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Abstract: Energy-related investments gain increasing attention nowadays, particularly in Poland
due to clean-energy investment needed to limit greenhouse gas emissions (GHG) and counteract
climate change. However, economic appraisal is problematic: the longevity of impacts inextricably
involves intergenerational ethical considerations. A crucial parameter is the choice of a discount
rate. The predominant approach to estimate the discount rate in EU countries is the Ramsey rule,
based on macroeconomic data, but not referring directly to society’s preferences. Those are con-
sidered by studies using surveys to elicit individual discount rates (IDR), but rarely concentrating
on intergenerational time frame. The paper aims at delivering an insight into the intergenerational
intertemporal preferences for Poland (households, n = 471) focusing on whether respondents are
willing to declare zero discount rate intergenerationally and whether their choices differ between
the short- and long-term perspectives and between human lives and money. To elicit IDR, two
hypothetical investment scenarios were designed: lifesaving programs and lottery gains with delays
from 10 to 150 years accompanied by attitude and socioeconomic questions. The results indicate
that IDR follows hyperbolic time-decline, and a considerable share of respondents (around 20%)
are willing to treat future generations as equally important in the case of human lives, while this
proportion for monetary gains is two times lower. The IDR drivers differ between lives and money
in respect of socioeconomic profile and attitude characteristics as well as between intragenerational
and intergenerational time frames. The findings support (a) the rationale for distinct treatment of
intergenerational allocations, (b) the divergence of preferences between public and private impacts,
and (c) the switch from single to declining discount rate regime in Poland.

Keywords: energy policy and investments; economic appraisal; intergenerational justice; individual
discount rate; climate change

1. Introduction

Economic appraisal of energy-related policies and investments is a particularly difficult
task due to several reasons, including the substantiality of initial outlays for infrastructure,
various externalities, and, last but not least, the longevity of the impacts. The time com-
ponent in the analysis is usually dealt with by discounting future benefits, which makes
them economically equivalent to present-day outlays, allowing comparisons and selection
of projects with positive net present benefits.

A predominant approach to estimate discount rate for economic evaluation in the
European Union (EU) is the Ramsey formula, where the rate is calculated as the sum of
pure time preference (utility discount rate) representing society’s impatience and the society
consumption opportunity cost, which is a product of expected growth rate of per capita
consumption and the elasticity of marginal utility of consumption [1]. The Ramsey rule is
the basis for discounting in the EU economic appraisal guidelines, i.e., recommending for
CEE countries like Poland a single rate of 5% in the previous cohesion policy programming
period, 2014–2020 [2].

However, a single rate application may lead to the danger of a deep imbalance between
short-term and long-term outcome comparison. The investment benefits or costs that emerge
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far in the future, when discounted at the rate of 5%, turn insignificant in the evaluation when
compared with short-term impacts (1 million of benefit received after 30 years diminishes
to 23%; after 50 years, it shrinks to approximately 9%; after 100 years, it is less than 1% of
the initial value). The choice of a discount rate can therefore be decisive for the evaluation
outcome for energy policies and investments due to the fact that a considerable share of
their impact reaches far in time. This is of particular importance when public funds are
invested. Since the funds are limited, the appropriate discount rate ensures that the outlays
will be dedicated to the best available energy investment option allowing for the maximum
well-being increase.

1.1. Energy Policy Investments—The Longevity and Heterogeneity of Impacts and the Ethical Implications

Of tremendous importance for energy-related policies and investments is the fact that
they usually generate significant impacts for long-term. Most of those impacts are public-
type externalities. This calls to be addressed separately from intragenerational context [3].
In the case of Poland, several areas crucial for energy policy can be stressed in relation to
intergenerational issues.

First, the significant level of investment needs. Energy production in Poland is heavily
based on coal: around 70% of primary energy production comes from solid fossil fuels [4], and
the country is among the top CO2 emitters in the EU [5]. This calls for substantial investment
effort in reducing the GHG emissions by switching to clean sources of energy. Polish energy
policy (PEP) to 2030 assumes that the share of hard coal in electricity generation will not be
higher than 56% and renewable energy sources’ (RES) share in final energy consumption will
not be less than 23%. Primary energy consumption will decrease by 23% and will result in a
30% reduction in GHG emissions compared to 1990 emissions [6]. However, up to 2050 further
efforts are required due to the need to meet the EU carbon-neutrality goals [7]. The estimates
for investment outlays necessary to achieve those targets reach EUR 60–70 billion by 2030 and
additional EUR 130–175 billion up to 2050 [8].

Second are the plans to balance RES in the energy mix with nuclear energy. PEP
assumes that nuclear energy will be implemented by 2033 [6] and the Polish nuclear power
program (PNPP) foresees that the first nuclear power plant will start to operate in 2040
and budgetary expenses in relation to nuclear policy implementations up to 2033 alone are
estimated to reach nearly EUR 150 million [9].

Both investment areas mentioned above have multiple outcomes that should be
appropriately considered in the economic evaluation. The primary characteristic of such
investments is the longevity of the impacts. Although PEP has been elaborated up to
2040 [6], the climate and other environmental impacts will last intergenerationally. RES
installations are usually estimated to have a life cycle of 20 to 40 years [10–12], depending
on the type of the investment (wind or solar) and geographical location, but a longer time
frame comes into play in the case of hydropower plants which may last 100 years [13,14].
Climate protection issues have perspectives ranging usually from 40 to 200 years [15,16],
but in the case of determining the social cost of carbon they may reach 400 years [17–19]
or 1000 years [20]. Nuclear energy timeframes vary, mostly depending on whether the
radioactive waste management is considered. The operating time frame of a nuclear plant
is estimated at around 40 years. However, the perspectives of waste management range
start at 50–100 years [17,21] and rise to thousands of years [19,22].

Apart from the extremely long-term perspective, energy-related investments bring
heterogeneous impacts. Most of them fall into the domain of public goods, related to envi-
ronmental goods but also increased mortality risks associated with climate warming [23,24]
or health-related hazards due to radioactivity [25]. However, some share of the outcomes
is of private nature, i.e., PNPP raises the issue of the decrease in the electricity prices for
households and improvement of the competitiveness of Polish enterprises on the domestic
and international market [9].

The nature of those impacts poses a range of ethical considerations. Climate change
brings the issue of spatial and temporal inequality in adverse impact allocations, which will be
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mostly experienced by less-wealthy countries of the south and by the people who are not born
yet [24]. The latter is also raised in connection with nuclear energy, i.e., International Atomic
Energy Agency calls for limiting unnecessary burden imposed on future generations [26].

This intergenerational ethical puzzle is well described by Gardiner’s phrase ’climate
change is a perfect moral storm’ [27] depicting the risks of the moral corruption toward
future generations, who are not born yet and cannot influence today’s actions with potentially
irreversible impacts. In this context, the discounting procedure, due to its tremendous impact
on present value calculations, in the intergenerational context should not be perceived as a
standard tool for economic appraisal, but as a mechanism that poses a risk of intergenerational
moral corruption. Caney, referring to discounting, asked whether it ‘is appropriate to ascribe a
lower weight to human interests the further they are in the future just because of the fact that
they exist further in the future?’ [28]. What should be also stressed is the fact that changing
the decision time frame from intra- to intergenerational switches an individual decision from
self-regarding domain (private) to other-regarding sphere (public) [29].

1.2. Long-Term Discounting

Considering the significant impact of a long-term perspective, particularly in the
light of a growing need to act against climate change and carbon dioxide emissions, some
countries, e.g., France or the UK, have applied declining discount rate frameworks [30,31]
that reduce the imbalance between present and future allocations. The EU guidelines for
economic appraisal allow each country to estimate their own discount rate values and while
declining discount rates are mentioned (for projects over 50 years described as ‘involving
intergenerational equity considerations’), it recommends the use of the Ramsey-based
single rate for reference period evaluations [32]. For the programming period 2014–2020,
in the case of cohesion countries like Poland, the guidelines recommended 5% [2], while for
the next period (until 2027) they suggest using single rate of 3% in the absence of country-
specific recommendations. Even though there is some research on Poland-specific estimates
(ranging 2.75–6.1% with the majority of results slightly below 5%, see [33–36]), the everyday
practice in Poland to date has simply been to apply the EU single recommended rate of 5%
without any additional adjustments. What matters is that this solution is applied not only
for the purpose of acquiring the EU cohesion funds, but also for other purposes, i.e., the
Polish law on electromobility obliges local governments to carry out a cost-benefit analysis
of switching to zero-emission buses in cities [37] and the majority of those appraisal reports
apply the EU discount rate guidelines irrespectively of the EU funding perspectives [38].

This may potentially lead to underinvestment in energy-related sectors, which is
of crucial importance for Poland already lagging behind in climate-related areas. The
insufficient investment effort leads to higher electricity and heat prices due to the coal-
dependent energy generating system [4] facing increasing GHG emission prices as the
EU emission trading system is entering the next stage in which the number of emission
allowances will be reduced faster than previously [39]. Additionally, regarding growing
consumer environmental awareness, too slowly changing the energy mix in Poland raises
the risk of lower demand for Polish goods produced using coal-based electricity and
therefore having higher carbon footprint, which could be easily noticed by consumers in
the near future as the discourse of CO2 labelling is getting more and more attention [40].

The long-term perspective in the theory of the discount rate is dealt with using time
declining rates. The Ramsey model is extended to include a precautionary term related
to the risk toward level of future consumption [3,41,42]. Additionally, a project-related
risk premium can be considered, based on the consumption Capital Asset Pricing Model
(CAPM) [43]. This approach is applied, for example, for energy related and other long-term
projects facing uncertainty [44,45]. However, the Ramsey model is not free from difficulties.
The values given by the standard model rest heavily on future consumption predictions,
which may lead to estimates unreasonably high or low in the intergenerational context. The
IPCC 2014 report provided discount rate estimates for developed countries within the range
of 3–5%, while the discount rate for China is 15% and −5.52% for the Democratic Republic
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of Congo [46]. A separate point is the discourse over the pure time preference rate (utility
discount rate) element: whether it should represent a descriptive value, given e.g., by the
population’s annual death rate, or chances for human extinction which gives a positive
value of the rate [15] or whether it should be based on ethical basis arguing for zero utility
discount rate [28,47].

Discounting in economic appraisal can also be derived from the social opportunity
cost of capital and the consumption rate of interest, which both reflect market rates (private
sector or consumers’ rates of returns on investments). The empirical estimates use financial
market rates, i.e., the real before-tax rate of return on corporate bonds or national account
data to assess the private sector contribution to GDP [34,48,49]. The estimates for developed
countries are usually higher than Ramsey’s (i.e., Spackman’s recent estimates are of 6–8% [49]).
However, for the long-run intergenerational perspective this approach—based on the market
observed choices—has a limited usefulness due to the lack of long-term market data (over
30-years) and the myopia of financial markets [18].

The third stream of studies concentrates on deriving individual discount rates based on
the willingness to pay for a given outcome delayed in time, backed by contingent valuation
methodology [50]. The studies represent a wide array of approaches: experiments [51–53],
household surveys [54,55], or expert opinions [56–58]. The authors apply various delays,
from short-term, e.g., months [55], to decades [59] and centuries [51–54]. They elicit bids for
various types of delayed impacts: human lives [53,54], health [59], money [52,60], environ-
mental assets [51,61], consumer goods [62]. Some researchers additionally investigate the
socioeconomic drivers of discount rates, such as: gender, age, income, education, children,
family size, e.g., [54,55,63] and analyze interdependencies between discount rates and beliefs
or attitudes, e.g., perceived importance of environment, donations for social activities [55,61].
The values given by implicit discount rates tend to vary, particularly for short-term horizons.
Several months to 10-year time frames may bring discrepancies of dozens of percentage
points in the value of the rate [64,65]. The discrepancy is explained by the time-delay or
framing of the question (gain or loss) [66], but a recent study by Howard, Whitehead, and
Hochard [61] comparing various methodologies argue that the discrepancies are in fact
lower than what previous studies reported.

In the light of intergenerational perspective two categories of findings matter. The
first one is the time-decline of discount rate values, which is depicted by a hyperbolic
function [67]. This phenomenon suggests that individuals tend to discount future impact
less the further it is in time, and—as the time frame expands intergenerationally—tend
to perceive future people’s welfare much more equally in comparison with single rate
exponential discounting applied in economic appraisal. Second, long-term perspective
studies (30 years and more) provide a much more stable range of discount rate values.
Depending on the paper, methodology, and the time frame the rates vary between 1% (for
periods 300 years and longer [57]) to 3–4% (around 100 years or longer [53,54,56,58].

However, the studies devoted in particular to intergenerational issues are rare and they
follow wide range of methodologies. The difficulty also arises due to a variety of biases,
typical of contingent valuation (e.g., strategic bias, gain-loss valuation discrepancy) [68]
followed by hyperbolic discounting anomaly: time-inconsistency of individual decisions
(the relation of year-to-year consumption allocation changes as the delay grows) [30,67].
While the direct use of IDR in economic appraisal is in general not recommended [59],
they may support the intergenerational decisions [51]. Two arguments can be raised to
defend the usefulness of the results of those studies. First, since long-term investments, like
energy-related programs, impact intergenerationally, they inevitably include a normative
aspect of a decision. Second, market-observed choices rarely reach intergenerationally,
therefore descriptive methods are of limited usefulness. Designing a hypothetical market
with intergenerational intertemporal allocations to elicit IDR may shed some light on both
issues: the prescriptive preferences toward future generations of individuals and their
intergenerational IDR, unavailable to observe elsewhere.
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1.3. The Aim of the Paper

Considering the intergenerational valuation dilemmas, this study aims at answering
whether respondents are willing to perceive the benefits accruing to future generations
as equally important in comparison with their own gains by eliciting IDR on the basis of
surveys among adult representatives of households in Poland. In addition, we intended to
answer what drives the willingness to perceive future generations as equally important
and whether the drivers differ with the delay and with the benefit type.

The paper adds to the existing literature on intergenerational discounting in several
ways. First, it addresses the scarcity of studies devoted to long-term discount rates derived
from declared bids of individuals. Second, it adds to the empirical angle of the theory of
intergenerational justice by deriving the intergenerational preferences of the people living at
present and searching to answer what do we owe to future generations. Third, by referring
to saving lives and monetary gains, it addresses the puzzle of discrepancies in the valuation
between different types of goods, particularly the issue of private and public impacts, which
matter for energy-related investments producing heterogenic outcomes (public-type climate
change issues and private-type energy prices). Last but not least, it confronts Poland’s
single-rate application in economic appraisal, by providing a long-term discount rate value
which sheds light on a rationale of switching to time-declining rate regime.

The paper is organized as follows. Section 2 describes the methodology we employed
in our research, starting with the questionnaire design and sample description, followed
by valuation scenarios and the analytical framework conceptualization with the research
questions. Section 3 presents the results of the bids collected, including general descriptive
statistics of elicited IDR and models of the relationship between discount rate and delay,
socioeconomic and attitude characteristics for various time horizons, and public and private
domains. This is followed by the discussion including the implications for energy policy
investments. The conclusions section closes the paper.

2. Materials and Methods

To elicit IDR a survey was designed as an internet questionnaire and carried out in
the Polish language. The invitation to take part in the survey was sent to a nationwide
representative sample of individuals (via emails and social networks) using the database of
the Centre of Research and Knowledge Transfer at the University of Economics in Katowice.
The stratified sampling method was used. The total number of individuals contacted
can be estimated roughly from 3500 to 5000. Filled in questionnaires were returned by
502 respondents out of which 471 were finally used in the analysis (the questionnaires with
missing data were excluded; extreme bids were eliminated [69]).

The questionnaire consisted of two parts. The first one contained questions to investi-
gate general attitude to areas related to the well-being of future generations and questions
about socioeconomic characteristics. The second one included two valuation scenarios (for
lifesaving programs and financial gains) with delayed impacts. The results of the valuation
scenarios were used to elicit IDR and then to investigate the values and drivers by setting
the models with IDR as a response variable, and the delays, attitude questions as well as
socioeconomic characteristics as the explanatory variables.

2.1. Respondents’ Socioeconomic Characteristics and Attitude

The respondents were asked about their socioeconomic characteristics and attitude to
socially important phenomena. A socioeconomic profile was explored by referring to gen-
der, age, education, household income, the size of the household, and whether dependent
children were living with the respondent [51,54,55]. The gender mix of the sample is similar
to Poland’s social structure (male: 48%; female: 52%), as well as average number of house-
hold members (sample—3.02; Poland—2.82), median age (sample—38.7; Poland—37.8).
The share of university degree holders and the share of higher-income households were
slightly higher than the country average [70]. This may be due to the selection method of
respondents (active internet users) which could have influenced the response rate of better
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educated and wealthier respondents. The socioeconomic characteristics of the sample are
given in Appendix A.

To design attitude questions a five-point Likert scale was used [71]. The respondents
were asked to declare their perceived importance of the well-being of future generations
(FGI), environmental protection (EPI), saving human lives (LSI), and the frequency of
charity activities (CHF) [61]. The highest importance is given by respondents to saving
lives (4.5 points on the average). The lowest score was given to charity frequency (mean
equal to 2.8), while future generations and environmental protection importance were
perceived at a similar level (3.4 and 3.8 respectively).

2.2. Valuation Scenarios—Transforming Bids into Discount Rates for Lives and Monetary Gains

In the valuation part, the respondents were given two separate scenarios: referring to
lifesaving program (LS) and monetary gains (MG). In each of the above, the respondents
were asked to give their bids when choosing between alternative projects. The first project
(A) was a lifesaving program for flood control that would save 10 people at present. In
the case of the second scenario, monetary gains, the project A was described as winning
the money (PLN 100) in the lottery [54]. The second project in the scenarios (B) gives
similar type of benefits (respectively: lives saved or monetary gains) but delayed by 10,
30, 90 or 150 years. The horizons followed the Chapman study in which delays were
multiplied by a generation time frame of 30 years [52]. The respondents were then asked
to state their project B desired level of benefits for each delay in open-ended questions, the
future number of lives saved (or money) that would make them indifferent when choosing
between A and B.

The declared bids making A and B equally desired (therefore assuming that the
respondent would stay at the same utility level—the change in utility from accepting project
A now is equal to the change in utility from the delayed project B: ∆UA = ∆UB) indicate
indifference points for intertemporal allocation that allow the calculation of intertemporal
discount rates. The bids were transformed assuming continuous compounding [54,67]
given by:

DR =
ln
(

B
A

)
n

, (1)

where B is the future gains for project B; the open-ended question stated value, A is the
present gains for project A; 10 lives saved for the LS program or PLN 100 for the MG
scenario; and n is the number of years of delay (10; 30; 90 or 150 years).

The respondents answered valuation questions for each delay consecutively, which
gave 1884 observations for all delays in total [63]. It was also stated for both projects A (LS
and MG) that the contemporary results will be delivered after one year. This was intended
to limit the immediacy effect (i.e., Robberstad used delays for immediate benefits between
1 and 4 years [63]) and the variations in time-related uncertainty between present and
future effects because immediate delivery of the good could be perceived as certain by
respondents, whereas effects delayed in time inevitably suffer from uncertainty.

2.3. Investigating the IDR Values and Its Drivers—The Conceptual Framework of the Research

The study aims at answering whether respondents are willing to perceive the benefits
accruing to future generations as equally important in comparison with their own gains.
It also intends to answer what drives the willingness to perceive future generations as
equally important and whether the drivers differ with the delay and with the benefit type.

To address the first research question, the statistical analysis of the elicited IDRs
was carried out including basic descriptive statistics (mean, median, mode, dispersion,
skewness). The normality of IDR distribution was tested for all effects with Kolmogorov–
Smirnov and W Shapiro–Wilk tests as well as analysis of varinace (ANOVA). Friedman
and Wilcoxon signed-rank tests were run at p-value of 0.05 to investigate the variations in
discount rates between LS and MG for all delays and each delay separately.
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To model what drives the respondent choices stating equal importance of present and
future benefits and whether the drivers differ with the delay and the LS vs. MG benefit,
IDRs were first divided in two data sets, distinguishing separately positive IDR (lower
weight given to the future) and nonpositive IDR (where respondents apply at least equal
importance to the future benefit in comparison with present-day gains).

Therefore, the binomial model with logit link function was elaborated with IDR as the
explained variable [72]. Accordingly, the elicited IDRs were transformed into binary variable:
the model base-state-variable was a positive IDR and the alternative state were nonpositive
IDRs (zero and negative values). To analyze the relationship, generalized Linear and nonlinear
models in STATISTICA 13 software were used assuming binomial distribution of dependent
variable and predictor variables as the combination of quantitative and qualitative drivers
(socioeconomic and attitude characteristics) to explain the probability of declaring a positive
discount rate. The parameters were estimated based on all effects statistics. The analytical
framework with the research questions is presented in Figure 1.

Figure 1. The conceptualization of the research framework.

The predictor variables were delays, socioeconomic characteristics, and attitude. Delays
were included in the model as a discrete variable (D—delay): 10, 30, 90 or 150 years. The
models were built for LS and MG for all delays and for each delay separately. The socioeco-
nomic profile of respondents was explored by a set of binary variables referring to gender
(MALE), age (respondents younger than 45 coded as YNG); education level (respondents not
holding university degree coded as NO_UD), average monthly household income per person
(LOW_INC for income lower than PLN 2000), household size (S_HH for households with
fewer than three members), and presence of dependent children in a family (N_CHILD for
households with no dependent children). Attitude characteristics were measured by a five-
point Likert scale. The importance of well-being of future generations (FGI—future-generation
perception), importance of environmental protection (EPI—environmental-protection impor-
tance), importance of saving human lives (LSI—lifesaving importance) and the frequency of
charity activities (CHF—charity frequency) entered the model as continuous variables. The
‘fit’ of elicited discount rate models was tested using the Bayesian information criteria (BIC)
and AIC (Akaike information criterion) [61,73].

3. Results
3.1. An Overview of Individual Discount Rate Values

The descriptive statistics of individual discount rates are given in Table 1. The average
rates decline with the delay. For lifesaving programs, the 10-year IDR is close to 14% and
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then drops with the delay to nearly 3%. In the case of monetary gains, the decrease is
higher—short-term mean IDR is 24%, while for the longest delay it is 3.4%.

Table 1. Descriptive statistics for lifesaving program and monetary gains.

Statistics
Delay

10 30 90 150 All Delays

Lives saved
n 468 466 467 467 1868

Mean 13.7% 7.5% 3.5% 2.6% 6.8%
Median 7.7% 5.5% 2.6% 2.0% 3.4%
Modal 0.0% 0% 0% 0% 0%

SD 16.9% 7.4% 3.3% 2.4% 10.4%
Skewness 1.56 1.23 1.16 1.05 3.12

Monetary gains
n 471 471 471 471 1884

Mean 24.0% 11.2% 4.9% 3.4% 10.9%
Median 25.6% 11.7% 5.1% 3.4% 5.7%
Modal 25.6% 11.7% 5.1% 3.4% 0.0%

SD 17.5% 6.9% 2.7% 2.0% 12.5%
Skewness 0.60 0.38 0.21 0.34 2.14

The average rates for LS and MG are higher than median, although the discrepancy is
more apparent in the case of lifesaving programs due to the higher skewness of the results
(Figure 2). Based on Kolmogorov–Smirnov and W Shapiro–Wilk tests, we rejected the
hypothesis that the IDR distribution is normal. ANOVA Friedman test was then backed up
by Wilcoxon signed-rank test comparing all delays (10 and 30; 10 and 90; 10 and 150; 30 and
90; 30 and 150; 90 and 150) for LS and MG shows all p-values lower than 0.05 indicating
that IDRs differ significantly with the delay.

Figure 2. Box (median, Q1–Q3) and whiskers (Min-Max) chart for LS and MG.

Additionally, we tested whether the IDR changes follow hyperbolic decline, which is
observed for individual discount rates. We tested several models: power

r = a × delayb, (2)
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Cropper et al. [54]’s rectangular hyperbolic model:

r =
a

delay
, (3)

and Loewenstein and Prelec’s model [67]:

r =
ln
(
(1 + a × delay)b/a

)
delay

, (4)

the Loewenstein and Prelec model fits the data best, and the goodness of the fit is higher
for MG than for LS. The model for LS is represented by equation:

r =
ln
(
(1 + 0.3232 × delay)0.3066/0.3232

)
delay

, (5)

with R2 = 0.1767, while MG model is given by:

r =
ln
(
(1 + 1.1581 × delay)1.0972/1.1581

)
delay

, (6)

with R2 = 0.4194.
The elicited rates also differ in respect to the domain: both mean and median rates

are much higher in the case of the lottery valuation question than in the case of lifesaving
scenario. Additionally, the modal DR values for lifesaving projects are zero for each delay
investigated. These results were not observed for monetary outcomes. Wilcoxon signed-
rank test run for differences between LS and MG IDR pairs for each delay (10, 30, 90 and
150 years) returned that all p-values are lower than 0.05. Therefore, IDRs differ significantly
between LS and MG.

When concentrating on zero-discount rates, the results also show discrepancies be-
tween the type of the benefit (LS or MG) and the length of the time frame. The results show
that a considerable share of respondents is willing to treat future generations as equally
important in the case of human lives (Table 2). The share is the highest in the case of short
delay (34% for 10 years), and then drops to a stable level of about 20% for the longer delays
(30 years and longer). Moreover, the share of respondents declaring equal treatment is
more than twofold lower when private financial effects are involved.

Table 2. Share of negative, zero and positive discount rates for lifesaving program and monetary gains.

DR Value
Delay

10 30 90 150 All Delays

Lives
negative 3.8% 2.8% 2.1% 1.7% 2.6%

zero 34.0% 21.2% 21.8% 20.8% 24.5%
positive 62.2% 76.0% 76.0% 77.5% 72.9%

Monetary gains
negative 0.2% 0.8% 0.0% 0.0% 0.3%

zero 14.2% 8.7% 9.3% 8.9% 10.3%
positive 85.6% 90.4% 90.7% 91.1% 89.4%

Negative discount rates (indicating that future gains are more important than contem-
porary impacts) are observed, but the share is relatively small in the case of LS (3.8% for
10 years’ delay and then drops to less than 2% for 150 years’ delay) and basically negligible
for monetary gains (less than 1% of IDR for 10 and 30 years’ delays, not observed for longer
time frames).
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3.2. The Drivers of Individual Discount Rates: The Public-Private Domain and Short and
Long-Term Discrepancies

To investigate the drivers for intertemporal bids, first the models for all delays for
lifesaving and monetary gains were built (Table 3).

Table 3. Parameter estimates, standard errors (in parentheses) and goodness-of-fit statistics for lifesaving
program (LS) and monetary gains (MG) for all delays (binomial model, logit link function, base state of
explanatory variable: DR > 0).

Variable LS MG

Intercept −0.04 1.12
(0.94) (0.13)

FGI 0.06 0.09
(0.49) (0.44)

EPI 0.16 ** 0.03
(0.02) (0.79)

LSI 0.05 −0.05
(0.53) (0.67)

CHF −0.16 *** 0.15 *
(0.01) (0.10)

D 0.00 *** 0.00 **
(0.00) (0.02)

MALE 0.11 ** −0.04
(0.05) (0.67)

YNG 0.15 *** 0.36 ***
(0.01) (0.00)

NO_UD 0.06 −0.17 **
(0.25) (0.04)

LOW_INC 0.25 *** −0.21 **
(0.00) (0.01)

S_HH −0.23 *** −0.57 ***
(0.00) (0.00)

N_CHILD 0.20 *** 0.19 *
(0.00) (0.05)

Scale 1 1
(0.00) (0.00)

AIC 2117.16 1215.15
BIC 2183.53 1281.62

*** p < 0.01; ** p < 0.05; * p < 0.10.

The analysis of statistically significant variables indicates some discrepancies between
the models. The delay variable is highly significant for both models, but the socioeconomic
and attitude characteristics differ between lifesaving and monetary benefits. Higher proba-
bility of declaring positive discount rate for lifesaving was found for younger, less wealthy
male respondents, without children and with larger households. Positive rates were stated
with higher probability by respondents declaring higher importance of environmental
protection and those who indicated lower frequency of charitable donations. On the other
hand, considering financial gains: younger age and lack of children increase the prob-
ability of declaring positive DR, while lower education level, lower income, and more
members of household decrease it. The income and donation frequency, while significant
for both models, influence the probability of declaring a positive rate in opposite directions
for MG and LS. The drivers that differ between the models are gender, education, and
environmental importance.
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Tables 4 and 5 present the results for model parameters for lifesaving program and
monetary gains developed for each delay separately.

Referring to separate-delay-models for lifesaving programs (Table 4), some differences
within the IDR drives can be observed, depending on the time frame. Variables: charity
donations, gender, and age matter only for 10 years’ delay (male and younger respondents
tend to discount more intensively, higher charity frequency is conducive to non-positive
DR). On the contrary, the size of the household matters for explaining DR in the case of
30 years’ delay and longer. Larger families tend to apply positive DR to those horizons. The
presence of dependent children matters for horizons up to 30 years and tends to lower the
probability of declaring positive DR. Finally, the income enters the models inconclusively,
but since p-value for 10 and 30 years’ delays was below 0.01, while for 90 years’ delay was
0.17 and for 150-year delay was slightly above 0.06, we could interpret this driver in terms
of diminishing importance with time.

Table 4. Parameter estimates, standard errors (in parentheses) and goodness-of-fit statistics for lifesaving
program for delays separately (binomial model, logit link function, base state of explanatory variable: DR > 0).

Variable LS10 LS30 LS90 LS150

Intercept −0.78 0.50 0.59 0.93
(0.39) (0.63) (0.58) (0.38)

FGI 0.1 0.02 0.05 0.05
(0.50) (0.90) (0.76) (0.75)

EPI 0.13 0.12 0.20 0.22
(0.32) (0.42) (0.18) (0.13)

LSI 0.22 0.07 0.01 −0.12
(0.17) (0.68) (0.98) (0.51)

CHF −0.25 ** −0.11 −0.18 −0.12
(0.03) (0.38) (0.16) (0.37)

MALE 0.18 * 0.13 0.05 0.07
(0.08) (0.26) (0.64) (0.53)

YNG 0.25 ** 0.08 0.1 0.18
(0.02) (0.50) (0.41) (0.12)

NO_UD 0.02 0.01 0.14 0.09
(0.84) (0.92) (0.23) (0.44)

LOW_INC 0.30 *** 0.33 *** 0.16 0.23 *
(0.01) (0.01) (0.17) (0.05)

S_HH −0.18 −0.24 * −0.29 ** −0.23 *
(0.13) (0.07) (0.03) (0.09)

N_CHILD 0.27 ** 0.23 * 0.16 0.14
(0.02) (0.09) (0.26) (0.31)

Scale 1 1 1 1
(0.00) (0.00) (0.00) (0.00)

AIC 614.96 516.78 517.71 504.25
BIC 660.57 562.34 563.30 549.84

*** p < 0.01; ** p < 0.05; * p < 0.10.



Energies 2021, 14, 8218 12 of 19

Table 5. Parameter estimates, standard errors (in parentheses) and goodness-of-fit statistics for monetary
gains for delays separately (binomial model, logit link function, base state of explanatory variable: DR > 0).

Variable MG10 MG30 MG90 MG150

Intercept −0.48 2.73 * 2.43 1.46
(0.69) (0.09) (0.14) (0.35)

FGI 0.12 −0.39 0.19 0.13
(0.57) (0.87) (0.43) (0.62)

EPI 0.00 0.04 0.04 0.02
(0.99) (0.85) (0.85) (0.94)

LSI 0.28 −0.32 −0.33 −0.03
(0.17) (0.26) (0.25) (0.90)

CHF 0.17 0.23 0.09 0.15
(0.30) (0.24) (0.64) (0.46)

MALE 0.04 −0.12 −0.07 0.01
(0.77) (0.49) (0.68) (0.97)

YNG 0.23 * 0.49 *** 0.43 ** 0.34 **
(0.10) (0.00) (0.01) (0.05)

NO_UD −0.26 * −0.05 −0.11 −0.23
(0.08) (0.76) (0.51) (0.20)

LOW_INC −0.19 −0.21 −0.21 −0.22
(0.19) (0.25) (0.24) (0.23)

S_HH −0.41 *** −0.65 *** −0.68 *** −0.63 ***
(0.01) (0.00) (0.00) (0.00)

N_CHILD 0.19 0.26 0.26 0.01
(0.24) (0.21) (0.23) (0.97)

Scale 1 1 1 1
(0.00) (0.00) (0.00) (0.00)

AIC 392.29 249.13 291.04 285.02
BIC 437.97 339.81 336.72 330.70

*** p < 0.01; ** p < 0.05; * p < 0.10.

In the case of monetary gains, the delay-dependent variability of the drivers is lower
(Table 5). The variables that are significant for all delays analyzed are: the age (younger
respondents are more likely to apply a positive discount rate) and the size of the household
(smaller families tend to declare a nonpositive discount rate more often). The level of
education alone distinguishes 10 years’ delay from longer time frames, and it is negatively
correlated with the probability to declare a positive discount rate.

4. Discussion

The results reported in this study form a basis to pay more attention to future genera-
tions than via the currently applied single-rate exponential discounting regime in Poland,
which is depicted here by time-declining IDRs. The perceived importance that future
generations are accounted for by those living at present also depends strongly on the type
of benefit the investment is about to bring. Several research results support this claim
and they will be discussed in this section along with the comparison with other studies
followed by the limitations of the findings.

First, the hyperbolic decline in discount rates observed for both types of benefits
analyzed in this study: human lives and lottery gains, suggest that the further in time the
outcome is, the more preferential treatment it gets (due to a lower discount rate). The mean
LS rates decrease with time from 13.7% for intragenerational intertemporal allocations
(10 years) to 2.6% for the fifth generation time span (150 years), while MG rates decrease
from 24% to 3.4% respectively. It is worth highlighting that the assumption of hyperbolic
decline must be interpreted carefully since the models’ parameters were estimated based
on four delays only (10, 30, 90 and 150 years) which resulted in relatively low R-squared
values and small variations between R2 for different models. The survey with higher
number of time horizons could produce results better suited to hyperbolic function.
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Regarding IDR values, other studies report similar range for long-term perspective,
but short-term observations give varied results. While Egan, Corrigan, and Dwyer [65], in a
lottery with 10 years’ delay, report median rates in the range 17–20%, similar to our findings,
some papers find much higher rates (e.g., 50% or even higher than 100% [55,64,74]), or
similar ones for shorter periods (e.g., the average rate in this study for all delays is 6.8% and
10.9% respectively, while Howard’s [60] estimate of the average rate is 11.6% for 14 weeks’
delay). Although the results differ, depending on the framing of the question and the time
frame [66], the study by Howard, Whitehead, and Hochard testing various methodologies
finds a consistent range of estimates between 14.5% and 31% for delays up to 10 years [61].
Our short-term results fell closely into this range.

The number of studies applying intergenerational time frames to elicit individual dis-
count rates is not large, but, in general, they find values close to our results. Cropper et al.
indicate the drop from nearly 17% for 5 years’ delay to 3.4% for 100 years [54], comparable
with Frederick’s results of 3.8% for the same time horizon [53]. Meerding et al. give slightly
lower estimate—slightly higher than 1% (40-year horizon) [59]. Our estimates to some extent
follow experts’ direct bids of a long-term (more than 100 years) discount rate by Drupp et al.,
where the median discount rate was found to be equal to 2% [58]. Weitzman’s paper inves-
tigating economists’ ‘professionally considered gut feeling’ for the discount rate of climate
change projects gives an estimate in the range of 3–4% [56].

The studies also report the time-decline in rates following hyperbolic function, which
is similar to the results reported here. However, the decrease in the IDR values should not
be explained only in terms of the increasing importance given to future generations by
individuals living at present since hyperbolic discounting phenomenon is observed also
for a short time [75], as well as the physical distance [76].

While considering the inevitable limitations of such comparisons, due to country-
specifics and methodological design discrepancies [66], the values in the study generally
follow the patterns identified elsewhere, particularly for longer delays as the variability of
the rates decreases in multigenerational time frame, leading to estimates in a reasonably
stable range of 2–4%.

Second, a considerable portion of respondents is willing to declare equal importance
between present and future outcomes, particularly in the case of lifesaving programs—for
delays of 30 years and longer our results show a stable share of one fifth of respondents
willing to treat future generations’ benefits equally in comparison with their own gains.
Chapman and Frederick’s results [52,66] also indicate equal treatment of benefits accruing
for the present generations and those for the future generation. However, Frederick found
the results sensitive to question format. Additionally, the share of zero discount rate
responses for lives saved followed Chapman’s results, reporting 26–28% share of zero
IDR. Frederick found an even higher proportion in this case, reaching 43% of respondents
who declared the same number of people saved now and in the future. This could be
further supported by Luckert and Adamowicz, who also find that over half of respondents
choose zero discount rates [51]. Breuer, Müller, and Sachsenhausen also found willingness
to declare nonpositive discount rate in the intergenerational setting, but their results differ
depending on the setting involved [77].

Third, what should be highlighted in the light of energy-related projects generating
mainly public-type benefits in the long term (e.g., RES investments to mitigate climate
change and environmental burden) is the discrepancy in discounting between lifesaving
and money shedding the light on individual preferences over public vs. private spheres.
The results over the spheres differ in respect to the IDR values, share of nonpositive IDRs
and the set of explanatory variables.

The IDR values are higher by about 50% for money while the share of zero IDR is
less by 50% of what can be observed for lifesaving programs for all delays investigated.
The money discounting also differs in terms of the distribution as the results are positively
skewed in this case. Interpreting a lifesaving program as a public domain and a lottery
gain as a private one, our results stay in line with numerous studies. Monetary gains are
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found to be discounted stronger, e.g., by [54,59,78]. Luckert, and Adamowicz found that a
privately-managed good is given higher rates than a similar good, but publicly managed,
and, irrespectively to the above, an environmental good (forest) is discounted less than
financial assets (a portfolio of bonds and stocks) [51]. Howard found the discrepancy in
rates between private and social domain reaching 12.3–17.6% points [60] (in this study:
11–20% points, depending on the delay). Breuer, Müller, and Sachsenhausen also found
stronger willingness to discount private gains transferred intergenerationally in comparison
with social sphere (intertemporal benefits for others) [77]. However, those findings are not
supported by Chapman, who found no difference between type of goods (lives, health, and
financial benefits). She also noticed that her results show lower discrepancies in comparison
with other studies [52].

Not only does the value depend on the type of the benefit that is provided in the
future, but also the drivers of discount rate. Gender and education characteristics as well
as the attitude to protecting the environment differentiate the variable-set between LS and
MG models built for all delays, while the charity donations and income level, although
found to be significant in both cases, influence the probability of declaring nonpositive
DR in the opposite direction. The results of the study suggest distinguishing not only
between private and public impacts, but also between the short, intragenerational frame
the and long, intergenerational one. The drivers of declaring equal (or higher) importance
of the future lives saved that were found significant in this study are gender, age, income,
household size and child presence but they differ, depending on whether a short term
(10 years) is considered or a long perspective (30 years or more) indicating that the future
generations are given a separate stance. What should be highlighted is that when analyzing
the drivers of the discount rate in the long-run (30-year delay and higher) we also observed
that in the case of preferences over monetary gains, those drivers seem to be much less
sensitive to changing the decision frame from intra- to intergenerational.

Cropper et al. found the discrepancies in factors influencing lifesaving programs for short
term (5–10 years) and long-term (25–100 years), observing an opposite direction of influence
in the case of gender, education, or marital status [54]. Moreover, Meerding et al. [56] observe
some divergence in variables for money in comparison with health. Luckert, and Adamowicz
as well as Berry et al. also explain disparities in public vs. private discount rates by varying
personal characteristics set [51,78], while Breuer et al. found that a long-term and prosocial
orientation drives intergenerational preferences [77].

Although the disparity in the set of drivers is confirmed by other authors, some
variables influence varies in comparison with this study’s results, which limits the useful-
ness of the interpretation. Higher rates for better educated and lower for lower income
respondents for money in this study are supported by [51,59], but, in the case of lifesav-
ing programs, education was found to be insignificant along with lower income which
increases the probability of applying a positive IDR. Cropper et al. found higher rates for
respondents with young children and females [54], while this study shows the opposite.

The discrepancy in discounting between monetary gains and lives saved is given
multiple explanations. Breuer et al. relate it to the effect of self-control problems due to
personal immediate rewards for the individuals living at present [77]. Moser et al. point
that when an individual is more emotionally involved about the future outcome, they tend
to discount less [79]. The emotions raised by lifesaving program are higher than in the
case of the lottery, which is reflected by lower IDR. The explanation can also be given by
the fact that the welfare of future generations possess pure public good characteristics:
nonrivalry and nonexcludability, which creates for individuals living now the incentives
to become free-riders [51]. Finally, some evidence is given by the duality of roles played
by individuals when facing the private–public goods puzzle: the choice we make as a
consumer in a private domain may differ from our choices as a citizen, whereas in a public
sphere, future generations’ welfare comes into play [80,81], e.g., Mill et al. indicate that
respondents who take a citizen’s perspective tend to put similar values on various types of
forests, while as consumers their valuations differ [82].
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5. Conclusions

The question of whether future generations can be given an equal stance with people
living at present is of great importance for energy-related investments. The paper aimed at
shedding some light on this issue and the results support more equal treatment of future
generations than what emerges from current economic appraisal practice.

Energy related issues are of major concern for policy-makers these days due to their
importance for the well-being of the present and future generations. The restricted public
financial resources, particularly nowadays, due to COVID-19 economic recession, challenge
the task of effective allocation of limited resources to achieve maximum welfare increase.
The wise evaluation process is essential in this case as it helps to choose best investment
proposals. Economic evaluation rests on comparing present-day outlays with future gains
and the discount rate makes those comparisons feasible. However, the higher discount rate
is, and the longer investment project lasts, the future impacts value less at present. This is
particularly important for energy-related investments, as many of them, e.g., renewable
sources replacing fossil fuels to combat the climate warming, dams and hydroelectric power
plants infrastructure, nuclear power plants and radioactive wastes management projects,
face very long, intergenerational, life cycle. The choice of the discount rate is decisive here
for acceptance or rejection and when biased, it negatively influences the society well-being,
because the funds could be spent elsewhere more effectively. The paper’s results aim
to limit the risk of such inefficiency: they form the rationale of switching to declining
discount rate regime for intergenerational energy investments, giving higher weight to
far-future impacts that are compared with undiscounted present-day outlays. Additionally,
the results support the claim of separate evaluation between private- and public-type
benefits as the latter is described by lower discount rates and higher future impacts weight,
which could potentially increase the willingness of public authorities to incentivize more
energy-related investments benefiting the society (both in the long and short term), and
less concentrated on maximizing private corporate profits.

As some researchers [59] point out that policy-makers should be careful with direct
application of IDR as a social discount rate for investment evaluation, we also observed
individuals’ heterogeneous motives over preferring present to future consumption. There-
fore, we argue that the results should not be used in respect to the application of pure
IDR values, but rather as a basis to give the rationale for switching from a single-rate to a
declining discount rate profile for Poland, following countries like France or the United
Kingdom. The observed time-decline of IDR accompanied by high share of zero discount
rates along with a consistency of long-term IDR values with other intergenerational rates
estimates, both implicit as well as directly declared, support this claim.

The observed discrepancies between monetary gains and saving lives, both in values as
well as the drivers, provide a rationale that future generations could be perceived as a public
good and deserve a separate treatment, particularly for the decisions that could influence
the basic needs (e.g., increased mortality risk due to climate warming). At the same time
providing future people with private goods (which could be related to future electricity prices)
is raising much less willingness to invest (higher discount rates for monetary gains). Luckert
and Adamowicz, analyzing the discrepancy between privately and publicly-managed goods,
argue that even if the results may not be sufficient to alter public policy, a considerable
attention should be given to this area. They highlight that future generations’ welfare, having
public good characteristics, is underprovided by markets and increased public regulation may
reduce the level of inefficiencies, increasing the social welfare [51].

The results could also be useful to decision-makers by providing the insight into
society’s willingness to invest on behalf of future generations depending on the way the
outcomes of actions aiming at the future are described and what personal characteristics
determine the eagerness to intertemporally allocate the consumption. Such insight can
add to various areas in energy policy planning, starting from climate change mitigation,
and ending with radioactive waste management. The findings of the paper also may
support alternative funding schemes for renewable energy—the knowledge of long-term
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preferences and how they influence the present-day value of delayed effect could matter for
crowdfunding models of RES financing, e.g., a philanthropic-crowdfunding-partnership
model gaining attention in case of solar farms [83] as a way to switch to clean-energy
sources faster. The paper adds to the Polish perspective further, since the Polish nuclear
program is still at its infancy, and climate-neutrality demands high investment outlays, the
development of a time scheme of our responsibilities toward future generations could be
helpful in answering whether and how fast future outcomes should decline in time.
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Appendix A

Table A1. Socioeconomic characteristics of the sample.

Characteristic n Share (%)

Gender
Male 226 45.0

Female 276 55.0

Age
Up to 25 101 20.1

25–35 111 22.1
35–45 107 21.3
45–55 90 17.9
55–65 59 11.8

More than 65 34 6.8

Education
Primary school 2 0.4

Vocational school 27 5.4
High school 250 49.8

University degree 223 44.4

Income per household member
Up to 500 PLN 9 1.8
500–1000 PLN 73 14.5

1001–2000 PLN 183 36.5
2001–3000 PLN 118 23.5
3001–4000 PLN 67 13.3
4001–5000 PLN 18 3.6

More than 5000 PLN 34 6.8

No of household members
1 52 10.4
2 108 21.5
3 162 32.3
4 132 26.3
5 32 6.4
6 12 2.4

7 and more 4 0.8

Dependent children present
Yes 149 31.6
No 322 68.4
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9. Program Polskiej Energetyki Jądrowej. Available online: https://www.gov.pl/web/polski-atom/program-polskiej-energetyki-

jadrowej-2020-r (accessed on 2 November 2021).
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