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Abstract We report on modeling work that shows how the market, technology,

civil society and the state govern the diffusion of energy-efficient renovations in

Switzerland’s stock of residential, multifamily buildings. The particular focus of

this chapter is on the policy implications that we drew from an extensive System

Dynamics modeling study. We conclude that energy efficiency is important, yet not

sufficient in order to reach ambitious emission reduction goals. In addition to

promoting energy efficiency, Switzerland should aim for a widespread

decarbonization of heating systems. We discuss what kind of instruments can be

used to address various policy levers in order to accelerate the diffusion of energy-

efficient renovations. We propose two regulations that could serve as a framework
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for ambitious long-term decarbonization efforts. Finally, we propose a service

innovation that could assist building owners in complying with the ambitious

regulations required.
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7.1 Introduction

The building sector accounts for about a quarter of global energy-related green-

house gas emissions and consequently it is a key lever in climate change mitigation

efforts (Levine et al. 2007). Such emission reductions may come at a negative price

in a substantial share of cases (Ürge-Vorsatz and Metz 2009). Particularly the

renovation of old buildings is seen to be among the most cost-effective ways to

reduce CO2 emissions in industrialized countries (Galvin 2010). In the long run this

calls for nothing less than a radical transformation of the built environment (Barrett

2009). Currently, however, sustainability in the construction sector is probably just

a minor aspect of the design, use, management and maintenance of the built

environment (Lovell 2005).

In a recent study, we analyzed the diffusion dynamics of energy-efficient

renovations in Switzerland’s stock of residential, multifamily buildings (Müller

2012, 2013; Müller and Ulli-Beer 2010, 2008a, b; Ulli-Beer and Müller 2006). The

focus of our study was on space heating and hence we abstained from issues such as

warm water, appliances or grey energy. We built a System Dynamics model that

explains how the market, technology, civil society and the state govern the diffusion

of energy-efficient renovations and the CO2 emissions of the stock of buildings.

This enabled us to analyze the following research question: How can the diffusion
of energy-efficient renovations of buildings be accelerated in order to reduce the
CO2 emissions from the stock of buildings?
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In this chapter, we aim to concisely present the most important results from that

study. Specifically, we discuss how public policy should transform the stock of

buildings toward energy efficiency and low emissions. Beyond the narrow ‘use

value’ of our research we hope to make several exemplary contributions to research

in the spirit of ecological economics and sustainability science. For example, our

study might be seen as an illustration as to how different fields of society (e.g. the

market, technology, civil society and the state) are interrelated in the creation and

governance of environmental issues.

This chapter is structured as follows. In Sect. 7.2, we elaborate on methodologi-

cal aspects of our study. In Sect. 7.3, we describe the context within which the

diffusion of energy-efficient renovations occurs as a societal problem situation. In

Sect. 7.4.1, we describe the structure of causality that governs the diffusion of

energy-efficient renovations. Then, in Sect. 7.4.2, we carry the analysis further by

elaborating our building stock model sector. That sector is crucial for understanding

the transformation of the stock of buildings. In Sect. 7.7.5, policy levers are

identified (Sect. 7.5.1) and analyzed quantitatively (Sects. 7.5.2, 7.5.3, and 7.5.4)

in order to understand the policy implications of the model’s behavior (Sect. 7.5.5).

In Sect. 7.6, we discuss how public policy should transform the stock of buildings.

In Sect. 7.7, we answer our research question.

7.2 Research Design and Methods

Before we indulge in the results, we must briefly describe how we proceeded

methodologically. The research design1 that we followed is best described as theory

building with System Dynamics (Schwaninger and Groesser 2008; Schwaninger

and Pfister 2007). In order to arrive at an empirically grounded simulation model,

we followed a research design that relied on five distinct steps. The first step

consisted of orienting ourselves in the field and clarifying the relevant research

questions. Second, we conducted exploratory (N ¼ 7), systematic (N ¼ 14) and

validating (N ¼ 7) interviews. While the interviewees were from heterogeneous

backgrounds, most of them can be described as either academic researchers or

practitioners (architects, representatives of building owners, representatives of

construction companies). We recorded and transcribed the interviews and analyzed

them using the MAXQDA software package. We were mostly interested in the

content given by the interviewees and did not focus on deep meaning structures as

this is done in more hermeneutic methodologies. Hence, we deemed content

analysis (Flick 2005: 280) to be sufficiently rigorous and abstained from any

analysis methods that strive for deeper analysis. As a third step, we developed

four analytical perspectives. Specifically, we analyzed the context, we built a small

1 See Müller (2012, 2013) for the complete documentation of the research design and the methods

we used.
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simulation model of the stock of buildings (Müller and Ulli-Beer 2010), we

analyzed actors and we developed an endogenous theory of the causal drivers of

the diffusion of energy-efficient renovations. As a fourth step, we integrated

insights obtained from the analytical perspectives into a quantitative System

Dynamics simulation model, implemented in the VENSIM simulation software.

As a fifth step, we conducted policy analysis with the simulation model.

However, these five steps were not followed in a strictly linear fashion. Instead,

we iterated as we deemed fit. Throughout the research process, we conducted

desktop research and we routinely tested and verified our results. In particular,

model testing entailed evaluating the simulation model against many of the stan-

dard tests described in the literature (Barlas 1996; Sterman 2000; Schwaninger and

Groesser 2009). Because behavioral data against which the model behavior could

be tested against was mostly not available, we strongly relied on model structure

tests.

7.3 Context

Analyzing the context within which the diffusion of energy-efficient renovations

takes place helped us to determine the adequate boundary in our modeling efforts.

Further, it provided us with an important opportunity to learn about the issue under

study. On the most general level, we found that climate change and energy security

concerns should be considered to be the most important drivers of the diffusion of

energy-efficient renovations. The emergence of a distinct energy policy in

Switzerland can be traced to the first oil crisis in 1973, when the country’s strong

dependence on energy imports became evident. Since then, promoting energy

efficiency has been a crucial part of Switzerland’s energy policy (Linder 1999;

Jegen 2003). Scientists recognized anthropogenic climate change as a dangerous

possibility as early as in 1977 (Weart 2008). However, only over the last decade has

climate change emerged as a publically influential discourse. As this discourse

became ubiquitous, it profoundly re-shaped the way energy policy was debated

(Reddy and Assenza 2009) and led to an additional problematization of current

energy use patterns (Jasanoff 2010). Mitigating greenhouse-gas emissions now is a

key aspect of many public policy efforts.

Climate change concerns and energy supply security concerns can be considered

to be general drivers that exert pressure on the stock of buildings and the various

societal fields associated with it. Eventually, this has created a societal problem

situation that involves actors in the market, actors in civil society and the state. In

the wake of the emergence of a societal problem situation, established practices are

destabilized and change processes are put into motion. Such change processes are

typically highly unstructured, uncertain and rife with conflicts of interest among

different actors (Geels 2005).

We found that analyzing societal actors was particularly important in under-

standing the diffusion of energy-efficient renovations. This is because this
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diffusion process is not primarily driven by markets and prices. Instead, it is a

diffusion process that is substantially driven by societal actors who want to

influence public policy according to their interests. In particular, it was mostly

societal actors (e.g., environmental pressure groups) who began to call for the

transformation of the stock of buildings. These claims were generally intended as

a contribution to the public good, undertaken with the intention of reducing

energy security risks and reducing the risks of global climate change. Eventually,

such environmental discourses and the prospects of strong state regulations cause

other societal actors (e.g., industrial associations) to voice opposed views and

participate in a competition for the publics’ endorsement.

In the political science literature, the effect of societal actors on the policy

process has been described in the context of the advocacy coalition framework

(Sabatier 2007; Weible et al. 2009). That framework has been used to understand

the policy process, particularly policy change over long time periods lasting a

decade or longer. Several contributions empirically analyzed the effect of advocacy

coalitions in various policy domains in Switzerland. For example, in the domain of

energy policy (Kriesi and Jegen 2000, 2001; Jegen 2003), climate policy (Lehmann

and Rieder 2002; Ingold 2007, 2010) or environmental policy in general (Bornstein

2007). From that literature, we were able to confidently derive the existence of an

advocacy coalition that generally demands further public policy interventions into

the stock of buildings (“pro ecology”) and an advocacy coalition that generally

opposes further interventions (“pro growth”).

As societal actors influence public policy to initiate and promote energy effi-

ciency technology and low-emission energy systems, actors in the market too play

an important role. Based on a series of interviews, we identified building owners,

architects and tenants to be the most important actors in the market. In contrast, we

found that construction companies hardly influence the decisions-making related to

energy efficient renovations. Based on our interviews, we proposed to further

categorize building owners according to the amount of professional know-how

they have. We found that building owners without professional know-how may

be a crucial group, because they own about 70 % of multifamily buildings.

Unfortunately, they frequently face greater obstacles in implementing energy-

efficient renovations.

We found two barriers to a low-emission stock of buildings to be particularly

powerful. First, building owners implement energy-efficient renovations only if and

only when they deem fit. There are no regulations forcing them to increase the

energy efficiency of their building. Building owners, for example, may choose to do

nothing at all or simply paint their façade instead of insulating it. Energetically

relevant regulations only become relevant once substantial renovation is actually

undertaken. Then, pre-defined levels of energy efficiency have to be achieved in the

elements under renovation. The second barrier refers to the “investor-user

dilemma”. This occurs when a building owner carries the costs of an investment
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into energy efficiency and the tenants obtain the benefits. In such a situation, the

building owner has an incentive to chose the investment with the lowest cost,

regardless of cost-benefit considerations (Golubchikov and Deda 2012; Schleich

2009; OECD/IEA, AFD 2008).

It is noteworthy that the state of technology and the economics of energy-

efficiency now no longer are substantial barriers in Switzerland. The last decade

has brought about spectacular technological and economical progress in energy-

efficient construction (Erhorn-Kluttig and Erhorn 2007). In fact, CEPE and HBT

(2002: 314) recall that the rapid technological progress achieved over the last

decades would have been called a super-efficient development in the early 1980s.

In the future, the potential for technological and economical breakthroughs is

rather limited. Instead, incremental cost reductions, further improved perfor-

mance and the integration of various technologies should be expected (IEA

2008: 183).

7.4 Modeling the Diffusion Dynamics of Energy-Efficient

Renovations

7.4.1 Governance Structure of the Diffusion Process

Figure 7.1 shows a causal loop diagram (CLD) of the governance structure that

controls the transformation of the stock of buildings toward energy efficiency and

low emissions.2 While the actual simulation model consists of variables and

equations, we chose to present a causal loop diagram (Sterman 2000). This enables

us to focus on the main structure of causality and abstain from technical details.

Specifically, the CLD consists of variables that are linked with an arrow according

to the direction of causality: A positive causal relationship (marked with a “+”) is

postulated to exist between the Number of NEE buildings and the Number of
renovations implementing EE building designs. Both variables move in the same

direction. An inverse causal relationship (marked with a “–”) is postulated to exist

between the Number of renovations implementing EE building designs and the

Number of NEE buildings. When the Number of renovations implementing EE
building designs rises then the Number of NEE buildings falls.

As can be seen, several interrelated feedback loops were conceived. Loop A

shows how energy-efficient renovations transform the stock of buildings. Loops B

and C represent the two sides of the housing market that control the stock of

buildings. Specifically, loop B describes the demand for and loop C describes the

supply of energy-efficient housing. Loops D and E represent technological and

2Due to limitations in space, the following description is substantially abbreviated. A complete

account of the feedback loop perspective is available in Müller (2012, 2013).
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economical progress. Due to learning effects, economies of scale and scope,

energy-efficient building designs in renovations improve and become cheaper.

Loop D shows that technological and economical progress makes energy-efficient

building designs more attractive for building owners. Loop E shows that techno-

logical progress makes energy-efficient housing more attractive for tenants. Loop F

shows how public policy reacts to the emergence of energy security concerns and

climate change and supports research and development of technology. Loop G

shows that the availability of adequate technology intensifies adaptive pressure on

public policy. Consequently, public policy accelerates the diffusion of energy-

efficient building designs by creating financial incentives (loop H). Eventually,

public policy also tightens mandatory standards (loop I) and increases the cost of

fossil fuels (loop J).

Together, these feedback loops provide an “endogenous point of view”

(Richardson 2011) on the diffusion of energy-efficient renovations. In fact, this

representation of the structure of causality may be considered as an interdisciplin-

ary synthesis of various individual pieces of empirical and theoretical research.
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Fig. 7.1 Causal loop diagram of the main structures of causality in the simulation model. Note

that loop A represents the building stock model sector described below. Note that loops B–J govern
the transformation of the stock of buildings by way of the variable share of renovations

implementing EE building designs
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However, causal loop diagrams have limitations. They are less detailed compared

to actual simulation models and they can not be simulated by themselves (Sterman

2000). In particular, they do not allow eliciting behavioral aspects such as CO2

emission trajectories. Therefore, we implemented this structure of causality into a

full-fledged simulation model. In the following section, we describe how loop A

was implemented as our building stock model sector.

7.4.2 The Building Stock Model Sector

Figure 7.2 shows the stock-and-flow diagram of the building sector of our model3, 4.

Stock-and-flow-diagrams are used to represent the structures of a system in close

relation to the equations that are actually simulated.

We consider buildings to be either in a new condition, in a good condition or in a

bad condition. The number of buildings in each condition is accounted for by a stock.

Over time, as buildings age, new buildings flow into the stock of buildings in good
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Fig. 7.2 Stock-and-flow-diagram of the building sector

3 In order to produce computer simulations, equations have to be specified in a computer simula-

tion software such as VENSIM.
4Due to limitations in space, the following description is substantially abbreviated. A complete

account of the building stock model sector is available in Müller and Ulli-Beer (2010) and

Müller (2012, 2013).
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condition and eventually they flow into the stock of buildings in bad condition. Only

buildings in bad condition are renovated.We assume that it in average takes 55 years

for a building to pass through all three stages and eventually be renovated. By

combining these three stocks and the aging rates, an aging chain was formed.

Buildings are further differentiated according to their energy efficiency into

non-energy-efficient (nee) or energy-efficient (ee) buildings.5 Nee buildings in

bad condition can be renovated with one of the following three basic renovation

strategies. When a paintjob renovation is implemented, then a nee building in bad

condition becomes a nee building in good condition. The energy efficiency remains

unaltered. When an eeupgrading is implemented, then a building is moved into the

energy-efficient aging chain and is also seen to be in good condition. Buildings can

be torn down and reconstructed. In such a case, a building in new condition is built.

Depending on the construction code, the building is reconstructed as a nee or an ee

building.

Crucial in this building stock model are the variables share of eeupgradings and
share of paintjob renovations. In the simulation model, they are calculated

dynamically, based on the governance structure. Consequently, these two variables

control what share of buildings is renovated according to the corresponding reno-

vation strategy. The share of reconstructions is set constant at 5 %. The number of

buildings under renovation in any year is calculated by dividing the nee buildings in
bad condition trough the years nee buildings in bad condition are left unrenovated.

By underlying the diagram shown in Fig. 7.2 with equations and parameters we

were able to simulate the evolution of the stock of buildings over time. In addition

to the building sector shown in Fig. 7.2, we relied on further sectors to track energy

coefficients, floor spaces and CO2 emissions. Further, we relied on a series of

exogenous inputs, such as past and projected data for the diffusion rates of oil

and gas heating systems, the efficiency of heating systems, heated floor spaces and

energy coefficients to simulate the model.

7.5 Model Behavior and Implications for Public Policy

7.5.1 Identification of Policy Levers from the Model
Structure

Public policy intervenes into the stock of buildings by influencing policy levers

with policies and instruments. Table 7.1 shows an evaluation of policy levers

5 Specifically, buildings are seen to be non-energy-efficient (nee) if the energy coefficient for

heating is 193 MJ/m2a or higher and they are considered to be energy-efficient (ee) if the energy

coefficient for heating is below 193 MJ/m2a. These values correspond to the Swiss Minergie label

after 2003 and the mandatory governmental regulations after 2008 as defined by the Swiss

conference of the cantonal energy directors (EDK 2008: 13).
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directly related to the stock of buildings. By simulating the model, we found that the

share of eeupgradings and the CO2 emission rate are particularly powerful policy

levers. Using the other policy levers turned out to be unrealistic, of questionable

value or unpractical because substantial success has already been achieved. For

example, the construction of additional non-energy-efficient buildings has been

eliminated by past changes to the building code (Jakob 2008) and hence it no longer

is a usefull policy lever. Scenario analysis reported in Müller (2012) showed that

accelerating the renovation cycle by 5 years does not substantially impact on the

CO2 emission rate in the long term and hence is of questionable importance.

In addition to the policy levers directly influencing the transformation of the

stock of buildings, indirect policy levers could be identified. By reviewing the

simulation model, policy levers capable of increasing the share of eeupgradings
were found. These were listed in the left column of Table 7.4. The next section

reports on results from quantitatively analyzing such indirect policy levers.

7.5.2 Analysis of Policy Levers by Themselves

In order to analyze indirect policy levers in a standardized manner, we increased

each lever by 50 % in the year 2010. Then, we compared the model behavior

relative to the base scenario in the year 2020. Our guiding question was whether the

manipulation of a single policy lever could increase the total share of eeupgradings
near unity. We found that there is no single policy lever that is capable of increasing

the share of eeupgradings such that the CO2 emissions are reduced substantially

relative to the base scenario. Nevertheless, we found that the following policy

levers influence the share of eeupgradings quite sensitively by themselves:

• Building owners’ perception of the technological quality of energy-efficient

building designs

Table 7.1 Evaluation of policy levers directly influencing the transformation of the stock of

buildings

Lever Evaluation

Increase share of eeupgradings Crucial challenge

Decarbonize heating systems Crucial challenge

Increase efficiency of heating systems Substantial success achieved, continue

interventions

Reduce the energy coefficient in the energy

code

Substantial success achieved, continue

interventions

Make new constructions energy-efficient Substantial success achieved, continue

interventions

Speed up renovations Of questionable importance

Limit the construction of new buildings Unrealistic
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• Building owners’ preference for energy-efficient building designs

• Probability that architects promote energy-efficient building designs

• Tenants’ perception of technological quality of energy-efficient building designs

• Tenants’ utility from co-benefits of energy efficiency

• Pressure from fossil energy shortage

• Longterm minimum energy coefficient of construction6

7.5.3 Analysis of a “Broad Interventions” Package of Policy
Levers

In a next step, we simulated the effect of a broad package of interventions. This

was simulated by conjointly increasing the sensitive policy levers by 50 % after

the year 2010. We found that this almost instantly increases the total share of
eeupgradings near to unity (see left exhibit of Fig. 7.3). In reality, such an

increase would constitute an enormous policy success. The right exhibit of

Fig. 7.3 shows the resulting behavior of the CO2 emissions. In both scenarios,

CO2 emissions are reduced substantially over time, indicating the important

contributions made by energy-efficient renovations to emission mitigation. The

emission trajectory obtained in the base run scenario would already be a quite

successful policy-outcome. It seems unlikely that a more ambitious emission

trajectory could be obtained based on energy-efficiency alone than the trajectory

obtained in the “broad interventions” scenario. A crucial question is whether the

Fig. 7.3 Behavior of the simulation model in the base run (straight line) and after implementing a

broad series of interventions (dotted line)

6 The variable longterm minimum energy coefficient of construction was decreased by 50 %.
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emission reductions obtained in these two scenarios are sufficient in light of

public policy goals.

Several approaches have been taken to deriving long-term policy goals in energy

and climate policy. In the Swiss context, visions such as the 2,000-W-society or the

1-t-CO2-society are frequently used to derive long-term policy goals. For example,

the implementation of a 1-t-CO2-society would require the average Swiss resident

to reduce emissions to 2 t CO2 per capita in the year 2050 and to 1 t CO2 per capita

in the year 2100 (Novatlantis 2007). In order to evaluate the implications of our

simulation results, the visions of the 2,000-W-society or the 1-t-CO2-society are not

very practical. We found it more practical to compare emission reductions in

percent rather than discussing what share of the 1-t-CO2-allowance should be

spent on the heating of multifamily buildings. Siller et al. (2007), for example,

call for greenhouse gas emission reductions of around 80 % by 2050 (with 1990 as

the base year) in order to limit global warming to 2 �C. More recently, the European

Union communicated long-term emission reduction goals in the contexts of its

“roadmap for moving to a competitive low carbon economy in 2050” (EU 2011).

For the residential and service sector the roadmap calls for CO2 emission reductions

of around 90 % by 2050 (relative to 1990 emission rates). Concluding this discus-

sion, we propose to set emission reductions of 90 % by 2050 (relative to 1990) as

the long-term policy goal against which the emission trajectories of Switzerland’s

stock of buildings should be evaluated against. While Switzerland is not member of

the EU, EU policies do influence Switzerland’s policy-making, as the country

typically strives to roughly align with the EU.

Table 7.2 shows the absolute CO2 emissions and the emission reductions relative

to the year 1990 that were obtained by simulating the two scenarios above. In the

most optimistic “broad interventions” scenario, the CO2 emissions are reduced by

about 61 % by 2050 and by about 74 % by 2100. In the base scenario, emission

reductions by about 46 % by 2050 and by about 56 % by 2100 were attained.

Comparing these emission reductions against the long-term policy goal of a 90 %

reduction by 2050, we find that even the emission reductions attained in the most

ambitious “broad interventions” scenario appear not to be sufficient.

Table 7.2 Emissions and emission reductions in the “base run” and the “broad interventions”

scenarios. Gives the emissions of the stock of buildings in the two scenarios in million tons of CO2

per year (Mio.t.p.a.) and the emission reductions as percent changes relative to the years 1990

and 2010

Base run Broad interventions

Mio.t.p.a. Δ 1990 Δ 2010 Mio.t.p.a. Δ 1990 Δ 2010

1990 6.1 6.1

2010 4.9 �20 % 4.9 �20 %

2050 3.3 �46 % �33 % 2.4 �61 % �51 %

2100 2.7 �56 % �45 % 1.6 �74 % �67 %
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7.5.4 Analysis of a Forced Outphasing of CO2 -Emitting
Heating Systems

The emission reductions achieved in the ‘broad interventions’ scenario, based

primarily on energy efficiency, are not sufficient to reach the long-term policy

goal of 90 % reductions. This finding leads us to argue that further measures, in

addition to energy efficiency, are needed. In particular, we call for a far-reaching

decarbonization of Switzerland’s stock of buildings.

In order to show how the decarbonization of Switzerland’s heating systems

would impact on the CO2 emission rate, we conducted a further simulation.

Specifically, we simulated the effect of reducing the diffusion rate of oil and gas

heating systems. Technically, this was implemented by multiplying the diffusion

rates of oil and gas heating systems with the variable substitution rate shown in the
left hand exhibit in Fig. 7.4. The exhibit on the right hand in Fig. 7.4 shows the

resulting CO2 emissions. It becomes evident that the CO2 emissions could indeed

be reduced nearly to zero if an ambitious substitution program aimed at reducing

the diffusion rate of oil and gas heating systems were implemented.

7.5.5 Discussion

In a nutshell, the findings obtained from analyzing the model’s behavior can be

summarized as follows. We found that by conjointly using highly sensitive policy

levers, the share of eeupgradings can be increased near to unity. However, the

emission reductions obtained from this proved insufficient. By out-phasing oil and

gas heating systems, the CO2 emissions could be reduced near to zero.

We find that our results fit the findings of other authors in the literature reason-

able well. Siller et al. (2007), in a study of Switzerland’s residential building sector,

find that emission reductions of around 80 % (by 2050, relative to 1990) can be

Fig. 7.4 Gradual substitution of fossil heating systems until 2050. The exhibit on the left shows

the assumed substitution rate. The exhibit on the right shows the resulting emission trajectory
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achieved based on a very strong combination of energy efficiency and renewables.

TEP and ETH (2009) provide a model of the whole stock of residential buildings in

Switzerland and consider space heating as well as warm water generation and

appliances. They find that greenhouse-gases emissions can be reduced by

28–65 % by 2050, depending on what assumptions are made. Schulz (2007: 118)

finds that heating systems based on oil and gas fuels could be largely avoided, even

if the heated floor area would rise by an estimated 40 % until the year 2050. This

could be achieved by relying on heat pumps and district heating based on combined

heat-power generation (CHP) from natural gas and biomass. That would reduce the

CO2 emissions of residential buildings by about 80 %.

In conclusion, we find that public policy should attempt to reduce emissions by

around 90 % by 2050, by increasing the share of eeupgradings near to unity and

promoting the out-phasing of fossil-based heating systems. In the following section,

we elaborate on the instruments and regulations that public policy should employ

toward that goal.

7.6 Transformation of the Stock of Buildings

7.6.1 Instruments in Support of the Diffusion of
Energy-Efficient Renovations

Inspired and guided by a “typology of tools for building sustainability strategies”

(Kaufmann-Hayoz et al. 2001), we conducted a literature review of policies and

instruments typically used in environmental policy (Müller 2012, 2013). Our goal

was to find instruments that can be used to influence the wide range of policy levers

listed on the left-hand side of Table 7.4. Table 7.3 shows the instruments that we

found particularly promising.

For each policy lever shown in Table 7.4, we list the instruments that we deem

adequate for influencing that policy levers. What is more, we list the group of actors

that we deem capable of using an instrument to influence the specific policy lever.

While we devised this typology for the case of Switzerland, we expect it to be a

useful tool for analyzing energy and climate policy in other northern, industrialized

countries. In particular, it could be used to systematically search for further public

policy interventions. On a more general level, Table 7.4 illustrates that transforma-

tion processes are brought about by applying a wealth of instruments to many

different policy levers.
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7.6.2 Regulations in Support of the Decarbonization of the
Stock of Buildings

In the following, we discuss how a far-reaching decarbonization of Switzerland’s

heating systems could be achieved. In particular, we propose two regulations for

discussion. In doing so, we are very well aware that several questions regarding

political approval and practical implementation will remain open. Note that we

propose these regulations as a complementary framework within which current

efficiency-oriented energy policies would remain effective. We do not propose to

replace current energy policies with the two regulations.

Regulation 1

Until the year 2050, zero- or low- CO2 emission heating technology has to be

implemented in every building built before the year 2000.

Regulating the emissions from heating systems should prove much easier than

mandating energy-efficient renovations. Because the service life of a heating

system is much shorter compared to the service life of a building, almost all heating

systems should be expected to have exceeded their service life by 2050. With this

regulation, fossil-based CO2 emissions from heating systems would be banned.

However, building owners would remain free to select the mix of insulation

technology (façade insulation, efficient windows, etc.) and emission-free heating

system that is best suited to their situation. The reason why we propose a command-

and-control-type approach rather than market-based instruments (Kaufmann-

Hayoz et al. 2001), such as a high tax on greenhouse-gases, is the prevalence of

the investor-user dilemma (see above in Sect. 7.2). A tax on fossil CO2 emissions

might not prove an effective signal to the owners of rented buildings, because the

tenants bear the cost of the tax. However, as a complement, an environmental tax on

fossil-fuels could support the transformation of the stock of buildings and it might

encourage renovations in owner-occupied buildings. This particularly holds when

the earnings of the environmental tax are used to subsidize renovations.

If it is possible to create the strong expectation that in the next 40 years the stock

of buildings will indeed be transformed to a situation of low or zero emission, then

entrepreneurs and companies can expect a large future market. This should lead to

the development of technologies and business models that become increasingly

better and cheaper. Therefore, we expect the implementation of such a long-term

policy to alter the costs and the quality of energy-efficient building designs beyond

current practices. This is because actors in the construction industry would antici-

pate a big market and develop technologies and business models that implement

low-emission heating and building designs at competitive prices, thus unlocking the

innovativeness of entrepreneurs.
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Regulation 2

Until the year 2020 building owners have to submit a roadmap that details

how low-emission energy systems will be implemented in their building and

how they intend to finance their road to a zero-emission building.

The purpose of this second regulation is to encourage building owners to

consider the implementation of decarbonized building designs long before the

actual deadline arises. The development of a long–term plan should allow building

owners to plan and coordinate investment decisions for their buildings. By planning

a series of consecutive measures, inefficiencies should be substantially reduced. For

example, a lack of coordination and long term planning might lead a building owner

to first exchange windows and heating systems and only several years later to

insulate the façade. Yet in order to insulate, the windows have to be unmounted

and repositioned, so it would have been cheaper to replace the windows during

insulation. And after insulation, the heating system might be over-dimensioned for

a now efficient building. Thus, a smaller and cheaper heating system could have

been bought after insulation.

Generally, such a regulation would particularly benefit non-professional build-

ing owners, who often lack a coherent long-term strategy for their buildings and are

more likely to suffer from such inefficiencies. They rather decide in a step-by-step

fashion, frequently based on events in their personal lives. A further benefit of

having a set of measures awaiting implementation is that it could encourage

building owners to order construction during times of recession, when prices for

construction are relatively low.

This proposal is complementary to current energy policies because it explicitly

states a long-term goal and a date for achieving it without prescribing how building

owners achieve these goals. Its temporal specification is such that building owners,

construction companies, and technology developers would have enough time to

adapt. The two regulations could nevertheless achieve a very ambitious policy goal;

namely, the far-reaching decarbonization of the stock of buildings by the year 2050.

This is a crucial difference to current policies addressing emissions by buildings.

Implementation of the two regulations presented here would basically guarantee a

far-reaching decarbonization of Switzerland’s stock of buildings. In addition, these

two regulations might prove effective in other northern, industrialized countries.

Of course, implementation of these regulations would require careful further

analysis. Issues such as the conservation of heritage buildings or the question as to

how non-complying building owners would be sanctioned pose special difficulties.

Also, current energy and climate policy regulations as well as building standards

would need to be scrutinized regarding their consistency in terms of these

regulations.
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7.6.3 A Business Model in Support of Non-professional
Building Owners

Implementing near-zero-emission building designs in renovations, as implied by

the two regulations introduced above, would increase the challenge of renovating.

In such a situation, non-professional building owners should be considered to be a

bottleneck, as they hardly have any chance to accumulate experience. In order to

overcome this bottleneck, we propose to develop and actually implement a business

model that solves several of the challenges that non-professional building owners

face. By doing so, the transformation of Switzerland’s stock of buildings toward

low-emission, and perhaps even more generally toward sustainable housing, could

be accelerated. Specifically, we propose the founding of a cooperative society that

would work as a catalyst.

The cooperative society would assist building owners in dealing with various

technical, financial, and procedural obstacles associated with renovations. It would

ensure that the outcome of a renovation is adequate for the specific building in its

specific situation; technically well built and cost-effective. In order to be perceived

as credible, the cooperative society should seek endorsement from other actors,

such as the federal office of energy or the Minergie Association. Its business model

probably would need to address the following issues7:

• Long-term planning: The various elements of a building have different service

lives and they should be replaced with consideration of possible path

dependencies. Else, renovations may become overly expensive and ineffective.

Long-term planning could avoid the risks of path dependency in sequential

renovations. What is more, the cooperative society should assist building owners

in long-term financial planning for renovations.

• Value creation: Buildings should be renovated in a way that maximizes the

utility that tenants draw from it. This means that planning should raise the rent

potential, reduce the risk of vacancy, and eventually increase the value of the

building. Further, the business model should ensure that social and environmen-

tal values are considered adequately.

• Assistance with technology choice: For most building owners, searching for

technical information is a time-consuming and costly process. Further, a

substantial share of information on technical systems comes from vendors

themselves. Hence, such information is not necessarily neutral or adequate. In

order to respond to this, the cooperative society should provide neutral and

up-to-date information on current technologies and cost.

• Assistance with financial matters: The cooperative society should assist build-

ing owners with organizing finance if sufficient reserves have not yet been

accumulated before the renovation. This entails advising building owners on

7 Thanks to Mark Zimmerman (EMPA) for helpful comments by Email (September 21, 2011).
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what subsidies to apply for and how to optimize taxes. Further, by bundling the

demand of several building owners, it may be possible to negotiate discounts

from vendors and construction companies.

• Reduction of complexity: Building owners should not have to deal with several

companies. Instead, the cooperative society should coordinate among the

companies involved and act as the single representative toward building owners,

so that they can concentrate on the important decisions.

• Managed care for buildings: As an important aspect, the cooperative society

should provide managed care or commissioning (Mills 2011) for buildings. This

means that buildings should be evaluated at regular intervals in order to find

optimization potential in the domains of energy and occupational health. Such a

service would encourage long-term relationships with building owners. As a part

of commissioning efforts, tenants should be taught as to how to use the

technologies in their building in an optimal manner.

• Strategic focus: The cooperative society should not provide solutions for

each type of building. Instead, the focus should be on buildings of frequent

types. Its strategic focus should be on high volume of relatively similar

buildings and cost reductions through economies of scale and scope and

learning effects.

7.7 Conclusions

In this chapter, we addressed the question, how public policy could transform the

stock of buildings toward energy efficiency and low emissions. Based on the

arguments elaborated above, we propose the following condensed answer. Public

policy should increase the share of renovations implementing energy-efficient

building designs near to unity and prevent paintjob renovations. In order to do

so, public policy should attempt to address all policy levers available and use a

wide arsenal of instruments that influence those policy levers. However, it seems

rather unlikely that energy efficiency alone will suffice to reduce emissions by

90 % by 2050 (taking 1990 as a base year). Therefore, public policy should

promote the wide-spread decarbonization of fossil heating systems. In order to

accelerate the diffusion of energy-efficient renovations and achieve a wide-spread

decarbonization of the stock of buildings by 2050, public policy should implement

the two regulations described in Sect. 7.6.2. The first regulation, prohibiting the

emission of CO2 from heating systems by 2050, would create adaptive pressure

decades before the year 2050 and would serve as a framework within which all

other public policy interventions can be placed in. The second regulation, man-

dating the development of a roadmap for the renovation of buildings by 2020,

would ensure that building owners pursue a long-term perspective in their

decision-making. In order to support the majority of non-professional building

owners in dealing with the rising complexity of renovations, we propose that

public policy plan, implement and support service innovations such as the
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cooperative society described in this chapter. We expect that such service

innovations reduce policy resistance and enhance the economical, ecological and

social value of the built environment.
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Reddy BS, Assenza GB (2009) The great climate debate. Energy Policy 25(6):587–600

Richardson GP (2011) Reflections on the foundations of system dynamics. Syst Dyn Rev 27

(3):219–243

Sabatier PA (ed) (2007) Theories of the policy process. Westwiev Press, Cambridge, US

Schleich J (2009) Barriers to energy efficiency: a comparison across the german commercial and

services sector. Ecol Econ 68:2150–2159

Schulz Th. F (2007) Intermediate steps towards the 2000-watt society in Switzerland: an energy-

economic scenario analysis. Ph.D. thesis, Eidgenössische Technische Hochschule Zürich,
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Ürge-Vorsatz D, Metz B (2009) Energy efficiency: how far does it get us in controlling climate

change? Energy Effic 2:87–94

Weart SR (2008) The discovery of global warming, Revised and Extended edn. Harvard Univer-

sity Press, Cambridge, US

Weible CM, Sabatier PA, McQueen K (2009) Themes and variations: taking stock of the advocacy

coalition framework. Policy Stud J 34:121–140

7 How Should Public Policy Transform the Stock of Buildings Toward Energy. . . 187

http://www.ibi.ethz.ch/nb/publications/reports/200910_ETH.TEP_Endbericht.Gebaeudeparkmodell.pdf
http://www.ibi.ethz.ch/nb/publications/reports/200910_ETH.TEP_Endbericht.Gebaeudeparkmodell.pdf

	Chapter 7: How Should Public Policy Transform the Stock of Buildings Toward Energy Efficiency and Low Emissions? Results from ...
	7.1 Introduction
	7.2 Research Design and Methods
	7.3 Context
	7.4 Modeling the Diffusion Dynamics of Energy-Efficient Renovations
	7.4.1 Governance Structure of the Diffusion Process
	7.4.2 The Building Stock Model Sector

	7.5 Model Behavior and Implications for Public Policy
	7.5.1 Identification of Policy Levers from the Model Structure
	7.5.2 Analysis of Policy Levers by Themselves
	7.5.3 Analysis of a ``Broad Interventions´´ Package of Policy Levers
	7.5.4 Analysis of a Forced Outphasing of CO2 -Emitting Heating Systems
	7.5.5 Discussion

	7.6 Transformation of the Stock of Buildings
	7.6.1 Instruments in Support of the Diffusion of Energy-Efficient Renovations
	7.6.2 Regulations in Support of the Decarbonization of the Stock of Buildings
	7.6.3 A Business Model in Support of Non-professional Building Owners

	7.7 Conclusions
	References


