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Abstract: The transition of the energy system in Poland has a long time horizon and demands a
substantial investment effort supported by proper economic evaluation. It requires a precise Social
Discount Rate (SDR) estimation as discounting makes the present value of long-term effects extremely
sensitive to the discount rate level. However, Polish policymakers have little information on SDR: the
predominant practice applies a priori fixed 5% discount rate, while studies devoted only to Poland are
quite rare. To eliminate this research gap, our paper aims at estimating SDR for Poland, applicable
in energy transition policies. We derive SDR for three datasets varying in length, twofold: using
market rates via Consumption Rate of Interest (CRI) and Social Opportunity Cost (SOC) of capital,
and prescriptive Ramsey and Gollier approaches based on Social Welfare Function (SWF). The results
indicate that the rates based on CRI and SOC deviate substantially with changing data timeframes
and market conditions, while prescriptive methods show much higher time stability. Due to long-
term planning horizons for energy policies, we argue for adopting, as SDR in Poland, the longest
dataset’s Ramsey-based rate of 4.72% which can be reduced to 4.39% by Gollier’s precautionary term
(reflecting the uncertainty over future consumption growth), which are our main findings.

Keywords: energy policy; economic appraisal; social discount rate; Ramsey formula; consumption
rate of interest; social opportunity cost

1. Introduction

The issue of energy sector transition is a conglomerate of many issues as well as meth-
ods of analysis in search of effective solutions. This paper concentrates on the problems
of economic evaluation of investment projects, whose implementation is in line with the
priorities of Poland’s long-term energy policy, and particularly the issue of discount rate
estimation that should be adopted to improve the appraisal process of such investments.

The necessity of using discounting in the appraisal methods is not subject to discussion
and it is not our intention to question its necessity. However, an important issue is the
methodology of estimating the level of this rate that should be adopted for long-term
projects with a significant share of positive externalities. In commercial investment projects,
the commonly used method of discount rate estimation is the investor’s cost of capital.
This method in regard to the analysed projects cannot be effectively applied for at least
two reasons.

First, investments in energy transition are not commercial investments in the strict
sense of the word. The effectiveness of these investments is more of a social nature rather
than a specifically financial one. Second, the time perspective of such investments is very
long (e.g., the European Green Deal perspective reaches 2050 [1] or energy transitions
fighting global warming operating with time horizons over centuries [2]) which makes
the classic approach to discount rate entirely inapplicable, as it leads to an excessive
depreciation of long-term effects, which may, therefore, wrongly indicate ineffectiveness.
By the same token, a Social Discount Rate (SDR) should be used instead of a commercial
one for the appraisal of this type of investment.
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In this context, the paper presents the methodology and results of estimating the
level of the SDR for evaluation of the social effectiveness of long-term energy investment
projects. Considering the fact that the prevailing practice in Poland is the application of a
fixed 5% SDR value based on the EU recommendation for CEE countries, the findings can
fill the gap and improve the process of energy investment evaluation, particularly in light
of the substantial expenditures needed to meet the goals of the European Green Deal. The
results can also be found relevant for policymakers, private and public investors as well as
researchers, as the number of studies in this area is still insufficient.

1.1. Policy of Energy Sector Transition in Poland—The Timeframe and Financing Requirements

The plans for energy transition policy in Poland give two premises to focus particularly
on the discount rate needed at the evaluation stage: long timeframe and substantial
investment needs.

Any sectoral policy, by defining its priorities, covers a specific time horizon. The
2040 perspective is most often mentioned for the transition policy of Poland’s energy
sector. It has therefore been assumed that the temporal turning point of the analysis is the
perspective of the year 2040 as the time by which Poland’s energy policy will practically
have been established and implemented. In November 2018, the document “Poland’s
energy policy until 2040” was published [3]. The document is a guidance project, which
was refined and updated in September 2020. According to this document, Poland’s policy
of changes in the broadly understood energy sector has been based on three pillars: fair
transition, zero-emission energy system, and significant improvement in air quality. The
main areas of energy policy transition in Poland [4] include such aims as reduction in
greenhouse gas emissions by 40% by 2030 (compared to 1990), increase in the share of
renewable energy to 32%, increase in energy efficiency by energy saving at the level of 23%
by 2030, which, apart from long-term horizons, are inextricably linked with substantial
investment needs.

An important and costly goal to be reached is the reduction in CO2 emissions. Poland
has a particularly difficult task in this regard. The country ranks 5th in Europe among the
largest emitters of carbon dioxide; moreover, after a significant decline in 1990s (by approx.
27.4% compared to 1989), since 2002, CO2 emissions have remained relatively stable and
no further improvement can be observed, especially when compared to other top CO2
emitters in the EU (Figure 1). Not only does it illustrate the scale of the problem, but also
the scale of necessary expenditure to be made.
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Poland has to accomplish substantial tasks in the field of renewable energy, both for
the current period and from the 2040 perspective. Eurostat has published records on the
share of renewable energy sources (RES) in the markets of the Community countries [6].
They confirmed the concerns that Poland has failed to fulfil EU guidelines regarding the
20% share of RES in energy consumption by the end of 2020. In 2019, this level was 12.2%,
with significantly higher shares of hard coal, lignite, crude oil, and natural gas (see Figure 2
to compare the energy mix structure for Poland and the EU in 2019). The forecasts for 2040
are also not particularly optimistic; the assumed minimum value of 32% will be difficult to
achieve and very capital-intensive.
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Four basic indicators have been defined for Poland’s energy transition and they should
be achieved by 2030 as an implementation stage of the 2040 adopted policy [3]:

• Share of hard coal in electricity generation at a level not higher than 56% (target
for 2030);

• RES share in final energy consumption at a level of not less than 23%;
• Implementation of nuclear energy (target for 2033);
• Reduction in greenhouse gas (GHG) emissions by 30% compared to 1990 emissions.

In the strategic area of increasing energy efficiency for Poland, it is assumed that the
final energy savings in the period between 1 January 2021 and 31 December 2030 should
amount to no less than 5.6 million tonnes of oil equivalent, and the total cumulative final
energy savings in the years 2021−2030, calculated in accordance with the guidelines of
the amended EED Directive (Energy Efficiency Directive) with the use of forecasts on the
average annual final energy consumption for 2016−2018, will amount to 3.6 thousand
tonnes of oil equivalent [4]. This comes from Directive 2018/2002/EU, which aims at
saving the final energy by 32.5% compared to the reference scenario. This means that in
the years 2021−2030, the total savings in final energy consumption should be equivalent to
annual new savings of 0.8% of the average annual final energy consumption in 2016−2018.
In the ten-year time perspective, the cost of implementing the tasks set out in the amended
Energy Efficiency Act is to amount to approximately EUR 1.5 billion [8].

Key activities will consist of targeted investments that will allow the assumed goals
to be attained. The main priorities of capital expenditure are: transition of coal regions,
reduction in energy poverty, new industries related to RES and nuclear energy, offshore
wind energy, local and prosumer energy, transition of heating, electrification of transport.
For Poland, the key issue is the departure from hard coal as the basic energy carrier. Due to
the adopted assumptions, the use of hard coal to generate electricity is expected to drop to
37% in 2030 (from the current level of 70%), while in 2040—up to 11%. In urbanized areas,
coal should be abandoned as a heat source by 2030, and in rural areas—by 2040.

Implementation of the adopted policy for Poland will require a very wide range
of activities and very significant investment expenditure. About EUR 50 billion will
be allocated to the national energy and climate transition from EU and national funds
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under various mechanisms by 2030, including e.g., Cohesion Policy (allocation for Poland
of approx. EUR 20 billion), Recovery and Resilience Facility (allocation for Poland of
approx. EUR 7 billion), The Just Transition Fund (allocation for Poland of approx. EUR
3.5 billion) [9], or new instruments that will support the transition of the energy system
in Poland, such as the Modernization Fund and the National Target Fund, supplied with
funds from the sale of CO2 emission allowances. Initial estimates indicate the possibility of
obtaining over EUR 10 billion [10].

Assuming investment expenditure at the level of around EUR 50 billion in the next
10 years and accepting an equal spending rate for each year, we have an estimated level
of investment expenditure of around EUR 100 billion by the end of 2040, in 2020 prices,
for the implementation of Poland’s energy transition strategy. On the other hand, these
investments will increase GDP by approx. EUR 50−77 billion, according to the report of
the Jagiellonian Institute [11]. However, these estimates are not unambiguous due to the
time perspective and complexity of the problem. According to, for example, the Polish
Electricity Association, the investment expenditure that will have to be incurred for the
transition of the energy sector by 2030 will be in the range of EUR 60−70 billion, and in the
perspective of 2050, EUR 130−175 billion [12].

1.2. Social Discount Rate—Methods and Application in Energy Investments

The range of tasks and the anticipated level of investment expenditure presented in
the preceding section as well as the unique political, technological, and financial complexity
of the expected benefits of energy transition require a number of questions to be asked. In
the context of the economic effectiveness of these undertakings, it needs to be highlighted
that, first, such projects are not typical commercial activities, where market prices fully
reflect the fair value of inputs and outputs due to a considerable amount of externalities,
and second, the time frame of energy-related projects in many cases extends far beyond
the reach of the financial markets perspective, which is usually not more than 30 years, e.g.,
green transformation to cut down carbon dioxide emissions or nuclear power plants echo
for centuries.

These efficiency questions are usually managed by evaluation via cost–benefit analysis
(CBA), which allows for proper adjustments aimed at reflecting social effectiveness instead
of private effectiveness. This also includes the price of capital reflecting the social view
on how future benefits and costs should be valued against present ones, represented by
Social Discount Rate. All those costs and benefits are given in shadow prices used in
CBA to reflect their true value for society [13]. What must be highlighted is the fact that
choosing an appropriate discount rate is an important stage for any investment project
evaluation process. The widely accepted process of evaluation rests on a discounted cash
flow approach represented by the Net Present Value criterion that summarises all cash
inflows and outflows generated by the project, transforming them first into the present
value equivalent. The choice of discount rate may be decisive for the outcome in the
analysis where outlays (born today therefore remaining undiscounted) are confronted with
future (therefore, discounted) cash flows. For energy-related projects, this task is even more
meaningful due to the long timeframe of evaluation as it makes present value extremely
sensitive to slight variances in discount rate values (e.g., effect of EUR 1 appearing after
30 years is reduced by 3/4 when discounted at 5%; raising the rate to 7% makes present
value lower by 7/8 and these discrepancies soar for longer periods) [14].

This transformation via discounting is an essential part of economic analysis as it
reflects the returns of alternative opportunities that are lost due to choosing the project
being evaluated. In a perfectly competitive economy (complete set of perfectly competitive
markets), free from any market distortions, the marginal social opportunity cost of funds
(and SDR) would be reflected by market interest rates, equalising the supply side reflected
by the social rate of time preference (SRTP) and demand—by the social opportunity cost of
capital (SOC). Since the economy and markets are distorted, the price of capital diverges
from the optimum and needs to be estimated [15]. However, while SDR is widely applied in
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the public investment evaluation and its definition seems to be clear and unequivocal, the
theoretical approaches to the estimation as well as empirical results to achieve “the proper”
value are still widely discussed in the literature and no consensus has been achieved so
far [16,17]. This paper concentrates on the two sides of the capital market: SRTP and SOC
form two main strands in the literature, making the effort of delivering the proper measure
of SDR.

The Social Rate of Time Preference represents discounting appropriate for benefits
and costs measured in consumption units [18]. Using this approach for discounting in
project evaluation, we implicitly assume that public investments are financed from savings
(therefore, crowding out current consumption). Then, the SRTP approach serves for
intertemporal exchange in consumption. Some solutions concentrate on intertemporal
preferences observed via financial instruments and are based on the consumption rate
of interest (CRI) approximated by the long-term real after-tax return on savings [19,20].
This is justified by the fact that intertemporal preferences of individuals towards saving
can be applied to assess the government policy influencing the consumption of those
individuals. The alternative is a prescriptive approach exercising social welfare function
(SWF) maximised over time to deliver the Ramsey formula, which adds up the pure time
preference reflecting society’s impatience and the element mirroring the consumption
opportunity cost lost by society when investing [15,21]. The latter element is a product of
two factors: expected growth rate of per capita consumption and the elasticity of marginal
utility of consumption. The prevailing approach across Europe is represented by the
Ramsey formula [22], which is also supported by the IPCC [2].

The second branch of the standpoint, the social opportunity cost of capital, focuses
on efficiency in using scarce resources. The SOC approach rests on the Pareto criterion
where improvement in social welfare is achieved if the investment accepted outperforms
the alternatives. The government, while investing, competes for the same lot of funds as
the private sector and displaces them in the case of accepting the project. Therefore, to
provide welfare maximisation for society, a public investment must yield at least the same
level of return as the private one. The return is represented by the marginal rate of return
on private investments (return on investments, ROI) [23]. Empirical estimates of SOC use
financial market rates, i.e., the real before-tax rate of return on corporate bonds or exercise
national income accounts to calculate the profitability of the private sector as a contribution
to GDP [24,25].

A separate point of discussion in the literature aims at dealing with the long-term
issue, particularly intergenerational investment impacts. In general, these approaches
argue for lower discount rates, particularly a declining discount rate (DDR) schedule, as it
reduces the sensitivity of distant effects to discounting. However, epistemological roots
of the decline vary tremendously. The three of them are the most widely discussed. The
enlarged Ramsey formula is a predominant approach to solve this task [2], designed to
capture the risk towards level of future consumption via embracing the volatility over
future growth rate [26] or certainty equivalent discount factors, referred to as “gamma
discounting” [27]. There are two alternative approaches: expert judgements to elicit specific
values of long-term SDR [28,29] and questionnaires to investigate the stated intertemporal
preferences of the general public [30,31].

While SDR is based on a diversified set of approaches, they also lead to diverging
estimates. The highest rates are usually produced by the SOC approach, reaching 6–8%
for developed countries [16,23] or even higher for developing countries (e.g., 11% for
South Africa [25]). Ramsey-based results vary as well, mainly due to differences in the
consumption growth rate, with values of approx. 4% for developed countries, such as the
UK, the US, Germany, Italy, or France [32,33], from 2% to over 6% for the EU [34], and for
developing countries varying from China’s 15% to negative rates for some African coun-
tries [2,17]. The lowest estimates come from the CRI approach (1–3%) [16]. Uncertainty in
discounting followed by the Gollier proposal leads to estimates lower by approx. 0.3–0.5%
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than the regular Ramsey formula [35,36]. In general, DDRs decline to approx. 1%, but the
values vary between 0.5% and 4% depending on the approach [29,31,37].

Discounting regimes also vary among official recommendations between countries.
The majority of EU countries follow the Ramsey approach [33] (Italy, France, the UK),
recommended also in the official EU guidelines [38] or use a CRI regime based on gov-
ernment borrowing rates (Germany, Norway). The US, Australia, and Asian countries
generally apply the SOC approach [16,17]. The DDR approach serves for long-term projects
(usually with effects ranging above 30 years) in the UK [39], France, and the US (for
environmentally-related investments) [36,40].

The majority of works estimating SDR for Poland are based on the Ramsey approach,
resulting in values from approx. 3% to 6% [34,41,42]. The official recommendation for
SDR applied in Poland, in general, follows a constant 5% discount rate and comes from
the EU recommendations on discounting for CBA [38]. Long-term focused discount rates
are rare in the literature. Examples include Foltyn-Zarychta [31], who estimates the rate
(for intergenerational projects) declining from 5% to 0.4% for a 1000-year perspective, or
Saługa [43], who applies the DDR scheme in relation to mining investments.

However, none of those studies focus on the energy sector solely. The EU recommen-
dation of a uniform 5% may reverberate negatively on the number of projects accepted.
First, this value is not supported explicitly by any in-depth study concentrating on the
economic characteristics of Poland. Second, the recommended value does not account
for uncertainty related to long-term intergenerational issues, particularly important for
energy-related projects.

1.3. The Aim of the Study

This paper considers the issue of selecting a proper discount rate level in the efficiency
calculation. The paper aims at estimating SDR for Poland which can be used for long-term
energy sector transition policies. Since the level of discount rate determines the rate of
depreciation of future values, and in the case of Poland, we are dealing with the need to
incur exceptionally high expenditure with a long period of waiting for effects, adopting the
financial discount rate would show the ineffectiveness of such investments. We share the
conviction that “( . . . ) the discussion about efficiency of energy transition policy cannot
be decoupled from the social discount rate and the compensation that society requires to
forego current consumption for future benefits”, especially if we take into consideration
that “Discounting and the discount rate are also central elements for the determination
of the social cost of carbon (SCC)” [44]. This viewpoint is supported by Steinbach and
Staniaszek [45], who differentiate between individual discount rates and social discount
rates in energy system analysis. From their perspective, individual discount rates should
be applied in modelling individual investment decision making. However, evaluation of
the total costs and benefits of energy systems requires a societal perspective to be adopted
and, as a result, social discount rates application. As emphasized by Hermelink and de
Jager [46], the adopted level of discount rate is crucial to the evaluation results of energy
policy options. They also claim that discount rates employed in the EU Impact Assessment
for the 2030 energy and climate policy framework should be significantly lowered, as was
done by some EU member states (their proposal assumes calculation of the EU Weighted
Average Capital Cost that is supposed to be in the range 3–6%). We investigate these
problems in the following sections.

The analysis follows two strands in the literature: descriptive CRI and SOC (both
market data-based) and the prescriptive Ramsey formula (social welfare function-based).
While the Ramsey formula is the predominant approach of government SDR recommen-
dations in Europe (as mentioned in the preceding section), the paper concentrates on this
approach, also investigating CRI and SOC. The overview of approaches undertaken in the
paper is summarised by Figure 3.
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The descriptive strand analysed rests on market rates of return that approximate CRI
and SOC. As recommended by Zhuang et al. [17] and Boardman et al. [20], these are based
on the after-tax rate of return on low-risk financial instruments (reflecting CRI-SRTP) and
the pre-tax rate of return on riskless private investments, which represents an alternative
approach to SOC. The prescriptive approach delivers the value of SDR based on the social
rate of time preference approach according to the Ramsey model, with the elasticity of
marginal utility of consumption estimated on the basis of the personal taxation method [47].
Additionally, to deal with long-term energy policy-related impacts, we derive SDR based
on Gollier’s approach [48] that includes the volatility over the growth rate of per capita
consumption. To our knowledge, such combination of methods has not been applied
previously for Poland.

The paper is organised as follows: Section 2 starts with describing two market-based
approaches (CRI and SOC), followed by insight into the Ramsey formula and its Gollier
modification. Next, the sources and treatment of data used in the study are described. The
following section presents the results obtained for all approaches for three time horizons
reflecting the range of data gathered. This is followed by the discussion including a
recommendation of the SDR values that we find the most appropriate to use for energy
policy investments. The conclusions section closes the paper.

2. Materials and Methods
2.1. SRTP-CRI Based on Real After-Tax Return on Savings

Consumption Rate of Interest (CRI) takes the angle of capital supply (savers). Board-
man et al. [20] as well as Burgess [49] point out that the major distortion that causes
the divergence between the demand side (enterprises) and the supply side (consumers)
emerges from taxation (apart from such factors as the level of risk, liquidity, or imperfect
information). The proper measure of what consumers must forgo to accept the investment
is therefore given as their post-tax real returns on savings as these rates represent an agent’s
postponed consumption opportunity cost.

The literature presents various estimation methods. Moore et al. [13] refer to an
average monthly yield on treasury notes with various maturity lengths. Historical real
returns on long-term government bonds are recommended by the U.S. Environmental
Protection Agency [40] and Zhuang et al. [17], but using other low-risk securities is also
possible [18] as well as consumer borrowing rates [49]. The returns to savers are reduced
by tax burden in marginal terms and transformed into real rates, with average inflation
(inflation forecasts) based on historical data considered [13]. Harberger and Jenkins [50]
argue that the real rates for the majority of countries would stay within the range of 2–3%.
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2.2. Social Opportunity Cost (SOC) Based on Market Return on Private Investments

SOC rests on the assumption that both sectors, public and private, compete for the
same pool of scarce resources, so any additional investment in a public project leads to the
diversion of funds from the private sector. In these circumstances, the appropriate Social
Discount Rate is determined by the opportunity cost in the private sector [51].

However, it is argued that not all the components of the private marginal rate of
return are included in the opportunity cost [17,52], particularly risk premia and transaction
costs. The lower limit of the opportunity cost is therefore the marginal cost of government
borrowing (assumed to be equal to marginal cost of taxation). The upper bound for the
opportunity cost of public projects is the cost of private sector capital reduced by the post-
tax differential private risk premium as well as additional transaction and illiquidity costs.

A straightforward consequence of the conducted analysis is the adoption of various
market rates as proxies for the Social Opportunity Cost. According to Boardman et al. and
Moore et al. [13,20], the best proxy for the upper bound of the opportunity cost is real,
pre-tax rate of return on corporate bonds, as enterprises tend to equate (on the margin) the
expected pre-tax investment return with the pre-tax bonds rate. It is also emphasised that
the actual opportunity cost is probably significantly lower [20]. The opposite extreme of
the opportunity cost estimates is the government borrowing rate, as the taxes on private
financing are usually higher than those on the public one and the premium for income
covariance is negligible (but generally positive). As a result, we obtain an interval for the
Social Opportunity Cost.

2.3. Ramsey Approach—The Prescriptive Social Welfare Function Based Regime

SDR measured via the Ramsey model emerges from the criticism of capital market
observed rates. The main point raised by the proponent is that capital markets are far from
being perfect, i.e., consumers, as well as private sector investors, face a variety of rates due
to information asymmetry, differences in creditworthiness, or dual roles as borrowers and
lenders for consumers [15]. The Ramsey formula is based on a prescriptive approach, seen
as an appropriate risk-free measure for public investments [53], emerging from the aim of
intertemporal maximisation of social welfare function [21]:

W =

+∞∫
0

e−ρtU(ct)dt (1)

where U(ct) stands for utility derived by society from consumption in period t and e−ρt

is a discount factor (assuming continuous compounding), with ρ as a utility discount
rate that represents pure time preference. Transforming the welfare function to obtain
the consumption (instead of utility) rate of discount that optimizes the productivity of
capital gives the Ramsey formula (taking the premise of constant elasticity in the utility
function) as:

SRTP = ρ + ηg (2)

where g is the (anticipated) growth rate of per capita consumption and η is the elasticity of
marginal utility of consumption η = − dU′(ct)

U′(ct)
/dct

ct
(the percentage reduction in the marginal

utility of per capita consumption due to a 1% increase in per capita consumption). The
product of g and η represents the fact that as society is becoming richer per capita (g), the
additional unit of consumption is valued less according to the diminishing marginal utility
of consumption (reflected by η), which acts in accordance with the society’s view to reduce
inequality in consumption flows over time [13,14].

The utility discount rate ρ consists of two elements. The first one reflects the risk of
death based on mortality rates for a given country. The second element is the myopia of
decisions—the society’s impatience to consume sooner than later. However, it should be
pointed out that for long-term decisions, some researchers, e.g., Ramsey [21], Eckstein [54],
and Parfit [55], suggest to exclude it on ethical grounds, particularly in cases of investments
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affecting future generations as it makes these generations less important only due to the
fact that they are born later.

The growth rate of per capita consumption g is usually based empirically on mean an-
nual growth rates of consumption or GDP, as is done in the works by Evans and Sezer [34],
Percoco [56], and Florio and Sirtori [41]; however, more demanding approaches are also
used. For instance, Moore et al. [13] as well as Kula [57–59] use extrapolation based on the
slope of a relationship between time and the natural logarithm of real per capita private
consumption expenditure.

The elasticity of marginal utility of consumption, η, reflects the society’s aversion
to inequality in consumption level over time or over individuals; however, this can be
interpreted also as aversion to risk—the willingness to avoid sudden changes in consump-
tion level. The higher η is, the higher the discount rate is, making current consumption
more important than the gains in the future. The estimates of η are usually based on four
approaches that include: eliciting stated preferences via surveys [29,60], indirect behaviour
evidence based on consumption choices [32], life-cycle behaviour models considering
saving choices of individuals or revealed social values based on the level of progressivity
of personal tax income [22]. In this paper, we focus on the revealed social values approach,
which produces stable estimates, both across time and between countries [33].

Revealed social values, or “the equal sacrifice”, approach emerges from the social
planner’s aversion to inequality which represents the tastes and preferences of the society.
Inequality aversion is derived from the progressivity of national personal income tax rates,
based on the premise that the tax schedule is designed in such a way that the marginal
utility of tax burden is equal for all individuals. This represents society’s aversion to
inequality and can be transferred from the tax system to other areas as, e.g., intertemporal
decisions [61]. The η in the tax method is estimated as [47]:

η =
ln(1−MTR)
ln(1− ATR)

(3)

where MTR is the marginal income tax rate, and ATR represents the average tax rate.
The extension of the Ramsey rule via Gollier’s approach [26,48] is proposed for long-

term projects, e.g., climate change investments reducing greenhouse gas emissions [2,36]. The
modification assumes that the consumption level in SWF is uncertain and the consumption
growth fluctuations are independently and normally distributed. Then, the discount rate
takes the form:

SRTP = ρ + ηµg − 0.5η2σ2
g (4)

where µg and σ2
g represent the consumption growth rate mean and variance, respectively.

The last element of the equation is interpreted as a precautionary term, reflecting the fact
that a social planner, when facing the uncertainty, is willing to save more now to benefit in
the future [62].

2.4. Data Sources

The analysis presented in this study is based on two general alternative approaches
that determine the discount rate applied in public investment projects appraisal. The
descriptive approach that adopts the discount rate used to translate future costs and
benefits into current ones, as a consumption rate of interest or social opportunity cost
of capital, relies heavily on financial data describing particular components of return on
savings and private sector cost of financing. A straightforward consequence of this fact is
the necessity of using various financial datasets to estimate the Social Discount Rate.

We followed the convention advocated by Moore et al., Boardman et al., and Spack-
man, [13,20,52] while estimating SDR based on market data by starting our calculations
from CRI represented by the post-tax real rate of return which savers are willing to accept.
As a result, the most common choice of an observable proxy for this variable is the after-tax
real rate of return on government bonds. Thus, we exploited, i.a., time series provided by
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the Polish Ministry of Finance covering all domestic issues of Treasury bonds [63]. This
dataset includes information about all transactions since February 1994 (bonds sold to
financial institutions) or since June 1992 (retail bonds). To obtain the monthly time series of
average yield in the case of bonds purchased by institutional investors, we calculated a
weighted average of yields considering sales transactions conducted in a particular month.
We adopted proceeds from sales as the weights. We omitted all the records for which
the yield was unavailable (mainly CPI-linked bonds and floating rate bonds). A similar
procedure was applied in the case of retail bonds, with a few minor exceptions. First, as
retail bonds are generally sold at par, instead of yield, we used the nominal coupon rate
(5-year fixed rate bonds were the only exception—they were sold in tranches and below
par; in this case, we exploited yield to maturity calculated using average selling price over
tranches). Furthermore, all the floating rate bonds and CPI-linked bonds, for which the
first-period coupon rate was available, become the basis for calculations.

Bonds used in the previous calculation differed among themselves by the time to
maturity. One of the practices followed by researchers is to consider instruments of constant
time to maturity [13]. Having adopted this approach, we also used time series of yields
on 10-year Polish fixed rate Treasury bonds provided by the Federal Reserve Bank of St.
Louis [64]. This dataset covers the period starting from January 2001. At this point, one
issue must be raised. As it is noted, e.g., by Moore et al. [13], there are many proxies serving
as the rate of return on a riskless asset reflecting the level of real, after-tax return on savings
obtainable by postponing current consumption. A government bond yield is only one
among various possible choices, not necessarily the best one if a significant part of the
population prefers other means of saving. Therefore, we additionally decided to use the
average rate of return earned on personal term-deposits (covering all maturities) according
to the data provided by the National Bank of Poland [65]. The analysed time series starts
from December 1996.

An additional factor which heavily influences the rate of return on savings is the
level of capital gains tax. Before December 2001, all capital gains and equivalents (e.g.,
dividends, interest on fixed-income securities) were not taxed. From March 2002 until
December 2003, the tax rate was equal to 20% of the income (during the interim period
December 2001–February 2002, income on newly issued instruments and contracts was
proportional accounting to the length of the exemption period) [66,67]. Since January 2004,
all capital gains and equivalents have been taxed using a flat tax rate of 19% [68].

At the other extreme is the cost of private sector capital: the Social Opportunity Cost.
Unfortunately, it is also problematic to find the best proxy reflecting the cost of private
funding. Boardman et al. [20] advocate the application of the real, pre-tax rate of return
on corporate bonds instead of any measure that considers the equity rate of return. We
share their view that this solution might be treated as optimal due to various reasons. First,
it allows us to avoid a rather cumbersome estimation of the effective marginal corporate
tax rate. This is a result of equating marginal expected pre-tax return on investment with
before-tax cost of capital implied by bond yield. Moreover, in the case of equity profitability,
we have at our disposal only average rates of return while marginal ones (which might be
significantly lower) are needed. The bond yields are also more stable than equity returns
and include a significantly lower risk premium to their holders. The advantages mentioned
were the main incentive to follow this approach. Unfortunately, the Polish corporate bond
market is relatively thin and is mainly composed of floating rate bonds, which makes
assessment of the bond yield impossible or vulnerable to various ad hoc assumptions.
As a consequence, we decided to use the time series provided by the National Bank of
Poland describing the average interest rate paid by companies on their credit liabilities
(independently of the maturity) [65]. The data provided by the NBP cover the period
starting from December 1996. This approach also seems more advantageous due to the fact
that Polish enterprises commonly finance their activities using the credit channel rather
than directly via capital markets (according to the data provided by the Warsaw Stock
Exchange and NBP, the nominal value of market debt traded on WSE equals to approx. 5%
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of total credit to nonfinancial enterprises) [65,69]. What should be highlighted is the fact
that the rates of return on Treasury bonds are also used in SOC estimations. The Treasury
bond post-tax yield represents the rate for the savers; the pre-tax rate as a proxy for the rate
at which the government borrows on the market may represent the cost of capital for policy
investments [16]. Although they do not represent SOC in its pure definition, we added
them to previously discussed estimates as an approach that links CRI and SOC as well as
provides a lower bound for the rates of return on private investments. The calculation of
both CRI and SOC, as they are based on market nominal data, requires the consideration of
inflation expectations. Unfortunately, despite extensive investigation, we were unable to
obtain inflation forecasts of demanded frequency. Therefore, we decided to use as a proxy
ex-post inflation rates averaged over 12 consecutive months using geometric rates of return.
The database obtained from the Statistics Poland website [70] covers a period starting from
January 1982 with monthly frequency. Due to the adopted mechanism of calculating an
approximation of expected inflation, the last period for which an appropriate value could
have been obtained was October 2019.

The second approach that enables the estimation of Social Discount Rate refers to
the Ramsey formula [21]. As this viewpoint rests on optimization of current and future
consumption level, the data necessary to evaluate the Social Rate of Time Preference consist
of fluctuations in real consumption expenditures. The necessary observations are provided
by the Organisation for Economic Co-operation and Development and are available on the
OECD Statistics website. In this study, we followed the concept discussed by Groom and
Maddison [22] to employ real, quarterly, not seasonally adjusted consumption expenditure
on semi-durable goods, non-durable goods, and services per capita. The OECD database
provides data about households’ consumption expenditure classified as “other goods and
services”, meaning total goods and services excluding durable ones (expressed in millions,
in PLN of 2015). The additional question to answer was whether to analyse total or per
capita consumption. On the one hand, we share the view expressed by Feldstein [53]
that a social utility consumption function should mirror not only per capita consumption,
but also the size of the population (i.e., social welfare should raise when a society enjoys
a constant per capita consumption level while the population increases). On the other,
this task might hardly be achievable and most of the studies presented in the literature
employ per capita consumption. The additional argument in favour of this choice in the
case of Poland is the fact that its population remained rather stable during the analysed
period (coefficient of variation 0.57%). Unfortunately, due to periodic reassessment of
population size after general censuses without backward adjustment, we were unable to
exploit the data provided by Statistics Poland. As a consequence, we chose to employ
data series prepared by the Population Division of the Department of Economic and Social
Affairs of the United Nations Secretariat [71]. The data given as of 1 July for every year
were linearly interpolated to obtain end-of-quarter values and then averaged to obtain the
quarter mean value. These values were then used to obtain quarterly time series of per
capita consumption and to estimate its average rate of change as well as the uncertainty
connected with future growth. To obtain the rate of growth of per capita consumption, we
followed Kula [57–59] by fitting the equation:

ln Ct = a + gt (5)

To avoid possible bias caused by the COVID-19 pandemic, among explanatory vari-
ables, we used a dummy variable for Q2 2020 (significant at p = 0.05). The variance of the
growth rate was estimated as the variance of the error term.

The Ramsey equation also employs the elasticity of marginal utility of consumption,
estimated in this study via “the equal sacrifice” method proposed by Stern [47]. The
appropriate data are delivered by the OECD Tax Database [72] (also used by other European
SDR studies, e.g., [41,42]), including the average and marginal tax rates and wedges for
four levels of income expressed as a percentage of the average wage (67%, 100%, 133%,
167%). The applied all-in tax rate combines the central and sub-central government income
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tax as well as employee social security contribution. Despite controversies of whether the
social security contribution should be treated as part of the tax wedge [22], we decided
to include it as, in many studies, e.g., Florio and Sirtori’s work [41], it is thought to bring
the same consequences to the employee as income tax [73,74]. For the highest level of
income (167%) at marginal tax levels, we excluded two years from the analysis (2006 and
2008), replacing the original values with the average of two adjacent years due to the
extremely high rates provided by the OECD database (40.3% and 37.0% while the average
for remaining years was approx. 28%). Although we could not find the details explaining
this deviation, we assume that it was caused by introducing a new defined contribution
pension system instead of the defined benefit regime. The year 2009 was the first year
when the intermedium pensions started to be calculated and paid [75], which could have
stimulated individuals with high salaries to retire earlier, benefiting from old pension
regulations and thus, increasing the marginal tax rate in a disproportionate manner. It
was emphasised by Stern [47] that the most appropriate way to calculate the elasticity
of marginal utility of consumption is to weight observations by the number of people to
whom they refer. To meet this requirement, we used the data published biannually by
Statistics Poland [70] that describe the structure of population while taking into account
level of gross salary. As the OECD data are divided into four classes (67%, 100%, 133%,
167%) by level of income expressed as a percentage of average wage, we assigned workers
to those classes as well. The first class (“67%”) represents workers of gross salary below
75% of the average, the second class (“100%”)—workers earning between 75% and 125% of
the average, the third class (“133%”)—workers of gross salary between 125% and 150%,
and the last class (“167%”)—the remaining workers. According to the assumption adopted
by Stern [47], “the line was constrained to go through the origin ( . . . ), because for low
incomes marginal and average tax rates are zero” and we restricted our analysis to only
the zero-intercept case while running regressions. This methodology is followed by many
authors [76]. The regressions run using weighted and unweighted observations yield
almost the same results.

The last variable needed to estimate the Social Discount Rate using the Ramsey
equation is the pure rate of discount. In this study, we assumed after Ramsey and Eck-
stein [21,54] that its component that reflects the pure individuals’ impatience or myopia is
equal to zero due to the desire to treat all generations alike and to avoid the introduction
of irrationality into the process of decision-making [59], which is particularly important
in the case of climate change and energy policy [77]. We consider mortality as the only
reason for positive pure discount rate. This component was estimated using death statistics
for the entire Polish society since 1946 (restricting analysis to the most recent years does
not significantly change the results). The appropriate time series of yearly frequency are
provided by Polish Statistics [70].

3. Results

To estimate SDR, we chose:

• The post-tax households’ deposits real yield and post-tax retail bonds’ real yield as the
revealed net rates of return to savers representing the Consumption Rate of Interest.

• The pre-tax Treasury bonds of all maturities real yield as the lower limit for the Social
Opportunity Cost (as they represented, on average, 94.4% of central government
domestic debt and 65.6% of central government total debt).

• The pre-tax corporate credit liabilities real yield as the upper bound for the Social
Opportunity Cost.

• The estimates of the Social Rate of Time Preference obtained using the Ramsey and
Ramsey–Gollier approach.

The obtained results on SDR vary between the approaches as well as the period
analysed. We estimated the discount rates for three time-horizons: all-available-data
horizon (starting from approx. mid-1990s, depending on the approach analysed), EU
accession benchmark (July 2004), and—mainly for contrasting purposes—2019.
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The CRI approach provides the lowest estimates, ranging from negative rates for a
single year (2019), with the lowest value −2.19% for the post-tax real rate on personal
deposits, then higher, but still relatively low (from 0.49% for deposits to 1.66% for 10-year
Treasuries) estimates for the EU accession taken as a benchmark; to the highest numbers
for the all data available horizon, where the lower bound (1.86%) is given by deposits and
the higher one by Treasury bonds for all maturities (2.78%). SOC also gives negative values
based on the pre-tax government bonds rates for 2019, except for the pre-tax return on
credit liabilities (0.34%). The post-accession period is illustrated by SOC rates ranging from
1.91% for retail bonds to 3.40% for companies’ loans. Finally, the all available data horizon
brings the rate of 5.04% on companies’ loans and values from 3.01% to 3.37% for the pre-tax
rate on Treasuries. The values of SDR based on Ramsey face much lower discrepancies.
The lowest estimates are also calculated for 2019 (2.25% and 2.14% for Ramsey and its
Gollier modification, respectively), which is mainly due to lower consumption growth rate
predictions. Two other periods are illustrated by the rates more than twice as high, giving
the results of 4.46% and 4.17% (EU accession period) and 4.72% and 4.39% (all available
data) for Ramsey and including Gollier’s precautionary effect, respectively. Our results are
summarized in Tables 1 and 2.

Table 1. Estimates of Social Discount Rate for Poland based on market rates.

All Available Data Data Since
Q2 2004

Data Since
January 2019

Post-tax average rate of return
on personal term-deposits 1.86% 0.48% −2.19%

mean +/− st. dev. [−1.56%; 5.27%] [−1.21%; 2.16%] [−2.81%; −1.58%]

Post-tax average rate of return
on government bonds

Treasury bonds 2.78% 1.35% −1.78%
mean +/− st. dev. [−0.62%; 6.18%] [−0.22%; 2.93%] [−2.35%; −1.21%]

Retail bonds 2.42% 1.17% −1.81%
mean +/− st. dev. [−0.89%; 5.73%] [−0.53%; 2.86%] [−2.49%; −1.13%]

10Y Treasury bonds 2.25% 1.66% −1.54%
mean +/− st. dev. [−0.10%; 4.61%] [0.14%; 3.18%] [−2.06%; −1.02%]

Pre-tax average rate of return paid by
companies on credit liabilities 5.04% 3.40% 0.34%

mean +/− st. dev. [0.92%; 9.15%] [1.57%; 5.22%] [−0.35%; 1.02%]

Pre-tax average rate of return
on government bonds

Treasury bonds 3.37% 2.14% −1.39%
mean +/− st. dev. [0.08%; 6.66%] [0.45%; 3.82%] [−1.95%; −0.84%]

Retail bonds 3.01% 1.91% −1.43%
mean +/− st. dev. [−0.21%; 6.23%] [0.07%; 3.74%] [−2.12%; −0.74%]

10Y Treasury bonds 3.05% 2.52% −1.10%
mean +/− st. dev. [0.84%; 5.25%] [0.91%; 4.12%] [−1.6%; −0.6%]

All rates are given as real rates of return.

Table 2. Estimates of Social Discount Rate for Poland based on Ramsey and Ramsey–Gollier equation.

All Available Data Data Since
Q2 2004

Data Since
January 2019

Mortality component (log) 0.9599% 0.9599% 0.9599%
Elasticity of marginal utility

of consumption 1.1174 1.1105 1.0776

Rate of consumption growth (log) 3.2711% 3.0690% 1.1746%
Rate of consumption growth (log) variance 0.0052 0.0046 0.0018

SRTP–Ramsey approach 4.72% 4.46% 2.25%
SRTP–Ramsey–Gollier approach 4.39% 4.17% 2.14%

All rates are given as real rates of return.
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Figure 4 additionally illustrates the values of the main variables determining the level
of the Social Discount Rate.
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Market rates, as we discuss further and as was emphasised by Feldstein [78], despite
their alleged objectivity, do not seem to be the most appropriate indicators of the discount
rate for public projects due to their observed volatility in this study, particularly clear
for 2019 results. The longest horizon based on available data represents the preferred
time-range for further discussion, despite the fact that the interval for SDR on the basis of
CRI and SOC is definitely substantial. In real terms, the SDR interval is 1.86–5.04%, while
considering pre-tax average rate of return on government bonds, it might be contracted to
3.37–5.04%. The average post-tax rate of return on retail bonds, higher by 56 bp, does not
take into account that retail bonds represent a very small share of households’ portfolio [79]
and, in our opinion, is inadequate to measure the society’s time preference in Poland. The
estimates obtained using the Ramsey equation seem much more stable: 4.72%, or having
considered possible fluctuations in growth rates, the Ramsey–Gollier equation: 4.39%. The
shift in SDR value estimated using the elasticity of marginal utility of consumption, if we
consider only the period after joining the European Union by Poland, is not as large as the
discrepancies in SDR evaluated as the opportunity cost. The Ramsey (Ramsey–Gollier)
formula provides us with the value of 4.46% (4.17%), i.e., decline by 26 bp (22 bp). At the
same time, the interval for the Social Opportunity Cost moves down to 2.14–3.40% (by
160 and 123 bp, respectively). For illustrative purposes only, we also presented estimates
based on the data starting from January 2019. In this case, the Social Opportunity Cost lies
in the interval from −1.39% to 0.34% (fall by 476 and 470 bp, respectively) while the Social
Rate of Time Preference is 2.25% (Ramsey, fall by 247 bp) and 2.14% (Ramsey–Gollier, fall
by 225 bp).

4. Discussion

The results obtained consist of three proposals of the values presented above, namely
SOC, CRI, and Ramsey-based approaches. This part provides comparison with other
studies followed by the limitations of each approach.

In the case of the SRTP approach based on the post-tax return to savers, our results for
the all available data time range vary from 1.86% to 2.78%. This stays close in comparison



Energies 2021, 14, 741 15 of 21

with other estimates ranging around 2–3% [16,50]. However, it should be highlighted that
personal rates are difficult to compare with other studies due to country-specific legal
frameworks [13]. This difficulty also lies in country-specific determinants of capital supply,
such as the variety of saving offered or the propensity to save.

It should be emphasised that the time preference rate derived from market data only
partially reflects the real society’s attitude towards the exchange of current for future
consumption. The calculated values must be treated as a lower limit for the social time
preference rate due to various reasons. One of them is the fact that the perception of all
individuals as net savers is inappropriate as some are net borrowers facing borrowing rates
significantly higher than lending ones. Furthermore, restricted funds availability due to
information asymmetry between lenders and borrowers results in a rising demand for
government debt (driving the rates down) and a falling demand for private debt (driving
the rates up). As overborrowing imposes certain restrictions on borrowers’ behaviour,
they tend to not increase their debt despite the fact that interest rates might be below
time preference rate [52]. Feldstein [78] notices the problems raised as “an individual’s
marginal borrowing and lending rates may not be equal”. We can find that there exists
many different borrowing and lending rates which differ due to the transaction’s amount,
duration, and risk. This observation undermines the assumption of a single marginal
equilibrium lending (or borrowing) rate existing.

Finally, some reservations should be expressed in light of energy policies. The first
one emerges from the myopia of financial market offers: the longest available maturity
of saving instruments reaches up to 30 years [80]. Such a discrepancy may infringe the
cohesion between consumer choices and long-term energy policy investments. The longest
instruments used in this study are 10-year government bonds, lagging far behind the
timeframe of climate change-related issues. Additionally, what Burgess and Zerbe [23]
point out is that a possible discrepancy exists between the personal time preference rates
and the views about the rates for government policy decisions. The latter rate is marked in
the literature as consumer–citizen divergence [81–83].

The main advantage of using the Social Opportunity Cost of capital as a discount rate
is the fact that it represents the simple and obvious rule, that “no project should be accepted
if its return is less than the return available on alternative projects” [84]. This benchmark
estimated in the study ranges from 3.01% to 5.04% for the maximum available period, which
is slightly lower than the reported estimates for developed countries, reaching 6–8% [16];
however, this discrepancy can be assigned to the methodology adopted due to the fact
that our study employs a return on bonds and loan rates, while Burgess and Zerbe [23]
use the National Accounts data to deliver the profitability within the enterprise sector. The
main difference seems to lie in the risk premia, lower for credit facilities or equal to zero
for Treasury bonds. In the presented method of obtaining the Social Opportunity Cost, we
followed the approach excluding the after-tax risk premium for private investors from the
opportunity cost while adding a negligible premium for income covariance (Spackman
estimated it for the UK at 0.10% [52]). The argument in favour of using the riskless rate of
return as the opportunity cost has been stressed by Samuelson [85], who noticed that the
government acts as an insurer by pooling multiple various projects and virtually eliminates
the idiosyncratic risk.

The problem of including risk premia in the discount rate for the energy generation
sector has been raised by Lind [14]. His estimates were based on the methodology implied
by the rate of time preference concept (i.e., the after-tax rate of return to savers) and in the
case of the whole U.S. economy, oscillated about 4.6% (including market risk premium).
The energy industry was an exception. As Lind argued [14], the rates of return in this sector
seemed to be non-perfectly but rather weakly correlated with general market returns which
lowered the rate to 3% (still above the long-term after-tax rate of return on government
bonds equal to 2%). An additional argument in favour of this point of view might be
formulated based on legal acts governing Poland’s energy generation sector. According to
the regulations, the rate of return in this industry is set by the Energy Regulatory Office



Energies 2021, 14, 741 16 of 21

using the concept of pre-tax Weighted Average Cost of Capital calculated in compliance
with the Miller–Modigliani model [86,87]. It should be noticed that the fall in the pre-tax
return to equity calculated according to the rules by 3.79 p.p. since 2011 is caused almost
entirely by the fall in the riskless rate of return by 3.80 p.p. (the changes in the level of risk
premium, target financing structure, and one-time change in methodology were offsetting
each other; adjusted R2, while regressing the pre-tax equity cost against the riskless rate
of return and a dummy variable representing a one-time methodological change, equals
to 0.964). As a result, the rate of return on invested equity heavily resembles the riskless
investment. The implications raised here are the following. First, risk premia can be
excluded even if we consider energy investments as purely private. Second, both private
and public investments can follow the same discounting regime.

The drawback of the SOC approach is the assumption that public investments crowd
out private ones dollar-for-dollar, which is not necessarily true as they are partially financed
by funds diverted from consumption or by borrowing from overseas. This objection might
be somehow relaxed as Harberger [88] proposed a model which refers to funds diverted
from various sources: consumption, private investments, and foreign investors. In this case,
the final Social Opportunity Cost is a weighted average of costs of funds of different origin.
In this paper, we do not use this method as we rather construct an interval of possible
values of the opportunity cost, which serves only as a guideline while our target value is
determined using the time preference approach.

Another disputable issue is the alleged objectivity of market-based rates. As observed
by Creedy and Passi [89], this approach also requires making certain value judgements,
but they are less explicit than in the case of the time preference method and as a result,
it is supposed to be more objective. As Creedy and Passi notice, the very decision to
employ this approach is based on a hidden assumption that the time preference revealed
by the government should be the same as the one revealed by the businesses while making
their investment decisions, which differ in terms of aim (maximising the company’s value
instead of society’s welfare) and time range (the majority of commercial investments are
limited by a 10-year perspective, also reflected in loan repayment schedules; perspectives
longer than 10 years are perceived as long-term) [38].

Finally, the issue that applies to both market-based approaches: volatility of market
rates. The problem in our study was shown by applying three time perspectives: all
data available (collection starts from approx. mid-1990s), mid-2004 (when Poland joined
the European Union), and 2019. The values differ significantly between the timeframes,
particularly for 2019 (last pre-pandemic year), where almost all market-estimated rates
were negative. Market rates are much more volatile than estimates obtained employing the
utility function and in the short term rather reflect current monetary policy decisions than
long-term society’s preference regarding exchanging future well-being for the current one.
Those arguments put into question the effort aimed at estimating the Social Discount Rate
as a descriptive variable, based on market rates.

The estimates based on the Ramsey approach give much more stable results both in
terms of the time period analysed and international comparisons. Mortality rates (0.96% in
this study) are usually estimated at around 1–2% depending on the country and the time
period used, but the majority of studies apply 1% as “the most appropriate” value [17,90].
Growth rates vary between countries; however, they stay within the range 3% to nearly
5% in previous studies for Poland [34,41,42]. The η estimates usually stay within the range
of 1–2 [17,22] with the average value for Europe suggested to be at 1.5 [41]. Values of η
for Poland fall within the range of 1.09 to 1.58 [32,34,41,42]. Our results stay close to the
results obtained in 2013 by Florio and Sirtori [41] who used the International Monetary
Fund growth forecasts (3.16%), mortality rates (0.97%) as of 2011, and elasticity of marginal
utility of consumption equal to 1.09 in 2011. A value similar to ours (4.94%), based on η
estimated using the tax method, was obtained by Seçilmiş and Akbulut [42] who analysed
transition countries (Czech Republic, Estonia, Hungary, Latvia, Poland, Slovakia); however,
their result, received as a panel estimate, is significantly lower (2.75%) mainly due to
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differences in the method used to estimate the elasticity of marginal utility of consumption
(0.48) based on a food demand model. Furthermore, the 2012 results of Addicott et al. [91]
based on demographic data are definitely higher than ours (6.69%) as well as the assumed
2002 values obtainable using elasticity of marginal utility of consumption as estimated by
Evans [32] (1.38 for the low-income class and 1.58 for the high-income class).

All these results do not take into consideration the issue of uncertainty embedded
into future growth rates. Therefore, we recommend, as the most appropriate one, the
estimate received by employing the Gollier correction that lowers Ramsey’s SDR by 33 bp
for the longest available period. The precautionary effect found here is similar to values in
other studies, balancing around 0.1–0.3% for the OECD countries [2,36]; however, they are
based on historical growth rate data, where volatility (standard deviation) is rather small,
e.g., 3.5–5% for the U.S. and up to 5.1% for Italy [33,35], as this effect is much larger for
economies in transition, such as Poland or developing countries [2,92].

It must be noticed that the estimated Social Discount Rate will inevitably differ among
various countries. It stems from heterogeneous societies’ views on utility of future and
current consumption as well as its growth rate (Ramsey) or the diversity of different
socioeconomic factors influencing investments’ efficiency and savers’ propensity to invest
(SOC and CRI). This leads to huge differences in hurdle rates recommended by energy
sector regulators, which sometimes may be as high as 10% in real terms [93], especially
if we take into consideration the fact that they may cover risk premia. Recent studies
confirm significant dispersion of discount rates applied to energy investments in various
countries [94,95], supporting our viewpoint that we cannot assume a uniform international
hurdle rate in energy policies.

The Ramsey approach seems to be well fitted to energy-related investments due to
their longevity. The 5th IPCC report [2] points out here the flaw of market rates which
aggregate the preferences of people living at present and omit those who will be born in
the future. Moreover, the very task of investing intergenerationally is mostly a normative
problem [31,55] and the choice of η is an ethical issue as raised by Helgeson et al. [60].

However, the prescriptive character has a major drawback that lies in the form of
subjectivity, starting from disputable ethical arguments, supporting, e.g., the omission
of impatience in calculating the utility discount rate ρ or estimating η based on various
domains (inequality represented in the approach undertaken in this study, inter-temporal
substitution, substitution between goods, and risk aversion) implying that the aversion
to inequality in consumption level is “the same regardless of whether it occurs between
individuals today, across time or across risky scenarios” [22]. Finally, why SOC is favoured
over the Ramsey approach is the fact that when seeking the most efficient use of funds,
dragged away from private investments, the Ramsey formula does not always secure the
Pareto improvement in the consumption level for the society [23]. The choice between
SOC and Ramsey should reflect the source of policy funding, distinguishing between
consumption or public spending and private investments crowded out at present. It should
also take into consideration mixed cases, i.e., when the project displaces private investments
today to provide consumption benefits in the future [16,96].

5. Conclusions

The discrepancy between prescriptive and descriptive approaches to SDR has rever-
berated for a long time in academic discourse. The paper aims at estimating SDR for
Poland which could be used for long-term energy sector transition policies. It provides a
wide range of values, depending on the estimation method as well as the period analysed.
Our recommendation is based on the Ramsey–Gollier SRTP approach for longest available
dataset, giving the value of 4.39%.

Considering the choice of the most appropriate proxy for the Social Discount Rate,
we have “to avoid the trap of modelling what is easily quantifiable rather than what really
matters” [46]. The value obtained in the study, although only slightly lower than the EU
recommendations applied at present (5%), may have a substantial impact on the weight
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of delayed effects, as it increases the present value of EUR 1 spent in 30 years time from
0.23 to 0.28 of its future worth and from 0.09 to 0.12 for a 50-year delay. Considering the
long-term perspective and substantial outlays anticipated in the area of energy investments
(approx. EUR 50 billion until 2030), a careful estimation of the discount rate is needed more
than ever.

Although the Ramsey–SRTP formula, we argue for, is far from being flawless, it offers
several advantages over competing approaches. The most vital arguments in favour of
choosing this approach are given below.

First, it offers a relatively stable-in-time estimate, not affected by the volatility of
financial market rates, which is particularly important for the energy sector with long-
time planning horizons and a weak correlation with market returns. Second, as Nesticò
and Maselli [33] point out, “the SRTP provides a lower SDR value than that obtained
with the SOC method. The first is therefore more advantageous for projects with long-
term effects.” The implications well suit energy policies, as their impacts reach decades
rather than years. Third, while the CRI-SRTP approach provides even lower estimates, its
applicability is dubious, as the saving offer has relatively short maturity dates. Since the
Ramsey formula rests on growth predictions, it is not limited by a repayment perspective.
Fourth, as observed by Feldstein [53] “the political process may be invoked because the
market cannot express the ‘collective’ demand for investment to benefit the future.” The
additional argument, based on the longevity of energy policy impacts, is provided by their
intergenerational character, where aggregated market preferences obviously omit not-born-
yet individuals. The point made here applies to both SOC and CRI, supporting the leading
role of the prescriptive method, designed to capture public (instead of private) choices.
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Jagiellonian Institute: Warsaw, Poland, 2020.
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