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Abstract
In Switzerland, climate policy includes ambitious CO2 emis-
sions reduction targets, and a carbon tax is one of the major 
instruments to achieve them. Currently, about 30 % of carbon 
tax revenue is used to finance energy efficiency and renewable 
energy programs (EEREP), while 70 % is redistributed to the 
energy consumers. The future Swiss climate policy is still under 
discussion, but taken into account current legal and political 
basis it is likely that most or even full amount of carbon tax 
revenue will be redistributed back to energy consumers rather 
than used to finance EEREP. As another energy policy objec-
tive, Switzerland announced the phase-out of nuclear power 
by the 2030s. With a current share of nuclear power generation 
of about 40 %, Switzerland is now searching for solutions to 
replace nuclear energy by energy savings and renewable en-
ergy sources. Against this background, we discuss the potential 
impacts of using the carbon tax revenue for financing EEREP. 
According to our insights, such a policy choice would not only 
allow to achieve a considerable reduction of CO2 emissions or 
electricity demand (approximately doubling the effect of the 
CO2 tax), but it would also lead to other positive socio-econom-
ic impacts. CO2-saving programs could trigger approximately 
40 % higher GDP and 60 % higher employment compared with 
the situation where carbon tax revenue is reimbursed and used 
for general household needs. In the case of electricity-saving 
programs the respective values are approximately 10 % of GDP 
increase and around 25 % higher employment.

Introduction
Carbon taxation has attracted considerable attention from 
policy makers, researchers and other stakeholders due to its 
potentially high cost-effectiveness for emission reduction [1, 
2]. Major research topics nowadays include interactions and 
comparison of carbon tax policy with other policies (for exam-
ple, carbon emissions trading) [3–6]; socio-economic impacts 
of carbon taxation [7–11]; and impacts of carbon taxes on re-
newable energy development and energy consumption [2, 6, 
12]. There is a large body of research on the optimal tax rate 
[2, 4, 13–16], while the question of optimal usage of carbon 
tax revenue received less attention [3, 17–20]. Only few studies 
advocate that carbon taxation is significantly more effective if 
the resulting additional revenues are used to finance energy 
efficiency and renewable energy programs (in the following 
referred to as EEREP) instead of their use for other purposes 
[9, 21]. In practice, we observe different ways to use carbon and 
energy taxes by countries. For example, in Finland, Norway, 
Sweden, the United Kingdom, Ireland, Australia, Canada (Brit-
ish Columbia) and Mexico, carbon tax revenue contributes to 
the government budget or is used for reduction of other taxes 
or for purposes other than climate policy [4, 22]. In contrast, 
carbon tax revenue is partly or fully used to finance renewable 
energy or other climate mitigation programs in Denmark, the 
Netherlands, France, Costa Rica, the USA (parts of Colorado 
and California), Canada (Quebec) and Japan [4, 22, 23]. World-
wide, only about one quarter of carbon tax revenue is used for 
“green” purposes [4].

Swiss climate policy objectives include CO2 emissions re-
duction by 20 % for the country as a whole and by 40 % in 
buildings by 2020 compared to 1990 [24–26]. Carbon tax 
is among the major instruments foreseen for achieving this 
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emissions reduction. Carbon tax is paid by consumers of fos-
sil fuels for heating and process purposes (i.e., households 
and companies) [24, 27, 29]. In the period 2008–2010, carbon 
tax revenue was fully redistributed to the energy consumers. 
Since the adoption of the new CO2 Act in 2011 about 26 % 
of carbon tax revenue has been used to finance EEREP (i.e., 
Programme Bâtiment) and 2 % are assigned to a Technology 
Fund (i.e., Fonds de téchnologie) which supports innovation 
in the field of energy efficiency and renewable energy tech-
nologies [24, 27, 28]. All other carbon tax revenues (approxi-
mately 70 %) are redistributed to the energy consumers [24]. 
The carbon tax rate in Switzerland increased steadily over 
time: from CHF 12/t CO2 in 2008 to CHF 36/t CO2 in 2010, 
and to CHF 60/t CO2 in 2014 [26].1 In 2015, Swiss Federal Of-
fice for the Environment (FOEN) reported that carbon tax rate 
had not been sufficiently effective to achieve the CO2 reduc-
tion targets established by CO2 Act, resulting in a tax rise to 
CHF 84/t CO2 since the 1st January 2016 [29]. The rate may 
be further increased to CHF 120/t CO2 in 2018 [30]. Swiss 
climate policy is not yet defined for the period after 2020 [24, 
26]. The major policy instruments for achieving CO2 emis-
sions reduction are likely to include the continuous increase 
of carbon tax rate and legal obligations for energy consumers 
to implement energy efficiency and renewable energy meas-
ures (further referred to as EEREM) [26]. However, the ef-
fectiveness of carbon tax can be questioned in times of low 
and strongly fluctuating fossil energy prices as nowadays. And 
according to current practice exemptions from legal EEREM 
obligations in Switzerland for technical and economic reasons 
are possible [26]. At the same time, there is not much policy 
support for EEREP: the programs may either continue to be 
financed from a maximum of 30 % of carbon tax revenue or 
they may be gradually abandoned [24, 26]. 

As another energy policy objective, Switzerland announced 
to phase out nuclear power (currently approx. 40 % of total 
power generation [31]) by the 2030s [32]. In this context, the 
country has to find solutions to boost energy savings or renew-
able energy generation in relatively short time frame.

Against this background this paper addresses the question 
whether it is advisable to use carbon tax revenue for financing 
EEREP in Switzerland in order to reach the Swiss climate and 
energy policy targets. It is the objective of our study to esti-
mate the potential decrease in CO2 emissions and electricity 
consumption in Switzerland if the carbon tax revenue, which 
is nowadays redistributed to households and companies, was 
used to finance EEREP. We also aim to evaluate socio-econom-
ic impacts which this policy choice could have in Switzerland. 
We first describe data sources and method used to estimate the 
budget available for financing EEREP, the potential CO2 emis-
sions reduction and electricity savings, as well as impacts on 
GDP and employment. We then present the results and com-
pare them with available estimates of carbon tax impacts, as 
well as Swiss climate and energy policy targets. Finally, we dis-
cuss our results from the policy maker’s perspective.

1. From 2008 to 2016 EUR to CHF exchange rate fluctuated between 0.98207 and 
1.64760, with an average value of 1.07287 [28] XE. Currency Charts (EUR/CHF): 
http://www.xe.com/currencycharts/?from=EUR&to=CHF&view=10Y: XE; 2015.

Methodology and data sources
Swiss climate policy targets include total annual CO2 emission 
reduction by 10.74 million t CO2 in 2020 compared to the 1990 
level, with 6.84 million t CO2 to be saved in buildings [24, 25, 
33]. By 2014, the total emissions had been reduced by 5.01 mil-
lion  t CO2, with buildings contributing most to the savings 
(5.21 million t CO2) [33]. Comparison of the target emissions 
in 2020 with projections according to current policy scenario 
by the Federal Department of the Environment, Transport, En-
ergy and Communications (DETEC) shows a gap of 4.13 mil-
lion t CO2 in total, including 1.74 million t CO2 in buildings, 
that should be addressed by additional policy measures (Fig-
ures 1–2) [24–26, 33].

Swiss energy policy target includes phase out from 26 TWh/
year of nuclear energy by the 2030s (Figure 3) [31, 34].

We estimate the carbon tax revenue and its use in 2008–2016 
based on publically available reports and statistics [27–29, 36, 
37]. We establish the total budget that could theoretically have 
been used for financing EEREP as the amount of carbon tax 
revenue minus expenditure on the Technology Fund. We also 
estimate the budget potentially available for financing addition-
al EEREP (further referred to as additional program budget) as 
the amount of carbon tax revenue minus expenditure on the 
Technology Fund and on Programme Bâtiment.

In order to assess how the alternative use of carbon tax rev-
enue may contribute to the achievement of climate policy tar-
gets, we will study examples of Swiss EEREP that provide one-
time financial incentives for CO2 emissions reduction. With 
regard to energy policy targets, we limit the scope of our study 
to energy-efficiency programs (EEP) that provide one-time fi-
nancial incentives based on electricity savings achieved. We do 
not study electricity-related renewable energy programs as they 
are financed through feed-in tariffs.

We calculate the ratios of CO2 and electricity savings per unit of 
financial incentives based on publically available data and internal 
reports on Swiss EEREP: i)  Programme Bâtiment2 operated 
by Swiss Federal Office of Energy (SFOE) and the cantons [35, 
38], ii) ProKilowatt operated by SFOE which organizes calls for 
tenders among potential future program administrators and 
chooses the most cost-effective proposals [39–41] and iii) the 
éco21 program portfolio operated by Genevan public utility 
company Services Industriels de Genève (SIG) [42]. A brief 
description of the studied programs is given in Table 1. 

We assume that 25 % of program budget is used to cover 
program administration costs, based on data on Programme Bâ-
timent and examples of large-scale energy efficiency programs 
in the USA [35, 43] (respective data on ProKilowatt is not pub-
lically available; we did not consider the cost structure of éco21 
due to relatively small scale of the program). We calculate po-
tential CO2 and electricity savings as the difference between 
total or additional program budget and program administration 
costs, multiplied by the ratios of first-year CO2 and electricity 
savings per unit of financial incentives (in other words, financial 
incentives multiplied by savings per unit of financial incentives).3

2. Building Program in English, Gebäudeprogramm in German.

3. We use first-year CO2 and electricity savings (as opposed to savings over 
lifetime of technical measures) to be in accordance with the climate and energy 
policy objectives of reducing annual CO2 emissions and electricity consumption 
respectively.
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Figure 1. Total CO2 emissions according to current policy scenario 
and CO2 emissions target 2020 (all sectors) [24–26, 33].

Figure 2. Total CO2 emissions according to current policy scenario 
and CO2 emissions target 2020 (buildings) [24–26, 33].

Figure 3. Electricity generation in Switzerland by energy source, TWh [31].

* Sources: [38, 39, 42].

** Non-residential includes industrial, commercial and public sectors.

Table 1. Description of the studied EEREP*.

Program Sub-
program

Focus Period

Programme 
Bâtiment

A CO2 savings through energy efficiency measures in buildings 2010–2014
B CO2 savings through renewable energy measures in buildings 2010–2014

ProKilowatt Programs Electricity savings through energy efficiency measures in residential and non-
residential** sectors (one measure type for multiple consumers).

2010–2014

Projects Electricity savings through energy efficiency measures in residential and non-
residential** sectors (multiple measure types for one consumer).

2010–2014

éco21 Eco-sociales Electricity and CO2 savings in low income households 2009–2015
Communs 
d’immeubles

Electricity savings in common spaces of buildings 2009–2015

Ménages et 
indépendants

Electricity savings in households 2009–2012

Chaleur 
renouvelable

Electricity and CO2 savings in single-family households 2013–2015

Négawatt Electricity and CO2 savings in big consumers (annual electricity consumption 
≥1 GWh/year or fossil fuel consumption for heating and processes ≥4 GWh/
year)

2012–2015

Incitations 
transitoires

Electricity and CO2 savings in big consumers (prior to program Négawatt) 2008–2012

Optiwatt Electricity savings in small and medium enterprises 2010–2015
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In order to evaluate impacts of EEREP on GDP and employ-
ment we use an input-output model developed by Yushchenko 
et Patel for Switzerland [44]. We evaluate both impacts related 
to initial investment (i.e., implementation of EEREM) and to 
energy cost savings (i.e., during post-installation period). In 
this approach, we estimate CO2 and electricity savings over the 
lifetime of the technical measures.4 In order to estimate energy 
cost savings over lifetime of technical measures, we use dynamic 
energy prices according to Swiss and European statistics and 
price projections by Prognos, New Energy Policy scenario 
[32, 45–52]. We use a discount rate of 2.5 %, based on data 
on 10-years Swiss government bonds [53], interest rates for 
households and the private sector [54, 55], and inflation rate 
in Switzerland [56]. As the carbon tax revenue is currently re-
distributed to households and to companies based on the pay-
roll expenditure, we assume that households ultimately benefit 
from carbon tax revenue redistribution. When the carbon tax 
revenue is used to finance EEREP, the households carry the 
costs of EEREP5 and a part of EEREM not covered by financial 
incentives (programme participant contributions), and at the 
same time they benefit from energy cost savings as a result of 
implementation of EEREM.6

Results and discussion

COST-EFFECTIVENESS OF EEREP
Figure 4 shows the values of first-year CO2 savings per unit 
of financial incentives paid by the Swiss EEREP. Overall, for 
CHF  1 of financial incentive paid, 0.32–4.93  kgCO2 were 
avoided per year (1.84 on average, 0.65 first quartile, 2.77 
third quartile values).7 The level of first-year CO2 savings per 

4. We use CO2 and electricity savings over the lifetime of technical measures (as 
opposed to first-year savings) to evaluate overall macroeconomic impacts, related 
to both initial investment and energy cost savings.

5. In this case, the households do not receive carbon tax reimbursement and are 
not able to spend this money on other goods and services.

6. This hence reduces the energy bills of households, allowing them to purchase 
of other goods and services.

7. Average values are calculated as arithmetic mean of annual values by the sub-
program of the studied EEREP (Table 1). No weighting is applied with regard to 
program scale; but the results are determined by the number of data points, which 
is superior in case of éco21 compared to Programme Bâtiment and ProKilowatt.

unit of financial incentives is higher in the case of éco21 com-
pared to Programme Bâtiment. 

The ratios of first-year electricity savings per unit of financial 
incentives paid by Swiss EEP are presented in Figure  5. For 
CHF 1 of financial incentive paid, 0.63–9.10 kWh are saved 
per year (3.73 on average, 1.75 first quartile, 5.27 third quar-
tile values). The level of first-year electricity savings per unit of 
financial incentives is in the similar range in the case of éco21 
and ProKilowatt programs.

To obtain deeper understanding of the difference in cost-
effectiveness of Swiss EEREP (Figures 4–5) we calculated the 
ratios of financial incentives per unit of CO2 and electricity sav-
ings over the lifetime of technical measures by type of technical 
measure (where data is available) [35, 40, 41]. We saw that 
the programs make different assumptions about the lifetime 
of technical measures, with generally longer lifetimes being 
assumed in the case of Programme Bâtiment and ProKilowatt 
compared to éco21. Nevertheless, the amount of financial in-
centives paid per unit of CO2 or electricity savings over the 
lifetime of technical measures is lower in éco21. For example, 
for windows, Programme Bâtiment pays CHF 74/t CO2 over 
the lifetime of technical measure (37 years), while éco21 pays 
CHF 18/t CO2 over the lifetime of technical measure (22 years). 
In the case of lighting, ProKilowatt pays ctCHF  5.15/kWh 
over the lifetime of technical measure (16 years), while éco21 
pays ctCHF 4.02/kWh over the lifetime of technical meas-
ure (9 years). When evaluating potential impacts of EEREP, 
it is important to take into account that the financial incen-
tives vary depending on the desired participation level and 
availability of other types of support provided by program 
administrator (e.g., energy advice, other non-financial incen-
tives). As further explanatory factors, the characteristics of 
the technical measures (e.g. thermal insulation in Programme 
Bâtiment versus éco21) may differ. It should also be noted that 
EEREP with lowest financial incentives may ultimately not be 
the most effective because low financial incentives may poten-
tially increase the share of free-riders, as they are not helpful 
to consumers who actually face financial constraints for im-
plementation of EEREM [57]. The level of financial incentives 
may also differ depending on the program focus. For example, 
in a low-income household program Eco-sociales the level of 
financial incentives paid per unit of electricity savings over 

Figure 4. First-year CO2 savings per unit of financial incentives 
paid by Swiss energy programs.

Figure 5. First-year electricity savings per unit of financial 
incentives paid by Swiss energy programs.
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the lifetime of technical measures is by nearly 2 up to 22 times 
higher than in the other éco21 programs.

Given the high variation in the values of CO2 and electricity 
savings per unit of financial incentives, we choose to work with 
average, first and third quartile values of these parameters, and 
our results should therefore be interpreted as indicative.

CARBON TAX REVENUE AND USE
Estimates of carbon tax revenue and use are presented in Fig-
ure 6. In 2008–2016 approximately CHF 6.2 billion of carbon 
tax were collected (i.e., total budget accounted in our study), 
of which CHF 1.6 billion was used to finance Programme Bâti-
ment, CHF 0.1 billion were transferred to the Technology Fund 
and CHF 4.4 billion were redistributed back to energy con-
sumers. Additional program budget is equal to CHF 4.5 bil-
lion which accounts for carbon tax revenue received minus 
redistributed to Programme Bâtiment and the Technology 
Fund.8

EVALUATION OF POTENTIAL CO2 AND ELECTRICITY SAVINGS9

By combining the total budget of CHF 6.2 billion (Figure 6) 
with the average, first and third quartile values of first-year 
CO2 and electricity savings per unit of financial incentives (Fig-
ures 4–5), we obtain an estimate of the cumulative potential 
CO2 and electricity savings from 2008 to 2016, if all carbon 

8. There is a 3  % difference between additional program budget accounted in 
the study (CHF 4,478 million) and the sum of carbon tax revenue redistributed 
back to energy consumers (CHF 4,356 million). According to our understanding 
this is due to the fact that not all carbon tax revenue collected was redistributed 
(CHF 6,162 million received vs. CHF 6,040 million redistributed back to energy 
consumers, Programme Bâtiment and the Technology Fund).

9. In the sections “Evaluation of potential CO2 and electricity savings” and 
“Socio-economic impacts of additional EEREP” we evaluate the effects of using 
carbon tax revenue for financing EEREP (as opposed to redistributing carbon 
tax revenue back to energy consumers). We do not evaluate the direct effects of 
carbon tax (i.e., the fact of having the tax, impact of tax rate) on energy consump
tion.

tax revenue in 2008–2016 had been used to finance CO2 and 
electricity-saving programs respectively (Figures 7–8).10

We estimate the potential CO2 savings at about 8.1 million t 
CO2 saved annually by 2016, with first and third quartile values 
of 2.9 and 12.2 million t CO2 respectively (accounting for the 
difference in cost-effectiveness; Figure 4).11 The average value 
represents about 75 % of all CO2 emissions to be reduced in 
Switzerland from 1990 to 2020 (10.7 million t CO2) and about 
118 % of building emissions to be reduced within the same pe-
riod (6.8 million t CO2) [24–26, 33]. This high percentage indi-
cates a substantial leverage of using CO2 tax revenue for EEREP.

Recently, two evaluations of the impacts of current carbon 
tax in Switzerland (with reimbursement of the tax revenue 
to energy consumers) were published [58–60], according to 
which carbon tax allowed to save between 2.4  and 5.4  mil-
lion t CO2 annually by the year 2013 (Figure 7), with the lower 
value tending to be underestimated and the upper value being 
overestimated [58]. According to our estimates, the full use of 
carbon tax revenue for financing EEREP from year 2008 until 
2013 could result in similar cumulative potential CO2 savings 
as the effect of the carbon tax, i.e. it could approximately abate 
4.2 million t CO2 per year on average (Figure 7). Combining 
the effect of the carbon tax with the full use of the carbon tax 
revenue for financing EEREP could therefore allow to increase 
the impact of the carbon tax at least by a factor of 2.

If the full carbon tax revenue 2008–2016 were used to fi-
nance electricity-saving programs, this could result in about 
16.4 TWh saved annually by the year 2016 on average, with first 
and third quartile values of 7.7 and 23.1 TWh/year respectively 
(accounting for the difference in cost-effectiveness; Figure 5). 
This average quantity represents about a quarter of all power 

10. Here, we take the sum of total budget for the purpose of comparing effec-
tiveness of EEREP and carbon tax. Further, we will study potential contribution of 
additional EEREP with regard to Swiss climate and energy policy targets by using 
additional program budget in calculations.

11. These results account for 25 % of total budget to be used to cover program 
administration costs and 75 % to pay financial incentives.

Figure 6. Carbon tax revenue and use (compiled based on [27, 35–37]).
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generated in Switzerland or about 60 % of nuclear power gen-
eration (Figure 3).12

In the following we make similar comparisons as above but 
instead of basing them on the total budget of CHF 6.2 billion 
we assume only the additional program budget of CHF 4.5 bil-
lion (Figure 6). In combination with the average, first and third 
quartile values of first-year CO2 and electricity savings per unit 
of financial incentives (Figures 4–5), we obtain an estimate of 
potential additional CO2 and electricity savings. According to 
these estimates, additional EEREP could result in about 6 mil-
lion t CO2 saved annually by the year 2016 on average (with 
first to third quartile range of 2.1–9.0  million  t CO2). This 
covers climate policy target gap with regard to total emissions 
(4.13 million t CO2, Figure 1) by about 145 %. Climate policy 
target gap in buildings (1.74 million t CO2, Figure 2) could be 
covered by at least 120 % if all CO2-saving measures were im-
plemented in this sector. It should be taken into account that 
additional CO2 savings are estimated based on the example of 
EEREP programs that cover about a quarter of EEREM costs13 
with financial incentives [35]. The rest of the costs are covered 
by program participants (i.e., energy consumers implement-
ing EEREM). Such an approach has limitations for the build-
ings sector in Switzerland due to a high number of tenants 
(over 60 %) and legal constraints prohibiting building owners 
to transfer the costs of EEREM to the tenants or recover the 
benefits from energy bills reduction [61, 62]. Under these cir-
cumstances, energy contracting could be a more efficient al-
ternative compared to financial incentives. Nowadays, energy 
contracting is not a common practice in Switzerland. Carbon 
tax mechanism could be used to boost this type of activity, e.g. 
by facilitating capital access for contracting projects.

If the additional program budget was used for electricity-sav-
ing programs, it could result in about 12.1 TWh saved annually 
by the year 2016 on average (first to third quartile values of 

12. The latest available data on nuclear power generation (for 2014) is used as 
basis for our comparison with the calculated cumulative potential electricity sav-
ings in 2016; this is justified in view of the continued operation of the Swiss nuclear 
power plants.

13. Costs of equipment and installation services.

5.7–17.1 TWh/year). The estimated average amount of elec-
tricity saving is equal to 46 % of nuclear power generation in 
Switzerland in 2014. Two factors should be taken into account 
when interpreting these results. First, the electricity sector in 
Switzerland is interconnected with European markets. There is 
about an equal volume of domestic electricity production and 
import in the current consumption mix [52]. Second, power 
load of nuclear stations is constant. Therefore, electricity sav-
ings achievable by additional EEP would impact the electricity 
sector as a whole, and not directly lead to reduction in nuclear 
power generation. 

To summarize, the use of the carbon tax revenue for financ-
ing EEREP would offer significant additional CO2 and electric-
ity savings compared to the Switzerland’s current policy mech-
anism. While EEREP are sometimes criticized for the free-rider 
effect [57], this argument seems less relevant for Switzerland 
because the CO2 tax revenue would otherwise anyway have 
been reimbursed. There could be various distributional effects, 
however, which call for further research. 

SOCIO-ECONOMIC IMPACTS OF ADDITIONAL EEREP
Table 2 presents our estimates of potential socio-economic im-
pacts of EEREP if they were financed from additional program 
budget (CHF 4.5 billion; Figure 6).14 These results were calcu-
lated with an input-output model developed by Yushchenko et 
Patel for Switzerland [44].

In case of CO2-saving programs we apply a conservative ap-
proach by assuming the same cost structure as in the case of 
Programme Bâtiment (more expensive than éco21; Figure 4). 
Envelope and energy supply solutions represent respectively 
60 % and 40 % of EEREM implemented [35].15 In the case of 
envelope solutions about 0.34 kg CO2 are avoided per CHF 1 of 
financial incentives paid, financial incentives cover 26 % of EE-
REM costs of these envelope solutions [35]. In the case of en-
ergy supply solutions (more efficient heating/cooling) approxi-

14. As explained above, we assume that additional EEREP support EEREM in the 
residential sector.

15. Envelope and energy supply solutions correspond to EEREM measures sup-
ported within sub-program A and B of Programme Bâtiment respectively.

Figure 7. Cumulative potential CO2 savings by EEREP (with use 
to total budget) compared to the impacts of CO2 tax and climate 
policy targets.

Figure 8. Cumulative potential electricity savings by EEP (with 
use of total budget) compared to the energy policy target.
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mately 0.94 kg CO2 are saved per CHF 1 of financial incentives 
(Figure 4), with financial incentives covering 22 % of EEREM 
costs [35]. With the abovementioned hypotheses, the estimated 
impacts of additional EEREP would be CHF 6 billion of net 
benefits to households (i.e., energy cost saving minus program 
administration and EEREM costs). Net GDP increase would be 
about CHF 7 billion, which is +43 % compared to the reference 
case scenario (i.e., if the carbon tax revenue was redistributed 
back to energy consumers who used it according to standard 
household consumption pattern). The net impacts on employ-
ment would be about 62,000 jobs in full-time equivalent, which 
is +61 % compared to the reference case scenario. 

Electricity-saving programs ProKilowatt and éco21 are 
similar with regard to their cost-effectiveness (Figure 5). For 
our calculations we assume an average value of 3.46  kWh 
per CHF 1 of financial incentives paid, with financial incen-
tives covering 22 % of EEREM costs. About 40 % of EEREM 
measures concerns lighting, the remainder includes heating 
equipment (17  %), domestic appliances (16  %), pumps and 
compressors (7 %), and other types of measures (less than 6 % 
for each category). Additional EEREP could result in about 
CHF 6.7 billion of net benefits to households. It could gener-
ate about CHF 2 billion of net GDP (+11 % compared to the 
reference case scenario) and a net employment effect of about 
31,000 jobs in full-time equivalent (+26 % compared to the ref-
erence case scenario). 

The socio-economic benefits are higher in the case of 
CO2-saving EEREP compared to electricity-saving programs. 
This can be explained by a longer lifetime of technical measures 
as well as the fact that fossil fuels used for heating are imported, 
while a significant part of electricity supply originates from do-
mestic generation [44].

LIMITS OF THE STUDY AND PROSPECTS FOR FURTHER RESEARCH
We use a simple approach in this paper, assuming that total 
amount of carbon tax revenue currently redistributed to house-
holds and companies is used to finance either carbon or elec-

tricity saving programs, and that cost-effectiveness of these 
additional programs is equal to the cost-effectiveness of the 
existing EEREP in Switzerland. We use this approach for illus-
trative purposes as the use of carbon tax revenue is rarely dis-
cussed by academia or policy-makers. In practice it is a matter 
of political decision whether to use the carbon tax revenue for 
increased funding of EEREP and if so, to what extent. And it is 
up to program administrators how they design their programs 
and use the program budget in general.

In order to perform more accurate estimates on how carbon 
tax revenue can be better used for achieving climate and energy 
policy targets in Switzerland, one should account for CO2 and 
energy-saving potentials by sub-sector (e.g., multifamily hous-
es, restaurants) and type of technical measure (e.g., lighting, 
compressors). It is also important to account for barriers that 
limit feasibility and slow uptake. How many consumers can be 
actually attracted to participate in EEREP per year (taken into 
account current equipment stock, achievable level of awareness 
about the energy programs, consumer willingness and financial 
opportunities to spend on EEREM)? How many EEREM can be 
actually implemented by year (taking into account the number 
of energy service companies on the market)?

When evaluating potential impacts of EEREP, it is important 
to remember that financial incentives are not the available only 
instrument. Apart from energy contracting discussed above, 
program administrators can run awareness campaigns for 
households, support implementation of energy management 
in companies and public sector, as well as provide trainings for 
energy managers, ESCOs and installers. These measures can 
contribute both to enhanced deployment of renewable energy 
and implementation of energy saving measures.

Other potential impacts of EEREP should be taken into ac-
count as well. For example, EEREP can potentially contribute 
to decreasing costs of equipment and improving quality of in-
stallation services as a result of a higher rate of implementation 
of EEREM. There may also be spill-over effects when EEREP 
increase awareness and social acceptance of certain technolo-

* Electricity-saving EEREP in Switzerland do not result in CO2 savings due to the overwhelming share of hydro and nuclear power (together 
about 95 %) [52].

Table 2. Socio-economic impacts of additional EEREP.

  CO2 saving 
programs

Electricity-saving 
programs

Incremental energy impacts

Cumulative first-year CO2 savings, million t CO2 1.96 0.00*

Cumulative first-year final energy savings, GWh 7,790 11,610

Incremental costs

Program costs (financial incentives + program administration), million CHF 4,480 4,480

Costs for program participants (costs of EEREM minus financial incentives), million CHF 9,556 11,122

Incremental benefits

Energy cost savings for participants, million CHF 20,050 22,950

Net GDP, million CHF 7,187 2,047

GDP change 1.43 1.11

Net employment, FTE 61,900 30,600

Employment change 1.61 1.26
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gies and these technologies become more easily adopted by en-
ergy consumers even without financial or any other incentives. 
In contrast, one should also account for potential rebound ef-
fects and increased marginal costs of CO2 and electricity-saving 
measures (the most cost-effective potentials may gradually be 
used up and cost level could increase at one point). There may 
be conflicts between carbon- and energy-policy targets (e.g., 
saving CO2 by replacing fossil fuel-based boilers by heat pumps 
leads to increased electricity demand). Also, there could be dis-
tributional impacts on households and companies if a lower 
share of the carbon tax is redistributed to them. In the case 
of Switzerland, these impacts would be rather insignificant: in 
2016 households received about CHF 62.5/person of carbon 
tax refund, which accounts for only about 0.1  % of median 
gross annual wage [63].

Conclusions
Our results show that the implementation of a carbon tax at a 
given tax rate has approximately the same effect on CO2 emis-
sions reduction as an EEREP with a funding volume equivalent 
to the CO2 tax revenue. While this finding does not provide 
strong arguments for one or the other approach, it is important 
to realize that use of carbon tax revenue for financing EEREP in 
Switzerland could at least double the overall policy impact and 
hence make a significant additional contribution to achieve-
ment of Swiss climate and energy policy targets. According to 
our estimates, if carbon tax revenue currently redistributed to 
households and companies in 2008–2016 had been used to fi-
nance CO2-saving EEREP, it could have resulted in about 6 mil-
lion t CO2 saved per year by 2016, or about 145 % of the gap be-
tween 2020 emissions projected according to the current policy 
tendency scenario and 2020 target emissions. If this money had 
been used to finance electricity-saving EEP, it would have al-
lowed to save about 12.1 TWh/year by 2016, which is equal to 
46 % of the volume of nuclear power generation in Switzerland 
nowadays. It should also be noted that the cost-effectiveness 
of the various EEREP considered differs very substantially, in-
dicating that a smart design of EEREP may allow to reach the 
same energy and climate policy goals at lower cost.

Using carbon tax revenue for EEREP can be seen as alterna-
tive or complementary measure to future increase of carbon tax 
rate. This is of particular importance given low price elasticity 
of heat demand [64, 65] and the fact that in practice carbon tax 
rate increase can be limited for various political reasons, which 
are not necessarily in accordance with economic reasoning of 
setting the tax rate to a sufficiently high level to achieve emis-
sion reduction goals [66, 67].

Our study represents a contribution to the current body of 
knowledge on carbon tax as we raise the question of how to 
better use carbon tax revenue, a question that has so far not 
received enough attention of academia and policy-makers. We 
use a simple approach to illustrate that there are alternatives to 
setting ever-higher carbon tax rates. Instead, the currently re-
imbursed carbon tax revenue can be used to support other pol-
icy mechanisms such as EEREP and consequently, have wider 
impacts on energy consumption. The results of this study can 
be of interest for other locations than Switzerland, as carbon tax 
exists in many countries while only some of them use the tax 
revenue to finance EEREP.

In practice, it is a matter of political decision whether to in-
crease the share of carbon tax revenue to be used for financing 
EEREP in Switzerland. There is uncertainty about the social 
acceptance of this measure, as contrary to redistributing car-
bon tax revenue to households and companies, not everybody 
will benefit from financial incentives offered by EEREP [68, 
69]. This barrier may be partially mitigated by greater em-
phasis on residential (and especially low income households) 
programs. And a relatively low level of carbon tax rate nowa-
days, which results in a small sum of tax revenue redistributed 
per person per year, could be seen as another alleviating fac-
tor. Another important argument is that using carbon tax rev-
enue to finance EEREP can also bring benefits to households 
and the economy as a whole. CO2-saving programs could 
trigger approximately 40 % higher GDP and 60 % higher em-
ployment compared to the situation when carbon tax revenue 
is reimbursed and used for general household needs. In the 
case of electricity-saving programs the respective values are 
approximately 10 % of GDP increase and around 25 % more 
employment.

If it is found politically and socially acceptable to use a higher 
share of the carbon tax revenue for financing EEREP, an equi-
librium should be found with regard to financing different pro-
grams in order to maximize goal achievement of the various 
policy targets (e.g., CO2 emissions reduction versus electric-
ity generation reduction). EEREP could ultimately be used as 
tools for development of smart energy systems in which elec-
tricity, heat and transport networks are mutually coordinated 
in order to exploit synergies and assure maximum efficiency 
of the processes [70]. EEREP may also be designed to support 
energy contracting, offering a gradual transition towards more 
market-oriented approaches. 
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