
Vol.:(0123456789)1 3

International Journal of Environmental Science and Technology (2022) 19:2961–2972 
https://doi.org/10.1007/s13762-021-03426-8

ORIGINAL PAPER

Discounting and life cycle assessment: a distorting measure 
in assessments, a reasonable instrument for decisions

S. Lueddeckens1 · P. Saling2 · E. Guenther3

Received: 13 November 2020 / Revised: 12 February 2021 / Accepted: 31 May 2021 / Published online: 28 July 2021 
© The Author(s) 2021

Abstract
Although the weighting of environmental impacts against each other is well established in life cycle assessment practice, 
the weighting of impacts occurring at different points in time is still controversial. This temporal weighting is also known 
as discounting, which due to its potential to offend principles of intergenerational equity, is often rejected or regarded as 
unethical. In our literature review, we found multiple disputes regarding the comprehension of discounting. We structured 
those controversial issues and compared them to the original discounted utility model on which discounting is based. We 
explain the original theory as an intertemporal decision instrument based on future utility. We conclude that intertemporal 
equity controversies can be solved if discounting is applied as an individual decision instrument, rather than as an informa-
tion instrument, which could underestimate environmental damages handed to future generations. Each choice related to 
discounting—including whether or not to discount, or to discount at a rate of zero—should be well-founded. We illustrate 
environmental decision-related problems as a multidimensional issue, with at least three dimensions including the type of 
impact and spatial and temporal distributions. Through discounting framed as a decision instrument, these dimensions can be 
condensed into an explicit result, from which we can draw analogies to both weighting in life cycle assessment and financial 
decision instruments. We suggest avoiding discounting in environmental information instruments, such as single-product 
life cycle assessments, footprints, or labels. However, if alternatives have to be compared, discounting should be applied to 
support intertemporal decisions and generate meaningful results.
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Introduction

In environmental decisions, there are often trade-offs made 
between alternatives with immediate environmental impacts 
or impacts which are experienced in a more delayed fash-
ion. The most important tool for environmental assessments 

of products and processes is life cycle assessment (LCA), 
defined by ISO 14040 and 14044. The weighting of differ-
ent environmental impact categories is well established in 
life cycle assessments, whereas the weighting of impacts 
experienced in different times—also called discounting—is 
still under debate. Discussions about the implementation 
of discounting in LCA began in the early 1990s (Fearn-
side 2002b). Discounting is controversial because it could 
offend the principle of sustainable development, defined as 
“Development that meets the needs of the present without 
compromising the ability of future generations to meet their 
own needs” (Held 2016), in a way that future generations’ 
rights are not given the same weight as the present genera-
tion. In the following, we will summarize LCA literature 
regarding the topic of discounting, contrast that with the 
original discounting theory, highlight the differences, and 
conclude with how to apply discounting in LCA contexts. 
The assessed literature represents the state of knowledge in 
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scientific, English literature in December 2018, with some 
limitations mentioned below.

Observations on the understanding 
of discounting in LCA literature

Hellweg et al. (2003) provided an overview of the scientific 
discussion around the reasons for and effects of discounting 
in LCA. They provided a key publication for discounting 
in LCA which is still considered the most extensive in the 
field. They recognized that an anthropocentric view of the 
environment is necessary to be able to assess the temporal 
dimension of LCA. They further argued that weighting in 
general should not be perceived as unethical and drew a 
parallel between the weighting of different damage types 
and the weighting of damages which occur at different times. 
After a thorough review of the LCA literature, seven obser-
vations about the perception of discounting could be made:

Discounting and setting time horizons are 
equivalent measures when attempting to limit 
the consideration of future impacts in an LCA

According to Fearnside (2002b), in the early days of LCA, 
it was discussed whether to apply a discounting function 
or a fixed time horizon in the assessment of global warm-
ing potentials to express the constraint to only a foreseeable 
future. The time-horizon idea won because of its supposed 
simplicity. The idea that discounting would be an equivalent 
measure to setting time horizons for expressing a limited 
consideration of future impacts is very common in LCA 
literature (Fearnside et al. 2000; Boucher 2012; Almeida 
et al. 2015; Hu 2018; Mallapragada and Mignone 2017). For 
Hellweg et al. (2003), time horizons, i.e. temporal cut-offs, 
are a special case of discounting with a zero rate before the 
time horizon’s end and an infinite rate after the time horizon.

Discount functions and rates are arbitrary

Discounting functions and rates are regarded as a non-con-
sensual (Almeida et al. 2015), value-laden (Brandão and 
Levasseur 2010), and ethical (Levasseur et al. 2012) choice. 
Most publications apply a standard exponential discount 
function that is regularly applied in financial mathematics 
[e.g. Hellweg et al. (2003) and Yuan et al. (2009)]. The dis-
count factor (DF) that is multiplied with the impact of year 
t is calculated in the following way:

with r being the discount rate. The overall impact is the sum 
of the yearly, discounted impacts:

In a systematic review (Lueddeckens et al. 2020), it was 
found that discounting is not regularly applied in LCA stud-
ies and, if so, then in a defensive way by presenting scenario 
or sensitivity analyses. Yuan et al. (2009) stated “Although 
we recognize the need to develop proper discounting meth-
ods, such endeavours deserve a more thorough analysis”. 
There is no consensus on whether to apply discounting and, 
if so, on which discount function. However, discounting can 
have a significant influence on LCA results. This can be 
illustrated by the examples for the application of discounting 
in a rather short term by Yuan et al. (2009) (Fig. 1) and in a 
rather long term by Hellweg et al. (2003) (Fig. 2).

The comparison of Figs. 1 and 2 clearly demonstrates the 
dynamics of exponential functions. In the car example (Fig. 1), 
the application of a 1% discount rate results in nearly no dif-
ference compared to the 0% rate, while in the landfill example 
(Fig. 2) with a long time horizon, the impact is discounted to 
an almost negligible amount with the 1% rate. When leach-
ing of the landfill starts to intensify after 1000 years, the DF 
has already shrunk to 0.00005. Even the seemingly low rate 

(1)DF =
1

(1 + r)
t

(2)Impact =
∑

t

(

Impactt × DFt
)

Fig. 1  Global warming potential 
of a middle class car in  kgCO2eq 
according to Yuan et al. (2009) 
over 11 years, discounted at 0, 
1, and 10%, showing the net 
present values (NPV) of the 
emissions
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of 0.1% marginalizes the weight of the impact over a long 
time horizon. However, the use of a 10% discount rate, which 
would be in the range of equity costs of private companies, 
already leads to a 36% decline of the weight of assessed emis-
sions in the car example. As environmental damages not only 
harm companies responsible for their occurrence, but actually 
all of society (as external costs), the application of the social 
discount rate is proposed (Richards 1997; Wang et al. 2018). 
This rate represents the expected capital costs of public pro-
jects and is usually lower than a private discount rate because 
society has a longer time horizon and less time preference than 
individuals. Bakas et al. (2015) propose a small rate near 0% 
as the rate is very decisive. According to Yuan et al. (2009), 
discounting should be handled very conservatively because 
an underestimation of impacts would be more critical than an 
overestimation.

Discounting is a measure for changing background 
concentrations and, therefore, changing impact 
characterization and normalization

Hellweg et al. (2003) explain discounting in a monetary way. 
Changes in the price level, i.e. the consideration of inflation 
and deflation in economics, are translated to an increasing or 
decreasing background concentration of pollutants. This is 
important because many impacts depend on doses or thresh-
old values. For example, soil has a certain buffer for acidic 
substances until exhaustion occurs. This idea of Hellweg 
et al. (2003), which can be understood as a simplification of 
dynamic characterization and normalization, was also men-
tioned by Hellweg et al. (2005), but was later rejected by 
O’Hare et al. (2009). They called it “physical discounting” 
and stated “the discounting model applies to costs and benefits, 
not to physical phenomena that generate them, unless their 
economic value is otherwise stable over time”.

Uncertainty of emissions and impacts is a reason 
for discounting

Discounting in order to reflect uncertainty takes into account 
that environmental damages might become more or less 
important in the future for uncertain reasons. For example, 
they would become less important if technologies are devel-
oped that reverse damages or that make it easier to live with 
them. The importance of environmental damage could rise if 
the number of affected people grows. Hellweg et al. (2003) 
concluded that these reasons are too weak to justify discount-
ing. They argue that the possibility of the availability of 
damage-reducing technologies for future generations is not a 
justification for passing the problem on to them. Furthermore, 
calculating with future innovations already considered would 
reduce the incentives to develop them because LCA results 
would present a more optimistic outlook today. Uncertainty 
about whether future impacts will happen is also considered 
as a reason for discounting by Udo de Haes et al. (1999) and 
Yuan et al. (2009). This uncertainty results from technological 
advances or from the reduced life cycle of products, e.g. due to 
accidents. In contrast to that, Hellweg et al. (2003) proposed 
the consideration of uncertainty of impacts in the characteriza-
tion phase of LCAs.

Discounting can be applied if the impact can be 
monetized or if the impact and its monetary value 
are at least congruent

If environmental damage is monetizable, the profitability of 
emission abatement measures can be calculated and trade-
offs can be made (Hellweg et al. 2003). If capital can be 
invested in a way that produces income which is higher than 
the rising environmental costs, then the environmental dam-
age would be acceptable. So, environmental damage would 
lose its value given a growing economy and a growing pro-
ductivity of capital. Rising wealth may enable people to 
cope with environmental damages or it might increase their 
willingness to pay for counter measures. On the other hand, 
the utility of more money might someday be less than the 
utility of an intact environment. In other words, there might 
be a diminishing marginal utility of consumption with that 
extra money that was earned with environmental damages 
as a side effect. Hellweg et al. (2003) criticized that it cannot 
be generally expected that future generations will be satis-
fied with monetary compensation for environmental dam-
ages or that compensation funds will actually be expended 
in the future in a way they were intended for. Fearnside et al. 
(2000) preferred the term “immediate emission equivalent” 
over discounted emissions because, in their opinion, the lat-
ter would only include economic reasons. The economic 
discount rate of emissions depends on the overall change in 

Fig. 2  Ecopoints of a heavy metal leaching landfill according to Hell-
weg et al. (2003), discounted at 0, 0.1, and 1%
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wealth and the change of the marginal utility of that change 
(Fearnside et al. 2000) and inflation (O’Hare et al. 2009; 
Levine et al. 2007). According to Kendall et al. (2009) 
and Wang et al. (2018), environmental impacts can be dis-
counted in the same way as monetary values, even if there is 
currently no reliable monetization mechanism available for 
certain emissions. They presuppose that an impact and its 
monetary value are often congruent.

“Discounting is the mechanism by which a value 
for time is normally translated into economic 
decision‑making” (Fearnside et al. 2000)

This quotation implies that time would have a value that 
needs to be assessed, instead of the events themselves which 
occur on the timeline. According to Fearnside et al. (2000), 
the value for time results in the preference for positive events 
in the near future (like consumption) and the expectation of 
wealth later. In other words, the “time value” of a positive 
impact declines if that event’s position on the timeline moves 
to the future and if the expected wealth becomes lower in 
the future. On the other side, a negative impact becomes 
less important if it happens in the future and if the expecta-
tions for future wealth are high. Following this interpreta-
tion, environmental impact can be discounted absolutely, not 
just relative to alternatives.

Discounting because of a time preference 
is unethical

Pure time preference, according to Hellweg et al. (2003), 
means that the empirically evident preference of humans 
for earlier utility versus utility in a distant future. Neverthe-
less, they suggested time preference be disregarded in LCAs 
as this would be immoral and give future generations less 
value than current ones. However, time preference is the 
main motivation for discounting for other authors (Fearnside 
2002a; Levine et al. 2007; O’Hare et al. 2009).

Materials and methods

It can be noted that a widely accepted theory of discount-
ing in LCA does not exist up to now. Every aspect, such as 
reasons for discounting, influencing factors, kinds of func-
tions, and their variables, lack consensus in the literature. In 
our opinion, there is some disagreement between what can 
be read in the literature about discounting in LCA and the 
original sense of discounting in social sciences. Therefore, 
a summary of the idea of discounting is provided and, sub-
sequently, a comment on the ongoing debate, followed by 

what we derive to be the correct implementation for LCA 
practitioners.

The origin of discounting is a decision problem: there 
are several options with different temporal distributions of 
utility, meaning different kinds of costs and benefits. Schol-
ars have been aware of this problem since John Rae’s pub-
lication of “The Sociological Theory of Capital” in 1834. 
Building on Adams Smith’s theory, according to which the 
wealth of nations is mainly “determined by the amount of 
labor allocated to the production capital” (Frederick et al. 
2002), he argued that there must also be an “effective desire 
of accumulation” of wealth. That means there must be a 
desire to invest capital today for future returns. Rea first 
described the decision problem between immediate benefits 
from direct consumption of capital, e.g. for leisure activi-
ties, and future benefits of different investment options. He 
explained the desire psychologically. Reasons for waiting 
for future benefits are “generally accepted virtues” like 
self-restraint and social affections. Reasons against are the 
uncertain future and time preference, i.e. the preference for 
the immediate benefit.

These qualitative and moralized considerations were 
formalized by Irving Fisher in “The Theory of Interest” in 
1930. Fisher proposed an interest rate at which two invest-
ment alternatives would be equal and he introduced the term 
“present value” of money. The interest rate was referred to as 
the “equalizing rate” (Illés 2014). Further, he divided influ-
ences on the decision into objective factors like uncertainty 
and economic growth and into personal factors (Frederick 
et al. 2002).

Fisher’s model was only applicable between defined alter-
natives in defined timeframes. It was generalized by Paul 
Samuelson in “A Note on Measurement of Utility” in 1937 
as the “Discounted Utility” model. In this model, an inter-
temporal evaluation of any investment can be made because 
all psychological, objective, and personal factors are com-
bined in the “discount rate” (Frederick et al. 2002). Samu-
elson described the formula for the net present value (NPV) 
of investments which is generally applied today:

Ut is the intertemporal utility (the NPV), a sum of the instan-
taneous utilities u(t) in the different time steps, e.g. different 
years, which must be multiplied with the relative weight in 
period t, derived by the discount rate p.

Samuel’s formula can easily be applied to environmental 
impact because money is not discounted but rather utility 
in any kind:

(3)Ut =

T
∑

t=0

(

1

1 + p

)t

× u(t)
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It is the intertemporal impact and i(t) is the temporally dis-
tributed impacts, thereby equalizing a negative environ-
mental utility. The idea of the equivalence of human made 
production capital and other capital that produces natural 
resources (e.g. timber or oxygen by a tree) and ecosystem 
services (e.g. water cleaning) is reflected by the concept of 
“natural capital” (Constanza and Daly 1992). Natural capital 
assessment and LCA are not fully congruent because the 
latter is a value-based decision instrument concerning the 
“areas of protection”, e.g. including human health, but there 
are many intersections, especially in the possible application 
of discounting. Nevertheless, even without the concept of 
natural capital, the (dis-)utility of environmental impacts 
should be discounted in intertemporal decisions. The chal-
lenge is in deriving a suitable discount function. It is impor-
tant to note that discounting, according to Paul Samuelson, 
must combine objective, external factors and individual, 
internal factors. For that reason, discounting is always highly 
individual and cannot be generalized for every case.

Our understanding of discounting compared 
to LCA literature

Based on the discounted utility theory, we can now comment 
on previously mentioned opinions about discounting in LCA 
that we found in the literature (summarized in Table 1).

(4)It =

T
∑

t=0

(

1

1 + p

)t

× i(t)
Assertion 1: discounting and settings time 
horizons are equivalent measures used to limit 
the consideration of future impact in LCA

Discounting and time horizons follow a different logic. A 
time horizon is a temporal system barrier that should be 
defined in the goal and scope section of an LCA. Like other 
physical system barriers that exclude less important emis-
sions or consequences (consequential LCA), time horizons 
could follow objective criteria or standards. The length of a 
time horizon can be derived from the duration of the impact, 
from approved political goals, or the urgency of environmen-
tal problems (Lueddeckens et al. 2020). There may still be 
reasons for individual time horizons, depending on goal and 
scope of a study, but a standardization is possible and wide-
spread for most impact categories. Discounting, on the other 
hand, is highly individual and fully dependent on a decision 
maker’s utility at different points in time. Standardization of 
discount rates is not possible. Discounting and time horizons 
are not equivalent and time horizons, in our opinion, are not 
simply a special case of discounting (Hellweg et al. 2003).

Assertion 2: discount rates are arbitrary

For the decision maker, the discount rate is not arbitrary—it 
just seems that way for the outsider who cannot follow the 
decision process with the individual influences. The outsider 
is not familiar with the opportunity costs. However, there 
is no framework for discounting of environmental impacts 
available, and without a basic underlying theory, a decision 
for a certain discount function might seem arbitrary. Thus, 

Table 1  Comparison of assertions on discounting in the literature and our view on them

Assertions on discounting in the literature Comments

Discounting and settings time horizons are equivalent measures used 
to limit the consideration of future impact in LCA

The time horizon is a system barrier, defined in goal and scope of an 
LCA. Discounting is a tool for assessing individual utility in different 
points in time. Both measures are not equivalent but each of them 
must be considered

Discount rates are arbitrary Discount rates are individual for the decision maker. From an outside 
perspective, they might appear arbitrary if the opportunity costs are 
unknown

Discounting is a measure for changing background concentrations and 
therefore changing impact characterization and normalization

Discounting only assesses intertemporal utility, not physical processes. 
The term is not supposed to be used in the context of dynamic charac-
terization or normalization

Uncertainty of emissions and impacts is a reason for discounting Uncertainty should be considered in the life cycle inventory or impact 
characterization before discounting

Discounting can be applied if the impact can be monetized or if impact 
and monetary value are at least congruent

Monetization is no prerequisite for discounting. Any utility can be 
discounted in intertemporal decisions

Discounting is the mechanism by which a value for time is normally 
translated into economic decision-making

Time is not evaluated in discounting but utility in different points in 
time. This utility does not only depend on time, but also on other vari-
ables in the discount function

Discounting because of time preference is unethical Time preference is existent in any human decision process and does not 
contradict an anthropocentric definition of sustainability
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this assertion might describe the current situation of envi-
ronmental discounting, but it would be wrong to assume 
that discounting cannot be applied in a non-arbitrary, well-
founded way. The key for developing a discounting frame-
work is to accept the individuality of discounting and to 
overcome the idea of developing a general discounting func-
tion for every use case.

Assertion 3: discounting is a measure for changing 
background concentrations and therefore changing 
impact characterization and normalization

A changing background concentration or a changing sen-
sitivity of the ecosystem should be modelled in a dynamic 
characterization (Herzog et al. 2003; Collinge et al. 2013; 
Bakas et al. 2015) and a dynamic normalization (Herrchen 
1998; Cherubini et al. 2012). This issue is important but 
does not correspond to intertemporal decision making. We 
suggest to avoid the phrase “discounting” in this context, 
including the term “physical discounting” (O’Hare et al. 
2009). According to the discounted utility theory, only util-
ity, not physical things, can be discounted.

Assertion 4: uncertainty of emissions and impacts 
is a reason for discounting

We agree with Hellweg et al. (2003) that emissions should 
be modelled in the inventory and impact in the characteriza-
tion. Uncertainty in these steps can be addressed through a 
Monte-Carlo analysis or other procedures. The application 
of discounting here would result in inappropriate “physi-
cal discounting”. Uncertainty in LCA is in principle objec-
tive and general, discounting is subjective and individual. 
According to Arrow et al. (1996), there is general consensus 
in economics that uncertain risks should be transformed into 
“certain equivalents” before discounting them.

Assertion 5: discounting can be applied if the impact 
can be monetized or if impact and monetary value 
are at least congruent

Discounting is independent from monetary values. Every 
kind of utility can be discounted. Avoided negative impact 
is always a utility, and negative impact is always disutility. It 
is not wrong to assume that monetization would justify dis-
counting, but it is not a prerequisite. Although there has been 
much progress in the field of monetization of environmental 
impacts, e.g. through the enactment of ISO 14008, there 
might be limits. Some environmental impacts are easier to 
monetize than others. For example, Macháč et al. (2021) 
monetized soil degradation by accounting the reduction of 

agricultural yield. They showed that a higher discount rate 
would result in less fertilization today because of the reduced 
utility of future yield. Current monetization methods might 
be ineffective in assessing global, irreversible, and critical 
damages (Temel et al. 2018). If prices cannot be observed on 
a free market, then the evaluation of environmental damages 
is influenced by personal bias and ideological considerations 
(Kallis et al. 2015). These issues do not affect discounting as 
long as the utility of environmental impact can be assessed 
in some way. The unit of measurement does not need to be 
money.

Assertion 6: “discounting is the mechanism 
by which a value for time is normally translated 
into economic decision‑making” (Fearnside et al. 
2000)

Discounting is a tool for intertemporal decision-making. It 
does not directly evaluate time, but rather the utility at dif-
ferent points in time. Time itself has no value in discounting 
if there is no alternative and, thus, no decision to be made. 
There are measures for evaluating time, like “real options” 
(Reuer and Tong 2007). These are based on the theory of 
financial options. A financial option securitizes the option 
to buy or sell a good, stock, future, or anything else on the 
market at a certain point in time in the future for a certain 
price. The price of such an option can be calculated accord-
ing to the Black–Scholes model and consists of an inner 
value that is the difference between the value of the good 
and the securitized price in the option and the time value. 
A real option is an option for a real (non-financial) invest-
ment. That means, an individual or organization can decide 
to invest now or later in real goods like machines, new pro-
cesses, or to use resources sooner or later. This option can 
be regarded as an opportunity cost of the same investment. 
The only difference is the point in time. For example, a forest 
owner can decide to harvest his wood now. Then, he would 
lose the option to harvest later when the wood price may 
be higher. A society can decide to use natural gas reserves 
now, but therefore loses the opportunity to use them later, 
e.g. when there may be little solar power to harvest because 
of a major volcanic eruption. Real options could be utilized 
to evaluate resource depletion, instead of the correspond-
ing LCA impact categories. They contain value for time, 
while discounting does not. The difference between cumu-
lated impact and discounted cumulated impact is not the 
time value, but the difference from the opportunities. This 
value is not constant but depends on the evaluated utility 
and personal criteria. Discounting in an absolute way with-
out regarding individual alternatives would contradict with 
discounted utility theory.
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Assertion 7: discounting because of time preference 
is unethical

Time preference is the main idea behind discounting. In the 
standard theory, the discount rate is the sum of time prefer-
ence and opportunity costs or utility of economic growth, 
respectively (Gowdy et al. 2013). Nevertheless, economic 
growth, the productivity of capital, or the marginal util-
ity of consumption would not be interesting for an LCA 
practitioner if there was no time preference. Under such 
an assumption one would always invest capital and never 
consume (if possible), so without consumption there would 
be no benefit of an investment experienced. The generally 
accepted definition of sustainable development “Develop-
ment that meets the needs of the present without compro-
mising the ability of future generations to meet their own 
needs” (Held 2016) concedes a certain degree of time pref-
erence to the present generation. The ethical question arises 
in the exploitation of the LCA outcome and leads to the 
question of whether LCA should be measurement-oriented 
or action-oriented. This discussion was raised in literature 
in the determination of an adequate time horizon. An action-
oriented LCA would have short time horizons so that actions 
produce an outcome and a clear responsibility for people 
living today. Nevertheless, a short time horizon incentiv-
izes problem shifting to the future, after the considered time 
horizon. Although it is generally accepted that future gen-
erations should not be penalized, there are considerations 
that long THs marginalize effects of short-term actions, like 
carbon capture and storage (Herzog et al. 2003; Almeida 
et al. 2015). Especially an infinite TH would make every 
sequestration, if assessed with the GWP indicator, useless 
(Brandão et al. 2013), but would avoid problem shifting to 
the future (Lebailly et al. 2014). In our opinion, LCA should 
be measurement-oriented and therefore has a long TH. It 
should deliver neutral information that can be utilized in 
a decision instrument which is action oriented. Time pref-
erence should be expressed by discounting in the decision 
process, not by setting a short TH in the foregoing measure-
ment process. If applied in that way, discounting would not 
be regarded as unethical but as reasonable.

Discounting as part of a multidimensional 
decision tool

Life cycle assessment (LCA) is a multidimensional infor-
mation instrument and discounting is an important tool for 
reducing dimensions for decision processes. Information on 
environmental impact provided by LCA appears in at least 
three dimensions (Fig. 3).

One dimension is the impact type. For example, the 
“ReCiPe” tool includes 18 impact types, such as water 

depletion or terrestrial acidification (Huijbregts et al. 2017). 
Another dimension is the spatial one. Often, background 
concentrations that differ spatially have a significant influ-
ence on the impact. A comprehensive review (Patouillard 
et al. 2018) on the integration of the spatial dimension in 
LCA shows the importance of spatial information in every 
step in LCA, e.g. in defining a spatial system barrier for the 
assessment, in the choice of spatially fitting databases for 
the inventory, and suitable regional characterization factors. 
The third dimension is the temporal one. Emissions may 
occur in different points in time and their impact, as well as 
their weight for decision makers may change over time. The 
temporal dimension is a complex problem causing “temporal 
issues” in sustainability assessments and especially in LCA. 
In a systematic literature review (Lueddeckens et al. 2020), 
six direct temporal issues in LCA were identified: (1) time 
horizons of the assessment, inventory, and characterization, 
(2) the temporal resolution of the inventory, (3) time depend-
encies in the characterization functions, (4) time depend-
ent benchmarks in the characterization, (5) time dependent 
weighting (changing weighting factors over time), and (6) 
temporal weighting—the weighting of future impacts in 
decision processes.

An LCA practitioner is highly interested in reducing these 
dimensions to only one score, so that alternatives can be eas-
ily compared. Fortunately, there are aids that help to reduce 
these dimensions. Tools like ReCiPe or Traci were devel-
oped to limit the complexity of information supplied by LCA 
by reducing the impact type dimension and, in part, the spa-
tial dimension. The 18 impact types evaluated in ReCiPe are 
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Fig. 3  LCA data are a 3-dimensional matrix. In this example, there 
are 3 impact types in 3 locations at 3 points in time, resulting in 
27-dimensional information
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midpoint damages. That means they quantify the sources of 
damages that result from the inventory, for example, ionizing 
radiation that causes sickness. Through impact pathways, the 
impacts of several impact sources are aggregated to three 
endpoint impact, such as damage to human health. There 
is a fixed correlation between the midpoint and endpoint 
damage types (Huijbregts et al. 2017). As midpoint dam-
ages can cause multiple endpoint damages, there is a fixed 
factor for every midpoint damage in relation to an endpoint 
damage. Endpoint damage can be further aggregated by the 
application of weighting, an optional step in ISO 14040. For 
example, Eco-Indicator 99 is another assessment tool that 
aggregates further than ReCiPe (Goedkoop and Spriensma 
1999). Here, the same three endpoint indicators are further 
aggregated to a single ecopoint score. This is performed by 
weighting human health and ecosystem quality by 40% each 
and resource depletion by 20%. Hauschild et al. (2018) list 
approaches for weighting impact.

The spatial dimension is also addressed by ReCiPe by 
providing multiple midpoint characterization factors for dif-
ferent regions. Unless the spatial resolution of such CFs is 
low, there is a suitable way of assessing and aggregating 
the spatial dimension of LCA. Weighting factors must fit 
the stakeholders, too, and those can be widely distributed 
over the planet. If spatially differentiated weighting fac-
tors are available, the spatial information should be main-
tained until the weighting step. Sources for the develop-
ment of spatially differentiated weighting factors could be 
polls, such as the MYWorld survey (United Nations 2015). 
Other sources could be cultural studies like Hofstede et al. 
(2010), Schwartz (2007), or Haidt (2013). Hofstede et al. 
(2010) found six major cultural dimensions and mapped 
the world according to them. Schwartz (2007) found three 
value dimensions that differentiate national cultures. Haidt 
(2013) identified five moral categories and categorized 
nations according to them. To our knowledge, no regional-
ized weighting factors are available for LCA up to now, but 
they may be developed in the future.

The temporal dimension can be aggregated analogi-
cally. While temporal issues of the inventory, characteri-
zation and normalization are technical issues that can be 
handled by measurements, simulations, statistical methods, 
or orientation on political emission targets, the choices of 
time horizons and discounting functions (temporal weight-
ing) are value-based choices. The temporal distribution of 
emissions is currently aggregated in a very simple way. All 
inventory data inside the time horizon (TH) is simply sum-
mated without any differentiation in the temporal dimen-
sion. ReCiPe considers time in one variable—the cultural 
perspective. Three cultural perspectives were introduced by 
Hofstetter et al. (2000). According to this theory, societies 
can have the archetypes of fatalist (with the shortest TH), 
individualist, hierarchist, and egalitarian (with the longest 

TH). LCA practitioners usually omit fatalist because fatal-
ists would widely ignore future environmental concerns, 
which is not the purpose of LCA. In ReCiPe, the remaining 
three cultural perspectives result in different time horizons 
in which emissions are summed up. For example, in the cal-
culation of climate change, the individualist has a 20-year 
perspective, the hierarchist a 100-year perspective, and the 
egalitarian considers an infinite time horizon. The cultural 
perspective in ReCiPe also counts for weighting factors. The 
individualist perspective is more optimistic on adaption to 
climate change than the egalitarian (Huijbregts et al. 2017). 
Nevertheless, the cultural perspective approach is a very 
strong simplification of the temporal dimension of LCA. 
Further, it is affected by the error of central tendency—a 
phenomenon known from social sciences (Landy and Conte 
2016). Participants who are asked to make a rating on a 
given scale tend to put their rating rather in the middle than 
at the outer ranges of the scale. This also creates bias in 
surveys—the test persons are influenced by the given scale. 
In the LCA context that would mean people usually prefer 
the hierarchist view. Nevertheless, setting a TH only defines 
the extent of the temporal dimension which still needs to be 
aggregated for decisions. Here, discounting is the measure 
of choice, instead of simple summation. It can be regarded 
as temporal weighting of a decision maker. In contrast to 
weighting of damage types, where the affected stakeholders 
are in the focus, discounting focuses on the decision maker. 
The temporal dimension of LCA can be condensed to a sin-
gle score, based on the utility of the temporally distributed 
impacts. Debates about the appropriate length of TH can be 
avoided by discounting. Time horizons as a temporal system 
barrier can still be defined in the goal and scope of an LCA, 
but they would no longer express individual factors as this is 
addressed by discounting. As a result, a distinct proposal for 
a decision could be made. Discounting would close the gap 
of methods for receiving a single LCA score which is eas-
ily comparable between alternative choices. If weighting of 
impact types is generally accepted in the LCA community, 
temporal weighting (discounting) could be accepted just as 
well. For this purpose, a discounting framework for envi-
ronmental impact, based on the discounted utility theory, 
must be developed.

Results and discussion

In our opinion, the ongoing debate about whether to apply 
discounting or not in LCA has a straightforward answer. We 
suggest not to discount in assessments that have an informa-
tive character. In other words, we suggest not to discount 
in a single-product LCA, in product footprints, in assess-
ments that are meant for environmental labels, and so on. 
Similarly, one would also not discount related financial data. 
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For example, if someone buys a car, they will be interested 
in yearly costs for inspections or for the exchange of spare 
parts. Of course, these costs are not discounted because no 
seller knows the personal opportunity costs of the customer 
or their personal discount rate. The customer will also be 
informed about the  CO2 emissions of the car. For the same 
reason, there is no sense in discounting them.

However, as the customer or the one who has to decide 
between different options, it is always rational to discount 
any utility in intertemporal decisions.

The reliance on different perceptions is also assumed by 
Field et al. (2001), who state that decisions on discount rates 
should be made in the end by the decision maker and not 
already by the LCA maker.

Making this clear separation, the debate between a more 
action-oriented LCA with high time preference and a more 
measurement-oriented LCA with little or no time prefer-
ence would not exist. An informative LCA would always 
be purely measurement oriented. A decision instrument is 
always purely action oriented—the action is the decision. 
When discussing the aggregation of the environmental 
dimension through weighting (Huijbregts et al. 2017), we 
cited that this weighting should orientate on all stakeholders’ 
interests. Decision instruments, with discounting as one of 
them, orientate on the decision maker.

Saurat et al. (2015) list 51 methods and 38 tools for sus-
tainability assessments. It cannot always be defined which 
instrument is an information and which is a decision instru-
ment. An LCA can be comparative for different products or 
just made for a single product, but in real decisions there 
is mostly also a financial dimension. Because of limited 
resources, the option with the best LCA results cannot 
always be chosen and the financial or other resources must 
be taken into account. Saurat et al. (2015) list 10 “hybrid” 
assessment methods that assess the environmental and 
financial/resource-based sustainability with eco-efficiency 
analysis being the most popular one. Standardized in ISO 
14045, eco-efficiency analysis is a portfolio model with an 
aggregated environmental dimension and an aggregated 
financial dimension. It is well-suited for discounting in both 
dimensions.

What would the consequences be of not discounting (or 
at a rate of zero) in intertemporal decisions? Our examples 
(Figs. 1, 2) show that discounting reduces the cumula-
tive impact significantly, depending on the discount func-
tion. It is debatable if an exponential discounting function 
(Fig. 2) is the more appropriate function for very long time 
horizons or if, for example, a hyperbolic function would 
better reflect human decision making (Gowdy et al. 2013). 
In comparison to a non-discounted impact in example 1, 
a decision maker would attach greater value to low fuel 
consumption than to the recyclability of the car, which 
would make sense in the ecologic as well as economic 

perspective. The example of Macháč et al. (2021) shows 
the same idea from another perspective. Here, not the 
costs but rather the revenues play the most important 
role. Under low discounting, a farmer would invest more 
capital in maintaining the high quality of his soil because 
the future yield of the agricultural production has a high 
value for him; under high discounting, however, the imme-
diate costs for fertilizers are given a higher value than 
the future yield. The control of parasites in agriculture 
would be a similar example. Control measures result in 
near-term costs which avoid long-term damage and yield 
reductions. Discounting of costs and benefits (external 
or internal) changes their ratio and leads to other deci-
sions. Should a car manufacturer design a car and place 
a high priority on recyclability despite the fact that the 
first car owner usually sells the vehicle before it reaches 
the end of its life? Should a farmer invest significantly in 
his soil (which is often leased) so that the next genera-
tion of farmers may benefit? Those examples demonstrate 
how the disregard of discounting would lead to decisions 
from the perspective of the ivory tower, ignoring the social 
context and the affected people. Assuming the absence 
of time preference would mean to assume that investors 
have no interest in profiting from their investments dur-
ing their life time, or that voters would accept laws that 
reduce their income for the promise of a benefit of future 
generations, without the ability to control the outcome 
of that measure and to make politicians responsible. It is 
not only unrealistic to presume such temporal indiffer-
ence of people. Empirical evidence shows that there is an 
even higher personal discount rate of people compared to 
standard discount rates in business, resulting in hyperbolic 
discount rates. Through various examples, Gowdy et al. 
(2013) also show that time preference has an evolutionary 
advantage for humans and animals. Time preference leads 
people to act in order to receive benefits from their action 
in a time scale they can personally observe and influence. 
People react to incentives and those must be within their 
own reach. Further, assuming the absence of opportunity 
costs, the second variable in discounting, would mean to 
assume a limitless availability of goods or the complete 
fulfilment of human needs. The farmer of Macháč et al. 
(2021) could potentially invest in better machinery instead 
of fertilizers to improve his yield, but maybe he also wants 
to buy a new car (which is more or less recyclable). In a 
world of finite resources, every decision means to miss 
many opportunities, be it other environmental beneficial 
measures or benefits in other fields of interest for humans. 
For example, at a discount rate of zero, a company would 
have “surplus” money and be left with uncertainty regard-
ing how to allocate it. The debate on whether to invest 
now in environmental beneficial measures or to wait until 
better technology could be acquired in higher quantities 
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because of the growing economic capacities resulting from 
economic growth would be over before it ever began. A 
discount rate of zero would negate future economic growth 
and therefore the creativity of people to invent new goods 
and services. According to the Hotelling Theorem, the 
capital-intensive extraction of scarce resources is depend-
ent on the discount rate. A falling discount rate would 
decrease the costs for extraction and therefore lead to 
higher extractions, which is not regarded as sustainable.

Perhaps this had provided some clarity about how 
disregarding discounting would lead to wrong decisions 
based on unrealistic assumptions. However, discounting 
in intertemporal decisions is not an easy task, even when 
considering the financial dimension alone. Research on 
personal discount rates of consumers shows the high influ-
ence of personal factors, many of which the subjects are 
often not fully aware of. For example, a low age and lim-
ited financial knowledge result in high personal discount 
rates (Lahav et al. 2010). Companies regularly use the 
weighted average cost of capital (WACC), the average 
costs of equity and debt, for the derivation of a discount 
rate (Krüger et al. 2015). For several reasons, a declining 
discount rate over time can be assumed. Boucher (2012) 
discussed a discount rate for LCA declining from 3.5 to 
1% after 30 years because of the change from individual 
to intergenerational discounting after that time, as well 
as growing uncertainty. Weitzman (1998) stated that 
exponential discounting would not reflect the real opin-
ion of people regarding the weight of future emissions 
from a certain point of time on. For example, an event in 
300 years would not be less important than an event in 
400 years for them. He also proposed a declining discount 
rate. For long-term impacts, different declining discount 
rates should be calculated, with the lowest discount rate 
being applied as the final one. Fearnside (2002b) intro-
duced a “generation weighted index” where the discount 
rate declines after every generation for four generations.

Limitations

Our perception of the literature about environmental dis-
counting results from an intensive preoccupation with tem-
poral issues in LCA for several years. There may be further 
literature on environmental discounting in other environ-
mental assessment tools that could be extrapolated to LCA. 
Specifically, cost benefit analysis and economic literature 
in general might provide more insights for discounting, 
while this publication is written from a business research 
perspective.

Conclusion and outlook

Practical implications

We illustrated and explained the difficulties and controver-
sies in the field of discounting in LCA. Using two examples 
from the literature, we showed that discounting can be very 
decisive for the outcome of environmental decisions. The 
decision of the application of discounting cannot be avoided. 
A decision for a discount rate of 0% is also a decision that 
should be based on sound reasoning. We further showed that 
the understanding of discounting in LCA is partly contro-
versial when compared with the original discounted utility 
model. We conclude that discounting is a reasonable instru-
ment for helping to make intertemporal decisions between 
certain options which have a different temporal distribution 
of costs and benefits—including environmental ones, too. 
Discounting on the other hand should not weaken temporal 
environmental information before a decision has to be made. 
In other words, it should only be applied in environmental 
decision instruments, but not in environmental information 
instruments (see Fig. 4). Therefore, it is essential that tem-
porally differentiated impact data is provided by LCA to 
enable discounting.

Life Cycle Impact 
Assessment

Purpose of the analysis is informa�on, 
e.g. product declara�ons, footprints, 
documents handed to a customer, 
publica�ons

Purpose of the analysis is a decision
between alterna�ves, e.g. in 
procurement or investments

• No discoun�ng
• Providing temporally resolved

impact data for decision makers

• Discoun�ng at the individual rate of 
the decision maker

• Decision based on u�lity

Fig. 4  Decision tree for the application of discounting in LCA
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Scientific implications

Unless we regard discounting as beneficial for decision 
processes, we did not find any good advice for LCA prac-
titioners and decision makers on how to perform that on 
environmental data. Future scientific work should provide a 
framework for discounting environmental impacts to support 
environmental decisions of organizations. Yuan et al. (2015) 
provided a framework for discounting but concentrated on 
the generation of a temporally differentiated, “discountable” 
inventory. To our knowledge, a framework for the derivation 
of the discount function is missing. We recommend consid-
ering a declining discount function (hyperbolic discounting) 
for long time horizons and considering individual rights to 
utilize parts of the natural capital (as equity) and emission 
rights “borrowed” from others, especially from future gen-
erations (debt), analogue to the WACC for financial capi-
tal. Ethical questions about discounting may be discussed 
further. We showed reasons why discounting should not be 
considered unethical, because (1) in our opinion the defini-
tion of sustainable development concedes a certain degree of 
time preference, (2) discarding time preference would disre-
gard the human nature and would lead to decisions that are 
not accepted, (3) discarding time preference leads to logi-
cal dilemmas, (4) opportunity costs and economic growth 
should be considered in meaningful decisions. Discounting 
is the appropriate tool to address that.
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