mark-up
over the risk-free interest rate, with the mark-up determined by general market risk and the
correlation between that risk and the non-diversifiable risk of the project under consideration.
The question, then, is why this risk premium is irrelevant from society’s perspective (more
precisely: why it is irrelevant for how society should compare benefits that accrue at different
points in time).

This gquestion takes us back to the controversy between the finance literature and the welfare
economics literature (featuring in Box 1), with the former arguing that the risk premium is as
relevant from society's perspective as it is from the perspective of project financiers. In
contrast, the welfare economics literature argues that the non-diversifiable risk faced by
society is usually very small, largely reflecting the Arrow-Lind view that from societ&/’s
perspective risk is spread widely (across all taxpayers), making its societal cost negligible.4

One socially relevant risk factor in discounting is the risk that society (or large parts of it) may
not live to enjoy the future because of man-made or natural catastrophes (e.g., bioterrorism,
climate catastrophe, asteroid impact, and the eruption of a super-volcano). This argues for a
positive, though perhaps small, value for society’s pure time preference rate (@ in equation
(1)) even if preference for present consumption is rejected on ethical grounds.

Another socially relevant risk factor concerns uncertainty about the STPR itself — in

particular, the STPR pertaining to the very long run, say, beyond 30-40 years. The most
prominent case to which this issue applies is the estimation of the social cost of carbon (see
chapter 4). Project examples for which uncertainty about the STPR could be relevant
include nuclear power plants, due to their decommissioning costs and the cost of storing
nuclear waste over thousands of years. The literature on this issue reviewed in Spackman
(2004) and OECD (2007) makes a convincing case in favour of discounting at lower rates in
the very long-term. More specifically, the “consensus in the literature on a value [of society’'s
pure time preference] over a few decades of around 1.5% per year” (see above) no longer
holds and a value close to zero seems convincing on ethical grounds. For projects with a
lifetime longer than, say, three decades, this would argue for a declining discount rate once
that horizon has passed. That being said, there is still a case for society to discount if
bg > 0. However, bg may also fall over time if there are limits to growth, implying that g

falls over time, possibly approaching zero.

8.6 Summary, practical implications, and guide to choosing social
discount rates

e The sole purpose of the social discount is to make costs and benefits that arise at
different points in time comparable.

e Welfare economics makes a convincing case for deriving the social discount rate on the
basis of first principles, that is, social time preferences (equation (1)).

40 Arrow, K.J. and Lind, R.C. (1970). “Uncertainty and the evaluation of public investment decisions”, American
Economic Review, Vol. 60, pp. 364-78. Subsequent literature has challenged the findings in the context of non-
financial risk (e.g. exposure to radiation; explosion etc.) which may disproportionately impact local communities.
There could then be an argument for using a discount rate higher than the STPR-based rate. Conversely, it has
been observed that projects might be negatively correlated with the risks to the overall economy. For such projects,
one could argue for a discount rate lower than the STPR-based rate. In practice, however, it is a challenge to
ascertain with a reasonable degree of confidence when a project has these characteristics and, in any event, if the
project is small relative to the economy, any societal benefit from diversification would be negligible and can be
ignored.
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e As social time preferences might differ across countries, STPR -based social discount
rates might also differ. Assuming for illustrative purposes the same pure time preference
rate (@ in equation (1)) and the same consumption elasticity of marginal welfare (b in
equation (1)) for all countries, a poor country looking forward to strong growth in per
capita consumption ( g in equation (1) is big) will have a relatively high discount rate.
Conversely, a relatively rich country with modest or no growth expectations will have a
low discount rate.

¢ Indeed, European Commission (2008) argues that all STPR components in equation (1)
are country-specific, and thus advises that every EU Member State should assess its own
country-specific social discount rate (although it goes on to make a case for some degree
of homogeneity in social discount rate across the EU — see below).

e Table 8.1, taken from the OECD (2007) study, shows social discount rates and their basis
(like STPR or LIBOR). It transpires that rates in the EU ranged from 1% (Czech
Republic) to up to 6% (Denmark). The table also shows that France and the UK apply
declining discount rates for the very long run — as ethics and economic reasoning
suggest.

e European Commission (2008) also notes that differences in expected per capita
consumption growth rate are the main reason for variations in the social discount rates
across countries. That being said, European Commission (2008), recommends a social
discount rate of 5.5% for Cohesion countries and 3.5% for other EU countries.

¢ In line with this view, for projects in the EU the Bank uses as a reference a real (that is,
inflation-adjusted) social discount rate ranging from 3.5% to 5.5%, depending on the
degree of maturity and expected growth rate of the national economy. Given that the
determinants of STPR are country-specific, there is scope for deviating from these
benchmarks if country-specific reasons justify it. It follows that project-specific
characteristics are no reason for deviating from the 3.5% and 5.5% benchmark (for more
on this, see the bullet points after next).

e For Bank-financed projects outside the EU, setting the social discount rate is much
harder. For most non-EU countries, it is reasonable to argue for a discount rate of at
least 5.5%. A pragmatic approach would be to use estimates by development finance
institutions (World Bank, Asian Development Bank, African Development Bank, and so
on) if such estimates are available. If not, rules of thumb should apply. One would be to
use, if available, real government borrowing cost — ideally related to (non-concessional)
borrowing in foreign exchange. If this is unavailable, the analyst could use borrowing
rates from countries with similar economic characteristics.

e As the social discount rate is a country-wide, national parameter, the same discount rate
should be applied to all projects and sectors within a given country. For instance, the
social discount rate for an energy project, a transport project, and a R&D project is the
same (though the financial discount rate is bound to differ due to differences in risk
premia).

e Seemingly, particularly beneficial projects (for instance, in health, education, and the
environment) do not merit a lower discount rate. This also applies to projects that
enhance security of energy supply to the host country. The particular beauty of these
projects should be captured directly in the benefits (such as a premium on domestic
energy supply relative to foreign supply). In a similar vein, there is no justification for a
downward adjustment in the social discount rate to account for non-quantified benefits.
The solution here is to quantify the benefits; or, to assess how big non-quantified benefits
would have to be to make the project viable and then decide whether benefits of this size
are reasonable or not. In any event, there is little logic for discounting all costs and
benefits at a lower rate only because some of them are not or cannot be quantified.

o Discount rates are also used to calculate unit production costs (for instance, levelised
electricity generating costs). Such an exercise could have two purposes. One is to
compare, from society’s perspective, mutually exclusive production technologies (e.g.
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coal vs. wind). The discount rate used in this exercise should be the social discount rate.
The second is, for financial purposes, to compare unit production costs (again possibly for
mutually exclusive production technologies) with market prices and tariffs. The discount
rate used in this exercise should be a financial discount rate, which ought to include an
appropriate risk premium for the project concerned. It follows that there is no
contradiction in using for one and the same project a financial discount rate much higher
than the social discount rate.

Finally, it is useful to recall that the social discount rate sets a threshold for the social (or
economic) internal rate of return (EIRR™). For a project with a positive (zero) [negative]
net present value at the relevant social discount rate, the EIRR is above (at) [below] that
threshold. In this context, it is useful to note that the EIRR™ can be considerably below a
similar threshold for the financial internal rate of return (FIRR™). This is simply the mirror
image of the view that the social discount rate should not include a risk premium and be
net of any market distortions, while the financial discount rate should include such a

premium and incorporates market distortions.

Table 8.1:
Practices regarding social discount rates across OECD countries

Country OECD Response Academic Response Summary of Guidance on Discounting
Australia N Varies across the Australian States and depends on the type of project
Austria v No standardised discount rate
Belgium -

TBS: 10% (sensitivity at 8% and 12%),

Canada v Environment Canada: 7% (5% and 9%)
Czech republic v Ministry of Environment 1% (real, risk-free government borrowing rate)
Denmark v 3% discount rate (SRTP), but ministry of finance employs 6%
European Commission v 4% based on gilt yields and LIBOR rates, but 'reflects social time preference’
Finland v Discounting not widely used, 5% (Ministry of transport and communications)
France \ 4% for t < 30 years, 2% for t > 30 years since Jan 05 (reviewed on 5 year cycle)
Germany -
Greece o
Hungary N Depends upon the shape of the HUF and Euro zero coupon yield curves
Iceland —
Ireland \ 5% for all public projects, as set by Department of Finance Reviewed regularly
Italy -
Japan -
Korea (South) -
Luxembourg v Cost benefit analysis is not employed by the Ministry of Environment
Mexico —
Netherlands —
New Zealand v 10% discount rate, with sensitivity analysis. Lower rates in some cases
Norway v
Poland —
Portugal —
Slovak Republic v 5% discount rate based on EU guidance
Spain v 5% discount rate , except for water infrastructure (4%), based on EU guidance
Sweden N 4% discount rate, to be reviewed in May 2006
Switzerland V No standardised discount rate
Turkey N The discount rate is the interest rate on debt finance for the specific project
United Kingdom v 3.5% rate (SRTP) for first 30 years, then declining schedule
United States v N 3.0% or 7.0% depending upon type of cash flow, lower rates for longer-term

Source: Excerpt of Table 2 of OECD (2007)
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9 Multi-Criteria Analysis (MCA)

Christine Blades

9.1 Introduction

Multi-criteria analysis (MCA) is an appraisal technique used to establish preferences amongst
different options for delivering a given set of objectives. It does this with reference to an
explicit set of criteria, which helps appraisers to assess the extent to which the investment
objectives are met by the different solutions available to them. The problems addressed by
MCA consist of a finite number of alternatives that are known explicitly at the beginning of the
process. The purpose may be to identify the best alternative, rank options in preference
order, or shortlist a number of options for more detailed appraisal. A standard tool of MCA is
the “performance matrix”, which compares the performance of each option against multiple
appraisal criteria.

MCA can take different forms. These vary according to the nature of the decision and the
time, resources and data available to appraise the alternatives, as well as by the skills of the
analyst and the requirements of the organisation or culture in which the appraisal takes place.
Whether simple or more sophisticated, explicit or implied, all MCA requires judgements to be
made by the evaluator. The analytically more sophisticated form of MCA described in this
chapter translates the “performance matrix” into a numerical value that provides an overall
assessment of the relative contribution of options to delivering the objectives of the project.
The assignment of these values is based on the informed judgement of the appraiser.

The advantages of MCA over judgement unsupported by analysis are that:

e The technique is transparent, open and explicit;

e It elucidates the problem or question being addressed and sets out the pros and cons of
different solutions;

e The choice of objectives and appraisal criteria are open to analysis, as well as to
challenge and change if they are judged to be inappropriate;

e Criteria “weights” and option “scores” are explicit, developed according to established
techniques, can be cross-referenced to other sources of information and amended if
necessary, provide a clear audit trail;

e |t can provide an important means of communication, both within the decision-making
body and between that body and external interested parties;

e Simple sensitivity testing can be used to assess the robustness (and/or decision turning-
points) of appraisal conclusions.

Where full Cost-Benefit Analysis (CBA), Cost-Effectiveness Analysis (CEA) or other more
standard quantitative appraisal techniques are not possible, MCA brings structure,
transparency and consistency to the Bank’s appraisal of investment projects. The method is
also useful to inform and supplement CBA and other studies when it is not possible to
express all costs and benefits in monetary terms. It can, therefore, contribute to Bank
appraisals that generate ERRs or other economic indices but leave some relevant factors
outside the calculations.

This chapter outlines the application of MCA principles to the appraisal of investment
proposals prepared by promoters seeking to secure EIB funding for their projects in a way
that is both transparent and contestable. In doing so, it focuses on the fuller form of MCA, in
which the relative performance of options is expressed numerically (using “weights and
scores”) — and, as such, represents an “indicator” of project effectiveness in delivering
investment objectives. The quantitative outcome of MCA is then compared with total project
costs, represented by the outcome of a standard discounted cost analysis.
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9.2 Stages of MCA

In summary, the steps of the MCA approach described in this chapter are six-fold:

1. Establish the decision context and the aims of the MCA.
2. ldentify the options to be considered and compared, the project and relevant
counterfactual(s).
3. ldentify the investment objectives and constraints.
4. Identify the benefit criteria that reflect the value associated with the outcome of each
option.
5. Assess the benefits:
a) “weight” the benefit criteria for relative importance;
b) describe the expected performance of each option against the criteria and “score”
the ability of each to deliver the benefits; and
c) combine the weights and scores to derive an overall value for each option (total
weighted scores) and rank them accordingly.
6. Conduct sensitivity analysis to assess the robustness of MCA results to changes in
weights and scores.

The stages of the analysis are outlined below, with supporting material provided in
appendices.

Step 1 — Decision Context

The purpose of the EIB’s appraisal of projects is to inform the Bank’s funding decisions based
on proposals prepared by Member State and other project promoters. In doing so, it focuses
on the evaluation of the appropriateness and robustness of investment projects within the
strategic context in which they have been developed — it does not make the investment
decision (the promoter does), nor does it prioritise projects across different countries or
sectors. In this context, MCA is a suitable appraisal alternative when other techniques cannot
be used for reasons of insufficient or inadequate data and limited time and resources
available to appraise projects. It enables a comparison of the project with other options,
where appropriate, and facilitates the ranking of multiple options from best to worst, as a
result of assessing the relative benefits of the project and other options for meeting the
investment objectives.

EIB experience shows that its assessment of investment proposals for projects in certain
sectors and/or countries are more suited to appraisal using MCA than other methods. In
particular, sectors for which project benefits are difficult to measure and value pose a
challenge for the EIB to appraise systematically using CBA/CEA techniques (and hence the
calculation of project ERRs and ENPVs). This includes, for example, investments in
education, health and urban development. Whilst the capital investment and operating costs
of these projects are more straightforward for the Bank to appraise, the benefits are rarely
expressed in monetary terms. For this reason, the MCA approach described below focuses
on the assessment of a project’s benefits, which are combined with project costs to facilitate
an assessment of the overall economic robustness of the project. When combined with the
total discounted costs of options, it enables an assessment of the comparative economic
value of the project, where the economic decision-criterion is represented by a comparison of
(incremental) costs and benefits, where the latter is expressed in total “weighted benefit
scores”.

Weighting of criteria and scoring of options are not exact sciences and represent,
respectively, opinions about the relative importance of different criteria and the practical
benefits that will be received from the implementation of each option. Although the method is
itself transparent and systematic, it is important that the Bank’s MCA based appraisals are
undertaken by a small appraisal team (not an individual analyst in isolation) and that the
results of the appraisal are queried and tested for robustness through sensitivity analysis.
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Step 2 — Option Identification

MCA is an incremental approach to comparing alternatives. Differences in the costs and
benefits of the situation with the project (i.e. do something specific) and one or more
counterfactual scenarios without the project are compared in the option analysis. The
“without” scenario could be represented by one or more of the following:

e “Do nothing” — a baseline option that should be realistically considered, which may or may
not be acceptable or possible or could be catastrophic for the service/business in
question.

e “Do minimum” — the minimum investment required if the project is not implemented,
incorporating the costs of maintaining the current service/operation over the lifetime of the
proposed project.

e “Do something else” — other projects that could be implemented to meet the objectives of
the investment (typically, to differing degrees).

Project promoters variably consider and evaluate alternatives to the investment project that
are submitted to the EIB for funding. At a minimum, however, the Bank’s appraisal of its
promoters’ projects should always involve a comparison of the project with a “do nothing” or
preferably, a realistic “do minimum” option (and not simply the static situation before and after
the project is implemented) — see Chapter 3 of this guide.

The alternatives should be described, and wherever possible key descriptors should be
quantified; where this is not possible, they should be described qualitatively. Examples
include:

Intended outcomes;

Expected workloads and performance targets, planned capacity;
Accessibility;

Physical characteristics and infrastructure implications;

Phasing and timing of implementation;

Flexibility to accommodate future change;

Staffing consequences;

Impact on financial parameters;

Effects on others (other aspects of the business, other parties).

Step 3 — Identify Objectives and Constraints

As a guiding principle, investment objectives and the benefits that flow from their achievement
will be determined by the needs of the end users/intended beneficiaries. They focus on the
required outputs/outcomes (i.e. “what” needs to be achieved) rather than the means of
achieving them (i.e. “how” they will be delivered). Investment objectives may be expressed in
terms of criteria, such as relevance, appropriateness, effectiveness, equity, efficiency,
acceptability, etc.

The objectives must be consistent with the policies and strategies of the sector and the
context in which the project has been designed and will function. They will reflect the
business aims of the promoter, as established in existing business plans, and reflect how the
investment will contribute to these. As far as possible, objectives should be SMART: specific,
measurable, achievable, relevant and with a time dimension. Objectives that are important
but difficult to express in SMART terms should be incorporated into appraisals with as much
objectivity as possible. However, statements like “upgrade the quality of accommodation” or
“improve the quality of information” are typically not useful objectives, as they:

o refer to a means rather than the desired ends (there may be multiple ways of delivering
the outcome sought); and
e are not SMART — have no timescale and no standard for measuring improvement.

Constraints are factors that impact on strategic, business and investment objectives and, as
such, set the boundaries for the investment. They may relate to policy commitments, the
physical environment, availability of appropriate staff, appropriate timescales, minimum
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standards, and so on. Investment constraints may also be related to financial issues, such
as, maximum capital value or a limit on the operating cost implications of an investment.

Step 4 — Identify Benefit Criteria

Benefit criteria are used to identify and evaluate the investment options that are compared
during a project’s appraisal (the project and at least one alternative, such as “do minimum?”).
Derived from the strategic and business objectives and constraints, they fall into the following
categories:

e Benefits that can be quantified financially — these should be included in the cost analysis;
e Benefits that can be quantified, but not financially;
e Benefits that cannot be quantified.

There is no “right” answer to the appropriate number of benefit criteria, as this very much
depends on the nature of the decision to be made and the availability of supporting
information, time and resources. A large number of criteria means additional analytical work.
At the same time, there is a danger that important attributes may be ignored if there is a very
small number of criteria. It is good practice to check that duplicate, potentially redundant
criteria or those that do not help to differentiate the options are removed and the key
investment objectives (ends not means) are adequately reflected in the benefits appraisal.
The aim is to produce a manageable number of relevant criteria (possibly between 5 and 10)
consistent with a well-founded conclusion that effectively compares the project with other
options.

Each criterion is described by a list of potential benefits and, where relevant, disbenefits.
These are drawn from the hierarchy of objectives, starting from policy aims, the promoter’s
strategic and business objectives, through to those directly related to how the project will
contribute to these objectives. Where benefits can be expressed in monetary terms (e.g. cost
savings) they are included in the cost analysis and not treated as a benefit criterion — to do
otherwise would lead to double-counting. Benefit criteria might, for example, reflect the
following kinds of factors:

Strategic fit and coherence;

Meeting needs/demands;

Quality of services/products delivered;

Effectiveness/efficiency of service/product delivery;

Accessibility of the project’s services/products;

Staffing factors (e.g. recruitment and availability of staff);

Flexibility to respond to changing demands and technological developments;
Environmental quality;

Ease and timing of implementation.

Step 5 — Assess Benefits

The evaluation of project benefits focuses on the non-monetary implications of investment
options. The benefits delivered by the project are assessed comparatively using the benefit
criteria identified at Step 4. Where possible all benefits should be quantified. The
construction of weighted benefit scores is preferable to, and more robust than, the simple
ranking of alternatives, with no clear measure of the degree to which one option is better (or
worse) than another.

Weight benefit criteria (Step 5a): the purpose of weighting is to establish the relative
importance of each criterion vis-a-vis the others. There are different ways of identifying
criteria weights, though the following approach is recommended for its simplicity and
transparency:

e Rank the criteria in order of importance;
e Attribute the most important criteria a weight of (say) 100;
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e Examine each of the remaining criteria relative to the highest ranking attribute using pair-
wise comparison (e.g. if the most important is 100, what is the relative value of the
second (say, 70), the third (say, 50) and so on);

e Repeat the process for each successive pair of benefit criteria until each has been
weighted,;

e Scale the outcome to 100 (%), thereby attributing each criterion a % that reflects its
importance compared with the other criteria;

e Record the weights and the rationale behind them.

Score options (Step 5b): the following practical approach is recommended for scoring
options for their relative performance against each of the benefit criteria:

e Examine each option against each criterion, using the option descriptions to help make
comparative assessments;

e Score each between 0 and 10 on each criterion (again using the descriptions to help
make assessments), the better the performs the higher the score;

¢ Record the scores and the rationale behind them.

Preference ranking of options (Step 5c¢): to rank options and identify the preferred solution
in terms of the non-monetary benefits of the project:

e Calculate total weighted scores;
e Rank options from highest to lowest weighted scores, thereby identifying the best way for
achieving the investment objectives from the options selected for appraisal.

See Appendix 2 to this chapter for an illustrative assessment of the benefits of three
investment options.

Step 6 — Undertake Sensitivity Analysis

Given the subjective (if systematic and transparent) nature of judgements made about benefit
criteria weights and option scores, sensitivity testing is particularly important for assessing the
robustness of the appraisal's conclusions. In the sensitivity analysis, facilitated by simple
spreadsheet calculations, the weights and scores can be varied to understand how the
preference ranking is affected by these factors.

The following steps are undertaken to assess the sensitivity of the appraisal conclusions (i.e.
total weighted scores) to the scores assigned to options. For each option:

Determine the agreed range of scores for each criterion;

Alter the score of the first criterion within its agreed range;

Repeat the analysis for scores of each of the other criteria;

Note the implications for the total weighted benefit score when all scores for the option
are at a maximum and when they are at a minimum.

Undertaking sensitivity analysis on criteria weights is complicated by the fact that altering the
weight (%) of one criterion affects the weights of other criteria. In this case the process is as
follows:

e Determine the agreed range weights for each criterion;

e For the first criterion to be examined, allocate the change in weight across the other
weights (proportionately with the originally assigned weights of these);

e Adjust the weights arising from the change in weight of the first criterion and note the
implications for the total weighted scores of options;

o Repeat the analysis for the weights of each of the other criteria.

See Appendix 2 to this chapter for some simple example sensitivity tests on option scores
and criteria weights.
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9.3 Incremental costs and benefits

As in other forms of economic appraisal, the analyst's conclusion on the value of the project
submitted by a promoter for EIB funding is based on the balance of project costs and benefits
relative to the alternatives, i.e. the incremental cost-benefits of the options examined in the
appraisal. Costs are expressed as the total discounted costs of the investments under
appraisal and benefits by the outcome of the MCA. By expressing project benefits in a single
indicator (total weighted scores), the outcome of MCA approximates the “effectiveness”
indicator used in CEA and the principles of CEA can be applied. In particular, the “cost-
effectiveness plane” illustrated below is a useful way of comparing the project with other
investment options, including when only one alternative (typically do nothing/minimum) is
evaluated in the Bank’s appraisal.

When this approach is applied to a comparison of an investment with the next best alternative
(e.g. do minimum) the four-quadrant depiction, shown in

Figure 9.1, illustrates that:

e The project is better (more “cost-effective”) if it offers higher benefits at lower costs than
the alternative (south-east quadrant of the plane);

e The project is worse (less “cost-effective”) if it delivers fewer benefits at higher costs that
the alternative (north-west quadrant of the plane);

e Where the project is more costly but offers greater benefits (north-east quadrant) or is
less costly but offers fewer benefits (south-west quadrant), incremental cost-effectiveness
is unclear and the appraisal conclusion depends on the magnitude of the incremental
cost-benefits.

Figure 9.1:
Cost-Effectiveness Plane (four quadrant depiction)
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Table 9.1 below summarises the outcome of an illustrative investment appraisal involving
three options, a minimum option and two major investment options. The more beneficial
options are also the more costly, with Option 1 generating the lowest benefits (total weighed
scores) for the lowest costs (NPC) and Option 3 the greatest benefits for the highest costs —
such that Option 2 is in the north-east quadrant of the cost-effectiveness plane when
compared to Option 1, and Option 3 is also in the north-east quadrant when compared to
Option 2.
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Table 9.1:
lllustrative incremental cost-benefit comparison of options

Option 1 Option 2 Option 3

Costs (EUR m) & benefits:

Initial investment costs 47 .6 206.8 2107
Life-cycle investment costs” 13.2 31 38.4
Annual operational cost 4349 443 44 2
Met Present Cost (3.5% discount rate®™ | 30 years) 752 1050 1069
Cost prefersnce rank 1 2 3
Total Weighted Score 380 0 200
Benefits preference rank 3 2 1
NPC/benefit point (EUR m) 1.98 147 1.34
Rank 3 2 1

Incremental CB comparison:

Cost differences:
NPC option 1 +752
MPC option 1 vs. 2, ELRm +2498
MPC option 2 vs. 3, ELUR M +19
Benefits differen ces:
TWS option 1 +330
TWS option 1vs. 2 +330
TWS option 2vs. 3 +40
HPCI/TWS differences:
Option 1 1.88
Option 1vs. 2 0.90
Option 2vs. 3 0.21
Rank 3 2 1
* The inwastmsent costs incurred throughout the lifs of the Project (e:cludss annual maintsnancs)
*=* Non-convergences regicn

When compared to the minimum option (the “best” cost scenario), the NPC of Option 2 is
EUR298 million higher and generates 330 more benefit points than Option 1. This balance
represents an incremental “cost-benefit” ratio of 0.90, with each additional EUR1 million NPC
spent generating 1.1 times as many additional benefits compared to Option 1. Likewise,
when Options 2 and 3 are compared, the additional NPC is EUR19 million for 90 additional
benefit points, representing a “cost-benefit” ratio of 0.21, with each additional EUR1 million
NPC generating 4.7 times as many additional benefits. Overall therefore, and assuming
Option 1 is a real option and options are mutually exclusive, Option 2 is more “cost-beneficial”
than Option 1 and Option 3 more “cost-beneficial” than Option 2.

9.4 Other MCA considerations

9.4.1 Mutual independence and double-counting

An underlying principle of MCA is that preferences associated with the options are
independent from one criterion to another, such that a score can be assigned to one criterion
without knowing how the option scores on other criteria. If this proves not to be the case,
there are a few ways this can be addressed, such as:

e By combining into one criterion the two non-mutually independent criteria;

e Establishing a minimum requirement for each non-independent criterion and rejecting
options that do not satisfy it because their poor performance on one criterion cannot be
compensated for by better performance on another; "

“I This threshold usually ensures preference independence (i.e. independence of scores). All options need to meet
the minimum performance, so that the preference on any one criterion is unaffected by those on others.

30 April 2013 page 59/ 221



European Investment Bank The Economic Appraisal of Investment Projects at the EIB

e More advanced models might be needed if simpler approaches fail to ensure that the
independence of criteria scores is ensured.

As in CBA and other appraisal approaches, double-counting should be avoided, otherwise the
appraisal will give undue importance (weight) to the elements that are double-counted when
calculating the final outcome of the benefits assessment and reaching an appraisal opinion.
Care is needed to avoid double-counting by including duplicate factors in both cost and in
benefit assessments, and/or by reflecting them in more than one of the benefit criteria.
Critical review, checking and rechecking for consistency, mutual dependency, redundancy,
etc. of criteria is important throughout the MCA exercise.

9.4.2 Timing of benefits

Major infrastructure investment projects have implications for many years, generating benefits
over the total operating period of the project. On the cost side of an appraisal, discounting is
used to reflect social time preference expressed in a single indicator of monetary value. In
the absence of such approaches when assessing non-monetary benefits, MCA alternatives
include, for example:

e Where the completion date is an important consideration (i.e. the point at which project
benefits will start to be generated), it can be modelled by a separate criterion within the
MCA technique;

e By incorporating time in the definition of other criteria so that temporary impacts are
distinguished from permanent or longer—term impact, usually by being explicit about the
time horizon over which benefits will be generated;

e Using some other principle for giving less (or more) importance to long-term implications.

Whichever approach is used, it is important that appraisers ensure all assessments of criteria
and options are made on a common basis. Hence, if some impacts are immediate or one-off
and others are longer term, and/or occurring in variable time patterns, these differences
should be recognised explicitly in the scores awarded to option criteria during the appraisal.

9.4.3 Superior/inferior or dominant/dominated options

It is possible that one or more of the investment options examined through MCA might be
superior (or inferior) to the other options, as demonstrated by the attribution of highest (or
lowest) scores for every benefit criterion and hence for total weighted scores. For example, a
new build facility might perform better on every criterion when compared to a “do
nothing/minimum” counterfactual (better access/location, better service effectiveness, more
flexible, the most modern accommodation, greater acceptability to end users, etc.). If options
benefits were the decision-criterion, a clearly superior investment would not need to be
appraised further but could be selected as the preferred way forward and, likewise, a clearly
inferior option removed from the exercise (unless it has a role as a baseline comparator).

However, even if an investment alternative is shown to be superior in terms of the benefits
delivered, as demonstrated through MCA,** total project costs must also be factored into the
appraisal opinion. The project may deliver the largest benefits, but it is also likely to be a
costly — perhaps the most costly alternative. Hence, a conclusion of dominance (or
dominated) should not be made until the MCA results and costs have been brought together,
as outlined above.

“2 Typically (hopefully) the Project that is submitted to the Bank for funding support.
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Appendix 1: Checklist for consecutive stages of MCA

Step 1 — Decision Context

Summary actions/decisions:

e Evaluate the decision context — the nature of the decision required and
the resources available to address the decision.

Outputs:

e An appropriate approach to MCA within the decision context;
e An agreed process for undertaking appraisal judgments/decisions.

Step 2 — Option Identification

Summary actions/decisions:

e Develop an understanding and describe the realistic implications of not
implementing the project (do nothing, do minimum);

e Consider and explore the range of possible options capable of delivering
the investment objectives (albeit to differing degrees);

e Develop an understanding of the project and any other investment options
in sufficient detail to undertake the MCA.

Outputs:

e Description of the options to be subjected to MCA (including a baseline,
such as do nothing/do minimum)

Step 3 — Identify Objectives and Constraints

Summary actions/decisions:

o Identify the high-level policy aims for the sector and the promoter;

e Identify and review the organisation’s business aims and objectives;

e Identify the objectives for the investment strategy that are SMART
(specific, measurable, achievable, relevant and time-linked);

e Check that the chosen objectives concentrate on results rather than the
means of achieving them;

e If possible, rank objectives from highest to lowest in order of priority;

e  Constraints.

Outputs:

e Statement of ranked/prioritised objectives for the investment;
e  Statement of constraints facing the investment.

Step 4 — Identify Benefit Criteria

Summary actions/decisions:

o Identify the benefits that will be realised by meeting the objectives set for
capital investment;
e Classify the benefits into groups of benefit criteria.

Outputs:

e List of benefits that the investment seeks to deliver;
e |dentification and definition of benefit criteria for the evaluation
(comparison of alternatives).
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Step 5 — Assess Benefits

Summary actions/decisions:

e Give a weight (0 to 100) to each benefit criterion;

e Give a score (1 t010) to each option on each of the benefit criteria;

e  Multiply weights and scores to provide a total weighted score for each

option;

e Rank options in terms of the acceptability of the cost of incremental
benefits.

Outputs:

o  Weights for benefit criteria;

Scores for each criterion for each alternative solution;
Total weighted scores for alternatives;

Incremental costs and benefits;

A preferred “benefits” option.

Step 6 — Undertake Sensitivity Analysis

Summary actions/decisions:

e Conduct sensitivity tests on the weighted benefit scores of each option;

e Identify critical factors that affect the ranking/preference of options on
“benefits” grounds.

Outputs:

e  Sensitivity analysis on benefit criteria weights and options scores;

e  Switching values/crossover points that alter the preferred option;

e Conclusions on the robustness of the benefits assessments.
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Appendix 2: lllustrative outputs of MCA assessments

Table 9.2:
Calculation of weighted benefit scores

Benefit Criterion Weight Option 1 Option 2 Option 3
Score Total Score Total Score Total
Weighted Weighted Weighted
Score Score Score
Strategic fit 25 4 100 8 200 9 225
Quality 25 4 100 8 200 10 250
Equity 20 2 40 7 140 7 140
Environment 15 5 75 7 105 8 120
Flexibility 10 2 20 4 40 5 50
Implementation 5 9 45 5 25 3 15
Total 100 380 710 800
Preference rank 3 2 1
Table 9.3:
Example sensitivity tests — Changes to option scores
Weight Option 1 Option 2 Option 3
Score Total Score Total Score Total
Weighted Weighted Weighted
Score Score Score
Reduced score for equity:
Strategic fit 25 4 100 8 200 9 225
Quality 25 4 100 8 200 10 250
Equity 20 2 40 7 140 2 40
Environment 15 5 75 7 105 8 120
Flexibility 10 2 20 4 40 5 50
Implementation 5 9 45 5 25 3 15
Total 100 380 710 700
Preference rank 3 1 2
Reduced score for quality:
Strategic fit 25 4 100 8 200 9 225
Quality 25 8 200 8 200 10 250
Equity 20 2 40 7 140 7 140
Environment 15 5 75 7 105 8 120
Flexibility 10 2 20 4 40 5 50
Implementation 5 9 45 5 25 3 15
Total 100 480 710 800
Preference rank 3 2 1
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Table 9.4: Example sensitivity tests — Changes to criteria weights

Benefit Criterion Weight Option 1 Option 2 Option 3
Score Total Score Total Score Total
Weighted Weighted Weighted
Score Score Score
Increased weight attributed to implementation:
Strategic fit 18 4 72 2 144 9 162
Quality 18 4 72 2 144 10 180
Equity 13 2 20 7 105 T 100
Environment 11 5 23 7 i 2 a8
Flexibility & 2 16 4 32 5 40
Implementation 30 g 270 5 150 3 Q0
Total 100 515 652 665
Preference rank 3 2 1
Ho importance attributed to strategic fit:

Strategic fi Q 4 0 2 Q g 0
Quality 33 4 132 a 26 10 330
Equity 27 2 o 7 189 T 124
Environment 20 5 100 7 140 2 160
Flexibility 13 2 26 4 a2 5 65
Implementation 7 g 63 5 35 3 21
Total 100 375 680 i)
Preference rank 3 2 1

Increased weight reassigned to implementation (+25%) is added to other criteria (“rounded”) as follows:

Strategic fit

=> 25 x 25/95 = 7 (from 25% to 18%)

Quality => 25 x 25/95 = 7 (from 25% to 18%)
Equity => 25 x 20/95 = 5 (from 20% to 15%)
Environment => 25 x 15/95 = 4 (from 15% to 11%)
Flexibility => 25 x 10/95 = 2 (from 10% to 8%)

No importance assigned to strategic fit (2515%), reassigned to other criteria (“rounded”) as follows:

Quality => 25 x 25/75 = 8 (from 25% to 33%)
Equity => 25 x 20/75 = 7 (from 20% to 27%)
Environment => 25 x 15/75 = 5 (from 15% to 20%)
Flexibility => 25 x 10/75 = 3 (from 10% to 13%)

Implementation

=> 25 x 5/75 = 2 (from 5% to 7%)
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Appendix 3: Cost-benefit comparison

Comparison of Options 1 and 2:

e Option 1 has lower costs (+ve) but also offers lower benefits (-ve) than Option 2 — i.e.
south-west quadrant of cost-effectiveness plane, where cost-effectiveness is questionable

e Are the additional benefits worth the additional costs?

e A lower NPC of EUR108 million for a higher TWS of 330 benefit points equates to a
cost/benefit ratio of 0.90 (each additional EUR1 million NPC generates 1.1 additional
benefit points).

Comparison of Options 2 and 3:

e Option 2 has lower costs (+ve) but also offers lower benefits (-ve) than Option 3 — i.e.
south-west quadrant of cost-effectiveness plane, where cost-effectiveness is questionable

e Are the additional benefits worth the additional costs?

e A lower NPC of EUR19 million for a higher TWS of 90 benefit points equates to a
cost/benefit ratio of 0.21 (each additional EUR1 million NPC generates 4.7 additional
benefit points).

Where no intermediate option between “minimum” and “new build”, (incremental)

comparison of Options 1 and 3:

e Option 1 has lower costs (+ve) but also offers lower benefits (-ve) than Option 3 — i.e.
south-west quadrant of cost-effectiveness plane, where cost-effectiveness is
questionable.

e Are the additional benefits worth the additional costs?

e A lower NPC of EUR317 million for a higher TWS of 420 benefit points equates to a
cost/benefit ratio of 0.75 (each additional EURL1 million NPC generates 1.3 additional
benefit points).
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10 Risk Analysis and Uncertainty

J. Doramas Jorge-Calderon

10.1 Risk and economic returns

The most generally accepted means by which risk is incorporated into investment appraisal is
through the capital-asset pricing model (CAPM), whereby the discount rate applied to the
stream of future benefits and costs is adjusted by the risk premium corresponding to the
expected volatility of such streams, volatility being taken as a measure of risk. For any level
of volatility, the risk premium applied is also affected by factors such as the degree of risk
aversion of market participants and the general degree of uncertainty in the economy at large.

Following the CAPM, the resulting net present value (NPV) of the investment then represents
the value of the project including the effect of risk on such value. When the appraisal is
based on the IRR method instead of NPV, the same risk premium can be incorporated into
the threshold rate of return used to judge a project acceptable or otherwise.

As seen in chapter 8, however, to the extent that the non-diversifiable risk faced by society
from the project is small, the social discount rate used in economic appraisal should not
incorporate a risk premium. Non-diversifiable risk tends to be small to society when the size
of the project is small relative to the size of the economy, which is normally the case for
projects financed by the EIB. However, this conclusion does not imply that a risk analysis
becomes irrelevant in the economic appraisal. The relevance of risk analysis to economic
appraisal lies both in gauging the likelihood that the project will divert from the expected rate
of return and in informing about possible mitigating conditions that could be applied to the
financing.

This is illustrated in Figure 10.1, showing probability distributions of project ERR outcomes for
two scenarios (A and B) involving two projects (1 and 2) each. Under scenario (A), project 1
has a narrower distribution of possible outcomes than project 2, meaning that project 2 is
riskier than project 1. Following the CAPM, the private sector would carry out the riskier
project only if the expected rate of return (assume in this case that ERR=FRR) is sufficiently
above the return of the less risky project, in line with the situation in Scenario (A).

Figure 10.1:
Probability distributions of project outcomes

(A) (B)
Prob Prob
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Scenario (B) shows a situation where projects 1 and 2 both have the same expected ERR but
have different risk profiles. Despite the different risk profiles, both projects are equally
attractive as far as society is concerned. The economic appraisal in effect assumes risk-
neutrality. Risk analysis may appear unnecessary as far as determining the viability of the
project is concerned. Still, information about the riskiness of the project is relevant to both the
project analyst and decision-maker. As mentioned above, a risk analysis can help identify
areas of particular vulnerability of the project and hence help in formulating mitigating
conditions. In addition, there may be cases where the decision-maker may want to divert
from risk-neutrality, such as when the risks concern irreversible damage — a condition often
associated with climate change, for instance — or where the long-term potential benefits are
hard to quantify, as tends to be the case in highly innovative projects.

10.2 Risk analysis in economic appraisal at the EIB

The type of risk analysis that can be applied to a given project depends on the data available
to the analyst. The quality and availability of data varies widely among the promoters
financed by the Bank. Under ideal circumstances, the analyst would have sufficient data to
estimate the probability distribution of the key variables determining project performance. In
such cases the analyst can conduct a fuller risk analysis, including the following steps:

1. Identifying the probability distribution of the main variables that may affect project
return. This would determine both the most likely range of possible outcomes for
each variable and the maximum ranges that can be reasonably assumed to occur.

2. Estimating the risk-weighted expected rate of return. The resulting figure constitutes
the central case, or base estimate of project returns.

3. Estimating the probability that the rate of return of the project would perform above
the threshold rate of return determining project acceptability.

4. Estimating the “switching value” — the value that a variable must assume to bring the
project to the threshold of acceptability — for the main variables affecting profitability.
This should inform the case for the desirability of any possible project conditions
addressed at specific project elements.

This procedure involves performing a Monte Carlo simulation. The desirability of performing
such a technique would depend on whether the data available enables a reliable estimation of
the probability distributions for each of the main variables. There is little point in performing
Monte Carlo simulations with probability distributions that are simply assumed, as this would
involve a new layer of analysis that necessitates additional assumptions, without reducing the
uncertainty surrounding the estimate of project returns.

Where insufficiently sound data exists to construct probability distributions, the assessment of
the range and likelihood of possible values for each variable would rest on analyst judgement.
In this regard, it may be more transparent to base the assessment on scenario building,
where the assumptions used become more immediately apparent and visible, than running
Monte Carlo simulations with assumed probability distributions, where the assumptions
underpinning the distributions are less easily gauged.

In addition to a “base case” scenario, constituting the base ERR reported for the project, the
scenario-based risk analysis can be based on two scenarios, as follows:

e A “pessimistic scenario,” including a set of values for the main input variables
depicting a probable, bad outcome. This would not consist of the worst possible or
catastrophic scenario, but a set of variable values that is commensurate with past
experience in the sector.

e A “switching scenario” where the analyst devises a scenario that would cause the
project to miss the acceptable return threshold.

The analyst would then issue an opinion on the riskiness of the project on the basis of the
three scenarios. Inevitably, the scenario-based analysis is more judgemental than a Monte
Carlo simulation, the latter being based on empirical evidence about possible outcomes.
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Nonetheless, it should be highlighted that past performance is no sure indication about future
performance. If the analyst has reasons to expect that different conditions will prevail in the
future from those observed in the past, scenario-based analysis may complement or
substitute for Monte Carlo analysis.

An example of the results of risk analysis using Monte Carlo simulation is included in chapter
32 involving the roads sector.

10.3 Uncertainty and real options

When uncertainty is particularly high and investments are irreversible, having flexibility to
adapt in the future becomes valuable. If in addition project components can be delayed, and
waiting would clear uncertainty, then the promoter may design and phase the project in ways
that leave options open regarding future lines of action. In such cases, measuring the full
economic value generated by a project would require conducting a valuation of such options,
involving real option analysis (ROA). In finance, an option is the right, but not the obligation,
to follow a line of action, most commonly involving buying or selling a security. Instead, real
options involve real assets, rather than financial securities, and whereas they can take the
form of a legal right without an obligation — like financial options — they more generally involve
gaining the possibility, but not the commitment, to follow a course of action.

Real options can consist, for example, of expanding or contracting capacity, deferring or
abandoning an investment, or choosing among alternative technologies in the future, among
others. Project promoters may use ROA in their decision-making process, helping with the
definition of project components and their timing and phasing. However, generally, by the
time a project is presented to the EIB for financing, it is already defined, and indeed it must be
so before financing can be agreed. The value of real option analysis therefore lies less in
assisting during project conception and more in attaching a value to any options embedded in
the project. Since options generally come at the cost of additional capital investment, failing
to attach a value to such options would penalise the estimated economic returns of the
project. ROA becomes increasingly relevant in a context of climate change, where
infrastructure operators and other promoters are increasingly conceiving their projects with
sometimes costly preventive measures that grant them flexibility to adapt to future uncertain
climatic conditions.”®> The same relevance applies to financing of innovative technologies,
particularly under increased competitive markets.

ROA becomes relevant also to appraise the effects of new technologies on more traditional
projects. For example, some airports were designing new terminals with structures to make
them expandable to accommodate the new ultra-large A-380 aircraft before it was known
whether the aircraft was going to be launched or not. If the aircraft were eventually launched,
it would only take an additional investment in new jetties and boarding gate facilities to enable
the terminal to accommodate the A-380. If the aircraft was not launched, the additional
investment would not be made and the terminal will be left with structures that were
somewhat oversized. If, however, the project ignored entirely the possibility of the A-380
being introduced, then were the aircraft eventually launched, the required airport investments
would be much larger than the total of the initial oversizing of the structures and subsequent
new jetties and boarding gate facilities, possibly requiring the building of entirely new
terminals. There was a potential case for the airports to commit resources and make
preparatory investments to give them the flexibility to accommodate an aircraft type that at the
time of making the investment it was not certain would ever be launched.

If the real option value of such preparatory investments was ignored, the project may appear
oversized, and would see its ERR negatively affected. Instead, if it is recognised that the
initial investment in “oversizing” the structures would create the option to expand and switch
to an alternative (aircraft) technology, then such apparent oversizing would instead become a
value-creating opportunity. Investing in that real option will be worthwhile so long as the

*3 The usefulness of ROA for climate-change adaptation investment is illustrated in the Annex of Chapter 3 of Kolev
et al. (2012).
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option is worth more than the required investment to keep it alive. The question then is what
value is attached to such apparent oversizing.

The estimation procedure of the value of a real option must be made specific to the nature of
the option at hand, and can easily become complex. For some projects, calculating the real
option value may be deemed too complex and require specialist advice. For others the
investment in the option may be deemed so small relative to the size of the project as to not
merit an additional estimation effort: the project may be economically justified even without
accounting for the value of the option. However, for projects where the investment in the
option is significant and the option may not be complex, a simple calculation may be
sufficient.

10.4 Calculating the real option value

There are a number of methods to calculate the value of a real option.44 For options that are
not complex in nature, the most straightforward procedure is the Black-Scholes formula.*
The analyst should judge whether the characteristics of the option are such that the method is
valid or sufficiently close, or whether it merits the use of alternative methods. The Black-
Scholes method is illustrated here, since it is the simplest to apply. For some projects it may
be sufficient, and for others it may be useful as a first approximation to more complex real
options. The formula is as follows:

C = N(dl)s - N(dz)Ke_rT

Where C is the option value, S is the value of the underlying asset, or the present value of the
free cash flow generated by the project, K is the strike price, or the eventual investment
involved in exercising the option, r is the risk-free rate of return, T is the time to maturity of the
option, N is the standard normal distribution, and d, and d, are option parameters, as follows:

2

ln(%)+<r+%)T
oT

dz = dl_aﬁ

d1:

where o is the volatility of the cash flows of the underlying asset, (e.g. operating the aircraft in
the example mentioned in the preceding section), which can be estimated as follows:

S
1 ( opt)
n Spes
4t

where Sq is the underlying asset value under the optimistic scenario, Spes is the underlying
asset value under the pessimistic scenario, and t is the project lifetime.

o =

* For a formal explanation of real option analysis see Dixit and Pyndick (1994) or Trigeorgis (1996). For more
accessible applications see Kodukula and Papudesu (2006) or Koller et al (2010).

%5 The Black-Scholes method is applied to European options, options that can be exercised at a pre-specified date.
Alternatively, American options can be exercised at any time before the expiry date, and require other methods.
Whereas real options tend to be European in nature, institutional constraints often place limits on when they can be
exercised. The analyst should judge whether assuming an American option is a close enough approximation, and
apply other methods if not.
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10.5 Worked example of real option value

Assume that the Bank is considering to finance a manufacturing promoter which is building a
new plant to produce product X. The plant is some EUR40m more expensive than normal
(excluding any taxes, to reflect economic costs), as the promoter has readied the plant to
make it expandable to include manufacturing capacity for a new product Y. The prospects for
product Y critically depend on future regulatory developments, which are highly uncertain, but
which are expected to be resolved in four years.

If the regulatory developments are favourable, product Y could generate a cash flow stream
over the next 15 years with a present value of EUR400m which, after adding back taxes,
would imply an economic present value of EUR500 million. If the developments are
unfavourable the project would generate cash flows of EUR75 million, with an economic value
of EUR100 million. Assuming that favourable and unfavourable regulatory developments are
equally likely, the expected value of the economic benefits is therefore EUR300 million
(=(0.5xEUR500m)+(0.5xEUR100m)). Developing the plant ready for producing product Y
would have an economic cost of EUR250m. If the regulatory developments are favourable,
the project would have an economic value of EUR250m (=EUR500m-EUR250m). If, instead,
they are unfavourable, the project would have a value of -EUR150m (=EUR100m-EUR250m).
The expected net present value of the project would therefore be EUR50m (=EUR300m-
EUR250m, or =(0.5XxEUR250m)+(0.5x(-EUR150m)) ), which may be deemed too small a
return for the risk associated with the investment. If it is possible to delay the decision to
invest in capacity for product Y until the regulatory uncertainty is resolved, then the negative
payoff would be eliminated, and the investment would only be made if the regulatory
development is favourable. It may be worthwhile to prepare the plant for product X to make it
expandable to enable it to eventually produce product Y. The promoter has decided to spend
EUR40m in granting itself such an option. The question is then how much the option is worth.

The first step would consist of calculating the volatility implied by the return estimates, as

follows:
500
In({z=7
g = M = 10.39%
44/15

With this estimate of volatility, and assuming a risk-free discount rate of 5%, the option
parameter d; can be estimated as follows:

2
1n(320) + (005 + 21035°)
d, = = 1.2220
! 0.1039v4

And with the value of d; the parameter d, is calculated as follows:

d, = 1.2220 — 0.1039v4 = 1.0142
The formula of the value of the option would then be:
C = N(1.2220)300 — N(1.0142)250e~0:05x4

The N(d;) and N(dy) functions are standard normal distributions, which come as default
functions in standard spreadsheets. The resulting figures are:

N(1.2220) = 0.8891
N(1.0142) = 0.8448
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The resulting value of the options is therefore:

C = (0.8891 x 300) — (0.8448 x 250)e~%95** = 93,8359

The value of the option would therefore be EUR93.8m, which, since the value is higher than
the EUR40m cost of the option, makes it worth investing in. The economic appraisal,
incorporating the apparent “over-investment” of EUR40m, should now also include the
EUR93.8m value of the option as a project benefit.
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11 Security of Energy Supply

Nicola Pochettino*®

11.1 Objective

This chapter presents the methodology used for evaluating security of energy supply
externalities as part of the economic analysis of energy projects. Such analysis involves the
appraisal of the project's contribution to the economic welfare of a region or country,
assessing whether the project improves, worsens, or does not affect the initial level of security
of supply. For energy project appraisals, the systematic integration of such externalities in
cost-benefit analysis is expected to support a more comprehensive and accurate ranking of
projects and project alternatives.

11.2 Definition of security of energy supply

From an economic standpoint the concept of energy security encompasses a physical
dimension, i.e. the availability, reliability and adequacy of energy supply and the related
infrastructure, and a pricing dimension, i.e. the affordability and reasonableness of market-
determined prices. The two dimensions of the problem are inextricably linked and only
partially distinguishable. The physical disruption of supply can result in a sudden spike in
price. A price shock can be seen as the equivalent of a supply disruption even when is
caused by a demand increase that cannot be satisfied at the previous price. To assume that
the market is always able to bring supply and demand in balance through price signals is to
ignore the timing of the adjustment or the fact that the adjustment may occur at an
unacceptable level. Our assumption is that the two dimensions can be treated separately, i.e.
that we can prevent lack of supply at a given price and price increases above a certain level
at a given demand.

11.3 Methodology to quantify the security of energy supply externalities

In line with the definition of energy security, we employ a methodology that evaluates the two
constituent components of the issue — the physical component and the price component —
separately, thus:

External cost = Physical availability component + Price increase component

In the analysis, the focus is on the supply of natural gas as a representative case, as gas
imports through pipelines present the most critical case of import dependence compared to
other fossil fuels; moreover, we assume that the corresponding externalities are not fully
internalised. The basic idea of the methodology for assessing the costs of security of supply
is to quantify the costs of any initiative that can counteract the damage to the welfare of
society caused by a lack of security of supply.

11.4 Physical availability component

The European infrastructure standard stipulates that: “In the event of a disruption of the single
largest gas infrastructure, the capacity of the remaining infrastructure determined according to
the N-1 formula [...] is able to satisfy total gas demand in the calculated area during a day of
exceptionally high gas demand occurring with a statistical probability of once in 20 years”
(art.6, par. 1 of Regulation (EU) 994/2010). The general formula of the standard to be used,

*® This chapter is a synthesis of De Paoli, Sacco and Pochettino (2011) “Evaluating Security of Energy
Supply in the EU: Implications for Project Appraisal,” EIB working paper.
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taking into consideration also the possibility of demand-side measures (art. 6, par. 2), is the
following:

EPp+Pp+Sm+LNGy,

a(N—1) = “Im > q )

Dmax_Deff
where:

a(N) is the share of a country’s supplied energy (with respect to demand) through N

infrastructures;
EP ., is the total daily capacity to deliver imported gas at the border entry points;
Pm is the total daily production capability that can be delivered at the internal entry points;
Sm is the total daily withdrawal capacity from internal gas storage;
LNG,, is the total LNG daily capacity to send-out gas at the internal entry points;
I is the daily capacity to supply gas from the single largest gas infrastructure. When

several gas infrastructures are connected to a common upstream or downstream gas
infrastructure and cannot be separately operated, they shall be considered as one
single gas infrastructure;

Dmax is the daily maximum demand occurring during a day of exceptionally high gas
demand, occurring with a statistical probability of once in 20 years;

Deit is the daily demand that can be covered with market-based demand-side measures.

The willingness to pay to avoid gas supply disruption can be calculated from the costs of
meeting this standard.”’. The implicit assumption is that society pursues security of supply
until it is economically viable. In other words, we assume that use of control costs to value
externalities implies that legislators are able to make optimal decisions when imposing policy
instruments to achieve such outcome.

In summary, indications about the value that society gives to energy supply disruptions can
be computed by assessing what it costs society to guarantee that the N-1 principle is always
complied with. This reasoning can be applied in the appraisal of projects too. When a new
project (especially the import of gas) is proposed, we must firstly investigate its impact on the
compliance with the N-1standard. Three cases may be contemplated:

o |If the standard is satisfied and remains so even with the new project, then the project
does not engender either costs or benefits in terms of security of supply; therefore we
can conclude that this cost has already been internalised.

e If the standard is met without implementing the new project, but not with its
implementation, then the project has a cost in terms of security of supply. The least
cost solution must be identified and that cost of meeting the N-1 standard should be
added to the project under appraisal;

e If the rule is satisfied only when a new project is implemented, then the project
involves a benefit in terms of security of supply, indicating positive externalities

In order to assess the cost (or benefit) of a project from the security point of view, it is
possible to resort to the levelised cost (LC) approach to calculate the value to be added to
(subtracted from) the price of gas. More specifically, the LC can be obtained by dividing the
present value of the total cost (or the avoided cost, in case of benefits) of building and
operating the least cost backup solution to meet the N-1 rule over its economic life by the
present value of total energy supplied by the project under examination:

_ Y Cr(1+r)Tt _ total discounted costs to comply with the standard

LC )

- YL Er(14r)t " total discounted energy supplied by the project

“" The costs to meet the standard are not an externality as long as the industry invests according to the criterion. In
many countries, however, the industry has not been investing according to this criterion; moreover, markets do not
always provide sufficient incentives for the investments needed.
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where:

Ct = cost of the backup solution in the year t;
Et = supplied energy in the year t;

r = discount rate;

n = life of the system.

11.5 Price component

Addressing the “price risk” requires three different conceptual steps: firstly, assessing the loss
incurred by society because of an energy price shock; secondly, evaluating the willingness to
pay of a risk-averse society in order to limit the potential damage and lastly, identifying the
least-cost tool to restrict the losses and assessing its costs.

11.5.1 Welfare loss

We define the economic losses experienced by society, as a result of energy price increase,
in terms of society’s loss of well-being. More specifically, we consider changes in GDP as an
approximation of changes in the social welfare in net import countries.

In order to estimate the direct negative effect resulting from energy price shocks, we use the
“simple net import model” developed by the World Bank. The basic idea is that rising energy
prices imply an additional wealth transfer from importing countries to exporting countries,
resulting in a reduction in GDP. We can estimate the direct impact of import energy price
increase on GDP using the following formula:

AGDP AP NI
% =%— x(1-¢) x (== (3)
GDP P GDP
where:
e % AC?DDPP is the percentage change in GDP;
o L =PmPrigihe percentage change in price of imported energy;

P
€ is the price elasticity of demand (in absolute value);
NI is the net import of energy (in monetary terms).

According to the model, the magnitude of the direct effect of a given energy price increase on
GDP may vary, depending both on the extent of the price change (i.e. the level and the
duration of the price increase) and the characteristics of the economy: the loss caused by
energy price increases is a function of the weight of imported energy costs in the national
income, the degree of dependence on imported energy, the energy intensity of the economy
and the flexibility of the energy sector, i.e. the ability to reduce consumption and to switch
from one source to another.

Expressing the welfare loss, in terms of impact on GDP, as a function of the price change, the
formula enables the association of any price increase with a certain loss of well-being.
Although energy demand appears more sensitive to further increases in price — i.e. the
greater the increase in price the higher the energy price elasticity — we assume that price
elasticity of demand remains constant with increasing price. This allows us to plot a growing
line of welfare losses as function of energy price ratio: as the energy price goes up with
respect to the actual price, the negative impact on GDP increases proportionally.

The external cost associated with energy price increases depends on its expected value.
This value is obtained by multiplying the monetary consequences of the accident by the
probability of occurrence of the accident. Knowing that price returns are normally distributed
and that, in the case of natural gas, the mean is set equal to zero and the standard deviation
is set based on the historical volatility, it is possible to weight any price rise, and consequently
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any welfare loss, with the corresponding probability. The result is the evaluation of the
expected welfare loss that is the weighted average of all possible welfare losses. In
guantitative terms, we have:

Expected Loss = [, [Loss( ) Probability ( )]d— 4)

Therefore, the expected welfare loss is the average loss that an individual exposed to the
price risk expects to bear.

11.5.2  Willingness to pay (of risk-averse individuals)

As consumers are risk-averse and typically take a more cautious approach than in the
hypothetical case of a risk-neutral population, there is a need to integrate risk aversion within
the assessment of the external costs: the expected damage, first calculated assuming risk-
neutrality, must take individual-risk perception into account. According to our assumptions,
the attitude towards risk basically depends on the country’s import dependence: the higher
the energy dependence, the greater the country’s vulnerability to energy price shocks and,
therefore, the higher the perceived price increase risk. As a result, it is possible to modify the
formula of social welfare loss in order to include risk aversion, introducing a second order
component so that the perceived social welfare losses rise as net import increases:

AGDP
GDP

%

=06 %P (1e) x ('L 4 o (M)
/OP X(l E)X(GDP+O((GDP)) ®)

where « is the risk aversion coefficient: the higher a the higher economic losses.

This new formula shows that risk-averse individuals assign greater value to the potential
welfare losses compared to the risk-neutral individuals. As a result, when we take into
account the individual risk perception, the curve of welfare losses, as function of energy price,
is shifted upwards compared to the initial one.

Also in this case, we compute the expected welfare loss perceived by risk-averse individuals,
which will be higher than that for risk-neutral individuals:

Expected Loss with risk aversion —f [Perceived Loss( ) Probability ( )]d— (6)

Risk-averse individuals are willing to pay more to limit the potential damage incurred by
society. The willingness to pay of risk-averse individuals for avoiding a risky situation can be
computed by comparing what would be the welfare change of a risk-neutral individual with
that of a risk-averse one. The difference between the two welfare changes represents the
risk premium:

Risk premium = Expected welfare loss with risk aversion — Expected welfare loss without risk aversion (7

11.5.3 Atool to improve security of energy supply

The third step requires the assessment of the costs of any action that can counteract the
damage to the welfare of society caused by a lack of security of supply. As previously
discussed, different tools are available to prevent or mitigate the negative impacts of a
sudden energy price rise. For a practical approach, we limit the analysis to hedge
programmes designed to offer insurance-type coverage bought in the financial market, to
provide protection against price spikes. In particular, we restrict the use of insurance tools to
call options only.
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For ease of calculation, we assume that the call options are European: by purchasing a call
option we acquire the right to buy a given quantity of energy on a certain date (i.e. the
maturity date) at a pre-determined price (i.e. the strike price), paying the so-called option
premium. By guaranteeing that consumers will not pay more than the strike price, this hedge
strategy can be described as “price cap” strategy, in which the strike price represents the
maximum purchase price. Whether the call option is exercised or not depends on what the
strike price is with respect to the market price at the option’s maturity date. If the strike price
is lower than the market price, the call option is exercised — i.e. consumers can buy energy at
the strike price avoiding the higher market price. As a consequence, the benefits of call
options are measured by avoided loss of GDP, due to the price pegging, which appear only
when the current energy price exceeds strike price. In this case the call option is said to be
“in the money”.

For a call option with strike price Pt+1, we calculate the premium, C, using the Black-Scholes
(1973) formula:

C = P.N(dy) - Pus e 7T N(d2)  (8)

In(P¢/Pryq )+ (r+0?/2)T

- andd,=d; - oVT

where d; =

The current spot market price is denoted by P;, and the risk-free rate of interest by r; T is the
date of expiration, o® is the volatility of the spot market price and N() is the probability
distribution function of a standard normal variable. According to the formula, choosing a
strike price slightly above the initial spot market price allows us to limit changes in energy
price to small increases implying a higher level of energy security at a cost; on the contrary,
the higher the strike price, the lower the cost of coverage. These considerations enable us to
plot a curve of the cost of insurance as a function of increasing energy strike prices (Pi1) with
respect to the initial market price (Py).

11.5.4 Acceptable level of security of supply, first method: Risk premium and
willingness to pay of risk-averse individuals

We assess the level of the price risk people are willing to bear by calculating how much they
are willing to pay to ensure it. Computing the difference between the total expected damage
suffered by a risk-neutral individual and the total expected loss perceived by a risk-averse one
it is possible to quantify how much money the latter is ready to pay to avoid the potential
damage caused by a price shock (i.e. the Risk Premium). More precisely, we compute the
premium per unit of imported energy that is the monetary surcharge that people 