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xecutive Summary
As China expects its economic growth to continue growing rapidly for the

foreseeable future, its electricity demand is predicted to simultaneously witness
an abrupt increase (by 150% in 2030 relative 2010 levels), with coal-fired power generation
remaining an integral part of the energy mix in the coming decades. The Chinese
Government forecasts its national greenhouse gas emissions to peak by 2030 and has
internationally committed to reducing its emissions by significant proportions. In this
respect, it has considered the promotion of Carbon Capture and Storage (CCS) as s serious
climate mitigation strategy, one that would also allow its economy to sustainably prosper.
The further utilisation of captured carbon for alternative industrial purposes (CCUS) also
promises to considerably reduce the high investment costs incurred at this early stage of
technology development. In a similar vein, China’s high-potential offshore wind power was
also identified as a prime candidate to complement the electricity demand of the most

energy-consuming coastal cities.

Part I of this report delineates the financial metrics utilised in appraising the financial
viability of low-carbon technology projects. Most significantly, we investigate the
implications of adopting social discount rates instead of commercial discount rates to
evaluate low-carbon technologies, the profitability of investments in such technologies, the
risks perceived in the process and alternative methodologies of determining social discount
rates. The attention devoted to the controversial choice of an SDR is largely justified by the
practical realities of decision-making in public investments. Although not explicitly
portrayed as such in the media, the debate about the scale of government financial support
for carbon-reducing investments is in large a reflection of the debate regarding the optimal
value of the SDR. Guided by the Ramsey Formula, the choice of the SDR reflects society’s
weighing of utility of consumption today as opposed to that of future utility, i.e. of future
generations’ welfare, and is therefore a debate fraught with ethical predicaments. While the
Stern Review adopts very low values for an SDR (i.e. 1.4%), critics acknowledge that future
generations will be richer and thus better equipped to mitigate, and adapt to, the effects of

climate change, subsequently suggesting the endorsement of higher SDRs in cost-benefit
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analyses. Alternative SDR computational methods are suggested, such as applying declining
discount rates for projects running further away into the future. Social discount rates are
much lower than the commercial ones computed using conventional finance packages, and
so the stock market undervalues long-term emissions-reducing projects in favour of short-
term higher-earning investments. The adoption of SDRs in cost-benefit analyses of green
projects would eventually decrease the support received from the government, and would

also require some de-risking strategies for investments in low-carbon technologies.

The study’s Part II undertakes a holistic approach to present the financial, political, and
social cases for CCUS and offshore wind (OSW) within China. This entails a detailed
investigation of the current status quo for both markets, policy reforms and their
effectiveness, and economic and social developmental barriers. This is supplemented by
two theoretical case studies to appraise the financial viability of typical CCUS and OSW
projects in China (in Guangdong and Jiangsu, respectively). Sensitivity analyses and Monte
Carlo simulations are further applied using varying discount rates to better inform investors
of the potential riskiness and likelihood of investment profitability under different mid-to-
longer term scenarios. Our findings suggest that CCUS could become economically feasible
if a suite of supporting schemes were exploited, namely the financial benefits generated by
sale of carbon credits under the CDM, the sale of liquid carbon to CO,-EOR gas and oil
companies, and through raising public money in the form of governmental grants or
CCUS-dedicated funds. It is imperative that, in the absence of these mechanisms, an on-
grid tariff of US$87.5/MWh is requited to generate desirable returns on investment. This
figure could be lowered to US$67 if a 30% grant towards capital was attainable, with a
Guangdong ETS catbon price held at US$8/tCO,.

Assuming carbon prices in the range of US$20-25/tCO,, or liquid CO, sold at US$16-
20/tCO, to EOR-CO, utilising industries, with preferential tax status and/or tax exemption
policies, the required on-grid tariff for CCUS investments could reach levels as low as
US$55-58/MWh, rendering CCUS projects mote economically attractive than alternative
power sources (e.g. nuclear, onshore wind, and gas-fired plants). By virtue of its lower total

investment and low labour cost advantages as compared to international projects, China



has the opportunity to enforce strong carbon pricing policies through its anticipated
national ETS in 2017. However, a clear and long-term climate mitigation policy should be
executed as early as possible to avoid carbon lock-in investments. It is also crucial to note
that, with a persisting lack of CCUS knowledge amongst the Chinese lay people,
governmental authorities in conjunction with project developers could smoothen out the
integration of CCUS into industrial practices by acquiring a social license prior to, and
during, project development phases. This could be attained via the promotion of
communication exchange programmes, engagements in public education classes, and the

enhancement of information exchange and project disclosure strategies.

For offshore wind power, despite its immense power generation potential and the priority
status it receives from the Chinese Government, technologies remain highly costly at this
nascent stage of development. Those OSW projects already consented had received
bidding feed-in-tariff (FiT) levels of 0.62-0.73CNY/kWh, proving too low to produce
sensible returns, attract investors, and drive a long-term deployment plan for offshore wind
in China. Policy support for offshore wind is normally expected to undergo trial-and-error
phases, as was the case for onshore wind. Nevertheless, the present work deems a
minimum FiT level of 0.85-1CNY/kWh indispensable to capture the globally renowned
potential that the Chinese offshore wind sector boasts. Supply chain companies and
relevant stakeholders in offshore projects seem ready to deliver but are awaiting the
appropriate market signal before they lock-in investments within the industry. The
government can potentially reduce perceived risks by implementing appropriate taxations
cuts, announcing preferential loan policies, improving the quality and technical level of
wind-power enterprises, assisting small and medium enterprises (SMEs) to penetrate the
market, alleviating approval barriers for wind projects under the CDM, and meticulously
revising the feed-in-tariff levels necessary to ensure an orderly and accelerated development

of the Chinese offshore wind sector.

The copyright of this paper is owned by the authors. Any quotation from the report or use
of any of the information contained in it must acknowledge it as the source of the
quotation or information.
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World Wide Fund
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ntroduction
As in private cost-benefit analysis (CBA), costs and benefits in a social CBA are

incurred and accrued respectively at different stages in time. It is necessary,

therefore, to weigh costs and benefits according to when they occur so that both
parameters can be monetarily compared after being adjusted to a common point in time
(e.g. either today or some future date). If this weighing or ‘discounting’ through time were
not undertaken, it would be impossible to compare costs and benefits, or one project
against another. The weights used to render costs and benefits two measures of
comparative values are referred to as discount rates. Private sector projects utilise
commercial discount rates that are extensively discussed in the finance literature and are
known as the cost of capital. In contrast, governments adopt social discount rates (SDR) to
appraise the public sector’s projects, however, discussions on the notion of the SDR are

fairly limited, and where available, remain highly contested.

Discount rates for projects financed by private capital are estimated by a well-established
package of techniques, found in textbooks on finance, and used by companies, regulators
of private-sector utility companies, and consultants. A key point about these techniques is
that the discount rate or cost of capital for a project is inferred from market data, those
regarding traded financial assets, such as prices and dividends. For example, the ingredients
of the Capital Asset Pricing Model (CAPM) — the risk-free rate, the beta of the project, and

the equity risk premium — are all estimated from market data, as in equation (1):
r = rs + p(r, — rjy
D)

Where r is the expected return on the asset, 7; is the risk-free rate, 7, is the expected return

of the market (equity tisk premium), and £ is the sensitivity of the expected asset returns to
the expected excess market returns. Following this technique, however, the cost of capital
for low-risk, long-term projects is higher than the 2% maximum that justifies large-scale
investments to reduce carbon emissions. In fact, a successful case for extensive

investments in clean technologies can only be made if three propositions were met, the



most critical (and debatable) of which is the perception that the real discount rate to be
applied to projects which benefit future generations does not exceed ~2% per year. If the
discount rate is higher than that, the present value of investments in clean technologies
today is not large enough to justify large-scale expenditure in mitigating drivers of global
warming. Case in point, the Stern Review (2006) adopts a value of 1.4% for a social
discount rate. Although theoretically difficult to endorse, such a low value can be
rationalised by the fact that the costs of renewable and low-carbon technologies are falling
rapidly (especially solar power)'. Another proposition relies on the belief that, if carbon
emissions are not reduced from their current levels of growth, there will be global warming
of several degrees over the next couple of centuries. Lastly, the case for large-scale low-
carbon expenditure hinges on the prediction that the aftermaths of global warming will

impose large costs in terms of economic growth and social wellbeing to future generations.

Pivotal in the pre-developmental evaluation phase of a project, the choice of a discount
rate remains one of the most important factors driving (and in turn reflecting) the risk
uncertainty of profitability of low-carbon investments. Higher discount rates are generally
applied to technologies with higher risk perception. For instance, Oxera (2011) reports
CCUS (coal) discount rates ranging between 12-17%, with 10-14% rates applicable to
lower-risk offshore wind projects. These ranges are consistent with findings by Al Juaied
(2010) and Ernst & Young (2009) for both technologies, respectively. In fact, a literature
review of the currently endorsed discount rates shows that CCUS and offshore wind are
perceived as the riskiest projects amongst renewable technologies (Fig. 1). The choice of a
discount rate for low carbon technology appraisals, known as a “social discount rate”
(SDR), especially for those renewables in the nascent stages of maturity, remains a subject

that is widely contested.

! Some investment in renewables may become economically feasible in the foreseeable future even using
commercial discount rates.
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Figure 1. Discount rate ranges for low carbon technologies. Based on literature review and
survey results undertaken by Oxera (2011).

In Part I of this study, we proceed with an investigation of the conceptual theory behind
the SDR, the factors interplaying in its choice, its determination methods and the risk and
uncertainty endured by governments in their SDR applications. Part I (separate report) in
part explores the influence that the variability in selected discount rates has on nascent
technologies, particularly carbon capture, utilisation and storage (CCUS) and offshore wind
in China. Chapters 1 and 2 respectively provide overviews of the status quo of CCUS and
offshore wind industries, while covering the corresponding political climates, local and
international market potentials, main market drivers, and factors influencing project
technical feasibility and financial profitability. These are further integrated into two
hypothetical case studies to appraise CCUS and offshore wind projects. Chapter 3 discusses

implications and concludes.
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etting the Discount Rate

The costs of a given low-carbon project, as is the case for other electricity-

enerating plants, equal the up-front construction costs related to land, labor,

and materials, annual operating, maintenance and routine replacement (OM&R)

costs, estimates of the costs of unscheduled breakdowns, the costs incurred by fuel price
fluctuations (and other key inputs over the course of the project), costs of abiding by
environmental regulations (e.g. carbon taxation), and costs related to the eventual
mothballing of the facility. Costs would be discounted in accordance with the point in time
at which they are incurred, with benefits reflected by the discounted stream of expected
revenues from electricity sales to the grid. Judging the feasibility of a given project relies on
the assumption that benefits will outweigh the costs over the course of its lifetime, where a
desired (positive) rate of return is generated — a rate that should a# /east equal, or ideally

exceed, the rate of return had the up-front funds been invested elsewhere in the economy.

1.1. Financial Metrics for Low-Carbon Projects Appraisal

Appraising the financial profitability of a project thus entails the necessity for existence of
performance indicators that can standardise the economic benefits against the project
costs, with the internal rate of return (IRR) being one such key measure. The net present
value (NPV), benefit-cost ratio’ (BCR), and the modified internal rate of return (MIRR) are
also adopted in the evaluation and settling of final investment decisions (FIDs), and in
ranking the attractiveness of different projects based on their financial criteria. These
measures, however, require that certain key assumptions be met in order to guarantee
consistency in cash flow projections. For instance, the following assumptions become

compulsory when ranking projects on an NPV basis:

1- The required capital is always readily available,
2- The discount rate is taken as the market interest rate,

3- The interest rate for lending is the same as the interest rate for borrowing,

% Refer to Appendix | for a brief description of the BCR.



4- Cash flow projections must include all direct and indirect costs and benefits (e.g.
taxes),

5- Projects should be mutually exclusive (appraised separately from one another).

With these assumptions in place, the NPV would be given as the sum of the discounted

benefits minus the total of the discounted costs of the project over its lifetime:

NPV =

Zny FV — I+ ny Annual revenue—operational costs
t=1 (1+r)t 0 t=1 (1+I‘)t

(2)

Where 1 is the initial cost of the project (assumed to be paid at /=0). Annual revenue minus
operational income represents the difference between the annual income generated by the
sale of electricity produced in year % and the annual O&M, while r refers to the discount
rate applied. Note that the interest or discount rate here is considered to be constant in
each period, as forecasting future discount rates remains a considerably elusive task. After
having evaluated a single project’s financial input/output over time, undertaking it would
be worthwhile if the NPV it generates is greater than zero (reflecting an increase in net
wealth). Alternatively, if several projects are being evaluated, those generating the highest
NPVs shall be pursued. Projects would more often than not have unique factors (e.g. some
are riskier or have different lifespans), in which case annualising the net discounted benefits

of each project could serve as a benchmark for feasibility comparison.

The internal rate of return is an equally popular criterion for private project evaluations.
The IRR represents the discount rate for which NPV=0 and the project breaks even, i.e.
the project’s discounted benefits and the balanced discounted costs are exactly equal. This
value is derived by solving the above equation (1) for 7, when NPV is set as zero (assuming
the discount rate ris constant over time). Also assuming that the IRR exceeds the interest
rate, the project with the highest IRR is generally preferred. Nonetheless, the IRR is a

financial metric that should be used with caution, as this approach assumes that the project



can both borrow and lend at the internal rate of return’, which is certainly not the case.
One way to go about this is to ‘modify’ the IRR to account for the (average) internal rate of
return that would be earned on an investment had it been re-invested at the firm’s cost of
capital. The modified internal rate of return (MIRR) can be computed using the following
equation:

K, (1+MIRR)” = FV

cash flow

(3)

Where K, is the capital investment (calculated effectively at /=0 of the project) and FV_, 4.,

is the future (as opposed to the present) value of the cash flow using the interest rate that

best represents the firm’s cost of capital.

No matter the financial performance indicator at hand, appraising projects using a private
firm or investor’s perspective in a CBA fails to capture spillovers, or externalities, that the
firm might be liable to pay for. These could include paying compensation to those harmed’
by the firm’s activities, purchasing ‘pollution rights’, incurring environmental taxes, paying
for access to unpriced natural resources, or even posting bonds to offset the potential
future need of the society to mitigate the environmental damages that are presently
triggered by the undertakings of the firm. Unless the authority specifically necessitates that
the firm include such externalities in its financial project analysis, it remains difficult to
place a ‘price tag’ on some societal benefits, resources, or costs that cannot be simply
measured in monetary terms. Nevertheless, if a project is expected to directly or indirectly
induce adversities of one kind or another on the societal wellbeing, those intangibles »zust

be evaluated against the money metric.

Such an endeavour is founded on a number of assumptions — ones that should encompass
the scale of environmental effects and ramifications on the public welfare, as well as the
practices employed in estimating the true costs that future generations would incur in order
to mitigate or adapt to those effects. Case in point, governments usually attribute the

effectiveness of their policies to the levels of jobs that the implementation of such policies

* The excess funds cannot be externally invested at the IRR.



creates. However, taking into account the indirect jobs created upstream and downstream
(e.g. by public expenditure’) when estimating employment rates might result in well-inflated
figures. While important, employment should not be used as an indicator of the true
benefits of a project, as it remains a single input towards achieving the targets of the
project. When dealing with social costs and benefits, one very fundamental, and usually
overlooked, notion is that of the ‘opportunity cost’ of a given project, that is the
opportunities, or benefits, foregone by committing funds to an alternative use. The job
creation metric completely ignores this hidden cost, and unless government money is
directed into the right areas, where jobs created exceed the jobs foregone by spending the
same money in another project (or perhaps returning it to taxpayers to spend it as they saw
fit), societal ‘wealth’ would actually be lost. Internalising these externalities is at the core of
a social cost-benefit analysis, and is a key factor in adjusting the way we discount future
benefits and costs of public low-carbon projects. In effect, the concept of a Social
Opportunity Cost of Capital (SOC) embodies one of the two salient approaches to
deciding on an appropriate socia/ discount rate for public projects, particularly low-carbon

investments, as highlighted in the following section.

® Upstream jobs, for example, arise to satisfy the demand for inputs of the project, while downstream jobs
are created from the spending by those employed by the project.
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1.2. Cost of Capital & Social Discount Rates

As attested by economic practices and cost-benefit analyses, the choice of the discount
rate, whether for commercial or social projects, is a mere reflection of the riskiness of the
project not receiving the payback on its capital investment. There is, however, no
suggestion that carbon-reducing projects are perceived as any less risky than the
investments of utility companies’. For instance, the minimum real weighted average cost of
capital required by private suppliers of capital is 6% per year, rising to figures in excess of
15% as evidenced from international case studies of clean projects (Oxera, 2011; NERA,
2013). Although these numbers would expectedly be lower in 2015 given that low-carbon
technologies are more mature and that real interest rates have slightly fallen, the implication
persists that private capital is not an ideal route to fund carbon-reduction projects. Even at
the low end of the required return on private capital, with 6% for renewables and 3.7% for
water utilities, the values remain far too high to justify the levels of capital expenditure that
is advocated in the Stern Review and supporting studies. It comes as no surprise, then, that
most of carbon-reduction projects undertaken to date have only been commercially viable

because governments have significantly contributed to their funding.

It follows that, from a private investor’s perspective, to make a commercial case for low-
carbon technologies, governments should adopt lower discount rates than those used to
appraise private projects. One way governments can support the private sector’s
expectations of a commercial rate of return is by offering price subsidies to promote
technologies at their early stages of development — a feat that is in essence targeted at
increasing the investor confidence in the financial and technical reliability of those
technologies. The debate about the scale of government financial support for carbon-
reducing investments is in large a reflection of the debate regarding the optimal value of the

social discount rate (SDR), although it is not presented in these terms in the media.

° For instance, the real weighted average cost of capital of regulated water companies in the UK is now
3.74% per annum (Ofwat, 2014).
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1.2.1. Social Discount Rate in Theory

A large body of theoretical literature exists on the choice of SDR. Theory maintains that, in
a perfectly competitive single capital market, only one interest rate would prevail, that
which would equate marginal time preference of savers with the marginal productivity of
capital. More realistically, however, economists recognise that in multifaceted economies
with multiple investment instruments of varying degrees of risk'’, no single discount rate
can exist that can measure all possible time preferences and the subsequent returns on
capital (Feldstein, 1964). The attention devoted to the controversial choice of an SDR is
largely justified by the practical realities of decision-making in public investments. Such
controversy in determining choices of this kind reminds the analyst of the common
problem of choosing between a production technique in which large capital investment is
required with low operating costs over the production timeline and another with an

opposite expenditure profile (e.g. nuclear versus conventional power generation).

This complexity, nonetheless, still permits the possibility for the categorisation of
computational methods of the SDR using the notions of two core building blocks, the
Social Rate of Time Preference (SRTP), and the Social Opportunity Cost of Capital (SOC).
The approaches to estimating the SDR are different from the commercial cost-of-capital
method of inferring the discount rate from market data. Both approaches use
consumption-based finance theory to help determine what the SDR should be. The
foundation of the SDR lies in the renowned Ramsey formula'' that will be examined after

covering the key attributes of the two aforementioned evaluation parameters.

Social Rate of Time Preference

19 Note that the degrees of risk are given as known probabilities of outcomes, while uncertainty stipulates
that the probabilities of outcomes are unknown.

" The derivation of this equation, and equation (3) below which alows for risk, is presented in Gollier
(2013) and elsewhere. The equation was first proposed in Ramsey (1928).



SRTP can be defined as a measure of society's willingness to postpone private
consumption now in order to consume at a future point in time. An indicator of the SRTP
is the earning rate on personal savings (i.e., by individuals) and its prime goal is the
discovery of the rate that entices individuals to save rather than to consume. It can be
measured as an approximation of the after-tax real rate of return on fixed-rate government
T-bills and would range between 0-4%:

SRTP = irgu - tax rate  — inflation

(4)

SRTP is accepted as the lower bound for the SDR (i.e., suggesting a relatively low SDR
value ~interest rate on safe Treasure Bills), and thus characterises a /beral standard that
would allow more social (low-carbon) projects to pass muster. The notion of a time
preference rate or the discount rate for utility, 6, is included in Ramsey’s formula (equation
5):

SDR =0 + ng
(5)

A positive 6 means that the utility to be experienced from a given amount of consumption,
at some future date 7 years from now, contributes less to society’s lifetime utility than utility
from the same amount of consumption today. The concept of lifetime utility is the sum of
all present and future utility. A pure time preference underlines the desire for benefits to
come sooner than later, and so the subsequent justification for a positive & is that people
are impatient, with preference to consume now rather than in the future. This inclination

arises from the general views that:

* Humans might not be around to collect benefits.
* Future benefits are less certain than present-day benefits.

* Humans are normally expected to be richer in the future, indicating a falling

marginal utility of consumption.
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Put differently, the pure time preference is given by the indifference slope between utility
now and utility in the future ie. the rate of return at which an individual becomes
indifferent about whether to consume or to save today. However, it would be misleading
for governments to base their time preferences on that of an individual’s, as individuals are
inclined to choose different time preferences in their role as citizens than their roles as
consumers. It conceivably follows that the social discount rate should be different than that
of an individual’s, and that, at the margin, the choice of the pure time preference — and
thus that of the SDR — incorporates a sense of inter-generational fairness, as will be
discussed hereinafter. Ramsey’s # is the elasticity of marginal utility, or the coefficient of
relative risk aversion. It is usual to assume a utility function for society that displays
constant relative risk aversion (CRRA) (Armitage, 2015). In this case, # determines the
relationship between the level of consumption per head, C, and society’s marginal utility of

consumption:
MU(C) = c”’

(6)
where MU(C) = dU(C) / dC.

If # > 0, as is normally assumed, the utility function is concave and society is risk-averse. g
is the expected rate of growth of consumption per head, roughly equaling the rate of
economic growth. Note that both 8 and # are measures of preference (Weitzman, 2007)
while g is a function of technological progress and accumulation of resources in the
economy. The growth rate (per-capita) consumption, or income over time, is included in
Ramsey’s formula because benefits and costs should be measured in monetary
(consumption) values rather than in utility terms. This suggests that although the SDR is
computed based on utility evaluations, it is defined in terms of consumption, hence why
changes in g over time and the response of the marginal utility to that change are pivotal in
examining the optimal SDR value. Also note that the formula involves assuming that both
the growth rate of consumption and the project’s payoffs are known for certain, which is

certainly not the case.

Social Opportunity Cost of Capital
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The SOC, on the other hand, is a measure of the marginal earning rate for private business
investments, whose key objective is the determination of the rate at which business capital
would be attracted. An approximation of the SOC can be given as the variable before-tax
real rate of return for business investments'”. SOC sits on the opposite side of the SRTP
on the SDR evaluation spectrum, forming an uppermost bound (i.e. a relatively higher
discount rate to account for a riskier private investment). The social opportunity cost of
capital is therefore a conservative measure, permitting only fewer projects to pass muster. The
basis for the SOC arises from the rationale that investment in a given scheme involves an
opportunity cost, that which is represented by the return on capital foregone from some
other use (e.g. investing in the most profitable alternative). To that point, Pearce (1983, pp.
43) concedes that “zo use the social opportunity cost of capital for discounting purposes is very appealing
and is equivalent to saying that our project in the public sector must do at least as well as the projects it
displaces”. Corollary to this is the fact that rates of return of investment in the economy — as
varying as they can be — are illustrative of the net benefit of saving (investing) instead of

consuming.

In his attempt to formulate a methodology that estimates an SDR to an acceptable degree
of appropriateness, Nordhaus (2007) acknowledges that for risk-free US Treasury securities
the rate of return on capital was 2.7% in 2007, far lower than the average rate on capital of
~0% in the US economy. Nordhaus perceives the latter value to be better suited for
discounting purposes as it is the rate that would be expected on investment had it been
invested elsewhere in the economy. However, the debate over whether the suitability of
adopting a risk-free rate or a risky one (r,) for a SDR remains to most economists a highly
evasive and persisting conundrum. To provide a possible solution, Weitzman (2007) argued
that the answer relied on whether returns from carbon-reducing investments were
independent from investments across the entire economy. He assumed that the correlation
coefficient between cross-economy investments and climate project returns is 1, implying a
perfect correlation between the two. However, since this correlation might not hold as

strongly as suggested, an average of the risky rate and the risk-free rate shall be assumed

12 Normal standards for expected returns on private investment are: @) High risk (40%, e.g. new business,
new product), b) moderate risk (25%, e.g. business expansion), and c) low risk (15%, e.g. investment in
cost-reducing techniques).
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when discounting costs and benefits over time. Further to this assumption, Weitzman
(2007) introduced the concept of declining trajectories for discount rates starting from the
aforementioned average rate (e.g. discount rates should be lower in 100 years than they are

now) (Section 1.2.2).

Stern (2006, 2008) emphasises that the opportunity cost of capital is a marginal concept.
That is, it assumes that the project in question is small in relation to the market, implying
that the relevant market prices are not affected by whether or not the project is undertaken.
He stresses that it is a basic mistake to use this marginal concept in the context of climate
change. Global warming is likely to affect market prices in the future, and efforts to reduce
it could affect market prices today. This argument becomes superfluous as a justification of
the SDR approach, since the SDR approach does not rely on appeal to market data even

for small projects (discussed below).

The SOC and SRTP, in summary, form two sideboards for establishing a true range for
SDR values, with SOC always larger than SRTP (consumption rate of interest). In an
optimal economy, both parameters should be equal; a state referred to as the Ramsey
condition. The choice of a value for discount rate to favor in establishing public policy
remains of a highly political nature as it is an economical debate". While arguing for a low
or zero discount rate is a value judgment, it should still be nonetheless justified as much as
arguing for a higher discount rate. The argument now supersedes a matter of assigning a
value to a social rate of time preference in a cost-benefit analysis, to an issue of agreeing on

how to best discount when it comes to environmental costs and benefits.

13 Refer to Fledstein (1964) for a full revision of the factors for the inapplicability of a ‘perfect’ market
interest rate to public policy.
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1.2.2. Determination of the SDR

The choice of the SDR is one of the most controversial decisions in a CBA and is
especially critical for projects incurring high net costs in their early years and high net
benefits in the longer future. Recent publications (Burgess and Zerbe, 2011; Zerbe et al.,
2010) and older ones (Harberger, 1972; Jenkins, 1973) advocate the usage of the social
opportunity cost of capital in computing the real SDR. However, many economists, if not
most, argue that the appropriate approach to discounting the impacts of public projects is
to discount ‘consumption equivalents’ using a social discount rate based on the SRTP, as
recommended in Eckstein (1958), Marglin (1963), Feldstein (1972), Bradford (1975) and
Lind (1982). In fact, many governments have over the past decade switched from using a
SOC-based approach to SRTP-based discount rate values (Moore et al., 2013). The UK
has lowered its recommended discount rate from 6% to 3.5% for its projects in 2003;
Germany in turn lowered its recommended rate from 4% to 3% in 2004 (European
Commission, 2008), and in 2005, France reduced its recommended rate from 8% to 4%.
Presented in Table 1 are discount rates as set by different countries for their social projects

and public interventions.

It here becomes worthy of note as it is evident that the rates of time preference and
elasticity of marginal consumption (as presented in Ramsey’s) currently adopted by most
governments of developed countries are still based explicitly on ethical judgment, as well
as, in the case of the latter, empirical evidence'®. Dasgupta (2008, p. 150), for instance,
acknowledges that the SDR ‘has to be derived from an overall conception of
intergenerational well-being and the consumption forecast’. Evidence from attempts to
infer 0 and # “from the choices people make as they go about their lives’ (p. 147) is an input

to the estimation of those parameters, but it is not the only consideration. If the SDR for a

18 The judgment involves ethics in that it directly entails taking an explicit view about how much the welfare of
people in the future matters compared with the welfare of people today. The commercial approach is to
accept the ‘view’ about intergenerational welfare that is implicit in market data.
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project as calculated by a public sector executive differs from an estimate of its cost of

capital based on market data, the SDR takes priority.

Table 1. Social discount rates as set for public projects in different countries.

Country/Agency Discount Comments
Rate
People’s Republic of 8% Rate set for short and medium term projects; lower
China ’ than 8% for long term ones.
Germany 3% Set in 2004, down from 4% (1999)
Set in 2003, down from 8% (1967), 10% (1969),
United Kingdom 3.5% 5% (1978), and 6% (1989). Different rates lower
than 3.5% apply for projects longer than 30 years.
France 4% Set in 2005, down from 8% as set in 1985.
Canada 10%
Australia 8% Setin 1991 and is reviewed annually.
India 12%
New Zealand Taken as a standard rate whenever there is no
10% .
(Treasury) other agreed-upon sector discount rate.
Norway 3.5% Set in 1998, down from 7% (1978)
Spain 6% For Transport, 4% for water.
Pakistan 12%
Philippines 15%
Italy 5%

The Ramsey Formula

As reflected earlier in the relationships that exist in Ramsey’s equation (5), society is viewed
as facing a choice between consuming resources today, or investing them for future
reaping. Because greater investments today produce greater consumption in the future, the
SDR becomes a measure of society’s weighing of future utility of consumption as
compared to the utility of consumption in the present. If both utilities were deemed equal,
the SDR would be zero. However, as future utility of consumption is considered to be less
than that of present consumption, SDR needs to be positive to maintain an indifferent
behaviour for individuals between consuming and investing today (i.e. a further reduction
in the marginal utility of future consumption implies a larger discount rate). This is
explicitly materialised in a positive value for the time preference component of the formula,
while the elasticity of marginal consumption, #, at the margin, delineates an inverse
relationship between the consumption and the marginal utility that results from that

consumption. Put differently, as consumption increases, the marginal utility from extra
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consumption declines faster, so as people become richer, they would derive less utility from

each dollar they receive/spend.

A reflection of people’s ‘wealth’ is given as the growth rate, g, so a higher value for the
product of #.g results in a higher social discount rate. However, the search for an estimate
of the growth rate remains futile, as it is a function of a number of interdependent societal,
technological and economic factors; let alone the fact that the expected real growth rate
differs between countries, coined as the cross-sectional income inequality. In overcoming
the latter dilemma, it would be intuitive (and fairer) to use a global estimate instead of a
country-specific one for the growth rate', legitimised by the fact that payoffs of
investments in alleviating global warming are received worldwide rather than country-
specific. The figures which are commonly assumed for the components of the Ramsey
formula are: § = between 0.0% and 2.0%, § = between 1.0 and 4.0, and g = between 1%
and 2%. SDRs chosen by governments in practice range from 3.5% (declining with time
horizon) to 10.0% (Cropper et al, 2014; Spackman, 2008). Many authors support a value
for J very close to zero, though 1.0% is common in the finance literature and some authors
suggest higher values. The key argument for & = 0 is that it is unethical to weight utility
according to when the person is alive. The time a person is alive is, in itself, not a relevant
consideration when it comes to weighting utility. The Sz Review (2006), for example,
concludes that & ought to exceed zero only to the extent that it reflects the possibility that

humanity might not exist after some future date. The Review sets 0 at 0.1% per year.

The parameter # provokes further questions. With the CRRA utility function, # measures
both the rate at which the utility from marginal consumption declines as consumption
grows over time, and aversion to uncertainty about consumption at a given date i.e.
aversion to risk. In the first of these roles, a higher i implies a desire for less inequality in
levels of consumption over time (as does a higher d). Marginal consumption today
provides high utility compared with marginal consumption in the future. A person with a

high # chooses higher consumption now and in the near future, and slower growth of

19 For example, China expects to have a higher growth rate than the world as a whole, at least for the next
decade or two.
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consumption, compared with a person with a low #. A lower # implies greater concern
about future welfare, and subsequently a lower SDR. A consequence of lower # is less
consumption today i.e. higher saving. Dasgupta (2008) and Nordhaus (2007) argue that a
value of  of, say, 1.0, as in the Sz Review, implies that the proportion of income that
would be saved is very high, 40% or more. This is uncomfortable because it is unrealistic
that such high savings ratios will arise. This also suggests that the current generation should
consume much less than it actually does, for the benefit of the future, even though people
in the future are already forecasted to be substantially richer than are people today. Of
course, not all the extra investment would be in low-carbon technologies; there are other

projects that produce long-term benefits.

Perhaps more troubling is a comparison with a different role for #, that of reflecting
concern about cross-sectional income inequality at a given date. Lower # in this role
implies less concern about the welfare of the poor, because the marginal utility from
increasing income for the poor increases with #. We have the awkward conclusion that
public sector executives concerned about current income inequality would apply a high # in
their project appraisals, whereas a low 5 should be applied if they are concerned about the
welfare of future generations. One answer is to use a utility function in which aversion to
risk, and to income inequality at a given date, are separate from aversion to inequality of

consumption over time. A number of papers explore such a utility function, including

Gollier (2002).

Ethical Predicaments
Here salient arguments for low against high SDR values are summarised, before elaborating

on ethical implications that accompany the governmental choice of the SDR.

Arguments favoring a low SDR:
* Lower discount rates favor investment in future generations.
* High discount rates violate our ethical intuition.
* A government has an infinite life, whereas individuals do not and hence are more

impatient (i.e., government should have lower time preference).
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Arguments for a higher SDR:
* Future generations inherit capital and knowledge from the present generations.
* Future generations are always better off economically & technologically than past
generations.
* High discount rates avoid the possibility of present generations making
unreasonable sacrifices.
* High discount rates cause the present generation to invest in high-yield projects

that would best benefit the future.

As aforementioned, the approaches to determine a proper SDR vary from those methods
used in inferring commercial rates of return from market data. One rationale for rejecting
the usage of such data is that market interest rates do not exist beyond a horizon of 30
years (e.g. longest maturity of most government bonds), and even for those undated
government bills that do exceed that time horizon, the market remains fairly illiquid”’. The
focus on treasury bills is a corollary of the view that funding for public projects is risk-free,
but if this view is rejected, the expected rate of return on equity becomes potentially

relevant market-based evidence for risky projects, as in Weitzman (2007).

Perhaps the most evident reason for explicit appeal to ethical judgment in the SDR is the
view that market data, whether of bonds or equities, does not reflect enough concern for
the welfare of future generations. Where the assumed aim of current governments is to
maximise the societal utility, including those generations yet to be born (intergenerational
utility), individuals contrarily act to maximise their own lifetime utility. However, Dietz,
Hepburn, and Stern (2008) argue that while this might be the case, individuals alive today
elect governments that act to benefit future generations at the expense of present ones, a

view dubbed as the Government House Utilitarianism (Sen & Williams, 1982, pp.16). Since

20 Discount rate values can be computer by using historic data over a succession of short-term T-bills, however,
the result will be approximate and based on the assumption that the future will resemble the past.
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market data is supposed to reveal the preference of utility of those individuals acting to
maximise their lifetime utility, rather than intergenerational utility, market data are not to be
trusted for the purpose of making decisions intended to maximise intergenerational utility”'.
In other words, people tend to ignore or undervalue externalities in their individual
behaviour, and the effects of behaviour on future generations are externalities. One such
externality is carbon emissions that result from a business-as-usual behavior. This negative

externality can, and should in principle, be ‘translated’ and included in cash flow forecasts™.

It can be hereby seen how dealing with discounted benefits and costs that stretch over to
several generations would pose an ethical dilemma, and Schelling (1995) notes that by
engaging in emissions reduction today, we would be incurring costs #day so that future
generations can reap the benefits. Although less appealing, we would still use a positive
discount rate to benefit those closer in time more than those living farther away in the
future. Schelling also argues that justifying discounting by the fact that future generations
are richer and that the marginal utility of consumption would thereby decline might not
hold for climate change policy, since the West, on the whole, is paying for abatement costs,
and those who benefit in the future, are on the whole, the still poorer and thus higher-
marginal-utility people in developing countries. One would then argue that if the West were
sacrificing current consumption to benefit people in poor countries, it would be more
logical to benefit them #ow, rather than invest them in the future. This stems from the fact
that as incomes rise over time, the highest marginal utility of ‘aid’ for the poor is now, not
in the future. This also implies that abatement schemes in the West and development
projects should be compared to find out where the biggest returns on sacrificed current

consumption occurs (i.e. benefiting the poor now, or the future poor).

21 Although some lifetime utility could come from the anticipation of the individual’s heirs, something reflected
by the making of bequests — the lifetime utility of an individual might most likely outweigh the expected
utility for future generations.

22 Dasgupta (2008) and others argue that, in the absence of ‘market imperfections’, society will maximise its
lifetime utility and the social discount rate will be equal to the market rate of return on investment. His
conception of market imperfections includes the existence of externalities which are not reflected in the rate
of return on investment. There are more conventional types of market imperfections which might also make
it difficult to infer from market data the revealed preferences of the current population regarding social
decisions. These include taxes and poor information on the part of the population.
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Broome (1994), for example, maintains that ‘it is only the disenfranchisement of future
generations that gives us the share of the world’s resources that we have’ (p. 152). He
presents a thought experiment in which a trust fund is set up and would act in the interests
of future generations. He regards it as self-evident that ‘from the trust’s point of view...
future commodities would be much more valuable than they seem to us who are
participating in the market now’, and that the trust would transfer resources from the
present to the future. But the trust’s purchases of future commodities would not reduce
market interest rates permanently, as he assumes that interest rates are determined by the
productivity of the economy’s technology™. So if we took proper account of the welfare of

future generations, we would use a lower SDR than market interest rates.

There are also various special cases to consider, which invite a low discount rate, or other
special treatment of investment decisions or regulation. Some ‘commodities’, such as fresh
air, or more generally a reasonably healthy environment, could be considered especially
important to maintain prospects for well-being. This could justify, for example, a very low
discount rate for public projects designed to maintain a reasonably healthy environment.
Some activities, such as lifesaving, discussed by Broome (1994), provide utility which does
not diminish as society becomes richer. Some commodities might be seen as essential for
future well-being, and so as not substitutable at all for other commodities, in which case
they will be regarded as necessary to have at almost any cost. Some features of the world
might be given a special status because once lost they cannot be replaced, such as a species

of animal or an archaeological site.

A general question about the SDR approach is, how do we agtree on values of J and 7, and
hence set the SDR? Or if we are using a declining discount rate (below), how should the
decline be determined? The values of J and 5 ate based partly on individual reflection
under the SDR approach, so the values proposed will differ across SDR users. The

published responses to the Szrn Review show how much disagreement there is about the

23 Assuming a constant return on investment (ROI). The trust would reduce the interest rate if there were
diminishing returns on investment. With a constant ROI, 7, = ROI, otherwise the rate of saving would not be
optimal. The growth rate in the Ramsey model is then g = (ROI — 6)/#. The trust’s activities imply a lowet J
or 1 for society than would prevail without the trust, and a higher saving rate and growth rate.
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SDR, as does the range of discount rates applied by different governments to public
projects. Appeal to the evidence from clinical studies is rather inconclusive. Critical features
about this evidence are as follows (Frederick, Lowenstein, and O’Donoghue, 2002).
Measurement of the discount rates used by individuals is fraught with difficulties. The rates
reported are highly heterogeneous across studies, and they are generally much larger than
the rates of a few-per-cent used by governments for their SDRs. People apply high
discount rates over short horizons, of up to about one year, and lower discount rates for
longer future periods. With the important exception of this step reduction after one year,

there is little clinical evidence that people apply declining discount rates.

The above discussion risks presenting use of the SDR-by-judgment approach as more
firmly rooted than it actually is. The SDR was a rate based on market data in Lind (1982).
Portney and Weyant (1999) summarised the deliberations of 20 leading public economists
on the SDR in the context of climate change. There was agreement among them that a cost
of capital based on market data should be used for projects with a life of up to 40 years,
but that the SDR approach should be used for longer-term projects, because of
‘discomfort’ with the cost-of-capital approach for long-term projects. Weitzman (2007)

believes that a distinct SDR approach is not that of mainstream economics.

Alternative Methods of Discounting: Declining Discount Rates

For far-in-the-future benefits, a small change in the discount rate has very big impacts on
present values. Economists have recently advised that discount rates should dec/ine as costs
and benefits are appraised (for reference see Hepburn and Koundouri, 2007). There is
evidence that people discount near-in-time benefits and costs at higher rates than further-
away-in-time ones. There is also a high uncertainty associated with future value of the
social discount rate as it is highly dependent on growth per capita consumption as
discussed eatlier, which in turn is very unpredictable over time. This uncertainty results in
an uncertainty-adjusted discount rate which declines with time (on the one part for the

desire for precautionary savings in the face of risky future). Then the equation becomes:
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i = p+ mng - Y2 nPvar(g)

(7)

Where P is a measure of precautionary saving and var(g) is the variance of the growth rate

of per capita consumption, resulting in a declining discount rate over time that is caused by
people’s attributes to risk in the future. The cost of capital in practice and in finance texts is
always a flat rate. Conventional discounting, with a flat rate, is sometimes referred to as

exponential discounting, and discounting with a declining rate as hyperbolic discounting.

Probably the most influential argument for a declining discount rate is the following. If the
discount rate for each future period is fixed but uncertain ex ante, there is a declining
discount rate in the sense that, for a given collection of possible discount rates, the single,
fixed discount rate that represents the range of possible rates declines as the number of
future periods increases (Weitzman, 1998). This argument is easiest to understand by
means of an example (Guo et al, 20006). Let the possible discount rates be 1%, 3% and 5%
per year, each with equal probability. What Weitzman calls the certainty-equivalent
discount rate for ¢ years, CEDR, is the discount rate which results in the same PV as the
average of the PVs which arise from using each of the possible discount rates. CEDR, is
calculated from the certainty-equivalent discount factor, CEDF, which is the weighted

average of the discount factors for the possible discount rates:

CEDF, = 1/(1+ CEDR,)) = (1/3)[(1/1.01) + (1/1.03) + (1/1.05)]
(8)

For ¢ = 10 years, CEDF, = 0.754 and CEDR, = 2.86%; for # = 100 years, CEDF, = 0.143
and CEDR, = 1.96%. The mechanism at work here is that, as the future horizon recedes,
the lowest discount rate explains an increasing proportion of the PV. The argument only
makes a difference if at least one of the possible discount rates is sufficiently low that PV is
non-negligible. If the time horizon is 100 years or more, and the lowest of the possible

discount rates is around 4%, PV is approximately zero even using the lowest possible rate.
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Hepburn and Koundouri (2007) show how the certainty-equivalent discount rate
(recommended for use in CBA) declines with time when there are two likely possible
scenarios of equal probability (e.g. 2% and 6%, then 4% is taken as an average scenario that
falls to 2.4% in 200 years). This stems from the theory that in an uncertain economy, the
shocks on the growth rate of consumption (consumption-based approach) and of the
shocks on short-term interest rates (in the production-based approach) determine the time
path of the socially efficient discount rate, persistence of both types of shocks yields the
Declining Discount Rate (DDR) (see Gollier et al., 2008).

The ideas thus far outlined are having an impact on practice; the UK, French, Danish and
Norwegian governments now apply declining discount rates, and other governments have
been prompted to do so (Cropper et al, 2014). The Treasury’s Green Book in the UK also
recommends the use of such an approach with discount rates falling from 3.5% for
benefits and costs up to 30 years into the future, to 3% for years 31-75 and 2.5% for years
76-125. This plays the effect of increasing the present value of long-term benefits and
costs. Using a certainty-equivalent discount rate reduces the risk associated with a policy.
However, calculating this discount rate remains very difficult, as it involves obtaining
information on all possible states of the world, on outcomes of each state, the probability
of each state, and on the degree of risk aversion of everyone impacted by the project (along
with their wealth levels). The alternative to using a certainty-equivalent discount rate is to

use a risk-adjusted discount rate, as manifested in the Capital Asset Pricing Model.
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1.2.3. The SDR and Risk

It has been ‘commonly thought that the risk-free rate of return is appropriate for the
appraisal of public projects due to the risk pooling available to governments (Groom et al,
2005, p.452; Arrow and Lind, 1970). This view has long been disputed, and, in principle, it
is not correct to ignore risk. A public project with uncertain future payoffs should only be
discounted at the risk-free rate if the payoffs are uncorrelated with consumption per head,
as is in fact assumed by Arrow and Lind (1970), and as is re-iterated by Lind (1982, p. 69).
Neither the Szrn Review (2006) nor any reviews of Stern take the view that government
investment to alleviate climate change should be treated as risk-free by virtue of being

funded by the government.

Both portfolio theory and consumption-based theory show that risk-averse investors
demand a risk premium for exposure to systematic risk; that is, risk which is not eliminated
through diversification by means of holding a portfolio of assets or projects. Each public
project has its own discount rate that depends on its systematic risk, as is the case for
private projects, and taxpayers bear the risk of public projects. ‘Investing’ in public projects
via paying taxes does not appear to offer greater elimination of risk than does investing in
financial markets. Most unsystematic risk is eliminated by means of holding about 30
randomly selected shares, so a mature stock market provides more than enough

opportunities for diversification. It is true that a government with a secure AAA credit
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rating can borrow at a lower cost of capital than the WACC of even the safest private-
sector company. However, a sufficient reason for this is that a stable government can raise
funds via taxation, which is a coercive method not available to a company. The coercive
nature of taxation does not mean that the government has reduced project risk for the

taxpayet.

While some governments have adopted a declining discount rate approach (1.2.2), the
importance of risk as a determinant of private sector discount rates has not been fully
accounted for by most governments that still apply a single discount rate to all their public
projects (Spackman, 2008). The fact that a single rate is used by a given government for all
projects constitutes an important difference from the commercial cost-of-capital approach.
The commercial approach directs attention to differences in risk across companies and
projects, which can result in large differences in the cost of capital, of several percentage
points. Risk looms much less large for the SDR, for a cluster of reasons. One is the
mistaken tradition, just mentioned, that government funding in itself implies that the
discount rate for all public projects is low. Second, the weight given to the welfare of future
people, rather than risk, is seen as the primary determinant of the SDR. Guided by the
Ramsey formula, future payoffs are discounted because society will be richer, and, if 0 is
non-negligible, because utility in the future counts for less than utility today. The payoffs

are not discounted because they are risky.

Public projects typically involve non-commercial objectives, and provide ‘payoffs’ that do
not arise via cash flows. For example, what is the risk of investment to alleviate climate
change? The cost of global warming is usually modelled as a fixed proportion of future
output or consumption. In this case the size of the payoff, which is a reduction in that cost,
is proportional to output, and the consumption beta is approximately one. A beta of one or
more also arises in a model in which output before the impact of temperature increase has
a linear positive effect on temperature, investment to reduce carbon emissions has a linear
negative effect on temperature, and the marginal negative impact of temperature on output

is increasing with temperature (Gollier, 2012). In this case the size of the benefit of
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investment to reduce carbon emissions is positively related to the underlying output,

because the (non-marginal) relation between output and temperature is positive.

A final point about risk is that there is a very major difference between the SDR and the
commercial cost of capital in the assumed size of the risk premium in the CAPM (equation
3). The empirical variance of annual global economic growth is approximately 0.0004 (or a
standard deviation of 2%). There is debate about the value of # to assume, but with
conventional values of between one and three or four, the maximum premium for risk is
less than 0.2% per year in the standard consumption CAPM, which underpins the SDR. So
allowing for risk in standard consumption-based theory makes little difference to the SDR.
This potentially provides a justification for ignoring risk, though it is not a justification
which has actually been used much in the SDR literature. In contrast, the risk premium
assumed in the private sector is at least three per cent per year for a beta of one, and usually

more. As a result, the cost of capital is highly sensitive to the estimate of beta.

None of the above points mean that it is correct to assume that all projects are risk-free, or
that they all have the same risk. At the same time, the measurement of the risk of real
investment projects is a serious challenge for both public and private sector agents. A good
deal of judgment is involved, and, for the commercial cost of capital, the judgment made
regarding choice of beta has a major impact on the discount rate. Although SDRs used in
practice are not explicitly adjusted for risk, evidence from market data is likely to affect
one’s view of the SDR that is chosen. If a public sector executive chooses a low SDR, of
around 1% to 2%, someone used to the private sector approach, in which risk matters,
would see this SDR as implying a belief that public projects are close to risk-free. If the
executive chooses a high SDR, of 5% or more, this would imply a belief that public

projects have a risk similar to investment in the stock market.

1.2.3. IR 5 X
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1.2.4. Conclusion

Government-sourced investment in emission reduction is an application of the SDR that
has become increasingly important in recent years, and is set to remain so. To justify
substantial investment in low-carbon technologies, governments have to apply discount
rates which are lower than the rates which would apply were the same investment to be
undertaken by the private sector. But the case for very low discount rates, of 2% per year
or below, remains highly contested. No matter what ‘adjustments’ are incorporated into
measuring the discount rate for benefits and costs of a certain environmental policy, the
future still raises considerable unease. Dependent on market behaviour and people’s
choices, making decisions over the discount rate remains highly debatable, and a tradeoff
between ethical and efficiency criteria plays off. It is hard to be “fair to the future” as it is
impossible to know what future generations will “want” or “need”, and so it is hard to

conceptualise the rights of imagined individuals who are not around today.

In summary, deciding on a single, correct rate of social discount is challenging, since many
factors influence this decision, including time preferences, the social opportunity of cost of
capital, time itself, risk and uncertainty. This chapter has reviewed the main features of the
SDR approach to discounting, explained why an SDR can be set that is below the
commercial cost of capital, and discussed the main reasons for controversy. What is

recommended, then, and is further applied in the CCUS and offshore wind case studies to
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follow in this report, is to include a sensitivity analysis which demonstrates how the NPV

of a project or a policy changes as the discount rate varies.

1.2.4. Conclusion [1[]
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Appendix I

Benefit-Cost Ratio (BCR) represents the ratio of total discounted benefits derived from a

project, divided by its total discounted costs as in equation (9):

Bz

(1+1)"
BCR=).[ ~—7— ()

(1+1)"

The project leads to an increase in real wealth when the BCR is greater than 1. It is also
important to mention than when comparing projects of different scales, the use of the BCR
better reflects the generation of real wealth. For instance, although a project with total
benefits of $1 million might lead to a greater increase in real wealth than a project with

benefits of $100, the BCR might still not be as high due to high costs incurred.
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