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Chapter 7
bw Should Public Policy Transform the
Stock of Buildings Toward Energy Efficiency
and Low Emissions? Resuits from a System
Dynamics Modeling Study of Switzerland

Matthias Otto Müller, Ruth Kaufmann-llayoz, Franz Schuitheis,
Markus Schwaninger. and Silvia Ulil-Beer

Abstract We report on modeling work Ihat shows how the market. Lechnology.
civil society and the state govern the diffusion of energy-efficient renovations in
Swiiierland‘s stock of residenlial, multifamily buildings. The particular focLls of

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

Dvnamics modeling study. We conclude Ihat energy efficiency is impoflant. yet not
sufficient in order [0 reach ambitious emission reduetion goals. In addition to
promoting energy efficiency. Switzerland should alm for a widespread
decarbonization of healing systems. We discuss what kind of Instruments can be
used Lo address various policy levers in order io aceelerate Ihe diffusion of energy
efrtcient renovations. We propose [wo regulations [hat could sene as a fmmework
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for ambitious long-tenn decarbonizulion effons. Finally. we propose a service
innovalion thal could assist building owners in complying with the ambitious
regulaLions required.
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7.1 Introduction

The building sector accounts for about a quarter of global energv-related green
house gas emissions und consequently it isa key lever in elimate chunge mitigation
effons Levine cl al. 2007). Such emission reductions may come al a negative price
in a subsiantial share of cases (Ürge-Vorsatz and Metz 2009t Particularly ihe
renovation of oH buildings is Seen Lo be among the most cost-effective ways 10
reduce CO, emissions in industrialized countries (Galvin 2010). In the long tun mis
calls for nothing less thun a radical transformation of die ballt environment (Baretl
2009). Currently. however. sustainability in die construetion sector is probab1 just

a minor aspecl of die design. use. managemenl und maintenance of Ihe buill
environment (Lovell 2005).

In a recenl study. we analyzed the diffusion dynamics of energ-efficient
renovations in Switzerlund‘s stock of residential. multifamüy buildings (Müller
2012. 2013: Müller und UlIi-Beer 2010. 2008a. b: Ulli-Beer und Müller 2005). The
focus of our study was on space heating and hence we absLained from issues such as
warm waler. appliances or grey energy. We built a Sysiem Dynamics model that
explains how the markel, tcchnology. clvii society and die state govern the diffusion
of energy-efficient renovations and die CO2 emissions of the stock of buildings.
This enabled us to analvze die following msearch queslion: Hoi, c‘ri‘i die diffusion
of energv—efficienr renonations of bnildint‘s 1w ac‘re!emted in order tu reduce die
CO2 e,nissions »‘cm Hie stock 1‘ huildings?

7 How Should Public Policy Transfonn ihe Stock of Buildings Tonard Energy... 165

In ihis chapter. ne aim to concisely ptrsent the most imponant resuits from thaL

sludy. Speciflcally. we discuss how public policy should trunsform the stock of

buildings toward energy efficiency und bw emissions. Beyond die narrow ‘use

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

in the spirit of ecobogical economics und sustainability science. For example, our

study might be seen as an illustration as 10 1mw diffennt flelds of society (e.g. die

market. technology. civil sociely und the stute) arc inleffelated in die creation und

governance ofenvironmental issues.
This chapler is slructured as follows. In Sect. 7.2. we elaborate on methodologi

cal aspects of our sLudy. In Sed. 7.3. we describe the contest within which die

diffusion of energy-efficient renovalions occurs as a societal problem situalion. In

Sect. 7.4.1, we desuribe the structure of causality that governs the dilTusion of

energy-efficient renovations. Then. in Sect. 7.4.2. we cany die analysis funher by

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

die transformation ol die stock of buildings. In Sed. 7.7.5. policy levers arc

identihed (Sen. 7.5.1) und analyzed quantitaiively (Sects. 7.5.2. 7.5.3. and 7.5.4)

in order 10 understund ihe policy implications of Ihe model‘s behavior (Sect. 7.5.5).

In Sed. 7.6. we diseuss how public policy should transform the stock of bLlildings.

In Sect. 7.7. we answer our research question.

7.2 Research Design and Methods

Defore we indulge in die results. we must briefly describe how we proceeded

methodologically. The researeh design‘ that we followed is besl described us iheosy

building with System Dynamies (Schwaninger und Groesser 2008: Schwaninger

and Phster 2007). In order 10 anive at an empirically grounded simulation model.

ne followed a research design that relied on live distinct steps. The lIESt step

consisted of orienling ourselves in die Held und clarifying the relevant tesearch

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

validating (N = 7) interviews. While the interviewees were from heierogeneous

backgrounds. most of them can be described as either acudemic researchers or

practitioners (architeets. representatives of butiding owners, representatives of

construction companies). We recorded and transcribed the interviews und unalyzed

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

conient given by the inten‘iewees und did not focus on deep meaning structures as

this is done in tnore hemieneutic methodologies. Hence. we deemed content

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

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

four analytical perspectives. Specifically. we analyzed 11w eontext. we built a small
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simulation mode! of the siock of buildings (Müller and UlIi-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 iniearaied
insidits obtained from the analytical perspectives into a quantitative System
Dynamics simulation mode!. implemcntcd in the VENSIM simulation software.
As a fifth step. we conducted policy analysis with the simulation model.

However, these live steps ver not followed in a strictly linear fasluon. Instead.
we iierated as we deemed fit. Throughout the research process. we conducted
desktop research and ve mutinely tested and verifled our results. In particular,
model testing entailed evaluating the simulation mode) against many of the stan
dard tests described in the literature (Barlas 1996; Sterman 2000; Schwaninger and
Groesser 2009). Because hehavioral data against which the mode) behavior could
be tested against was moslly not available. we strongly relied on model structure
tests.

7.3 Context

Analyzing the conlexl wiihin which the diffusion of energy-efficient renovaüons
iakes place helped us to detennine the adequuie boundary in our modeling efforts.
Funher. ii provided us with an imponanl opponunily to leam about the issue under
study. On the most general level. we found thut climaie change and energy secudtv
concems should be considered 10 be Ihe most imporiant drivers of the diffusion of
energy-efficient irnovations. The emergence of a distinci energy policy in
Swiizerland can be traced to the first oil crisis in 1973. vhen the countrv‘s strong
dependence 00 energy imports became evident. Since theo. promoting energy
elficiency has been a cmcial part of Switzerlund‘s energy polic (Linder 1999;
Jegen 2003). Scientists recognized anthrupogenic 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 publical)y influential discourse. As this discourse
became ubiquitous. it profoundly re-shaped the way energy policy was debated
(Reddy and Assenza 2009) und led Lo an additional problematization of current
energy usc panerns (Jasanoff 2010). Mitiguting greenhouse-gas emissions now isa
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 ii 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 dnven by markets und prices. Insiead. it is a

diffusion process that is substantially driven by societal actors who want to
influence public policy according tu their interests. In particular. it was mostly

societal

actors (eg.. environmental pressure gruups) who began tu call for the

transformation of the stock of buildings. These claims ‚vere gener&ly intended as
a contribution LG the public good. undertaken with the intention of reducing

energy secuHty risks and reducing the risks of global climate change. Eventually.

such environmental discourses and the prospects of strong stute irgulations cause
other socieial actors (eg.. industrial associations) tu voice opposed views and

panicipate in a competition for the publics‘ endorsement.
In the political science litenture. the effect of societal actors on the policy

process has been described in the context of the advocacy coalilion framework
(Sabaiier 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 Junger. Several contributions empiricallv analyzed the effect of advocacy

coalitions in vaHous policy domains in Switzerland. Pur example. in the domain of

energy policy (Kdesi und Jegen 2000. 2001: Jegen 2003). climate policy (Lehmann

and Rieder 2002: lngo]d 2007.20)0) orenvironmental policy in general (Bornstein
2007). Frorn that literature. we ‚vere able 10 confidently derive the existence of an
advocacy coaliiion that generally demands further public policy inlerventions inio
the stock of buildings t“pro ecology‘) und an udvocacy coalition that genenlly
opposes further inlerventions (‘pro growth“).

As societal aciors influence public policy 10 initiale and promote energy elli

ciency iechnology and bw-emission energv systems. actors in the market too play

an imponant role. Based on a series of interviews. we identifled building owners,

archilects and lenanls 10 be ihe most important actors in Ihe market. In contnsl. we
found that construction coinpanies ha&lv influence the decisions-making reiated 10

energy efficient renovations. Based on our interviews. we pruposed to further

categorize building owners according to die umount 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 obstacies in implementing energy
efficient renovations.

We found two barriers to a bw-emission stock of buildings tu be particularly
powerful. Firsi. building owners implement energy-efficient renovations only if and

only when they deem fit. There ute no regulations forcing them 10 increase the

energy efflciency of their building. Building owners, for example, may choose to du

nothing at all or simply paint their faqade instead of insulating it. Energetically
relevant regulations only become relevant once substantial renovation is actually

undertaken. Then, pre-dehned levels of energy efficiency have tobe achieved in the

elements under renovation. Tue second barrier refers tu the “investor-user
dilemma“. This occurs when u building owner carries the cosis of an investment
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into energy efficiency und the tenants obtain the benefits. In such a situation. die

building owner has an incentive to chose die investment with the lowest cost.
regardless of cost-benefit considerations (Golubchikov and Deda 2012: Sch]eich
2009: OECDREA. AFD 2008).

lt is noteworthy Ihat die stute of technology and the economics of energy
efficiency now no longer are substantial barriers in Switzerland. The last decade
bus brought about speclacular technological und economical progress in energy
efficient construction (Erhom-Kluttig und Erhorn 2007). In fact. CEPE und HBT

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

decudes would have been called a super-efficient development in die earlv 1980s.

In the future. the potential for technological und economical breakthroughs is
rather Iimited. lnstead. incremental cost reductions. further improved perfor
mance and the integration of various technologies should be expected IIEA
2008: 183).

7.4 Modeling the Diffusion Dynamics of Energy-Efficient
Renovations

7.4.1 Governance Strucinre of the Diffusion Process

Figure 7.1 shows a causal Ioop diagram (CLD) of the govemance structure that

controls the transformation of the stock of buildings toward energy efficiency and
bw emissions? While die actual simulation model consists of variables and
equations. we chose to present a causal boop diagram (Stennan 20O0. This enables
us lo focus on the main slructure of caLtsality und abstain [rom technical details.
Specifieally. the CLD consists of variables thal are Iinked with an arrow aceording

10 the direction of causaliiy: A positive causal relationship (marked wilh a “+“) is

postulated to exist between the Ninnber of NEE hitildings und Ihe Nmnher of
fenotat/ons linpiemenüng LE Ini/ding designs. Bolh variables move in die same
direction. An inverse causal relationship (rnarked wich a —“) is postulated 10 exist
between the Numher of renotarions implemenring EE hin/ding designs und the

Ninnber of NEE /‘uiIdin‘s. Vhen the iVinnher of ‚cnn iations imp/emenung EE
hoi/ding designs rises theo the Numher ofNEE hoi/dings falls.

As can be seen. several interrelated feedback loops were conceived. Loop A
shows how energy-efficient renovations transform the stock of buildings. Loops 8
und C represent the two sides of die housing market that control the stock of
buildings. Specihcally. boop B describes the demand for and boop C describes the
supply of eneray-efhcient housing. Loops D und E represent technological und

Fig. 7.1 Causal loop diagram of Ihe main structun2s of causnlity in 0w simulation model. Note
that IoopA represents die building stock model sectordeseribcd below. Note that loops B—J govem
the transformation ol‘ the stock of buildings hy way of the variable share of renovations
itnplenwnting EE huilding desions

economical progress. Due to learning effects, economies of scale and seope.

energy-efficient building designs in renovations improve und becorne cheaper.

Loop D shows thal technological und economical progress makes energy-efticient

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

logical prorress makes energv-efficient housing more attractive for tenants. Loop F

shows how public policy reacts to die emergence of energy security concems and

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

shows that the availabilitv of adequate technology intensihes adaptive pressure on

public poliey. Consequently. public poliey accelerates the diffusion of energy

efficient building designs by creating financial ineentives (boop H). Eventually.

public polic also tighlens mandatorv standards (Ioop 1) und increases die cost of

fossil fuels (loop J).
Together. these feedback Ioops provide an “endogenous point of view“

(Richardson 2011) on the diffusion of energy-efhcient 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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However. causal Ioop diagrams have limitations. They arc tess detailed compared
10 actual simulation models and tliey can not be simulated by themselves (Sierman
2000). In particular. they do not allow eliciting behavioral aspects such as CO2
emission trajectorics. Therefore, we implemented this structure of causality into a
full-fledged simulation model. In the following section. we descfibe how loop A
was implemented as our building stock model sector.
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condition and eventually Lhey bw mb the stock of buildings in bad condition. Only
buildings in bad condition arc renovated. We assume that it in average takes 55 years

for

a building tO pass through all three siages and eventually be renovated. By
combining these lhree stocks and the aging tales, an aging cham was formed.

Buildings are funher differentiated according 10 their energy effsciency into
non-energy-efficient (nec) or energy-effscient (cc) buildings.5 Nec buildings in
bad condition can be renovated wilh one of the following three basic mnovation
strategies. When a paintjob renovation is implemenled. then a nec building in bad
condition becomes a nec building in good condilion. The energy efficiency remains
unaltercd. When an eeupgrading is implemented. then a building is moved mb the
energy-efhcient aging cham and is also seen tobe in good condition. Buildings can
be born 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 nec er an cc
building.

Crucial in this building stock model are the variahles sha,-e of eeupgradmgs and
share of paintfoh renosations. In the simulation model. bhey are calculated
dynamically. based on the governance structure. Consequently. these two variables
control what share of buildings is renovabed according to the coaesponding reno
vation strategy. The share of reronstructions is set consbant at 5 %. The number of
buildings under renovation in any year is calculated by dividing the nec bnildings in
bad condition trough the veais nec buiklings in bad condulon arc left nnrenovated.

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 funher sectors to irack energy
coefficienls, boor spaces and CO2 emissions. Further. we relied on a series of
exogenous inputs. such as past and projected data for die diffusion rates of oil
and gas heating systems. the efficiency of heating systems. heated boor spaces and
energy coefficients to simulate the model.

7.4.2 The Building Stock Mode! Sector

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

Stock-and-fiow-diagrams arc used to represent the structures of a system in dose
relation 10 the equations that art actually simulated.

We consider buildings tobe 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 hew into the stock of buildings in good

7.5 Model Behavior and Implications for Public Policy

7.5.1 idenüfication ofPolicy Leversfrom the Mode!

Public policy intervenes into the stock of buildings by inbuencing policy levers
with policies and instruments. Table 7.1 shows an evaluation of policy levers

5Specifically. buildinizs arc scen to be non-encrgy-efflcienl (nec) if die cncrgy coerficient for
healing is 193 MJfm2a or higher and Ihey are conside,ed 10 be energy-efticient tee) if Ilse energy
cocfficient ror heating is bclow 193 MJ/ma. These values correspond to the Swiss Minergie label
after 2003 and the mandato,y gnvcrnmcntal regulations afccr 2008 as defined by bbc Swiss
cunfcrence of Ilse canlonal energy directors (EDK 2008: 13).
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Fig. 7.2 Stock-and-llow.diagram of Ilse building seclor

Struetare

1 In order Io produce compuler simulalions. equations have tobe specified in ii computer simula
tion software such as VENSIM.

Due 10 limitacions in space, Ilse following description is substantially abbreviated. A coniplete
account of Ihe building stock model sector is available in Müller und Ulli-Beer 12010) and
Müller t2012. 2013). 1



fahle 7.1 Evaluation of poliev evers directlv iniluencing the tmnsfonnarion of the slk of
buildings

Lever Evaluation
lncrease share ofeeupgradings Crucial challenge
Decarbonize heating syslems Cmcial challenge
lncrease efNcicncy of heating Systems Substantial suceess achieved. continuc

inlenentions
Reduce the cnergy coefficicni in Ihe energy Subsiantial succcss achieved. conlinue

code intenenhions
Mak-c new constructions cncrQy-emcienl Substantial success achieved. conhinue

inlcnentions
Spced tip rcnovalions Ofluestiooable imponance
Limit ihe conslmction of new buildings Unrealislic

directly relaled to the stock of buildings. By simulating the model. we found (hat the
.vhare of eeupgradings and the CO2 emission rate are particularly powerful polic
levers. Using the other policy levers lurned out 10 be unrealistic. of questionable
value or unpractical because substantiat success has already been achieved. For
example. (he conslruction of additional non-energy-efficient buildings hus been
eliminaied by past changes 10 the building code (Jakob 200$) and hence it no longer
is a usefull policy lever. Scenario analysis reported in Müller (2012) showed (hat
accelerating he renovation cycic by 5 years does not substantially impact on the
CO, emission rate in the long term and hence is of questionable imporlance.

In addition Io Ihe policy levers directly influencing the transformation of the
slock of buildings. indirect poflcy levers could be idernified. By reviewing ihe
simulation model. policy levers capable of increasine the sharc eI eenpgmdings
were found. These were lisied in the left column of Table 7.4. The nexc secüon
reports on resuits from quantilatively unalyzing such indiirct policy levers.

7.5.2 Analysis ofPolicy Levers by Themselves

In order tu analyze indireci policy levers in a slandardized manner. we incwased
each lever by 50 9 in he year 2010. Then. we compared the model behavior
relative to the base scenario in the year 2020. Our guiding question was ‘vhether the
manipulation of a single po[icy lever could increase the total share ofeeupgradings
near unity. We found thal Ihere is no siogle policy lever that is capable of increasing
the share of eciqigradings such that Ihe CO2 emissions arc reduced substantially
relative to the base scenario. Nevenheless. we found tha the following policy
levers influence the share of eeupgradin6qs quite sensitively by themselves:

Building owners‘ perception of the technological quahty of energv-efhcienl
building designs

—.-.

Fig. 7.3 Behavior of tlw simulation model in the base mn Isa olg/lt mc) and after implemeflting a
hroad series of inlerventions (dotret (,‚IcI

• Building owners preference tor energy.efficient building designs
• Probabilitv (hat archiiects promole energy-efflcient building designs
• Tenants‘ perception of iechnological quality of energy-efhcient building designs

Tenants utility from co-benefits of energy efficiency
Pressure [rom fossil enerev shortage

• Longlerm minimum energy cuefticient of construction6

In a nexl slep. ve simulated the effect of a broad package of interventions. This

was simulated by conjointly increasing the sensitive policy levers by 50 9 after

the year 2010. We found lhal Ihis almost inslanlly increases ihe total share of
eenpgradmgs near 10 unily (see left exhibi of Fig. 7.3). In reali(y. such an

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

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

CO2 enüssions arc rcduced subsiantially over time. indicating Ihe important

conldbulions made by energy-efheient renovalions (0 emission mitigation. The

emission Irajectory oblained in the base run scenario would already be a quite

successful policy-outcome. lt seems unlikely hat a mott ambitious emission

trajectoiy could be obtained based on energy-efflciency alone than the trajectory

obtained in lhe “broad irflerventions‘ scenario. A crucial question is whether the
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7.5.3 Analysis ofa “Broad lntervenüons“ Package ofPolicy
Levers

6 The variable lo,n.tn,,; minin,nm enerv cocfficient of consrluction was decreascd by 50 %.



Base ran Broad inlervenhions

Mio.cp.a. 3 1990 4 2010 Mio.t.p.a. 3 1990 4 2010
1990 6.1 6.1
20W 4.9 —20% 4.9 —20%
2050 3.3 —36% —33% 2.3 —61% —51%
2100 23 —56% —45 Vr 1.6 —74% —67%

emission reductions obtained in these lwo scenarios arc sufficient in Iight of
public policy goals.

Several approaches have been taken to deriving long-term policy goals in energy
und elimate policy. In the Swiss context. visions such as the 2.000-W-society or the
l4-CO-society arc frcquently used to derive long-term policy goals. For example.
the implementation of a l-t-C0-society would require Ilse average Swiss resident
to reduce emissians Co 2 t CO, per capita in the year 2050 und to lt CO2 per capita
in the year 2100 (Novatlarnis 2007). In order 10 evaluate the implications of our
simulation msults, the visions of the 2.000-W-society or Ilse 1 -t-C02-society arc not
very practical. We found ii more practical to compare emission reductions in
percent rather than discussing what share of the I-t-C02-allowance shouid be
spent an Ilse heating of multifamily buildings. Sitier ei al. (2007). for exampie.
call for greenhonse gas emission reductions of around 80 % by 2050 (with 1990 as
the base year) in order to limit global warming 1o2 “C. More recently. Ilse European
Union communicated long-term emission rcduction goals in the contexts of its
roadmap for moving Co a competitive bw carbon economy iii 2050“ (EU 2011).

For the residencial and service sector (he roadmap calls for CO, emission reductions
ol‘ around 90 % by 2050 (reLative to 1990 emission rates). Concluding this discus
sion. we propose Co 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. Whfle Switzerland is not member of
the EU, EU policies do intluence Switzerband‘s policv-making. as the country
typicafly strives in roughly ahgn willi Ilse EU.

Table 7.2 shows Ilse absojule CO, emissions and the emission reductions relative
to the year 1990 that wem obiained by simulating the (wo scenarios above. In the
most optimistic ‘broad interventions“ scenaHo. the CD, emissions are reduced by
aboul 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 mductions againsl the long-term policy goal of a 90 qr
reduction by 2050. we find that even the emission reductions attained in the most
ambitious “broad interventions scenario appear not 10 be sufficient.

Fig. 7.1 Gradual substitution of fossil heating systems unlil 2050. The exhibit on Ilse dt shows

die assumed substitution rjie. The exhibit an Ilse nght shows Ilse resuiting emission trajectory

7.5.4 Analysis of a Forced Outphasing of CO2 -Einitting
Heating Systems

The emission reductions achieved in CIsc broad interventions scenario. based
primarily an energy eflciencv. art not sufficient So reach the long-term po)icy
goal of 90 k reductions. This finding leads us to argue that fonher measures. in
addition Co energy efficicncy. arc needed. In particular. we call for a far-reaching
decarbonization of Switzeriand‘s stock of buildings.

In order in show hgw Ilse decarbonization of SwiizerIands heating Systems
would impact an Ilse CO2 emission rate. we conducied a funher simulation.
Speciftcally. we simulated the effect of reducing the diffusion rate of au and gas
heating systems. Technically. this was implemented by mubtiplying the diffusion
rates of oH and gas heating systems with die variable substitution jate shown in the
Ich band exhibit in Fig. 7.4. The exhibit on the right hand in Fig. 7.4 shows die
resubting CO2 emissions, Lt bccoines evident Ihat the CO3 emissions could indeed
be reduced nearly to zero if an ambitioLis substitution program aimed at reducing
the diffusion rate of oil and gas heating systems were implemented.

7.5.5 Discnssion

In a nutshell. the findings obtained from analyzing die model‘s behavior can be
summarized as follows. We found that by conjointly using highly sensitive policy
levers. die sijore of eenpgradings can be increased near In unity. However. the
emission reduetions obiained from ihis proved insufficient. By out-phasing oil and
gas heating systems. the CO2 emissions could be mduced near 10 zero.

We Lind chat our results fit the findings of other authors in the literature reason
able weil. 5111er cc al. (2007). in a study of Switzerland‘s residential building sector.
flnd Ilias emission reductions of around 80 c/ (by 2050. relative so 1990) can be

174 M.0. Müller ei uI

Tablc 7.2 Einissions und emission rcduclion.s in the base ran und Ilse broad inienentions‘
scenarios. Gives ihc emissions of chc stock of buildines in the tv.o scenarios in million tons of CO2
per year tMio.t.pa.) and the emission rcductions as peirent changes relative in the vean 1990
und 2010
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u

achieved based on a very stron combination ol‘ ener2y cfßciencv und renewables.
TEP und ETH (2009) provide a model ol‘ the whole stock of residential buildings in
Swiizerland and consider space heating as weil as warm vater generation and
appliances. They lind Ihat greenhouse-guses emissions can be reduced by
28—65 % by 2050. depending on whaL assumptions are made. Schulz (2007: 118)
finds (hat heating systems based on oi[ und gas fuels could be Iargely avoided. even
if Ihe heated Über arca would rise by an eslimated 10 %E unlil 11w year 2050. This
could be achieved by relying on heal pumps und districi 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 conclnsion. we lind that public policy should attempt to reduce emissions by
around 90 % by 2050, by increasing the share of eeupgradings near lo unity und
promoting the out-phasing of fossil-based heating Systems. In Ilse following section.
we eluborute on the instruments und regulations that public policy should employ
toward (hat goal.

7.6 Transformation of 11w Stock of Buildings

7.6.1 instruments in Suppon ofthe Diffusion of
Energy-Efficient Renovations

Inspired und guided by a “typology of tools for building susluinuhility strategies‘
(Kuufmann-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 lind instruments (hat can be used to influence the wide runge 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 euch policy lever shown in Tuble 7.4. we list the Instruments thut we deem
adequute for influencing that policy levers. What is more. we list the group ofactors
(hat we deem capable of using an instrument to inliuence the specilic pohcy tever.
While we devised this tvpology for the cuse of Swiizerlund. we expect it to be u
useful beI for unalyzing energy und climate policy in other nonhem. induslrialized
countries. In particular. it couid be used to systematicully seurch for funher public
policy interventions. On a more general ievel. Table 7.4 illustrutes thut traiisfonnu
tion processes are brought about by upplying a wealth of instruments to many
different policy levers.
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7 How Sbould Public Policy Transfonn the Stock of Buildings Toward Encrgy... ISt

7.6.2 Reguladons in Support ofthe Decarbonization ofthe
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 weil aware that several questions regarding

political approval and practical implementation will remain open. Note that we
propose these mgulations as a complemenlary framework sylihin which current

efficiencv-orienled energy policies would remain effeetive. We do nol propose to

replace cunent energ policies with the two argulations.

Regulation 1

Until the year 2050. zero- or mw- CO2 emission heating technology has to be
implemented in every buikting built before the year 2(n).

Regulating the emissions fiom heating systems should prove much easier than

mandating energy-efficient renovations. Because the Service life ol‘ a heating

system is much shorter compared to the service life oft building, ahnost all heating

systems should be expecied to have exceedecl their service life by 2050. With this

regulation. fossil-based CO, emissions from heating Systems would be banned.
However. building owners would remain free to select the mix of insulation

technology (faade 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 mx on greenhouse-guses. 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 10 the owners of rented buildings. because Ihe
tenants bear the cost orthe mx. However. as a complement. an environmental tax an

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

encourage renovations iii owner-occupied buildings, This particularly holds when

the earnings of the environmental mx are used to subsidize renovations.
if it is possible 10 create the strong expectation that in die next 40 years the stock

of buildings will indeed be transfonned 10 a situation of bw or zero emission. then

entrepreneurs and companies can expect a large future market. This should Iead 10

the developmenl of technologies and business modems that hecome increasingly

better and cheaper. Therefore. we expect die implemeniation of such a long-term

policy Lo 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

bw-emission healing und building designs at competitive prices. thus unlocking the
innovativeness of enttepreneurs.
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0
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Regulation 2

Until Ihe year 2020 building owners have to suhnut a rnadmap Ihat details
1mw iow-ernission energy syslerns will be impletuented in their building und
how thcy intend to Iinance their road Io a zero-emission huilding.

The purpose of this second regulation is to enconrage building owners to
consider Um implementation of decarbonized building designs long before the
actual deadline arises, The development of a long—term plan should allow building
owners to plan und coordinute investment decisions for their buildings. By planning
a series of consecutive measures. inefficiencies should be subscantially reduced. For
example. a lack of coordination and hing temi planning might lead a building owner
to first exchange windows and heating systems und only several years later to
insulate die faqade. Yet in order to insulate. the windows have to be ttnmounted
und repositioned. so it would have been cheaper 10 replace the windows during
insulation. And after insulation. the heating System might be over-dimensioned für
a now efficient building. Thus. a smaller und cheaper heating system could have
been bought after insulalion.

Generally. such a regulation would particularly benefit non-professional build
ing owners. who often lack a coherent long-term strategy für their buildings and arc
more likely to suffer from such inefficiencies. They miher decide in a step-by-step
fashion, frequently based on evenis in Iheir personal lives. A further benefit of
having a set of measures awaiting implementation is that ii could encourage
building owners to order construction during times of recession. when prices for
construction arc relatively bw.

This proposal is complementary to cuaent energy policies because it explicitly
states a long-tenn goal and a date for achieving it wiihout prescHbing how building
owners achieve these goals. its temporal specification is such that building owners.
constmction companies. und technology developers would have enough time 10
adapt. The two regulations could nevenheless achieve a veiy ambitious poiicy goal:
namely. the far-reaching decarbonization of the stock of buildings by the year 2050.
This is a crucial difference to cunenl 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 olher northem, 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 und climute policy regulations as weil 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 Mode! in Suppon ofNon-professiona!
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 shoubd be considered to be a
bottleneck. as they hardiy have any chance to accumulate experience. In order lo
overcome this bottleneck. we propose to develop und actualiy implement a business
model that solves several of Ihe challenges that non-professional building owners
face. By doing so. the transformation of Switzerlands siock of buildings toward
bw-emission. and perhaps even more generally toward sustainable honsing, could
be accelerated. Specilically, we propose the founding ofa cooperative society that
would work as a catalyst.

The cooperative society would ussist building owners in dealing with various
technical. linancial. und procedural obsiacles associated with renovations, lt would
ensure that the outcome of a renovation is udequate für the specific building in its
specihc situation: technically weIl built and cost-effective. In order 10 be perceived
as credible. the cooperative society should seek endorsemeni from other actors.
such as the feder-ab office of energy or the Minergie Association. Its business model
pmbably ‘vouid need 10 nddress the following issues‘:

Long-term planning: The various elements of a building have different service
lives und they should be repluced willi consideration of possible puLli
dependencies. Else. renovalions may become overly expensive and ineffective.
Long-term planning could avoid ihe Hsks of path dependency in sequential
renovations. What is more. the cooperative society should assisi building owners
in bong-tenn financial planning for renovaLions.

• Valuc ereation: buildings should be renovaied in a way that maximizes Ehe
utility that tenants draw from it. This means that planning should raise the rent
potential. reduce the risk of vacancy. und eventually increase the value of the
building. Further. the business model should ensure that social und environmen
tal values are considered adequately.

• Assistance with technology choicc: 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 frorn vendors
themselves. Hence. such information is not necessarily neutral or adequate. in
order to respond to this. the cooperative society should provide neutral und
up-to-date information on cunent technologies and cost.
Assistance with tinancial matters: The cooperative society should assist build
ing owners with organizing linance if sufhcieni reserves have not yet been
accumulated before the renovation. This emails advising building owners on
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what subsidies In apply for and how to optimize taxes. Furlher. by bundting the
demand of several building owners. it may be possible Io negotiate discounts
from vendors and construction companies.

• Reduction ol‘ complexity: Building owners should not have Lo deal viLh several
companies. lnstead. 11w cooperutive society should coordinaLe among die
companies involved and act as die 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 (MilIs 2011) for buildings. This
means that buildings should 1w evaluated at mgular inlervals in order to lind
optimization polential in die domains of energy and occupational health. Such a
Service would encourage long-term relationships with building owners. As a pan
of commissioning efforts. tenants should be taught as to how to use the
technologies in their bnUding in an optimal manner.

• Strategie focus: The cooperative society should not provide solutions for
each type of building. lnsiead. the focus should 1w on buildings of frequent
Lypes. lls straLegic focus should be on high volume of relatively similar
buildings and cost reductions through economies of scale und scope and
leaming effccts.

7.7 Conclnsions

In this chapter, we addressed the question. how public policy could transform the
stock of buildings Ioward energy ef[iciency und bw emissions. Based on the
arguments elaboraled above. we propose die following condensed answer. Public
policy should increase che share of renovations implementing energy-efflcient
building designs near to unity und prevent painljob renovations. In order Lo do
so, public policy should attempt to address all policy levers available and use a
wide arsenal of insiruments that iniluence those policy levers. However. lt seems
rather unlikely dm1 energy efftciency alone will sufftce to reduce emissions by
90 % by 2050 (taking 1990 as a base year). Therefore. public policy should
promote Ihe wide-spread decarbonization of Fossil heating systems. In order to
accelerate the diffusion of energy-eflicienl renovations and achieve a wide-spread
decarbonization of the stock of buildings by 2050. public policy should implernent
die two regulanons described in Seet. 7.6.2. The first regulation. prohibiting the
emission of CO2 from heating systems by 2050, would ereate adaptive pressure
decades before the year 2050 und would serve as a framework within which all
other public policy interventions can be placed in. The second regulation. man
dufing die development of a roudmap for die renovation of buildings by 2020.
would ensure that building owners pursue a long-term perspeetive in their
decision-making. In order to support the majority of non-professional building
owners in dealing witit the rising complexity of renovations. we propose that
public policy plan. implement und support service innovations such as the

cosperative society described in this chapler. We expect that such Service
innovations reduce polic resislunce und enhance the economical. ecological and
social value of die built envitonment.
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