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Chapter 1
Introduction

1.1 The German Case

This book focuses on thermal retrofits of homes in Germany, but its findings have
a much wider application than that one country. Germany is one of a number of
northwest European countries that have taken major strides in recent decades to
reduce domestic heating fuel consumption: not only by continually tightening the
thermal standards for new buildings, but also by setting compulsory thermal
standards for existing homes when they are being repaired or renovated. Most
European countries have compulsory thermal standards for the replacement of
windows, doors, roofs, and boilers, but in 2002 Germany took the further step of
extending this to cover the entire outer surface area of the building. If any sub-
stantial repairs or maintenance are being done on the outer walls, basement ceiling,
or loft, these must include insulation to specified standards. Even in the absence of
repairs, any attempt to insulate these areas must reach these standards.

These rules are set down in the ‘Energy Saving Regulations’ (Energieein-
sparverordnung), known as the ‘EnEV’. The introduction of mandatory standards
for existing housing was possible because the technology for thermally upgrading
buildings is well advanced in Germany, and also well distributed. Over the past 10
years the German Federal government has vigorously promoted thermal retrofit-
ting of existing homes, and results are to be seen throughout the country. The
German Energy Agency (DENA) has monitored comprehensive thermal retrofits
of residential buildings of every type and age, demonstrating that the heating
energy requirements of almost any building can be reduced by 60% or more. The
Federal Housing Ministry (Bundesministerium für Verkehr, Bau und Stadtent-
wicklung—BMVBS) offers a suite of subsidies for thermal retrofit projects that are
designed to do substantially better than the standards set down in the EnEV, and
the Federal Ministry of Economics and Technology (Bundesministerium für
Wirtschaft und Technologie—BMWi) finances energy advisors to assist home-
owners toward retrofit decisions that conform to EnEV standards or better. Further
incentives and assistance are offered by Länder (states) and municipalities, so that
there are over 1,000 programs, in different geographical areas and at various
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levels, for homeowners to turn to for help in planning or carrying out a thermal
retrofit. The policy discussion in this book focuses on Federal initiatives, as these
set very strict parameters for thermal standards, within which other authorities
have to work.

Germany’s thermal retrofit policy can be seen in the context of German and EU
climate and energy policy. In Europe around one-third of all energy consumption
takes place in buildings. More than half of this happens in homes, and 80–90% of
that is for space and water heating. This means that between 12 and 20% of the
energy consumed in European countries goes on domestic heating. In Germany the
figure is around 14.6%. This makes domestic heating a major issue: energy is
expensive; there is concern about security of supply; and domestic heating fuels
such as oil, coal, natural gas, and electricity from fossil fuel burning plants produce
greenhouse gas (GHG) emissions. The European Union has a commitment to
reduce GHG emissions by 20% by 2020, and Germany has adopted the goal of an
80% reduction by 2050, a target that also applies to domestic heating consumption.

1.2 Success or a Stalled Project?

For other countries considering adopting a policy similar to that of Germany, an
essential question is how likely Germany’s retrofit policy is to achieve the 80%
reduction by 2050. Our analysis indicates that despite these ambitious efforts and
encouraging signs, thermal retrofits in Germany are coming nowhere near the goals
of energy and CO2 emission reduction the government has set. Since most domestic
heating fuel in Germany is oil and gas burnt on site, GHG reductions are almost
directly proportional to fuel consumption reductions, so we can use roughly similar
percentage reduction figures for each. Hence, to reach the 80% goal would require
2.6% of the building stock to be retrofitted every year to an average depth of 80%,
or total annual reductions in heating energy consumption of 2.1% per year. But the
achievement of the last 10 years has been 1% of the building stock retrofitted
per year to an average depth of 25%, meaning a total annual reduction of 0.25%.
Less than one-eighth the required reductions are currently being achieved.

This book investigates why this is so, but with the positive aim of exploring
how Germany could come closer to achieving its goal and increase the retrofit rate.
There are important lessons to be learnt from the German experience of thermal
upgrades of existing homes. In this book, we look in close detail at Germany’s
thermal retrofit experience from a number of complementary points of view:
technical; economic; policy-based; and the somewhat unpredictable factor of
human behavior within the homes that are, or are not (yet), thermally retrofitted.
Only through an interdisciplinary examination, which understands the physical
realities and diversity of the existing buildings, together with the issues faced by
occupants, can ways be found to increase the annual rate of retrofits and energy
saved.
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Through this process we develop a suggested policy program which, we
believe, could increase the rate of energy savings from its current 0.25% to around
1.2%—not enough to reach the 80% policy goal, but nearly five times as high as at
present. The program we will suggest in Chap. 9 is based on a three-pronged
policy approach that can be summarized under the acronym CUT: a combination
of Cost-effective retrofits; User behavioral change; and Top-end measures. Cur-
rently almost all the focus in Germany is on the latter. However, there is great fuel
saving potential in the middle strand, user behavior, as pointed out also by the EU
Commission study on behavioral climate change mitigation (Faber and Schroten
2012). Although our scheme arose out of an exacting study of the German thermal
retrofit experience, we think it could have a wider application throughout Europe,
if national characteristics of the building stock, tenure, and policy structure are
taken into account.

1.3 Motivation for this Research

Our previous research has investigated the interplays between government policy
on thermal retrofits and the physical characteristics of the buildings at which the
policy was aimed, focused on Germany, the Netherlands, and the UK. This book
was initiated by our common identification of serious discrepancies between the
policy and the characteristics of the building stock (see e.g., Galvin 2010, 2011,
2012, 2013; Sunikka 2001, 2003, 2006a; Sunikka and Boon 2004; Sunikka-Blank
et al. 2012). Buildings are obstinate objects that slavishly obey the laws of physics
with respect to each structure’s physical peculiarities. When thermal upgrades are
done to them according to official ordinances, they will not necessarily save the
quantities of energy prescribed in policy documents. Further, the people living in
the buildings have their own set of rules and responses, which often render the
calculations of energy experts irrelevant to what happens in practice.

These findings led us to become intensely interested in household heating
behavior. There are important developments in recent scholarship on consumer
behavior and its effects on energy consumption. This utilizes social science for
investigating the behavior itself, but tends to leave the cutting-edge study of the
physics of buildings, and often also of policy, to experts in those fields (e.g.,
Hargreaves et al. 2010; Shove et al. 2008). Building on our interdisciplinary
background of architecture, energy policy studies, engineering, social psychology,
and environmental science, our approach in this book is to add a scholarly
approach to consumer behavior to the two foci of study—policy and the physical
properties of buildings—we were already conversant with.

To lay a foundation for this approach we have undertaken a number of inter-
related research projects designed in part to ‘flush out’ behavioral factors that may
be contributing to outcomes in the German experience of thermal retrofits of
existing homes. We use standard methodologies in policy studies and physics
(sometimes also micro-economics) that show up where the straightforward
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application of the upgrade measures demanded by policy is thwarted, not just by
the obstinate physics of the buildings, but also by factors such as behavior, that
cannot be explained by mere physics. These can be identified as areas where social
science studies in consumer behavior are needed. Hence, much of this book points
to the need for social science-based studies in certain areas, but within a context
clearly defined by what we know of policy and of the material characteristics of
the buildings in which the people are doing their consumption. An example of such
a social science study—which goes beyond the scope of this book but which
illustrates the type of study it could lead to—is that on energy-inefficient home
ventilation practices (see Galvin 2013).

1.4 Fieldwork

The fieldwork that contributed to the knowledge and understanding presented in
this book took place over the last four years. This included formal, recorded
interviews with key policy actors involved in developing and promoting Ger-
many’s thermal retrofit policy: Federal MPs and their parliamentary research
assistants; experts from the Housing Ministry (Bundesministerium für Verkehr,
Bau und Stadtentwicklung—BMVBS), the Federal Planning Bureau (Bundesamt
für Bauwesen und Raumordnung—BBR), and the German Energy Agency
(Deutsche Energie-Agentur—DENA); State and municipal politicians and civil
servants in North Rhine-Westphalia, Hamburg, Munich, Augsburg, Cologne, and
Düsseldorf; Federal expert advisors from the Institut Wohnen und Umwelt (IWU),
the Passive House Institute, the Fraunhofer Institute, and the Technical University
of Munich; research staff of the German Association of Housing Providers (GdW);
and leading practitioners in the application of the EnEV standards to large retrofit
projects (21 recorded interviews; see Galvin 2011, 2012). Non-recorded, follow-up
interviews, and discussions were held with key Federal MPs and relevant staff of
key NGOs in Berlin more recently, to gauge responses to changing perceptions of
the efficacy of the EnEV among practitioners. These encounters were in the
context of hundreds of hours of on-site observations of buildings prior to, during,
after and in the absence of thermal retrofitting, and dozens of discussions with
local, smaller scale practitioners.

In addition, interviews were conducted with a selection of owner-occupiers
throughout Germany. This was partly to hear their views on how the retrofit
regulations impacted on their own situation, but also to collect concrete examples
of thermal retrofit experiences, which could be (anonymously) related to policy
actors to hear their responses. Interviewees were male and female, aged 30–75, in
the cities of Augsburg, Baden, Berlin, Cottbus, Erfurt, Lübeck, Lüneburg, and
Würzburg, plus villagers in rural regions of northern Bavaria. Their homes
included detached and semi-detached houses, and apartments in multi-storey
blocks. Of the 20 formally interviewed, 14 permitted the interviews to be recorded
and transcribed. These encounters were supplemented by over 100 further
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discussions with renters and owner-occupiers throughout Germany over a period
of four years (Galvin 2011), plus direct observations of many homes and detailed
calculated case studies of thermal upgrade effects on a number of these (Galvin
2010).

This has been further supplemented by document research, including, in par-
ticular, over 100 reports, from German research institutes, on research into various
aspects of domestic heating energy consumption and thermal retrofitting. Relevant
documents among these are specified in each chapter and named in detail in the
references.

Beyond Germany our fieldwork has included comparative analysis of retrofit
policies in European countries (e.g. Sunikka 2006a) and the EU, and the effec-
tiveness of the European Energy Performance of Buildings Directive (EPBD) in
particular (Beerepoot and Sunikka 2005). This has included an overview of
building statistics in the EU countries (Meijer et al. 2009) as well as country-
specific case studies on sustainable housing management and retrofits, for example
in the Netherlands (Sunikka and Boon 2002, 2003, 2004; Sunikka 2006b) and the
UK (Sunikka-Blank et al. 2012), and a case study in Aachen, Germany, including a
year-long test on the relative contributions of thermal properties and user behavior
to heating fuel consumption. When these energy-efficient retrofits have been
implemented in practice, two factors have emerged as main barriers for a wider
application: long payback times of retrofit measures, that somehow always seem to
exceed the optimistic policy estimates, and economically non-rational user
behavior, that distorts the expected energy savings and payback times. This book
offered us an opportunity to explore how these practical barriers could be over-
come in a policy.

1.5 Themes of the Book

Chapter 2 gives an overview of German Federal policy on thermal retrofits of
existing homes. It shows how this is integrated with Germany’s climate policy,
which sets for it the demanding target of 80% reductions in home heating energy
consumption by 2050. The main policy instruments for achieving this goal are:
regulations; a promotional program based largely on the claim that retrofits to
Federal standards always pay back; a set of subsidies for retrofits designed to do
better than the regulations; and subsidized on-site visits of energy advisors. The
chapter also introduces the evidence that annual nationwide savings achieved
through thermal retrofits amount to around 0.25%.

Chapter 3 sets the German program in the wider context of Europe-wide issues
and EU policy, which aims for 20% reductions in GHG emissions by 2020,
together with 20% of energy produced from renewable sources and a 20% increase
in energy efficiency. It contrasts Germany’s compulsory thermal upgrade approach
with voluntary, market-led approaches in other countries, and compares the
effectiveness of different country’s subsidy systems. It also brings into focus the
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general issue of how household behavior impacts on home heating energy con-
sumption levels.

Chapter 4 examines the technical potential of thermal upgrades in Germany’s
housing stock. While economics often proscribes what is practically feasible, this
chapter focuses on the technical potential and the challenges of bringing German
dwellings up to regulation thermal standards. The dictates of physics, geometry,
and the material peculiarities of the buildings that actually exist in Germany offer
challenges to the stiff demands of the regulations. Further, measuring the thermal
performance of buildings pre- and post-retrofit can only be done by making uni-
form assumptions about user behavior, since it is occupants who control the day-
to-day heating and ventilation of their homes. Hence, even in the apparently purely
technical domain of designing thermal upgrades, human behavior adds a further
factor that makes final outcomes unpredictable.

Chapter 5 makes a systematic attempt to quantify and find possible explanatory
factors for a phenomenon that has recently become a source of concern to German
scholars: the discrepancies between theoretical, calculated heating energy con-
sumption, and actual measured consumption. On average, actual consumption is
30% below theoretical consumption. This percentage gap increases as theoretical
consumption increases, rising to 60% or more, but for low energy homes it goes
into reverse. We label this phenomenon the ‘prebound effect’ (in contrast to the
well-known ‘rebound effect’), as it is evident in dwellings prior to retrofitting. In
part this phenomenon may be due to flaws in the methodology for calculating
theoretical consumption, but on closer examination we find that much of it cannot
be explained by technical matters. We suggest this points to the need for social
science study of household behavior, to find whether human factors are responsible
for the gap between calculated and measured heating energy consumption, par-
ticularly in older, thermally inefficient homes. If human factors are at work, we
need to know to what extent, in what ways, and why. The prebound effect also
shows that the common German practice of using calculated pre- and post-retrofit
consumption figures to estimate the amount of energy that is saved through ret-
rofitting greatly overestimates the savings that are being achieved.

In Chap. 6 we examine the economics of thermal retrofits to EnEV standards.
German law limits thermal regulations to setting upgrade targets no higher than
that which pays back, through fuel savings, over the technical lifetime of the
upgrade measures. Having set the regulations to what they believe this level is in
the current market, policymakers promote thermal retrofitting on the basis that it
pays for itself. We investigate a number of controversial points in the cost-benefit
models policymakers use to prove that thermal retrofits are ‘economically viable’.
These include: the technical limitations discussed in Chap. 4; the way the
accounting is done; and the reduction in actual fuel savings due to the prebound
effect. Our calculations—based on case studies of our own and others—do not
support the view that these ‘top-end’ thermal retrofits are economically viable.
Ironically, there are more modest thermal upgrade measures that are far more
likely to pay back, but these are often illegal in Germany as they do not meet the
standards of the EnEV. Nevertheless, there may be other benefits in top-end
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retrofits even if they do not pay back, and a higher retrofit rate might ensue from a
clearer policy focus on these other benefits, while also allowing and fostering more
modest retrofit measures.

Chapter 7 investigates a phenomenon that has so far received little attention in
studies on German (or other) thermal upgrades. Over the past decade, the actual,
measured consumption of domestic heating energy has been falling in Germany by
around 1.85% per year, but this fall is too big to be explained by thermal retrofits
and replacement of old stock with new, energy-efficient buildings. Based on sta-
tistics gleaned from a number of recent studies, we set out a method for disag-
gregating the factors contributing to this fall in consumption: new builds; thermal
retrofits; and ‘unexplained’ or ‘non-technical’ factors. We find that over 80% of
the reduction cannot be explained by the first two categories, and suggest the bulk
of the savings must therefore be due to demographic or user behavioral influences.
Again, this points to the need for a social science investigation to find out what has
been happening in non-retrofitting households whose consumption has fallen so
significantly in recent years. Also, if some such households have been consciously
reducing their heating demand, we need to know if this is a response to increased
fuel prices, growing environmental awareness, or other yet-unknown factors.

Chapter 8 is a mathematical modeling project that brings together these sug-
gested user behavior factors with the economics and technical features of thermal
retrofits. We begin with the basic form of the cost-benefit equations generally used
to estimate economic viability of thermal upgrades in Germany and other coun-
tries. We ask what would happen to these equations if a factor for price elasticity
of demand for domestic heating fuel were integrated into them: how would it affect
economic viability, payback time, and the quantity of energy and CO2 saved as a
result of the retrofit measures? Then, building on existing empirical studies of
household response to fuel price increases, together with our own findings in
Chap. 7, we calculate a percentage value for price elasticity and plug it into the
new cost-benefit equations we have derived. This shows that economic viability is
less certain, payback takes longer, and fuel and CO2 savings are lower, than is
calculated by the standard models. This, too, suggests the need for a social science
study of user behavior: if modeling shows that price-sensitive user behavior would
distort the modeled results so significantly, we need urgently to know whether or
not, and to what extent, this type of behavior is happening among households.

In Chap. 9 we sum up our findings and set out the rationale for our proposed
CUT policy model for driving forward heating fuel savings in homes in Germany.
‘C’ is for allowing cost-effective thermal upgrade measures: usually modest, low-
gain measures, which nevertheless do pay for themselves within a few years. ‘U’ is
for stimulating user behavior: studies are needed to find out why certain house-
holds choose to consume significantly less heating energy than the norm and how
they have managed to put effective strategies in place to achieve this—and what
sort of campaign and promotional tools would be needed to foster this type of
motivation and day-to-day behavior in other households. ‘T’ is for encouraging—
though not subsidizing—top-end thermal retrofitting, such as is currently the legal
standard and beyond. As this is not generally ‘economically viable’ (in the natural
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meanings of these words), it seems futile for policymakers to make economic
viability the main plank of its promotional drive. There may be other good reasons
that a large sector of homeowners should be retrofitting to top-end standards: it can
make homes more comfortable; provide a buffer against future uncertainties in fuel
price; save CO2 (even if not economically optimally); and modernise a home. In
our tentative but conservative calculations we suggest that a well-balanced, three-
pronged policy thrust based on CUT streams could reduce heating fuel con-
sumption in German households by 2050 by around 34%, compared to the 9.6%
we estimate is likely from the current policy regime.

1.6 Conventions and Variables Used in this Book

German literature uses two main metrics for ‘whole-building’ thermal perfor-
mance. The first, ‘transmission losses’, is a measure of the rate of heat energy loss
through the building envelope. It is symbolized by HT and measured in watts per
square meter of the building envelope per degree Kelvin difference between indoor
and outdoor temperature (W/m2K). The performance of individual components of
the building envelope (windows, walls, roofs, doors) is given in U-values, which
have the same units. These are purely objective measures that are not affected by
what the people in the house do. They are simple descriptions of the thermal
properties of materials and components.

The second measure of performance is the estimated quantity of heat energy
consumed by the building in its year-round running. This is affected by HT, above,
together with the type and efficiency of the boiler; the buildings’ air-tightness; its
orientation to the sun; the average annual weather conditions; and the way the
people in the house heat and ventilate it. The German Institute of Standards
(Deutsches Institut für Normung—DIN) sets out standard assumptions for occu-
pants’ behavior, so that the thermal performance of different buildings may be
compared on a quasi-objective basis. This quantity of energy consumed is given in
relation to the floor area of the building. The units are kilowatt-hours consumed
per square meter of floor area per year (kWh/m2a). In keeping with German
practice we use the symbol ‘a’ for ‘year’ in this expression (from the Latin annus).

Since the EnEV came into force in 2002, this latter measure has to be given in
terms of primary energy, i.e. it has to include the energy consumed to get the fuel
to the house. It is usually given the symbol QP, a practice we adopt in this book.
However, as this is the theoretical, calculated consumption (based on the DIN
assumptions) rather than the actual, measured consumption, we use another term,
QM, to denote the actual, measured primary energy consumption.

Further, there are two main measures of floor area in Germany. ‘Living area’
(Wohnfläche) refers to the area inside the front door that is used in normal, daily
living. ‘Usable area’ (Nutzfläche) is larger: it includes apartment hallways, attics,
and basements, and in detached and semi-detached houses it includes basements
and undeveloped (i.e. non-liveable) lofts. The quantity QP is always given in terms
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of ‘usable area’ in legal documents such as the EnEV and in most empirical studies
on building performance, and we keep to that convention in this book. It should be
noted, therefore, that a house with a QP of, say, 70 kWh/m2a (the current maxi-
mum permitted for new builds) actually consumes significantly more energy than
that per square meter of living area: 95 kWh/m2a if we use the legal formula, for
‘small’ buildings, of Nutzfläche = 1.35 9 Wohnfläche.

Finally, QP is always a combined measure of space and water heating con-
sumption. In keeping with this convention we use the term ‘heating’ to mean space
and water heating throughout this book, except where otherwise indicated.
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Chapter 2
Development of German Retrofit Policy

Abstract Since 2002, prescribed thermal standards have been mandatory for
homes being renovated in Germany. This policy has become entwined with
Germany’s climate policy of 80% reductions in GHG emissions by 2050, and is
the main tool used by the Federal government to drive forward home heating
energy efficiency improvements. A second policy instrument is Federal subsidies,
given to thermal upgrades that are designed to do better than the standards
demanded in the regulations. Thirdly, the Government actively promotes thermal
retrofits by promoting the view that the standard of thermal upgrade demanded by
regulations always pays back, through heating fuel savings, and therefore costs
nothing in the long run. Further policy instruments are energy performance cer-
tificates and free on-site advice to would-be home renovators, though there is no
building inspection to check whether standards have been reached. The annual rate
of thermal retrofit is a disappointing 0.8–1.0% of the housing stock, while average
fuel savings per retrofit project are around 25%, so progress falls well below what
is needed to reach the 80% goal.

Keywords Thermal retrofit � Housing stock � German policy � Building regu-
lations � Retrofit subsidies

2.1 Introduction

Unlike many other countries, which rely on voluntary measures and market
mechanisms to bring about energy and carbon savings in the residential sector (see
Chap. 3), the German Federal government uses a mandatory approach as its main
policy instrument. The main Federal policy instrument is the Energieeinsparver-
ordnung (Energy Saving Regulations: commonly abbreviated ‘EnEV’). The
EnEV, introduced in 2002 and most recently upgraded in 2009, prescribes the
thermal standards to which buildings have to conform. It covers both residential
and non-residential buildings, and although the rules for both are comparable, they
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are not identical. In this book, we focus specifically on residential buildings. The
EnEV covers both new-builds and the retrofit of existing buildings, though again,
the rules for each of these are different.

The stated aim of the EnEV is to help mitigate climate change. This is affirmed,
for example, in the preamble to EnEV 2009 as presented to the German Upper
House of Parliament (the Bundesrat):

The aim of the Energieeinsparverordnung is to reduce the energy consumption in the built
environment to a sustainable level. As a consequence of the reduction of energy use, fossil
fuels will be saved and the emission of climate-damaging greenhouse gases will be sig-
nificantly reduced (BR 2008: A; authors’ translation).

Other Federal documents and declarations quantify this as an 80% reduction in
GHG emissions from buildings by 2050 compared to 1990 levels (UBA 2007: 2;
BMU 2007: 4–6; Tiefensee 2006). Since GHG emissions from home heating in
Germany are almost exactly proportional to energy consumption, this implies the
need for an 80% reduction in home heating energy consumption. From the outset,
then, we see that two different strands of German government policy have been
merged together in the thermal building regulations: its climate goal of reducing
GHG emissions from all sources by 80% by 2050 compared to 1990 levels, and the
goal of improving the thermal quality of the housing stock.

Of course, the thermal quality of the German housing stock has improved since
1990. But the number of households has increased by 16%, so that the net
reduction in heating energy consumption since 1990 is only 4% (BMVBS 2011).
As we show in Chap. 7, given the expected continued rise in the number of
households, Germany will still need an average reduction of 80% in all the housing
stock existing in 2012, to reach the 80% reduction goal.

This chapter describes Germany’s thermal retrofit policy, focussing on the key
policy instruments, explores how well the EnEV is achieving the Federal
government’s aims for it and, if it is failing to meet these aims, asks why this might be.

Section 2.2 outlines the development of Federal regulations for thermal retrofits
of new builds and existing homes. Section 2.3 describes the Federal subsidy
system for thermal retrofit projects. Section 2.4 explains how the government
attempts to use the notion of ‘economic viability’ to motivate homeowners to
retrofit their homes, while Sect. 2.5 looks at other policy levers. Section 2.6 gives
a brief account of progress so far in reaching national fuel saving goals through
thermal retrofits, and Sect. 2.7 concludes.

2.2 The German Thermal Building Regulations

Federal policymakers explain that there are three broad types of policy instruments
they employ to induce homeowners to thermally retrofit their buildings: demand;
incentivise; and inform (fordern; fördern; informieren) (Galvin 2012). The first of
these comes in the form of regulations. Germany first included thermal standards in
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its building regulations in 1977, in the wake of the oil crisis. The standards have been
tightened four times since then, and the formulas for working out maximum per-
missible heat energy consumption have developed through several phases. In broad
terms, a building constructed today may consume approximately 25% of the heating
energy which a comparable building constructed in 1977 could consume. However, a
building undergoing a comprehensive thermal retrofit today may consume about
40% of what a 1977 new build could consume. Nevertheless, a building undergoing a
partial thermal retrofit today, such as a new roof or major repairs to a wall, must
achieve new build thermal standards for the part undergoing retrofit.

The process of development of these regulations illustrates both the learning
that German policymakers have undergone, and the dilemmas inherent in trying to
set universal thermal standards for buildings. What follows is a simplified account
of what has in fact been an extremely complicated process.

The thermal standards set in 1977 applied to new builds and reconstructions
only, and were set down in the Wärmeschutzverordnung, or ‘heat retention reg-
ulations’, abbreviated as WSVO. These specified the maximum heat transmission
loss through the building envelope as a whole. This is called the ‘U-value’,
expressed in Watts per square metre of the building envelope per degree Kelvin
difference between indoor and outdoor temperature (W/m2K). The permissible
U-values ranged from 0.91 W/m2K for buildings with a large surface area relative
to their volume (e.g. small or oblong buildings), to 1.40 W/m2K for buildings with
a smaller surface area relative to their volume (e.g. large or more cubic-shaped
buildings) (WSVO 1977). Since buildings with large surface area and small vol-
ume are difficult to heat efficiently, they were required to have better insulation,
i.e. a lower rate of heat transfer through the walls.

In 1982, these values were tightened to a range of 0.6–1.2 W/m2K (WSVO
1982). Table 2.1 shows the development of thermal requirements over the last
35 years.

In 1995, the standards were tightened further, and a more complex formula was
introduced (WSVO 1995). First, U-values were no longer specified for the building

Table 2.1 Average legal maximum primary energy consumption for space and water heating in
new buildings; maximum heat consumption and transmission losses for new builds and retrofits

Ordinance Date
in
force

Average QP

(kWh/m2a)
for new
builds

Average HT

(W/m2K)
for new
builds

Wall
insulation
thickness for
new builds
(cm)

Wall insulation
thickness for
partial retrofits
(cm)

Wall insulation
thickness for
full retrofits
(cm)

WSVO 1977 265 0.96 3 N/A N/A
1982 220 0.78 5 N/A N/A
1995 150 0.68 8 N/A N/A

EnEV 2002 100 0.60 12 12 8
2009 70 0.48 16 16 12

Sources Hegner (2009), plus author calculations based on WSVO and EnEV texts, assuming
polystyrene wall insulation of k = 0.035 W/mK
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envelope as a whole, but for its constituent parts. Second, a building had to comply
with a specified maximum permissible ‘heating energy consumption’ for its space
heating and hot water. Called QP in the EnEV and now in the building industry in
Germany, this was set in relation to the ‘useful area’ of the building, and expressed
in kilowatt-hours per square metre per year (kWh/m2a). The units kWh/m2a have
become a widely used measure of building performance internationally, and are
used extensively in this book. Unlike transmission losses, heating energy con-
sumption is determined by far more factors than merely the quality of the building
envelope. These include the efficiency of the heating system, the solar gain through
the windows, the way the building is ventilated and, most important, the way the
occupants behave. Occupant behaviour is extremely varied, as we shall see in
Chap. 5, so it was necessary to assume a standardised set of behaviours. This
consists of keeping the entire building at a constant 19 �C all winter, and venti-
lating the building at the constant rate of one complete change of air every one-
and-a-half-hours (0.7 V/h).

The average QP permitted for new builds in the WSVO of 1995 was around 150
kWh/m2a. This compared to an equivalent of 265 kWh/m2a in 1977 and 220 kWh/
m2a in 1982 (Hegner 2009). Of course, the figure for QP calculated by this method
was an entirely theoretical number, which was not intended to reflect the way
buildings actually perform with real people in them. However, it was such a
convenient measure of the overall thermal performance of a building that it rapidly
came to be used in Germany and many other countries as a standard. In Germany,
it is usually the figure on a building’s energy performance certificate (EPC), and
has been treated, over the last decade, as an objective measure. As we shall see in
Chaps. 5, 6 and 7, this can lead to miscalculations of the energy actually saved
when old buildings are thermally retrofitted.

In 2002 the Social Democrat-Green coalition government replaced the WSVO
with the Energieeinsparverordnung, or ‘energy saving regulations’, abbreviated as
EnEV (EnEV 2002). Again the calculation methods were changed. The QP

requirement was retained, but the older system of one overall U-value for the
entire building envelope, now called HT, was reinstated alongside this, and a
number of rather abstruse complications in the WSVO of 1995 were removed. The
average for QP was now 100 kWh/m2a, and that for HT was 0.60 W/m2K. The
smallest new buildings, with the least thermally efficient geometry, could consume
up to 150 kWh/m2a, but had to have an HT value no higher than 0.44 W/m2K. The
largest, with the most thermally efficient geometry, could consume only 80 kWh/
m2a but could have the less stringent HT value of 1.05 W/m2K. In this way, the
EnEV offered a neat compromise: smaller buildings had to have thicker insulation
to offset their thermally inefficient geometry, but not to the extent of requiring
them to match the energy consumption performance, per square metre of living
area, of larger buildings.

A significant feature of ‘EnEV 2002’, as it came to be called, was that for the
first time compulsory thermal standards for retrofits were introduced. Whenever
20% or more of any feature of a residential building (such as a wall or roof) was
being repaired or renewed, that entire feature had to be thermally renovated to the
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same standard as a new build. The U-values achieved for, say, a renovated wall or
roof, had to be at least as good as those for a new build. However, if an entire
residential building was being comprehensively renovated, the overall thermal
standard (QP) was permitted to be 40% less stringent than the new build standard.
This provision recognised that, while a new build can be designed from scratch
with thermal efficiency in mind, existing buildings often have practical limits on
the thickness of insulation that can be applied, and cannot be rotated to face the
sun.

A further feature of EnEV 2002 was its stated aim as an instrument for climate
change mitigation. Its preamble declared that it ‘provides a significant element of
the government’s climate protection programme’ and could be expected to bring
about ‘a 25% reduction in CO2 emissions from the built environment by 2005
compared to 1990 levels’ (Begründung der EnEV 2009, paragraph 1; authors’
translation).

Finally, EnEV 2002 stated that the thermal standards it demanded were ‘eco-
nomically viable’ (wirtschaftlich), in that the costs they incurred would always pay
back, through fuel savings, over the technical lifetime of the thermal retention
measures. Prior to the setting of QP and HT values in EnEV 2002, the Housing
Ministry (Bundesministerium für Verkehr, Bau und Stadtentwicklung—BMVBS)
had commissioned an expert report to establish how strict these values could be,
without the thermal features of a new build or retrofit costing more than the money
its owner would get back through fuel savings. Some of the more interesting and
controversial features of this report (Feist 1998), and the thinking that lay behind
it, will be discussed in detail in Chaps. 6 and 7.

Nevertheless, a clause was inserted in EnEV 2002 to allow for exceptions to the
rules in cases of ‘unreasonable expense’ or ‘intolerable difficulty’ (EnEV 2002:
paragraph 25). In such cases, a homeowner may apply to the local municipal
authorities, who have the power to grant such an exception. The onus is on the
homeowner to prove that reaching the EnEV thermal standard would not be
economically viable.

A new version of the EnEV came into force in 2009 (EnEV 2009). This
tightened the thermal requirements for new builds and retrofits by a further 30%,
so that the average QP for new builds was now 70 kWh/m2a and for comprehensive
retrofits 100 kWh/m2a. Secondly, retrofits now had to conform to EnEV standards
if only 10% of a feature of the building was being renovated. Thirdly, every new
build must include some form of on-site renewable energy generation.

Once again, the methodology for working out the thermal features of a building
was changed, now based on a complex interplay of QP, HT and the thermal features
of individual building elements. In brief, the U-values for individual components
(walls, windows etc.), together with the predicted energy gain from renewables
and sun-facing windows, must produce a QP value no higher than that which
would be produced by a building of exactly the same design but with U-values, for
specific components, given in a table in the regulations (see Box 2.1). This allows
more flexibility of design. For example, it allows more windows in a building.
Windows have inherently high transmission losses, and there is a temptation to
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seek to achieve a low QP value by having more wall area and less window area.
However, to prevent designers producing glasshouse dwellings, a further restric-
tion applies: there is a maximum overall HT value to which the building must
conform. This value varies depending on the number of external walls a building
has: it is lowest (most stringent, at HT = 0.4) for detached houses, and highest
(least stringent, at HT = 0.65) for apartment blocks sandwiched between other
buildings.

The EnEV was due to be further updated in September 2012. Until shortly
before this time, the Government’s stated intention was to tighten the standards for
both new builds and retrofits by a further 30% in ‘EnEV 2009’. However, our
discussions with Federal policymakers in January 2012 indicated that there were
now serious reservations as to whether it would be wise to do so for retrofits. There
were clear signals from the building industry that EnEV 2009 had already pushed
retrofit costs beyond what could reasonably be regarded as economically viable.
Our previous research had suggested to Federal policymakers in 2011 that this was
a serious issue, based on an extensive review of existing case studies together with
new case studies of our own (Galvin 2010, 2011, 2012). Hence we were not
surprised when it was announced in summer 2012 that the standards for thermal
retrofits would not be tightened in 2012, nor for the foreseeable future. Interest-
ingly, it was also decided to delay tightening new build standards until 2014, and
by 12.5% rather than the 30% originally envisaged (BMVBS 2012).

Box 2.1 Designing a Building with EnEV 2009

The designer makes a computer model of the intended building using a table
of maximum permissible U-values and minimum permissible renewable
energy. The computer generates a maximum permissible QP value for this
building. The designer then rebuilds the model using the renewable energy
capacity and U-values of the actual components she wants to use, and checks
what QP value this generates. If this is higher than the original QP, she has to
change her building components until her QP comes down the maximum
permissible level. Finally, she checks that the building conforms to the HT

value for its type (detached, semi-detached, etc.). The computer program is
based on a calculation methodology published by the German Institute of
Standards (Deutsches Institut für Normung—DIN), referred to in the EnEV
text. The same procedure is followed for comprehensive retrofits, but the QP

value may be 40% higher.
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2.3 Federal Subsidies

The second instrument Federal policymakers use to induce homeowners to ther-
mally retrofit their buildings is financial incentives (see Chap. 6). Federal subsidies
are given as loans or grants, to both home refurbishment and new build projects,
via the German Development Bank (KfW—Kreditanstalt für Wiederaufbau). The
cluster of incentives within this programme comes under the broad heading of the
CO2-Gebäudesanierungsprogramm (CO2-building refurbishment programme).

The KfW programme started in 2001 and, with respect to existing homes,
initially supplied subsidised loans only, and only where a building was being
comprehensively refurbished. Later this was broadened to include partial refur-
bishments, and as from 2009 homeowners were given the choice of a subsidised
loan or an outright grant, with both forms of subsidy equivalent in terms of their
net present value.

To qualify for subsidies, a comprehensive refurbishment project has to be
designed to achieve energy consumption (QP) that betters the EnEV refurbishment
standard for that project by 20% or more, i.e. it can consume 115% of the EnEV
2009 new build standard (which is 40% more stringent than the refurbishment
standard)1. Hence, the minimum qualifying standard is called the ‘KfW-115
house’. This demands an average of 80 kWh/m2a, though as we saw above, the
actual EnEV standard for each project depends on the building’s geometry and
volume. The level of subsidy increases according to the percentage by which the
project beats the EnEV standard, up to a maximum subsidy for projects that beat it
by 60% or more—an average of 40 kWh/m2a. There is also an additional
requirement, that projects must beat the transmission loss standard (HT) for ret-
rofits, by a corresponding percentage. Table 2.2 shows the standards demanded for
various levels of subsidy, as published by the KfW. The highest standard is the
‘KfW-55 house’, which consumes 55% of the new-build standard for a building of
the same geometry, volume and design.

We may ask why the subsidies are only given to projects that exceed the legal
standards. Policymakers maintain this is because thermal retrofit projects which
merely reach the legal standard will pay for themselves, over the technical lifetime
of the refurbishment measures, through reduced expenses for heating fuel. As
mentioned above, the government maintains that the standards demanded in the
EnEV are ‘economically viable’: they have been set at such levels as to fit neatly
with current costs of thermal refurbishment. Hence, it is argued, it does not
actually cost a homeowner anything to refurbish to EnEV standard, as the thermal
improvement will pay for itself. However, it is argued, it does cost to go beyond
this standard, because at these levels of thermal refurbishment the costs escalate
and the return per euro diminishes considerably (cf. Galvin 2010; Jakob 2006).
Hence, the subsidies are given only for thermal improvements above and beyond

1 The arithmetic is non-intuitive: 80% 9 1.4 & 115%.
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the EnEV requirements, while the homeowner pays for the improvements up to the
EnEV level.

An important consequence of this is that the KfW subsidies are only financing
the most economically inefficient extremes of thermal refurbishment. Federal
politicians and bureaucrats argue, however, that the offer of KfW subsidies induces
homeowners to embark on refurbishment projects by offering them the incentive of
something for nothing (see policymaker interviews in Galvin 2011). Hence, they
argue, the few billion euros in the KfW annual budget ‘trigger’ (auslösen) the
spending of tens of billions of private capital on refurbishment that incorporates
energy-efficiency improvements. More will be said about this in evaluating the
cost effectiveness of thermal retrofit in Germany, which will be discussed in
Chap. 6.

2.4 The Economic Viability of Thermal Retrofits

As we noted above, the EnEV may only demand thermal standards that are
‘economically viable’. This was originally a provision to protect homeowners from
being forced to pay inordinate sums to incorporate unreasonably stringent thermal
upgrade measures in their retrofits or new builds. However, it has taken on a new
function, in policy discourse, as a motivational and promotional tool to persuade
homeowners to undertake thermal retrofits who might otherwise not have done so:
it costs nothing in the long-run, so they should do it. It is important to understand
the legal meaning of the term ‘economically viable’, and how this affects its
usefulness as a motivational tool.

The EnEV is a set of regulations. Although changes in the EnEV have to be
approved by both Federal houses of parliament, they also have to conform to a law
which sets the EnEV’s boundaries and limits, namely the Ener-
gieeinsparungsgesetz (energy saving law—‘EnEG’; see EnEG 2009). This stipu-
lates (paragraph 5) that energy saving measures for buildings may only demand
thermal upgrade measures that are ‘wirtschaftlich’ (economically viable). In the
German policy context, this is interpreted to mean three things.

First, the savings expected to be won as a result of the thermal upgrade mea-
sures have to be great enough to pay back the cost of those measures, over their
technical lifetime. This is usually taken to be 25 years, but it can vary between
components (walls, roofs, boilers, windows etc.) and types of building and insu-
lation material. For example, if the thermal features of a retrofit project cost
€15,000 and this is expected to result in fuel savings worth €650 per year over
25 years, the project would be deemed economically viable, since €650 9

25 = €16,250. Of course, savings will vary depending on vacillations in the fuel
price, while costs will vary depending on the interest rate being paid if the
homeowner took out a loan to finance the project. Other factors also come into the
calculation, and in Chaps. 6 and 8 we look more closely at the mathematical
models used to determine economic viability.
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Second, in the calculation of economic viability, only the costs of the thermal
upgrade measures are taken into account (the energetische Mehrkosten—‘thermal
improvement costs’), and not the costs of associated structural changes or main-
tenance measures (the sowieso-Kosten—‘anyway costs’). So, for example, in
calculating whether an external wall insulation job will be economically viable,
the regulators only have to consider the costs of the insulation material and the
labour of fixing it to the wall (the ‘thermal improvement cost’). They do not have
to take into account the costs of scaffolding, stripping the old render, applying a
new render and painting the finished wall (the ‘anyway costs’). It is argued that the
latter would have to be paid anyway, in the normal course of building mainte-
nance. The legal definition of economic viability assumes that anyone doing a
thermal upgrade would do so during major maintenance or retrofit, the costs of
which would have to be paid in the normal course of building maintenance. Before
each tightening of the EnEV standards for retrofits, in 2002 and 2009, the gov-
ernment commissioned expert reports (i.e. Feist 1998; Kah et al. 2008) to confirm
whether the intended standards were economically viable according to these cri-
teria. The author of the report for EnEV 2002, who was also the driving force
behind the report for EnEV 2009, continues to affirm this principle (Feist 2009),
and it is widely accepted as right and proper in the policymaking community
(Galvin 2011, 2012).

The advantage of this approach is that it integrates thermal retrofit into the
regular and incidental maintenance of residential buildings. Although homeowners
are required, by regulation, to include thermal upgrading in such maintenance
projects, they are also assured that, in the long run, this will pay back.

There is a difficulty here, of course, for homeowners whose buildings are not
due for major maintenance, but who wish to upgrade them thermally. They have to
conform to EnEV thermal standards, but all their costs, from their point of view,
are for the thermal upgrade.

A further difficulty is that not all homeowners are likely to regard their
buildings as due for major maintenance within the next 38 years, i.e. up until 2050.
If the regulations effectively force homeowners to wait until major maintenance is
due, before they can afford to thermally upgrade to the required legal standard,
many will wait for a very long time. The policymakers we have interviewed
counter this with the remark that all pre-1977 German homes are in need of major
maintenance, and those built between 1977 and 1994 will be before 2050. Our
interviews with homeowners indicate, however, that for them the question as to
when a home is due for major maintenance is a subjective one, and has as much to
do with household budget as to the appearance and condition of the building.

Third, the calculation of economic viability is based on a building’s theoretical
thermal performance, not its actual, measured performance before and after ret-
rofit. There can be a great difference between these two. As we will discuss in
Chap. 5, the actual, measured heating fuel consumption in German dwellings is,
on average, about 30% lower than the theoretical consumption (Sunikka-Blank and
Galvin 2012), and the gap is even wider for older, thermally inefficient dwellings.
The main reason for this seems to be that households in thermally leaky buildings
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often try to avoid heavy fuel bills by adapting to cooler indoor temperatures,
rationalising the use of rooms, or turning radiators on and off strategically to suit
their room use. An important effect of this gap is that a retrofit job that looks
economically viable on paper might not be in the real world: one cannot save
energy one is not already consuming (see Chap. 6).

Despite these difficulties, the Federal government uses economic viability as a
key idea in promoting thermal retrofit. Typical is a full-page advertisement in a
promotional magazine issued free with major German weekend newspapers on
15–16 September 2012 (Bundesregierung 2012, p. 7). The headline declared that
thermal retrofit of buildings ‘lohnt sich’, a word-play meaning both ‘pays for
itself’ and ‘is worthwhile’. This reflects the Government’s ongoing promotion of
thermal retrofits on the grounds that these are economically viable. Further
examples may be seen on the websites of the Housing Ministry (BMVBS—
www.bmvbs.de) and the German Energy Agency (DENA—www.dena.de).

2.5 Further Policy Levers: Energy Advice, Energy
Certificates and Demonstration Projects

An important instrument for promoting thermal retrofit of existing homes in
Germany is the role of local, on-site energy advisors. Homeowners considering a
thermal retrofit can arrange for a visit from a qualified energy advisor, who will
examine the building, discuss their needs, and suggest various alternatives for
thermal retrofit and their likely costs and benefits.

The tasks of an energy advisor are exacting, as she or he must assess the
thermal quality and retrofit potential of a dwelling in a short visit, and also have
the personal skills to engage with a household in exploring their needs and aspi-
rations for their home. There are now national and state training schemes in place.

We have not found any studies of the effects of these visits, but our own
interviews with homeowners suggest they generally help people understand the
thermal and economic issues. Whether they induce people to undertake major
thermal retrofit projects is another matter. Some retired interviewees, for example,
said the visit of a local, municipally funded energy advisor helped convince them
that extensive thermal retrofit would not be economically viable for them, as they
were unlikely to live out the 25 years required for payback, at least in their present
home.

The Ministry for the Economy and Technology (Bundesministerium für Wir-
tschaft und Technologie—BMWi) now funds energy advisors’ visits, but only
under the condition that they advise the homeowner to renovate in such a way that
the dwelling will come up to the full EnEV standard or better (BMWi 2012).
Hence, Federally paid energy advisors are under some duress to give advice that
suits government policy, rather than advice that their own skills and experience
might indicate is best for the actual constellation of building and household.
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A further policy instrument is the Energy Performance Certificate (EPC), a
requirement stemming from EU rules. The Energy Performance of Buildings
Directive requires that ‘when buildings are constructed, sold or rented out, an
energy performance certificate is made available to the owner or by the owner to
the prospective buyer or tenant …’ (EC 2003, p. 68, Article 7). In Germany, all
new buildings must have an EPC. An existing dwelling must have one if it is being
offered for sale or rent, and also both before and after a thermal refit. Landlords
and vendors do not have to display the EPC, but must produce it when asked by
prospective tenants or purchasers. EPCs display the energy consumption of the
dwelling, in kWh/m2a, and also the options for a thermal upgrade. Generally the
consumption displayed is the theoretical, calculated value (in German the Ener-
giebedarfskennwert). However, for certain categories of buildings (see Chap. 5,
Sect. 5.1, if a household has three continuous years of energy bills their dwelling’s
EPC may instead display the actual, measured consumption (in German the
Energieverbrauchskennwert). As noted above, the average gap between these two
measures is 30%.

The EPC is intended to motivate homeowners to renovate, as it is assumed that
a low energy consumption figure increases the market value of a property. Its
effectiveness in this regard has been investigated in recent studies in Germany
(BMVBS 2011; Amecke 2011) and the UK (Adjei et al. 2011; Lainé 2011). Both
UK studies found that homebuyers rarely used the EPC in assessing the worth of a
home or negotiating the sale price. The smaller of the two German studies
(n = 151), BMVBS (2011), found that 42% of respondents felt the certificate
provides useful information about a building, though 30% said they would prefer it
not to be there, as it weakened their negotiating position. This is an indication that,
for these cases at least, a good energy rating can influence the value of the
property.

The larger German study (n = 1,239), Amecke (2011), found that 35% of
purchasers viewed the EPC for a property they were closely considering, and the
certificate was actively promoted to 24% by the vendor or agent. Most found the
certificates understandable, but only 44% regarded them as trustworthy. Further,
the metric on the certificate (kWh/m2a) was meaningless to most purchasers.
Although most rated the cost of energy as a factor in a decision to purchase, most
found energy bills, site visits and professional advice far more useful than the EPC.
Finally, as a factor influencing their purchasing decision, energy efficiency was 9th
in order of importance behind other factors mentioned in the survey.

Hence there is some evidence that an EPC can influence negotiations between
vendor and purchaser, but not enough to make it a strong motivating factor for
undertaking thermal retrofit. Other factors, such as location, layout, décor and the
quality of indoor fittings appear to play a much larger role in home purchasing
decisions.

Finally, a policy instrument notable by its absence in Germany is inspection of
homes that have been newly built or renovated. While Germany has strict regu-
lations for both thermal and structural features of buildings, there is no provision
for inspection of projects to check their conformity to the law. This has interesting
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effects. First, there is no systematic feedback of the effectiveness of thermal ret-
rofits that are designed to reach or do better than the EnEV requirements. Instead,
the Government relies on random surveys, commissioned by the Housing ministry,
to assess the energy savings achieved in projects that receive KfW subsidies (e.g.
Clausnitzer et al. 2010), and on expert reports to assess the progress of thermal
retrofits overall (e.g. Friedrich et al. 2007).

Second, the lack of inspection creates an incentive for homeowners to renovate
below the thermal standard required by the EnEV. We have seen many examples
of this in Germany, some of which are outlined, with locations changed to preserve
anonymity, in Galvin (2011). From the perspective of the potential of the building
to be thermally upgraded, some of these seem quite sensible, such as a Bran-
denburg homeowner who put 6 cm of roof insulation under new roof tiles rather
than the regulation 22 cm, to avoid having to restructure her roof. Others seem like
a wasted opportunity, such as a homeowner in northern Bavaria who put new
render on the walls of his house—complete with the expense of scaffolding—
without adding any insulation at all.

Third, and despite many wasted opportunities, we see some evidence that the
lack of inspection enables some homeowners to do at least a degree of thermal
upgrade, where the EnEV requirements are too strict, in their case, to be afford-
able. There is an ongoing discussion among policymakers as to whether ‘broader is
better than deeper’: will more energy be saved by allowing modest, inexpensive
thermal up grades, or by restricting thermal upgrades only to strict standards that
are inevitably expensive? We will return to this point in Chaps. 6 and 9.

2.6 Achievements and the 80% Goal

Throughout Germany one sees examples of residential buildings renovated to high
thermal standards. The German Energy Agency (Deutsche Energie-Agentur—
DENA) keeps a database of demonstration projects to show that such standards are
possible to achieve in a diverse range of existing buildings of all ages
(www.dena.de). Two types of studies track the effectiveness of Germany’s thermal
retrofit policy: those tracking the annual rate of thermal retrofit, and those
investigating the depth of fuel savings achieved. In Chap. 6 we will consider these
in detail. At this point we merely note the main findings.

Studies of the annual rate of thermal retrofit put this at between 0.8 and 1.0% of
the housing stock (Diefenbach et al. 2010; Friedrich et al. 2007; Tschimpke 2011;
Weiss et al. 2012). Meanwhile, studies suggest that the average fuel consumption
reductions being achieved in the more ambitious retrofit projects—those receiving
KfW subsidies—are around 33% per project (Clausnitzer et al. 2009, 2010;
Diefenbach et al. 2011). This is a theoretical figure, based on a calculated
assessment of the thermal quality of buildings pre- and post-retrofit. When the
actual, measured pre- and post-retrofit consumption is considered, the fuel savings
fall to around 25% (Michelsen and Müller-Michelsen 2010; Schröder et al. 2011;
Walberg et al. 2011; and cf. DENA 2012).
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It would seem, then, that thermal retrofits are bringing an annual reduction in
home heating energy consumption of around 0.25% (0.1 9 25 = 0.25). Contin-
uing at this rate to 2050 would lead to a 9.5% reduction, considerably less than the
80% goal. Our ongoing discussions with Federal policymakers indicate they have
become increasingly aware of the slow progress of fuel consumption reductions
through thermal retrofits. They are particularly concerned about the very slow rate
of thermal retrofit among buildings with 1–6 dwellings, which make up the vast
majority of German homes and are mostly privately owned.

2.7 Conclusions and Implications

German Federal regulations demand that homes being comprehensively renovated
reach an average thermal standard of 100 kWh/m2a, which is 40% of what a new
building of the same design in 1977 could consume. The individual components of
homes being only partially renovated must reach a more stringent standard,
equivalent to 70 kWh/m2a. The government and its expert advisors claim these
standards are economically viable, in that their costs pay back in fuel savings over
their technical lifetime, usually taken to be 25 years. Feedback from the building
industry and a growing number of academics has convinced the government that
these standards are at the limit of what today’s thermal retrofit technology can
achieve economically viably, and the government’s plans to tighten the regulations
further have been abandoned. Subsidies from the KfW are offered for thermal
retrofit projects that go beyond the legally required standards, in an attempt to push
fuel savings higher.

Thermal retrofit policy is entwined with Germany’s climate goal of achieving
80% reductions in GHG emissions by 2050 compared to 1990 levels. However, the
savings actually being achieved through thermal retrofit suggest Germany is
heading for reductions of around 9.5% in this sector by 2050.

There are several clear reasons for this wide discrepancy. The economic via-
bility criterion is based on theoretical, rather than actual, fuel savings, and is
designed to apply only where thermal upgrades are being inserted into mainte-
nance and repairs that would be funded by cyclical maintenance budgets. Further,
the mathematical models used to calculate economic viability are of a character
that does not dovetail well with ordinary people’s budgeting sense. Many buildings
also present technical difficulties for problem-free thermal upgrades because of
their geometry or design, increasing costs further. Some homes could be thermally
renovated economically viably to a lower standard than the regulations demand,
but strict requirements make this illegal. For these reasons, the idea that thermal
retrofits to EnEV standards pay for themselves has not caught on among home-
owners, and fails to motivate the majority to retrofit their homes.

Nevertheless, Germany has made genuine progress in thermal retrofitting in
specific spheres. It now has a robust, widespread infrastructure for undertaking
thermal upgrades, at costs which are competitive for a high-wage economy.
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Government, state and municipal buildings are being thermally upgraded contin-
uously, and progress among large, consortium-owned apartment buildings is
considerable. A portion of smaller residential buildings is being given a new lease
of life, even if the actual numbers are small.

Finally, the entwining of thermal retrofit policy with the 80% climate goal
seems somewhat artificial, and there is no logical reason why thermal upgrades
should lead to 80% reductions in heating fuel consumption. Although a 9.5%
projected saving over the next 38 years is a long way from an 80% saving, in itself
it would be an achievement. A closer examination of key issues, in later chapters,
will bring to light avenues through which this savings rate could be considerably
improved.
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Chapter 3
German Retrofit Policy in Context

Abstract EU member states are committed to the Energy Performance of
Buildings Directive (EPBD) and the Energy Efficiency Directive (EED), including
a 20% energy efficiency target by 2020. Most European countries have adopted
market-led policies to meet these targets, relying on voluntary take-up by home-
owners. Some impose taxes on energy inefficiency, but there is reluctance to do
this due to issues of inspection, control, unpredictability, the vulnerability of low-
income households, and political sensitivity. Most EU countries offer subsidies for
thermal retrofits, though research suggests a weak relationship between subsidies
and the diffusion of thermal efficiency technologies. Germany and Finland, for
example, rely heavily on technical fixes and deep retrofits, though there are
technical and economic difficulties with the depth of thermal improvement
demanded. All European policies seem to lack tools to address the energy saving
potential of behavioral change, although based on evidence to date occupant
behavior can have important implications for the effectiveness of policy
instruments.

Keywords Thermal retrofits � Sustainable building � European Union policy �
Housing stock � Energy use behavior

3.1 Introduction

Chapter 2 outlined the development of the key elements of Germany’s thermal
retrofit policy. As Germany is one of the few countries with mandatory thermal
requirements for the existing stock and demanding standards for new construction,
it is often seen as a global leader in implementing energy efficiency in the building
sector (e.g. Sunikka 2006; Pasquier and Saussay 2012; IEA 2008). This chapter
sets the German retrofit policy in a wider context, focusing mostly on EU initia-
tives, and on EU member states with similar economies and climates to Germany
(for a wider, global perspective see e.g. de T’Serclaes 2007).

R. Galvin and M. Sunikka-Blank, A Critical Appraisal of Germany’s
Thermal Retrofit Policy, Green Energy and Technology,
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In Sect. 3.2, we consider the two key EU Directives that aim to influence
national legislation and policy on thermal retrofitting. In Sect. 3.3, we discuss
regulatory approaches to raising thermal standards, compared with market-led,
positive, and negative financial incentives in Sect. 3.4. Section 3.5 focuses on the
advantages and disadvantages of deep versus incremental retrofits. Section 3.6
discusses household behavior influences on heating energy consumption, including
a case study in Cambridge, United Kingdom. Conclusions are drawn in Sect. 3.7.

3.2 European Directives

In March 2007, the EU member states agreed on a 20% energy efficiency target by
2020. This aims to improve energy efficiency by 20%, increase the share of energy
from renewable sources to 20%, and reduce EU-wide CO2 emissions by 20%
compared to 1990 levels. This ‘20-20-20’ target aims to integrate climate and
energy policy, enhance energy security, and ensure European competitiveness and
an increase in jobs. The 20% energy efficiency target is mainly addressed in the
implementation of the Energy Efficiency Directive (EED), supported by the
Energy Performance of Buildings Directive (EPBD).

3.2.1 Energy Efficiency Directive

The EU reached agreement of the Energy Efficiency Directive (EED) in June 2012.
This sets four key requirements for member states to improve their energy efficiency,
supporting the EU’s 20% target, although in the final negotiation stage the legally
binding target was set at 17%. First, energy supply companies (ESCOs) have to
reduce their energy sales to industrial and household clients by 1.5% or more each
year. This involves introducing clients to energy efficiency measures and encour-
aging their implementation. A similar type of policy has already been place in some
countries. In Finland, since January 2010 a law imposes obligations upon energy
companies to provide information to customers on their energy use and on suggested
energy efficiency measures. The UK was the first country to introduce a ‘Supplier
Obligation’ (SO) on ESCOs, to save energy at the customer end, in 1994. The policy
has been cost-effective, for example in comparison to the German KfW program (see
Chap. 2). According to Rosenow (2011), the KfW program and the SO have pro-
duced comparable energy savings, but while under the SO about 2 billion euros were
spent by energy suppliers between 2002 and 2008, in the same period the KfW spent
twice as much, at around 4.5 billion euros of public funds. The difference may partly
be due to the higher energy-efficiency standards demanded in the German scheme,
which increase the marginal cost of each kWh saved.

Second, the EED sets a target of a 3% annual retrofit rate for public buildings.
However, during the lengthy negotiations on the EED’s implementation this
requirement was weakened, so that it only applies to public buildings that are
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central government-owned and occupied, for example excluding regional and
state-owned properties in Germany. Although this means that only around 30% of
Germany’s public buildings need to comply, a number of states and municipalities
already have their own programmes for thermally upgrading their buildings.
Munich, Freiburg, and the city-state of Hamburg are leading examples.

Third, the EED requires each EU member state to draw up a roadmap to make
the building sector more energy efficient by 2050, including strategic plans for
commercial, public and private households. The roadmaps are intended to provide
continuity and security for long-term investment. The commitment to these
roadmaps is the responsibility of each national state, but as a positive measure the
requirement emphasizes the building sector as one key stakeholder of the policy.

Fourth, the EED includes encouraging additional measures such as energy
audits and energy management for large firms, and cost-benefit analysis for the
deployment of combined heat and power generation (CHP).

The EED entered into force in November 2012. The member states had to
present their national programs for its implementation, together with their national
indicative targets, by April 2013. In countries like Germany, which is likely to
implement the Directive correctly and in detail, it is likely to have direct impact on
energy suppliers, while the national EED roadmap will provoke clarification of the
contribution of the Energy Saving Regulations (EnEV), and other policy instru-
ments, to the target of a 20% gain in energy efficiency by 2020.

3.2.2 Energy Performance of Buildings Directive

In early 2003, the European Parliament accepted Directive 2002/91/EC on the
Energy Performance of Buildings (EC 2003). One of the four key elements
described in the Directive was the introduction of energy certificates for the
existing building stock. The directive required that, by January 2006, an Energy
Performance Certificate (EPC), not more than 10 years old, must be shown to
prospective purchasers or tenants when a new or existing building is sold or let,
including recommendations for improvements in energy performance. The
directive requires energy certificates to be issued for the existing buildings, but
leaves it for each member state to decide whether certain minimum energy criteria
should be met, and whether to combine the energy certificate with economic policy
instruments (Beerepoot and Sunikka 2005). The UK Government, for example, has
announced that it aims to set a requirement that from April 2018 it will be illegal
for landlords to rent out homes or business premises with an energy efficiency
rating less than ‘E’, as verified in the EPC. According to the UK Government, at
least 682,000 properties are currently below this standard (House of Commons
2011).

The effectiveness of these EU initiatives in stimulating thermal retrofits has
been criticized. Aware of these criticisms, the European Commission proposed a
recast of the 2002 EPBD as part of its Second Strategic Energy Review in
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November 2008. According to the Commission’s own estimates, the recast of the
EPBD is expected to bring EU energy consumption down by 5–6% and reduce
CO2 emissions by 5% by 2020, all contributing to the 20% energy efficiency target
described above. Further, the 2002 EBPD required that building retrofits meet
minimum national thermal standards if their floor area exceeds 1,000 m2—which
excludes most housing projects. One of the key changes introduced in 2008
was the elimination of the 1,000 m2 threshold, implying that all existing buildings
undergoing major retrofits would have to meet minimum thermal efficiency levels.
It was also suggested that all member states should set target percentages for a
minimum percentage of the existing buildings to become energy neutral in 2015
and 2020, and that smart meters to be installed in all new buildings and retrofits.

However, after long negotiations with all member states in 2009, it was decided
that the recast of the EPBD would not set obligations or thermal standards for the
existing buildings. This was due to the strong resistance from member states that
judged the draft proposal as over ambitious and administratively burdensome,
especially considering economic challenges and austerity programs. The Directive
suggests instead that major retrofits must improve energy efficiency but only if
doing so is technically, functionally, and—not surprisingly—economically feasi-
ble. For new construction, the consensus was easier to achieve. It was agreed that
all new buildings would have to comply with tough energy-performance standards
and supply a significant share of their energy requirements from renewables after
2020.

The difficulty in introducing more binding targets for the existing stock in the
recast of the EPBD illustrates that there is still a question of the extent to which the
EU should intervene in member states’ legislation on housing and energy, which
have hitherto been purely national policy areas. EU Directives would seem to be
an effective catalyst for national action on building regulation, but while they may
produce new administrative initiatives, legislation based on Directives will not
necessarily be effective in reducing environmental load. The energy performance
of the current housing stock varies among EU countries, as do climate and eco-
nomic conditions, and the member states are at different stages regarding the
energy performance of their housing stocks, making uniform requirements across
member states difficult. It seems to be left open for each member state to decide
whether to adopt mandatory policies (as in Germany) or leave it to the market and
stimulate efficiency with fiscal incentives (as in the UK). This leads to a discussion
of issues involved in regulating for energy efficiency in the existing stock, and why
this may be unpopular in many countries.

3.3 Regulations Versus Market Led Approach

Direct regulation means policy instruments that seek to impose environmentally
benign behavior by imposing legal standards. In EU countries, thermal regulations
for new builds have been tightened in recent years to support energy-saving
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strategies, and revised to conform to EU requirements, such as the EPBD
described above. Environmental legislation related to the building industry in EU
countries tends to focus primarily on energy, indoor air quality, waste, and
emissions of hazardous substances. Direct regulation of energy use in the existing
buildings has been initiated relatively recently, and only in some EU member
states. In 2002, England and Wales imposed minimum insulation levels for
replacement of windows and doors, and efficiency standards for boilers, in the
existing buildings, controlled by means of self- certification schemes. Germany
first required thermal upgrade measures to be included in retrofits in the same year,
but these were unique in that they also covered wall, roof, and ground floor
insulation (as outlined in Chap. 2). Some countries like Finland are now in the
process of introducing mandatory thermal regulations for those retrofits that
require building permission, although exceptions can be made depending on the
function of the building, its heritage status—and economic viability of thermal
measures (YM 2013).

Direct regulation on the existing buildings can operate by means of standards
for singular measures, such as minimum insulation levels for building components,
or standards for general energy performance of a building, as now required by the
EPBD. In most EU countries, minimum insulation levels in new builds were the
first type of energy regulation, introduced in the 1970s. These were gradually
transformed into integrative approaches, in which the overall energy demand or
consumption of buildings was calculated (Beerepoot 2002). Whole building per-
formance standards, as distinct from standards for individual components, can
overcome some of the disadvantages of direct regulation as they enable planners to
choose the most economically efficient combination of measures to meet the
energy performance goal.

Regulations appear to be effective where there are market failures, such as
insufficient demand for energy improvements, a constant shortage of affordable
housing in high demand areas, and the split incentive dilemma where a landlord
invests in energy upgrades and a tenant reaps the benefits. However, the disad-
vantages of direct regulation, especially regarding existing housing, include: high
administrative costs (if the compliance with the regulations is actually inspected or
enforced); possible tolerance of noncompliance by local governments as a result of
this administrative burden; and economic implications of trying to force costly
improvements on private households, especially when housing is considered to be
a basic human right.

These issues might lie behind the German Government’s choice not to inspect
thermal retrofits or enforce the implementation of the EnEV in practice. The UK
Government will face these ethical issues in its ambitious and straightforward-
sounding plan to make renting EPC ‘E’ level property, with the existing occupants,
illegal in 2018. Further, it is often considered that as a result of a regulatory
approach, innovation will be limited as there are no incentives for performance
that exceeds the regulations. Germany has addressed this issue with its KfW
subsidy program, which applies only to projects that do exceed the regulations.
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The question of control is very important, as homeowners do not usually require
building permission to carry out retrofit activities in their own property, unless it is
listed or in a heritage area. The issue of control for the existing buildings arises in
Directive 2002/91/EC, which demands that EPCs are mandatory. However, the
energy certificate only proposes energy efficiency improvements and does not
require their implementation. Even so, in Denmark, for example, where energy
certificates for buildings were first introduced in 1979 and later considered as a
prototype for EPCs, only 50–60% of potential buildings had been registered in the
scheme by 2005, despite EPCs being mandatory and not requiring any improve-
ment actions (Beerepoot and Sunikka 2005). There were no inspections and no
sanctions for noncompliance. A policy assessment saw the cost-effectiveness of
labeling of buildings very poor, and no significant difference between houses with
or without the energy label (Togeby et al. 2009).

German thermal retrofit policy stands out from that of other European countries
by counting on regulation instead of a free market. This could be due to a different
political culture, education, the influence of the Green Party (which was a gov-
erning coalition partner when the EnEV was devised), or a long established
environmental policy. The first Environmental Programme in Germany dates back
to 1971, and in 1994 the principle of sustainable development was laid down in the
German Constitution in terms of ‘bearing responsibility for future generations’.
The National Climate Protection Programme (NCPP) identified the retrofit of
existing buildings as a priority (BMU 2000).

Apart from new-build regulations, most EU countries have adopted voluntary
and market-led policies for building energy efficiency, relying heavily on the
environmental conscience of market parties. Policy in the Netherlands and Finland
falls between the two extremes of Germany (regulatory) and the UK (market-led),
using very few regulatory measures but involving strong leadership from the
government. In the Netherlands the government can influence practice, for
example through subsidy criteria in the social housing sector, or draw market
parties into voluntary agreements. Predicting the impact of a market-led policy can
be difficult, and so far there is little evidence of these approaches’ success in
achieving policy targets. Leaving the encouragement of thermal retrofits to market
parties is also an easy option for the government with little political risk.

This leads to a discussion of fiscal policy instruments. These can be both
positive (e.g. subsidies) and negative (e.g. taxes), and can be used both in a
market-led and a regulatory approach to support thermal retrofits policies.

3.4 Economic Instruments

Financial incentives are an alternative to command-and-control policy instruments
such as thermal regulations. Economic instruments in general aim to influence the
economic attractiveness of environmentally benign behavior (both investment-
related and operational) and, because the environment can be considered a public
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good for which insufficient market demand exists, they try to overcome market
imperfections (Beerepoot and Sunikka 2005).

3.4.1 Negative Fiscal Instruments

Taxes are often assumed to be the least cost policy instrument to encourage energy
efficiency and to provide continuous incentive to the industry’s search for more
cost-effective technologies (Hasegawa 2002; Siebert 1995). Higher taxes on
energy may seem relatively effective in reducing a household’s consumption and
they also reduce the payback times of energy investments. Environmental taxes
that aim to shift taxes away from labor and onto the environment have been
implemented, to some extent, in several European countries (Andersen 1994;
NOVEM 2002; Sunikka 2003). In Germany, the Ecological Tax Reform was
introduced in 1999 to encourage energy saving and promote renewable energy
sources, for which a portion of the revenue is used (IEA 2000). This supports the
objective of German environmental policy to internalize the external costs of
environmental protection: applying the polluter-pays principle would thus require
energy-related costs to be fully integrated in home owners’ and occupiers’
expenses.

In 1996, the Federal Environment Agency in Germany studied energy-induced
environmental damage related to habitation, and concluded that energy-related
costs amounted to €7.7 billion per year, or roughly €2.5 per m2 of the housing
stock per year (Lintz 2000). However, with the current market price of CO2

abatement at €7 per tonne, paying for one’s CO2 emissions would have added only
1.4% to the cost of one’s heating energy bill, assuming CO2 emissions of 0.0002
tonnes/kWh of heating energy consumed, and a current retail cost of heating
energy of €0.10/kWh. The customer was therefore already paying €500 for every
tonne of CO2 emitted, so an extra €7 would have increased this by 1.4%.

Energy taxes are unpopular with the electorate in general and with industry in
particular (Beerepoot and Sunikka 2005). Sinn (2008) maintains that Germany’s
environmental taxes do not cause any net reductions in GHG emissions but merely
export these to less environmentally conscious countries. By reducing demand for
fossil fuels in Germany, he argues, they reduce the marginal price on the global
market, enabling other countries to buy more. To be environmentally effective, he
suggests, negative financial instruments need to be imposed in all countries
simultaneously, but in practice this is very difficult.

A further problem with using taxes as a policy instrument is that in order to
create more sustainable practice and behavioral change, the price incentive needs
to be relatively high. But the total environmental costs for industry and house-
holds, including both abatement costs and tax payments, are also likely to be high,
and this may induce the government to set the tax at a level too low to be effective.
The Regulator Energy Tax (REB), for example, was applied to Dutch households
in 2001 (and abolished in 2004). Although this increased energy bills by a third,
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research shows that only half of the population was aware of it, and only 2% took
it into account in their electricity use (Van der Waals 2001).

Further, the tax was partly used to subsidise Energy Performance Advice
(EPA), introduced in 2000, which led to an increase in the number of energy-
labeled houses. However, 75% of EPA assessments were on rented houses, typi-
cally owned by professional housing associations rather than private owners. A
contradiction existed in that the approach aimed to perform assessments at ‘natural
moments’, such as when a dwelling was being renovated or a central-heating
boiler being replaced (Jeeninga et al. 2001). Hence, the EPA subsidy was often
used for investments that would have been made anyway. The average cost of the
EPA program was 300 euros per tonne of CO2 reduction, over 20 times the
commercial rate. The administrative costs were high, but applications led to rel-
atively small energy savings, with almost three-quarters of customers indicating
that the EPA advice had not changed their planned investments in the energy
performance of their home (Harmelink et al. 2005).

The question remains as to how taxation on energy can be increased without
penalising low-income households, often in energy inefficient housing, with higher
energy prices. Despite assistance from government programs such as the Afford-
able Warmth Obligation in the UK, these households have fewer financial
resources to invest in energy-saving measures. It has been argued, therefore, that
imposing energy taxes on households causes greater inequality between rich and
poor (Anker-Nilssen 2003), so heavy taxation of end-user energy may be neither
an advisable nor politically viable option.

3.4.2 Positive Fiscal Instruments

A number of European countries have introduced financial incentives, of various
kinds, for improving energy efficiency in buildings (de T’Serclaes 2007; IEA
2008; NOVEM 2002; Sunikka 2003). In most cases, the use of subsidies as a
policy instrument aims to create market transformation for energy efficient
improvements (see Gillich and Sunikka-Blank 2013).

The French Government’s 2007 environmental and energy sustainability ini-
tiative, Grenelle de l’environnement, spawned a policy for improving the energy
efficiency of buildings, the Plan Bâtiment. This is a consensus commitment of
government and industry to reduce the energy consumption of buildings by 38%
by 2020. It includes demonstration projects, and offers an interest-free loan of up
to €30,000 for energy upgrades on existing homes, the Éco-prêt à taux zéro. Loans
have to be repaid within 10 years (principle only) and cover thermal upgrade
measures such as insulation, new windows, heat pumps and heat recovery venti-
lation systems, plus labor, and on-site supervision (Ecocitoyens 2012). Further,
under the 2009 Finance Law interest-free loans are offered for the purchase of new
or existing homes, with the size of the loan increased if the thermal quality of the
home exceeds current building code requirements. Also, tax credits for interest
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paid on home loans have been modified to incentivise high thermal standards
(Pasquier and Saussay 2012).

In 2012, as promised by incoming President Hollande, the French Government
announced its aim to encourage an annual retrofit of one million homes. The costs
of these retrofit projects will partly be financed by income from the auctioning of
CO2 allowances under the Emissions Trading System (ETS). Further, the French
Government wants to introduce progressive energy tariffs aimed at reducing utility
bills for energy efficient households, and extend lower social rates for natural gas
and electricity for four million low-income households. The costs of a more
complex tariff system would need to be met by energy providers.

A strategy for making positive fiscal instruments more effective, and their
effects more measurable, is to connect them to the energy reduction targets of
voluntary agreements. This policy has been adopted for example in relation to the
social housing sector in the Netherlands (see Sunikka and Boon 2004). In Fin-
land’s National Climate Strategy and its associated Energy Conservation Pro-
gramme, voluntary energy conservation agreements play a central role in the
implementation of energy policy. Energy conservation agreements are framework
agreements made between the Ministry of Trade and Industry (KTM) and various
sector organizations, including the real estate sector, though excluding private
households. The agreements are voluntary but financially supported and monitored
by the government. Participating companies receive 40% financial support for
energy audit costs, 15–20% for energy improvement investments and for expenses
in setting up an environmental management system under international standard
ISO 14001, and up to 40% for new technology investments.

Between 1996 and 2003 the government invested 16.1 million euros in the
agreements. Heikkilä et al. (2005) estimate a return of five euros for each euro of
public investment. In the real-estate sector, the target was to reduce heating energy
consumption by 10% by 2005 compared to 1990 levels and 15% by 2010 but this
proved to be over ambitious. Between 2000 and 2004, heating energy consumption
per square metre of floor area (kWh/m2) was reduced by 3.4% compared to 2000
levels, and the heat index (kWh/m3) by 7% (Hekkilä et al. 2005). Average elec-
tricity consumption had stabilized in 2004 to the 2000 level, and the aim was to
turn the trend to decline in 2005.

Nevertheless, financial support in the estate sector was mostly given for energy
audits, whereas the implementation of the improvements suggested by the audits
has been very slow. Again this reflects the problem of moving from energy cer-
tificates to actually implementing the recommended measures. Another problem is
labor intensity: the real-estate sector required the largest rate of investment to
energy efficiency gain: the expenses of the scheme compared to the energy saved
were estimated to be around €37.60 per MWh/a.

A difficulty with subsidized voluntary incentive programs is that they can lead
to the ‘free rider effect’, where recipients receive funding for upgrades they would
have done anyway. For example, in 1978 the Dutch Government established a
large investment subsidy program, the National Insulation Programme (NIP), for
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improving energy efficiency in the existing housing stock. Kemp (1995) showed
that there was only a weak positive relationship between the subsidy for thermal
home improvement and the diffusion of thermal insulation technologies. The
program mainly provided receivers with a ‘windfall gain’, helping them in the
direction they were already planning to take (Beumer et al. 1993). This effect has
been found with other environmental subsidies (Tweede Kamer der Staten Gen-
eraal 1987; Vermeulen 1992).

Germany’s Federal subsidy system is also based on voluntary thermal improve-
ments, but only for those that go beyond the legal requirements (see Chap. 2). This
has the effect that only the least economically efficient aspects of thermal upgrades
are being subsidized. The marginal cost of upgrading a building to a standard 20%
better than the minimum thermal standard can be in the order of €0.20/kWh of energy
saved over the technical lifetime of the retrofit measures, equivalent to €825 per
tonne of CO2 saved (Beecken and Schulze 2011).

An essential question related to both regulatory and market-led retrofit policy
approach is: what kind of thermal retrofit measures should be demanded and/or
subsidized? The following section explores this issue.

3.5 Deep Versus Incremental Retrofits

A question frequently asked regarding thermal retrofits is should we go deeper, or
should we go broader? Deep retrofits are technically demanding and expensive,
not only in absolute terms but also in euros spent per kWh of energy saved.
Shallower or incremental retrofits are less difficult technically, cheaper to imple-
ment, save more energy per euro invested, and can be rolled out quickly to a larger
constituency. Despite the common European Directives (Sect. 3.2), retrofit strat-
egies can differ between European countries not only in their implementation
strategy (see Sects. 3.3 and 3.4) but also by the choice and depth of technical
measures that are encouraged.

Germany’s thermal retrofit policy can be described as a deep retrofit approach.
The commitment to deep cuts in household heating energy is reinforced by the
policy target of 80% GHG emission reduction by 2050, which has been directly
translated into the building sector (see Chap. 2). The limitations of this approach
are beginning to be recognized. Increasing criticism from homeowners and the
building industry is evidenced in recent television reports and a spate of press
articles. Academic criticism has come from recent peer-reviewed articles in
Germany’s highly technical building physics periodical, Bauphysik (Beecken and
Schulze 2011; Greller et al. 2010; Schröder et al. 2010, 2011). Meanwhile a
government-commissioned report authored by some of Germany’s leading
building physicists concluded that a further tightening of thermal standards would
violate the economic viability criterion (Hauser et al. 2012). Despite Germany’s
ambitious CO2-reduction goals and high confidence in its technical ability, the
German Government has now recognized that its thermal policies for both new
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builds and retrofits were going too far too fast. The plan to tighten new build
thermal standards by a further 30% in 2012 has been replaced by a 12.5% tight-
ening now scheduled for 2014 and possibly a further 12.5% in 2016. The plan to
tighten thermal retrofit standards by 30% in 2012 has been shelved, with no
timetable for future updates. Ironically, Germany is again proving to be a world
leader: while others such as the UK remain committed to making all new homes
‘nearly zero energy’ by 2016, Germany has effectively stepped back from this
goal.

The main reason for this slowdown is that the depth of thermal quality required
by the EnEV is proving too difficult to achieve economically for new builds, and
too difficult both technically and economically for retrofits. This makes new homes
unaffordable and dissuades homeowners from retrofitting, thus reducing national
fuel savings. Meanwhile, many homeowners simply ignore the regulations and
retrofit to whatever standard suits them (Galvin 2012). It also pushes the cost of
saving CO2, through retrofits, to hundreds of euros per tonne, compared with €10–
€30 per tonne for energy-efficiency upgrades in other sectors (Sinn 2008).

In Finland, a similar strategy of deep retrofits and high insulation levels has
been encouraged, and the retrofit of state-subsidized housing aims to bring
dwellings up to new build standards. Aside from difficulties of economic viability
(cf. Chap. 4), research indicates that complaints of mould and poor indoor air
quality can be associated with increased insulation and insufficient ventilation.
This is partly due to the speed of tightening of the thermal regulations, without
considering whether the building industry has been able to adapt its standard
construction solutions to changes in building physics that occur as a result of
excessive extra insulation (Vinha 2011).

Similar complaints, though to a lesser extent, are heard in Germany, where
natural ventilation accounts for nearly 100% of the residential stock. In Finland,
France and the Netherlands the share is approximately 30, 40 and 60%, respec-
tively (Meijer et al. 2009).

In France, by contrast, the trend has been toward small retrofits and improve-
ments requested by tenants, supported by the holistic High Environmental Quality
(Haute Qualité Environnementale) concept (Sunikka 2001). In the Netherlands,
the focus of sustainable retrofits has been more on seeing energy efficiency
improvements in the context of comprehensive urban renewal projects, including
social sustainability targets, although this has recently changed (see e.g. Sunikka
and Boon 2004). A number of local schemes in the UK also focus on small
incremental upgrades, such as free loft insulation and filling cavity walls.

In theory, we can only reach a national 80% reduction goal by deeply retro-
fitting every home by an average of 80% savings. While some therefore argue that
deep retrofits are the only way forward, others point out that in countries where
only deep retrofits are permitted, the rate of retrofits is very low and the actual
savings achieved per retrofit are far less than 80% (cf. Tuominen et al. 2012).

But if technical retrofit measures can only partly improve the energy efficiency
of the existing housing stock, a further option to consider is behavioral change.
Some key elements of this issue are introduced in the next section.
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3.6 Technical Measures Versus Behaviour

Occupant behavior and household characteristics are important contributors to
domestic energy consumption (Faber and Schroten 2012; Guerra-Santin 2010).
Heating energy savings achieved through retrofit measures can be remarkably lower
than calculated (Haas and Biermayr 2000), often less than 50% of the expected
savings (Simons 2012). Yet current policies in European countries, including
Germany, have yet to harness the potential of user behavior to energy savings.

Insights into the effects of behavior on energy use were illustrated in a recent
UK study. Sunikka-Blank et al. (2012) describe a thermal retrofit in a Council
housing estate in Trumpington, Cambridge. Prior to the retrofit the home was
monitored using data loggers and comfort surveys. Temperature measurements
were taken in all rooms, at 10-min intervals for 24 h during a 7-day period in
March, when the outdoor temperature averaged approximately 2.5 �C. The
occupants were an unemployed couple and their three sons. They were using pre-
pay meters for their energy costs, as their economic situation disqualified them
from contract schemes. This made their heating energy more expensive than for
most householders.

Although the couple spent most of the time at home, they said they turned the
heating on in winter for only 5.5 h a day at 20 �C. The recordings showed large
indoor temperature variations, tracking 10–15 �C above the outdoor temperature,
with evening peaks of 25 �C in bedrooms and early morning troughs of 16 �C in
the hallway and kitchen. Questionnaires, completed by the occupants three times a
day, showed that the children had less tolerance of temperature change, had the
highest mean comfort temperature, and wore less clothing than the parents at
home.

In order to better understand the characteristics of the case study household
compared to other households in the area, a behavioral survey was conducted in 13
identical Council owned properties. Over 39 individuals in 13 households
responded to the questionnaire on heating, the use of appliances, occupancy time,
level of clothing and heating habits. Households’ reported thermostat settings
ranged from 16 to 25 �C, the case study being toward the higher end of this scale.
The number of heating hours also showed a wide range, from 5 to 24 h per day.
Further, the household with the highest energy demand in the survey heated their
house more than three times longer than the family with the lowest energy
demand.

While it is not possible to generalize behavioral patterns from such a small
sample, the findings concur with those of other recent studies. In a study in
Denmark, Gram-Hanssen (2010) found households using three or more times as
much energy for heating as their neighbors living in identical homes. In studies in
the Netherlands, Guerra Santin (2010) found that the quality of building con-
struction plays only a limited role in determining actual energy performance in
domestic buildings. As we show in Chap. 5, it is not unusual to find differences of
600% in energy consumption in homes with identical energy ratings.
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The large range of differences in energy consumption habits in similar houses
suggests two things. First, it is very hard to estimate standard energy consumption
for even identical buildings, in simulations related to retrofit. Lifestyle changes
have been found to be more effective in saving energy than increasing the
thickness of thermal insulation (Shimoda et al. 2003). Information about the
thermal properties of buildings can be a very poor predictor of actual consumption
in homes. There is also the possibility that occupants may opt for higher indoor
temperatures after a building’s thermal properties are improved, resulting in sig-
nificantly less energy saving than expected.

Second, retrofits should allow sufficient deviation in comfort temperatures,
more than conventional comfort theory may indicate. People tend to be more
tolerant in their comfort zones if they know they can control the temperature and
ventilation, so retrofit strategies should offer adaptive opportunities and not be
over-engineered.

In the Trumpington case study, despite being a fuel-poor household and pre-pay
meter clients, who were paying more than average for their energy, the tenants’
energy use was characterized by high indoor temperatures (reaching 25� during the
heating season) and a significant number of entertainment appliances. Every
member of the family had a TV set; children had their own mini-fridge. Despite
economic constraints, there appeared to be an acceptance of energy wasting
behavior. In the case study area, households topped up their meters with around
£20 weekly during the heating season, regardless of shifts in energy prices. These
actions do not reflect ‘rational’ economic behavior of seeking the lowest price for
the most benefit. 12% of all the UK energy customers (mostly low-income or in
debt) are on pre-pay meters and pay higher energy prices than if they were on a
contract. Data from Brutscher (2010) indicate that such households like to make
frequent and small top-ups regardless of the increased energy tariffs or income
level, possibly due to liquidity constraints and loss aversion.

UK policy instruments such as Smart Meters are also based on the rational
choice models that assume people make decisions based on rational processing of
information. In practice, however, energy behavior does not seem to fit this model.
In the Trumpington case study, for example, the occupants did not engage with the
smart meter provided. Hargreaves et al. (2010), Shove (2003) and Gram-Hanssen
(2010) are pioneering research on household energy behavior that seeks to explain
people’s choices in terms of routinized practices and habits, rather than rational,
economically based decisions. Galvin (2013) applies this approach to a study of
household ventilation practices in Aachen, Germany, again finding that indoor
routines and habits dominate over economically ‘rational’ behavior. Uitdenbogerd
et al. (2007) also suggest energy relevant household behavior seems to be of
habitual character rather than based on economic rationality. This can limit the
effectiveness of economic instruments (Sect. 3.4), and leads us to explore quite
different approaches to changing energy use behavior.
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3.7 Conclusions and Implications

The EU member states have agreed on a 20% energy efficiency target by 2020.
The main policy instruments of the EU to stimulate thermal retrofits are the recast
Energy Performance of Buildings Directive (EPBD) and the Energy Efficiency
Directive (EED), although both Directives were weakened in the negotiation
stages. As a part of the EED, each member state is required to draw up a roadmap
to make the building sector more energy efficient by 2050. Nevertheless, Germany
has halted its drive to continually tighten thermal retrofit regulations, and delayed
and reduced its next step in tightening new build thermal standards. Our analysis
(see Chap. 4) suggests it will fall far short of the 20% target, in the residential
building sector, by 2020.

Most EU countries have to a large extent adopted voluntary and market-led
policies for promoting thermal retrofits, relying heavily on the environmental con-
science of market parties. Where fiscal incentives are used, taxes are often seen as the
least cost policy instrument, but high energy taxes are unpopular with the electorate
in general and with industry in particular, including in Germany, and it is difficult to
impose a level high enough to bring desired results without penalising lower income
households. Subsidies are used to promote thermal retrofits, for example the interest-
free tax in France and KfW subsidies in Germany. Some research indicates a free-
rider effect and a weak positive relationship between subsidies and the diffusion of
thermal insulation technologies, but free loft insulation in the UK does seem to be
reaching households that would otherwise not insulate their homes.

German belief in technical fixes and deep retrofits could be rooted in the
ambitious policy target of an 80% reduction by 2050, and the fact that most post-
war apartment housing has solid, plain, thermally inefficient walls that lend
themselves to external wall insulation. Ironically, however, this sector is one of the
slowest to undertake retrofitting. There is also a backlash against deep retrofit
regulations in Germany among homeowners, the building industry and some
academics and research institutes, for reasons ranging from excessive marginal
costs and technical difficulties, to complaints of indoor mould and discomfort after
retrofitting. Excessive insulation levels in countries like Finland have also brought
complaints of mould and indoor quality risks.

EU countries appear to share a consensus on the energy-focused concept of
thermal retrofit and carbon emissions targets, usually by 60–80% by 2050, for
example in the Netherlands, Germany, and the UK (MVROM 1999; BMU 2000;
DTI 2003). The strongest driving forces to make vague aims more specific have been
the Kyoto Protocol and the European Union Directives, which put pressure on
governments to achieve measurable energy savings. Quantitative targets, however,
are still set over a very long time frame and the measures required to achieve them
are not necessary defined. Some policy targets seem to be overoptimistic, with
policymakers tending to overestimate outcomes when under pressure to deliver
overall targets (Wagner et al. 2005). There may need to be a rethink of how to reach
goals of 60–80% reduction in home heating energy consumption by 2050.
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An avenue yet to be systematically explored is the potential energy savings in
household behaviour change. The EU Commission is now promoting this as a
significant source of large, untapped energy savings (Faber and Schroten 2012).
The case study of low-income households in Trumpington illustrates the large
range of heating energy consumption patterns among apparently similar house-
holds in identical dwellings. As in many other studies, these consumers’ energy
choices do not seem to be based on classical models of economic rationality, a
possible reason why policy instruments based on such models are failing to bring
effective change. Research in this area is moving beyond rational choice theory to
explore how habitual and routinized behavior locks consumers into high con-
sumption patterns. If energy efficient, exemplar household routines can be iden-
tified, they may then be able to be taught to or copied by others.
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Chapter 4
The Technical Potential and Limitations
of Thermal Retrofits in Germany

Abstract Thermal retrofitting of existing homes is widely seen as an economic
and technically feasible way to reduce domestic heating energy consumption,
which accounts for 14.6% of Germany’s total energy consumption. But energy
savings from retrofits are dependent on the laws of physics and the geometric and
physical characteristics of the actual housing stock. This chapter outlines these
issues, first describing the main features and components of thermal renovation in
the German context. It then explores the two metrics used to assess thermal per-
formance in homes, showing how one of these departs precariously from the laws
of physics, producing unrealistic estimates of how dwellings perform prior to and
after a retrofit. The structural, physical characteristics of German homes are then
examined alongside the measures available for thermal upgrades, highlighting the
challenges typically encountered in trying to bring these homes to a high standard
of thermal performance.

Keywords Thermal retrofit � Housing stock � Energy saving � CO2 reduction �
German policy

4.1 Introduction

It is frequently asserted that there is a huge energy saving potential in thermal
renovation of existing homes in Germany (BMVBS Bundesministerium für Ver-
kehr and Bau und Stadtentwicklung 2011; DENA Deutsche Energie-Agentur
2010; IEA International Energy Agency 2008). 18% of German energy con-
sumption takes place in homes (BMWi Bundesministerium für Wirtschaft und
Technologie 2011:14). In 2007, a typical recent year, 67% of the energy consumed
in German homes was for space heating and a further 14% for water heating
(BMWi Bundesministerium für Wirtschaft und Technologie 2010:25). Hence,
domestic space and water heating accounted for 14.6% of German energy con-
sumption. This can be reduced through insulation, improved air-tightness, and

R. Galvin and M. Sunikka-Blank, A Critical Appraisal of Germany’s
Thermal Retrofit Policy, Green Energy and Technology,
DOI: 10.1007/978-1-4471-5367-2_4, � Springer-Verlag London 2013
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increased efficiency of boilers. It is common among German policy actors to refer
to a graph published by McKinsey and Company (2009), which claims that
‘insulation retrofit’ of buildings, if ‘pursued aggressively’, will bring a positive
gain of €60 for every ton of CO2 emissions saved.

But what is the technical potential of heating energy saving in the German
housing stock? Closely related to this is the question as to what level of technical
upgrade is economically feasible. There is always a trade-off between these two
factors: technology and economics. Clearly we can make a dwelling as energy-
efficient as we like if we wrap it in a thick enough layer of insulation, plug all the
air leaks, and use the best possible technology for the heating and ventilation
systems. But because it has to work in the real world, thermal upgrade technology
has developed with economy in mind. For clarity of argument presentation we
focus in this chapter on technical potential and limitations, referring to economics
where this becomes immediately relevant. In Chap. 6 we will focus on economic
viability.

Section 4.2 of this chapter gives an overview of the thermal upgrade features
that are generally possible and usually undertaken in existing German homes, in the
context of the basic principles of heat loss in residential buildings. Section 4.3
delves deeper into the physics of thermal upgrades, and how this effects what is
technically possible. Section 4.4 explores some of the practical problems
encountered in applying modern thermal upgrade technology to the homes that
actually exist in Germany. Section 4.5 offers conclusions, and discusses implica-
tions for thermal retrofit policy.

4.2 Thermal Upgrade Features and Components

4.2.1 Heat Loss in Residential Buildings: Conduction,
Radiation and Convection

Figure 4.1 is a schematic of a typical German detached house prior to a thermal
retrofit. Heat energy is lost through the roof, walls, basement ceiling, windows, and
external doors, and there are further losses due to energy inefficiency in the boiler.
The heat energy is transmitted to the outside world through conduction, radiation,
convection, and air leakage. Heat losses from the boiler occur directly through the
chimney or flue.

Aside from boiler inefficiencies and air leaks, indoor heat is transported through
the building envelope—the walls, roof, windows, exterior doors, and basement
ceiling—by conduction. The rate of conduction (i.e. of heat energy loss) is directly
proportional to the difference between indoor and outdoor temperature, and
inversely proportional to both the thickness of the relevant portion of the building
envelope and its U-value, a metric for the conductivity of a medium (explained in
more detail in Sect. 4.3).
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To inhibit conduction of heat, would-be renovators therefore need to reduce the
U-values of the various parts of the building envelope. In Germany this is most
commonly achieved by attaching a layer of insulating material such as Styropor�,
a petroleum-based product similar to polystyrene and developed by the chemical
firm BASF, to the walls, roof, and basement ceiling, and replacing the windows
and external doors with models that have low U-values (see Figs. 4.2 and 4.3). In
most cases wall insulation is glued and screwed to the outside surfaces of the walls
and covered with a protective render of fiberglass and plaster. Common alterna-
tives to Styropor are Neopor�, which is a form of Styropor impregnated with
graphite to give a reflective effect, thus further inhibiting heat transport, and rock-
wool, a fireproof, environmentally friendly alternative made from pulverised stone.

Roof insulation is commonly added during re-tiling of roofs. A layer of
physically robust insulating material is laid on top of the rafters, and the new tiles
are fitted on top of this. An alternative method of roof insulation, without removing
the tiles, is to fit layers of glass wool, rock-wool, hemp, or wood fiber under the
tiles, with a first layer inserted between the rafters and another layer covering this.

Internal wall insulation—attaching insulation to the inside of walls—is not
popular in Germany because it causes the substance of the wall to cool below the
dew-point, bringing ice formation and moisture problems to the inner wall sub-
stance where it attaches to the insulation. It can also drastically reduce the living
area, as wall insulation has to be 12–16 cm thick to meet legal requirements.

But radiation, not conduction, is the main ultimate cause of heat loss. The heat
conducted through the walls, windows, and roof warms the outside surface of the

Fig. 4.1 Schematic of an
existing detached house, not
thermally upgraded, showing
basic heat loss through the
roof, walls, basement ceiling,
windows, door and energy
inefficiency in the boiler
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building, which then radiates this heat into space and to surrounding objects. The
rate of heat loss by radiation depends on the temperature of the outside surface of
the building envelope, the temperature of the surfaces facing it, and the ‘emis-
sivity’ of these surfaces (the Stefan-Boltzmann law). A so-called ‘black body’ has
an emissivity of 1.0, meaning it radiates completely, while lighter color surfaces,
and surfaces made of various substances, radiate less intensively.

Painting the walls of a house a light color is therefore a sensible strategy, but
the main factor in reducing heat loss by radiation is to keep the outside surface of
the building envelope as cold as possible. Heat loss is proportional to the differ-
ence between the fourth power of the absolute temperature of the surface of the
building envelope and the fourth power of the absolute temperature of the surfaces
facing it (TE

4–TS
4) so a small change in surface temperature makes a big difference

to the heat loss. If, for example, the temperature of the surroundings is –5 �C
(268.15 K), a building envelope with a surface temperature of 4.7 �C (277.85 K)
will radiate (i.e. lose) twice as much heat energy per hour as one with a surface
temperature of 0 �C (273.15 K); a building envelope with a surface temperature of
13.6 �C (286.75 K) will radiate 4 times as much; and one with a surface tem-
perature of 20 �C (293.15 K) will radiate 6 times as much.

On a clear winter night the surface facing the roof of a house is the sky, which
may be effectively much colder than –5 �C, thus increasing the heat loss through

Fig. 4.2 A commonly used insulation material in walls, roof and basement ceiling is Styropor�

(BASF), similar to polystyrene
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radiation. This underlines the importance of keeping the outside surface of the roof
as cool as possible.

To keep the outside surface of the building envelope cool we have to reduce the
rate of conduction of heat through the building envelope. This is achieved, as we
noted above, by improving the insulation.

Figure 4.4 displays a typical set of insulation features for a German thermal
retrofit on the building shown in Fig. 4.1. To reach the standards in the Energy
Saving Regulations (Energetische Einsparverordnung—EnEV), the wall insula-
tion is generally 16 cm thick, with 12 cm on the basement ceiling and 22 cm in the
roof. The roof in our schematic has been raised to accommodate this thickness.

There is a further cause of heat loss: convection. Convection simply means that
warm air rises and cooler air falls. Therefore, conventional heating systems cause a
build up of warm air under the ceiling, where we do not need it, and a dearth of
warm air at floor level, where we do need it. They also cause a general drift of
warm air upwards in the house, accumulating under the roof. This, coupled with
the sky-facing orientation of roofs, makes them a crucial source of heat loss and an
essential candidate for generous insulation. For this reason German building
regulations require roof insulation to be nearly 1.5 times as thick as insulation on
lower storey walls (see Table 4.1 in Sect. 4.3.1).

Fig. 4.3 Wall insulation is usually glued and screwed to the outside surfaces of the walls and
covered with a render
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Convection can also add to heat losses from the outside surface of the building.
Cool outdoor air in contact with a warm building envelope will heat up and rise,
being replaced by further cool air from below, which will also heat up, and
continue the process. Falling rain will also draw heat from the building envelope as
it runs down the roof, walls and windows.

Cold spot

Triple-
glazing

Under-floor 
insulation

Wall 
insulation

Roof 
insulation

Solar 
thermal

Ventilation 
system 
(with heat 
recovery)

Efficient 
boiler

Fig. 4.4 Schematic of an existing detached house showing possible thermal upgrade features

Table 4.1 Recommended U-values for components of building envelope for new builds and
partial thermal retrofits, as given in EnEV (Energieeinsparverordnung) 2009, with examples of
insulation media and thickness to achieve these values.

Component U-value
(W/m2K)

Example of medium k-value
(W/mK)

Thickness required (cm)

Lower wall 0.28 Styropor 0.035 12.5
Wall reaching roof 0.20 Styropor 0.035 17.5
Roof 0.20 Wood fibre 0.040 20
Basement ceiling 0.35 Styropor 0.035 10
Basement wall 0.35 Neopor 0.030 9
Window 1.30 Vacuum/inert gas 0.004 3.1
External door 1.80 Vacuum/inert gas 0.006 3.3

Source EnEV Energieeinsparverordnung (2009) and authors’ calculations
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4.2.2 Surface Area, Building Geometry and Heat Loss

A further factor in heat loss is the surface area of the building envelope. The
greater the outside surface area, the more heat will be lost through radiation and
convection. This has three important implications.

First, extra corners, dormers, towers, balconies, chimneys, gargoyles and
recesses increase heat loss significantly, because they increase the surface area of
the building envelope. Balconies can be a particular problem for thermal quality,
as they transport heat by conduction from the wall to which they are attached and
offer large surface areas for radiation of heat to the surroundings. Most new homes
in Germany have floating balconies, supported by pillars running directly into the
ground, with a bare minimum of attachment to the side of the building—usually
just two bolts—and an air gap of a few millimeters between the balcony and the
wall. This prevents conduction of heat from wall to balcony via so-called ‘cold
bridges’ or ‘thermal bridges’, effectively reducing the building’s surface area
considerably. It is not uncommon in thermal renovation in Germany to literally cut
balconies off and replace them with a floating model.

Second, the geometric shape of a building serves to determine its ratio of
surface area to volume. A shape approximating a cube is more energy-efficient
than a cuboid (oblong shape), even if both have the same volume, because a cube
has less surface area per unit volume. Theoretically, the ideal building shape for
heat energy efficiency is a bland, plain structure; it is more challenging to achieve
energy savings targets in oblong or multi-winged buildings than in buildings that
approximate a cubic shape. However, among homeowners we have interviewed,
some complain that Germany already has warning examples of unattractive houses
that are energy efficient but with small windows and no quality of design.

Third, the larger the building, the lower the ratio of surface area to volume, and
therefore the more energy-efficient the building is. Doubling the length of a building
(and its height and width) increases its surface area by a factor of 4, but its volume by
a factor of 8 (since 22 = 4, while 23 = 8), thus effectively halving the ratio of surface
area to volume, and therefore halving the heat loss per square meter of living space
(assuming floor area is proportional to volume). Semi-detached houses, terraced
houses, and apartment blocks attached to one another in a long row function, geo-
metrically, as large buildings. They therefore have the advantage of less surface area
exposed to the elements than individual buildings of the same size. Small-detached
houses, by contrast, are challenging for heating energy efficiency upgrades as they
have so much exposed surface area in comparison to their volume.

4.2.3 Air Leakage and Solar Gain

A further, and very significant, source of heat loss is air leakage. Many older
buildings suffer drafts through gaps in the window and door fittings. This can lead
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to replacement of indoor air with outdoor air several times per hour. In an average-
sized German home of 87 m2 living area and 2.6 m high rooms, about 1 kWh of
energy is required to heat the indoor air from 5 �C to 18 �C (Galvin 2013). Air
leakage can cause several full exchanges of air per hour, consuming several kWh
per hour, leading to an excess annual heating energy consumption of thousands of
kWh, costing hundreds of euros.

As the schematic in Fig. 4.2 shows, the windows and external doors have been
replaced with low U-value, air-tight models. The air-tightness causes a build up of
CO2 and moisture in the indoor air. Moisture can lead to mould growth, particu-
larly where there is condensation. This occurs on indoor surfaces that are colder
than their surroundings, typically on window frames and in corners where the ratio
of surface area to volume is high (and hence an excess of heat is being lost through
conduction).

One solution to moisture and CO2 build up is to install a ventilation system
throughout the whole dwelling, preferably with a heat recovery unit so that the
heat in the outgoing air is transferred to the incoming air. This is technically
straightforward for new homes, as it can be designed into the structure of the
house. For older homes it can be very expensive, as ducts need to be built
throughout the already existing structure. The next best solution is manual ven-
tilation. However, this can lead to substantial energy losses when householders
keep windows open too long (Galvin 2013).

Some of these heating energy losses are offset by free heat from the sun, known
as ‘solar gain’. New builds can optimise this with south-facing windows, but
existing homes usually leave little scope for improvement. However, modern
window glass is designed to maximise solar gain and minimise heat loss by
radiation from indoors.

New homes are now required by regulation to include some form of on-site
renewable energy source, and solar thermal collectors are popular because they
offer a relatively high return, in energy gained per euro invested. These supplement
water heating are integrated with the boiler. Many thermal retrofit projects now
include solar thermal collectors if the existing building has an unobstructed south-
facing roof. This requires extra plumbing, since the roof is usually a long way from
the boiler. It also requires a compatible boiler, so it is best done when the current
boiler is nearing the end of its useful life.

4.3 Germany and the Physics of Thermal Upgrades

The thermal performance of German residential buildings is assessed in terms of
two different but related measures: transmission losses and quantity of energy
consumed. Other important issues in this regard are heating degree-days and the
standard methodology for calculating energy consumption.
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4.3.1 Transmission Losses

Transmission losses refer to the heat lost by conduction through solid media, such
as walls, windows, and roofs. These losses are measured in watts per square meter
of the conducting medium, per degree Kelvin difference between its two sides
(W/m2K). For individual components they are given the term ‘U-values’. The lower
the U-value, the better the insulation medium. The walls of older houses typically
have U-values of around 3.0 W/m2K or higher, while a refurbished wall with 16 cm
of Styropor insulation will typically have a U-value of around 0.22 W/m2K. The
U-value of typical modern, double-glazed windows is higher, at 1.3 W/m2K, since
these are considerably thinner than 16 cm of insulation. The average U-value of the
entire building envelope is called HT in Germany. For an old, detached German
house HT is typically around 4.0 W/m2K, while the maximum permissible HT value
for a new build of the same type is 0.5 W/m2K, and for a comprehensive retrofit to
EnEV standards this would normally be about 0.7 W/m2K.

Another metric often used in building engineering, but not frequently in
Germany, is ‘thermal resistance’, or ‘R-value’. The R-value of a medium is simply
the reciprocal of its U-value: R = 1/U.

It can be difficult to conceptualize the meaning of U-values (Watts per square
meter per degree Kelvin), but perhaps it becomes clearer if we note that this is the
same metric as ‘kilowatt hours of energy lost every thousand hours, through every
square meter of wall area, for every degree difference between indoor and outdoor
temperature’. Consider, for example, a typical detached house with 215 m2 of
wall, roof, and ground floor. If the average U-value of this total area (i.e., HT) is
3.0 W/m2K and the difference between indoor and outdoor temperature averages
15 �C, it will loose 3.0 9 215 9 15 = 9,675 kWh every thousand hours. If the
average U-value is reduced to 0.7 W/m2K, only 2,258 kWh will be lost. On paper
this represents a saving of 76%, but in practice further factors reduce these the-
oretical gains considerably, as we shall see in later chapters.

The thickness of insulation required to reach a particular U-value is worked out
from the insulating material’s ‘conductivity’, or ‘k-value’ (lambda-value). k-values
have the nonintuitive metric, W/mK, i.e., watts per meter per degree difference in
temperature. Again this is easier to conceptualize as ‘kilowatt-hours lost per
thousand hours, per meter of thickness of insulating material, per degree difference
between its two sides’. The lower the k-value, the better the insulation material.
Typical k-values are: Glass wool k = 0.040 W/mK; Styropor� k = 0.035 W/mK;
Neopor� k = 0.030; brick k = 0.77 W/mK and solid concrete k = 1.4 W/mK.

To find the U-value for a particular thickness of insulation material we simply
divide the k-value by the thickness of the material, in meters. Hence a 16 cm thick
block of Styropor has U = 0.035/0.16 = 0.22 W/m2K. Table 4.1 gives the rec-
ommended U-values for new builds and partial thermal retrofits, as prescribed in
EnEV (Energieeinsparverordnung 2009). As we noted in Chap. 2, these U-values
can be varied, provided the building’s average U-value (i.e. its HT) falls under the
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maximum for the building’s geometry (in the range 0.4–0.65 W/m2K), and the
theoretical heating fuel consumption (QP) is within the limit for an identical
building using the recommended U-values.

4.3.2 Quantity of Energy Consumed

We now consider the second measure of thermal performance: quantity of heating
energy consumed. This is measured in kilowatt-hours of primary energy consumed
per square metre of ‘useful area’, per year (kWh/m2a) and is given the symbol QP

in German regulations and literature. ‘Useful area’ includes the living area inside
an apartment’s door, plus a proportionate area of stairwell, landing, common loft
space, etc. Since the 2002 upgrade in the thermal regulations, new builds in
Germany have been required to satisfy both measures of thermal performance:
average transmission losses (HT, i.e. average U-value in W/m2K) and heating
energy consumption (QP, in kWh/m2a). For retrofits the rules are slightly different.
Partial retrofits have to satisfy only the first criterion: the U-values for their
thermal upgrade measures must meet new build standards. Comprehensive thermal
retrofits, however, must instead satisfy the second criterion, QP, but at a less
stringent level: their heating energy consumption can be 40% greater than that for
a new build of the same size, geometric shape, and configuration of components.
The average permissible QP for a comprehensive renovation is 100 kWh/m2a, but
for smaller and irregular-shaped buildings it is higher (less stringent but usually
harder to achieve), while for larger, more regular-shaped buildings and those
adjoining other buildings it can be considerably lower (more stringent but usually
easier to achieve).

While HT is a robustly objective measure, based on the physical properties of
insulation materials, QP is somewhat artificial. We can get an idea of the
approximate relationship between these two metrics by considering the notion of
‘heating degree-days’.

4.3.3 Heating Degree-Days

The heating degree days (HDDs) of a city or region are the equivalent number of
days (i.e. hours divided by 24) that the outdoor temperature is below an indoor
base temperature, multiplied by the average difference between these two tem-
peratures. For the Lindenberg district of Berlin, for example, using a base indoor
temperature of 15.5 �C, there were 2,524 degree-days between October 2011 and
September 2012 (www.degreedays.net). To obtain an approximate value for the
total heating energy consumption for a building in Lindenberg, Berlin that is
heated continuously to the base temperature (and no higher), we use the formula:
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C = HT 9 A 9 24 9 HDD/1000, where A is the total area of the building
envelope (not the floor area).

The factor 24 converts days to hours, while the divisor 1000 converts watts to
kilowatts, producing an answer in kWh. For a detached house with building
envelope area 225 m2 and HT = 2.0 W/m2K, this is:

2:0 � 225� 2; 524=1000 ¼ 11; 358 kWh:

If the living area of the house is the German average of 87 m2, and the ‘useful
area’ is 20% greater than this, a very approximate estimate for QP would be:

11; 358= 87� 1:2ð Þ ¼ 109 kWh=m2a:

Since both these answers are directly proportional to HT, reducing HT by
insulating the building envelope reduces QP, the theoretical quantity of energy
consumed, in proportion to the reduction in HT. However, using HDDs in this way
gives only the crudest idea of the real annual energy consumption, as this also
depends on a number of other factors: how high the occupants set the thermostat;
for how much of each day and night the heating is on; which of the rooms are
heated and at what times; how often and for how long the occupants open which
windows and external doors (especially for ventilation); how much extra heat is
gained from human activity, cooking, and electrical equipment; and how much
heat is won from or lost to adjoining apartments below, above, or next to the one in
question.

4.3.4 The German Standard for Calculating Theoretical
Heating Consumption

In an attempt to deal with this array of factors, Germany uses a formula, published
by the German Standards Institute (Deutsches Institut für Normung—DIN), known
as DIN-4108, that sets clear rules for calculating QP. This takes into account:

• the volume of the building and its floor area
• the area of the building envelope
• a standard ventilation and air leakage factor of 0.7 times the volume of the

dwelling(s) per hour
• a solar gain factor based on the building’s orientation to the sun
• a standard factor for heat energy gain through indoor activities
• a factor based on the efficiency of the heating system
• the assumption that all rooms in the dwelling(s) are kept at 19 �C throughout the

heating season
• the assumption that the average number of heating degree days for Germany

applies to the dwelling, wherever it is in Germany.
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Standardizing the calculation in this way makes QP a useful measure of com-
parison between buildings or dwellings, and gives project managers a clear target
to aim for in their thermal retrofit designs.

However, this measure has come to be used in government and other promotional
literature as if it is the actual heating energy consumption of residential buildings, and
therefore as a basis for calculating the savings that will be attained through retro-
fitting. But QP is not, actually, the figure that determines householders’ energy bills.
As we noted in Chap. 2 and will consider in more detail in Chap. 5, actual con-
sumption is, on average, 30% below QP, and the percentage gap increases, on
average, as QP increases. The data considered in Chap. 5 also shows that, for any
particular value of QP, there is a wide spread of values of actual heating energy
consumption. Hence for any particular dwelling the pre- and post-renovation values
for QP are highly unlikely to give a measure of the likely energy savings (see Chap. 6
for the economic implications of this). QP should only be used as a metric to give an
overall value to the thermal quality of a dwelling. Although its units are those of
heating energy consumption (kWh/m2a), in the real world it has very little to do with
the amount of energy a dwelling actually consumes, or with the fuel bill.

4.4 Practical Problems of Thermal Retrofits in the German
Housing Stock

The residential buildings that policymakers want to see thermally renovated were
not designed with energy-saving upgrades in mind, and they are a very diverse set
of objects. Some aspects of a high proportion of old buildings do lend themselves
to easy, cost-effective thermal upgrade measures, but a number of problems are
ongoing sticking points. The main ones are: the law of diminishing returns; the
wall-roof dilemma; fragile new walls; thermal bridges; and ventilation.

4.4.1 The Law of Diminishing Returns

Using a large database of Swiss home renovation projects, Jakob (2006) showed
that the cost of thermal upgrades, per unit of energy saved, rises steeply as the
amount of energy saved increases. Galvin (2010a) and Enseling and Hinz (2006)
showed the same effect for Germany, though with smaller data samples. There are
practical and purely mathematical reasons as to why this occurs.

The mathematical reason has to do with the effect of adding increasing thick-
nesses of insulation. Suppose, for example, an existing house has U = 2.0 W/m2K
for the walls and roof, U = 5.0 W/m2K for windows and external doors, and no
serious air leakage problems. Suppose the area of the building envelope is 225 m2,
and the windows and doors make up 25% of this. This gives an HT value of
2.75 W/m2K (since 0.75 9 2.0 ? 0.25 9 5 = 2.75). Adding a layer of 8 cm of

58 4 The Technical Potential and Limitations of Thermal Retrofits in Germany

http://dx.doi.org/10.1007/978-1-4471-5367-2_2
http://dx.doi.org/10.1007/978-1-4471-5367-2_2
http://dx.doi.org/10.1007/978-1-4471-5367-2_5
http://dx.doi.org/10.1007/978-1-4471-5367-2_5
http://dx.doi.org/10.1007/978-1-4471-5367-2_5
http://dx.doi.org/10.1007/978-1-4471-5367-2_5
http://dx.doi.org/10.1007/978-1-4471-5367-2_6
http://dx.doi.org/10.1007/978-1-4471-5367-2_6


Styropor will give the wall and roof a U-value of 0.44 W/m2K, reducing the
house’s HT to 1.58 W/m2K. If the pre-retrofit heating consumption was 280 kWh/
m2a, the thermal upgrade would reduce this to approximately 161 kWh/m2a (since
280 9 1.58/2.75 = 161), an improvement of 43%.

What will happen if we double the thickness of the wall insulation? This will
approximately halve the U-value of the walls and roof, to 0.22 W/m2K. But the
overall transmission loss, HT, will be reduced only to 1.42 W/m2K, and the
heating consumption to 145 kWh/m2a: an improvement of 10% for a doubling of
the wall insulation thickness. Adding a further 8 cm will reduce the walls’ and
roof’s U-value to 0.146 W/m2K, the building’s HT to 1.36 W/m2K, and the heating
consumption to 138 kWh/m2a, a further improvement of 5%. Increasing the
thickness by yet another 8 cm will produce U = 0.11 W/m2K, HT = 1.33 W/
m2K, and heating consumption = 135 kWh/m2a, a further improvement of 2%.
These results are displayed graphically in Fig. 4.5.

One of the reasons the gain in savings flattens out is that the effect of the fixed
U-value of the windows and doors comes to dominate, as the wall and roof
insulation improves. In a real house the gain in savings would be even flatter,
because air leakage, boiler inefficiencies, and solar gain also remain unchanged as
insulation thickness increases (hence it is sensible to replace doors, windows, and
the boiler when insulating the walls and roof, and to find the optimum combination
for maximum saving for minimum cost).

But even if the U-values were reduced for the whole building envelope, the law
of diminishing returns would still persist. Each halving of the U-value (which
requires a doubling of the insulation thickness) halves the heat loss, so that the
thickness of the building envelope increases exponentially while the gain in sav-
ings reduces exponentially. This is a mathematical reality that no amount of
technical skill can change.

4.4.2 The Wall and Roof Dilemma

Wall insulation is almost always fixed to the outside surface of walls in Germany.
There is a limit to how thick this layer may be, before other parts of the house have
to be redesigned and rebuilt to accommodate it. Most common is what we call the
‘wall-roof dilemma’. Figure 4.6 shows a schematic of a house with a roof over-
hang of 10 cm. The EnEV regulations require a 16 cm layer of insulation if the
wall only is being repaired or renovated, or a 12 cm layer if the building is being
comprehensively thermally renovated (EnEV 2009).

It is not possible to attach 12 cm of external wall insulation to this house, as the
insulation would protrude beyond the roof overhang, and there still needs to be
room for guttering. The only solution is to extend the roof overhang to at least
20 cm. But there is still a problem, as loft or roof insulation cannot be fitted into
the small or non-existent space where the roof meets the wall. This would result in
a thermal bridge, with heat escaping freely at the top corner of the house, leading
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to condensation and mould growth at this corner indoors. The solution here is to
raise the roof sufficiently to widen this gap and fill it with insulation. Figure 4.7
shows a schematic of the solution.

Re-modeling the roof adds to the cost of thermal refurbishments, especially if
the roof itself was not in need of major maintenance or renewing. Roof overhang
lengths vary greatly in Germany, from no overhang at all up to 40 cm. Based on
author observations in hundreds of towns, villages, and cities in Germany over the
past four years, it seems that only a very small proportion of German homes have
roof overhangs on all sides wide enough to accommodate 12 cm of insulation (see
Fig. 4.8). As policymakers have steadily increased the required thickness of wall
insulation there has come a point for many buildings where roof re-modeling has
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Fig. 4.6 Schematic of a
house with 10 cm roof
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Fig. 4.5 Effect on heating consumption of increasingly thick layers of Styropor� wall and roof
insulation being fixed to house with windows and external doors covering 25% of building
envelope. Other thermal effects, such as air leakage, solar gain and boiler quality, are ignored
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become necessary. This causes a step-change in the otherwise smooth curve of
cost increase with quality of thermal retrofit.

A related problem can occur with basement ceiling insulation. Attaching 10 cm to
the basement ceiling (see Table 4.1 in Sect. 4.3.1) reduces the height of the rooms
and can reduce their usability. Further, narrow balconies can become unusable when
16 cm of insulation is attached to the wall. In interviews in post-retrofit apartments in
Cottbus, Brandenburg, some residents complained that after extra insulation, the
balconies were now only useful as storage spaces and homes for pot-plants. External
wall insulation can also protrude into driveways and paths, and neighbors’ properties
if a portion of the external wall is right on the property boundary. From our dis-
cussions with the German Energy Agency we learnt that plans to carry out thermal
retrofits in this situation can lead to protracted legal disputes.

A further issue if the wall insulation reaches a critical thickness is a kind of
‘tunnel’ or ‘arrow-slit’ effect with windows. This is shown schematically in Fig. 4.7
on the left-hand wall. Attempts to achieve very high thermal standards often result in
long tunnels for window openings, blocking sunlight, especially where the windows
are small. In Munich, for example, one of the municipal buildings was thermally
renovated to passive house standard, requiring external wall insulation almost half a
metre thick. Its small windows have problems catching light from outdoors.

4.4.3 Fragile External Wall Insulation

A further challenge many German homeowners are facing with external wall insu-
lation is its fragility. Styropor, Neopor, other forms of polystyrene, and nonpetro-
leum products such as rock-wool have very low tensile and compressive strength.

Window, showing 
‘arrow-slit’ effect 12 cm insulation

Roof overhang 
extended to 20cm

Roof lifted to prevent 
thermal bridge

Fig. 4.7 Thermally effective solution, with roof lifted and extended to allow space for
continuous sheath of insulation
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They are glued and screwed to external walls in blocks of around 30 cm 9 15 cm 9

16 cm, then covered with a fiberglass coating to provide a hard surface, and finally
plastered over (see Figs. 4.2 and 4.3 in Sect. 4.2.1). This configuration has very low
impact resistance, and can be damaged by children, bicycles leaned against a wall, or
woodpeckers eating insects clinging within the stucco folds of the plaster (Handwerk
2009). The plaster can crack with time and weather. In the calculations of economic
viability (see Chaps. 2 and 6) external wall insulation is optimistically deemed to last
25 years. Discussions with leading personnel at Munich City Council’s Building
Advice Center (www.muenchen.de/bauzentrum) revealed a scepticism, among
experienced builders, as to the longevity of this form of insulation: it could last
anything from 3–25 years.

4.4.4 Ventilation and Mould Risks

Many occupants complain that mould begins to form in homes that have been
thermally renovated. There is a large corpus of literature on mould formation in
homes: its possible causes (e.g. Engman et al. 2007; Howden-Chapman et al.
2005) its implications for health (e.g. Singh 2001), and ways of alleviating it

Fig. 4.8 Most German houses do not have overhangs on all sides wide enough to accommodate
12 cm of extra insulation as required by the EnEV
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(e.g. Galvin 2010b). There is also much folklore in Germany on mould, in par-
ticular the view that it forms indoors when a wall ‘cannot breathe’ (e.g. SZ
Süddeutsche Zeitung 2012). The assumption is that air and moisture should be able
to pass freely through a wall, and when this cannot happen, moisture builds up on
the indoor surface and leads to mould growth. We find no support for this view in
scientific research, and there are more obvious reasons as to why moisture comes
to settle on indoor surfaces of walls.

Human activities cause an increase in the moisture content, and therefore the
relative humidity, of indoor air during the day. As this air cools down at night its
relative humidity rises. If any pockets of air cool below the dew point, water will
condense out of these pockets. Usually the coldest air is alongside the coolest
surfaces, which are usually window panes and the frames and structure around
windows, the lower reaches of the wall near the floor and three-way corners which
are often thermal bridges by nature of their geometry (Galvin 2010b). Moisture,
cool temperatures, and organic material such as wallpaper or clothing provide
ideal conditions for mould growth.

There are four different ways this problem can be solved: keep the air warm at
night; repair the thermal bridges; dehumidify the air at night; or ventilate sensibly.
Most households seem to under-ventilate, which can lead to mould formation, or
over-ventilate, which markedly increases heating fuel consumption (Galvin 2013).

4.5 Conclusions and Implications

Domestic space and water heating accounts for approximately 14.6% of
Germany’s energy consumption. Replacement of older homes with energy-effi-
cient new builds can bring about some reductions in this consumption, but, as we
saw in Chap. 2, this is limited by the fact that nearly twice as many new homes are
being built as the number abandoned or demolished. There is therefore a focus
among policymakers on existing homes as a source of heating energy reduction.

In this chapter we have outlined the technical issues involved in thermally
renovating German homes, relating these to basic principles of physics, and to the
actual character and peculiarities of these homes.

The physics shows that, while transmission losses can be precisely predicted
from the properties of insulation materials, figures typically derived for quantities
of heating energy consumed are highly theoretical, based on a series of unknowns,
and do not relate well to the actual thermal performance of dwellings either before
or after a retrofit. This has led to estimates of current energy consumption, and of
the savings potential of retrofits, that do not reflect what actually happens in
practice. Policymakers need to review the way these figures are used in their
estimation and promotion of the benefits of thermal renovation.

Further, attempts to push thermal renovation to higher and higher standards run
up against basic problems of physics and mechanics. There is a law of diminishing
returns inherent in the way insulation functions on houses as its thickness becomes
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greater, so that the advantages fall away rapidly when U-values go below about
0.4, representing a thickness of 8–10 cm of typical insulation material. The
mechanics and geometry of attaching thick insulation to existing wall-roof con-
figurations, to basement ceilings, to walls alongside balconies, and around win-
dows make for further limitations in the thermal standards that can be achieved
economically. Additional energy-efficiency problems are inherent in homes that
have many corners and recesses, or a poor orientation to the sun. Further, elimi-
nating energy wastage from air leaks, by making homes air-tight, leads to the need
for adequate ventilation to avoid mould problems, and German householders are
proving markedly unskilled in ventilating energy-efficiently.

Over the past decade there has been a dominant discourse among German
policymakers and their expert advisors that it is technically and economically
possible to reduce heating consumption deeply through thermal renovation of
existing homes. This confidence now appears to be waning, as reports come in of
practical difficulties in meeting the stringent standards of EnEV 2009, and even the
less stringent standards of EnEV 2002. Policymakers need to become intimately
conversant with the detailed physical and mechanical features of these problems,
so that shifts in policy are based on hard facts rather than merely a response to
strong lobby groups.
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Chapter 5
The Prebound Effect: Discrepancies
Between Measured and Calculated
Consumption

Abstract Estimates of heating fuel saving potential in German homes are gen-
erally based on a calculated consumption figure. The methodology for working
this out is set down by the German Institute of Standards. But how close is this
figure to dwellings’ actual heating energy consumption, and how does this affect
the real energy savings potential through thermal retrofits? This chapter examines
existing data on 3,400 representative German homes, their calculated energy rating
plotted against their actual measured consumption. The results indicate that
occupants consume, on average, 30% less heating energy than the calculated
rating. This phenomenon, which we call the ‘prebound’ effect, increases with the
calculated rating. The opposite phenomenon, the rebound effect, tends to occur for
low-energy dwellings, where occupants consume more than the rating. A similar
phenomenon has been recognized in recent Dutch, Belgian, French, and UK
studies, suggesting policy implications in two directions. First, using a dwelling’s
energy rating to predict fuel and CO2 savings through retrofits tends to overesti-
mate savings, underestimate payback time, and possibly discourage cost-effective,
incremental improvements. Second, the potential fuel and CO2 savings through
nontechnical measures like occupant behavior may well be far larger than is
generally assumed in policies, so policymakers need a better understanding of
what drives or inhibits occupants’ decisions.

Keywords Heating energy consumption � Energy rating � Occupant behavior �
Thermal retrofit � Prebound effect

5.1 Introduction

In Chaps. 2 and 4, we saw that Germany uses two different metrics for the thermal
performance of buildings: heat transmission losses (HT); and the theoretical
quantity of primary energy consumed per square metre of indoor ‘useful’ area per
year (QP). The first, as we saw, gives a measure of the heat losses, by conduction,
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through the building envelope. It is robustly objective, based purely on physical
laws and the properties of insulating materials, but is of limited value for evalu-
ating overall building performance, because conduction of heat through the
building envelope is only one of a number of factors determining how much
heating energy a building consumes. The second metric gives a fuller overall
picture, but as we saw in Sect. 4.3, much of it is based on assumptions and
standardizations that might not be true for real dwellings with real people in them.

We argued that QP should therefore only be used as a proxy measure for
comparing the theoretical performance of buildings: it cannot predict how much
energy a home actually consumes, nor its annual heating bill.

One area of confusion in this regard is energy performance certificates (EPCs).
There are two types of EPCs in Germany: the Energiebedarfsausweis (energy
demand certificate) and the Energieverbrauchsausweis (energy consumption cer-
tificate). The former uses QP as the dwelling’s energy rating. The latter uses an
actual, measured energy consumption figure, which must be averaged from the last
three years’ energy bills and adjusted to give primary energy consumption. The
certificates can be distinguished by the word fragment ‘-bedarf’ (demand) or
‘-verbrauch’ (consumption) in their titles. The -bedarf version, based on QP, is
compulsory for new builds and for buildings of 1–4 dwellings built before 1
November 1977 that have not been thermally renovated to the standard of a post-
1977 new build. All other buildings may have either a -bedarf or -verbrauch
version. The -verbrauch version is rare, because occupants do not always have
3 years of energy bills to hand. If there is any significant discrepancy between QP

and actual, measured performance, EPCs can be as much a source of confusion as
of information.

But how risky is it to use QP as an estimate of consumption? How far removed
is QP from actual, measured energy consumption in German homes? Walberg et al.
(2011), who investigated the actual heating consumption and thermal retrofit
potential of tens of thousands of homes from multiple data sources in Germany,
concluded:

For a realistic assessment of the thermal condition of the built environment only the
analysis of actual, measured energy consumption can be used… Theoretically calculated
energy ratings give us an unrealistic picture of the energy savings potential that can be
achieved through thermal renovation. (Walberg et al. 2011, p. 115; authors’ translation)

Greller et al. (2010), using measured data from over 110,000 rented apartments
throughout Germany, found that older buildings are consuming significantly less
energy than their ‘reputation’ (i.e. their calculated QP), while new buildings are
consuming significantly more (ibid: 5). Schröder et al. (2011), using metered data
from over 1,000,000 dwellings, concluded that using calculated energy ratings
leads to overestimation of the energy saving potential of residential buildings
(ibid: 253). CO2Online (http://www.co2online.de), which collects and analyzes
data on energy performance of dwellings from over 1,000,000 German
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households, also expresses concern that QP is generally significantly higher than
these dwellings’ actual consumption1 (but see note in Sect. 5.2 on this).

As we saw in Chap. 4, the official methodology for calculating QP, set by the
German Institute of Standards, makes standard assumptions about household heating
behavior: that occupants heat all rooms constantly to 19 �C, and ventilate at the rate
of 0.7 times the volume of the dwelling per hour. Making such assumptions is a
necessary step in producing a figure that indicates the quality of the building itself: all
buildings must be based on the same occupant behavior to give a fair comparison. But
in the real world, occupants vary enormously, and this limits the usefulness of QP as a
measure of actual performance. A number of studies over the last 12 years, from a
range of countries, have shown that differences in occupant heating behavior are at
least as much a determinant of heating consumption as is the thermal quality of the
building (Stern 2000; Guerra Santin et al. 2009; Gram-Hanssen 2011). Haas and
Biermayr (2000) showed that, due the behavior factor, heating energy saving
achieved through retrofit measures can be remarkably lower than calculated.

In this chapter, we investigate the relationship between German dwellings’ cal-
culated thermal performance (QP), and their actual, measured performance (adjusted
to indicate primary energy consumption)—which, for the sake of brevity, we will
frequently call ‘QM’. We approach this investigation with three questions in mind:

1. In what ways do QP and QM vary in relation to each other?
2. What can be learnt from this about the heating energy savings potential in

German dwellings?
3. What does this suggest for the policy aim of achieving large savings in heating

energy and CO2 emissions from thermal retrofits?

In Sect. 5.2, we analyze a number of existing studies that compare QP with QM

for large datasets of residential buildings. In Sect. 5.3, we explore possible reasons
for discrepancies between these two metrics. Section 5.4 introduces the notion of
the ‘prebound effect’ to help conceptualize the way QP and QM vary in relation to
each other, contrasting this with the well-known concept of the ‘rebound effect’.
Section 5.5 compares our findings for Germany with comparable results in the
Netherlands, the UK, Belgium and France, and Sect. 5.6 offers conclusions and
recommendations for policymakers and those undertaking building renovation.

1 Personal communication with Dr Johannes Hengstenberg, Director of CO2Online, October 10,
2012.
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5.2 The Actual Measured Energy Consumption in German
Dwellings

Over the last decade in Germany, a number of studies have compared the calculated
heating energy consumption of dwellings (QP), with the actual, measured con-
sumption (QM) (Kaßner et al. 2010; Knissel et al. 2006; Knissel and Loga 2006;
Greller et al. 2010; Loga et al. 2011; Erhorn 2007; Jagnow and Wolf 2008). These
studies reveal and quantify discrepancies between QP and QM, though they were
mostly undertaken for purposes different from our aim in this chapter: some inves-
tigate whether we can use measured energy consumption as an inexpensive way to
estimate QP (e.g. Knissel et al. 2006; Knissel and Loga 2006); some ask how various
building typologies perform in practice (Greller et al. 2010; Loga et al. 2011); or how
energy advisors can better inform consumers of the energy-saving potential of their
properties (Erhorn 2007). In addition, several recent empirical studies have quanti-
fied average actual energy consumption (QM) for various classes of residential
building (Schloman et al. 2004; Schröder et al. 2010; Walberg et al. 2011) and for the
residential building stock as a whole (Schröder et al. 2011), and we can compare their
results with average values of QP for such buildings.

By gathering the datasets in these studies together and exploring commonalities
and differences among them, we can get a picture how QP and QM compare with
each other in a range of types and thermal qualities of dwellings. The studies cover
direct observations of actual energy consumption (QM) in over 1,000,000 dwell-
ings, and 3,400 dwellings with precise information on both QP and QM, where
direct, dwelling-by-dwelling comparisons are made. Measured data was generally
collected from meters during a one to four-year period, and cooling is not inclu-
ded. In all cases, measured data, which gives final energy consumption, has been
adjusted to indicate primary energy consumption.

Measures were taken in our analysis to ensure the quality of the sources and
correct interpretation of results. Only work by established research institutes and
peer-reviewed reports were used as data sources, and only where there was
transparency in data collection method and the calculations used in data pro-
cessing. For example, we have not used data from CO2Online, even though this
offers direct comparisons of QP and QM in tens of thousands of dwellings, as there
could be a self-selection bias in this data. It is not randomly selected but collected
from volunteer households who submit it via an Internet portal. Those who vol-
unteer are likely to be more energy conscious than average, and may therefore be
more likely to be consuming less energy than their dwellings’ QP rating. Box 5.1
gives an overview of some of the issues we need to be aware of when using
secondary data in this way.
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Box 5.1 Alternative Metrics for Heating Energy Consumption
There are three sets of alternatives that need to be taken into account

when stating the calculated heating energy consumption, per square metre of
floor area, of German residential buildings:

1. Is water heating included?
2. Are we referring to ‘primary’ or ‘final’ energy consumption?
3. Is the floor area the total for the building, or just the area inside the

dwellings?

1. Water heating is generally considered to add around 12.5 kWh/m2a to a
households’ heating energy consumption, and it is included in all our dis-
cussion unless otherwise stated.

2. The subscript P in the term QP stands for calculated primary energy
consumption, i.e. the total energy required, from nonrenewable sources, for
the building’s space and water heating including fuel transport (e.g., for oil)
and production and transmission inefficiencies (e.g. losses in electricity
generators and grids). An alternative metric, QE, is the calculated final
energy consumption, which does not include these transport and production
losses. Both metrics take account of the natural gains through sun and human
indoor activities, and standardized factors for heating and ventilating
behavior. EnEV 2002 and 2009 use QP, making their requirements around
10% stricter than they would be if based on QE for dwellings using oil or
natural gas, but 2.6 times as strict for dwellings heating with electricity.
Wood fuel is given a nominal value of QP/QE = 0.2.

3. In reading German reports of research on the heating energy con-
sumption of residential buildings, we have to be careful to check whether
these refer to consumption per square metre of living area (Wohnfläche) or
useable area (Nutzfläche). Living area refers only to the floor area inside the
apartments. Useable area includes the public areas of the building (stairs,
corridors, drying rooms, basement etc.). EnEV 2009 includes these areas in
the methods it prescribes for calculating QP. This puts the paper value of QP

lower than it would be if it only included living area (since we are dividing
kilowatt-hours by a larger number of square metres). Hence if the public
areas of a building make up 10% of its floor area, a dwelling with a QP rating
of 70 kWh/m2a will actually be consuming 77 kWh/m2a.

Different German studies use different combinations of these three factors
in their analyses. When comparing calculated with actual heating con-
sumption within a given dataset this is not usually an insurmountable
problem, provided each study is internally consistent.

In the cases where raw data were not available, our analysis is based on studies’
statistical summaries and graphical data presentation. Due to our long involvement
with German policy and practice in thermal renovation of existing homes, we were
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able to check the reasonableness of results against a wide range of background
knowledge and discussions with practitioners (see, e.g. Galvin 2012).

Four interesting features turned out to be common to these datasets.
First, for any given energy rating (QP) the data show a very large spread of

quantities of energy consumed for heating (QM). Typical are ranges of over 600%,
i.e. one home consumes six times as much energy for heating as another of the
same thermal rating (Erhorn 2007; Knissel and Loga 2006; Loga et al. 2011). This
phenomenon is not specific to Germany. It is also evident, for example, in Swit-
zerland (Jakob 2007), France (Cayre et al. 2011; Cayla et al. 2010), Austria (Roth
and Engelman 2010), the Netherlands (Tighelaar and Menkveld 2011), and
Denmark (Erhorn 2007).

Second, in all the datasets there is a significant gap between the average value
of QP and the average value of QM. The average value for QP is around 225 kWh/
m2a, with a range from 15 kWh/m2a to over 400 kWh/m2a. By contrast, the
average value for QM is around 150 kWh/m2a, with a range from 10 kWh/m2a to
not much over 300 kWh/m2a. For example, Schröder et al. (2011) estimate the
average for QM at 149 kWh/m2a, based on metered data from over 1,000,000
dwellings throughout Germany, and Walberg et al. (2011), using similarly large
datasets, estimate it at 152 kWh/m2a.

Hence, the datasets indicate that QM is, on average, 30% lower than QP. This
can be expressed in the alternate form: QP is, on average, 40% higher than QM.

Third, the datasets suggest a trend in energy consumption in relation to the
magnitude of QP. In general, the higher the value of QP, the larger the percentage
gap between QP and average QM. For example, the average measured consumption
(QM) of dwellings with a calculated consumption (QP) of 300 kWh/m2a is around
40% below QP, while dwellings with an average QP of 150 kWh/m2a show an
actual energy consumption (QM) around 17% below QP.

These points are illustrated in Fig. 5.1, which shows scatterplots of QM (vertical
axis) against QP (horizontal axis) for detached houses (left) and multi-dwelling
buildings (right), from data collected by the German Energy Agency and analyzed
by Erhorn (2007). In each graph the continuous line is the regression line, while
the dotted line is y = x, representing all the points where QM, the actual con-
sumption, would be identical to the calculated QP value. The wide vertical scat-
tering of the points at any particular x-value reflects the large variation in energy
use regardless of the physical features of the building, while the general shape of
the regression line indicates approximately how the average value of QM varies as
QP varies.

Plots such as these suggest that many households are consuming significantly
less than their calculated rating. The left hand graph in Fig. 5.1 shows some
detached houses consuming only around 100–130 kWh/m2a even though their QP

is up to 400 kWh/m2a.
Other studies suggest similar trends in German homes (Kaßner et al. 2010;

Knissel and Loga 2006; Knissel et al. 2006; Jagnow and Wolf 2008; Loga et al.
2011). For dwellings with QP above 100 kWh/m2a the effect is similar in all these
studies. Further, the x-coefficient of the regression line ranges from 0.2 to 0.5,
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indicating that for each 1% increase in the thermal leakiness of these homes there
is only a 0.2 to 0.5% increase in heating energy consumption.

Fourth, at the other end of the scale, low-energy dwellings generally indicate
the opposite tendency. The right side graph of Fig. 5.1 shows the majority of
points at the low energy end falling above the line y = x, indicating that in many
low-energy dwellings the actual consumption exceeds the calculated rating. Other
datasets support this tendency. Loga et al. (2011) show average measured con-
sumption rising above QP for dwellings with QP lower than 50 kWh/m2a. This is
more pronounced (around 65%) for dwellings with QP under 75 kWh/m2a in
datasets from Kaßner et al. (2010). Other analyses show a similar although lesser
tendency (Jagnow and Wolf 2008; Knissel et al. 2006). In a study of neighbor-
hoods of what Thomsen et al. (2005) call ‘advanced solar low energy buildings’,
actual measured heating energy consumption was measured to be twice as high as
QP. Greller et al. (2010) investigated the actual heating energy consumption in
German buildings according to year of build, and found that, as thermal standards
have tightened progressively in recent years, a larger and larger proportion of new
builds has failed to achieve the required thermal standard: QM is rising more and
more above QP. An exception is a study of a small, homogeneous sample by
Enseling and Hinz (2006), where the average post-retrofit consumption in low-
energy retrofits falls within their QP rating.

With passive houses, however, the tendency seems less consistent. Berndgen-
Kaiser et al. (2007) surveyed the performance of 700 passive and 370 low-energy
houses in North Rhine-Westphalia. The measured heating energy consumption for
57% of the low-energy houses was above the QP rating, but this was so for only
and 41% of the passive houses. In studies of small passive house estates conducted
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by Maaß et al. (2008) and Peper and Feist (2008), consumption was also, on
average, under the QP rating. Although these passive house studies represent only a
small number of dwellings, and the range of actual consumption revealed in them
is very large for similar buildings within each dataset, the evidence so far in does
not point to a large discrepancy between QP and average QM for passive houses.

5.3 Possible Reasons for the Gap

As we noted in Chap. 4, a dwelling’s QP rating is based on a standard calculation
methodology, set down in German Institute of Standards DIN 4108 (DIN 2003a).
This methodology was designed to produce a figure that reflects the thermal
quality of a dwelling or building under standardized conditions of use. Its founders
never expected any particular dwelling with particular occupants to perform pre-
cisely, or even approximately, according to the QP rating. A large range of actual
consumption values for any particular QP rating was always expected, though it
was also expected that the average of these would be close to QP. Another German
Institute of Standards technical advice publication, DIN EN 832:1998 (DIN
2003b), points out that the calculation of QP can vary by 50–150% depending on
the assumptions made about user behavior, including ventilation behavior (quoted
in Beecken and Schulze 2011: 340).

The surprises, however, are that average actual consumption is well below QP;
that the percentage gap increases as QP rises; and that this does not seem to apply
to passive houses.

Part of the reason for the large gap could be that the thermal properties of many
older homes have been wrongly assessed when their QP rating has been calculated.
However, it is unlikely that the inaccuracies could lead to an average 30% error,
for two main reasons. First, it is not difficult to see what a building is made of, how
thick its walls and roof are, how draughty it is, what thermal quality its windows
have, and how efficient its heating system is. Even if there are inaccuracies in
measurement of wall thicknesses and boiler efficiencies and so on, it is highly
unlikely that they would be consistently on the high side and of such magnitude.

Second, we would still need to explain why the gap increases as QP rises, but
becomes negative for low values of QP.

Another reason for the large gap could simply be that the user assumptions in
DIN 4108 are unrealistic: that homes do not really ventilate at 0.7 full exchanges
of air per hour; and people do not keep all the rooms constantly at 19 �C or above.
This might help explain why the average gap is so large, at 30%, but again it would
not explain why it rises as QP rises, yet falls to 0% at around 100 kWh/m2a and
goes negative below that QP rating.

One factor could be the behavior of the occupants. It appears that, the higher the
QP rating (i.e. the thermally leakier the building) the more economical the occu-
pants’ heating behavior becomes. We may hypothesize that householders heat
fewer rooms, or to a lower temperature, or for fewer hours per day, or various
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combinations of these strategies, and possibly also ventilate more sparingly, when
they are aware that their consumption would otherwise be excessive. Simons
(2012) draws the same conclusion in examining similar data on 7,510 detached
and semi-detached houses throughout Germany. Here, the average calculated
consumption (QP) for nonretrofitted homes was 400 kWh/m2a while the average
measured consumption was 167 kWh/m2a.

This could suggest there is fuel poverty in many German homes, as people
respond to the cost of heating a thermally leaky home by heating it less than is
good for their health and wellbeing. On the other hand, many homes in Germany
are only partially occupied, as the population and the number of persons per
household are falling in Germany while the total number of dwellings is increasing
(BMVBS 2011). Further, in many homes all the occupants are out at work or
education during the day, so that heating and ventilation are not required. These
factors offer many opportunities for fuel saving. The graphs of actual consumption
against QP suggest that people in thermally leaky homes are more likely to take
advantage of them.

This would also help explain why the average actual, measured rating goes
above QP for QP ratings below 100 kWh/m2a: when householders are aware that
their consumption is relatively low, they heat more liberally. But why do passive
houses seem exempt from this trend? This could be due to the type of heating
system these houses have: a small heat pump embedded in the ventilation system.
This contrasts with the traditional heating system of other low-energy houses,
where a boiler serves radiators in all the rooms. It may be easier to overheat with a
traditional, high-capacity boiler feeding radiators throughout the house, than with a
small heat pump. Alternatively, passive house samples might be weighted by the
possibility that people who choose to buy a passive house are more likely to be
energy-saving conscious. One study found that people who planned to build or buy
a passive house consumed, on average, significantly less heating energy than
people who were persuaded by an architect to build one, or who were placed in a
passive house by a housing provider (ILS 2010: 34ff).

5.4 The Prebound Effect in Household Energy
Consumption

The analysis above suggests that actual measured household heating energy
consumption in German homes is on average 30% lower than the dwellings’
calculated QP rating, and that, in general, the worse a home is thermally, the more
economically the occupants tend to behave with respect to their space heating. We
call this the ‘prebound’ effect, as it is the opposite of the ‘rebound’ effect (Sunikka-
Blank and Galvin 2012).

The ‘rebound’ effect occurs when a proportion of the energy saved through
energy-efficiency upgrades is consumed by additional energy usage. It was
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originally identified by Jevons (1865), and brought into recent discussion by
Brookes (1979) and Khazzoom (1980). It has been identified across a wide range
of energy consumption sectors (Barker et al. 2007; Holm and Englund 2009;
Sorrell and Dimitropoulos 2008), including home heating (e.g. Haas and Biermayr
2000). After a thermal retrofit, many occupants use more energy than the calcu-
lated rating (their dwellings’ new QP), for example by heating more rooms,
keeping higher temperatures, heating for longer periods, and ventilating more
generously. The data we examined above suggest that this is happening for most
homes with QP below 100 kWh/m2a, and more intensely as QP goes lower.

By contrast, the ‘prebound’ effect is the tendency to consume less energy than
the calculated rating. The datasets examined above indicate that this occurs in
thermally less efficient homes, prior to or in the absence of thermal upgrade
measures, and roughly in proportion to the thermal leakiness of the building.
Because most German homes have a QP rating well above 100 kWh/m2a, the
prebound effect is far more dominant in the housing sector than the rebound effect.
Many studies invoke the rebound effect to explain why the fuel savings achieved
through thermal upgrades are often much smaller than anticipated. A more salient
reason, however, might be the prebound effect: homes cannot save energy they
were not previously consuming.

Although the datasets we examined were from independent sources, they show
a remarkable consistency in the general way the magnitude of the prebound effect
varies in relation to QP. For example, Loga et al. (2011) offer a general curve to
display the relationship between QP and measured heating energy consumption. In
their dataset, the average actual space heating consumption of dwellings with a QP

of 500 kWh/m2a is around 215 kWh/m2a, while that for dwellings with a QP of
200 kWh/m2a is around 145 kWh/m2a—though there are obvious variations
across types, sizes, and ages of dwelling. Building on Loga et al.’s (2011) curve
fitting equation we can develop a model to describe the prebound effect, namely:

P ¼ 100 1:2� 1:3= 1þ QP=500ð Þ½ �;

expressed as a percentage.2

This is displayed in Fig. 5.2. We note that, in this model, the prebound effect
becomes zero where QP = 50 kWh/m2a, and for QP below this it is negative, i.e.
the rebound effect dominates. The zero point varies between datasets. In those
from Erhorn (2007), it becomes negative for detached houses when QP goes below
150 kWh/m2a, and for multi-apartment buildings where QP is below 100 kWh/
m2a. However, the general shape of the curve is the same in all cases.

2 The numbers 1.2, 1.3 and 500 in the equation are modeling coefficients, arrived at by trial and
error to produce a smooth curve that fits best fit with the data. The model used here is a reciprocal
function, but there is no necessary reason why a logarithmic or power function (as in Fig. 5.3) could
not have been used, in which case different modeling coefficients would have been arrived at.
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This type of curve can offer a quick, approximate reference for the average actual
consumption (QM) to be expected in dwellings with any particular value of QP,
though again we must note that it plots average values for QM for each value of QP, so
that the QM for any particular home might be significantly above or below this.

Using such curves can also throw light on the savings potential to be expected
through thermally upgrading large numbers of homes of any particular QP rating.
For example, suppose we renovate a number of homes with a QP of around
225 kWh/m2a (the approximate national average) to a standard that aims to pro-
duce a new QP of around 100 kWh/m2a (the current legal maximum). This would
represent a fuel consumption saving of 56%. However, the prebound effect sug-
gests that the actual preretrofit consumption of these homes (QM) averages 30%
below 225 kWh/m2a, i.e. 158 kWh/m2a. Hence, provided the post-retrofit actual
consumption does reach 100 kWh/m2a (i.e. there is no rebound effect), the actual
saving is only 58 kWh/m2a. This is a 37% saving in actual fuel consumption,
significantly less than the 55% expected. Gaps this large could have serious
implications for fuel and GHG reduction policies, and for the budgeting of private
homeowners and commercial and state housing providers.

5.5 Evidence from Other European Countries

When we identified the prebound effect in Germany, we examined wider inter-
national research to see if it was evident in other European countries. We found a
similar phenomenon in studies of Dutch, French, Belgian and UK homes, and
compared our findings to those of researchers working in these countries in a
workshop in Amsterdam in January 2012.
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5.5.1 Dutch Households

In their analysis of data from 4,700 households in the Netherlands, Tighelaar and
Menkveld (2011) find an identical phenomenon to the prebound effect, though they
call this the ‘heating factor’ and quantify it inversely (heating factor = 1.0 -

prebound effect/100). These researchers found an average heating factor of around
0.7 (a prebound effect of 30%), reducing (i.e. prebound effect increasing) for less
energy efficient dwellings, and increasing to 1.0 (prebound = 0%) or higher (a
negative prebound effect) for those with higher energy efficiency. Hence, their
findings were very similar to ours. They note that ‘occupants in an energetically
efficient dwelling demonstrate more energy intensive behaviour compared to
occupants in energetically poor quality dwellings’. They suggest this severely
limits the potential savings through thermal retrofits, since occupants cannot save
energy they are not already consuming.

5.5.2 UK Households

In Kelly’s (2011) study of the UK housing stock, a correlation was found between
dwellings’ energy efficiency and their energy demand. Dwellings’ energy efficiency
is expressed in the UK as a ‘Standard Assessment Procedure’ (SAP) rating on a
scale of 1–100, where 100 is the most energy efficient and 1 is the least (the opposite
direction of the QP scale). Kelly analyzes data from the English House Condition
Survey (EHCS) of 2,531 dwellings, using a structural equation model that enables
cross-correlations to be examined for a range of factors likely to be associated with
each other in relation to heating demand. He uses the notion of ‘propensity to
consume more (or less) energy’ for factors that are not dependent on the dwellings’
physical thermal characteristics (indoor temperature, floor area, number of occu-
pants, and income level) all of which, he finds, are positively correlated with energy
consumption. Homes with a high SAP have a ‘propensity to consume more energy’,
while the opposite is the case for homes with a low SAP. In other words, the worse
the energy rating, the lower the energy consumption in relation to the rating—as
with German households (see Sect. 5.4). Kelly suggests that, on the one hand, the
costs of further thermal improvements in homes with a high SAP rating will be high
due to the law of diminishing returns (compare Jakob 2006); while on the other
hand, retrofitting homes with a low SAP rating may lead to increases in average
internal temperature rather than decreases in energy consumption.

5.5.3 Belgian Households

Hens et al. (2010) analyzed a dataset of building characteristics and measured
heating fuel consumption of 964 Belgian dwellings with known heat transmission
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loss figures. As an independent variable they used an interesting metric for
dwellings’ energy rating, which is closer to the German HT (heat losses through
the building envelope, in W/m2K—see Chap. 4) than QP (theoretical heat energy
consumed, in kWh/m2a). This is ‘specific transmission losses per m3 of protected
volume’ (STV), expressed in W/m3K. It is the average U-value of the building
envelope, divided by the building’s volume and multiplied by the building
envelope’s area. This takes account of the higher thermal quality afforded by
having a lower ratio of building envelope area to volume of building (see dis-
cussion in Chap. 4, Sect. 4.2).

For their dependent variable, these researchers used ‘heating energy con-
sumption per unit volume’ of dwelling, rather than per m2 of indoor area. This
corrects for variations in energy consumption due to different ceiling heights. They
plotted this against the STV for their 964 exemplars.

We note the similarity between this and the plots of heating energy consumed
against QP for German dwellings (see Fig. 5.2). Hens et al. (2010) use curve fitting
with this plot to derive an equation for what they call the rebound effect, though
more correctly it is what we call the ‘prebound’ effect (see Sect. 4.4), as it maps
the percentage by which the actual energy consumption falls below the calculated
value:

P ¼ 100 1:355 U=Cð Þ0:16�1
h i

where U = transmission loss (W/m2K), and C = compactness of building: i.e.
volume/area of building envelope.3

This curve is displayed in Fig. 5.3. It has a similar form to the one we derived
from Loga et al. (2010) (Fig. 5.2). The higher the specific transmission losses per m3,
the larger the proportionate gap between measured energy and this variable. The
equation also enables modeling to extend into the low transmission loss (= high
energy efficiency) area where the prebound effect becomes negative, i.e. the rebound
effect becomes dominant.

5.5.4 French Households

Cayre et al. (2011) relate measured space heating energy consumption to the
‘Energy Performance Certificate’ (EPC) value for space heating in French
households. Instead of using figures for kWh/m2a, the EPC is given in MWh per
dwelling per year (MWh/dw.y). This makes a comparison with German data
somewhat difficult, as it tends to conflate the effects of size of dwelling, with
thermal leakiness of dwelling: a large, thermally efficient dwelling may have the

3 Again the figures 1.355 and 0.16 are modeling coefficients, arrived at by trial and error, to
produce a curve that best fits the data.
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same EPC rating, in MWh/dw.y, as a small thermally inefficient dwelling. How-
ever, the comparison is interesting.

These researchers plot the EPC against actual fuel consumption. Similar to the
German datasets examined above, the median actual consumption is 40% below
the EPC; the percentage gap increases as the EPC increases; and this gap becomes
zero or negative for highly energy-efficient homes, i.e. with very low EPC.

The authors also relate the EPC to the proportion of household income spent on
heating. They graph this against ‘energy intensity’, equivalent to ‘heating factor’
in Tighelaar and Menkveld (2011). Their results show that on average most
households in their dataset spend 2–5% of their income on space heating and
achieve an energy intensity of around 0.6 (a prebound effect of 40%). In cases
where income is low or the EPC is high, some households fail to achieve an energy
intensity as high as 0.5, even by spending up to 7.5% of their income on space
heating. Households in buildings with lower consumption, or who have higher
incomes, achieve an energy intensity of 0.8–1.1 (a prebound effect of 20% to -

10%) spending less than 2% of their income on space heating.
Here, we are seeing a relationship between income and a form of the prebound

effect. In general, people do not seem to want to spend more than around 5% of
their income on heating, so if their income is low or their house requires a lot of
energy to heat (either because it is large or of poor thermal quality), they tend to
under-heat, with high prebound effects. If their income is high or their home is
thermally less demanding, they tend to overheat, with low, zero or negative pre-
bound effects. This supports the hypothesis put forward in Sect. 5.4, that the most
likely factor influencing the way the prebound effect varies with QP is the behavior
of the occupants.
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5.6 Conclusions and Implications

In independently gathered datasets, we found a consistent set of relationships
between the calculated heating energy consumption of German dwellings (QP) and
the actual measured consumption (QM). First, for any particular value of QP, there
is a large range of values of QM. This is not surprising, since different households
use similar dwellings very differently. Second, QM is, on average, 30% below QP.
This result that can partially be explained by the methodology used to calculate
QP, which assumes high year-round indoor temperatures throughout the whole
dwelling, with excessive ventilation. However, it could also be the case that, on
average, German householders today are more thrifty with heating energy than
was assumed at the time the methodology was developed. Third, the percentage
gap between QP and average QM increases as QP increases, and fourth, it falls to
zero for homes with QP of around 100 kWh/m2a and goes negative thereafter
(except, apparently, and for passive houses). These last two findings cannot be
explained by shortcomings in the methodology for calculating QP. The most likely
explanation is that, on average, householders are constraining their heating
behavior to limit their fuel consumption if their homes are thermally leaky, but
heating more liberally if their homes are energy efficient.

Studies of datasets in the Netherlands, the UK, Belgium, and France showed
similar tendencies. Graphs of variables corresponding to QP and QM, in the
Netherlands and Belgium, showed the same pattern of variation between these two
variables as in the German studies, and one German study claimed to have found
similar tendencies in Danish datasets. Data from France showed a comparable
effect, though here the dependent variable conflated dwelling size with thermal
quality. This suggests the need for further studies in these and other countries,
especially with similar climates and building types to see how general these pat-
terns are in household heating consumption.

Using curve fitting, we were able to offer a basic graphical model of the
prebound effect. Plots of QM against QP also showed that for QP above about
120 kWh/m2a, on average, each 1% increase in calculated energy consumption
(QP) is associated with a 0.2–0.5% increase in actual consumption (QM).

For Germany we can conclude that using QP to predict heating energy con-
sumption is a mistaken endeavor, as actual consumption bears little relation to it
for any specific home. More interestingly, the current German practice of using QP

to calculate energy savings through thermal renovation is also a serious mistake.
To begin with, QP tells us virtually nothing about the actual energy consumption of
a particular home pre-or post-retrofit, since there is so much variation in QM for
any particular value of QP. Hence, a homeowner may get highly misleading
estimates of fuel saving, through renovation, if she bases her calculations on QP.
Government ministries and agencies need to make this point clear in their pro-
motional material as they seek to persuade homeowners to thermally retrofit their
homes.
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Second, the 30% gap between average QP and average QM indicate that there is
far less savings potential in the German housing stock than is commonly claimed.
German households cannot save fuel they are not already consuming. As we saw in
Chap. 2, evaluations of Germany’s more ambitious retrofit projects—those which
push beyond what the law requires, with the aid of Federal subsidies—are saving
an average of around 33%, based on pre- and post-retrofit values of QP (Clausn-
itzer et al. 2009). If we base savings estimates instead on real consumption, QM,
the savings fall to around 25%. Our modeling above suggested that even where the
calculated savings are as high as 55%, real savings may be only 37%, due to the
disparity between QP and average QM.

Finally, the prebound effect suggests there might be a rich avenue for heating
fuel savings that policymakers have hardly begun to explore. The gap between QP

and average QM suggests that German householders are, on average, far more fuel
thrifty than they are often given credit for. Further, the large range of QM for each
value of QP suggests that some households are learning to live quite comfortably
with an even lower heating intensity than the average German household. Some of
this may well be symptomatic of fuel poverty, but there appear to be many
households where deep fuel savings are made, through behavioral change, that do
not lead to discomfort. A handful of research projects over the last 15 years have
revealed the types of strategies some households use, to reduce their heating bills
without losing thermal comfort (e.g. Martiskainen 2008; UBA 2006). At least one
study has taken this further, asking what motivates some householders to adopt
such strategies while others make less effort to do so (Gram-Hanssen 2010). The
prevalence of the prebound effect in German home heating suggests that this type
of research could make a significant contribution to fuel savings in the future.
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Chapter 6
The Economics of Thermal Retrofits
in Germany

Abstract German law restricts the thermal demands of building regulations to
levels that are ‘economically viable’ (wirtschaftlich), i.e. that pay back, through fuel
savings, within the technical lifetime of the thermal measures. In an effort to reduce
CO2 emissions deeply and rapidly, the government sets thermal regulations as tightly
as this law allows. But the cost-benefit models, which its estimates are based on, have
an uneasy relationship with the realities of German buildings and their owners: they
take account only of retrofit costs that are directly do to with thermal features; they do
not allow for difficult physical features of actual German residential buildings; they
treat homeowners as commercial investors with long time horizons for the return on
capital investment; and they are based on calculated, rather than actual, pre-retrofit
consumption. This makes the claim of economic viability questionable in the eyes of
many homeowners. The models also demand levels of investment that lead to costs of
CO2 abatement 10–30 times higher than is currently achieved in other sectors. We
argue that the government needs to revise its focus on economic viability and con-
sider, instead, an emphasis on what is economically optimum. It also needs to take
advantage of the significant contribution that household behavior is already making
to heating energy consumption savings.

Keywords Economic viability �Thermal retrofit � Payback time �CO2 abatement �
Green Deal

6.1 Introduction

A key to understanding both the appeal of thermal retrofits, and the difficulties
Germany’s retrofit programme are experiencing, lies in the concept of ‘economic
viability’. As we saw in Chap. 2, the thermal measures demanded in the Energy
Saving Regulations (EnEV) are claimed to be ‘economically viable’. This means
they are set at such a level that the fuel savings they are expected to bring, over
their technical lifetime, will pay back all the money invested in them. This applies
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to both thermal upgrades on existing homes, and the thermal aspects of new builds.
In both cases, the value of the fuel expected to be saved has to cover the difference
between a design without thermal quality and a design to EnEV standards.

In Germany, a legal concept lies behind economic viability. The standards
demanded by the EnEV are limited by the Energy Saving Law (EnEG—Ener-
gieeinsparungsgesetz), which states that the demands of the EnEV:

… must be economically viable (‘wirtschaftlich vertretbar’) using current technology.
Demands qualify as economically viable when, in general, the measures demanded pay
back, through the savings they bring, within the usual useful lifetime of the thermal
measures (EnEG, para. 5, authors’ translation).

When each new version of the EnEV is drawn up, the Housing Ministry
(BMVBS) has to prove, to the satisfaction of both houses of the Federal Parlia-
ment, that the demands it is making fit this criterion. To achieve this, it com-
missions an expert report before each upgrade of the EnEV, where a mathematical
model for calculating payback time is set alongside current costs of typical thermal
upgrade measures, showing how these are economically viable. The expert reports
for EnEV 2002 (Feist 1998) and EnEV 2009 (Kah et al. 2008) were both prepared
by the Passive House Institute, and supported the 30% tightening of thermal
standards on each occasion. Up until late 2011, the Housing Ministry was planning
a further tightening of 30% for September 2012. By this time, however, severe
doubts were being expressed by a number of professionals, academics, and
practitioners, including a new report commissioned by the Housing Ministry
(Hauser et al. 2012). Our discussions with Federal MPs involved in the EnEV
update over this period indicated that the concerns of these voices were gradually
being heeded, and in July 2012 the Housing Minister announced there would be no
tightening of standards in 2012 (BMVBS 2012).

Economic viability is a legal concept designed to protect the interests of
homeowners who are required, by the regulations, to include thermal measures in
renovations or repairs to their homes. But it also functions as a key policy plank to
promote thermal renovation. Government ministries and agencies publish leaflets,
hold seminars, and produce websites seeking to persuade homeowners to thermally
retrofit their properties on the grounds that this will not cost them any money in the
long run. Thermal renovation ‘pays for itself’ (es lohnt sich) declares a govern-
ment sponsored national newspaper advertisement (Bundesregierung 2012).
Thermal retrofitting of detached houses ‘pays’ (rechnet sich) says a headline from
the German Energy Agency (2012a). ‘Thermal renovation is economically viable,’
declares the headline of an article from the same Agency setting out to rebut critics
(2012b). The German Development Bank (Kreditanstalt für Wiederaufbau—KfW)
produces detailed arguments to prove that thermal retrofitting not only ‘pays for
itself’, but is ‘one of the most economical forms of climate protection’. Our
discussions with policy actors at Federal, state and municipal level over recent
years, and our reading of their published material, indicate that the notion that
thermal retrofitting to EnEV standards always pays back is the main promotional
lever used to persuade homeowners to undertake it.
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This chapter explores the notion of economic viability of thermal retrofits in the
German context, drawing out implications that may be of more general interest for
other countries. Section 6.2 explains how and why only certain costs are included
in the calculation of economic viability. Section 6.3 explores how certain pecu-
liarities of existing buildings can compromise the economic viability of apparently
standard thermal retrofits. Section 6.4 looks at the basics of mathematical models
used to assess economic viability, focusing on a quirk in these that can cause
unhappy surprises for retrofitting homeowners. Section 6.5 explores how the
prebound and rebound effects interfere with standard notions of economic via-
bility. Section 6.6 shows how ‘economically viable’ differs from ‘economically
efficient’ and ‘economically optimum’ in assessing returns on investment, and how
this bears on cost-effective CO2 abatement. Section 6.7 explores how the condition
of ‘economic viability’ might work in the UK context, and Sect. 6.8 offers con-
clusions and recommendations for policymakers.

6.2 Which Costs are Counted

German policymakers and their expert advisors make a careful distinction between
‘anyway costs’ (sowieso-Kosten) and ‘additional thermal costs’ (energetische
Mehrkosten or energiebedingte Mehrkosten). If, for example, a homeowner needs
to replace a window for the reason that it is no longer air tight, she is required by
the EnEV to install a high thermal quality model, of U-value 1.30 W/m2K or better
(EnEV 2009). Typically, this will cost around €800, but the value of the heating
fuel savings it brings over its 25-year lifetime will be far \€800. For example, if
the window area represents 0.5% of the building envelope (1 m2 out of 200 m2)
and the annual heating fuel bill is the German average of around €1000, the
window will save roughly €100 during its lifetime.

However, German policymakers argue that this is a false comparison, because
the old window had to be replaced anyway (Simons 2012). Therefore, the
homeowner should not count its full cost, but only the additional cost due to its
high thermal quality, usually rated at around 10% of its total value. Hence the
‘additional thermal costs’ were only €80, and therefore the replacement was
economically viable, because the investment of €80 brought a return of €100.

This approach is used for all thermal upgrade measures. For external wall
insulation, we may only count the polystyrene blocks and the labor of fixing them
to the wall, not the costs of scaffolding or of cutting away the old render and
applying new render and paint: the wall was old and needed a new render and paint
anyway. For roof insulation, we do not count the costs of laying tiles over the
insulation slabs we are inserting, as the existing tiles were old and due for
replacement anyway. We count only a portion of the cost of a new, energy-efficient
boiler, because the previous one was old and nearing the end of its useful life. If a
ventilation system has to be installed to compensate for the new air tightness of the
house, we do not count its cost at all, as it adds to the value of the house by
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improving its indoor air quality. Possibly the only upgrade measure that gets
counted in full is insulation added to the basement ceiling, which is entirely for
thermal reasons and serves no other purpose.

Hence, the costs that are included in the calculation of economic viability are
much lower than the total costs of the retrofit. In projects we have observed in detail,
the full costs for a comprehensive retrofit to EnEV standards may range from €500 to
€1,200 per m2 offloor area, while the ‘additional thermal costs’ may range from €100
to €300 (cf. Simons 2012; but compare to Enseling and Hinz 2006).

The author of the expert report on economic viability for the first version of the
EnEV rejects criticism that this produces artificially deflated cost figures for
thermal retrofits. Speaking at the UN Conference on Energy and Housing in
Vienna in November 2009, Feist (2009) emphasized that his calculations for
economic viability were only ever intended to apply to buildings that were due for
major maintenance and would have to be renovated anyway. These cases, he
maintained, would always be economically viable, because the only costs that
needed to be paid back through fuel savings were the additional thermal costs.

While this approach might seem like bookkeeping sleight-of-hand to some
homeowners, it is becoming widely accepted internationally. The additional
thermal costs are the only element considered in economic viability and payback
time calculation models in a raft of recent peer-reviewed studies on economic
modeling of thermal retrofits (e.g., Kumbaroğlu and Madlener 2012; Martinaitis
et al. 2004, 2007; Tuominen et al. 2012).

Of course, this creates a problem for homeowners who do not believe their
properties are due for major maintenance but who want to thermally retrofit to
keep warmer or protect the environment. They have to upgrade to EnEV standards
even though all the costs are, for them, additional thermal costs.

If homeowners have to wait until they believe their properties are due for major
maintenance, many will be waiting a very long time. This could be one reason the
rate of thermal renovation is so far behind what policymakers planned for. But
even for those whose properties are due for comprehensive maintenance or repair,
there can be difficulties with economic viability. These have to do with the
peculiarities of existing buildings, an issue we now turn to discuss.

6.3 Technical Limitations and the Economics
of Thermal Renovation

In Chap. 4, Sect. 4.4 we explored some of the technical problems with thermal
renovation to the high standards demanded by the EnEV, due to buildings’
peculiarities. One practical example was the ‘wall and roof dilemma’, where the
roof overhang has to be extended to accommodate the 12–16 cm of insulation
required on the wall. Also, the roof itself might have to be raised to accommodate
its required 20–22 cm of insulation and to avoid thermal bridges at the wall-roof
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joins (see Figs. 4.4 and 4.5). Further, air-tight window frames cause indoor air
quality problems which are tiresome to solve: the options are a regular, managed
household ventilation routine; an expensive whole-house ventilation system with
heat recovery; or constant trickle ventilation which wastes energy and increases
fuel bills (Galvin 2013).

These problems are particularly evident in ‘small’ residential buildings, i.e.
those with 1–6 dwellings, since these have a high ratio of corner, wall and roof
joins compared to plain and problem-free areas of wall or roof. This sector
includes most owner-occupied houses and privately rented apartments. Our dis-
cussions with the German Energy Agency indicate that this sector is by far the
slowest to take up thermal renovation. Ulrike Hacke, a sociologist at the Institut
Wohnen und Umwelt (www.iwu.de) who researches landlord-tenant relationships,
writes:

Because lawmakers have continually raised the legal minimum standards for energy
efficiency of dwellings in recent years, housing investors have spoken increasingly of the
economic viability problems this brings. This could lead to a negative effect on invest-
ment. (Hacker 2009, p. 1, authors’ translation)

There is, nevertheless, a possible solution for such cases. Clause 25 of the
EnEV provides that homeowners can apply to their local authority for an
‘exception’ (Ausnahme) if retrofitting to EnEV standards would be of besonderer
Umstand (special circumstance), unangemessener Aufwand (disproportionate
expense), or unbillige Härte (inequitable hardship). Elements within the con-
struction industry have developed the skills to make good use of this clause. For
example, an in-house publication of the Bundesverband Farbe Gestaltung Bau-
tenschutz (German Federal Association for Paint Design and Preservation of
Structures, www.farbe.de), labeled ‘Exclusively for Guild Members,’ gives spe-
cific, detailed advice on how to make the best use of it.

For individuals the application process is onerous, and the applicant risks a
refusal of all or part of his request. Due to the lack of inspection, in many cases
homeowners have simply ignored the EnEV standards and retrofitted to what they
found sensible. But even for homeowners whose properties are due for mainte-
nance, and do not suffer any of these technical limitations, economic viability may
be complicated due to the timing of the savings from heating fuel reductions, an
issue we discuss next.

6.4 The Timing of the Savings: The Issue of Exponential
Curves

For the ideal case of a problem-free building that is due for major or compre-
hensive maintenance, a thermal retrofit is considered economically viable if the
total monetary savings expected to be gained from fuel savings are equal to or
greater than the additional thermal costs. This can be expressed as:
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C B B, where
C = additional thermal costs;
B = monetary benefit, i.e. money saved through reduced fuel costs over the
technical lifetime of the thermal renovation measures.

Considering, first, the monetary benefit, this is worked out using a formula of
the type:

B ¼ Q� P1 �
AN � 1
A� 1

; where

Q = Quantity of fuel saved each year (kWh)
P1 = price of each unit of fuel saved in year 1 (€/kWh)
N = number of years of the technical lifetime of the renovation measures
A = an ‘annuity factor’1

The ‘annuity factor’ is a composite figure, usually close to 1.0, made up of the
expected annual fuel price rise and the ‘discount rate’, i.e. the losses incurred in
having to wait until future years to get the payback. Suppose, for example, the
expected annual fuel price rise is 4%, the variable A would be 1.04. If the losses
amount to, say, 2% for every year we have to wait for the savings, the variable
A would now be 1.04/1.02. Discount rates are a thorny issue and we will leave
them to later in the discussion.

We can use the model above for ‘real’ price increases, i.e. over-and above
inflation, or ‘nominal’ price increases, i.e. including inflation. Either way is cor-
rect, as long as we are consistent with C, the additional thermal costs. Just for now
we will work with ‘nominal’ prices and costs.

Suppose we take out a table mortgage to pay the additional thermal costs, and
our ‘nominal’ interest rate is 2%. If the additional thermal costs are €30,000 and
N = 25 years, our monthly repayments will be €127 (calculated using a standard
table mortgage formula), and C will be €38,100 (additional thermal costs plus
interest on the loan). For the retrofit to be economically viable, the average
monthly fuel saving would therefore have to be at least €127.

Suppose the retrofit is just economically viable, so that the average monthly
fuel saving is, indeed, €127. The problem now arises that the homeowner will not,
actually, start saving €127 per month on fuel bills until 14 years after the retrofit.
This is because the fuel savings rise as an exponential curve, based on a 4% annual
fuel price increase, while the payments are constant at €127 per month. To achieve
an average value of €127 over 25 years, savings rising at this rate would actually
begin at €76 per month. In the 14th year they would reach €127 per month, rising
to €195 per month in the 25th year. Figure 6.1 displays this on a graph.

1 The expression (AN-1)/(A-1) is the sum of the geometric sequence A0 ? A1 ? A2 ? …
AN-1, i.e. it adds up the savings made for all the years of the technical lifetime of the retrofit
measures. A fuller explanation will be given of this in Chap. 8.
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The homeowner, then, suffers an ever-deepening shortfall for the first 14 years.
This gradually reduces after the 14th year until the end of the 25th year, when it
falls to zero. Figure 6.2 displays this on a graph, showing how the cumulative
shortfall grows to €4,602 in the 14th year, before gradually falling to zero.

Although the homeowner is genuinely getting her money back over the 25-year
lifetime of the thermal retrofit measures, she may be surprised to find that the value of
her fuel savings is only half the cost of her loan payments in the first year. She may be
disappointed that it takes 14 years for the two to draw level, and that she has to wait
yet another 11 years to recoup the losses she has incurred up to that time.

The only way to avoid this problem is to assume a discount rate at least equal to
the annual fuel price rise. Then the annual fuel price rise is canceled out by the
discount rate (e.g. A = 1.04/1.04 = 1.0). In practice, this means that the value to
an investor of a fuel price rise in, say 10 years time, is canceled out by the fact that
he is forced to wait 10 years to get the money. A discount rate of 4% would flatten
out the effective fuel savings to €76 every month (the same amount as the first
month’s saving) for the 25-year period, producing a total saving of €22,800 rather
than €38,100. With a mortgage interest rate of 2% this means the homeowner
could only borrow €17,930 rather than €30,000, severely limiting the depth of
retrofitting he could do, so that he is far less likely to reach the target of €76 in fuel
savings per month. If the discount rate is set higher than the expected fuel price
rise (UK construction firms often set it at 8%), the value of fuel savings falls each
year, rather than rising, so the amount the investor can afford to spend on the
retrofit, to make it economically viable, must be revised further downward. The
calculations are affected by the fact that German policy actors use low discount
rates, generally around 5% ‘nominal’ or 3% ‘real’ (e.g. Enseling and Hinz 2006;
Kah et al. 2008). Hence, the cost and benefit curves tend to be shaped as in
Figs. 6.1 and 6.2, and this is one of the reasons homeowners are often disappointed
that their immediate returns are less than expected.

These issues aside, a further question concerns the amount of fuel actually
saved through a thermal retrofit, an issue we will now discuss.
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6.5 Prebound Effect and Economic Viability

In Chap. 5, we explored the ubiquitous issue of the discrepancy between the
calculated and the actual, measured thermal performance of German homes.

We found that, on average, measured heating energy consumption is 30% lower
than calculated consumption in Germany, and that this gap widens as the thermal
quality of dwellings falls. We called this the ‘prebound effect’, as it is the opposite
of the rebound effect, where a dwelling consumes more than its calculated rating
(and see Sunikka-Blank and Galvin 2012). We found that the rebound effect is
evident in highly energy-efficient buildings, while the prebound effect dominates
in the larger part of the housing stock.

We suggested that this skews calculations of the energy expected to be saved
through retrofits. If we think a dwelling is consuming, say, the national average
calculated rating of 225 kWh/m2a, and we design a retrofit strategy to reduce this
to 100 kWh/m2a, we will credit our project with fuel savings of 125 kWh/m2a. If
this is an average sized German dwelling of living area 87 m2 (‘useful’ area
105 m2), the annual fuel savings will be 13,125 kWh, worth €1,313 in the first
year, or €109 per month, assuming a natural gas price of €0.10/kWh.

But if this is an average dwelling it may not be consuming 225 kWh/m2a, but
more likely only around 156 kWh/m2a, due to the prebound effect. If our retrofit
measures reduce its consumption to 100 kWh/m2a, the actual annual savings will
be 5,824 kWh, worth the lesser sum of €583, or €49 per month.
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Fig. 6.2 Accumulated shortfall as total excess of payments over fuel savings for thermal retrofit
that is just economically viable. ‘Additional thermal costs’ of retrofit are €30,000, taken as a table
mortgage at nominal interest rate 2%; expected nominal annual fuel price rise is 4%. The shortfall
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On paper our project may well be economically viable. At an annual interest
rate of 2%, steady monthly fuel savings worth €109 (assuming a discount rate of
4%) could pay off a loan of €25,7172 over 25 years. However, if the pre-retrofit
actual consumption was the lower figure of 156 kWh/m2a, the retrofit will bring
savings worth only €49 per month and we will suffer a loss each month of €60,
totalling €18,000 over the 25-year period. Figure 6.3 illustrates this type of situ-
ation schematically.

This puts a further question mark over the usefulness of the concept of ‘eco-
nomic viability’ as it is framed in German policy and practice. Many projects may
appear economically viable if we use only theoretical, calculated figures for their
pre- and post-retrofit consumptions. But in real life, homeowners’ budgets are
affected by actual fuel saved, not theoretical fuel quantities. In Chap. 2, we saw
that the calculated savings in Germany’s more ambitious thermal retrofit projects
are achieving average heating fuel savings of around 33%, based on national
surveys by Clausnitzer et al. (2009, 2010) and Diefenbach et al. (2011). When the
prebound effect is taken into consideration this falls to 25%. Despite its protes-
tations that ‘thermal retrofits are economically viable’ (see above), the German
Energy Agency now seems to accept that actual savings averaging only about 25%
are being achieved, in practice (DENA 2012c). It is difficult to see how these
would be ‘economically viable’ if designed to achieve the exact standards of the
EnEV.

A recent empirical study lends support to these figures. Michelsen and Müller-
Michelsen (2010) investigated the economic viability of thermal retrofits in the
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Fig. 6.3 Schematic showing the effect of the prebound and rebound effect on the amount of
energy saved through a thermal retrofit
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German housing stock, using data from the Institut Wohnen und Umwelt. The data
cover 156,866 buildings, each with two or more dwellings, and are grouped
according to the age of the buildings. The heating energy consumption values
given in the data are based on actual consumption, called ‘verbrauchsbasierter
Energiekennwert’ (usage-based energy rating) in the study. Consumption ranges
from a high of 162 kWh/m2a for smaller (1–6 dwellings) buildings erected in
1919–1948, to a low of 123 kWh/m2a for the largest buildings erected in
1984–1994. Table 6.1 presents estimates of the thermal standard to which, these
authors calculate, each of the classes of building could be retrofitted in an eco-
nomically viable thermal renovation project based on current construction costs.

The study finds that the largest economically reliable reduction is 41%, for
large apartment blocks built between 1958 and 1968. Most other categories offer
gains of around 20%. The smallest buildings erected since 1979 offer \10%.
Leaving aside the post-1995 buildings (already relatively efficient and less likely to
be renovated), the average gain is around 22%. The average for post-war housing
(1949–1979) is 25.4%.

Further, policy actors often say that an important benefit of thermal renovation is
increased comfort indoors: a warmer home. But this does not square with the
German model of economic viability. The heating consumption figures of both pre-
and post-retrofit consumptions are based on the theoretical model of DIN 4108
(see Sects. 4.3 and 5.3), which assumes standardized indoor heating behavior. The
economic viability calculations only work if identical indoor temperature regimes
are used for both pre- and post-retrofit scenarios.

Taking the prebound effect into account suggests, then, that even if a building is
due for major maintenance (Sect. 6.2), and even if it is free of physical features
that would impede problem-free thermal renovation (Sect. 6.3), and even if its
owners accept a long wait for payback on their investment (Sect. 6.4), retrofitting it
to EnEV standards is unlikely to be economically viable in practice, if the occu-
piers were consuming significantly less energy than the building’s calculated
rating before the retrofit took place.

6.6 CO2 Abatement and Economic Viability

An important metric in Europe, and increasingly throughout the world, is the ‘cost
of CO2 abatement’, here expressed in euros per tonne of avoided CO2 emissions
(€/t). Since money is always limited and European countries are committed to deep
cuts in CO2 emissions, there is interest in reducing CO2 emissions by the maxi-
mum amount for the minimum cost (Sinn 2008). When, for example, an electricity
generating station is retrofitted and made more energy efficient, it may be calcu-
lated that this will reduce CO2 emissions by a certain number of tonnes over the
lifetime of the efficiency measures. The cost of the retrofit divided by the number
of tonnes gives the price of CO2 abatement, in €/t.
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Table 6.1 Comparison of actual heat energy consumption and estimated consumption to which
each class of building could be economically viably renovated, with percentage estimated gain
given (given in, and calculated from, Michelsen and Müller-Michelsen 2010, p. 454). Abbrevi-
ation HE = heating energy

Number of
dwellings
in a building

Year of
building

Actual HE
consumption
(kWh/m2a)

Potential HE
consumption
(kWh/m2a)

Potential economically
viable HE saving
(kWh/m2a)

Percentage
potential
fuel
saving

2–6 1900–1918 159 137 22 13.8
7–12 141 126 15 10.6
13–21 140.5 120 20.5 14.6
[21 135 122 13 9.6
2–6 1919–1848 162 136 26 16.0
7–12 152 118 34 22.4
13–21 141.5 109 32.5 23.0
[21 141 104 37 26.2
2–6 1949–1957 160 134 26 16.3
7–12 148 116 32 21.6
13–21 134 106 28 20.9
[21 126 91 35 27.8
2–6 1958–1968 161 128 33 20.5
7–12 150 110 40 26.7
13–21 150 100 50 33.3
[21 144 85 59 41.0
2–6 1969–1978 151 131 20 13.2
7–12 146 121.5 24.5 16.8
13–21 151 105 46 30.5
[21 140 89 51 36.4
2–6 1979–1983 143 137 6 4.2
7–12 137 117 20 14.6
13–21 136 102.5 33.5 24.6
[21 134 90 44 32.8
2–6 1984–1994 136 125 11 8.1
7–12 133 112 21 15.8
13–21 131 91 40 30.5
[21 123 82 41 33.3
2–6 1995 on 108 108 0 0.0
7–12 103 103 0 0.0
13–21 101 101 0 0.0
[21 98 98 0 0.0
Averages 138.0 111.1 26.9 18.9
Averages

pre-1995
143.1 112.3 30.8 21.6
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There is a vast literature on empirical studies of actual retrofit cases and their
CO2 abatement costs, so researchers have detailed knowledge of costs for a large
range of energy-efficiency projects (Kossy and Ambrosi 2010; Sinn 2008). Costs
range from a few euros to several hundred euros per tonne, depending on the type
of facility being retrofitted and the depth of the retrofit.

Comparisons of different types of project have been made, and ‘marginal cost
abatement curves’ are regularly produced (e.g. Morris et al. 2008). These show that
a certain amount of CO2 can be saved very cheaply, but that the more we attempt to
save, the more expensive this becomes per tonne. For example, we can clean up the
dirtiest East European factories for €10/t (Sinn 2008), but there are only a certain
number of such factories. Once these are all CO2-efficients, we have to move on to
more expensive options. Marginal cost abatement curves for Europe and the USA
currently only go up to about €60/t. At this moment, there is abundant CO2-saving
potential in projects cheaper than that: it would be economically inefficient for
governments to invest in projects that cost more than €60/t. Figure 6.4 shows a
typical CO2 marginal cost abatement curve for Europe, from data offered by the
MIT Joint Program on the Science and Policy of Global Change (Morris et al.
2008).

It is instructive to work out CO2 abatement costs in thermal retrofit projects that
fulfill German EnEV standards. When a retrofit is just economically viable, then
(by definition) the cost of fuel saved is the same as the fuel price, currently around
€0.10/kWh. Assuming a CO2 intensity of 0.2 kg of CO2 per kWh (as for natural
gas), this equates to a CO2 abatement cost of €500/t. Enseling and Hinz (2006), for
example, report the retrofitting of a suite of apartment blocks in Ludwigshafen-am-
Rhein, carried out in 2002–2003, when the legal standard for comprehensive
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Fig. 6.4 A typical marginal cost curve for CO2 abatement in Europe (Data from Morris et al.
2008, p. 17, converted to € from US$ at 0.77322 $/€). For small reductions in the quantity of CO2

emissions, the costs are low because it is assumed the ‘easy cases’ are tackled first. To reduce
emissions by greater and greater amounts, more and more difficult cases need to be tackled, hence
the cost per tonne of abatement rises
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retrofits was 150 kWh/m2a. The additional thermal costs for apartments designed
to reach this standard (in the event they actually reached 192 kWh/m2a) were
€0.0299/kWh, which equate to a CO2 abatement cost of €149/t. The CO2 abate-
ment costs rose as the thermal standard increased. For apartments retrofitted to
30 kWh/m2a the costs were €0.0906/kWh, a CO2 abatement cost of €453/t. While
thermal retrofits can bring valuable savings and improved comfort for households,
it needs to be recognized that these costs can be much higher than the most
expensive CO2 abatement projects that would be considered worthwhile in
industry and commerce. Hence, although a thermal retrofit may be ‘economically
viable’, this does not necessarily imply that it is economically efficient in achieving
the stated policy aim of reducing CO2 emissions.

Similarly, Beecken and Schulze (2011) report the marginal costs of building an
apartment block to a thermal standard 20% more energy efficient than a base
standard of 60 kWh/m2a. The increase in additional thermal costs that was
required to improve the standard by this amount was €0.1931/kWh, equivalent to a
CO2 abatement cost of €965/t. Admittedly this was a higher standard than the
‘economically viable’ standard demanded by the EnEV, but as it qualified for
Federal subsidies through the KfW bank, the CO2 abatement at this level was
funded by public money.

Kumbaroğlu and Madlener (2012) develop an interesting cost-benefit model to
improve the economic efficiency of thermal upgrades. They suggest calculating
costs and savings for the current fuel price and upgrade costs, then re-calculating
for the expected fuel price and upgrade costs in several years time, then recal-
culating for a few years later, and so on. It could be that a retrofit in, say, 8 years
time will bring a greater return on investment than one carried out today if the fuel
price continues to rise. Some economically motivated households might see
waiting as an economically efficient strategy.

Çomaklı and Yüksel (2003) propose an alternative to aiming for ‘economically
viable’ thermal retrofits: aim instead for the ‘economic optimum’. In a case study
in the coldest cities in Turkey, they measure the costs and energy savings of
various thicknesses of Styropor external wall insulation. For the city of Erzurum,
which has twice as many heating degree-days (HDDs) as Berlin, the economically
optimum thickness was just under 10 cm. Their extended model suggests that for a
city with a climate like Berlin’s (2,524 HDDs) this would be closer to 7 cm when
the fuel price is around €0.10/kWh. Three years later Bolattürk (2006) found
similar results, in a wider range of Turkish cities. For the city of Mardin, which has
a similar climate to Berlin, the economic optimum was achieved with a thickness
of 8 cm when the fuel price was around €0.10.

These figures cannot be transferred directly to German economic conditions.
But the robust methodology that lies behind them leads us to suggest that Germany
would benefit from similar studies. The economic optimum—where the highest
CO2 reduction is made for the lowest costs—is likely to be somewhat below the
most energy-efficient economically viable thermal standard.
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6.7 Economic Viability as a Policy Condition: The UK
Green Deal

In Germany, the claim of economic viability—the promise of a payback—is used
as a policy lever to motivate homeowners to undertake thermal retrofits. Whether it
succeeds in doing this depends very much on how credible it appears to the
homeowners. Evidence from interviews with German homeowners suggests that
many who retrofit to high standards do so for reasons quite different from mon-
etary payback, typically: to be more comfortable in the home; to reduce CO2

emissions; and to enhance the quality of the home, much like when people ren-
ovate a kitchen or bathroom (Galvin 2011). Other interviewees say they have
decided not to retrofit because they disbelieve the claims of economic viability.

But at a more strictly legal level, economic viability in Germany is a condition,
designed to limit the powers of the building regulations: the condition of economic
viability of a thermal standard has to be fulfilled, in order for that standard to be
made compulsory for people doing renovations on their homes.

There is an interesting parallel and contrast here with the proposed Green Deal
policy instrument in the UK. Here, the issue is not of the government’s right to
compel homeowners to do something, but of the homeowner’s right to receive
funding. If the condition of economic viability is fulfilled for certain retrofit was
measures in a particular home, the homeowner will be able to apply for a loan to
undertake these measures. The loan will be paid back in instalments along with
fuel bill payments so that, assuming the measures are economically viable, the
instalments will be no higher than the reduction in billing due to the fuel savings
(Smith 2011). The so-called ‘golden rule’ of the Green Deal is that the post-retrofit
monthly energy bill (including loan repayments and fuel costs) must be no higher
than the pre-retrofit energy bill.

A further feature is that the loan will be drawn against the property, not its
owner. This will avoid the barrier of low-income households not qualifying to take
on debt. It will also free landlords from the dilemma of paying for thermal
upgrades while the tenants get the benefit through reduced fuel bills, as the tenants’
fuel bill will include the loan repayments. When a property is sold, the debt goes
with the property.

Similar to the German situation, the Green Deal is intended to further the UK’s
climate goal of reducing GHG emissions by 80% by 2050 (DECC 2012a). How
effectively it will do this will depend crucially on what level of thermal renovation
is ‘economically viable’. Some of the issues of economic viability, discussed
above, will be similar for the UK, others different.

First, the prebound effect should be less of an issue in the UK, as methodologies
are being devised to take account of actual household consumption in calculations
of expected fuel savings. Nevertheless, these will not be based directly on the
measured consumption of the homes applying for loans, but on a formula that
modifies a dwelling’s calculated energy rating according to the number of occu-
pants and their income bracket. Developing a tool to assess occupant behavior was
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proved to be a very challenging task and delayed the implementation of the
Green Deal.

Second, there will need to be clarity as to whether only the ‘additional thermal
costs’ are to be financed by the loan, or whether the ‘anyway costs’ are to be
included. This should not be an issue for cavity wall, ground floor and loft insu-
lation, as practically all the expenses in these are additional thermal costs. For
example, Green Deal literature estimates that for an average three-bedroom semi-
detached house a loft insulation top-up would cost around £250 and bring annual
savings of £45 (Smith 2011), easily fitting the criterion of economic viability. For
windows, however, the total costs far exceed the additional thermal costs, so that
fuel savings through window replacement often pay back as little as one-tenth the
total cost of the measures (see Sect. 6.2). A similar situation arises with external
wall insulation. One-third of English dwellings have noninsulated solid walls
(ESDS 2011). If external wall insulation could be applied for £10,000, then even
with an optimistic saving of £400 per year (Smith 2011), this would fail to con-
form to the rule of a 25-year payback period. Further, based on an average annual
gas bill of £681 (DECC 2011), it is difficult to see how solid wall insulation would
save £400 of this, or 59%. Compared to German EnEV, the Green Deal is a
completely voluntary policy instrument and its effectiveness is going to depend on
the attractiveness of the financial incentives it can offer, such as the interest rate.

Third, the timing of the fuel savings (see Sect. 6.4) will be an issue. If the loan
repayments are on a table mortgage, the repayment amount will be the same each
month for the 25-year period. But if fuel savings are calculated using the expected
average cost of fuel over the next 25 years, the average value is not reached until
the 14th year (or later if the assumed annual fuel price rise is high). For an annual
fuel price rise of 4%, savings in the first year are only half the average value (see
Fig. 6.1); for higher annual fuel price rises this is even lower. Hence, for the
golden rule to work in the initial years, retrofit measures will fulfill this rule only if
the current fuel price is used in the calculation of economic viability and the total
monthly repayment, of interest plus principal, is used. This will reduce the depth of
retrofit considerably.

However, this might have a positive effect on a fourth issue, the cost of CO2

abatement. As we saw in Sect. 6.6, a lower depth of thermal retrofit often brings a
higher ratio of fuel savings (and therefore CO2 abatement) to money invested.
Because of the golden rule—the constraint of ensuring that monthly investment
loan repayments do not exceed monthly savings from reduced fuel consumption—
there is a strong incentive to plan retrofit measures that get the maximum fuel
saving for the minimum investment. This could bring considerable gains in eco-
nomic efficiency.

The UK has 26.7 million homes (DECC 2012b). Approximately, 67% of these
(17.9 million dwellings) were built before the 1970s energy crisis and the intro-
duction of thermal regulations (ESDS 2011). Over 16 million of these have lofts,
of which 1.9 million have \125 mm of loft insulation, while 15.8 million have
cavity walls, of which 4.6 million are unfilled (DECC 2012b). This offers some
6.5 million insulation measures which would most likely be economically
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viable—perhaps not always to the stringent standards of the German EnEV, but in
the more modest sense that would fit the golden rule criteria. Further, this would
not necessarily lead to ‘lock-in’, where buildings are stuck with lower quality
thermal performance for the next 40 years. If these low or modest level retrofit
measures pay back within a decade, there is no economic loss in re-retrofitting,
after than decade, to a higher standard. In the meantime CO2 emissions have been
reduced, fuel has been saved, and a household has possibly been warmer in winter.

6.8 Conclusions and Implications

German law seeks to protect building owners by limiting the thermal upgrade
measures they are required to undertake, to those which are economically viable.
But the claim of economic viability—the promise of a payback—is used as a
policy lever to motivate homeowners to undertake thermal retrofits. Whether it
succeeds in doing this depends very much on how credible it appears to the
homeowners.

The way economic viability is framed in German policy brings four issues that
must be faced by homeowners who are considering retrofitting: the economic
viability formula only takes account of the ‘additional thermal costs’ and not the
total costs of a retrofit; it does not allow for any extra construction costs required to
change the form of the building, so that it can accommodate the legally required
thickness of insulation; it produces a return on investment with increasing losses
until after halfway through the lifetime of the upgrade measures and only pays
back fully in the last month of this period; and it does not take account of the
actual preretrofit consumption, which is likely to be significantly lower than the
theoretical figure used in the calculations.

We propose that German policymakers revisit the rationale for setting such
tight compulsory thermal standards for retrofits. In devising the EnEV, policy-
makers have used the economic viability criterion to fulfill other policy aims, such
as the EU’s ‘20-20-20’ goal (see Chap. 3) and the 80% CO2 reduction goal (see
Chap. 2). This has proven problematic, however, for three main reasons: buildings
are far more physically diverse than the official calculations of economic viability
assume (see Chap. 4); occupants in non-retrofitted homes are generally far more
fuel-thrifty than these calculations assume (see Chap. 5); and thermal retrofits to
EnEV standards can be an economically inefficient way to reduce CO2 emissions
(Sect. 6.6).

This is not to suggest there is no place for thermal retrofits that reach and go
beyond EnEV standards. But promoting them on the basis that they are ‘eco-
nomically viable’ is problematic. There may be other good reasons for home-
owners who have money to invest in their properties to retrofit to these standards,
such as to be more comfortable in the home; to reduce CO2 emissions regardless of
personal cost; and to enhance the quality of the home. But in relation to a majority
of homeowners, thermal retrofit policy would be better served by an emphasis on
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the ‘economic optimum’ than on that which is just ‘economically viable’. This
would require more flexible thermal retrofit regulations, and a different emphasis
in training for home energy advisors.
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Chapter 7
Why is Domestic Heating Fuel
Consumption Falling in Germany?

Abstract Heating energy consumption has been falling steadily in Germany since
2000. The most recent reliable figures show it fell from 669 TWh to 550 TWh in
the years 2000–2009, a reduction of 119 TWh, or 18%. A number of different
factors could be contributing to this: replacement of old dwellings with energy-
efficient new builds; thermal retrofits of existing homes; and non-technical factors
such as household behavior and demographics. There is now considerable data on
numbers of new builds and retrofits and their heating energy consumption, but
until now there has been no attempt to analyze this data to disaggregate the
contributions of each of these factors to the steady fall in consumption. This
chapter attempts such an analysis. We find that there was no net reduction from
replacement of old with new dwellings, as the latter outnumber the former by
about 2 to 1. Thermal retrofits appear to account for about 14 TWh, or 12% of the
reduction. This leaves a residual fall of 105 TWh, or 88% of the total, which
appears to be due to non-technical factors such as behavior change and demo-
graphics, representing reduced annual expenditure on heating fuel of around €7.35
billion and reduced annual CO2 emissions of 21 million tons. This points to the
need for more research, first to confirm these results, and second to investigate
what motivates many nonretrofitting householders to save heating fuel.

Keywords Fuel savings � CO2 emission reduction � Thermal retrofit � Household
behavior � Price elasticity

7.1 Introduction

Figures released by the Federal Statistics Office (Destatis) reveal that energy
consumption for domestic heating fell from 669 TWh in the year 2000 to
550 TWh in 2009 (Destatis 2010a). These figures are ‘temperature adjusted’, and
hence free, at least theoretically, from the influence of variations in winter weather
from year to year. This represents a fall in domestic heating consumption of 18%
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in 9 years, which is also reflected in other statistical surveys. For example,
CO2Online collects data on actual energy use from 950,000 households through its
Web portal. It finds their rate of heating fuel consumption fell steadily over the
years 2000–2009 from 164 kWh/m2a to 135 kWh/m2a, also a fall of 18%
(CO2Online 2010). As this is a self-selected sample it is not as reliable as the wider
samples used by Destatis, but the trend is comparable.

The Destatis figures show a reduction in national heating consumption of
119 TWh, indicating that German householders spent €8 billion less on heating
fuel in 2009 than they would have if their consumption had stayed steady at the
2000 level (the price of heating fuel in 2009 was approximately €0.07/kWh). They
emitted 30 million tons less CO2 emissions than they would have at 2000 levels,
even though the number of occupied dwellings increased by 3.3% in 2000–2009.

It is also interesting that the water-heating component of this consumption
stayed steady in 2000–2009 at 82 TWh per year (Destatis 2010a). Hence space-
heating consumption fell by the larger factor of just over 20%. However, in
keeping with the approach of this book, we will consider space and water heating
together here.

It is often assumed in policy literature that heating fuel reductions come entirely
from technical upgrade measures: thermal retrofits of existing homes and
replacement of older homes with energy-efficient new builds (e.g. BMVBS 2012;
BMWi 2010). The national statisticians who published the Destatis figures,
however, made the following comment:

On the one hand this (reduction) can be attributed to improved insulation and heating
technology. But on the other hand, it is also the result of household savings as a reaction to
significant rises in the cost of heating energy (Destatis 2010a, authors’ translation).

However, so far there has been no attempt to quantify the proportions of
domestic heating fuel savings being made from behavioral as compared to tech-
nical measures. Rehdanz (2007) noted that it would be useful to disaggregate these
proportions, and Gram-Hanssen (2010, 2011) argues from empirical evidence that
both behavioral and technical measures are significant in attempts to lower
household energy consumption. The Federal Environment Office (UBA 2006)
surveyed households in 1995–2005 and concluded that changes in user behavior
were making a significantly greater contribution to energy savings than technical,
energy-efficiency improvements. There is now sufficient empirical evidence for us
to be able to estimate fuel savings made from new builds and retrofits to a rea-
sonably accurate degree, so that we can see what savings are not accounted for by
these technical measures. This is what we set out to do in this chapter.

Our methodology is set out schematically in Fig. 7.1. The quantities denoted by
variables A, B, C, etc., which are displayed on this schematic, are given in
Table 7.1. Other quantities we will be referring to in our analysis are given in
Table 7.2.

Starting at the top of the schematic, in Sect. 7.2 we estimate the number of
dwellings newly constructed in 2000–2009 and their average heating consumption
in 2009, to give the quantity F. Then in Sect. 7.3 we estimate the total number of
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Fig. 7.1 Schematic showing methodology for disaggregating the contribution of four classes of
dwelling to national totals of heating energy consumption: homes existing in 2000 that were not
retrofitted in 2000–2009; homes that were retrofitted during this period; homes abandoned during
this period; and homes newly built during this period

Table 7.1 Quantities of heating energy displayed in Fig. 7.1

Symbol Quantities of heating fuel consumed
in 2000 by

Quantities of heating fuel consumed
in 2009 by

A All dwellings
B Dwellings abandoned in 2000–2009
C Dwellings upgraded in 2000–2009
D Dwellings not upgraded in 2000–2009
E All dwellings
F Dwellings constructed in 2000–2009
G Dwellings upgraded in 2000–2009
H Dwellings not upgraded in 2000–2009
M New builds replacing abandoned dwellings
N New builds additional to replacements
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dwellings that were ‘abandoned’ in 2000–2009 and their average consumption in
2000, to give the quantity B. Here the word ‘abandoned’ is a mathematical vari-
able equal to the difference between the numbers of occupied dwellings in 2000
and 2009 not counting the new builds in 2000–2009. This is not the same as the
number demolished in 2000–2009. The demolition rate bears no direct relation to
the rate at which dwellings fall out of use (Destatis 2004, 2010b). It also fails to
take account of shifting numbers of unoccupied dwellings that are, for example,
between tenants or in under-utilized apartment blocks, for which there are no plans
for demolition. A certain number of the new builds can be seen as replacing, one-
for-one, the abandoned dwellings, and from this we can work out the number of
new builds that were additional to replacements, and the increases in national
consumption they caused, i.e. N = F-M.

In Sect. 7.4 we then consider the contribution of thermal retrofits. We estimate
the number of dwellings retrofitted in 2000–2009 and their pre-retrofit consump-
tion, to give the quantity C. We then estimate their post-retrofit consumption to
give the total G.

In Sect. 7.5 we bring all these figures together to estimate the reductions in
consumption in 2000–2009 that were not due to retrofits or new builds, namely:

K ¼ D � H ¼ A � B � Cð Þ � E � F � Gð Þ

We draw conclusions from the results of this analysis and make recommen-
dations for policymakers in Sect. 7.6.

It should be noted that we are looking at a 9-year time span in this analysis. Our
figures refer to the period 1 July 2000 to 30 June 2009, or the 9-year period closest
to these dates which each dataset used in the analysis relates to. We choose 2009 as
our cut-off year because this is the most recent year for which figures are available.
Domestic heating consumption in Germany peaked in 2000, so this seems a
suitable starting date.

7.2 New Builds in 2000–2009

Destatis (2010a, b) figures reveal that 2,622,327 new dwellings were completed in
9 years from January 2000 to December 2008. These had an average ‘useful’ area
of 114 m2 (Destatis 2010b), giving a total new ‘useful’ area of 299,000,000 m2

(see Chap. 5, Box 5.1 for the difference between living area and useful area).

Table 7.2 Other symbols, and composites, used in the analysis

Symbol Quantity of heating fuel Equal to

I Savings through replacement of abandoned with new dwellings B–M
J Savings through thermal retrofits of existing dwellings C–G
K Savings made in non-retrofitted, non-new dwellings D–H
L Total Reductions 2000–2009 A–E
F Total 2009 consumption of new builds constructed in 2000–2009 N ? M
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We now estimate how much these dwellings were consuming in 2009. Prior to
October 2012, the average1 maximum permissible heating fuel consumption for
new builds was 145 kWh/m2a; from October 2002 to September 2009 it was
100 kWh/m2a; and thereafter 70 kWh/m2a. Federal subsidies led to many of these
homes being designed for higher thermal standards (DENA 2012), which would
have lowered the average consumption in each of these periods.

The most comprehensive study of the energy performance of new homes built in
this period is by Greller et al. (2010). These authors analyzed the metered con-
sumption of 110,000 gas and oil-heated homes built from 1977 to 2006, including
25,650 in the period 2000–2006. They found an average heating fuel consumption of
95 kWh/m2a for those built in the years 2000–2006 inclusive (Greller et al. 2010) and
a falling trend from 100 kWh/m2a to 90 kWh/m2a over this period. Assuming this
trend continued at the same rate for the next 2 years, the average for the 9-year period
would be 93 kWh/m2a. Hence we would estimate the heating energy consumption of
these buildings, in 2009, at 2,622,327 9 93 kWh/m2a 9 114 m2 = 27.8 TWh.

The three other main sources of heating fuel—district heating, wood, and
electricity—make up 7, 7.5 and 3% of heating consumption, respectively
(Schloman et al. 2004). District heating is associated with consumption 10% lower
than average, and wood and electricity tend to consume 10% higher. Hence the
actual total might be slightly higher than the 27.8 TWh estimated above. We
suggest a figure of 29 TWh is indicated, so that our variable F = 29.0 TWh.

7.3 Dwellings Abandoned in 2000–2009

The term ‘dwellings abandoned in 2000–2009’ is a mathematical variable, equal to
the sum of the dwellings occupied in 2000 (35,505,000) and the dwellings newly
built in 2000–2009 (2,622,327), less the dwellings occupied in 2009 (36,728,000).
This puts the net number of dwellings abandoned during this period at 1,399,000
(to the nearest 1000).

There are no existing studies on the heating consumption of dwellings that
become unoccupied, but there are good reasons to assume their consumption was
higher than the national average. Dwellings become unoccupied for two main
reasons in Germany: internal migration; and poor quality of buildings. Migration is
most likely the major factor, as there have been large internal population shifts in
Germany over the last 20 years, mostly from East to West and North to South. The
housing stock in former East Germany was mostly of pre-World War II thermal
quality prior to reunification, and the Communist era Plattenbau (prefabricated
slab) apartment blocks were of low thermal quality (Flockton 1998). In the western

1 As we noted in Chap. 2, the Energy Saving Regulations (EnEV) prescribe a range of maximum
consumption figures for buildings depending on their geometry, size and connection to other
buildings.
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states, emigration occurs mostly from industrial areas, such as the Ruhr Valley. In
regions of falling population such as these, relatively few homes have been built in
recent decades. Greller et al. (2010) show that the average consumption of pre-
World War II dwellings is around 165 kWh/m2a and that of dwellings built in
1946–1964 around 160 kWh/m2a. Schröder et al. (2011), using similar method-
ology and datasets, estimate total national average consumption at 149 kWh/m2a.
This would put the consumption of pre-World War II dwellings about 10% higher
than the national average, and as most abandoned dwellings are of older stock, it
would seem reasonable to assume their average consumption was around 10%
above the national average.

As we noted above, the national domestic heating energy consumption in 2000
was 669 TWh and there were 35,505,000 occupied dwellings, so that average
consumption was 18,842 kWh/a per dwelling. If the buildings that were later
abandoned were consuming 10% above the average, their consumption would
have been 20,727 kWh/a per dwelling. As there were 1,399,000 of these dwell-
ings, their total heating consumption in 2000 would have been 29.0 TWh. Hence
we set B = 29.0 TWh.

We note, also, that 1,399,000 of the new builds in 2000–2009 can be seen as
replacing abandoned dwellings. If the replacements’ useful area was 114 m2 with
heating consumption 93 kWh/m2a (see above), this group’s total consumption was
14.8 TWh. Hence we set M = 14.8 TWh.

Therefore the heating consumption of new builds that were not replacing
abandoned dwellings was the difference between the total new build consumption
of 29.0 TWh (see Sect. 7.2) and this figure, i.e. F-M = 29.0-14.8 = 14.2 TWh.
Hence we set N = 14.2 TWh.

An interesting result here is that the fall in consumption from dwellings being
abandoned, at 29 MWh, is the same as the rise in consumption from new builds.
The net effect of these two sectors on fuel savings is to cancel each other out, as
there were approximately twice as many new dwellings as abandoned dwellings.

7.4 Dwellings Retrofitted in 2000–2009

7.4.1 General Considerations

The most difficult part of our analysis is to assess the fuel consumption reductions
due to retrofits. Not only are the numbers of retrofitted dwellings in dispute, but
there is a variety of degrees of retrofit, up to a full project including wall, roof and
basement-ceiling insulation; window and door replacement; addition of ventilation
system (with or without heat recovery); boiler and radiator replacement; boiler and
heating system fine tuning; and installation of solar collectors. Further, as there is
no inspection of thermal (or other) building standards, the authorities do not
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automatically have records of what retrofitting has taken place and we know from
unofficial sources that a certain amount of ‘sub-standard’ retrofitting is carried out
illegally, often in broad daylight.

We will consider national summary figures from peer-reviewed papers and
from research institutes commissioned by the Federal government. Since the
precise numbers are in dispute in this section, we will estimate the range within
which the true value is highly likely to fall—the 95% confidence interval—and
carry these results forward to our final totals. Further, we will at times speak of
‘equivalent floor area’ or ‘equivalent dwellings’ rather than ‘number of dwellings’,
as some studies estimate the savings due to partial retrofits in terms of their
equivalent number of dwellings or floor area fully retrofitted.

7.4.2 Annual Rate of Thermal Retrofits

The German Energy Agency (DENA) estimates the annual rate of thermal retrofits
at 0.8% of the residential building stock per year over the past decade (Stolte
2011), i.e. 7.2% of the residential building stock over 2000–2009. Since the
average number of dwellings (occupied and unoccupied) in 2000–2009 was 39.2
million, this is equivalent to 2.82 million dwellings.

Diefenbach et al. (2010) found a retrofit rate of 0.83% per year in a survey of
7,500 building owners, equivalent to 7.5% over 2000–2009, or 2.94 million
dwellings if extrapolated nation-wide, though this is a limited sample size.

Friedrich et al. (2007) estimate the equivalent living area of existing homes
retrofitted with insulation, new windows, or new boilers in each of the years
2000–2006 as amounting to an accumulated total of 5.9% of the residential stock
over these 7 years, which would amount to 7.6% if it continued for the remainder
of the 9 years, or 2.98 million dwellings.

Weiss et al. (2012) estimate an annual retrofit rate for walls at 0.8% and roofs at
1.2%. Weighting walls and roofs according to their average thermal impact2 in the
ratio 3:2 would give an annual retrofit rate of 0.96%, assuming windows and
boilers were upgraded correspondingly. This would amount to 8.6% of the resi-
dential stock over 9 years, or 3.37 million dwellings.

While the figures from each of these studies do not precisely agree, they are
sufficiently close to be used in our analysis. We note their average, of 3.03 million
dwellings, with a standard deviation of 0.24 million, or 8% of the total. Taking
them together gives a 95% confidence interval of 2.56–3.50 million dwellings,
suggesting that it is highly unlikely that the number of equivalent comprehensively
retrofitted dwellings fell outside this range.

2 The term ‘thermal impact’ means the relative contribution of each feature to the thermal
quality of the building, based on the area each contributes to the building envelope, and typical U-
values of each.
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7.4.3 Pre-retrofit Consumption in 2000

We now estimate the heating fuel savings achieved through these retrofits. To
begin with, there is no reliable data as to their actual pre-retrofit heating fuel
consumption. The German Energy Agency targets dwellings with a calculated
consumption of 225 kWh/m2a or more for retrofitting (Stolte 2011). Taking the
prebound effect into account (see Chap. 5), this would give an actual pre-retrofit
consumption of around 160 kWh/m2a. Data from CO2Online indicates an average
pre-retrofit calculated consumption of 260 kWh/m2a for detached houses and
200 kWh/m2a for all other buildings, with actual measured pre-retrofit consump-
tion 160 kWh/m2a and 150 kWh/m2a, respectively. However, as previously noted,
the self-selection bias of CO2Online’s data might make these actual consumption
figures lower than national averages for pre-retrofit dwellings.

Retrofits in Germany are mostly performed on homes built prior to the first
thermal regulations, in 1977. As we noted in Sect. 7.3, the average consumption of
these homes is most likely some 10% higher than national average consumption,
i.e. around 164 kWh/m2a. Further, as the government targets the least thermally
efficient homes for thermal upgrading, it is reasonable to assume that pre-retrofit
consumption in the cohort being retrofitted is somewhat higher than the national
average of that group, say a further 10%.

Hence, it is likely that the pre-retrofit actual consumption of dwellings that were
retrofitted in 2000–2009 was around 165–174 kWh/m2a. We cautiously estimate
the 95% confidence interval at this range.

Since the average useable area in 2000 was 110 m2 (living area 84 m2), this
gives a range of 46.5–66.9 TWh TWh for the heating fuel consumption in 2000, of
dwellings that were retrofitted in 2000–2009. Hence our variable
C = 46.5–66.9 TWh.

7.4.4 Consumption Reduction per Retrofitted Dwelling

We now estimate the reduction in heating fuel consumption achieved through
these thermal retrofits. Schröder et al. (2011) investigated the heating energy
consumption of residential buildings of two or more dwellings throughout Ger-
many for 2004–2008. Buildings retrofitted or constructed since 1995 showed an
average consumption of 110 kWh/m2a, while those constructed prior to 1995 and
not subsequently retrofitted consumed an average of 145 kWh/m2a—a difference
of 35 kWh/m2a, or 24%.

A further nation-wide empirical study (Schröder et al. 2010) gives cumulative
frequency distribution curves for the heating energy consumption throughout
Germany of retrofitted and nonretrofitted apartment blocks of floor area larger than
700 m2. The mean is 140 kWh/m2a for those completely nonretrofitted and
90 kWh/m2a for those comprehensively thermally retrofitted, a fuel saving of
50 kWh/m2a, or 36%.
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Regarding smaller buildings, Walberg et al. (2011) investigated the nationwide
retrofit performance of 5 classes of 1–2 dwelling buildings and found an average
measured consumption reduction of 26%.

A comprehensive figure is offered by Tschimpke et al. (2011), of an average of
38% reductions achieved through retrofits of all building types, though this refers
to calculated pre-and post-retrofit consumption figures. As we saw in Chap. 2,
Clausnitzer et al. (2009, 2010) estimate the calculated saving in retrofits with KfW
subsidies at an average of 33%. We estimated that, taking the prebound effect into
account, this would indicate actual savings of around 25%. We noted that the
German Energy Agency also estimates actual savings at 25%. Figures from
CO2Online indicate actual savings of around 33%, and again this could be higher
than the national average due to self-selection bias in the data. However, we
cannot ignore Schröder et al. (2010) figure of 36% for large apartment blocks.
Hence, we would suggest a mean of around 30% savings for equivalent com-
prehensive retrofits carried out in 2000–2009, with a possible 95% confidence
interval of 25–36%.

We now bring these percentages together with the pre-retrofit consumption
range estimated above. The maximum reduction would arise if the maximum pre-
retrofit consumption were reduced by the highest of these percentages, i.e.
66.9 TWh reduced by 36%, a reduction of Jmax = 24.1 TWh. The minimum
reduction would arise if the minimum pre-retrofit consumption were reduced by
the lowest of these percentages, i.e. 46.5 TWh reduced by 25%, a reduction of
Jmin = 11.6 TWh. The mid-point between these is Jmid = 17.9 TWh. We use
these values for C – D in Equation 1.

7.5 Reductions Due to Nontechnical or Unexplained
Factors

We now have sufficient information to estimate the savings in 2000–2009 that are
not explained by thermal retrofits or new builds. These are represented by the
variable K, where (recalling Equation 1):

K ¼ D � H ¼ A � B � Cð Þ � E � F � Gð Þ
¼ A � Bð Þ � E � Fð Þ � C � Gð Þ
¼ A � Bð Þ � E � Fð Þ � J

Hence the lowest likely value of K (taking the highest value of J) is:

K ¼ 669:0 � 29:0ð Þ � 550:0� 29:0ð Þ � 24:1

KL ¼ 94:9 TWh
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And the highest likely value of K (taking the lowest value of J) is:

K ¼ 669:0 � 29:0ð Þ � 550:0 � 29:0ð Þ � 11:6

KH ¼ 107:4 TWh

This suggests that heating fuel reductions in 2000–2009 that are not attributable
to retrofits or new builds are most likely to be in the range 94.9–107.4 TWh. This
represents 79.7–90.3% of the total reductions, or a middle value of 85.0%.

These figures also give results for D and H, the consumption in 2000 and 2009,
respectively of dwellings existing in 2000 that were not retrofitted in 2000–2009.

D ¼ A � B � C

Dmax ¼ 669:0 � 29:0 � 46:5 ¼ 593:5 TWh

Dmin ¼ 669:0 � 29:0 � 66:9 ¼ 573:1 TWh

H ¼ E � F � G ¼ E � F � C � Jð Þ
Hmax ¼ 550:0 � 29:0 � 46:5� 11:6ð Þ ¼ 486:1 TWh

Hmin ¼ 550:0 � 29:0 � 66:9� 24:1ð Þ ¼ 478:2 TWh

Hence the percentage fall in consumption 2000–2009 of nonretrofitted dwell-
ings lies between 16.6% and 18.1%, with a mid-range value of 17.4%.

We note that this is just over half the percentage fall in consumption being
achieved through thermal retrofits. Table 7.3 gives our estimates of the national
totals for each of the main quantities we have considered in the analysis. Table 7.4
gives the percentage savings made by each sector, assuming mid-range estimates
for retrofits.

Table 7.3 Estimates of quantities of heating energy for each variable in the analysis

Symbol Estimate
(TWh)

Quantities of heating
fuel consumed in 2000 by

Quantities of heating fuel
consumed in 2009 by

A 669.0 All dwellings
B 29.0 Dwellings abandoned in

2000–2009
C 46.5–66.9 Dwellings upgraded in

2000–2009
D 573.1–593.5 Dwellings not upgraded in

2000–2009
E 550.0 All dwellings
F 29.0 Dwellings constructed in

2000–2009
G 29.8–24.8 Dwellings upgraded in 2000–2009
H 478.2–486.1 Dwellings not upgraded in

2000–2009
M 14.8 New builds replacing abandoned

dwellings
N 14.2 New builds additional to

replacements
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A peculiarity of the analysis is that the reduction in consumption due to
abandonments is completely cancelled out by the additional consumptions from
new builds. Although new builds are highly energy-efficient compared with
abandoned dwellings, there are a lot more of them. If demographic and populations
trends continue much as they have for the past decade, this is not likely to change
significantly. The trend in Germany is toward fewer persons per household and
larger floor area per dwelling (BMVBS 2011).

Nevertheless, some of the consumption reduction in existing, non-retrofitted
homes could be due to these trends. Because new builds are increasing the total
number of dwellings while the population is falling, some existing households are
losing members. They have fewer occupants, so fewer rooms need to be heated,
common rooms need fewer hours of heating, and less hot water is consumed. In a
sense, existing homes are exporting some of their heating consumption to new builds.

The high estimate our analysis has produced, of the contribution of non-ret-
rofitted dwellings to national consumption reductions, is surprising. However,
even if average savings through retrofits were double the percentages we estimate,
say 60%, this would still only reduce the non-retrofit contribution to 69% of the
total fall. Even if savings per retrofit were double and the annual rate of retrofits
were twice as high as our estimate for 2000–2009, then non-retrofit contribution
would still be over 40%. Hence, even in these extreme scenarios, non-retrofitting
households are making a mathematically significant contribution to heating con-
sumption reductions.

7.6 Conclusions and Implications

Drawing on national statistics, peer-reviewed empirical studies, and government
commissioned reports from research institutes, we estimated the contributions of
new builds, abandonment of dwellings and thermal retrofits to the 18% fall in
German domestic heating consumption from 669 TWh in 2000 to 550 TWh in
2009. We found that new builds added 29.0 TWh to the 2000 total but that this
was cancelled out by consumption reductions due to dwelling abandonment.
Thermal retrofits reduced national consumption by 11.6–24.1 TWh in the period

Table 7.4 Mid-range estimates of heating fuel savings in 2000–2009 in each sector of the
housing stock

Symbol Sector Savings achieved
(TWh)

Percentage share
of total national
savings

Savings as
percentage of
2000 level for
this sector

L All dwellings 119 100 18
I Replacement 0 0 0
J Retrofits 18 15 30
K Behavior 101 85 17.4
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2000–2009, leaving the remaining reduction of 94.9–107.4 TWh to non-technical
or unexplained factors. We suggested that, even if savings through retrofits were
four times our highest estimate, this would still leave an unexplained residual fall
of around 50 TWh, or 42% of the total fall.

Part of this residual fall can possibly be explained by demographic and lifestyle
changes, but there appears to be no technical explanation for the bulk of the
residual reductions. The most natural conclusion is that these reductions are lar-
gely caused by changes in user behavior. It is likely that a large proportion of
householders are heating fewer rooms, or for shorter periods, or to lower tem-
peratures, or some combination of these than they used to—or ventilating less
adequately, a possibility explored in Galvin (2013).

We already know that there is a large potential in German homes for saving
heating energy through behavior changes and we know the strategies occupants
can use to achieve this (UBA 2006). What we do not know is why some house-
holds do this, and others less so, or not at all. One of the motivating factors is
financial savings. Rehdanz (2007) has shown that domestic heating consumption in
Germany is sensitive to fuel price rises. The price of heating fuel rose by 52.5% in
2000–2009 (BMWi 2011a, b), representing an average annual increase of 4.8%
(since 1.0489 = 1.525). Using a formula derived by Galvin and Sunikka-Blank
(2012), this represents a year-on-year fuel price elasticity for households in non-
retrofitted dwellings of –0.425. This means that in each year, every 1% rise in fuel
price is associated with an aggregate 0.425% fall in heating fuel consumption by
these households, a topic further explored in Chap. 8).

This is not to claim that fuel price increases were the only factor motivating
consumption reductions. Rising environmental awareness or other motivational
factors, yet to be explored, might also play a role. Further, the price elasticity
figure here is an average value. Some households might not have responded at all
to fuel price rises; others might have responded much more sharply.

According to our estimates, nonretrofitting households consumed around
90 TWh less heating fuel in 2009 than in 2000, worth €7.35 billion in 2009 prices,
and their heating systems emitted 21 million tonnes less CO2. This was cost-free
CO2 abatement, compared with an average price of €250 per tonne of CO2 saved
through thermal retrofits to EnEV standard (see Chap. 6). We suggest that it would
be profitable for the German government to take more notice of the significant fuel
savings being made in non-retrofitted households.
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Chapter 8
How Fuel Price Elasticity Affects
the Economics of Thermal Retrofits

Abstract Policymakers, their expert advisors and the academic community use
mathematical models to evaluate the economic viability and payback time of
thermal retrofits. Most of these models have the form of a cost-benefit analysis,
where the thermal upgrade costs are compared to the net present value (NPV) of
the benefits expected to be received in future years, through fuel savings. How-
ever, these models assume that, if the dwelling had not been retrofitted, its
occupants would have continued to consume the same amount of heating fuel as
previously, despite future fuel price rises. In other words, they fail to include a
factor for fuel price elasticity of demand. In this chapter, we show how the
mathematics of these models can be modified to include this factor. We then test
its effect by assessing the NPV and payback time of a set of thermal retrofit
projects on a large housing estate in Germany. Even using conservative values for
our parameters, the analysis shows that when price elasticity is taken into account
NPV is reduced by around 23%, payback time is lengthened by 15–31 years, and
the cost of abated CO2 rises by around 27%.

Keywords Fuel price elasticity � Payback time � Economic viability � Cost-
benefit analysis � Carbon abatement cost

8.1 Introduction

Throughout this book we have shown how occupant behaviour in the home is a
major factor in determining actual, measured heating fuel consumption. In Chap. 5
we showed that German households consume 30% less heating fuel, on average,
than the calculated energy ratings of their homes would indicate. In Chap. 7, we
presented evidence that the reduction in domestic heating energy consumption in
the years 2000–2009 appears to be largely caused by households becoming more
thrifty with heating. This runs parallel to a steady increase in the price of heating
fuel, averaging 4.8% per year, and there is evidence from studies in Germany
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(Rehdanz 2007) and a number of comparable countries such as Denmark (Leth-
Peterson and Togeby 2001) and Norway (Nesbakken 2002) that households
respond to heating fuel price increases by consuming less.

If this is the case, it has implications for the economic viability of thermal
retrofits. On average, households that do not thermally retrofit are likely to con-
sume less heating fuel in future as the price of fuel rises. Yet this factor has not
been taken into account in discussing the economics of thermal retrofits. If, for
example, a household currently consumes 18,000 kWh per year on heating energy,
then retrofits their property so that their consumption drops to 12,000 kWh per
year, it is assumed this will save them 6,000 kWh per year, or 150,000 kWh over
the 25-year lifetime of the retrofit measures. If the fuel price steadily rises over this
time by, say, 4% per year, it is assumed that their payback through fuel savings
will also rise by 4% per year. It is on this basis that calculations of economic
viability are performed.

However, if this household had not retrofitted, we cannot in fact assume they
would have continued to consume 18,000 kWh per year if the fuel price rose
steadily at 4% per year. If, like the average household in Germany, they respond to
heating fuel price rises by consuming less, they would have consumed less as the
years went by. Hence, it is inaccurate to say they will save 150,000 kWh by
retrofitting. In reality, they will save less.

German policymakers and their expert advisors use a well-known type of
mathematical model to estimate economic viability and payback time of thermal
retrofits: a ‘cost-benefit analysis’. This compares the cost of the retrofit with the
economic benefits it brings. If the benefits (accumulated over the technical lifetime
of the retrofit measures) are equal to or outweigh the costs, the retrofit is eco-
nomically viable. These models can also be inverted, to calculate the ‘payback
time’ of a retrofit: how long it will take for the benefits to draw equal with the
costs. The basic mathematical form of these models was introduced in Chap. 6,
Sect. 6.4.

This chapter takes a closer look at these models and explores what happens if a
factor is included in them to take account of this consumer sensitivity to fuel price
rises.

A key concept throughout this chapter is ‘heating fuel price elasticity of
demand’, which we often express more compactly, as ‘price elasticity’ or simply
‘elasticity’. This is the percentage change in the quantity of fuel purchased (and
hence consumed) for each 1% change in price. In Chap. 7, for example, we said
that the average heating fuel price elasticity of demand for nonretrofitting
households in 2000–2009 was -0.425. This means that for every 1% rise in fuel
price in any particular year, these households, on average, purchased and con-
sumed 0.425% less than they had previously.

In Germany, the factor of fuel price elasticity is absent from the cost-benefit
models used to calculate economic viability and payback time. This can be seen,
for example, in the models the Passive House Institute used in the reports they
produced, commissioned by the Federal government, to confirm the economic
viability of the thermal measures demanded in the EnEV in 2002 and 2009
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(Feist 1998; Kah et al. 2008). It is also absent in models typically offered in
countries such as Switzerland (Jakob 2006), the UK (Brechling and Smith 1992),
Japan (Lopes et al. 2005), Greece (Papadopoulos et al. 2002), Denmark (Tomm-
erup and Svendsen 2006), South Africa (Winkler et al. 2002) and Belgium
(Verbeek and Hens 2005).

The challenge with developing a cost-benefit model for thermal retrofits is to
include the appropriate parameters, with their appropriate values, in the mathe-
matical formulas. Most current models include: the expected technical lifetime of
the retrofit measures; the expected annual fuel savings; the expected annual future
fuel price rise; and the discount rate (i.e. the annual fall in spending power of cash
benefits that will be received in future years). These are all difficult to quantify and
require some guesswork. However, homeowners have to make decisions as to
whether, when and how deeply to retrofit, so the estimates offered by professionals
are usually the best that these investors can hope to get.

Price elasticity is also difficult to estimate and it varies from household to
household, but without it the models are skewed to the positive side: they over-
estimate the financial benefits of a retrofit.

We will show in this chapter how a factor for heating fuel price elasticity of
demand can be incorporated in these models: how it modifies the equations and
makes them, we argue, more realistic. In Sect. 8.2, we outline the basic mathe-
matics of cost-benefit models for thermal retrofits and show how price elasticity
modifies this. In Sect. 8.3 we calculate a value for price elasticity, based on
empirical evidence presented in other chapters in this book. In Sect. 8.4 we apply
this value, with the modified model, to an actual set of thermal retrofits in Ger-
many. In Sect. 8.5, we invert our model to show how payback time is affected by
price elasticity, and in Sect. 8.6 we consider what happens to the predicted cost of
CO2 savings when price elasticity is included in the calculations. In Sect. 8.7, we
draw conclusions and discuss implications for policymakers and homeowners.

8.2 Including Price Elasticity in Cost-Benefit Analyses

8.2.1 The Basic Model

As we noted in Chap. 6, a thermal retrofit is considered economically viable if the
total monetary savings expected to be gained from fuel savings are equal to or
greater than the additional thermal costs. This can be expressed as:

C�B where

C = additional thermal costs (i.e. the costs of the thermal aspects of the upgrade,
excluding any upgrade costs that do not improve the thermal quality of the
dwelling);
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B = monetary benefit, i.e. money saved through reduced fuel costs over the
technical lifetime of the thermal renovation measures.

The monetary benefit B is worked out using a formula of the type:

B ¼ Q1 � P1 �
AN � 1
A� 1

ð8:1Þ

where
Q1 = quantity of fuel saved in the first year (kWh)
P1 = price of each unit of fuel saved in year 1 (€/kWh)
N = number of years of the technical lifetime of the renovation measures
A = an ‘annuity factor’

The expression: AN�1
A�1 is the sum of the geometric sequence:

A0 ? A1 ? A2 ? … AN-1, i.e. it adds up the savings made for all the years of the
technical lifetime of the retrofit measures. The annuity factor A determines the way
the present value of the benefits received in future years vary depending on the
year they will be received. For A [ 1.0 they steadily increase; for A \ 1.0 they
steadily decrease, and for A = 1.0 they remain constant. In the classic models A is
made up of two factors: the expected annual fuel price rise and the discount rate:

A ¼ 1þ f=100
1þ d=100

where f = expected annual percentage fuel price increase and d = percentage
discount rate. We can simplify this by setting:

F ¼ 1þ f=100

D ¼ 1 þ d=100

Hence

A ¼ F=D

Hence

B ¼ Q1 � P1 �
F=Dð ÞN�1
F=Dð Þ � 1

ð8:2Þ

The usefulness of a cost-benefit equation such as this is that all the benefits
expected to be incurred and received in future years is translated into their
equivalent values today, and added up to give total benefits: their ‘net present
value’ (NPV). We should point out, however, that some economists use equations
based on a different approach. They work out the average cost and benefit
expected to be incurred and received in all the years of the technical lifetime of the
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renovations (e.g., Enseling and Hinz 2006).1 Such models, however, are mathe-
matically equivalent to the cost-benefit model introduced above and effectively
produce the same results.

8.2.2 Including Price Elasticity of Demand

The year-on-year price elasticity of demand E is defined as the percentage change
in the quantity Qn of goods purchased in year n for each percentage change in fuel
price Pn in year n. Hence:

E ¼ Qnþ1 � Qnð Þ=Qn

Pnþ1 � Pnð Þ=Pn

But Pnþ1 ¼ Pn � F hence Pnþ1 � Pnð Þ=Pn ¼ F � 1
Hence

E ¼ Qnþ1 � Qnð Þ=Qn

F � 1

Rearranging this equation we get:

Qnþ1 ¼ Qn E:F � E þ 1ð Þ

Let H ¼ E:F � E þ 1 ð8:3Þ

Hence Qn+1 = Qn. H, or more generally,

Qn ¼ Q1:H
n�1 ð8:4Þ

H is a composite variable made up of the fuel price elasticity, which will have
been derived from empirical studies of past years, and the expected fuel price rise
during future years. It tells us the degree to which the quantity of fuel purchased
falls each year, based on elasticity E and fuel price rise F. For example, if
H = 0.98, this means that this year the consumer will purchase 98% of the fuel she
purchased last year, and next year she will purchase 98% of this year’s quantity,
and so on—as long as the same annual fuel price rise continues. Hence, H enables
us to project past purchasing responses to fuel price changes into the future. There
are of course weaknesses in such projections, because there is no guarantee that
people will act the same in the future as they did in the past. For example, their
annual reductions in fuel consumption might reach saturation if their consumption
falls below a certain level. On the other hand, their reductions in consumption

1 In point of fact, Enseling and Hinz (2006) begin by stating the formula for such an analysis, but
then proceed to perform a classic cost-benefit analysis of the type outlined here.
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might accelerate if the fuel price reaches a certain threshold. So we proceed with
these cautions in mind.

Using the formula for the sum of a geometric series, we can use Eq. (8.4) to
derive a formula for the total quantity of fuel QTN, purchased in N years:

QTN ¼ Q1 �
HN � 1
H � 1

ð8:5Þ

We will return to Eq. (8.5) in our discussion of CO2 savings, in Sect. 8.6.
Meanwhile, we introduce the changing quantity of fuel purchased (Eq. 8.4) into
our basic cost-benefit equation (Eq. 8.2).

Let Kn be the cost of fuel purchased in year n.

Kn ¼ Qn � Pn

¼ Q1 � Hn�1 � P1 � Fn�1

¼ Q1 � P1 � HFð Þn�1

The present value of this cost will be Kn discounted by the discount rate:

Knd ¼ Q1 � P1 � HFð Þn�1=Dn�1

¼ Q1 � P1 � HF=Dð Þn�1

Again using the formula for the sum of a geometric series, we find KTDN, the
total discounted cost of fuel consumed in N years:

KTDN ¼ Q1 � P1 �
HF=Dð ÞN�1
HF=D� 1

ð8:6Þ

This applies to any home, retrofitted or not. To calculate the NPV of fuel that
would be saved through retrofitting, we could calculate KTDN for a nonretrofit
scenario, then for a retrofit scenario, and the difference between these would be the
NPV of fuel saved through retrofitting. More simply (but mathematically identi-
cally), we can set Q1 as the fuel saved in year 1, to give BTDN, the NPV of fuel
saved over N years as a result of the retrofit, namely:

BTDN ¼ Q1 � P1 �
HF=Dð ÞN�1
HF=D� 1

ð8:7Þ

This gives us the formula we need to calculate the NPV of a thermal retrofit,
provided we know the year-on-year fuel price elasticity. We note that BTDN is the
‘benefit’ in the cost-benefit analysis. This figure must be equal to or greater than
the cost of the retrofit for it to be economically viable. We note that Q1, the
quantity of fuel saved in the first year, may be given in kWh or in kWh/m2 of living
area, as long as this is consistent with how the costs are given, i.e. in € or €/m2

respectively.
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8.2.3 Long-Run and Year-on-Year Fuel Price Elasticity
of Demand

Empirical studies on fuel price elasticity of demand are usually conducted over
several years and give one composite figure for the change in consumption over those
years compared to the fuel price change in that time span (e.g. Rehdanz 2007). To use
price elasticity in our formula, we need to translate this ‘long-run’ elasticity into
‘year-on-year’ elasticity. This is not as straightforward as it seems at first sight, as we
are dealing with two exponential curves—one for fuel price and one for quantity
purchased—that interact in different proportions depending on how far along the
curves we are. Hence, we need to make the following mathematical transformation.

Let G = the long-run fuel price elasticity derived from an empirical study over
n years. The definition of fuel price elasticity of demand over a particular period of
time is the percentage change in the quantity of fuel purchased (and hence con-
sumed), for each 1% change in price, over that period of time. Hence:

G ¼ Qn � Q1ð Þ=Q1

Pn � P1ð Þ=P1
ð8:8Þ

We now substitute for Qn from Eq. (8.2) and note that and Pn ¼ P1 � Fn�1

G ¼ Q1 � Hn�1 � Q1ð Þ=Q1

P1 � Fn�1 � P1ð Þ=P1

¼ Hn�1 � 1
Fn�1 � 1

We rearrange this equation to make H the subject:

G � Fn�1 � 1
� �

¼ Hn�1 � 1

H ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1þ G � Fn�1 � 1ð Þn�1

p

But H ¼ E � F � E þ 1 (from Eq. (8.3))

Hence E � F � 1ð Þ þ 1 ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1þ G � Fn�1 � 1ð Þn�1

p

So E ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1þ G � Fn�1 � 1ð Þn�1

p
� 1

F � 1
ð8:9Þ

This means that if we know the long-run elasticity G over n years and the annual
percentage fuel price increase during those years f, where F = 1 ? f/100, we can
calculate the year-on-year fuel price elasticity (note that F refers here to the past
years’ fuel price increase, not that predicted for future years). If we then substitute
E into Eq. (8.3) using the predicted fuel price increase for future years, this gives us H,
the value we use in Eq. (8.7) to predict the NPV of fuel savings due to retrofits.

We now refer back to our analysis in Chap. 7 to establish a value for E, i.e.
German year-to-year heating fuel price elasticity of demand.
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8.3 Finding a Value for Fuel Price Elasticity

In Chap. 7, we estimated that heating fuel consumption among nonretrofitting
German homes fell by 17.4% in 2000–2009. We also saw that heating fuel prices
rose during this period by 52.5% in 2000–2009 (BMWi 2011a, b). This includes
the different prices for natural gas, oil, coal, electricity, wood and other forms of
biomass, weighted according to the quantity of each consumed nationally for
domestic heating.

Recalling Eq. (8.8), for long-run fuel price elasticity G:

G ¼ Qn � Q1ð Þ=Q1

Pn � P1ð Þ=P1

Now

Qn � Q1ð Þ=Q1 ¼ �17:4%

And

Pn � P1ð Þ=P1 ¼ 52:5%

Hence

G ¼ 17:4=52:5 ¼ �0:331

The average annual fuel price rise was 4.80%, since 9H1.525 = 1.048. Hence,
F = 1.048 during this 9-year period. To translate G into year-on-year elasticity E,
we use Eq. (8.9):

E ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1þ G � Fn�1 � 1ð Þn�1

p
� 1

F � 1

¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1þ�0:331 � 1:0488 � 1ð Þ8

p
� 1

1:048� 1
¼ �0:425

This means that on average throughout 2000–2009, the average non-retrofitted
household reduced its heating fuel consumption by 0.425% each year for every 1%
annual increase in the price of heating fuel2 We will now use this figure to see
what difference this makes in a real, empirical situation.

2 This assumes that all the reduction in consumption was a direct result of the fuel price increase.
In fact, some of the reduction might be due to other factors, such as growing environmental
awareness. A robust social science study would be needed to disaggregate these effects and
produce a more accurate figure than the -0.425 used here. The present chapter is concerned
principally with the mathematical modeling of price elasticity, using whatever figure is derived
from empirical studies.
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8.4 Fuel Price Elasticity in Practice

The chemical firm BASF (www.basf.de) developed polystyrene-based insulating
materials in the early 1950s, and is Germany’s largest manufacturer of these.
Through its subsidiary company LUWOGE (www.luwoge.de), BASF owns large
housing estates near its industrial base in Ludwigshafen-am-Rhein, which provide
accommodation for employees. In 2002–2003, LUWOGE thermally retrofitted 150
of these apartment buildings, encompassing 850 apartments, with a total floor area
of 48,000 m2. The buildings had been constructed shortly after the World War II
using thermally inferior materials, and in LUWOGE’s estimation they were due
for a comprehensive retrofit for reasons quite apart from their thermal quality.

After the retrofits, the Institut Wohnen und Umwelt (www.iwu.de) was com-
missioned by LUWOGE to assess and report on the economic efficiency of the
thermal aspects of the upgrades. The report on this study (Enseling and Hinz 2006)
is one of Germany’s more frequently cited accounts of the costs and benefits of
thermal retrofits. For example, the International Energy Agency reports the details
of its findings as a normative example of what Germany is achieving in this sphere
(IEA 2008). This makes it an interesting project on which to test our account of the
influence of fuel price elasticity on the economics of thermal retrofitting.

The retrofits aimed to achieve four different thermal standards in different
buildings: 150, 70, 40 and 30 kWh/m2a. After the retrofits, consumption was
measured, and found to have achieved averages, for each of the four groups, of
192, 70, 42 and 28 kWh/m2a respectively.

Unfortunately, the records of actual, pre-retrofit consumption were not used in
the assessment of how much heating fuel was saved through the retrofits. Instead,
the pre-retrofit calculated consumption of 275 kWh/m2a was used as a proxy for
this. However, since economic viability and payback time have to do with actual
fuel savings, we will not use this figure for our case study analysis. Due to the
prebound effect (see Chap. 5), the actual consumption of homes with a calculated
rating of 275 kWh/m2a is likely to be around 180 kWh/m2a. However, at the time
these retrofits were undertaken national average consumption was some 10–15%
higher than the period our prebound effect analysis covered, so we would estimate
the average actual pre-retrofit consumption of these homes at around 210 kWh/
m2a.

Hence, we estimate the energy saved in each of these classes of retrofit as 18,
140, 168 and 182 kWh/m2a respectively.

The report gives the ‘additional thermal costs’ (see Chap. 6, Sect. 6.2) as 36,
122, 187 and 314 euros per square metre of living area (€/m2) respectively. Hence,
the projects would qualify as ‘economically viable’ if the NPV of the fuel savings
they brought per square metre of floor area, over the 25-year lifetime of the
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retrofit measures, was equal to or greater than each of these figures respectively.
Recalling the equations derived above, to work out the NPV we need values for:

• Future fuel price rise: we will assume this continues at 4.8%
• Discount rate: we will assume this is 2.0%
• Cost of fuel in the first year after the retrofits: we set this at €0.05/kWh, in line

with fuel prices at the time.

We will run the cost-benefit comparison twice for each of the four retrofit
standards: the first time using the classic model that does not include fuel price
elasticity and the second using our model which incorporates this. We note that in
all these cases Q1, the quantity of fuel saved in the first year, is given in kWh/m2

and the costs of the retrofits are given in €/m2.

8.4.1 Case 1. The Highest Standard (28 kWh/m2a) Without
Fuel Price Elasticity

F ¼ 1þ 4:08=100 ¼ 1:048

D ¼ 1þ 2:0=100 ¼ 1:02

Hence A = 1.048/1.02 = 1.0275
Also Q1 = 182 kWh/m2; P1 = 0.05 €/m2

Using Eq. (8.1):

B ¼ Q1 � P1 �
AN � 1
A� 1

B ¼ 182� 0:05� 1:0275N � 1
1:0275� 1

¼ 321 C==m2

As we saw, the additional thermal costs C, of this class of retrofit were 314 €/
m2. So since C \ B, this class of retrofit would be deemed economically viable.

We now see what happens when fuel price elasticity is included. Recalling that:
E = -0.425 and F = 1.048, we use Eq. (8.3):

H ¼ E � F � E þ 1

¼ �0:425 � 1:048 � ð�0:425Þ þ 1

¼ 0:9796

This figure means that, if the homes had not been retrofitted and the annual fuel
price rise continued at 4.8%, we could expect the average household to consume,
each year, 97.96% of the quantity of fuel they consumed the previous year.
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To find the effect of this we use Eq. (8.7):

BTDN ¼ Q1 � P1 �
HF=Dð ÞN�1
HF=D� 1

BTDN ¼ 182� 0:05� 0:9796� 1:048=1:02ð Þ25�1
0:9796� 1:048=1:02� 1

¼ 246 C==m2

The retrofit class would not be economically viable, as the benefit is 246 €/m2

and the cost is 314 €/m2. The inclusion of fuel price elasticity of demand has
lowered the benefit by 23%.

8.4.2 The Other Three Cases

Table 8.1 gives the comparisons of benefits, with and without fuel price elasticity,
for the other three cases and the above case. All these see a reduction in benefit of
23–25%. The case with the highest standard of retrofit qualifies as economically
viable if fuel price elasticity is not included, but fails by 68 €/m2 if price elasticity
is taken into account. The case with the lowest standard almost qualifies as eco-
nomically viable without fuel price elasticity, but fails by a large margin with fuel
price elasticity accounted for. The other two cases qualify in both situations, but by
a considerably smaller margin when fuel price elasticity is taken into account.

Here we have tested the effect of price elasticity in actual retrofit situations,
using similar figures for fuel price, future fuel price rise and discount rate to those
used by German policymakers. With these scenarios, fuel price elasticity makes a
significant difference to the NPV of the fuel savings a homeowner can expect from
a thermal retrofit project. Another way of considering the value of a retrofit is to
calculate the payback time. In the next section we consider this approach.

Table 8.1 Comparison of accumulated savings over 25 years from four different classes of
thermal retrofits, with and without the inclusion of fuel price elasticity of demand of -0.425

Retrofit
standard
(kWh/m2a)

Additional
thermal
costs
(€/m2)

Energy
saved in
first year
(kWh/m2)

Accumulated
savings, without
price elasticity
(€/m2)

Accumulated
savings, with
price
elasticity
(€/m2)

Percentage fall in
savings due to fuel
price elasticity

28 314 182 321 246 23
42 187 168 296 227 23
70 122 140 247 189 23
192 36 18 32 24 25

Authors’ calculations based on data from Enseling and Hinz (2006)
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8.5 Price Elasticity and Payback Time

The payback time is the length of time it takes until the benefits from fuel saving
draw equal to the cost of the retrofit, i.e. costs = benefits or C = B. We can invert
Eq. (8.7) to find the year in which this occurs. Recalling Eq. (8.7) and substituting
C for B:

C ¼ Q1 � P1 �
HF=Dð ÞN�1
HF=D� 1

) HF=Dð ÞN�1 ¼ C HF=D� 1ð Þ
Q1 � P1

) HF=D ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1þ C HF=D� 1ð Þ

Q1 � P1

N

s

) N ¼
log 1þ CðHF=D�1Þ

Q1�P1

h i

log HF=Dð Þ

ð8:10Þ

As a sample calculation we take the most energy-efficient retrofit, firstly
without price elasticity (i.e. H = 1).

N ¼
log 1þ CðHF=D�1Þ

Q1�P1

h i

log HF=Dð Þ

N ¼
log 1þ 314�ð1:048=1:02�1Þ

182�0:05

h i

log 1:048=1:02ð Þ
¼ 24:6 years

We now re-run the calculation using fuel price elasticity, with H = 0.9796:

N ¼
log 1þ CðHF=D�1Þ

Q1�P1

h i

log HF=Dð Þ

N ¼
log 1þ 314�ð0:9796�1:048=1:02�1Þ

182�0:05

h i

log 0:9796� 1:048=1:02ð Þ
¼ 31:2 years

Including fuel price elasticity of demand has lengthened the payback time from
24.6 to 31.2 years, or 27%.

The results for all four cases are displayed in Table 8.2. Inclusion of fuel price
elasticity of demand increases payback time by 2.2 years, or 15%, for the third
highest standard; 3.3 years (20%) for the second highest; 6.7 years (27%) for the
highest standard; and 8.4 years (31%) for the lowest standard.
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Because we have used a very conservative (low) value here for the discount
rate, these increases are modest. A more realistic discount rate, of around 5%,
would increase payback time considerably. For example, payback time would be
infinite for the lowest standard and over 150 years for the highest standard. For
more scenarios see Galvin and Sunikka-Blank (2012).

A further question is how price elasticity affects CO2 savings and the cost of
CO2 abatement.

8.6 Price Elasticity and the Cost of CO2 Savings

8.6.1 The Quantity of CO2 Saved Through Retrofitting

The quantity of CO2 saved as a result of a retrofit is directly proportional to the
quantity of fuel saved (assuming there is no fuel switching). In the absence of fuel
price elasticity of demand, the fuel saved for each of the 25 years of a retrofit’s
lifetime will be the same as the fuel saved in the first year. So, for example, for the
highest quality retrofit the total CO2 saved over the 25 years will be
25 9 182 kWh/m2 = 4450 kWh/m2. Using the conversion factor of 0.2 kg of
CO2 per kWh, this indicates that 0.910 tonnes of CO2 will be saved for each m2 of
retrofitted living area (0.910 t/m2).

Expressing this more formally: recalling that Q1 = quantity of fuel saved in the
first year, we let Y be the quantity of CO2 saved, in tonnes per m2 of retrofitted
living area, over N years:

Y ¼ Q1 � N � 0:2=1000 ð8:11Þ

To find how fuel price elasticity will affect this, we note that the quantity of fuel
saved is reducing every year by the factor H, derived from the fuel price elasticity.
Hence:

Table 8.2 Comparison of payback times of four different classes of thermal retrofit, with and
without fuel price elasticity of demand of -0.425

Retrofit
standard
(kWh/m2a)

Additional
thermal costs
(€/m2)

Energy saved
in first year
(kWh/m2)

Payback time
without fuel
price elasticity
(years)

Payback time
with fuel price
elasticity
(years)

Percentage increase
in payback
time due to
fuel price
elasticity

28 314 182 24.6 31.3 27
42 187 168 17.6 20.9 20
70 122 140 14.4 16.6 15
192 36 18 27.4 35.8 31

Authors’ calculations based on data from Enseling and Hinz (2006)
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Y ¼ Q1 � 0:2=1000� H0 þ H1 þ H2 þ . . .::HN�1
� �

Noting that the expression in brackets is the sum of a geometric series, the
formula becomes:

) Y ¼ Q1 � 0:2=1000� HN � 1
H � 1

ð8:12Þ

For the highest quality retrofit this will be:

Y ¼182� 0:2=1000� 0:979625 � 1
0:9796� 1

¼ 0:718 t=m2

This indicates that fuel price elasticity reduces the quantity of CO2 saved as a
result of the retrofit, in this case by 21%.

For the other three cases, the reductions in fuel saved will be in the same
proportion, since H is the same in all cases.

But this does not imply that less CO2 will be saved if we retrofit than if we do
not retrofit. Rather, it implies that the quantity of CO2 saved as a result of ret-
rofitting will be 21% less than expected. The 21% would have been saved if we
had not retrofitted, so crediting it to the retrofit is an accounting error. The
omission of price elasticity from the basic cost-benefit model misleads us into
thinking the retrofit is the cause of more CO2 savings than it actually is.

This leads to the issue of the cost of CO2 saved.

8.6.2 The Cost of CO2 Saved Through Retrofitting

For the highest thermal standard, considered above, without fuel price elasticity,
we found that 0.910 tonnes of CO2 are saved for each m2 of retrofitted living area.
The additional thermal costs—i.e. the cost of saving this CO2—were 314 €/m2.
Hence, the cost of CO2 abatement was 314/0.910 = €345/tonne. For the same
thermal standard, but with fuel price elasticity taken into account, the cost is 314/
0.717 = €438/tonne, an increase of 27%. Table 8.3 lists the costs of CO2 abate-
ment for all four retrofit standards, with and without price elasticity.

Here we see that, without price elasticity, the cost of CO2 saved ranges from
174 €/t for the third best thermal standard to 400 €/t for the least best standard, with
that for the best standard 345 €/t. When price elasticity is included, these costs range
from 221 to 507 €/t, with the highest standard 438 €/t. Including fuel price elasticity
of demand increases the cost of CO2 abatement by 24–27% in these cases.

Including fuel price elasticity in our calculation reveals that by retrofitting to
such high thermal standards, we are shifting the source of a significant part of the
payment for CO2 savings from the free savings won through consumer response to
fuel price increases to the very expensive savings achieved through top-end
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thermal retrofitting. This is not to deny the value of top-end thermal retrofits, but
merely to point out that the accounting has to be done properly: a good portion of
the CO2 savings that occur after top-end retrofits would have occurred anyway,
and therefore cannot be credited to the retrofit measures.

8.7 Conclusions and Implications

This chapter set out to fill a gap in the cost-benefit models used to calculate the
NPV and payback time of thermal retrofits of homes in Germany. This gap is the
factoring in of price elasticity of demand for heating fuel. We developed equations
for incorporating this factor into the basic form of these models. Mathematically,
the inclusion of fuel price elasticity of demand is bound to reduce the NPV of the
fuel saved through the retrofit and lengthen its payback time, as it reduces the
annuity factor that determines the NPV. By applying both the traditional model
and our new model to a set of real thermal retrofits in a large retrofit project, we
found that the reduction of NPV and the lengthening of payback time through price
elasticity are of significant magnitude. In the scenarios we offered, NPV is reduced
by around 23%; payback time is increased by between 15 and 31%, and the cost of
CO2 saved is increased by 24–27%.

These results are conservative, as we chose a conservative (i.e. low) value for
the discount rate in the cost-benefit formulas. A higher discount rate would reduce
the present value of future fuel savings by a much greater factor, and in some cases
this would not only make a retrofit no longer economically viable; it could also
lead to payback times being ‘infinite’. This is because the present value of each
year’s fuel savings would diminish rapidly as the years progress. A high (or some
would say realistic) discount rate of 8% or more, which is common among
commercial UK housing providers, would render the present value of payments
expected to be received in 15 or more years very low. The mathematical

Table 8.3 Quantity of CO2 saved over 25 years, and cost of CO2 saved, for each retrofit stan-
dard, without and with fuel price elasticity of demand

Without price
elasticity

With price
elasticity

Retrofit
standard
(kWh/
m2a)

Additional
thermal
costs
(€/m2)

Energy
saved
in first
year
(kWh/m2)

Quantity
of
CO2

saved
(t/m2)

Cost of
CO2

saved
(€/t)

Quantity of
CO2

saved
(t/m2)

Cost of
CO2

saved
(€/t)

%
increase
in cost of
CO2

saved

28 314 182 0.910 345 0.718 438 27
42 187 168 0.840 227 0.662 282 24
70 122 140 0.700 174 0.551 221 27
192 36 18 0.090 400 0.071 507 27

Authors’ calculations based on data from Enseling and Hinz (2006)
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explanation for this is that with a high value of D or a low value of H, the factor
H � F/D would be sufficiently low to produce a steeply convergent geometric
sequence for the present values of future savings in fuel, and the sum to infinity of
a convergent geometric sequence is a finite number.

A further important issue is that, when fuel price elasticity is included, the
assumption that future fuel price rises will be high does not necessarily make
retrofit projects more economically attractive. For high annual percentage fuel
price rises, the factor H becomes low, since fuel price elasticity reacts with higher
fuel price rises to produce greater reductions in fuel consumption, and therefore
lower annual fuel savings through retrofitting. If H is low, the factor H � F/D is
low, and therefore the net present benefit is low.

Even under the most ideal conditions for a retrofit scenario, fuel price elasticity
reduces the NPV of the fuel savings and lengthens payback time. For policy-
makers, this puts a further question mark over the promoting of thermal retrofits on
the grounds that they are ‘economically viable’ for homeowners.

This is not to deny the value of top-end thermal retrofits for other reasons than
economic gain. If homeowners want to escape the constraints of behaving more
fuel-thrifty as fuel prices rise, or if they want to retrofit for reasons other than to
save money, they may be encouraged to go ahead and pay the price. People with
high incomes renovate kitchens and bathrooms for reasons other than financial
gain, to keep their home comfortable and technologically advanced. The gov-
ernment, we suggest, should promote top-end thermal retrofits based on these
reasons, not on the grounds that they are a good way to save money.
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Chapter 9
Conclusions: A New Way Forward

Abstract Germany has engaged better-off homeowners in advanced thermal
retrofits to high standards. However, at this level retrofits are inherently eco-
nomically inefficient, and empirical research shows they often bring significantly
smaller savings than calculated. This ‘top-end’ approach also fails to engage the
bulk of homeowners, due to severe technical and economic difficulties of retro-
fitting to the required level. In order to increase the annual retrofit rate and energy
savings, we propose a broadening out of policy into three distinct streams,
simultaneously promoting: cost-effective thermal upgrade measures, which would
not necessarily meet current, stringent EnEV standards; user behavior change,
which appears to have a very large saving potential that is already beginning to be
realized; and top-end thermal retrofits which may not be economically viable but
could be promoted for their environmental and comfort benefits. To put this three-
stream CUT model into place would require institutional change, and also a sig-
nificant shift in attitude among policymakers. They would have to accept the value
of modest thermal upgrade measures, and of the contribution of behavior change,
rather than remain narrowly focused on the extreme end of technological capa-
bility. Notions of ‘economic viability’ would also need to be overhauled.

Keywords Retrofits � Thermal regulations �German policy � Economic viability �
Energy use behavior

9.1 Introduction

This book has critically analyzed the German project of thermal retrofitting of
existing homes. We have found much of value in this policy, but also seen that the
results it is achieving fall far short of what policymakers have aimed for. The
policy is leading to real, measurable reductions in domestic heating fuel con-
sumption of about 0.25% per year, whereas this needs to be about 2.1% to reach
the policy goal of 80% reductions by 2050.

R. Galvin and M. Sunikka-Blank, A Critical Appraisal of Germany’s
Thermal Retrofit Policy, Green Energy and Technology,
DOI: 10.1007/978-1-4471-5367-2_9, � Springer-Verlag London 2013
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In this chapter we summarize the reasons for this shortfall, but also take the
matter one step further. We believe our detailed analysis has not only uncovered
weaknesses of this policy, but has also brought to light pointers as to how it can be
improved. We think a set of well-designed policy initiatives along certain lines
could lift the current 0.25% annual consumption reduction rate to well over 1%,
without any significant increase in government spending. Much of this chapter is
therefore devoted to outlining our suggested approach to accelerate heating fuel
savings from the existing German homes. We call this the CUT approach, as it is
based on a balance of: Cost-effective retrofit measures; User behavior strategies;
and Top-end retrofit measures. We will be suggesting that the German Govern-
ment has depended far too heavily on the third of these. It has pursued unbalanced
policies, investing almost all its energies and legal powers in promoting expensive,
technically difficult ‘deep’ retrofits that are often individually impressive but bring
relatively little return per euro invested. In so doing, it has narrowed the appeal and
accessibility of thermal retrofits to a small segment of well-off private homeowners
and well-funded housing providers. Meanwhile, it has neglected other potential
fuel and CO2 savings that are waiting to be tapped, and that are found across the
board in the German housing stock.

We will propose an alternative policy approach, which we hope will find fertile
ground among Germany’s policymakers—many of whom we have shared dis-
cussions with in the course of our research. First, however, we will summarize the
results of our research as outlined in this book. This summary is given in Sect. 9.2.
In Sect. 9.3, the CUT model is outlined in practice. Final concluding remarks are
offered in Sect. 9.4.

9.2 Summary of Findings

9.2.1 The Current Policy

Germany has taken bold steps to improve the energy efficiency of its housing stock
over the last decade. The Energy Saving Regulations (EnEV), brought into force in
2002 and strengthened in 2009, require homeowners to thermally upgrade their
properties to specific standards when they do regular or incidental maintenance,
repairs, or extensions. The maximum permissible theoretical (calculated) heating
energy consumption for a comprehensively renovated building is an average of
100 kWh/m2a, while that for individual measures, such as a wall or roof refur-
bishment, are the equivalent of a building designed to reach 70 kWh/m2a. This
compares with an average theoretical standard in the current building stock of
around 225 kWh/m2a.

The average depth to which homes have been thermally retrofitted increased
steadily from the mid 1990s to the late 2000s, but has now reached a plateau. The
limits of technically feasible, economically efficient thermal renovation now
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appear to have been reached, and this is reflected in the government’s recent
decision not to tighten the regulations further.

Germany’s thermal retrofit policy is closely tied to its climate goal of 80%
reductions in CO2 emissions compared to 1990 levels by 2050. Despite progress
made since 1990 in new build and thermal retrofit technology, in 2013 Germany is
still left with a housing stock that would need its entire heating fuel consumption
to be reduced by 80% for the climate goal to be reached in respect of this sector.

The average theoretical reduction being achieved in Germany’s retrofit pro-
jects—including those receiving subsidies from the German Development Bank
(KfW) for attempting to go beyond the EnEV requirements—is a disappointing
33%. The actual savings, based on measured pre- and post-retrofit consumption is
even lower, at around 25%. The equivalent of around 1% of total living area is
being retrofitted to this standard annually, putting the national annual reduction in
energy consumption, through thermal retrofits, at about 0.25%. If this rate con-
tinues for the 38 years from 2013 to 2050, it will produce a saving of 9.5%. This is
a long way from the required 80%.

The reasons this progress is slow can be discussed under three broad headings,
though they are deeply intertwined: technical, economic and user-behavior
challenges.

9.2.2 Technical Challenges

The biggest technical challenge is the ‘law of diminishing returns’. A modest
depth of insulation can provide relatively large fuel savings for a thermally poor
dwelling, but as the thermal quality improves, it takes proportionately greater
depths of insulation to achieve significantly larger savings. This is a physical,
mathematical reality, which applies even in ideal shaped buildings. But actual
existing homes present additional, practical difficulties: roof overhangs that are too
short to accommodate 16 cm of wall insulation; basements that become too
shallow with 10 cm of insulation attached to the ceiling; wall insulation that
protrudes into driveways, balconies, and neighbors’ properties; windows that seem
to disappear down dark tunnels when wall insulation is too thick; roofs that need to
be rebuilt to accommodate 22 cm of insulation under the tiles. Older homes also
often have many corners, attached balconies and gables. These increase the outside
surface area, thereby increasing the heat loss, and also present difficulties for
attaching thick insulation. They can also bring conflicts between architectural
values and measures to improve energy efficiency.

Further, the tight air seal required for high thermal standards leads to the need
for good ventilation, but building a mechanical ventilation system into the struc-
ture of an old home is technically difficult and expensive. Without such a system
occupants have to ventilate manually—which can lead to large wastage of heating
energy—to ensure good indoor air and avoid mould growth. Challenges such as
these have led to homeowners, academics and the construction industry giving

9.2 Summary of Findings 137



increasing feedback to the government that the technical requirements of the
EnEV are already too strict for many projects.

9.2.3 Economic Constraints

The second set of difficulties is economic. In Chap. 6, we saw that the EnEV sets
thermal retrofit standards at the limit of what policymakers believe to be ‘eco-
nomically viable’—where the fuel savings over the technical lifetime of the retrofit
measures are expected to pay for the costs of those measures. However, we
identified six key problems with this approach. First, it only applies when a
building is being retrofitted anyway, for regular cyclical maintenance, since only
the ‘additional thermal costs’ are counted in the calculation of economic viability.
Second, even for such cases as these, the technical difficulties outlined above can
lead to step-wise cost increases. Third, the economic viability criterion assumes a
pre-retrofit heating fuel consumption level equal to the calculated energy rating,
whereas actual consumption is, on average, 30% below this—what we call the
prebound effect. This drastically reduces the actual fuel savings achieved through
thermal retrofits, as occupants cannot save fuel they were not already consuming.

Fourth, even if this were not a problem, the economic viability criterion
depends on an exponential curve of future fuel price rises, so that investors suffer
cumulative losses for some 14 years before the returns begin to pare back these
losses. Many homeowners do not like investing over such long time horizons, and
this reduces the appeal of thermal retrofits as a financial investment. Fifth, the
economic viability models fail to take into account price elasticity of demand for
heating fuel (Chap. 8). This reduces the return on a retrofit investment by around
25% and can lengthen payback time from a few years to many decades. Finally,
the marginal costs of thermal retrofits to EnEV standards represent CO2 abatement
costs of €250–€1000 per tonne of avoided CO2 emissions. This compares with
typical costs in other sectors of less than €30, making retrofitting to EnEV stan-
dards a very economically inefficient way to achieve CO2 abatement goals even in
cases where it is economically viable.

These economic difficulties, we believe, are the main reason the annual rate of
thermal retrofits has stalled at around 1%.

9.2.4 Challenges Presented by User Behavior

The way occupants behave in relation to their day-to-day home heating is one of
the reasons for the low magnitude of fuel savings being achieved through thermal
retrofits. To begin with, the prebound effect means that often there is not as much
savings potential in a retrofit as expected. Further, homeowners who were fuel
thrifty prior to a retrofit might feel they deserve to be warmer after spending large
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sums on the retrofit, and respond by keeping higher indoor temperatures. If these
go above the 19 �C assumed in the calculated energy rating, the prebound effect
may go into reverse, so that households consume more energy after a retrofit than
the post-retrofit rating.

On the other hand, the prebound effect has the positive advantage of bringing
heating energy savings without retrofitting. We saw (Chap. 7) that these savings
appear to have been increasing steadily over the last decade. This could be partly a
response to rising fuel prices (Chap. 8), or to demographic and lifestyle trends, or
to increased ecological concern. We will return to this issue in our discussion of
our CUT proposal below.

A further behavior-based reason for the low savings rate through thermal ret-
rofits is that German occupants are not well skilled at ventilating their homes
energy efficiently, a problem that becomes more acute for thermally retrofitted
dwellings. A case study carried out in Aachen, a medium-sized city in northwest
Germany, revealed that energy-efficient ventilation is the exception rather than the
norm (Galvin 2013). To solve the problem of moisture build-up in air-tight
dwellings, most households ventilate by putting windows on the trickle ventilation
setting (tilted open at about 10� from the vertical) for several hours a day. This
sends warm air out the window, cools the interior substance of the building, and
can consume up to 30 kWh per day. The energy-efficient way to ventilate such
homes is by ‘shock-ventilation’ (Stoblüften), in which all windows and internal
doors are opened completely, for 2–3 min only, several times per day, and kept
firmly shut the rest of the time. Each shock-ventilation consumes around 1 kWh, a
fraction of consumption by trickle ventilation. The prevalence of trickle ventilation
in Germany is no doubt a major reason for the low savings rate through thermal
retrofits, and deserves to be more thoroughly investigated.

These types of factors—technical, economic, and behavioral—appear to be
combining to make for a disappointingly low rate of annual reductions in energy
consumption through thermal retrofits. Our most recent discussions with policy-
makers in Berlin indicate that there are two broad streams of thought as to what to
do about this. Some are saying we must simply push harder: tighten the thermal
standards further; increase the level of subsidies for top-end retrofits; legislate to
require homeowners to thermally upgrade their properties even if not doing
maintenance; introduce a strict inspection scheme with powers to impose heavy
fines for noncompliance; pull down more old buildings and replace them with
‘nearly zero energy’ homes (for examples of this approach see BMWi/BMU 2010,
22ff; Tschimpke et al. 2011). We see this as impractical and economically inef-
ficient. It would divert large quantities of money and expertise to top-end upgrades
which give a low return on energy saved per euro invested and incur huge CO2

abatement costs, not to mention possible human rights issues of forcing home-
owners to pay for most of it.

Other policymakers, however, are hoping there might be some other way for-
ward. We now introduce an approach that should cost no more Federal money than
the present one but could unlock yet-unrealized domestic heating fuel saving
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potential, lifting the annual rate of reduction in heating energy consumption by a
very significant proportion.

9.3 A Way Ahead: The CUT Model

The policy approach we are suggesting for thermal retrofits is based on a pragmatic
balance of: Cost-effective retrofit measures; User behavior strategies; and Top-end
retrofit measures. We propose that Federal policy needs to be re-thought and re-
developed, so that all three of these are emphasized and promoted equally. This
would require certain changes to the EnEV, but equally important, it would need
three parallel, focused promotional and enabling thrusts, each well funded, and
critically informed by ongoing, interdisciplinary research.

9.3.1 ‘C’: Cost-Effective Thermal Upgrade Measures

We have argued that retrofits to EnEV standards are not, for a majority of homes,
the benignly economically viable projects they are made out to be. However, we
have also argued that some thermal retrofit measures generally are economically
viable (Chap. 6), and that if these are done sensibly they can also be economically
optimal—they can bring the greatest possible return in energy saved per euro
invested. For example, a layer of 12 cm of insulation attached between the rafters
of a roof (i.e. in a common accessible attic in an apartment building) might not
only bring a positive monetary return from fuel savings, but also save more fuel
per euro invested than any other thickness, larger or smaller. For a different roof,
the economic optimum might be 10 or 16 cm or, if the loft is not used as accessible
space, the economical optimum might be to lay 25 cm of insulation on the loft
floor. There might also be an economically optimal thickness of insulation for the
basement ceiling if the basement is shallow. Other examples might be filling cavity
walls, installing hydraulic equalization in the central heating system, or applying
air-sealing strips to stop draughts through the windows.

In some cases, wall insulation can also be both economically viable and eco-
nomically efficient. If a wall needs major repairs or maintenance, a certain
thickness of external wall insulation might pay back through fuel savings within a
decade. But this may have to be less than the EnEV standard of around 16 cm to
avoid roof realignment or repositioning of driveways etc. Alternatively, internal
wall insulation can be far cheaper than external, but to preserve indoor living space
this usually has to be much thinner than 16 cm. For example, a 4 cm layer,
correctly applied with moisture avoidance gaps, can make a significant saving. It
can reduce the U-value of a section of wall from a chilly 3.5–1.0 W/m2K, a
reduction in heat loss of 71%. This is not as thermally effective as an EnEV-
standard 16 cm layer, which would bring a U-value of 0.25 W/m2K and a
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reduction for that section of wall of 94%, but is far cheaper and many times more
economically efficient.

A thermal upgrade measure which could work on a very large scale in Germany
is roof insulation. The EnEV requires roofs to be insulated to achieve a U-value of
0.20 W/m2K or less. This requires 20–24 cm of insulation. Since the rafters are
generally only 12 cm deep, there are two main options to achieve this. The cheaper
of these is to insulate both between and under the rafters, though this requires
highly skilled labor and reduces the useable area of the loft considerably. The more
expensive option is to insulate from outside: either rebuild the roof, or remove the
tiles, fix a layer of hard insulation material on top of the rafters and place new tiles
on top of that. This would require professional contractors and cost around
€20,000 for a typical apartment building (Simons 2012, p. 19).

The cost-effective option, however, is often to fit a 12 cm layer of insulation
between the rafters internally. Interestingly, the EnEV now has additional clauses,
in appendices, that allow for this option if the existing building structure makes the
standard 22 cm depth technically unworkable (GdW 2010). This is an example of
how regulations for the existing stock can in fact be attuned in a more nuanced
way to accommodate the characteristics of buildings and the economic restraints
homeowners are under. However, because this is seen as a technically inferior
option, it is not promoted by the government and our enquiries revealed that local
authorities are often not even aware it exists as a legal option.

Nobody knows how many of Germany’s 18 million roofs of residential
buildings are uninsulated, but from our discussions with German Energy Agency
we estimate this to be around 10 million. If 260,000 of these were insulated
internally in a cheap, modest, economically optimum way each year, this could
easily save 2,000 kWh per year for each building, reducing Germany’s heating
consumption by a further 0.52 TWh per year, or 0.11%. In 38 years, this would
bring national reductions of 4.5%.

Based on a particular, typical apartment building roof in Aachen and current
prices, we estimate that a problem-free job of this type would cost about €600. At
the current fuel price of €0.10/kWh, this would pay back, through fuel savings, in
3 years. If at any time after that the tiles are ready to be replaced and it becomes
economical to fit external roof insulation, there would be no net monetary loss
from insulating twice (i.e. it would not cause ‘lock-in’ to a low standard). This
genuinely easy gain is currently available, but the government does not promote it.

Another pair of cost-effective, easy gains are boiler adjustment and hydraulic
equalization for distributing heat more evenly in multi-storey buildings. These cost
little and can bring significant savings, and are already promoted, to some extent,
by government campaigns and the literature. We are suggesting that a special
branch of policy needs to focus on promoting cost-effective thermal upgrade
measures, regardless of how technically interesting (such as hydraulic equaliza-
tion) or commonplace (such as insulation placed between rafters) they might be.

What would have to change, for such a policy to be embraced? First, we suggest
that a prevailing discourse of technological perfectionism would need to loosen its
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hold. Interviews with policymakers and their expert advisors at Federal, state, and
municipal level have revealed a firm attachment to the notion that only the best
technology is good enough: if we now have the know-how to attach 16 cm of
external wall insulation, we must do it. Phrases such as ‘es muss richtig sein’ (it
must be done correctly) and ‘wenn schon, denn schon’ (if a job’s worth doing, it is
worth doing properly) were frequently uttered in defence of the tight standards
demanded in the EnEV (Galvin 2011; see also Simons 2012, p. 20).

In contrast, a researcher at GdW, the Association of German Housing Providers
(www.gdw.de) pointed out that 15 years ago policy actors were excited that it had
then become possible to attach layers of 8 cm of external wall insulation. 8 cm,
she said, was ‘all the rage’ (der letzte Schrei). As thicker layers began to be used,
however, 8 cm became passé, then substandard, then in most circumstances ille-
gal. Even though there are severe economic and technical problems in attaching
16 cm, which make many homeowners shy away from retrofits, this was lauded as
the correct standard that must be adhered to.

We suggest Fritz Schumacher’s phrase ‘appropriate technology’ (Schumacher
1973) would be more suitable for the ‘C’-strand of policy than technological
perfectionism, which can be confined to top-end renovation measures of the ‘T’-
strand. The Housing Ministry (BMVBS), responsible for the EnEV, has developed
a tight regime of promoting top-end thermal retrofits and discouraging attempts to
retrofit at more modest levels. The quasi-independent German Energy Agency
(DENA) has acted similarly, reaching into the community with exemplar retrofits,
promotional literature and frequent press statements. The Ministry of the Economy
and Technology (BMWi) and the Ministry of the Environment (BMU) have also
made clear their view that top-end retrofits are the only acceptable standard
(BMWi/BMU 2010). These bodies would need to shift gear so as to accept and
accommodate the ‘C’ branch of a new policy initiative—not instead of but
alongside retrofits at the top-end standard.

A second change of discourse would be an emphasis on the ‘economic optimal’
rather than on the outer limit of what is ‘economically viable’. There is now a large
body of research on the economic optimal in energy and CO2 saving, and the EU
Commission is now taking this issue seriously (Boermans et al. 2011). A case
could be made for re-wording the EnEV to require those who retrofit to reach at
least an economically optimum level of energy savings. Hence, instead of using
‘economic viability’ as a central motivating tool, the ‘C’ branch of policy would
emphasise economically optimum retrofit measures, backed up with a flexible
approach from energy advisors. Germany currently has no inspection regime for
building upgrades, but we suggest that a combined advisory and inspection service
could be formed out of its current home energy advisor networks to support these
retrofit measures.
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9.3.1.1 Saving Potential from ‘C’ Stream

Under the strict standards of the EnEV, around 1% of dwellings are thermally
upgraded each year, producing average actual gains of around 25% per upgraded
dwelling. If there were an energetic policy focus on economically optimum
measures in this ‘C’ stream, we suggest this could produce an annual retrofit rate,
at this modest standard, of up to 3%, while possibly producing actual savings of
around 15% per upgraded dwelling. This would provide annual national savings of
0.45%. Continuing at this rate would exploit all such opportunities in the housing
stock in 33 years, i.e. by 2045, and bring total savings of around 15%.

9.3.2 ‘U’: User Behavior

In this book, we have reviewed the evidence that user behavior contributes at least
as much to the quantity of heating energy consumed, as does the technical quality
of buildings. Research by the Environment Ministry (UBA) a decade ago found
strong empirical evidence for this in Germany (UBA 2006). The EU Commission
has recognized that household behavior change ‘…can result in large reductions of
greenhouse gas (GHG) emissions in the EU, both in the shorter and in the long
term’ (Faber and Schroten 2012). Qualitative studies in European countries are
now revealing some of the key dynamics in this (e.g. Gram-Hanssen 2010). Our
own work on the prebound effect (Chap. 5), on the fall in consumption in
2000–2009 (Chap. 7) and on ventilation practices (Galvin 2013) concurs with
these findings and enables us to begin to quantify the effects of user behavior on
heating consumption.

Many German households are already saving significant quantities of energy by
adopting more economical day-by-day heating behavior. Average consumption is
30% below the calculated ratings of dwellings, and this figure masks a wide spread
of differences between households. Some are consuming much less than this,
others more. We have also found that, on average, this downward trend is
increasing. We calculated that in the years 2000–2009, heating consumption in
older, non-retrofitted homes not only fell by around 17.4%, but also made up over
80% of the total fall in Germany’s heating fuel consumption in those years.

These findings might point to some degree of fuel poverty in Germany, but their
extent and magnitude suggest that energy-saving user behavior is commonly
practiced in Germany and is becoming more widespread, without large-scale
complaints of cold, uncomfortable homes.

We have good knowledge of the strategies occupants can use to reduce their
heating energy consumption while remaining comfortable in their homes. The
three most obvious ones are: heat only the rooms being used, wear sensibly warm
clothes at home so as to keep lower indoor temperatures; and ventilate non-
wastefully. In a test apartment in Aachen, a household following our advice
applied these strategies in a disciplined way for a full year, without any reported
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loss of comfort. The apartment’s calculated energy rating was 124 kWh/m2a
(based on ‘useable’ area), but the actual consumption over the year was 36 kWh/
m2a—a saving of 74%. This is significantly lower annual consumption than even
the new-build standard of 70 kWh/m2a.

But although we know the strategies that work, we do not know why some
households implement them while others do not. There is increasing evidence that
household energy-saving behavior is strongly determined by people’s desire and
willingness to save energy, and also by several other factors (Hargreaves et al.
2010). The main ones are: households’ daily routines and how these fit with or
compromise attempts to save energy; the discourse, or subtle messages associated
with energy saving among household members; the skills occupants possess to
manipulate technical systems; and the user-friendliness of the heating system’s
adjustment interface (Shove 2010). Attempts to induce occupants to develop
energy-saving behavior need to address all these issues together. It is not simply a
matter of giving out leaflets on smart ways to save heating energy, or of installing
smart meters in homes. We suggest that a branch of policy needs to be developed
that researches and implements effective ways to address these issues, and so to
harness the large, untapped potential savings through user behavior change.

The Federal Environment Agency (UBA) has a record of proposing ambitious
CO2 reduction goals (e.g. Flasbart 2009) and has long promoted user behavior
change as a means of reducing domestic heating energy consumption. This has not
come across to the public with much force, but it represents the only long running,
significant Federal initiative to induce user behavior change for household heating.
Perhaps this Agency could be the one to head up a concerted, informed, well-
resourced approach to engage households in fuel saving strategies. An early ini-
tiative could be a social science-based search for exemplar households that are
successfully and comfortably living with low heating energy consumption in non-
retrofitted homes. This would help policymakers better understand what motiva-
tions, attitudes, discourses, routines, skills and physical environment are associated
with such savings. Findings such as this could lead to behavior models that might
be able to be reproduced among other households of various types.

9.3.2.1 Saving Potential from ‘U’ Stream

The 17.4% reduction in heating fuel consumption through behavior change in
German households in 2000-2009 represents an annual reduction of 1.8% (see
Chap. 7). If these reductions could be induced to continue at only a quarter of this
rate for the next 38 years they would bring a saving of 17%. If all possible savings
of this kind were exhausted after 28 years, the saving would still be a healthy 13%.
We believe that with robust and consistent policy support such a goal could well
be achievable.
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9.3.3 ‘T’: Top-End Thermal Retrofitting

The thermal upgrade measures demanded by the EnEV can be very effective in
saving heating energy, even if they do not pay back, within their technical lifetime,
for the reasons we have considered in this book. These measures usually include:
external wall insulation to EnEV standards; roof insulation that requires remod-
eling of the roof or replacement of the tiles; the replacement of serviceable win-
dows with new, more energy-efficient models; and the replacement of boilers that
are still serviceable. In some cases, solar water heating might also fit this category,
depending on the building’s orientation to the sun, and whether the boiler was due
for replacement.

Although these measures are not likely to pay back when real, measured
consumption pre-and post- retrofits is taken into account (see Chap. 6), and are
very economically inefficient in terms of kWh and CO2 saved per euro invested,
they can have an important place. They reduce heating fuel consumption and CO2

emissions, and can make homes more comfortable to live in.
The German owner occupiers we have interviewed who have adopted these

measures have not told us they did so to save money (Galvin 2011). Their main
motivations have been to reduce their personal CO2 emissions and increase their
level of thermal comfort in the home: to save the environment and keep warm.
These have been people with above average incomes. Further, the housing pro-
viders we have spoken to who have upgraded their properties with such measures
(including local authorities) have frequently also expressed the desire to reduce
CO2 emissions and provide warm accommodation for their tenants, with low
heating costs.

We call these ‘top-end’ thermal upgrade measures for several reasons. They are
at the top end of energy saving where the marginal costs are high and the marginal
returns low. They include the top end of current thermal technology, such as triple-
glazed, low U-value windows and highly efficient boilers. They tend to appeal to
the top end of the market, where homeowners can afford to invest in their prop-
erties to make them more suitable to their needs. In some ways, they have the same
appeal as renovating a bathroom or a kitchen: homeowners generally do not invest
in these projects to save money, but to lift the quality of their dwelling.

We propose that the government should continue to promote ‘top-end’ thermal
upgrade measures, as it does now—but not on the basis of their being economically
viable as this is misleading. There are other good reasons to promote them: they help
to protect the environment and mitigate climate change; they can make a home more
comfortable to live in; they can make a house look more attractive; they bring thermal
technology into the home; they can reduce heating fuel bills, even if not enough to
pay back over their technical lifetime; they provide a kind of insurance against
sudden, unexpected spikes in heating fuel prices, making household budgeting more
stable; they can give a new lease of life to an old building.

However, retrofitting to this level should not be compulsory, especially not for
households that cannot afford it. It is seldom economically viable in the commonly
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understood meaning of the term; it is often an economically inefficient way to save
fuel and reduce CO2 emissions; and as a compulsory standard it makes modest,
economically optimum retrofit measures illegal and it puts thermal upgrades out of
the financial reach of most homeowners.

We also suggest there is little justification for continuing to subsidize retrofits
that go beyond the EnEV standards. As well as ‘free-rider’ effects that have been
observed in several countries (Chap. 3), retrofitting to these standards is even more
economically inefficient than to EnEV standards, so that public money is being
spent for a fraction of the return it could get in other CO2 abatement projects.

Government strategy of encouraging ‘top-end’ measures should adopt a market-
led approach and try new, community-based local outreach strategies to address
the barriers unique to each community—an approach that has offered clear
advantages for example in the ‘Neighbour to Neighbour’ program in Connecticut
US (see Gillich and Sunikka-Blank 2013). Further, since contractors are likely to
play a critical role in the success of the policy, not only as builders but also as
practical advisors to households, the outreach strategy should be formulated in
consultation with contractors, while trying to ensure that the inclusion of the
energy efficiency measures targeted by the program offers incentives in the con-
tractors’ business models.

We suggest that promoting thermal retrofits at the top-end level needs to be the
third branch of heating fuel savings policy, but only alongside the other two. The
policy infrastructure for this is already in place, as it represents the main thrust of
current policy. But its message needs to be altered, to focus on a particular
audience with financial resources, and to be realistic about the economic benefits
of this level of retrofitting, based on the actual energy consumption.

9.3.3.1 Saving Potential from ‘T’ Stream

We have argued in this book that about 1% of dwellings are benefiting from these
type of measures annually, achieving an average real, measured saving of 25% per
dwelling retrofitted. If the government were to target better-off homeowners with
the challenge of improving their homes and protecting the environment at their
own personal cost, it is conceivable that this kind of more targeted campaign could
increase the current 1% refurbishment rate at this depth slightly to 1.5%. A 1.5%
annual retrofit rate at this depth would provide national savings of 0.15% in
addition to those provided by economically optimum upgrade measures. This
could amount to additional national savings of around 6% over 38 years.

9.3.3.2 Total Saving Potential from CUT Streams

With 15% savings from the ‘C’ stream, 13% from the ‘U’ stream and 6% from the
‘T’ stream this would give total savings of 34% by 2050. Admittedly, this is still
short of the 80% goal, but it is far higher than the 9.5% we can hope for from the
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current policy. In any case, the figures suggested above are based on deliberately
conservative estimates, and with a determined and properly informed policy
approach they could be even higher.

9.4 Conclusions

In this final chapter, we have acknowledged the successes of the German project of
thermal retrofits of existing homes, but highlighted its shortcomings. Its successes
are the technical achievements of retrofitting a wide range of homes to high
thermal standards; the development of a nationwide infrastructure to do this; and
the motivating of a steady stream of well-financed individuals and housing pro-
viders to retrofit to these standards. Its main shortfall is its rigid demand for top-
end thermal upgrades to the exclusion of other types of upgrades. This leads to
economic inefficiency, and prevents homeowners undertaking modest, affordable
measures that save far more energy per euro invested. It has also failed to engage
vigorously with developments in household behavior change, which are already
saving significant amounts of energy and CO2, and can offer much untapped
savings potential.

We have recommended a decisive shift in policy. The focus of attempts to save
heating energy in the housing stock should be broadened to a balanced, three-
prong CUT policy strategy. The ‘C’ stream would promote and facilitate modest,
cost-effective thermal upgrade measures at an economically optimum level and
increase the renovation rate. The ‘U’ stream would first research and then promote
user-behavior strategies for reducing heating consumption without loss of thermal
comfort. The ‘T’ stream would promote top-end retrofits to and beyond current
EnEV standards in those households that can afford it and are willing to reno-
vate—not on the basis that these are economically viable, but that they make a
contribution to saving energy and CO2, and can make a home more comfortable
and provide insurance against spikes in fuel prices.

Based on our analysis presented in this book, we argue that the current German
policy is leading to reductions in domestic heating fuel consumption of about
0.25% per year, whereas this would need to be about 2.1% to reach the goal of
80% reductions by 2050. If policy of the CUT model were to be vigorously
pursued, we suggest it is not unreasonable to hope for savings of 34% by 2050, as
it could lift the current 0.25% annual consumption reduction rate to well over 1%,
without any significant increase in government spending. Further, we suggest that
such a policy architecture might work well in other countries of comparable cli-
mate and economy that are also concerned to make deeper and cost-effective cuts
in energy consumption and CO2 emissions from home heating.
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