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ABSTRACT 

Policy evaluations in energy efficiency are used for a variety of purposes. Each of which requires 
different methods to be used in quantitative accounting of savings. In broad categories, savings can be 
stated in annually recurring savings or in summed up values over larger time spans, with or without 
adjustments for effects. For that reason, it is far from trivial to define targets and methodological 
requirements for evaluation concisely. 

This paper presents four quantitative accounting methods as used in the evaluation of the 
German federal Energy Efficiency Fund (EEF), which consists of a wide variety of policy measures. The 
stated accounting methods are the new annual savings, the cumulated annual savings, the periodically 
cumulated savings and the lifetime savings. They can yield results that are different by a possibly high 
factor depending on the investment’s lifetime and other characteristics. And while each of the methods 
is justified to be used in a policy context, the accounting method should be clearly defined and described 
in the evaluation study in order for the reader to be able to interpret results the right way and make 
informed decisions.  

In addition, values can be stated as gross values before or net values after effect adjustments for 
each of the four mentioned accounting methods. In this respect, the free-rider effect and its calculation 
methods are closely analysed. Summed up, evaluation, as it is performed in the EEF, can yield eight 
different results from the same input data. The paper presents both the theory of the accounting methods 
as well as their policy implications. Results are taken from a subsidised credit programme in support of 
investment in waste heat reduction and utilisation from the EEF.  

The paper systematically shows how different methodologies can lead to very different results 
and illustrates how strong the influence of the evaluation methodology can be onto the political outcome 
and the stated degree of target achievement. It puts the presented methods into context using policy 
examples, which require each method’s results. 

1. Introduction 

 This paper starts with a thought experiment. In 2015, the German government ratified the Paris 
agreement and committed itself to reduce its yearly greenhouse gas emissions. To achieve this, it sets 
itself a reduction target for yearly energy consumption until 2020. In 2012, a financial incentive 
programme for cross-cutting technologies in industry has been implemented. In 2016, a programme for 
waste heat reduction in industry was added. In 2018, an evaluation of energy efficiency programmes is 
performed. It should give information about target achievement for the set target until 2020. How far 
have we come until now? How has the programme developed since it was first established? How will 
measures perform in the future, possibly after the end of the lifetime of the supported measures? How 
much energy and greenhouse gases have been saved by supported measures to date? But, how can we 
compare the two programmes that have started up in different years? Should we calculate savings until 
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the end of each measures’ lifetime? And, finally yet importantly, is the policy even responsible for the 
savings so that the spending of tax money is justified? 
It is obvious that not all of these questions can be answered with one single accounting method.  

That is what this paper sets out to discuss on the example of the evaluation of the Energy 
Efficiency Fund (EEF), a broad-range funding scheme by the German Federal Ministry of Economic Affairs 
and Energy (BMWi) that was first started in 2011 and has since grown to almost half a billion Euros in 
2018. The two programmes mentioned above, cross-cutting technologies and waste heat in industry are 
two of the larger policies financed by the EEF. The exemplary data in this paper are taken from the 
evaluation of the waste heat programme, a subsidised credit line administered by the development bank 
KfW. A more detailed analysis of the evaluation of the KfW waste heat programme including micro-level 
evaluation of energy savings concepts can be found in Voswinkel, Grahl and Rohde (2018, forthcoming). 
The presented accounting methods are the first-year savings, the cumulated annual savings, the 
periodically cumulated savings and the lifetime savings. Next to these four methods, values can be stated 
in gross and net terms. Net effects describe the causality of the policy for the outcome. Hence adjustments 
for free-rider and other effects must be applied. This takes the number or different results up to eight, 
and they are, as the title indicates, all correct. However, while first-year savings and cumulated annual 
savings are yearly recurring savings, periodically cumulated and lifetime savings are not recurring. With 
lifetimes of e.g. 20 years, the value for lifetime savings can be 20 times as high as the cumulated annual 
savings. Although theoretically the units for recurring savings are stated as “per year”, often times, 
statements are not clear and the numbers cannot be compared. Another problem in reality is the missing 
statement of final energy and primary energy savings. This information is often missing in evaluation 
reports and studies. This leads to a problem in evaluation practice. The methodology of savings accounting 
is often not explicitly stated in evaluation studies and reports either, a problem discussed in detail in this 
paper. This is particularly problematic due to differing methodological requirements in national or 
international reporting obligations. Hence, comparison between studies and between policies on national 
as well as international levels is very difficult (Broc, Guermont, & Deconninck, 2017). An incomplete 
statement of accounting methodology can lead the reader to interpret the policy from being very 
successful, if the number was calculated using the cumulated annual savings and is recurring yearly for 
the whole 20-year lifetime, to being very unsuccessful, if the number represents total savings until the 
end of this lifetime. 

Part 2 presents the methodology with section 2.1 presenting the accounting methods and section 
2.2 detailing the methodology for effect adjustments. Part 3 finally applies the methodologies to real life 
data from the evaluation of the waste heat programme to present results. Part 4 draws a conclusion. 

2. Methodology 

The energy efficiency support strategy of the government is based on targets to be achieved. An 
exemplary target is the exploitation of energy savings potentials. In the evaluation of the Energy Efficiency 
Fund (Fraunhofer ISI et. al, 2018, upcoming), the target achievement is based on predefined precise 
indicators. Hence, for example, an indicator for the mentioned target is the reduction of final and primary 
energy consumption. The quantitative indicators in the evaluation are bundled in three groups. The first 
(group A) being the target achievement containing gross savings values. Group B investigates the policy 
effectiveness, the degree to which the policy is causal for the outcome. This category makes use of effect 
adjustments described in Section 2.2, to generate net values. Finally group C monitors the economic 
efficiency of the policy. It relates savings data to financial inputs. Table 1 shows selected policy targets 
and the assigned quantitative indicators. Results are only presented for group A and B in section 3. 
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Table 1: Select targets and indicators. Source: Schlomann, et al. 2017, own representation 

2.1. Savings accounting 

This section presents four savings metrics: the first-year savings, the cumulated annual savings, 
the periodically cumulated savings and the lifetime savings. They are then put into perspective with an 
example of the policy implications. Figure 1 illustrates the savings methods for a generic highly efficient 
appliance with a lifetime of 5 years and yearly savings of 10 energy units, with one new appliance installed 
each year. The numbers are small for illustration purposes. All presentations of accounting methods will 
reference Figure 1. 

 
Figure 1: Accounting methods illustrated for a generic appliance with lifetime of 5 years and yearly savings of 10 energy units. 

 Apart from the graphical illustration, savings metrics will be stated in formal terms. Table 2 lists 
all items in the equation with a short description. 
Table 2: List of formal equation items 

t=0 Current evaluation year (end of the year)  Si,t First year savings in year t from 
measures from year i. N Calculation period (e.g. 2012 to 2014 → N=3) 

T Lifetime of the measure Ct Cumulated annual savings 
i index for the year when the measure was 

implemented 
Pt Periodically cumulated savings 
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savings per highly efficient appliance
(10 energy units)

Lifetime savings from measures implemented 2012 to 2014

First-year savings in 2016 from measures implemented 2016

cumulated annual savings 2019 from measures implemented 2015 to 2019

periodically cumulated savings 2015 from measures implemented 2012 to 2015

Policy Target Indicator 

A. Target achievement 

Contribution to the achievement of climate 
protection targets 

Greenhouse gas reduction (t CO2-eq.)  

Exploitation of energy savings potentials  Reduction of final and primary energy consumption  
(MWhfinal and MWhprimary) 

B. Effectiveness 

Net values for quantitative indicators after adjustment for effects (free-rider, spill-over)  

C. Economic Efficiency  

Funding efficiency (perspective: funding 
body) 

GHG - funding efficiency (t CO2-eq./EUR of funding] 
Energy-funding efficiency (MWhfinal/EUR of funding] 
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j index for the year for which the energy savings 
are accounted  

Lt Lifetime savings 

First-year savings 
This method is the basis for all of the others. It sums up the yearly savings of all measures that 

were implemented in a given year. In formal connotation, the first-year savings are stated as Si,t . Savings 
from measures implemented in year i that are realised in year t. In Figure 1 above, the first-year savings 
S2016,2016 are marked in dark blue in the upper block of year 2016. For the generic appliance, that means 
that the measure was implemented in year i=2016 and in its first year (year t=2016) delivered savings of 
10 energy units. Si,t=10 e.u. 

First-year savings can be a suitable measure for the evaluation of the development of a policy 
over time by comparing savings between years, in case the policy promotes always the same type of 
actions that have similar lifetimes. For policies that promote several types of actions with very different 
lifetimes, the mix of measures and their corresponding lifetimes can vary strongly from year to year. In 
this case, looking at trends in the first-year savings could lead to misinterpretations. For example, it is 
possible to have high first-year savings, but which are stemming from a mix of actions that has a shorter 
average lifetime, thereby potentially delivering less savings overall. 

Cumulated annual savings 
 Most policies operate over a period of several years, but savings from implemented measures are 
recurring at least until the end of the appliance’s lifetime. Behavioural impacts related to learning 
processes as well as follow-up investments due to market transformation effects may last a lot longer. 
The cumulated annual savings are the sum of all the annual savings achieved in a given year, 
independently of the year when the related measures were implemented, as long as the appliance’s 
lifetime has not yet ended. The cumulated annual savings in year 2017 for a policy that started in 2016 
are all savings in 2017 from measures implemented in 2016 plus those from measures implemented in 
2017. In long running policies that are evaluated after the lifetime of the first implemented measures have 
ended, those measures are not part of the cumulated annual savings anymore. In formal terms, the 
cumulated annual savings are given by Ct in equation 1 where N is the calculation period (e.g. 2016 to 
2017 -> N=2): 

 
In the illustration in Figure 1, the cumulated annual savings in 2019 are shown in green in the 

upper blocks of 2019. In this example the area represents yearly savings added up from measures 
implemented in 2015 to 2019. 2015 as the first implementation year can be read from the left bound of 
the row of the lowest square marked in green. Measures implemented before 2015 are already past their 
lifetime. For illustration purposes, additional rows for measures from 2017 and onwards are not shown in 
the figure.  

In the German Energy Efficiency Fund, policy targets are defined in terms of cumulated annual 
savings in a given year. The waste heat programme aims at achieving greenhouse gas emissions savings 
of one million tonnes CO2-equivalent per year in the year 2020 (BMWi, 2017). The cumulated annual 
savings are yearly recurring savings. In order to interpret this value for a long-run analysis, assumptions 
have to be made about the savings effects of the policy after a supported appliance’s lifetime. It is unclear 
whether they will continue to deliver savings or will be replaced with a less efficient technology again 
afterwards. In another scenario, the policy may have contributed in a shifting market after the appliance’s 

1 

𝐶𝑡=0 =  𝑆𝑖 ,𝑡=0

𝑡=0

𝑖=−𝑁
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lifetime so that a less efficient technology is not available anymore. However, this discussion is subject to 
further research and not part of this paper. 

Periodically cumulated savings 
The periodically cumulated savings are a method for a status quo statement capturing a particular 

timeframe. It presents the total amount of savings that have been realised over a given period (noted N 
in Table 2). In the illustration in Figure 1, they are given in orange in the left half. They add up all savings 
generated in the first year of analysis with the savings of each following year until the year of analysis. In 
formal terms they are equal to the sum of all cumulated annual savings until the year of analysis. 

 
Periodically cumulated savings can be used if targets are e.g. defined as a carbon budget. The IPCC 

estimates that the world has a carbon budget of about one trillion tonnes of carbon that can be emitted 
into the air in total since the industrial revolution in the mid to late 19th century to meet the 2°C target. 
As of the year 2011, about 52 percent of that budget has already been used (IPCC Working Group III, 
2014). To quantify the amount of carbon that the policy has prevented from being emitted, periodically 
cumulated savings are a suitable metric. It is a non-recurring metric stating absolute terms. It furthermore 
does not account for any future savings. The EU Energy Efficiency Directive (EED) sets an energy savings 
target for 2020 stated in total values. Article 7 requires member states to set national targets and report 
their degree of target achievement. In that report, savings have to be stated states in periodically 
cumulated values (European Union, 2012, Annex V).  

Lifetime savings 
Lifetime savings are different from periodically cumulated savings by accounting for future savings 

from already implemented measures till the end of their lifetime under the assumption that the appliance 
remains in operation until the end of its lifetime. Its calculation does not need any non-technical 
assumptions as to how savings will progress in the future except the above mentioned assumption of 
retention of operation so that the lifetime of the savings is equivalent to the lifetime of the appliance. It 
states all savings that a measure will have throughout its entire lifetime independent from the time of 
analysis. The lifetime savings of all measures implemented until the time of analysis are added up. Figure 
1 illustrates lifetime savings as the rasterised area in the lower part. They show the lifetime savings from 
measures implemented over 2012-2014. The measure does include future savings, although only of those 
measures that have already been implemented over the period under evaluation. In formal terms, it is 
given by Lt with T being the weighted average lifetime of the measures in the programme (assuming this 
average remains the same over time, i.e. no change in the mix of implemented measures).  

 
Lifetime savings are most suitable for a technology evaluation. They facilitate comparisons of 

technology options with different lifetimes and therefore different overall savings. In comparison, 
measures with a longer lifetime will be evaluated more favourably by this metric. It is suitable for 
evaluation of past, present and future savings of a given measure. In the end of a policy, lifetime savings 
allow for a more holistic evaluation of the savings attributable to the policy. Lifetime savings are stated in 
absolute non-recurring terms and used in budgetary views of emissions or energy consumption. Since 
lifetime savings are including future savings, it is most important to unmistakably and transparently state 
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the accounting metric. As comparisons between lifetime savings and other metrics are not possible and 
can be misleading towards an overestimation of a programme’s success. 

2.2. Effect Adjustment 

The doubling of the four methods presented in the previous section to eight correct results are 
finally due to effect adjustments leading to gross and net values. The distinction accounts for the causality 
of savings. To what degree has the policy caused the savings compared to which savings would have 
occurred in the absence of the policy? This “what-would-have-been” scenario is called the baseline or 
counterfactual. In evaluations, it is normally not possible to know what would have happened in the 
absence of the policy. That is why the counterfactual has to be estimated (Violette & Rathbun, 2017). Net 
values are the gross values subtracted by the counterfactual. The question whether gross values or net 
values are more appropriate for target achievement is controversial in the policymaking process. In terms 
of justification for the spending of public money for the policy, it is important to state what savings have 
actually been generated by the policy. Free-riders are in this view wasted investments and therefore not 
counted, so net effects are taken as benchmark. However, the underlying goals and targets of policies, 
the transformation of the economy towards climate neutrality and a reduction or halting of climate 
change are not distinguishing between the actual causes of the savings, any amount of emissions that is 
saved is doing its part. Hence, gross values are just as well appropriate for evaluation. The conflict line can 
therefore very well lie between the underlying goals on a global level and the micro level of policy 
implementation and financing. Different evaluations therefore give priority to one or the other value. The 
range of different accounting methods and gross or net values can give policymakers the opportunity to 
employ the value that best fits their political agenda. Therefore, a thorough methodological statement is 
key to a transparent policy evaluation. The Energy Efficiency Fund states both gross and net values for 
each result so satisfy requirements of different branches of politics. For the calculation of net results, 
there is a wide range of effects that can be considered ranging from free-rider effects, through spill-over 
effects and interaction effects to rebound effects, to name a few. The waste heat programme employs 
adjustments for two effects, the free-rider effect and the spill-over effect. The former calculates the 
percentage of all savings that would have occurred also if the programme had not existed. They are 
subtracted from the gross values. The spill-over effects are savings that are occurring as a result of the 
programme but are not directly covered by it. For example the usage of the programme of one branch of 
a company makes the management interested in energy efficiency so investments in further measures 
are implemented. Spill-over effects are added to the gross data. Due to limited data availability and 
difficulties in quantitative calculation methodologies, other effects are not explicitly calculated in the 
waste heat programme evaluation. The overarching evaluation of the entire energy efficiency fund 
additionally accounts for interaction effects between the single policies subtracting savings that have been 
accounted in more than one policy from the added up savings of the fund. 

Summing up, net values are calculated by subtracting free-rider effects from gross values and 
adding spill-over effects according to the following equation with S being savings, so[%] the spill-over 
effect in percent and fr[%] being the free-rider effect in percent. Figure 2 illustrates the adjustments. 

𝑆𝑛𝑒𝑡 = (1 + 𝑠𝑜[%] − 𝑓𝑟 [%]) ∗ 𝑆𝑔𝑟𝑜𝑠𝑠 
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Figure 2: Net savings value calculation 

Free-rider effects 
A frequently calculated effect in energy efficiency policy evaluation is the free-rider effect. It 

counts what part of the measures would have been implemented by the participant in the absence of the 
policy. Formally, free-rider effects can be distinguishes as three groups. Strong free-riders, weak free-
riders and deferred free-riders (Olsthoorn, Schleich, Gassmann, & Faure, 2018), (Violette & Rathbun, 
2017). Strong free-riders were planning the investment already before knowing of the incentive 
programme and only signed up to benefit from it. Weak free-riders on the other hand, had not initially 
planned the investment but decided upon it after receiving the information about investment possibilities 
from the policy. They then also apply for the financial incentive. Hence, for weak free-riders, the 
information aspect of a policy is important, but on the financial incentive, they are free-riding. Finally 
deferred free-riders had already planned to implement the measures, but at a later point in time. Hence, 
for the time the investment has been pulled forward, savings accrue to the policy, for the rest of the time 
they can be considered free-riders. The deferred free-rider effect can be both weak and strong. 

In the following, the methodology for calculation of free-rider effects used in the waste heat 
programme is presented. It is a survey-based approach. Violette and Rathbun (2017) give a good account 
of other methods, including randomised control trial and quasi-experimental methods.  

In the survey based approach, free-rider effects are determined in three steps. The first step 
calculates the basic free rider effect. It does not yet feature a distinction between strong and weak free-
riders and of deferred free-ridership. However, it distinguishes if the complete measure would have been 
implemented without the policy or only a reduced scale with lower savings. The base question asked in 
the survey is “Would you have also implemented the measure without financial incentives?” with the 
options “1: no”, “2: yes, on the same scale”, “3: yes, on the same scale, but later” “4: yes, but on a lower 
scale”, “5: yes, but on a lower scale and later”, “6: n/a”.  While answer 1 means no free-rider effect, 
answer 2 means 100% free-rider effect. Answers containing “later” are relevant for deferred free-riders 
as described further below. Answers 4 and 5 indicate that the measure would have been implemented on 
a lower scale. Hence, they are only part free-riders.  In conjunction with a second question, the degree of 
free-ridership is determined. For those who answered that their main motivation for using the incentive 
scheme was the financial incentive, it is assumed that their investment would have been considerably 
lower due to financial limitations or higher sensitivity to pay-out variations. In this case, the free-rider 
effect is assumed to be 25%, hence the investment without the scheme would have been 75% lower. 
Otherwise, a free-rider effect of 50% is assumed. A sensitivity analysis for both showed that a one 
percentage point change in the assumptions resulted in a difference in total free-rider effect of under 0.1 
percentage points. 

The second step adjusts for deferred free-riders. Here, the free-rider effect is only counted for the 
time starting at the initially planned implementation of the measure sometime later than the actual 
implementation. In the base question, those who responded with answers 3 or 5 (“yes, on the same scale, 
but later” or “yes, but on a lower scale and later”) are taken as deferred free-riders. An important 

net value



 

2018 International Energy Policy & Programme Evaluation Conference — Vienna, Austria 

information for this calculation is how much later, the company would have implemented the measure. 
However, exact questions relating to a particular investment in surveys are very prone to a number of 
biases. Therefore, reliable responses about how much later the investment would have been made cannot 
be expected from the survey. Therefore a literature based approach was used to assign a specific average 
time to “later”.  

Wilson and Eilertsen (2010) conducted a survey study among a large group of company to assess 
general budget planning cycles. While investments that affect operation for a longer timeframe are 
planned further in advance, than shorter measures, they found that capital budget planning cycles are 
between three and five years on average. In the waste heat programme, the overall implementation from 
applying to the funding scheme to the physical implementation of the measure takes 1,5 years on average. 
Subtracting these 1,5 years from the three to five years of budget planning, the planning period is 1,5 to 
3,5 years. It can be expected that for that survey item in the policy evaluation, a particularly pronounced 
social desirability bias occurrs (Fisher, 1993). Those who have participated in the incentive programme 
have given thought to energy efficiency investments and may perceive that it is socially desired that they 
do not implement the measure only because of the funding, but because of other intrinsic motivations. 
They may state that they would have merely acted later to let look like it was not about the money but 
about ideals and that the time had just not arrived yet. Due to that bias, the planning period is rounded 
up slightly to between two and four years. Since the waste heat concepts have an average lifetime of ten 
to twenty years, an advance planning period of two years per 10-year lifetime, or 20% is assumed. In a 
sensitivity analysis excluding the bias showed an overall free-rider effect that was only 0,3 percentage 
points higher than including it. Therefore the assumption was maintained. 

To this point, all free-riders are taken as strong free-riders. The third step determines the weak 
free-riders. Therefore, a further question is asked in the survey: “Was it difficult in the internal decision-
making process to request the incentive scheme?”. For those who answer, “no, not difficult”, weak free-
ridership can be assumed. That is because the the barriers to investments are low and as soon as they got 
the information about the energy efficiency investments, they could have invested also without the 
financial investment. The free-rider effect determined in the previous steps is multiplied by a factor that 
corresponds to the part of the overall programme expenditure that accrues to the information part. 
However, in practice the information part of the programme cannot be separated and affects the overall 
programme participation, weak free-riders are multiplied by 50%. A sensitivity analysis has shown that a 
one percentage point change in this assumption leads to a 0,15 percentage points change in total free-
rider effects. 

Another common form of free-rider calculation are randomised control trials (RCTs) or quasi-
experimental designs (Violette & Rathbun, 2017). They have the advantage of using control groups in their 
data collection to eliminate uncertainties and assumptions needed for the survey-based approach in this 
paper. On the other hand, they often require a higher work load and budget from programme 
administrators. Another difficulty are data protection laws in many countries. Control groups, different to 
treatment groups are not participants of the programme and have hence not signed to agree to take part 
in a survey. The purchase of appropriate customer data can also be very costly for the programme 
administrator or evaluator. However, since both methods rely on physical measurements after the 
implementation of the measure, they cannot be applied to the evaluation of the waste heat programme 
because energy savings are based on the estimates made by the energy consultants before the measures 
are implemented. 

Spill-over effect 
Spill-over effects describe how many savings have been caused by the policy inside and outside 

of the participating company that are not direct savings stemming from the programme focus. For 
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example, additional energy efficiency investment the company is performing because they became 
interested in energy efficiency due to the policy. Spill-over effects are added to the gross values. 

Due to the large variety of possible paths, that spill-over effects manifest themselves in, it is 
challenging define and to quantify them. For the evaluation of the Energy Efficiency Fund, a survey-based 
methodology was developed that employs a series of five questions. The questions try to find out, how 
the programme has influenced the prioritisation of energy efficiency in the company and in its business 
environment. All questions are scored on a five-point Likert scale from 4 (strongly agree / very probable) 
to 0 (strongly disagree / very improbable). All point scores are then multiplied by a weighting factor. The 
result is used as a percentage of spill-over effects. The scaling is set to allow a maximum spill-over effect 
of 26%. This result is based on a study by Rosenberg, Vine and Pettit (2011) quantifying the spill-over 
effects of a household lighting incentive scheme in California using different methods. They conclude that 
the spill-over effect for this programme is between 23 and 40%. However, spill-over effects in industry 
cannot be expected to be as high as in households because communication about internal matters 
between companies operating in a competition environment is lower than for individuals. Furthermore, 
waste-heat measures are more complex and require more thorough planning than lighting which can 
lower the spill-over effect. Hence, the maximum is set slightly over the lower bound of the actual effect 
in the California lighting scheme. The calculated spill-over effect values are averaged over all respondents 
and applied to the whole sample. This is necessary because of incomplete returns of surveys and sufficient 
because the evaluation of target achievements requires programme-wide results rather than individual 
participant results. The respondents were fairly representative for the whole sample, as all sectors and 
company sizes were present in about the same ratios as in the whole sample. 

 Statements about internal factors include “The incentive scheme has contributed to us targeting 
investments in energy efficiency more directly now” (multiplier 1.5) and “The incentive scheme has 
contributed that we give more priority to energy efficiency in general” (multiplier 1.5). External factors 
are evaluated using the question “How probable is it that you recommend in your professional 
environment to invest in energy efficiency?” (multiplier 1.5).  

3. Results 

This section presents results for the target achievement of the waste heat programme for all 
participants accepted since the start of the programme in May 2016 until December 2017. The 
presentation is structured in the same way as the methodology detailed in the previous section. 

In the timeframe, KfW granted credit subsidies totalling 56 million Euros. The programme has 
supported total investments in waste heat energy efficiency of 215 million Euros. A verification of real 
investments is done by proof of implementation after completion. Data for this analysis are taken from 
granted values taken from waste heat concepts elaborated by the companies’ energy consultants before 
physical implementation. Physical measurements of savings after implementation are not performed. 
Adjustment for free-rider and spill-over effects leaves the triggered investments at 181 million Euros. 
Results are presented in detail for the indicators “total greenhouse gas emissions reductions” followed by 
a brief presentation of other indicators from group A and B (gross and net target achievement). The 
decision for the presentation of greenhouse gas emissions was made due to the policy target of the waste 
heat programme being defined as annual savings of 1 million tonnes of CO2-equivalent until 2020. CO2-
factors have been defined for the entire Energy Efficiency Fund to make results comparable. All 
methodological considerations of this paper are applied to final energy savings, primary energy savings as 
well as CO2-emissions savings. 
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First-year savings 
The programme has led to new annually recurring savings of 52,300 tonnes of CO2-equivalent in 

the year 2016 and 221,100 tonnes in 2017. New annual savings can be used to show the development of 
the programme, as this programme is about a single type of measures. Therefore the average lifetime of 
savings can be assumed to be constant over the years. Averaging monthly savings in 2016 to account for 
the fact that the programme only started in May of that year, the growth stands high at 182% due to the 
time needed for the word to spread and market diffusion of the new policy. For net values that are 
effectively caused by the programme, adjustments for free-rider and spill-over effects are applied. 

For the calculation of free-rider effects, the largest group in the survey replied that they would 
have made the investment also without the programme, but on a lower scale. One main result of the 
policy can therefore be seen as savings performance improvement. After the first step of free-rider effect 
calculations, the effect stands at about 50% and therefore in the upper middle ground of other 
programmes in the Energy Efficiency Fund using the same methodology. However, applying step two and 
three of the calculation to distinguish between weak and strong free-riders as well as deferred free-riders 
starkly decreases the percentage of free-rider effects. A large portion of survey participants can be 
grouped as weak free-riders based on their answers as described in section 2.2. The final free-rider effect 
for the programme hence stands at 32% taking it to the lower middle ground.  

Spill-over effects are based on a series of questions as detailed in the methodology section in 
section 2.2. The weighting factors for each questions are scaled to permit a maximum spill-over effect of 
26%, using Rosenberg et al. (2011) as a benchmark. The calculations for the conducted survey point 
towards a spill-over effect of 16%. 

The net value is therefore the gross value subtracted by 32% and added by 16%. First year net 
savings are therefore 43,900 tonnes of CO2-equivalent in 2016 and 185,900 tonnes in 2017. Table 2 shows 
first-year savings in gross and net values as well as adjustment factors. 
Table 3: First-year savings of GHG emissions (t CO2-eq./year) in gross and net terms 

First-year savings gross 
free-rider 
effect 

spill-over 
effect 

net 

GHG emissions reduction (t CO2-
eq./year) 

 -32% +16% -16% 

2016 52,300 -16,600 8,200 43,900 

2017 221,100 -70,000 35,000 185,900 

Cumulated annual savings 
The second method is cumulated annual savings, the sum of all first-year savings under the 

assumption that savings remain constant over the lifetime of measures. Cumulated gross annual savings 
from 2016 to 2017 stand at 273,400 tonnes of CO2-equivalent. Effect adjustments result in cumulated 
annual net savings of 229,800 tonnes of CO2-equivalent in the years 2016 and 2017. 

Since the policy target in the waste heat programme is defined in terms of tonnes of yearly 
emissions reductions saved until 2020, this metric is used for the evaluation of target achievement and 
for projections to the target year 2020. For the projection, the evaluation assumes a constant number of 
yearly participants and constant average savings. That assumption appears realistic judging from the 
strong growth the programme has shown since its start in 2016. Word of mouth effects for further growth 
of the programme are expected to be exhausted by 2017. In 2020, gross savings of 936,700 tonnes of CO2-
equivalent are projected. The defined target value of the policy was yearly savings of 1 million tonnes 
(BMWi, 2017) until the year 2020. Hence, the projection corresponds to a degree of target achievement 
of roughly 94%. Adjusting for effects, net savings are projected to be 786,900 tonnes corresponding to a 
net target achievement of 79%. Figure 3 shows the projection for 2020 for both gross and net values. 
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Figure 3: target projections for 2020 of cumulated annual GHG savings in gross and net terms 

Periodically cumulated savings 
The third measure are periodically cumulated values. They can be used for the impact on carbon 

budgets with information about future savings originating in the programme. They show absolute non-
recurring savings up to the time of evaluation. Due to the rather short running time of the policy at the 
moment of writing this paper, the discrepancy of the absolute periodically cumulated savings and the 
annually recurring cumulated annual savings is less pronounced. Though the gap widens with the number 
of years the policy has been active. Periodically cumulated savings can be used for the evaluation of the 
impact on carbon budgets without accounting for future savings of implemented measures. 

From June 2016 to December of 2017, the waste heat programme has produced total emissions 
savings of 325,700 tonnes of CO2-equivalent. After adjusting for effects, the periodically cumulated net 
savings are 273,700 tonnes. 

Lifetime savings 
The fourth measure are lifetime savings. Because they evaluate overall programme performance 

rather than individual performance, an average lifetime of all measures implemented in the programme 
is used. The average lifetime in the waste heat programme evaluation is 15 years. Because the evaluation 
period is shorter than the lifetime, all measures in the evaluation are still in their lifetime. In this case, 
lifetime savings are equal to the cumulated annual savings multiplied by the average lifetime. Lifetime 
savings can be used for the evaluation of the impact on carbon budgets including information about future 
savings of implemented measures. They show lifetime-cumulated savings of measures implemented from 
the start of the programme until the time of evaluation. 

The programme has led to gross lifetime savings of 13,973,900 tonnes of CO2-equivalent. After 
adjusting for free-rider and spill-over effects, the net value amounts to 9,396,400 tonnes. 

Summary results 
Table 4 summarises results for three indicators in group A (for gross values) and B (for net values). 

First-year savings have shown a strong increase from 2016 to 2017. This increase is more pronounced in 
terms of greenhouse gas emissions and primary energy. Final energy savings have also increased strongly, 
however a little less. That has to do with a strong rise in electricity-related measures in 2017 that feature 
a higher discrepancy between final energy and primary energy for the applied primary energy factor of 
2.4 for Electricity and 1.1 for fuels. For interpretation of results in table 4, it should be mentioned that 
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particularly net effects are calculated with the above-mentioned pragmatic approach using a survey 
approach. Several assumptions take part in this calculation. 
Table 4: Summary evaluation results 

Average Lifetime: 15 years gross free-rider  spill-over net 

Indicator Group A (gross) / B (net)  -32% +16% -16% 

GHG emissions reduction (t CO2-eq.)     

First-year savings 2016 52,300 -16,600 8,200 43,900 

First-year savings 2017 221,100 -70,000 34,800 185,900 

Cumulated annual savings 273,400 -86,600 43,000 229,800 

Periodically cumulated savings 325,700 -103,100 51,200 273,700 

Lifetime savings 4,100,700 -1,298,500 644,600 3,446,800 

Final energy savings (MWhfinal)     

First-year savings 2016 209,800 -66,400 33,000 176,400 

First-year savings 2017 721,800 -228,600 113,500 606,700 

Cumulated annual savings 931,600 -295,000 146,400 783,100 

Periodically cumulated savings 1,141,400 -361,400 179,400 959,400 

Lifetime savings 13,973,900 -4,424,800 2,196,700 11,745,800 

Primary energy savings (MWhprimary)     

First-year savings 2016 216,100 -68,400 34,000 181,600 

First-year savings 2017 1,030,100 -326,200 161,900 865,900 

Cumulated annual savings 1,246,200 -394,600 195,900 1,047,500 

Periodically cumulated savings 1,462,300 -463,000 229,900 1,229,100 

Lifetime savings 18,692,900 -5,919,100 2,938,500 15,712,300 

4. Conclusion 

Initially, this paper posed a row of questions that policy evaluations in energy efficiency are trying 
to answer. Most policies define targets that can be defined in different terms. Yearly or total carbon or 
energy savings to name just a few. These two examples already illustrate how different accounting 
methods can generate strongly different numbers that serve different purposes. However, the exact 
methodologies differ and a detailed description is often not delivered. The examples show how minimum 
documentation of the data and clear presentation of the metrics and periods taken into account are 
essential to avoid misinterpretations of the results. Authors as well as reviewers of evaluation reports and 
studies should therefore be sensitive to methodological uncertainties. 

This paper presented four accounting methods and calculation approaches for determining the 
causality of the policy for the savings. Policy implications have been discussed and applied to the KfW 
waste heat programme in Germany. 

In conclusion it can be said that the metric to use strongly depends on the way targets are 
formulated. Particularly for emissions reduction targets, both carbon budgets and yearly carbon savings 
are common metrics. Hence, the decision between yearly values (first-year savings and cumulated annual 
savings) and/or total values (periodically cumulated savings and lifetime savings) has to be made. 
Additionally, for yearly values, the question has to be posed whether target achievement or the policy 
development is in the focus of analysis. In total values, either a decision about the inclusion (lifetime 
savings) or exclusion (periodically cumulated savings) of future savings has to be made or both values can 
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be given including thorough documentation of methodology. And finally, the question about gross and 
net savings remains. While net savings may be more appropriate for financial accounting of invested 
money, gross values may serve better for the evaluation of target achievement on the higher level of why 
the policy was implemented in the first place, i.e. the reduction of climate change. 

An interesting field of future research is, how these different metrics are applied in real life 
policies and what justifications are given for using gross or net values or each of the methods by courts of 
auditors, ministries or programme implementers. 
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