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Impacts of climate change as well as depletionngfrg@y sources and disruptions in energy
supply call for significant energy savings as wal greenhouse gas emission reductions.
According to IPCC buildings provide large mitigatipotential at low costs, especially in
economies in transition and developing countridge &im of the dissertation is to determine
energy savings potential for space heating in publiildings in Hungary, one of the
economies in transition. The dissertation also aimsassess risks of suboptimal retrofit
applied at a large scale and to estimate the ckldwmck-in effect”. The potential is
determined based on two types of modelling appresiclirst, a well-established component-
based approach where the potentials of individuatenefficient building components are
summed up through supply curve method; and secamdther novel, performance-based
approach. The risks and opportunities as well asldbk-in effect are examined in through
scenario analysis, which is based on the perforevased model. The results of the
comparison of the results of the two modelling apphes, first of its kind in time of writing,
shows significant difference between the potentidtermined by component- and
performance-based approach. This comparison alswsshthat the performance-based
approach is a flexible modelling tool. The calcuatof the potential in both approaches is
based on average specific heating energy requirtsnien eight types of public buildings,
based on a set of energy audits conducted in Hiamganunicipal buildings. Scenario
analysis implies that although the rate of retraditimportant in determining the total
potential, it is the level of energy performance thuildings are retrofitted, which is
detrimental to the size of the potential. The asialghows that if the existing public building
stock is retrofitted at an accelerated rate buy paltially, the resulting potential will be only
slightly higher than if buildings are retrofitted the level of high-performance buildings at a
natural rate of retrofit, requiring much higher @stment. Moreover, gradual retrofit to
passive house standard at natural rate of reteafites more room for further renovation even
after 2030 and thus the resulting energy savingb0 would be higher. Further, if passive
energy standard is gradually applied to the whaoléimg stock, several times higher energy
savings can be reached than if the partial retrefapplied to the same building stock. The
difference between these two cases, the lock-iceffaccounts for about 44% of the 2030
baseline energy consumption. This amount will bekdadl-in for several next decades if
suboptimal retrofit is supported on a large sc@teus, in order to use the public funds most
effectively, high-performance retrofit should besferred to suboptimal retrofit at a large
scale.

Keywords: energy efficiency, public buildings, energy sawmptential, performance-based
approach, lock-in effect
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CHAPTER 1. INTRODUCTION

This chapter first introduces the environmentabpem of climate change and the urgent need
to reduce current levels of GHGs emissions. Theeatiresearch shows that buildings can
deliver large energy and G@mission reductions at low costs. This chapten firesents the
object of the study — the public sector in Hungaywell as the research aim, objectives and

research questions. At the end of the chapterubime of the dissertation is presented.

1.1 Climate change — a problem and solutions

Melting of the Arctic and glaciers, droughts andofis and numerous extreme events
observed in the past decades are evidence thaatelithange is occurring. With high
probability the climate change observed today iesult of increasing concentration of
greenhouse gases (GHG) with the most rapid risardng since 1970 (SEG 2007). Major
increase in the GHGs levels is attributed to tlreeased use of fossil fuels. The current level
of 379 ppm CQ (in 2005, Ramanathan and Feng 2008) is accordirexperts approaching
the levels of dangerous anthropogenic climate ohgatso called dangerous anthropogenic
interference, DAI), when the many changes trigget®sd increased average surface
temperature of more than 2°C above pre-industiadls can cause irreversible changes in the
ecosystem, also called “tipping points” (Ramanathad Feng 2008, SEG 2007)PCC
suggests that the 2°C correspond to 445-490 pp@QCef(Table 3.10, Fisheet al. 2007),
however, there is still discussion on the exacell®@f GHG emissions that do not present a
danger to humanity. To keep within the IPCC’s raaf€0O,. concentrations, the GHGs have
to be reduced by 50-85% by 2050 compared to cu(B&f0) levels (see Tables 3.5 and 3.10

in Fisher et al. 2007), with majority of the reductions coming frothe industrialized

! Tipping points include Arctic sea ice loss, mdlGreenland ice sheet, thawing of permafrost amdira loss,
further desertification of Sahara region, significaisruption of EI Nmo —Southern Oscillation and other (for
more detail see SEG 2007).
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countries. This means that in the short term, €@issions should be reduced by 20-40% by
2020 relative to 1990 levels (Box 13.7 in Guptaal. 2007). Moreover, the CCemissions
have to peak between 2000 and 2015 (Figteal. 2007). These IPCC findings led to a
commitment of several countries to decrease thbalGHGs to levels which will hinder
dangerous climate change. EU set a target of aywpi@C warming compared to pre-
industrial levels levels (EC 2007), which was fertlsupported by a commitment to reduce
the GHGs emissions by 20% by 2020 compared to 1880s (CoEU 2007). The Group of
Eight (G8) committed to limit average global tengiare rise above 2°C above the pre-
industrial levels, however they have not managedoimmit to a more concrete target yet
(EurActive 2009). However, new evidence suggesas ¢lven these commitments, although
challenging, may not prevent dangerous climate ghailthough so far only 0.76°C of
warming has been observed, Ramanathan and Fen§)(220m that due to the masking
effect of some aerosols, in reality, the Earth lrealy committed to a warming of 2.4°C
(1.4°C-4.3°C) above the preindustrial surface teatpee. Thus, the current mitigation
proposals aimed at GHG concentrations of 450 ppith vat help avoiding the already
committed warming of 2.4°C (Ramanathan and Fen@8R0The mitigation policies can
“only” limit the extent of exceeding this committecarming (Ramanathan and Feng 2008).
Others claim that 450-490 ppm is not enough to gmeDAI. Based on paleoclimate data
Hansenret al. (2008) state that the society is already in a demgs zone and thus we should

reduce our emissions concentrations below 350 pgevere damage is to be prevented.

Moreover, the fossil fuels are limited, energy psidncrease and the demand for energy

grows as well. Countries are more dependent onrfewergy suppliers which poses risk to

2 Schellnhuber (2008) opposes to Ramanathan and @&08) by claiming that with strong mitigation iact
under the G8 lead and clean air policy the warnsang be kept under 2°C (Schellnhuber 2008). Neviegbehis
scenario, which excludes the masking effect ofabmsols overshoots the 2°C and only then is bitoogtk
down under this threshold. This would however migsaih some irreversible processes may alreadyastarthus
is not a suitable path.
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their energy security. If the current trends caminn the future (i.e. trends in the World
Energy Outlook 2005 Reference Scenario), oil demeamdl the related CQOemissions will
continue to grow rapidly over the next 25 yearsA(IED06). Extending this scenario further
shows that C@emissions will be almost 2.5 times the curreneldyy 2050 (IEA 2006). At
the same time, several scientists point out thatstbciety has reached the peak oil and is
approaching the peak of natural gas and coal fdeaklett et al. 2010). Countries largely
dependent on energy imports are vulnerable to plisnu in energy supply which may in turn
threaten functioning of their current economic stuwe. The EU imported 54% of its energy
sources in 2006 (EC 2008c) and was projected tease even further by 2030 (EC 2006a).
Reducing its import dependency EU is one of thenngaials of the 20-20 by 2020 target —
this legislative package is believed to reduce éhpected imports of energy by 26%

compared to the development before the 20-20 fiwagdEC 2008c).

The discussion on the necessary GHG emission redsctas well as the increasing
dependency on energy imports shows the urgencyntisien and facilitate a transition

towards a low-carbon future.

The AR4 of IPCC shows that on the global level ¢her an economic potential for GHG
mitigation of 16-31 Gt C@eqat the cost below 100 US$/t G€3 by 2030 (Table 11.3, Barker
et al. 2007), which is 30-50% of the global €£3 baseline emissions in 2030 (Barletral

2007¥. Much of this potential (15-30% of 2030 baselingissions, 9.3-17.1 Gt Gg) can be

realized at costs below 20 US$/t &Qrable 11.4, Barkeet al. 2007). The largest cost-
effective potential is reported in the building ®ec5-6 Gt CQ.ey), followed by transport and
energy supply and conversion (Table 11.4, Bagkteal. 2007). The most recent McKinsey

study on global GHG abatement potential reporial gibbal potential for GHG reduction of

% Based on bottom-up, sectoral studies.
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38 Gt CQ.qat the cost up to 60 Euro/t G, which would mean reduction in GHG
emissions of 55% compared to the 2030 baseline My 2009af.According to the report
this would correspond to the GHG concentration&3 gpm and keep an increase in average
surface temperature just below 2°C (McKinsey 200€@xmbining these results with the
urges from the climatologists described earlierliegpthat even more action may be needed

to avoid DAI.

Ambitious reduction targets entail additional cosi¢ern estimates that the stabilization at
concentration levels of 500-550 ppm of £@Q@approximately 450 ppm of GPwould cost
around 1% of the projected GDP (Stern 2007). IP€Qonts that the mitigation costs to
achieve the stabilization level of 445-535 ppm @.Cis less than 3% of the global GDP in
2030 (Table SPM 4, IPCC 2007). The examined statitn level of 480 ppm CLQin
McKinsey global study would entail total additionavestment 810 billion EUR per year,
which is approximately 1.3% of the projected 208ibgl GDP (McKinsey 2009a). However,
the costs of inaction and subsequent adaptatiomaok higher than these estimates — 5-14%
of the global GDP (Stern 2007)At the same time, the more the deep reductions are
postponed, the more ambitious reductions would é&eded within the following periods

which would increase the cost of mitigation actfdteinshausert al. 2009).

While deep reductions are necessary for stabitinatf GHGs levels, large reductions can be
achieved already today at very low costs. Buildirggresent a sector with one of the largest
cost-effective potential - 29% of the 2020 worldisildings’ baseline emissions can be
reduced cost-effectively (Levinet al. 2007). While the residential sector is a major
contributor to the global building-related g@missions (McKinsey 2009a), the tertiary sector

is an important player in mitigation effort dueit® spillover effect through the building users.

* Which corresponds to 10% below the 1990 levelsKiMsey 2009a).
® Stern (2007) estimates the costs of BAU climatnge to be 5-7% of the global GDP for market impaand
11-14% if the non-market impacts (environmental dgenand loss on human lives) are included.
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However, the tertiary sector (including public segtis much less understood than the
residential sector. Nevertheless, public buildisgsuld play an exemplary role in energy
efficiency (EC 2006b, 2008b, 2010) due to theireptial educational and awareness raising
effect among the population. Also the new recasthef Energy performance of buildings
directive (EPBD; EC 2010) has even more pronournhedmportance of this sector and set
more ambitious goals for the public buildings tHan other buildings. However, without
proper information on energy use and potentiakfogrgy savings one cannot create a viable
strategy on how to reach these goals. This is evaer® needed in the economies in transition
where it is assumed that large inefficiencies easgiecially in public sector. Therefore, this
study will investigate the energy efficiency potahtin the public sector in one of the
transition economies in Central Europe. In parécutountries of the Visegrad group are of
interest, as they are a rather homogenous groupttendesults of the analysis could be
applied to all of them (provided country specifiatal is supplied). Hungary, one of the
economies in transition and one of the countriethefVisegrad four group, was chosen for
the study from a practical reason — it is probaig the only country of the V4 region where
over thousand energy audits of municipal buildings collected. The next section provides
an introduction to the Hungarian public sector ennts of energy consumption and £0O

emissions.

1.2 The public sector in the context of Hungarian e  nergy
consumption and CO , emissions

The public sector is a sector which consists ofdings that offer public services, such as
education, health and social care, public admatisin and culture. This sector includes

buildings of both national and municipal authostievhile most of the public buildings are

® The energy audits were collected under the UNDIF/®Ebject “Hungary Public Sector Energy Efficiency
Project’ in 2000-2007. For more, see section 4.2.
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municipally owned. The public sector, together wtitle commercial sector, is a part of the
tertiary sector (also called the service sectorthe US the tertiary sector is called the
commercial sector despite the fact that it includis® public buildings). The tertiary sector
falls under the category of non-residential buidgirwhich includes tertiary, agricultural and
industrial buildings. The tertiary sector is of@so called the Commercial/Institutional sector
(e.g. in UNFCCC statistics). The division of thaltug sector into its subsectors is shown in
Figure 1.

Figure 1 Building sector and its subsectors

Building sector

Non-residential Residential
Tertlary « Single-family
: : . houses
Public Commercial Industrial
» Multi-family houses
» Education « Offices
* Health care * Hotels
* Public » Restaurants
administration * Trade
* Social Agricultural
* Cultural
* Military
* Prisons
* Sport facilities
e Churches Other

With a more than 60% share of Hungarian GDP and@myent (67% share of gross value
added, 65% share of employment in 2008, KSH 2008ahe tertiary sector plays a key role

in the Hungarian economy.

The public sector is usually reported in nationadl anternational statistics as part of the
tertiary sector and thus, separate data on theicpgkltor is limited. Nevertheless, the
situation in the tertiary sector partly reflectsetimain trends in both the public and
commercial sector. The Hungarian tertiary sectoresponsible for 14 % of total national

direct CQ emissions (ODYSSEE 2009), i.e. the emissions fdmect combustion of fuels in

" Commercial services accounted for approximatel§4hd public services for 23% of the Hungarian gros
value added in 2008 (KSH 2009a) and for 32% and 88%he total employment in 2008, respectively (KSH
2009b).
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this sector. This shows that emissions in thea®rtsector are about half of the emissions in
the residential sector (based on NIR 2009 submisglo3). When the COemissions related
to the use of district heat and electricity areluded (so called indirect emissions, i.e.
emissions produced in heat and power plants), Haesof the tertiary sector in total
emissions rises to 19% (ODYSSEE 2009, see Figure 2)

Figure 2 CQ emissions in Hungary by sector (2005)

Direct and indirect CO , emissions in Hungary in 2005
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Source: ODYSSEE (2009)

According to IEA (2008b) the total final energy ime Hungarian tertiary sector is
approximately 155 PJ in 2005. Natural gas accofantthe majority of the total final energy
consumption (almost 70%), while electricity for 23%d district heat for 6% of the final

tertiary energy use (based on IEA 2008b, see Figure
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Figure 3 Energy use in the Hungarian tertiary sectn2005 (%, TJ)
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Source: IEA, 2008b. Energy Statistics of the OE@Drtries.

Based on NIR (2009) the total direct fuel consumpin tertiary sector has increased by 12%
in the period 1985-2007. Direct G@missions follow a similar trend in this perioddire 4).

Figure 4 Primary fuel consumption and gé@missions in the Hungarian tertiary sector 1985-
2007
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Most of this increase is due to an increase in wopgion of natural gas. Natural gas has
become dominant primary energy fuel, having sulistit oil and coal consumption almost
completely in the last twenty years (Figure 5)tdtal, Hungarian tertiary sector accounted for

about 5.69 Mt (direct) CQemissions in 2005 (NIR 2009).
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Figure 5 Fuel consumption in the Hungarian tertiagctor 1985-2007
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In general, space heating is a dominant end-udteanertiary sector (Blok 2007). Water
heating usually accounts for a small share of dked £nergy consumption; however, it can be
significant in the health care, kindergarten anciaasectors, as well as hotels. Space heating
and hot water are supplied in the Hungarian tertoarildings by natural gas, district heating
and in small proportions also by electricity (ébg.HVAC systems — heating, ventilation and
air conditioning), coal, oil and firewood. This dfuis focused on what is currently the most
significant end use in public buildings — spacetinga and the main two energy sources used

for the heat supply: natural gas and district Imggati

1.3 Research aim, objectives and research questions
Aim: The aim of this study is to investigate the patgribr mitigation of CQ emissions in

public buildings in Hungary with a special focusspace heating.

To fulfill the research aim the following objectweshall be met and the related research

guestions are answered:
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Objective 1: To assess scenarios of possible development ofense and C@emissions in

the Hungarian public sector for space heatingder-é&nergy future.

Research questions related to Objective 1:

1.

What is the optimal path towards significant reducof energy use in the Hungarian
public buildings up to 2030 considering the bestilable technologies on the market?
What are the implications for energy use if the lghauilding stock is retrofitted by

2030 to a suboptimal level?

What is the potential lock-in effect of such sulmgall accelerated retrofit in the
Hungarian public buildings sector?

What are the implications for energy use in the dgéuran public buildings of slow

diffusion of best available technology?

Objective 2: To estimate the COmitigation potential for space heating in Hunganaublic

buildings through a component-based approach andldntify the least-cost abatement

technologies.

Research questions related to Objective 2:

1.

What are the main abatement technology optionfienpublic sector in the area of
space heating that can be applied in case of HyAAgar

What is the estimated G@nitigation potential of the individual mitigatiarptions in
the Hungarian public sector and what are the addtsese technologies?

What is the combined mitigation potential of theuexned technologies as a function

of their costs?
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Objective 3: To estimate the total GOmitigation potential in the Hungarian public secto
related to space heating when taking a systemicfonpeance approach to building

construction and renovation.

Research questions related to Objective 3:
1. What are the lowest possible energy performanceldethat can be achieved by
improving energy efficiency in Hungarian public lolings and what are their costs?
2. What is the total C@mitigation potential of the Hungarian public sectehen the

buildings are constructed or renovated to highlegéenergy performance?

Objective 4: To compare the potential computed as the sum efitividual mitigation
technologies, through a component-based method thad potential calculated through

performance method.

Research questions related to Objective 4:
1. What is the potential estimated through the enggsformance-based approach in
relation to the component-based technology appfbach
2. What are the advantages and disadvantages of tfegrpance-based and component-

based approach based on the research and whhtanegications for policy design?

1.4 Scope of the dissertation research

The focus of the dissertation is energy efficiepoyential for space heating. The focus of the
research is based on the so-called “Trias enegjesitrategy, where reduction of energy
demand is the priority area for any energy straféggen 1996, Joosen and Blok 2001), here

applied to buildings. Only when the energy demanceduced, renewable sources should be
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used to cover the majority of the remaining demdfidnaly, the energy efficiency of the
fossil-based supply technologies, which supplyrdst of the demand, should be improved. In
the dissertation renewable technologies are nosidered and supply-side technologies

outside of the building (district heating) are ddesed only as an exegenous input data.

The current research focuses on space heatinggnnatater heating. Water heating could be
important from the energy efficiency point of view some public subsectors, such as
hospitals and buildings of social care. The reseduoes not deal with losses in relation with
mechanical ventilation systems, as currently oityittd number of public buildings have
mechanical ventilation. Both potential in water theg and ventilation in the public sector

should be investigated in further research.

The dissertation focuses on the public buildingswbich data on number of buildings and
energy features are available. Thus, some builtipgs (such as military buildings, prisons,
churches and sport facilities) were excluded. s=arch focuses on public buildings due to

the role this sector should play in energy congamaefforts (EC 2006b, EC 2010).

1.5 Structure of the dissertation

The dissertation consists of eight chapters. Chapterovides the introduction to the
environmental problem that the dissertation is essing which leads to the aim of the
research, its objectives and research questiorept€h?2 presents the theoretical framework
in which the research is nested and presents thentrestudies focused on determining
mitigation and energy saving potential in the buidd sector. Chapter 3 introduces the
methodological frameworks used in the researche-sthicalled component-based framework
and the performance-based approach. In this chépeetwo approaches are described and
compared and the contribution of the current warkheir development is presented. The

construction of the building projections and baselenergy use is described in Chapter 4.
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Chapter 5 describes the individual abatement tdofgres and presents the results of the
component-based modelling approach. Chapter 6lsi¢t@ construction of the performance-
based model and shows its results in comparistimetcomponent-based approach. Chapter 7
presents a further analysis based on the perforerbased approach — three scenarios
showing different pathways into low-energy futuvehich are compared to a business-as-
usual scenario. Chapter 8 brings conclusions acmmmendations for policy making as well

as for further research.
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CHAPTER 2. CONCEPTUAL FRAMEWORK

In all fields of public policy policy makers muse bvell informed in order to design effective
policies and measures. In the area of climate pdhcs is especially so, as the impacts of
climate change are not easily predictable and évirey are predictable, the time frame is
very large. Nevertheless, the scientific evidencesges the international community and
individual countries to act now. Climate policy neak need reliable tools, which can simulate
the changes in the society needed for significakiiGGreduction efforts and which can
estimate the costs of such actions. The knowledigleeoexpense to mitigate climate change
would help politicians set [realistic] targets (T2000) for future mitigation action. This
section briefly describes the theoretical approadiehind using such decision support tools

and focuses on the role of models in climate pefi@gking.

2.1 The basis for policy design support tools: the quest for
rationality

Using support tools for policy making is based loarationality approach to decision-making
(Parsons 1995: 271). This approach is based ondtien of economic rationality (or rather
its rejection) and bureaucratic rationality. Th@mamic rationality is based on the notion of
Homo economicysi.e. the calculating self-interested individu@asons 1995: 272),

principle on which modern economics is based. Hawnedecision-making rarely conforms to
this notion due to imperfect information leadinggaps in rationality. Thus, the decision-
makers should be provided the information they readake effective choices. The notion of
bureaucratic rationality comes from sociologicaédhes of organization and industrial
society. Noteworthy are the foundations laid by Vfeland Simon: Weber’'s notion of
effective bureaucratic decision-making; and Simoréxognition of ineffectiveness of

decision making in institutions, simultaneous Hetikits improvement by the use of rational
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techniques and computers in problem-solving (Pard®95: 273-281). However, Lasswell
rather claims that these technologies used byystiences should offer us ‘freedom’ (more
choices), rather than rationality (limitation ofaites) (Parsons 1995: 283). Others criticized
optimism of rational decision-making and rationablysis as such (e.g. Lindblom, cited in
Parson 1995:284-28%)In this section we focus on the analysis for denisnaking €x ante
analysis), as this is most relevant to the proposséarch (as opposedew postevaluation of
existing policies and programmes, Parsons 1995). 3¥spite criticism, most of the policy
analysis thinkers acknowledge the need for somd ki ‘rational’ analysis in decision-

making.

Simon suggests that facilitating problem-solvingoiwes substitution of a complex reality
with a more simplified model, which decision-make&an use to solve the problems of
attaining their goal(s) (Parsons 1995: 355). Thengwork for rational policy analysis can be
expressed in terms of a cycle of five key stagasniilation of the problem, identification and
screening of the alternatives, forecasting (préticthe future environment), modelling
(building and using models to determine the impaatsl evaluation (comparing and ranking

the alternatives) (Quade in Parsons 1995: 397).

2.2 Policy design support tools in the field of env ironment with
a special focus on climate policy

Natural scientists have been conducting researchsing on natural science of climate
change for the last century. But the economic,tigali and institutional issues have only
begun to be considered since the 1990s (NordhadisBager 2000:4). Since then several
tools have been developed to assess the econom@BIG mitigation. The following text

describes selected tools which are assumed mestardlfor assessing the options for dealing

8 E.g. Lindlom advocates a more incremental adjustrimethe policy making (Parsons, 1995: 286-287).
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with climate change: cost-benefit analysis (CBAysteeffectiveness analysis (CEA) and other

decision-supporting modelling tools.

2.2.1 Cost-benefit analysis (CBA)

CBA was invented in the 19th century by Jules Dupuit started to be used in policy
contexts only in the 1930s. The basis of CBA liasthe theory of welfare economics
(Edwards-Jone®t al. 2000). In CBA the costs and benefits of differatternatives are
calculated and the net benefits of different akéues are compared. The option with the
maximum net benefit [for the society] will be pretsd (Parsons 1995: 400). The economists
often usesocial CBAto judge whether a policy option should be adopmtedot (SEG 2007).
Currently, CBA is used for evaluation of plannedjects and policie$ This can be attributed
among other things to the fact that it addressksiexicy of resource allocation and a wide
variety of impacts can be included and comparethénsame measurement units (Hargey
al. 2001). Nevertheless, this is not an advantage wassigning monetary value to
environmental goods as the prices and costs ahity ofi these goods is difficult to quantify
(Parsons 1995: 402). Despite the fact that CBA ihmgwsoved significantly over years, the
main limitation of the CBA is its assumption of total substituli#piof natural capital by
man-made capital, which makes it still inadequaie dvaluation of long-term policies
affecting environmental assets (SEG 2007:64). Aerotieakness of CBA is that it is up to
the evaluators to decide which impacts will be udeld and which not (Kraft and Furlong
2007). This leaves room for manipulation of theutgpin order to achieve the desired

outcomes, a phenomenon known as ‘institutionalucap{Hanleyet al. 2001). CBA is also

° For instance, CBA is currently used as the main fior evaluation of large investment projects thpply for
co-financing from the EU’s funds (ERDF, Cohesiondietc) (EC 2008a), which can be supplemented b, CE
multi-criteria analysis or environment impact assesnt for environmental projects.
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criticized for discounting future benefits of eemivironmental action to insignificant present

value which leads to shifting the financial burdero future generatiors.

2.2.2 Cost-effectiveness analysis (CEA)

Cost-benefit analysis is not suitable as a solelyigion-making support tool in cases when it
is very difficult to estimate the value of the st benefits, e.g. in the area of human life or
environment. Unlike CBA, CEA is useful in evaluatiof such policies and projects where
the benefits are difficult or even impossible t@lenate in monetary terms while the costs can
be estimated with a higher confidence (EC 2008hg TEA allows the decision makers to
exclude options which are technically in-efficiemthile other options are ranked by cost-
effectiveness and their implementation will depend the limitations of the budget (EU
2008a). The advantage of the CEA is that it regume measurements of the value of
intangible benefits [...]; it simply compares difat [...] alternatives that can produce these
benefits in terms of their relative costs (KraftdaRurlong 2007). This way the CEA
practically by-passes the need for monetarizatiaine benefits of the applied measures, and
thus the controversy linked to it, for which CBAdsticized (especially in fields like health
care and environment). With the help of this tawle can ask which alternative brings most

benefit (e.g. C@emission reduction) per monetary unit of investmen

2.2.3 Modelling tools in climate policy making

In the last twenty years several modelling grouperged around the world to come up with
tools of economics, mathematical modelling, decisitheory and related disciplines
(Nordhaus and Boyer 2000) in the area of climatange. One of the earliest dynamic

economic models of climate change was the DICE m@@®ynamic Integrated model of

19“The benefits of [...] slowing or halting global eiate change are real and often substantial, bytdbeur so
far in the future that discounting the benefitsttmlay’s valued tends to minimize them in a costdfién
calculation. In contrast, the cost of [...] dealinghaclimate change can be quite large and theyhwilpaid for
in today’s dollars” (Kraft and Furlong 2007).
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Climate and the Economy), introduced in 1994. éspnted economics, carbon cycle, climate
science and impacts in a highly aggregated modelatowed a weighting of the costs and
benefits of taking steps to slow climate changerd@aus and Boyer 2000). Since then,
modelling tools experienced many developments —rthdels have been adjusted to include
technological progress, uncertainty in both ecomodevelopment and energy demand, as
well as the climate responses to increased carbapeatrations. The International Energy
Agency (IEA) and the Intergovernmental Panel omm@te Change (IPCC) have been the
steering wheel in modelling the climate change icbpamitigation measures and their costs
(see e.g. Levine et al. 2007 and IEA 2006, 200@Bcaddition, a recent report by Sir Nicolas
Stern provided another momentum for further mit@apotential research. The report shows
that the cost of inaction is significantly highbah the cost of mitigation measures that can be

implemented today (Stern 2007).

2.2.3.1 Types of models, comparison and analysis

The modelling tools, which aim to assess the migapotential and the costs of mitigation
efforts, can be divided into three main groupstop-down approaches (economy-based
models with linkage to energy); b. bottom-up apphes (technology-based models); c.
hybrid models (which combine the elements fromttin@ previous approaches); d. integrated

assessment models (IAR)

While top-down models look at the interactions lué £nergy system with other parts of the
economy on the basis of observed historic behabttom-up models usually focus on the
sector in consideration solely, but in much moreitleThis allows the latter to specify the
technologies as they are currently available onntlagket and thus are more precise on the

technological characteristics of the abatementoogtiand their costs. However, in the

1aMs are complex models combining economic and bjgjical systems set in long-term perspective.
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bottom-up models the interactions with the othemeenic sectors are only assumed in terms
of exogenously fed energy prices, discount rateb amticipated price changes for certain

abatement technologies due to technology learning.

The main theoretical difference between these typed of models is that while the top-town
models assume perfect markets (markets maintaifilggun of supply and demand), the
bottom-up models count on market imperfections badiers and they assume that there
exists room for efficiency improvement on the markehe assumption behind top-down
modelling of perfect markets implies that the caotrstate of the economy is most possibly
efficient and if there were cost-efficient meastirese would have already been implemented
(and thus included in the baseline) and/or marleetidrs exist that would raise their costs
(Hoogwijk et al. 2008). Thus, the top-down models typically resaltlower mitigation
potential than the bottom-up studies. However, doebarriers in the market energy
consumers often do not act rationally and use nemergy than under perfect conditions.
Therefore the bottom-up studies usually resultangé cost-effective potential, which can be
realized upon removal of the barriers or provisiérthe necessary information to the energy
users. On the other hand, the bottom-up modelsrdrgzed for their technological optimism
about low-cost abatement potentials (Wing 2006)ttdo-up models are claimed to
underestimate the costs, which is believed to besalt of not incorporating the responses
from other economic sectors (Blesl and Remme 2@868)their usage of low discount rdfes
(Koopmans and te Velde 2001). Due to this readwaretis an “efficiency gap” between the
efficiency projected by the bottom-up models arelréal efficiency in the market (efficiency
perceived by market agents) (Mantzos and Capros)19ehe market agents (such as

consumers, companies, governments) do not alwayis #ite most cost-efficient way as the

12 For instance, in the bottom-up analysis in thelgtlescribed by Blokt al. (2001) discount rate of 4% is used
for all economic sectors, while in the top-down lgsi@, sector specific discount rates ranging fr&7.5%
were used to reflect different time preferencehefactors (12% for the service sector).
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bottom-up models predict — market agents maximie#fare or profit, while the models
maximize energy system.Such agent-based simulations can be rather repiessimn the TD
models. This is why some BU models started to mhelalso macroeconomic feedback
(Koopmans and te Velde 2001). On the other hareltdh-down models are considered to
rather overestimate the costs (Blesl and Remme )2608 to the lack of technological
specification of abatement options (Blesl and Ren2@@5). That is why currently some TD
models include technology details (Koopmans and/é&de 2001). A study on emission
reduction opportunities in the EU-15 through bath-tlown and bottom-up analysis by Blok
et al. (2001) shows the main differences: while the buttg analysis is more detailed in the
abatement options, especially for demand-side gneffjciency, the top-down model
(PRIMES) provided more details on the energy sugpe (Bloket al. 2001). Moreover, the
bottom-up analysis considered only the abatemetibrogy whereas the top-down model
considered also structural changes and the interabetween energy and economy (Bktk

al. 2001).

Table 1 Comparison of top-down and bottom-up models

Top-down models Bottom-up models

Concept and term Economic-based Engineering-based

Period of projection

Long-term

Short- and medium-term

Treatment of
technological change

Trends rates (exogenous)

Set of technical options

Motive force in the
model

Responses of economic groups via income
and price elasticities

Responses of agents via
discount rates

Perception of the market
in the model

Assumption of perfect markets (and
information)

The models count with market
imperfections and barriers

Abatement costs

Higher (than BU)

Lower (than TD)

Potential efficiency

improvement

Usually low as TD assume that all negative
cost opportunities have been utilized

Opportunities for negative cost
opportunities are identified

Source: Based on IPCC (2001: 489-490) and Novikaoas).

13 The views on reason behind the efficiency gapediff some claim it to market failures (limited infwtion or
mismatch between the receiver of the informationeffitiency and energy end-users), others to norketa
failures (uncertainty over energy price developmemdkes it risky to invest into energy efficiency
improvements) (Koopmans and te Velde 2001).
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The bottom-up models are more suitable for a siggt#or analysis of mitigation potential at
a country level in a short and medium term. Thisne of the reasons why a bottom-up model
was chosen for the analysis of the mitigation pidérand its costs in Hungarian tertiary
buildings sector. Another reason is that most ef igviewed studies have used a bottom-up
modelling for mitigation analysis in the buildingctor (e.g. Joosen and Blok 2001; NOA
2003; Novikova 2008; McKinsey 2007a, see more ictiSe 2.1). In addition, top-down
models require simulation of economic interplay,ickhis usually solved by programming-
assisted modelling, and is not feasible within thierent study. Despite its own modelling
complexities of energy flows, the proposed bottgmruodel can be performed in an Excel

application and does not require programming skills

All tools designed to aid decision making shareesglvcommon challenges — the choice of
discount rate, uncertainty linked to energy prigase of technology learning and the related
cost of technologies and timing of implementatidrnthee abatement options. All these can

affect the cost-effectiveness of various optior (Section 4.1.1).

2.2.3.2 Review of models used for climate policy de sign in the world with a
focus on the V4 countries

Among the most recognized bottom-up models are MARKTIMES, MESSAGE and
ERIS. TIMES is actually an update of MARKAL. ERIBcludes technology learning. Well-
known examples of top-down models are DICE and RaG& MACRO. In Europe the GEM-
E3 and POLES models are used for assessment gfatioth potential (Clapet al. 2007).
Among the most widely used hybrid models are MARKMIACRO (and other of MARKAL
extensions) and PRIMES. MARKAL-MAKRO is a bottom-ipased model extended by a
macroeconomic application, which enables interastibetween the energy system and the

rest of the economy to be reflected in the costh@imitigation options. PRIMES is a hybrid
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model combining both BU and TD elements. While MARKMACRO has been used world
wide for (mainly) national energy and climate pglianalysis, PRIMES has been used for
energy policy-making in the European region. Mamrimation on these models can be

found in Annex Il, Table 63.

Besides TD and BU models, so-called Integrated gsssent Models have been developed
and used in energy and climate policy analysis.s&éhee very complex models combining
economic and biophysical systems. An example di sumodelling tool is the MERGE model,

which provides a framework for assessing climatangk long-term management proposals

(Kypreos 2005).

In the Visegrad region several different modelsehbgen used for the purpose of energy and
climate policy. The Czech republic has been using MARKAL model for energy
projections and for identification of climate changitigation options and the evaluation of
climate change policies since the late 1990s {ealny 1997). MARKAL was further used for
emission projections in the Czech National AllogatiPlan | and Il (MoE and MIT 2005,
2006) and national energy policies. In additionergy production optimization model
EFOM/ENV was used for preparation of emission prtopms for the Third, Fourth and Fifth

National Communications to the UNFCCC (MoECR 2009).

Slovakia uses MESSAGE for modelling energy balarasea basis for emission projections
for the purpose of development of NAP Il and theufdo National Communication to
UNFCCC together with other modelling tools (suchBSSLANCE and IMPACT of the

ENPEP package and WASPfy(MoESR 2005, 2006).

14 WASP (Wien Automatic System Planning) is an ELEGT Rodule of the ENPEP package.
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Hungary used ENPEP applications for the Third NetioCommunication to UNFCCC
(Systemexpert Consulting 2002). For the developmanthe NAP Il were used the
projections from the previous studies and wheresdhdid not exist, the projections were
prepared by the Ministry of Environment and Watsased on the GDP projections for large,
or investment projections of smaller installatio()EW 2007). Since 2009 Hungary uses a
comprehensive bottom-up HUMIT model, which was &g utilized for preparation of the

Fifth National Communication to the UNFCCC used &IC2009).

Poland used different modelling tools for the Thik&tional Communication including

EFOM-PL for energy sector modelling (Polish UNFCEX&cutive Bureau 2001). For the Fourth
National Communication other set of modelling tomls used: bottom-up MAED model for the
forecast of energy end-use, the results of whichevused as an input into energy-ecological

simulation model BALANCE (MoEPL 2006).

2.3 Application of bottom-up models in mitigation p otential
research in the building sector

This section provides a review of the state-ofliéetature in the area of tertiary buildings in
terms of the methodology used and outcomes andifigsrthe gaps in the existing literature.

Finally, this chapter describes which of these gaiifoe covered by the proposed study.

2.3.1 Review of bottom-up studies on mitigation pot ential in building
sector, with special focus on public/tertiary build Ings

There is an increasing number of studies aimingu@antify achieved energy savings or £O

mitigation potential in tertiary/public buildingEhese can be classified into four types:
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Studies that focus on individual tertiary buildirgsd present how the energy savings op CO
reductions were achievéd.
a. Studies focusing on selected subsectors of thargdector (at national level).
b. Comprehensive studies covering the whole tertiarynpn-residential) sector (national
level).
c. Studies where tertiary buildings are treated togrethith other buildings within single

buildings sector (sectoral, national or cross-cousiudies).

Although a large number of studies exist that dbedhe application of abatement options in
individual tertiary buildings and the achieved eersavings (e.g. Energie-Cités 2000,
GreenBuilding project described by Pillenhal 2007, Itardet al. 2008, Heggeet al. 2008,
Richarzet al. 2007, Veronica 2008), and there are some whick &®nly a selected number
of tertiary subsectors (Gaglit al. 2007, Georgopouloet al. 2006, NOA 2003Y¥, only a
small number of studies focus on the whole tertsggtor in detail, or its subsectors — the
public and commercial sector. For instance, Layband Hinnelis (2007) focus on the whole
non-residential sectdf. This is one of the most detailed study in termgeofiary building
types classification in the literature (55 buildibgpes), which can be managed thanks to
a robust computer model. Some of the studies exahia tertiary sector separately but in
much less detail than the residential sector dukadk of data for the tertiary sector (e.g.
Joosen and Blok 2001, Szlavét al. 1999, Petersdorfét al. 2005). Several studies treat
residential and tertiary buildings together undher $ingle category “building sector”. Reasons

for this can be different, most often lack of dataobustness of the study (such robust studies

!5 The studies describing individual buildings usya#port on the energy savings achieved and dainotto
estimate mitigation potential.

16 Gaglia et al. (2007), Georgopoulo@t al. (2006) and NOA (2003) cover education, health caféice
buildings, hotels and other commercial buildingsv€age of the “other commercial buildings” is spécified.
7 Some studies, especially in the UK and Germanalitee, treat tertiary buildings within the nonidesitial
buildings, which include tertiary, industrial andrigultural buildings (e.g. Layberry and Hinneli®e®). This
has to be considered when the outcomes of diffesterdies are compared.
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as the world’s building assessment of Leveteal. (2007) or global assessment of the
potential of all economic sectors by McKinsey (2)ORlone of the reviewed studies examine

energy savings potential in the public sector aoaprehensive way.

The text below discusses different aspects of stufticusing on estimation of mitigation
potential in the building sector. These includeoatudies focused on residential buildings
where relevant. The following aspects are discussed

» the type of model used and methodological approach

» the set of measures covered

» results in terms of estimated g@itigation/energy savings potential and its cost

* Type of model used and methodological approach

The majority of the reviewed mitigation potentitddies in the field of buildings use bottom-
up modelling for estimation of the mitigation paieh Most of these studies use a
component-based approach — the potential is esttmancrementally by assuming
implementation of individual abatement technolodi@sed on cost-effectiveness. The total
potential is then calculated with help of so-caltedst curve” method, method that prevents
double-counting of the potential when applying thierrelated measures (see Section 4.1).
Only few studies include also abatement leversdagseperformance — e.g. McKinsey (2007)
in terms of retrofit to the level of 70 kWh/ma) and 20 kWh/(fa). Layberry and Hinnelis
(2007) and Jenseet al. (2009) are among the first studies which use &opeaance-based

approach in a simplified manner (for more see Gira)

The reviewed studies differ in several methodolalgiassumptions, such as choice of
baseline, projection period, discount rate, assiomn technology learning etc. (see Chapter

4). While some studies compare the mitigation padeto a frozen efficiency scenario (such
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as Joosen and Blok 2001, Petersdetfal. 2005, McKinsey 2007a, 2008), other studies use
a business-as-usual scenario (such as Gagl#. 2007, Urge-Vorsatz and Novikova 2008,
Novikova 2008, McKinsey 2009a, Vatenfall 2007). Tipeal of the studies is mainly the
estimation of the mitigation potential and idemgfiion of the most cost-effective abatement
options. However, some studies have different aimkayberry and Hinnelis (2007)
investigate whether and how the target of 60% reaiien CQ, emissions can be achieved in
the UK non-residential sector by 2050 comparedasebne, while Petersdoréft al. (2005)
examine mitigation potential of EPBD and its exteshdersion. Different types of modelling
tools are also employed in studies — for instancwikRbva (2008) uses a spread sheet
modelling tool where a detailed technology datakasapplied to a sectoral baseline for 5
types of residential buildings. Layberry and Hineiel2007) use an extensive computer
NDCM model encompassing 55 different building tyjpésion-domestic sector, Joosen and
Blok (2001) use a detailed technology database GHSEvhich is applied to their bottom-up
energy model. Petersdoséf al. (2005) use a so-called Building Environment Anelydodel
(BEAM), which projects residential and non-resid@nbuilding stock for 210 basic building
types in Europé® Szlaviket al. (1999) uses a hybrid model ENPEP with specifibitetogy
information. The study on global mitigation potahtof McKinsey (2009) uses the so-called
Global 2.0 model, which is predominantly based attdm-up modelling (ten sectors),

though it uses top-down estimates for the remai(timge) sectors.

+ Set of measures covered

Most of the studies cover technologies which inelidgh-performance building envelope
components, improved efficiency of heating systemest controls and reduction of hot water

demand for the existing buildings and low-energy @assive house standard for the new

18 BEAM model includes 210 basic building types whimmsider different factors, such as architectaize,
age and thermal quality.
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construction”® Specific measures applied to tertiary sector ueilimprovement of BEMS
for space heating and cooling and improved codiysiem (Joosen and Blok, 2001; Levate
al. 2007); heat recovery improvement in ventilatiosteyn, energy monitoring and control
system (e.g. by energy performance contractingyedlsas optimized air-conditioning system
(McKinsey 2007a). In addition to improved HVAC, conssioning and cogeneration are

considered in Levinet al. (2007) (see Table 2).

* Results in terms of estimated CO , mitigation/energy savings potential
and its cost

The resulting total technical potential differs amgahe studies given coverage of different
energy saving measures and projection period. Hewéle studies report similar figures of
the level of cost-effective potential. The IPCCauRh assessment report (Levigteal. 2007,
described also in Urge-Vorsatz and Novikova 2008)neated on the basis of 80 studies
focusing on residential and tertiary buildings thAbut 29% of the 2020 world’s building-
related baseline CQemissions can be mitigated at negative costs.eCbaomic potential in
the transition countrié$ is estimated as up to 37%, which is higher thaméustrialized
countries (up to 25%) (Urge-Vorsatz and Novikov®&0 The result of this comprehensive
study is further supported by several other recsmntlies. For example cost-effective
mitigation potential is estimated as 20% of theebiae 2020 emissions in German building
sector (McKinsey 2007a). Hungarian residential dinggs can achieve 29% reduction of
baseline C@emissions by 2025 at negative costs, while thad tethnical potential accounts
for 51% (Novikova 2008). Lechtenbshnwral. (2005) reports that the tertiary seétdn the

EU-25 can reduce their GHG emissions by 30% by 2026ugh cost-effective measures

19 |n this section only technologies relevant for@pand water heating are noted, and such abateypéans
which may be interrelated with the space and wageting options.

% Under the economies in transitions the authorserstdnd: Hungary, Russia, Poland, Croatia, Latvia,
Lithuania, Estonia, Slovakia, Slovenia, Malta, Gygr Poland and the Czech Republic (Urge-Vorsatz and
Novikova 2008).

2L Tertiary sector and services covers in this stoualylic buildings, offices, shops, warehouses anitalgural
premises (Lechtenb6hmet al. 2005).
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compared to 1990 level. Vattenfall (2007) repointst tworld’s buildings have the potential of
26% reduction of their emissions by 2030 in a efgetive manner. The most recent global
study by McKinsey (2009) shows that 21% of the 2@2&eline global building-related

emissions can be reduced cost-effectively.

From the older studies it is important to mentitudg on mitigation potential in Hungary by
Szlavik et al. (1999) which reports cost-effective potential %@ by 2030 in the building
sector (covering residential and communal secteoy. more examples of the studies see

Table 2.

The potential in the tertiary sector is usually Bemahan in the residential: for instance, the
technical potential in the tertiary sector is 40% tbe residential sector in Greece
(Georgopolowet al. 2006) and half of the world’s residential potehtgported in Vattenfall

(2007).

The most cost-effective technology option in theldie building sector is efficient lighting
(Levine et al. 2007, Urge-Vorsatz and Novikova 2008). In the destial buildings in
Hungary, the most cost-effective options are effitilighting and heating and water demand
controls (Novikova 2008). According to McKinsey (PQ the most cost-effective options
relevant to tertiary sector include efficient etectequipment and lighting, followed by
ventilation drive system, improvement of heat remgvin ventilation systems, energy
monitoring and control systems (e.g. by energyguardnce contracting) and insulation in
office and educational buildings to the level di KiWh/nf. The most cost-effective measures
in the global building sector in the study of McKay (2009) are efficient lighting, efficient

water heating and appliances and retrofit of thidlng envelope in existing buildings.
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The largest potential in the world’s building seatothe economies in transition stems from
fuel-related savings such as building envelopelatsin and window exchange, which are

followed by efficient lighting and appliances (Urgersatz and Novikova 2008).

At the global level the measure with the largesteptal are so-called “new building
packages” which include improved design and oriemtaof the new buildings taking
advantage of passive solar technologies, complerderty high quality mechanical
ventilation and efficient water heating technolo@cKinsey 2009a). The second largest
potential is in retrofit at two levels (to about &4d 35 kWh/(rha) respectively) (McKinsey

2009a).

For the buildings sector (including both residdngéiad tertiary buildings) the single option
with the largest potential is a holistic upgradensiulation and heating in residential buildings
built before 1979 to the level of 70 kWHirper year (McKinsey 200743.In the residential
buildings fuel switch and improvement of the builglienvelope offer the largest potential
(Novikova 2008). Passive houses for new constroctmd optimized air-conditioning
systems showed also a significant potential at tmst (20-100 Euro/t C£) (McKinsey
2007a). Joosen and Blok (2001) report that impmpvamergy performance of existing
buildings, building energy management system (BEKtB)space heating and cooling and
improved cooling systems have a large reductioeng@tl in the service sector (Joosen and

Blok 2001). Table 2 provides a summary on the nwaittcomes of the reviewed literature.

22 Note that the McKinsey (2007) considers renovatibrresidential buildings in two levels — up to tA
kWh/(mf.a) and up to the level of 20 kWhRm) (close to passive house standard). This wapfiteto the
passive level entails higher additional costs asith retrofit was calculated as one measure.

42



Table 2 Summary of relevant reviewed mitigationlistsliin the building sector

Mitigation potential as

Cost-effective
potential as a
share of a

Study Sectoral coverage Most cost-effective options Options with the largest potentii a share of baseline (%)*] baseline (%)
Relevant studies in individual countries
Residential and 1. Individual metering of hot water;1. Building insulation; 2
Szlavik et al. | communal buildingg 2. water flow controllers; 3. windowswindow retrofit; 3. window| Technical potential: 45% 31% of 2030
(1999) (Hungary) retrofit replacement of the 2030 baseline. baseline.
Georgopoulo | Tertiary buildings 1. efficient lighting; 2. BEMS; 3] Technical potential: 25% of 2010
u et al. (2006) | (Greece)*** NA roof ventilators 27% of 2010 baseline. baseline
1. BEMS in offices and hotels; 2.Examined energy saving
Gaglia et al. | Non-residential buildings Not reported in terms of cost of GO efficient lighting in offices; 3| potential in different
(2007) (Greece) avoided. Ceiling fans; scenarios until 2010. NA
1. improved space heatinglnvestigated whether 60%
Layberry and system; 2. efficient lighting; 3. reduction in CQ
Hinnelis Non-residential buildings efficient appliances and spacemissions by 2050 can he
(2007) (UK) Not investigated cooling achieved NA
1. Holistic insulation in
1. 1-W stand-by for electronics andesidential buildings to level gf
Residential office equipment; 2. Innovative 70 kWh/nf; 2. Heat recovery in Technical potential:
McKinsey and non-residential**** | detergents; 3. Efficient refrigeratigntertiary ~ ventilation  system; total 22% of 2020 19% of 2020
(2007) (Germany) for retail 3.efficient white goods baseline. baseline.
1. Efficient lighting; 2. reduction of
low power mode consumption forl. Roof insulation; 2. Wal|l Technical potential:
Novikova Residential buildings TV and PC equipment; 3. Wateilinsulation; 3. Fuel switch 50% of 2025 baseline. 29% of 2025
(2008) (Hungary) saving fixtures (biomass) baseline.
EU studies
c Technical potential o
S service sector (no costl2% of 2010
% Service sector: 1. Efficient TV Service sector: 1. Windowcap): frozen
Joosen and Residential amd serviceappliances; 2. efficient refrigeratorgetrofit; 2. wall insulation; 3| 18% of 2010 frozen efficiency
Blok (2001) | sector (EU—lS)@ and freezers; 3. Efficient lighting BEMS efficiency baseline. baseline.
2 1. Space heating demand
o reduction through low energ
Lechten- retrofit and new construction, Technical potential o
béhmeret al | All economic sectors optimized heating technology; 2tertiary sector: 30% of 2020
(2005) (EU-25) NA efficient appliances; 3. procest5% of 2020 baseline. baseline.




Cost-effective
potential as a
Mitigation potential as share of a
Study Sectoral coverage Most cost-effective options Options with the largest potentii a share of baseline (%)*] baseline (%)
heat and cooking
Technical potential o
implementing EPBD and
Petersdorffet | Residential and tertiary | 1. Roof insulation; 2. wall insulation; 1. window replacement; 2. wallits extensions: 18-62 Mt
al. (2005) (New EU MSs) 3. floor insulation insulation; 3. roof insulation CO, by 2010 NA
Global studies
Levine et al. Technical potential in EIT
(2007), Urge- EIT* 1. efficient lighting and (<100 USD/t CQ):
Vorsatz and Residential and tertiary controls; 2. Water and space heatingIT: 1. replacement of building 26-47% of 2020 baseline
Novikova buildings  (world, controls; 3. Retrofit of building components; 2. efficient lighting; Economic potential: 13t EIT: 29% of
(2008) focus on TE) components 3. efficient appliances 37% of 2020 baseline. 2020 baseline.
Commercial sector: 1. BetterCommercial sector: 1. Better Technical potential below
Residential and insulation and improved insulation and improved 40 €/t CQfor commercial| 27%
Vattenfall commercial buildingg heating/ventilation; 2. more efficientheating/ventilation; 2. efficient | sector: 27% of 2030
(2007) (world) water heating; 3. efficient AC office appliances, 3. efficient AG of 2030 baseline. baseline.
Residential and 1. Efficient lighting, 2. water 1. Efficient new building, 2| Technical potential in
McKinsey commercial buildingg heating, 3. efficient residentialefficient retrofit, 3. Efficient| buildings at 60€/t C® | 21% of 2030
(2009) (world) electronics lighting 38% of 2030 baseline. baseline.

* EIT — Economies in transition, including Hungary
** |f not noted otherwise.
*** The paper describes separately both tertiarg esidential buildings.
**** They include residential, commercial, publiaid buildings used in agriculture.
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2.3.2 Identification of the research challenges and gaps

As demonstrated by the previous section, therenignaber of mitigation studies on tertiary
buildings, however, these are not as numerous sadergial studies and are less detailed.
There are several reasons for this:

* Residential buildings constitute a larger portidrthee building stock than the tertiary
buildings and consequently they account for a lasjere of the national energy
consumption and CCemissiong?

* Unlike residential building stock, which is relaly more uniform in terms of
architecture, tertiary sector consists of humeroeigrogeneous subsectors and even
within these the architecture differs substantialyd thus, classification of these
buildings is difficult**

» Data on size and quality of the building stockertiairy sector is limited. Surveys in
the tertiary sector are non-regular or incomplaialike surveys of residential
buildings, which are usually part of regular houddhcensuses. For instance, in the
UK the NDSM survey on non-residential building $tds available only for 2004
(Layberry and Hinnells 2007), the survey on noneestial building stock and energy
consumption in Germany is available only for yea®5 and 2007 (Gruber and
Schlomann 2009). In Hungary surveys on public seate available for 2000 and
2003-2007 (KSH 2000, 2003-2007). However, theradscomprehensive survey on

all commercial buildings, and the data is rathaitid and scattered.

In addition to incomplete building stock data, theare also other challenges hindering

modelling of the tertiary sector (with focus on sp&eating modelling):

% On global scale residential buildings account@@#6 of the total building sector, while the comnigrand
public buildings account for 38% (McKinsey 2009a).

%4 Layberry and Hinnelis (2007) constructed a modkictv distinguishes 55 building types of non-restign
buildings in the UK. This is the most comprehendiudding stock model found in the literature. Haxge such
a detailed typology necessitates a complex and golwaodeling tool.
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Limited knowledge of the floor area and volume lo¢ tommercial buildings, their
age structure and overall thermal quality,

Limited data on energy usage of the commercial dngls and their energy
consumption trends.

In many cases, the total energy consumption forténigary sector reported by the
official statistics is treated as a residual sedmyg. as “Other” in the UNFCCC
National Inventory Reports) which includes the eliféinces that occur in the energy
balance after accounting for the main economicosect In some cases, the tertiary
sector is reported together with residential, othimi non-residential sector together
with agricultural and industrial buildings. This kes it difficult to disaggregate this
group into the different subsectors, especially mhthe dynamics and trends in
energy use and GCemissions are very different from one another. (puplic and
commercial subsectors), which is especially impurtar calibration of the baseline.
There is no coordinated approach in reporting deior for international comparison.
And thus, the coverage of the buildings within teetor in different studies varies
depending on objective and data availability. Whsleme studies focus on non-
residential buildings (including tertiary, indusiriand agricultural buildings), other
focus on only selected types of buildings withirtigey sector (e.g. NOA 2003, Gaglia
et al. 2007, Georgopoulowet al. 2006). This makes it difficult to compare the

potentials in tertiary sector.

The main gaps in the current literature on mitagotential in tertiary/public buildings are

the following:

There is a limited number of studies that deternmmggation potential in tertiary
sector.

The tertiary sector is often treated together wafidential buildings.
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» If the tertiary sector is treated separately, pubid commercial buildings are often
not distinguished.

* The tertiary sector is often modeled without coesation of the variety of different
building types within the tertiary sector (Joosead 8lok 2001, Szlavilet al. 1999).

* Moreover, in several cases future developmentetéhtiary sector is projected based
on the expectations of the value added in the cersector and its energy intensity
rather than the development of the building stoelg.(in Joosen and Blok 2001,
Szlaviket al. 1999). This is mainly justified by lack of dataowever, such modelling
is uncertain due to: a. uncertainty linked to pcogns of GDP growth, b. Uncertainty
related to decarbonization of GDP growth, especialthe economies in transition.

* The specific energy consumption is available owly d limited number of building
types and countries.

* Most of the studies focusing on estimation of thiégation potential in the tertiary
buildings, and building sector in general, deteenpotential based on a component-
based approach and do not take into account thergigneffect that occurs through

holistic approach to retrofit.

Discontinuity in both the building stock and enetgpe reporting not only makes modelling of
tertiary energy use uncertain but also disablesogier monitoring of energy use and
evaluation of the applied energy efficiency measure the sector. Fortunately, a large
collection of energy audits (including both builgioharacteristics and energy use data) exists
in Hungary for the public sector. The audits weddlected within a UNDP/GEF project
‘UNDP/GEF Hungary Public Sector Energy Efficiencyojct’ in 2000-2007 (further
‘UNDP/GEF audits®). The current research distinges eight main public sector subsectors

and specific energy use for each type is calculbtesstd on the UNDP/GEF audits and other
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sets of audits (Nagy 2008 and Csoknyai 2008a). dhta fills in the information gap for

public buildings and can be used in other counindbe region as well.

The focus of the current research on public bugdiis given by both the availability of the
building statistics and energy consumption datgpidslic buildings as well as by the limited
availability of the energy use data for the comnatrbuildings. This way narrowing the
research to public buildings contributes to a higpeecision of the determination of the
energy saving potential. Focus on the public sesteven more pronounced by the important
role of the public sector in promoting energy aéficy among public which is highlighted in
the Energy Service Directive 2006/92/EC (ArticleESZ 2006b), as well as in the Energy
Performance of Buildings Directive (EPBD) 2002/9C/KEArticle 5 (3); EC 2002) and its

recast proposal (Article 9; EC 2008b).

Furthermore, the energy use in the public buildiisgsodeled through projection of energy
use based on building projections of each buildyme using the real energy use data from
UNDP/GEF energy audits. This approach eliminates uhcertainty linked to projections

bound to GDP growth forecasting.

Moreover, the current study not only looks at thmteptial in terms of the individual
abatement technologies, but also investigates atiblg potential based on energy
performance of the buildings. This way the studgules in potential assessed from two

different perspectives. The following section déses the main features of both approaches.

In addition, the current study provides an updaied a more detailed insights into the energy
savings potential for space heating in the Hungapiablic building sector since the study of

Szlavik et al. (1999). The mentioned study treats the whole conahsector as a whole
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without specifying the differences in terms of megtdemand among the different subsectors

within the sector (health care, public administmatetc.).

Last but not least, the proposed research complsntiea study of NovikovaHorthcoming
which focuses on electricity savings potential ie Hungarian tertiary sector. Both studies
together with the research of Novikova (2008) asidential buildings cover the majority of
the building sector in Hungary (except for indudtand agricultural buildings) and contribute
to informing the decision-makers on mitigation paial in the Hungarian buildings and its

costs.

2.4 Two approaches in bottom-up mitigation potentia | research:
component-based and performance-based approach

Component-based approach is widely applied apprdactmodelling energy savings and
mitigation potential in the building sector. Morecently, an alternative, performance-based
approach has been used. In this section the matarés, advantages and disadvantages of

both approaches are described.

2.4.1 Component-based approach

The component-based studies determine energy saatential as a sum of potentials of
different building components (e.g. efficient wing® and boilers, wall insulation). This
approach uses the so-called ‘cost curve methodidtmulating the total combined potential of
the interrelated abatement options and thus awimdble-counting. The result is a cost supply
curve which shows the potential of different abaathoptions in terms of costs (see Figure 9

in Chapter 3).
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The supply curve paradigm was adopted to charaetehe potential costs and benefits of
energy conservation in the early 1980s (PIER an@ @&03, Attachment V) and since then it
has been applied in numerous studies, both iniglé 6f energy conservation and GHG
mitigation (see above). Most of the reviewed stsdise incremental component-based
approach to estimate mitigation potential (sucl@ssen and Blok 2001, Levim¢ al. 2007,

McKinsey 2007a, Novikova 2008, McKinsey 2009a).sTapproach is widely used also due
to the fact that currently most of the building esduse prescriptive values for the building

components (Laustsen 2008).

Advantages

The main advantage of this method is that the atitigq potential is adjusted for the effects of
overlapping options that are targeted at the saase lsase technologies and segments and
thus, double-counting of potential is avoided (Pl&Rl CEC 2003, Attachment V, p. ii). In
addition, the supply curve allows effective preasinh of the “combined results of individual
measures analyses into a simple graphical formeit ith intuitively easy to understand”,
despite the fact that these studies involve a langmber of different technologies and
practices (PIER and CEC, 2003, Attachment V, pTije advantage of the component-based
approach is that it clearly identifies the most texffective abatement options while it

separately shows those which exceed given costhbie.

Disadvantages

One of the main weaknesses of the component-bggadach is that while estimating the
combined potential of the individual technologitt®e component-based approach is unable to
capture the synergy effect, which occurs when ddimg is renovated in a holistic way
(Novikovaet al. 2009). This is due to the fact that the cost cunethod “rarely consider[s]
buildings as integrated systems” (Levieeal. 2007). For instance, most of the technology-

based analyses “do not account for the secondaringsa from lower heating system
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replacement costs after existing buildings havenbetrofitted with shell improvements”
(Koomey 1998). Including such considerations wdwdste increased the cost-effectiveness of
the individual options and renovation of the bulglias a whole. This can be done through
consideration of integrated building desiynwhich “not only can generate savings that are
greater than [those] achievable through individmsasures, but can also improve cost-
effectiveness” (Levineet al. 2007). It is doubtful that due to considerationiodividual
components only, the purely component-based matelsapable of capturing all synergy
effects, trade-offs and solutions based on integratesign for such complex systems as
buildings. “Studies relying solely on componentiraates may underestimate the abatement
potential or overestimate the costs, compared @witystems approach to building energy
efficiency” (Levineet al. 2007). Harvey (2006) proves that with an integtapproach, (i)
the cost of saving energy can go down as the anufuertergy saved goes up, and (ii) highly
energy-efficient buildings can cost less than bodd built according to standard practice

(cited in Levineet al. 2007).

Another weakness of the component-based approathat the building components ordered
in the resulting cost curve by order of cost-eff@atess may be misunderstood by the
decision- and policy-makers. Using this approaah lead to a situation when the decision-
makers will implement only the cost-effective alpagmt options without considering more
expensive, but similarly important and complemeantabatement options. This can lead to
suboptimal retrofit and underutilization of the #able potential. Implementing only cost-

effective options means that the building is rettefi only partially and this can lead to

locking the emissions (and energy used) for sevegat decades in until the buildings are

retrofitted again, also called the “lock-in effecth other words, if the building is not

% |ntegrated design process is defined as “a pracesich all of the design variables that affeoenother
are considered together and resolved in an opfiashlion” (Lewis 2004 cited in Harvey 2006). Togethéth

the most efficient equipment available, optimizataf the equipment operation and commissioninginggvof
35-50% can be achieved (Harvey 2006).
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renovated to the lowest possible level at oncegetiergy use of the building is locked-in on a
sub-optimal level for several upcoming decadess Tdan take 30-40 years in the OECD
countries (Laustsen 2008), and about 30-50 yearsimgary (Csoknyai 2009). Partial retrofit
based on implementation of only the most cost-&ffecmeasures may also lead to
incremental changes to the building (e.g. the eslewall first is insulated and only several
years later the windows are replaced), insteadooinaplex retrofit of all building components
at the same time. However, only “simultaneous imtsoh of walls, exchange of windows and
renovation of heating systems provide better thenpesformance and less risk of fabric
damages” (Z6ld and Csoknyai 2007). Further, “mgone or two items from these will not
result in energy saving, moreover the risk of fal@mages may become higher” (Z6ld and
Csoknyai 2007). McKinsey (2007) also stresses ‘t@nplete renovation of old, inefficient
buildings yields greater improvement than just gimgl standards to individual parts of

buildings”.

Another weakness of the component-based approatheiselection of technical options
considered in the cost curve. This can affect #terd of the total potential. Further, grouping
of different abatement options may influence thet-@fectiveness of the options (Fleitsr
al. 2009) and thus may change the order of the measure¢he curve. On the other hand, if
the retrofit of a building towards the level of ydow energy building (VLEB) is split into
several phases (e.g. McKinsey 2007a, this measasesplit into 2 levels — 70 kWh/{m)
and 25 kWh/(rfia)), the cost-effectiveness of the more ambititexeel may decrease

significantly.

2.4.2 Performance-based approach

The performance-based approach determines thet@abtienterms of the energy performance

of the whole building and not of the individual cpoments as in the case of the component-
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based approach. In the mitigation scenario theggnefficiency of the whole building is
improved, irrespective of the potential and costthe individual components. This approach
leaves the choice of the components up to the dessjgrovided that the required performance
level is achieved. In the last decade, several tti@sfregions started to use performance-
based requirements in their building codes (HuiZQ&usten 2008), including the European
Union. In addition, some European countries (the Mitherlands, Denmark, Germany and
France) have recently stipulated their long-terranplto decrease the g@missions and
energy use in building sector by setting minimunguieements in terms of energy
performance of a building (Thomsehal. 2008, see Chapter 6). Despite these movements in
the building policy towards the performance-bassgulation in the time of writing there are
only few studies based on this approach — Jessal. (2008), Harvey (2009), the recent
work started under the Global Energy AssessmentAjGEee Urge-Vorsatz 2010) and

Petrichenko (2010).

Advantages

The main advantage of the performance-based agpinaerms of legislation is that it first
gives flexibility to the designer, which promotesovation and new techniques in energy
efficiency building design (Hui 2002), and secoedsures that the total energy use of the
building is not exceeded above the set boundartes.main advantage in terms of modelling
mitigation and energy saving potential is its figlasimplicity compared to component-based
modelling. This is because the potential of différeptions does not overlap and thus there is
no necessity to use the cost curve method of inenémh adjustment of heat demand after

implementing every measure.

Disadvantages

The main disadvantage of this approach in termgnplementation of the results of the

modelling into reality in the form of performancaded minimum requirements is that the
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model does not show the technical characterisficheobuilding components that should be
set as obligatory in the building code. Neverthglehese technical parameters can be
calculated subsequently using building design sa#w(e.g. BauSoft in Hungary). Thus,

along with the greater flexibility, the designemrgmore responsibility over the design and
construction process. The performance-based agprosmessitates using powerful computer-
based models to optimize the utilized componentieims of performance and costs, and a
deeper understanding of building principles (Lans2€08). The trend in the world is to move

towards a greater use of building energy simulago modelling techniques to express
building energy performance (Hui 2002). Thus, ahbiglevel of skill is required from the

designers and users to demonstrate the code compl{glui 2002). Nevertheless, the current
trend in building codes is that even if the builglicode relies primarily on the performance-
based approach, it also usually stipulates techparameters of several building components.
This provides a guideline for the designers anchieas to come up with a suitable set of
measures and technical systems so as to comply twehminimum performance level

requirements for the building as a whole.

This approach requires all entities involved in tesign and construction process to work
together, which in turn needs a new way of thinkimdpe included in the technical university

curricula and construction business processes.

2.5 Lock-in effect

One of the main problems of energy efficiency measun buildings is that if they are not
performed to the highest efficiency level, highrehaf the building’s energy will be used for
the next several decades until the building is vaterd again, and the related £€missions

are locked-in in the infrastructure. This phenomesa-called “lock-in effect®, occurs

especially in infrastructure of long lifetimes, Buas buildings and power plants. The
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longevity of such energy infrastructure prolongs tperation of obsolete technologies, and
other impediments cause suboptimal choices to b#emden technologies do finally turn
over (Unruh 2002, Browret al. 2007). Lock-in effect, which occurs in several cwies,
which do not impose strict criteria for their burlg renovation programmes, is linked to
a path-dependency theory (David 1985 and Arthur91é&®ed in Petrichenko 2010). The
theory implies that decision-makers prefer usindominant, but not the most efficient
technology even if anew and more efficient techggl exists (Altman 2000, cited in
Petrichenko 2010%° Introduction of the more efficient technologiesddaheir uptake on the
market is hindered by several market barriers ag hitial costs, yet not influenced by
technology learning. At the same time, the most-efigcient energy savings occur during the
replacement of the old technology, or during thexation of the building as such (Bast&in
al. 2009: 270). Thus, any governmental building retiowaprogramme should provide
incentives for the most efficient technologies ba tnarket. This support should target only
the initial phase of phasing-in of such a techngl@p that the path-dependency is avoided in
the future. High efficiency performance-based ratioh and targets makes it possible to
avoid this path-dependence, and supports innovatienthe designers will search for the

technologies that fulfil the performance criteridlree least cost.

Up to this date only few studies aimed to quaritify lock-in effect, all of which have been
conducted only recently: GEA study described indJduprsatz (2010), Petrichenko (2010)
and study of Urge-Vorsatet al. (2010). Overview of the results of these studies a
comparison to the results of the dissertation rebeean be found in Chapter 8. Note, that
these studies are performance-based energy efficistudies focusing on scenarios. Yet,
none of the studies calculates the cost-effectisemd the different scenarios, except for the

dissertation.

% For detailed theoretical overview of the lock-ffeet and path-dependency theory, see Petriche2{ib0y).
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Summary

Provision of the right information is necessary édfective decision-making. In energy and
climate policy making the following support toolseabeing used: cost-benefit analysis
(CBA), cost-effectiveness analysis (CEA) and ddfdar modelling tools. These modelling
tools are widely used for calculating mitigationdaenergy savings potential and we can
distinguish top-down, bottom-up and hybrid modakswell as integrated assessment models
(IAM). The main theoretical difference between tbp-down and bottom-up models is that
while the top-down models assume close-to-perfificiency of the economy, the bottom-up
models assume large inefficiency on the market tduexistence of numerous barriers and
imperfect information of the decision makers. Arastlpractical, difference is that while the
top-down models usually look at several sectorsthef economy, and thus include the
interaction of energy systems with the rest of ¢senomy, the bottom-up models usually
focus on one or few selected sectors. This is & cdelvantage of the top-down models.
Nevertheless, the bottom-up models, on the othed,haclude more technology details than
their top-down counterparts. Hybrids are modelscWhinclude elements from both top-down

and bottom-up models.

Most of the models and modelling tools used culyefar determining energy saving and
mitigation potential in the building sector are tbat-up, technology-rich models. Most of
these studies rely on a component-based approaehcfapter provides an overview of the
relevant mitigation studies in the building seatoth special focus on tertiary buildings. The
main gaps identified in the literature are: lacldetailed studies of tertiary sector, lack of data
on specific energy consumption in tertiary sectod asage of an incremental, rather than
holistic approach to building renovation. The catretudy addresses these gaps by employing
the results of the UNDP/GEF energy audits and bhyptementing the component-based

analysis by a performance-based approach to mogetinergy saving potential. The main
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advantages of the performance-based approach ateitttprovides the designers with

flexibility to choose the appropriate componentkjoh leave more space for innovation (Hui
2002), and this approach ensures that the energuotption of the whole building given by
the building regulation is not exceeded. This, heave requires utilization of powerful

software, as well as tight cooperation betweendisigners and builders during the whole
process of construction from the planning stage admmissioning. This chapter also
introduces the term “lock-in effect®, the problenhen suboptimal retrofit is preferred over

a high-efficiency retrofit based on the principtédgpassive house standard technology.
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CHAPTER 3. RESEARCH DESIGN AND METHODOLOGY
Chapter 3 introduces the research design, desctheessources for data collection and
presents the formulas used in the process of detation of energy saving and mitigation

potential and its costs.

3.1 Research design

The research is oriented around the central aithefdissertation - to determine the energy
efficiency potential in the Hungarian public burids. The potential is examined in four
scenarios and through two different types of maagllapproaches: component-based and

performance-based.

The scenarios aim to examine the strategies teaelihe largest potential and point out the

risks that may arise when the long-term impacisoofie strategies are ignored.

The analysis of the two modelling approaches amdetermine which methodology is more
appropriate to capture the total available potémifale considering such complex systems as

buildings.

While the first approach determines the potentasda on implementation of individual
energy efficiency options, the latter investigathe potential based on the lower energy
consumption of the building as a whole. The resglfpotentials of the two approaches are

compared.
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3.1.1 Research framework

The research methodology consists of these maps:st®nceptualizing scenarios for low-
energy future; data collection which feeds in déf@ parts of the modelling framework and
modelling framework itself. The main parts of thederlling framework are — construction of
the model, calibration, scenario analysis. Finalhe results of the model are checked in
sensitivity analysis (see Figure 6). Modelling feaork is described in detail in Figure 7.

Figure 6 Research methodology
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framework
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3.1.1.1 Conceptualizing scenarios for low-carbon fu  ture

The aim of the scenarios is to compare four diffepathways into the future and identify the

best alternative in terms of the extent of poterina the cost-effectiveness.

These pathways include:
* Business-as-usual (BAU) scenasicsimulates the current practice of slow renowvatio
of the existing public buildings. Currently onlyode buildings are renovated where

either one of the building systems is outdated lbemthe building envelope does not
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properly fulfill its function. The buildings are mevated mainly only partially (purely
exchange of heating system, window exchange or walllation) depending on the
most severe damage, here called “partial retrofitiis partial retrofit results into
energy savings of less than one third of the oaigiimal energy use of the building. In
the BAU scenario it is assumed that gradually thiédimgs will be renovated to the
level of the Hungarian Building code of 2006 (sfiedi below).

* Suboptimal accelerated scenarocurrently there are several programs that peovid
support for renovation of the existing buildingsowever, the conditions for receiving
the financial support are rather weak and thuspthieling is retrofitted only partially
(less than 30% energy savings). This scenario sitesila hypothetical situation when
the whole existing public building stock is rettt#d to the level of partial retrofit by
2030.

» Passive 1% scenarie- simulates a gradual change of the BAU towargsassive
retrofit (70-80% energy savings). In other worde thuildings are retrofitted at
current, slow pace, though, to a much more efficgtgndard than the current practice.

» Passive accelerated scenario provides a gradual transition towards the passive
retrofit at an accelerated pace. This scenaribasntost ambitious and would require
a long-term policy.

One of the objectives of the scenario analysie esstimate the extent of the so-called “lock-in
effect”, i.e. the opportunity to reduce final engrgse lost when buildings are renovated only
partially. The extent of the “lock-in effect” is\g@n by the difference between the most

ambitious and the suboptimal scenario.
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3.1.1.2 Modelling framework

The modelling framework for determination of enesgyving potential in the public sector is
derived from the modelling framework for the resitigl model developed by Novikova
(2008). The residential model is a component-basedel with a simple performance-based
framework for new constructidil. In the public sector model the building projectioand
building types are modified according to the datailability and specifics of the public
sector. The heating energy requirements are basethe real data collected from the
‘UNDP/GEF Hungary Public Sector Energy Efficiencyoject’ (further referred to as
UNDP/GEF audits). The technology options concernimgulation of building shell and
windows replacement are based on Novikova (2008)the measures concerning heating
system and temperature management are based antcproduct catalogues and expert
consultations. The public sector model is focusecaimergy efficiency options, thus does not
include measures based on renewable energy. Adirlyitlg assumptions which feed into the
building stock projections, space heating modedding types characteristics and energy
consumption of these types as well as basic assumspor the model, such as energy prices,

are adjusted to the public sector. The base ye&00s.

The modelling framework is not only adjusted to phublic building sector, but also extended

to include an alternative approach to constructrtiggation scenario — performance-based
approach. Although Novikova (2008) included simpéeformance-based analysis for the new
construction, the performance-based model in tHdipunodel is significantly enhanced to

allow a gradual phase-in of different energy pemance levels, both for the new construction
and retrofit of the existing buildings. The cosabsis in the performance-based model is also
further developed to fully account for all investmidéeyond the baseline. The performance-

based model is then further developed in ordeptaact scenario analysis.

2" 1n Novikova (2009) all new buildings are assumethé built as passive houses from the start ofrtitigation
action without any transition period.
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Figure 7 Modelling framework for estimating mitigan potential for space heating i

Hungarian public buildings utilizing both componeand performance- based approach
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The framework (Figure 7) shows the main methodakigsteps in the current research. First,

the building types are classified and the buildstgck is projected. Then, heating energy

requirements are calculated based on a set of yremdjts (UNDP/GEF 2008, Nagy 2008

and Csoknyai 2008a) and these are subsequentlynfedthe projections of the baseline

scenario. In the model two types of baseline seerae constructed: i. a baseline scenario

common for both modelling approaches (componerd-@erformance-based approach) with

no change to energy efficiency assumed, the seetdliozen efficiency scenario’) and ii.

business-as-usual (BAU) scenario which is constdicseparately for each modelling
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approach. The aim of the frozen efficiency scenaxrito provide an additional check for the
consistency of the two modelling approaches. Tbeein efficiency scenario is described in a
detail in Chapter 4. The results of the mitigatsmenario are compared to the BAU scenario
which is based on a more realistic assumptions tiafrozen efficiency scenario and plotted
in a single graph. The BAU scenario incorporatesualid policies in the Hungarian public
building sector in 2008® BAU scenario used in the dissertation includeslémentation of the
requirement of the 2006 Hungarian Building coden(iterial order No.7/2006 published in
Magyar kozlony 2006) for new construction and camakipn of partial retrofit and retrofit to
the level of 2006 Building code in the existing Idings built until 1990 at natural rate of
retrofit. The base year energy consumption is catidal to the energy data available for
tertiary sector from statistical sources. The boddstock, building types, building stock
projections and frozen efficiency scenario, as w@slithe main assumptions of the modelling
framework are common for both modelling approadcesmponent- and performance-based).
Then the BAU and mitigation scenarios are constaiseparately in each of the two analyses,
resulting in two types of BAU and mitigation scapar Both mitigation scenarios are
compared to the respective BAU scenarios of theveglt modelling approach. Comparison of
the mitigation and BAU scenario shows the effecingblementation of mitigation measures

against the expected trend represented by the R&blasio (Figure 8).

2 Thus, it for example does not consider the resfiste EPBD directive, which was adopted only iny\2910.
Thus, this policy is part of the mitigation scepari
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Figure 8 Example of relation between the BAU andgation scenario and the energy
savings potential
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In the component-based mitigation scenario is caostd by applying abatement options
from the technology database incrementally to theebne. The combined potential of the
individual options is calculated with the help detcost curve method. For each building
type, cost curves are constructed based on theetfestiveness of the abatement options.

And finally, an aggregate cost curve for the whmlélic sector is constructed.

In the performance-based analysis the mitigati@naio is constructed in such a way that
different energy performance levels are appliethéobaseline. This analysis does not require
cost curve method for accounting for the energyngppotential, nevertheless, the results of
the performance-based analysis are presentedrmdbi cost-curve graph for each building
type in order to clearly visualize the cost-effeetiess of these levels for different building

types.
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Then, the results of both analyses are comparedi@medssed. Next, the performance-based
modelling framework is used to construct severdlgaiion scenarios. The main aim of the
scenarios is to find the best pathway towards adaxon future as well as to point out the
risk of the “lock-in effect* when implementing suptimal retrofit to the majority of the
existing building stock. Finally, sensitivity analy is conducted based on the most ambitious
performance-based scenario (Passive acceleratedrsne In the following section the

methodological background of the two approacheessribed.

3.1.1.2.1 Component-based modelling framework

The component-based analysis used in this stuldgsed on the cost curve (also called supply
curve) method. This method makes it possible toowaat for energy saving potential of
different energy efficiency technologies in suchway that the overlapping potential of
interrelated technologies is avoided. This prodesselves a number of iterations when the
baseline demand is decreased by the energy sastegtil of the previous technology. The
resulting combined potential of all technical opsas ordered by cost-effectiveness in a so-
called ‘cost curve’ (for an example, see FigureT™)e curve presents the energy saving or
mitigation potential of each technology and its tsosThe part of the curve below the
horizontal axis shows the technologies which carati@ieved at net negative co$Blok
2007:212). The potential which can be achievecdkrd or negative cost is calledst-effective
potential This means that the initial investment costs seasy/ for implementation of these
technologies are offset by the energy costs savagjseved over the lifetime of the
technologies. The shape and slope of the cost alepends on several factors, which are

discussed later in this chapter.
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Figure 9 Global GHG abatement cost curve until 2030
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Note: The curve presents an estimate of the maximum potential of all technical GHG abatement measures below €60 per iCO,e if each
lever was pursusd aggressively. It is not a forecast of what role different abatement measuras and technologiss will play.
Source: Global GHG Abatement Cost Curve v2.0

Source: McKinsey (2009a)

Note: The supply curve depicts the different technadsgitheir reduction potential (horizontal axis) ahdir
costs (vertical axis) (Blok 2007: 211) in a sindlagram. Each step represents one technology.

In order to rank the options by cost-effectivenessst of avoiding the COemissions
(EURO/t CQ) has to be determined. This cost depends on thgséined (sometimes referred
to as “levelized”) additional investment costs, rgyecosts saving and the @@missions
avoided by implementing the respective abatemetmpSimilarly one can calculate the cost
of conserved energy (CCE; EUR/kWh or EUR/MWh). Tbial savings or impacts mitigated
are calculated incrementally with respect to thesnees that precede them (PIER and CEC,
2003, Attachment V, p. 3). This means that for ¢éhadficiency measures, which are
interactive, for any measure applied after the ncost-effective one (the first in order), the
energy efficiency potential decreases. And thus tgpical energy efficiency supply curve,
the sector’s total end-use consumption is reducéld @ach unit of energy efficiency that is
acquired. This means that the total end-use enemysumption is recalculated after
application of each additional measure and thuyagieg the baseline energy available to be
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saved by the next measure (PIER and CEC, 2003¢httant V, p. 3). This way double-

counting for overlapping potentials of interrelatedasures is avoided.

Besides the limitations discussed in Chapter Zgethee two further limitations of the method
in terms of methodology: first, the cost curve noelblogy requires iterative calculations or
powerful software to perform the calculations, whis barrier to small-scale users with
restricted budgets. Second limitation in terms athmdology is fast development on the
market with energy efficiency technologies in teraistheir technical properties and costs,

which is difficult to encompass by the model.

3.1.1.2.2 Performance-based modelling framework

The performance-based approach considers the eperfprmance of a building as a system.
Instead of considering its individual building coomgnts, this approach examines the
efficiency improvements of the building as a whotad thus it can be considered as an

alternative approach to the component-based madelli

Performance-based analysis is a reaction to theiggoimportance of performance-based
regulation, building codes in particular. Such fdagan rather than prescribing minimum
standards for each building component considers pgrdormance of the building as a
systen?® Performance-based building energy code sets a nmuaxi allowable energy
consumption level (e.g. in kWh/fm)) without specification of the methods, mateaial
processes to be employed to achieve it and it sggder’s task to present a design solution

together with appropriate predictive evidence sfaihergy behaviour (Hui 2002). This means

2 performance can be understood as “objectivelytifigile qualitative or quantitative characteristiof the
building which help determine its aptitude to fllifhe different functions for which it was desigti¢CIB 1988
in Hui 2002).
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that the performance-based modelling for the puwrpafsestimating energy saving potential
does not need to model the relationship of the Westo the overall energy use of the
building. This is left to the designer, who witlethelp of specialized software has to find the
optimum balance between the quality of differenmmponents and their costs to meet the

required energy performance.

The first attempts to include performance-basedneids into energy modelling in the
building sector can be traced back to simple amalys Jenseret al. (2008) and Novikova
(2008).° Both Jensert al. (2008) and Novikova (2008) use a performance-bapgdoach
for modelling energy use in the new constructiorhild/Novikova (2008) applies a single
performance level in Hungary starting immediat@ithout a transition period, Jensenal.
(2008) apply different building standards in diéat time horizons according to the long-term
commitments and plans of five EU member sfdtesthus with a transition period. This
scenario is then compared to another where noiti@ngs assumed and the committed
energy performance levels are applied from 200@ndlwith the current research a similar
research for the global building stock has beerdaoted under Global Energy Assessment
(GEA) based on the performance approach. The airth@fGEA research is to develop
scenarios under changing rate of retrofit and gn@eyformance level of retrofit and new
construction up to 2050 (e.g. see Urge-Vorsatz POIBis model assumes also a transition
period between the current state of the globaldngl stock and the future high-performance
energy intensity of the stock (Urge-Vorsatz 20I)e models of Novikova (2008) for new

construction, Jensesat al.(2008) and Urge-Vorsatz (2010) are Excel-basedetsod

30 Also Although Layberry and Hinnelis (2007) applynge kind of performance-based analysis in their-non
residential model, however, it is not known how artant role the performance-based approach playkdn
study. Further, Harvey (2009) constructed a genmiformance-based model

31 United Kingdom, The Netherlands, Germany, FraBemmark.
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Table 3 Overview of the methodological basics far ¢urrent performance-based studies in
the building sector

Country/
Study Region Sector(s) Transition period Model

Novikova (2008) Hungary Residential No Excel-based
2 scenarios:
1. scenario: No

Jensen et al. (2008) 5 EU MSs | Residential and non-residential 2. scenario: Yes Excel-based

Urge-Vorsatz

(2010)/GEA World Residential and non-residential Yes Excel-based

The current model uses the performance-based agproath for new construction and
existing buildings in Hungary. Different levels @fiergy performance of buildings are applied
in different time horizons in such a way that thesgive house level of performance is
achieved gradually. This allows a transition perfod development of the passive house
market in Hungary of around 10 years which is iocadance with the current capacity of the

market (Szekér, personal com., 2009).

The modelling framework for the performance-basedlysis developed in the current
research is similar to the one used for componaséth analysis except that the set of
individual technology options are replaced by adfeenergy performance levels and their
costs. The energy performance levels are basethewurrent state of the development of

different performance levels in Hungary and assionpton the trend into the future.

In the baseline scenario of the current performdrased model all new buildings are
assumed to be built according to the 2006 HungaBaiding code (Ministerial order
N0.7/2006 published in Magyar kozlény 20G8)The existing buildings are assumed to be
retrofitted to two performance levels: partial odtrand a higher level of 2006 Building code.
Over time the higher level of performance is insreg its share on the existing building stock

which is renovated every year. The mitigation sdens based on a gradual phase-in of a

%2 This assumption for the new construction is sasnia ¢he baseline of the component-based model.
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passive house standard to both new constructioneargding buildings, while during the
transition period implementation of performanceelsvof 30 and 60 kWh/(fra) for space

heating are assumed.

3.1.1.3 Scenario analysis

The four scenarios are constructed utilizing thégomance-based modelling approach. This
approach allows changing the assumptions in theasws without the necessity of iteration.
The performance-based model allows straightforwaadculation in the spreadsheet

application.

The differences in the scenarios are in the exdengtrofit of the existing building stock, i.e.
the rate of retrofit and the level of retrofit,.ithe performance level to which the buildings

are renovated. Other assumptions are same farealbsios.

Each scenario shows the results in form of a costecgraph and the different steps of the
cost curve show the different building types. Eaclnario is compared to the base scenario —
the BAU scenari®®, which is the common basis for all scenarios. Ifinall scenarios are

presented in a single combined graph.

The difference between the most ambitious scern@®a&ssive accelerated scenario) and the
least ambitious scenario (Suboptimal scenario) idessthe quantification of the “lock-in

effect"”.

% Later referred to as BA.

70



CEU eTD Collection

3.1.1.4 Sensitivity analysis

Sensitivity analysis is performed for the main soenof the performance-based model. The
aim of the sensitivity analysis is to show the efffef selected assumptions on the final
results, i.e. on the total cost-effective potentiald on the order of the energy efficiency
options in terms of cost-effectiveness. In the afisgion research the following assumptions
are considered in the sensitivity analysis: changmergy prices and change in discount rate.
It is expected, that the rise in energy prices wmitrease the cost-effective potential. On the
other hand, increase of the discount rate showlerdhe cost-effective potential. Although

the effects of changes in these assumptions anerkimogeneral, the sensitivity analysis will

show the exact consequence of changing assumpiiotise results of the analysis. Further,

sensitivity of the model results to the changingofé rates is examined.

3.1.2 Main modelling assumptions

The main modelling assumptions in the present rekeare energy prices, discount rate,

technology learning and timing of the implementatod the mitigation measures.

The importance of these assumptions lies in thetlfed they affect the final result (either the
extent of the energy saving potential and/or th&t-effectiveness of the potential). First the
assumptions most relevant to the dissertation nsoded described and then other factors

determining the extent of the cost-effective patdrare discussed.

Energy prices

If the energy prices increase, the cost-effectigerad most of the abatement options improves
due to increased energy cost savings (e.g. McKi@88ya, Fleiteet al. 2009). Future energy

price development is linked to a high degree ofeutainty, especially in the time of risks to
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the security of supply and depleting supplies dafure resources including energy fossil

sources.

In the proposed research the energy prices arergaklirom the relevant agencies for district
heat and natural gas and are assumed to increas®dyper year (based on projections in
Petersdorffet al. 2005, Novikova 2008). The energy price includesTVand energy tax (for

detail see Chapter 4).

Discount rates

Costs and benefits occurring in different times nigsdiscounted (EC 2008a). Discount rate
expresses the view (of either society or privateisien-makers) on how future benefits and
costs should be valued against present ones (E8@al00iscount rates attract extensive
discussion across analytical tools in which theywsed to put costs and benefits occurring in
different points in time at comparable footing (elgalsnaeset al. 1998)** There are

differences between how the society as a wholetlaagrivate agents perceive the value of
money in time. There are two approaches how talisebunt rates: asocietal perspective

(prescriptive, ethical approach) anddecision-maker perspectiydescriptive approach).

Discount rates from the societal perspective takés account thesocial rate of time
preference(Halsnae<et al. 1998).This approach suggests using discount rate whibécte
the preferences of the society as a whole to invest in the long term. This implies society’s
preference of the investment into sustainabilitgsgite the fact that the benefits of such
investment will occur in the long-term. Therefone social discount rate would be lower than

the discount rate from the perspective of the imllial market agents. This is also because the

3 Halsnaes et al (1998): ‘The arguments of eithera@ach are unlikely to be resolved, given that thaye been
going on since well before climate change was suneis

72



CEU eTD Collection

society as a whole faces a lower risk than indiidiecision makers such as companies and
households (Fleiteet al 2009). The social discount rate lies below thetoaf capital
discount rate and far below the discount rate ¢basiders also transaction costs (Fledtieal.

2009).

The discount rates from the perspective of theviddal decision-maker takes into account
market rate of return to investmgf?CC 2001: 466). The financial discount rate ‘eefk the
opportunity cost of capital, defined as the expecteturn forgone by bypassing other
potential investment activities for a given cagitdtC 2008a). The private agents (such as
households and private companies) usually giveghdnivalue to an investment which they
can recover in a relatively short time. Therefdre private discount rate is usually higher than
the social discount rate, because the decisionrisakene frame is usually much shorter
(McKinsey 2009b). Thus, the ethical approach ldad®w rates of discount (approx. 3% in
real terms) and the descriptive, private, approaebullts in higher rates (around 20% and

above) (Halsnaest al. 1998).

IPCC recommends that in the analysis of the mibgaeffects on the national level, the

decision- makers should take into consideratioleast partly discount rates that reflect the
opportunity cost of capital (IPCC 2001: 466). Foe developed countries discount rates of
about 4% - 6% are usédRates of this level are used also for appraisgbuiflic sector

projects in the EU (IPCC 2001: 466).

The studies on potential in the building sector asgide range of discount rates (Table 4).

For instance, Petersdost al. (2005) and Novikova (2008) use a discount rat6%f while

% For comparison, discount rates of 10-20% are fmedeveloping countries (IPCC 2001:466).
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Szlavik et al. (1999) use discount rates of 3% and 5%. JoosenBéwkl (2001) use 4%
discount rate for the service sector. McKinsey igsidalso vary by country — from
Switzerland (2.5%) to USA (7%) (McKinsey 2009b &tiD7c, respectively). Note, that in the
later studies (for Poland and the world) McKinsesesl societal rate of 4% (in line with
interest rate of a typical long-term governmentahds) for all sectors which makes it
comparable across the sectors and counflefinsey 2009a, 2010a).he highest discount
rate used in abatement cost curves assessmeredsrut/K study by DEFRA and Enviros
(2006) — a rate of 15% for the non-domestic seetbich is based on the private perspective.
Eichhammeret al. (2009) examines the potential from both societad @ecision-maker
perspectives, applying 6% and 8% to the serviclose®spectively. The societal (6%) level
is characterized as a level where the cost-effeséss can be achieved at the country level
and where the barriers are largely removed by timpating policies (Eichhammeat al.
2009). On the other hand, the private (8%) levaheslevel where the cost-effectiveness is
assumed from the view of the consumer under uswakenh conditions and lower policy
involvement (Eichhammeat al.2009).

Table 4 Use of discount rates in selected studies

Sector to which the discount Discount
Study rate applies Country rate Perspective applied in the model
Petersdorff et al.
(2005) Building sector EU-NMS 6% Societal perspective
Mixed societal (6% p.a.) and
Novikova (2008) | Residential buildings Hungary 6% private (taxes) perspective.
Szlavik et al. | Household and service 3% and
(1999) sector Hungary 5% Societal perspective
Joosen and Blok Private perspective, discount rates
(2001) Service sector EU-15 4% vary by sector.
McKinsey All sectors, including Approx.
(2010a) building sector Poland 4% Societal perspective
McKinsey 9% real | Private perspective, discount rates
(2007a) Commercial buildings Germany DR vary by sector.
Discount rate based on societal
McKinsey All sectors, including interest rate equivalent to long-term
(2009b) building sector Switzerland | 2.5% governmental bonds.
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Sector to which the discount Discount

Study rate applies Country rate Perspective applied in the model
McKinsey All sectors, including 7% real | Costs are considered from societal
(2007c) building sector USA DR perspective.

DEFRA and

Enviros (2006) Non-domestic sector UK 15% Private perspective

McKinsey 5 major emitting sectors 7% real

(2007b) including building sector UK DR Societal perspective

McKinsey

(2009a) All sectors World 4% IR Societal perspective
6% Societal perspective

Eichhammer et
al. (2009) Service sector EU-27 8% Private perspective

The choice of the discount rate has significantlicagions for the costs of the measures,
especially in the sectors which are influenced bysamer behaviour, such as transport and
buildings (McKinsey 2009b). The higher the discouwate the lower the cost-effective
abatement potential. A higher discount rate inaedke slope of the curve and thus it has a
relatively low effect on the left side and a strengffect on the right side (Fleitet al. 2009).

In other words, higher discount rate shifts theatieg part of the cost curve upwards. And
vice versa, a lower discount rate results in lagest-effective potential and thus shifts the

cost curve downwards.

As the choice of discount rates may have a sigmtiémpact on the resulting extent of cost-
effective potential, the cost-effective potentmloften calculated for more than one discount
rate (Halsnae®t al. 1998). This is to provide the policy maker withidance on how

sensitive are the results on the choice of theodistrate (Halsnaext al. 1998).

In line with the recent studies on potential inltmg sector in the CEE region (Petersdetff
al. 2005 and Novikova 2008), the dissertation resears#s the societal perspective for
consideration of costs and benefits of energy smvineasures; and applies a discount rate of

6%. Application of societal perspective also implieat no taxes (nor subsidies) are included
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in the considered monetary calculations. Nevertsglsensitivity analysis shows the results
also from the private perspective (by applicatibriscount rate of 8% and relevant taxes to

the model).

Timing of implementation of the mitigation measures

Timing of implementation of abatement options igcal, as usually the costs of the initial
units of abatement are fairly inexpensive (so-caltev-hanging fruits), while the “additional
units of abatement require more extensive changdsiravolve significantly higher costs”
(IPCC 2001: 81). Most of the model-based studieas ghow risingnarginal abatement costs
(MAC), i.e. the costs are rising with the timing thieir implementation (IPCC 2001: 81).
However, this does not have to be so, if the abat¢émmeasures are applied at once to the
considered building to the lowest possible leved, & the level of a passive house standard.
Harvey (2009) shows on an comparison of 32 buiklimgthe USA that met different levels
of LEED standarif that the costs of a higher level retrofit (arolE@¥% energy savings) are
lower than the costs of a lower level retrofit (3@¥ergy savings). This points out advantages
of early investment utilizing the holistic approachretrofit, when several measures that are
taken in the higher level of retrofit may have sgie effects, which may reduce the costs of
such retrofit. On the other hand, technology lesgnican decrease the cost of new
technologies over time and thus help decreasedsieof mitigation in the latter phase of the

projected period.

Technology learning

Technology learning means the rate of decline inepwhile the production of a certain

product doubles. This can be both due to the eapeei in that specific sector (e.g. through

% LEED - Leadership in Energy and Environmental Besi
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development of the production process) or scaleéhef market (more providers of such
service/product). Although it is often observed ti@ unit cost of new technologies decreases
with the experience and scale effects, assessmémsst degression of demand side energy
technologies are rather rare (Fleigtral. 2009). Fleiteret al. (2009) claims that considering
learning- and scale-induced cost degression is fitapbin the cost curve analysis especially
for emerging energy efficient technologies thdt bave a low market share and thus, there is
a high potential for learning and scale effectsveMtheless, it is important to point out that
this is not only important in case of cost curvalgsis, but also in any cost-effectiveness
analysis which includes emerging technologies. N&§98, cited in Fleiteet al. 2009)
classifies three groups of technologies with amede of their learning rate, according to
which the buildings components (insulation, boilemdows etc) would fall under modular
technologies which can be produced by mass pramuetnd which have a learning rate of 5-
30%3" For instance, Novikova (2008) uses technology niear assumptions for high-
performance windows, passive house technology éar construction and for pellets. In the
present research, the technology learning is apptiehe high-performance windows in the
component-based model, and for the low energy asdiye house technology for both new

construction and retrofit of the existing publidldings.

Other factors determining the cost-effective potent ial

Besides above mentioned main modelling assumpaodsthe related discussion, there are
also other factors that may have an impact on thal fresults, the total cost-effective

potential, order of the abatement options and/apshof the cost curve (both in the

component- and performance-based models). Thesedare:

» Determination of costs — considering full or adutitl costs

37f a technology has a learning rate of e.g. 19%6, means that the price of a product decreasds%ywhen
the production doubles.
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* Inclusion of external costs and co-benefits
* Rebound effect

» Choice of the technologies considered in the arglys

» Determination of costs — considering full or additi onal costs

When evaluating cost-effectiveness of an abatemmeestment it is important to distinguish
between full and additional costs (often called giraal costs). Full costs concern the full
investment in technology (e.g. insulation of areexal wall which was not insulated before).
On the other hand the additional costs relate tmlthe difference between the cost of the
abatement technology and a standard technologyg @bcurs e.g. when an old boiler is
replaced by anew one — either a new standard rboilea new condensing boiler).
Consideration of these costs depends on the umugrigssumptions in the model. The
concept of additional costs results in considerdblyer costs (Fleiteet al. 2009). At the
same time, it also places restrictions on the sliffim of energy-efficient technologies (Fleiter
et al. 2009). If the energy efficiency investment is melgal as an alternative investment, it can
only take place within the period of general innesnt cycles (Fleiteet al. 2009), which are

in case of building renovations relatively long (average about 30-40 years in the OECD
countries, Laustsen 2008; 30-50 years in Hungaspk@yai 2009). This would imply that if
one considers accelerated diffusion of abatemehintdogies, the full costs have to be taken
into account (and not only additional) for thosérofts which occur beyond the typical

renovation cycle.

Novikova (2008) assumes full cost for those tecbgiels which are assumed to be done
above the natural rate of retrofit (1% p.a.), addigonal costs for those technologies which
are renovated/replaced with a more efficient aétbwe as compared to the standard

technology on the market within the natural rateedifofit.
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One of the factors which determines the cost-dffeness of the technology is its lifetime.
Fleiter et al (2009) shows on an example from industry thabanting for a lifetime three

times lower “would roughly triple the annual cosa®d the diffusion speed of new
technology®. This implies that technology lifetimeay bias the results of cost calculations,

however, its importance is often underestimatethénliterature (Fleiteet al. 2009).

+ External costs and co-benefits

External costs are costs incurred by third pantigisdirectly involved in economic activities
and they usually relate to reduced pollution assalt of applying abatement options (Fleiter
et al. 2009). These include transaction costs such asgeament time to implement energy
efficiency measure, costs involved in raising awess, the costs of overcoming high
discount rates and other (McKinsey 2007b). Co-benetfer to non-energy benefits of
energy savings measures such as improved comfditiog, improved indoor air quality,
noise protection (Jakob 2004). Consideration ofk¢heosts and benefits depends on the
perspective. If a social perspective is taken, éhessts and benefits can be incorporated.
Worrell et al. (2003, cited in Fleiteet al. 2009) found out that the cost-effective conseorati
potential in the iron and steel industry doublece da incorporation of co-benefits. Jakob
(2004) reports that the co-benefits in the residésector may amount to the same order of
magnitude as the energy-related benefits. The neflte are difficult to quantify and that is
the reason why these are usually not considerecb# curve assessment. The effect of
exclusion of co-benefits is that such cost curvesrestimate the costs of energy efficiency

and thus result in lower cost-effective saving ptte (Fleiteret al. 2009).
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+ Rebound effect

Rebound effect describes the increase in energyuooption as a direct consequence of cost
savings due to energy conservation (Fleateal. 2009). Although rebound effect might have a
significant impact on the results of the cost cufgmoring it leads to overestimating the
savings potential), its incorporation into the costve is not straightforward — this is because
it relates to higher energy consumption, and tlargradicts to the concept of constant utility

that lies behind the cost curve (Fleigral. 2009).

» Consideration of technological options

Last but not least, the choice and definition atidict conservation options or grouping them
might influence the results of the cost curve —eeslly when many options are combined

into one large bundle, the cost curve might be detaly different (Fleiteet al. 2009).

The current research focuses on energy efficieneasores without considering the co-
benefits, transaction costs or rebound effect. H@eweit is recognized that these issues are

important and should be thoroughly studied in ferttesearch.

3.2 Main data sources

Each stage of the present research requires difféypes of data. The number of buildings
and their classification and aggregation to thded#t building types is based on the
collection of documents of the Hungarian Statist@#ice (KSH 2000, 2005). Floor area is
collected based on previous projects (see Urgea¥pet al. 2000), and set of energy audits
mentioned below. The space and water heating emexyirement per floor area for each
building type is calculated as an average of hgatguirements of buildings audited within
three sets of audits distinguished according tohiding types considered in the model

(UNDP/GEF audits 2008), and energy audits provithgd Nagy (2008) and Csoknyai
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(2008a)). The calculated average heating energyiraagents are based on processing of cca.
110 audits, which were selected out of about 15@wed audits. This covers 129 buildings
which were used for calculating the averages pddibg type. The non-quality audits and
unrealistic data were excluded.

Technical details and costs of the abatement aptionthe technology database in the
component-based model are based on previous rbseafdovikova (2008), product
catalogues, literature (such as Harvey 2006, Maiird007-2010) and expert consultations
(Tamés Csoknyai 2009, Zoltan Kiss 2009, Istvan Ksies 2009, Laszlo Szekér 2009). The
energy performance levels are based on demonstratajects (e.g. Solanova, see Csoknyai
2005), literature (Veronica 2004, 2008) and assionpton the current trends and future
development of these levels are based on consulatvith Tamas Csoknyai (2009), Laszlo

Szekér (2009), Roland Matzig (2009) and Ginter L@0§9).

3.3 Modelling equations for space heating

In the research the following groups of equatiores @sed: i. Equations for calculation of
specific heating energy requirement for space hgdtiom the energy audits; ii. Equations
used in component-based model; ii. Equations usethe performance-based model; iii.

Equations common to both component-based and peafore-based model.

Average heating energy requirements for spacertggpr building type are calculated based
on the collection of energy audits of public buigs in Hungary (UNDP/GEF 2008, Nagy
(2008) and Csoknyai (2008a)). The methodology dtuating average heating energy

requirements are consulted with Tamas Csoknyaig200
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Final energy consumption in public sector is deteent based on the heating energy
requirement for space and water heating (kWh&J per building type, heated are&(rand
the efficiency of space heating system. For catmraof the energy savings due to
application of abatement options in the componeaised model equations for determining the
reduction in heat loss are used. These equatiamsa@opted from Novikova (2008) and
developed based on consultation with Tamas Csoki2g4l8b). The basis of the equations
used in performance-based approach are similandsetin the baseline, only that they are
extended to cover variety of building performaneeels and enable implementation of
several different energy performance levels at thme, with different periods of
implementation. The equations for calculation of dost of CQ reductions are based on
Novikova (2008), modified and extended in such § as to allow for consideration of full

and additional investment.

3.3.1 Equations used for processing of energy audit s

Based on the energy audits specific energy regeinerwas calculated for space heating,

water heating and electricity.

3.3.1.1 Calculation of specific space heating energ y requirement

Due to different quality of the energy audits, atmeeology to calculate specific energy

requirement for space heating was developed ineratipn with Tamas Csoknyai (1.1):

_ FEsHinsh

qShI—T (1.1)
Where:
FEsui — average of annual final energy consumption facspheating per buildinigfor the
last three years corrected by weather factor feldalation of building [MWh]
gshi — specific annual space heating requirement perafirheated floor area of buildinig
[kWh/(m?.a)]
nsn— efficiency of the space heating system [%]
Ani— heated floor area in buildingm?]
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Then, an average specific space heating require@t(kWh/(mz.a)) is calculated per each
building type

3.3.1.2 Final energy consumption for space heating

Energy demand and final energy consumption for egagating per building is calculated

based on the following equations (1.2) and (1.3):

QsH j:C{Thj. An | (1.2)
FE sn ,-:QI;: ) (1.3)

Where:

Qs+ j— annual energy demand for space heating per hgiltuilding typg [MWh]

FEskj — final annual energy consumption for space heapieg building, building typg
[MWh]

gsh j— average specific space heating requirement perofimeated floor area per building
typej [kWh/(m?.a)]

An j— heated floor area per building typlen?]

nsh— efficiency of the space heating system [%0]

Then, the final energy for space heating at thatguevel is calculated (1.4):

FE country SH j— Q SH j Nj (14)
Where:
FE country s j- final energy consumption for space heating antgulevel per building typ¢
[MWh]

Nj — number of considered buildings per building type

The annual final energy consumption for space hgait the whole public sector is calculated

as a sum of the annual final energy consumptiailiconsidered building types.
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3.3.1.3 Calculation of specific water heating requi  rement

Most of the energy audits did not report separatiedy final energy consumption for water
heating. Thus, this was calculated separately basethe total cold water demand of the
audited building and this was then distracted fitve overall final consumption for (space
and water) heating. Hot water consumption typicattgounts for 40% of the total cold water
demand per building (Tamas Csoknyai, personal ca@@9). Energy demand for hot water is
calculated through the following equations (basadpersonal com. with Tamas Csoknyai,

2009) (1.5) and (1.6):

Qwhi=Vewi.0.4.c.0 .(Thw— Tcw) (1.5)

Quhi = Quni (1.6)

Where:
Qwni - energy demand for water heating of the auditgttiimg i [MWh]

Vewi - consumption (volume) of cold water of the audibeiildingi [m”]

c- specific heat of watef4200J /kg .K)

p - water density1000 kg/m)

Thw - temperature of hot water (assunted = 40°C)

Tew - temperature of cold water (assunted =10°C)

Ani— heated floor area of the audited buildifm?]

gwhi - Specific water heating requirement of the auwtibrildingi per heated floor area
[kWh/(m?.a)]

Then, an average specific water heating require%t is calculated per each building type
j (kWh/(n’.a)).

3.3.1.4 Final energy consumption for water heating

Energy demand and final energy consumption for maéating is calculated similarly as in

the case of space heating by using the followingaggns (1.7) and (1.8):

QwH j= G j. An | (1.7)
FEwn ,-:?;V:" (1.8)
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Where:
Qwn j — energy demand for water heating per buildinggdng typej [MWh]

FEwx j —final energy consumption for water heating pdfding, building typg [MWh]

gwh j — average specific water heating requirement pérafrheated floor area per building
typej [kWh/(m?.a)]

An j— heated area per building typen?]

nwh— efficiency of the water heating system (assurhedstme as efficiency of space heating
system) [%]

Then, final energy for water heating at the coutdmel is calculated (1.9):
FE country WH j= QWH o Nj (19)

Where:
N; — number of considered buildings of building type
FE counrywn j- final energy consumption for water heating atraoy level per building typé

[MWh]
Calculation is based on Novikova (2008).

3.3.2 Equations used in the component-based model

3.3.2.1 Calculation of reduced heat loss due to imp lementation of thermal
options

Energy savings resulting from application of therimgtions are based on calculation of the
reduction of heat loss through lower heat transionsand reduction of heat loss through
lower air infiltration which occur in the retroféitl buildings due to the improved thermal
properties of the different building elements (etigrough insulation of external walls,

basement and roof and exchange of the windows)cuzions are based on Novikova

(2008)3®

* Reduction of heat loss through lower transmission

AQ« = AUKATHDH (1.10)

AQa=> AQ (1.11)

3 Note, that for the purpose of the study the calioh of reduction in heat loss is simplified. Téw@lar gains,
internal gains and impact of the thermal mass agéected in the calculations.
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Where:
AQ,— reduction of heat loss through heat transmisgdrm]

AQ« — reduction of heat loss through building elemejWh]

A —surface area of the building elemkifitn?]

AU, — change in the average heat transfer coeffiaktite building elemerk [W/m?.K]
HDH — heating degree hours [K.h]

* Reduction of heat loss through lower air infiltrati on

AQ, =cp. p.AACH .V, . HDH (1.12)

Where:
AQv — heat loss through air infiltration [kWh]

¢, — specific heat capacity of afc, =1.0kJ kgK at 20 C)

p - density of air(1.2kg/n? at 20 C)
Vi — air volume inside the building typém®]
AACH - change in air change rate per houtj[h

Reduction of heat loss is calculated for each mgldype. Based on this the reduction in the
heating energy demamd sy is calculated according to the following equatjtri3):
AQsi=AQ, +AQ, (1.13)

Subsequently, the final energy savings are caledlaased on equation (1.14):

AFE o= 2% (1.14)
[]sh

3.3.3 Equations used in the performance-based model

In the performance-based model, annual energy gapotential is calculated as difference
between final energy consumption in the BAU andh@ mitigation scenario. Final energy
consumption in each scenario is based on the famdrgy consumption per building
multiplied by the stock of buildings. This is cdlated separately for new and existing

buildings and for each building type accordingte tollowing equations (1.15 — 1.21).

+* New construction:

Calculation of annual final energy consumption iiUBscenario:
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I:EBAU,NC = FEZOOG ' BS\IC,totaI (115)

Where:

FEsau, nc— final energy consumption in BAU scenario of neamstruction
FEzo06 - final energy consumption of 2006 standard

BS\c.wotai— total building stock of new construction builtr geeiilding type.

Calculation of annual final energy consumption iig@ation scenario:

I:Emit,NC = FEZOOG . BS\IC,ZOOG + FEZOll' BS\IC,ZOM + I:Elow . BS\IC,IOW + I:ENC,pas.sive' BS\IC,passive
+ FE 006 - (BSNC,total - BSNC,ZOll - BS\IC,IOW - BS\IC,paSSive) 116)

Where:

FEminc — final energy consumption in the mitigation seemér new construction.

FEzo11, FEow— final energy consumption of the 2011 standardy-émergy standard,
respectively

FEnc passive final energy consumption of the passive housedstad for new construction
FEzo06 - final energy consumption of the 2006 standaey@nd BAU scenario, i.e. only in
2011 and 2012)

BSuc.wota— total building stock of new construction buiéruilding type.

BSuc 2012 BSuc,low BSuc passive— building stock of new construction built at teeel of 2011,
low-energy and passive house standard, retrospéctiv

BSo0s — building stock of new construction built at tlewel of the 2006 standard (beyond
BAU scenario, i.e. only in 2011 and 2012)

Calculation of annual final energy savings potédntia

FE = FEgaunc ~ FEnmitne (1.17)

pot,NC
Where:
FEpot, nc— final energy savings potential for new constarct
¢+ Existing buildings:

Calculation of annual final energy consumption isUBscenario:

I:EBAU,EX = FEpartiaI . BSretro,partiaI + I:E2006 . BSretro,ZOOG + I:Enon—retro ' (Baetro,total -
- BSretro,partiaI - BSretro,ZOOG) (118)

Where:
FEgauex — final energy consumption in BAU scenario for sxig buildings (built before

1990)
FE>oos FEpaia — final energy consumption of 2006 standard andtigbaretrofit,

retrospectively
BSetro,total - total building stock of annually retrofitted biings
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BSetro,2006, BSetro partial — building stock of annually retrofitted buildings the level of 2006
standard and patrtial retrofit, respectively
Calculation of annual final energy consumption itigation scenario:

I:Emit,EX = I:E2011' BSretro,ZOll + I:Elow ' BSl;etro,low + FEretro,passive' BSretro,passive+
+ FE 2006 . (BS'etro,total - BS’etro,ZOll - BS’etro,low - Bsretro,passive) (119)

Calculation of annual final energy savings potdntia

FEpot,EX = FEBAU,EX - FEmit,EX (1-20)

Where:
FEpot, ex— final energy savings potential for existing Hings built before 1990
Total energy savings potential for public buildings in Hungary

The total final energy savings potential is caleedatas a sum of potentials for new
construction and existing buildings (1.21):

FE = FEpone + FEporex (1.21)

pot,total

3.3.4 Common equations — energy savings and mitigat ion potential,
mitigation cost

Energy savings potential is a result of implemeataif energy savings measure and it is
calculated as difference between final energy compgion before and after implementation of

the energy savings measure (1.22):

AFE = FE,,, - FE, (1.22)

The CQ mitigation potential of individual abatement opo can be a result of
implementation of energy saving technology or cleanfjthe emission factor (for district

heating) due to different energy mix. This can bgressed by equation (1.23):

ACO

2,m,i

=AEF A FBni (1.23)

Where:
ACOzm,i - CO, savings resulting from implementation of abatemgtion m in yeari (t

COy);
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AEF - difference between emission factor in the BAtdl anitigation scenario in yearng

CO,/kWh)
AFEm i - final energy savings resulting from implemeintatof abatement technology option

min yeari (kWh)

The cost of conserved energy (CCE) is calculateddoasepresent value of the annualized
investment over the lifetime of the measure, whéctivided by energy savings generated by
implementation of the measumn. CCE considers only those annuities of the initial
investment which occur in the modelling period (aghd same principle is applied to the
energy savings) (1.24). The equation is based orikhea (2008), Fleiteet al (2009) and

Hermelink (2009).

. (1.24)

Where:
A AlICnm, i —annualized additional investment costs of tetdgyoptionmin yeari (Euro)

The cost of conserved G@s calculated based on a difference between tbgept value of
the annualized additional investments of technologyon m in yeari (compared to BAU)
and present value of the energy cost savings neguitom implementation of this option,
which is divided by the C©Osavings achieved by implementing the optoim the same year

(1.25). The equations are based on Novikova (2008)}ermelink (2009).

CCQ,m,i:AAICmi_A EGhi (1.25)
ACOZ,m,i

Where:

CCOQOzm,i — cost of conserved GQEuro/t CQ)

A AlCn, i — annualized additional investment costs of tetdgyooptionmin yeari (Euro)
A ECn i — energy costs savings resulting from implemeoiatif optionmin yeari (Euro)
ACO2 m,i - CO; savings resulting from implementation of optronn yeari (t COy)

Annualized additional investment costs are caledlas a difference between the cost of the
abatement technology optian and the cost of reference technology annualizesr tive

lifetime of the option (1.26). They include both tapand installation costs.

89



CEU eTD Collection

A AICm, i = am AlCm i— aef. AlCer, i (1.26)

Where:
am, aec — annuity factor for optionsh and reference technology calculated based oniequat
(2.27):

_(1+DR)".DR

I @+DR)"-1 (1.27)

Where:

DR — discount rate

n — lifetime of the technology option

The energy cost savings are calculated as savingsnalf energy (kWh) achieved by

implementation of the optiom multiplied by the price of energy in yeafEuro/kWh) (1.28):

A ECm i=A FEm i PriC&nergy i (128)

Where:
A FEm i — savings of final energy achieved by technology yeari (kwh)

Priceenergy, i— price of energy in year(Euro/kWh)

3.4 Limitations of the research

There are different types of limitations of the digation research — limitations related to the
models in general, limitations related to bottomropdels, limitations related to component-
based modelling approach, limitations related eogtope and time frame of the PhD research

and limitations related to the data collection.

» Limitations related to the models in general
Simulation of the future is always linked to uneérty. The model cannot simulate
unexpected situations (e.g. natural catastrophashwdan change the demand for energy,
wars etc). This uncertainty is difficult to assesd anpossible to quantify.

* Limitations related to bottom-up models
As mentioned above (Section 2.2.3.1) the bottonmglels do not include interaction with

the rest of the economy and they rely on the behaof the market agents based on the cost-

90



CEU eTD Collection

effectiveness. However, for the agents may be materested in welfare or profit
maximization rather than cost-effectiveness.

* Limitations related to component-based modellingrapch
The cost assessment in the component-based apmtoesmot consider resizing of the space
heating system due to the previous demand-sideiezftity measures. This is the reason why
space heating systems (i.e. condensing boilers)naseh less cost-effective than other
efficiency measures. However, including this inte tost analysis is very time demanding
due to the iterative process in the spreadshedicappn and would require a programmable
model. Nevertheless, this problem is avoided ingbdormance-based approach due to the
fact that the cost analysis of the performance ll@heady includes the resized heating
system.

» Limitations related to the scope of the research
One of the limitations of the dissertation reseascthat the model does not include water
heating, for which large energy efficiency poteintizay exist especially in hospitals and
social buildings (such as homes for elderly). Nthadess, inclusion of water heating in the
model would necessitate further research as welkexdsnsion of the current modelling
framework.

» Limitations related to the data collection
Uncertainty of the results depends by large ofghality of the input data, especially in the
data-intensive bottom-up models.
The issue of data uncertainty occurs in severas paithe model:

» Although there is much more statistical detail amblg buildings than commercial

buildings in Hungary, the classification of the Idings into different building

subcategories is often non-transparent, imprecigecantradictory. Unlike residential
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buildings, long-term series on number of publicldings and their average floor area
is not available (floor area is based on the enargits discussed below).

Building stock projections depend on the projectimicators (4.1.3), which are based
on extrapolation of the past trend in the demogafgatures to the future Hungarian
population (e.g. number of kindergartners per thads inhabitants, number of
students per thousand inhabitants, number of bedsgperation per ten thousand
inhabitants). This extrapolation is based on the pasds in the last decade, and thus
the uncertainty associated with the building stpadjections is the uncertainty linked
to the trends in this period.

Some uncertainty is associated also to the prougss the energy audits (Section
4.2). Due to the differences in the quality of thedits and differences in the
methodology used in the audits, as well as lackfafrmation on certain parameters
(heating degree hours, efficiency of the heatirggesy, hot and/or water demand etc),
several assumptions were made which may increasanitertainty of the results.

As the international as well as national energyisttes do not report energy use data
separately for the public sector, and the shathefpublic and commercial sector on
the tertiary energy use varies widely across caesitthe calibration is based on the
share of the public and commercial known floor afidserefore, calibration is linked
to a certain degree of uncertainty.

Component-based studies necessitate detailed tetht@ta on performance and cost
of the technology, and there is a risk that bytthee of finalization of the study, the
collected data become outdated. This limitationaiglp addressed by assumptions on
technology learning of the premature options.

The performance-based approach is also demandirtheonosts of the considered

measures. As the passive construction and readinot mature technologies on the
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market yet, the costs of these vary largely. The oatrently available costed passive
retrofit (SOLANOVA project) is about 2.3 times hmghthan the cost of the

conventional retrofit. As it is obvious that thiest will decrease in the next decade
significantly, and this issue is also addressed Bignificant learning effect, based on

expert estimates, it is linked to a certain degfeencertainty.

Summary

The modelling framework of the dissertation consafta common modelling framework, a
component-based model, a performance-based modeharso analysis and sensitivity

analysis.

The common modelling framework includes typologytteé public building stock, building
stock projections until 2030 for the eight publizilding types and baseline energy
projections in the same time horizon. The businesgsaal (BAU) scenario is used in the
current research as a baseline. This means thauthent policies (policies in place in 2009)
are considered in the baseline. Any policies adbpféer 2009 are not part of the baseline.
The baseline energy use is constructed based omehegng requirements for the eight
building types which were calculated on the bagishe energy audits of three sources —
UNDP/GEF project (2008), Display campaign (Nagy 2088d energy audits provided by
Csoknyai (2008a). Mitigation scenarios are constdicseparately for component- and
performance-based models. The difference betweebabeline energy use and energy use in
the mitigation scenario is the energy saving padérachieved by application of various
abatement measures. The component-based model eacindividual technology options,
and the total energy saving potential is calculatbtbugh cost curve method. The

technologies are ordered by cost-effectivenessdrcost curve graph. The performance-based
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model is based on application of the different gpeperformance levels for the new

construction and retrofit of the public buildings.

Based on the performance-based model several soerae constructed. The aim of the
scenarios is to show the best alternative in tesfreschievable cost-effective potential. This
analysis aims to show which factors play an impurtale in achieving significant potential
in reducing energy use in public buildings. And,léise sensitivity analysis will be conducted

to show the importance of changes in several keyraptions on the final results.

This chapter presented the main data sources foanhéy/sis and the equations for both
modelling approaches and for calculation of the 0dsCO, reductions, which is used as an
indicator of cost-effectiveness in both approacfid® chapter concludes with summarizing
the limitations of the current research, which doe$ aim to cover renewable energy
solutions, but only measures which reduce the gneosgsumption for the main end-use in

public buildings — the space heating.

94



CEU eTD Collection

CHAPTER 4. COMMON MODELLING FRAMEWORK

This chapter presents the main elements of the cammodelling framework, i.e. the
framework which is common for both modelling apmioes used to determine the energy
efficiency potential (component- and performancsedoh approach). These elements are:
building typology and building stock projectionsalaulation of specific heating energy
requirements per building type based on the enarglits and main common modelling
assumptions. Further, the chapter shows the resulltee construction of the frozen efficiency
scenario, which is the common base scenario fdr hatdelling approaches. The second type
of baseline scenario, which is separately consttlat both approaches, is presented in the
relevant chapters (Chapter 5 for component-baseogroaph and Chapter 6 for the

performance-based approach).

4.1 Building stock projections

Modelling of the building stock involves classifica of the building stock, development of

building stock typology and construction of thelbung stock projections.

4.1.1 Aggregation and categorization of the public building stock

Public building stock is very diverse. The data ba humber of different public buildings
was collected from different KSH sources. For thedslling purposes, this large variety of
data is categorized into several subcategoriesdbasetheir function (Table 5). A residual
group “Other” is created from buildings which ao® theterogenic and cannot be assigned to
any subcategory or there is no data on these hgsdand thus cannot be considered in the
model. Table Shows the result of the aggregation process oséhected public buildings

and the main categories of the building stock fary2005.
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Table 5 Aggregation of the public buildings into thain categories (2005)

Number of
Number buildings
of according to
Statistical classification buildings Aggregated subcategories aggregation
Educational buildings 13 409
Kindergartens 4 450 Kindergartens and nurseries 4 963
Nurseries 513
Primary schools 6 072 Primary and secondary schools 8 160
Vocational schools 523
Secondary schools 1001
Buildings of basic artistic schools 164
Special schools 250
Special buildings of educational institutions 150
Universities 286 Universities 286
Health care buildings 5005
Hospitals and  buildings  for
Buildings for confined to bed 841 confined to bed 881
Sanatoriums, hospitals and homes for terminally ill people 40 |
Doctor's offices and ambulance
Doctors' offices 2723 stations 29088
Ambulance stations 265 |
Medical centres 1136 Medical centres 1136
Public administration buildings 5403
Small public administration
Major's and district notary offices 2 987 | buildings 4 408
Administration buildings 1665
Large public administration
Trade buildings 751 | buildings 995
Social buildings 2735
Multifunctional buildings providing services for old people 1725 Social buildings 2735
Temporary housing for old people 400
Temporary homeless shelter 105
Orphanages 460
Other social buildings 45
Cultural buildings 5021
Cultural centres 2977 Cultural buildings 5021
Libraries and stack rooms 753
Museums 683
Cinemas 171
Multifunctional culture & sport establishments 211
Other cultural buildings 226
Other buildings 23 692 23 692
Learning workshops, central workshops (Educational) 285 Workhops & auxilliary office rooms 1240
Mounting workshops (Auxiliary) 378
Office/dressing room (Auxiliary) 577
Storages, garages &  other
Repository storage (Auxiliary) 8699 buildings 21 491
Other (Auxiliary) 6 888
Garages (Auxiliary) 3364
Garage (Public administration buildings) 95
Other buildings (Public administration buildings) 2 445
Fire stations (Public administration buildings) 961 Fire stations 961
TOTAL PUBLIC BUILDINGS (excl. Other buildings) 31573
TOTAL PUBLIC BUILDINGS (incl. Other buildings) 55 264

Source: KSH (2005)
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The ‘Other’ buildings are not considered in the modajority of these buildings can be
considered as buildings not requiring space heag@rgept for fire stations. Fire stations are
not considered in the model due to limited dataaverage floor area and average specific
heating energy requirement. (For fire stations aaly estimates exist, which were used for
calibration of base year.)

The public buildings are classified into eight catégs according to their function and/or
typical size. In the educational and health camosethe buildings are divided into their
categories based on the average size and fundtithre duildings. The public administration
buildings are divided into categories based onsthe of the municipality in which they are
located. While small public administration buildghngre assumed to be those located in the
villages, large buildings are assumed to be locatetthe cities. The threshold for a city is
municipality size of over 100,000 inhabitants (enm. with Zsuzsanna Szalay, 2008).
Social and cultural buildings are considered aglsinategories without further division into
small and large buildings based on the availablaa\s a result of this classification, eight
public building categories are considered in thielipumodel for space heating (Table 6).

Table 6 Categories and subcategories considerg¢danmodel

# Categories considered in the model Subcategories considered in the model

1 | Small educational buildings Kindergartens and nurseries

2 | Large educational buildings Primary, secondary and tertiary educational buildings

3 | Small health care buildings Doctors’ offices and ambulance stations

4 | Large health care buildings Hospitals, buildings for confined to bed and medical centres
5 | Small public administration buildings Administration buildings in villages

6 | Large public administration buildings Administration buildings in towns

7 | Social care buildings Social care buildings

8 | Cultural buildings Cultural buildings

% This is due to lack of detailed data on the sizéhe social and cultural buildings. To overcomis tthallenge,
following steps for the consideration of the fl@wea in these buildings were undertaken. The #wea of social
buildings is based on the results of the collectiddrenergy audits where representation of large smdll
buildings is balanced. The floor area of the calturuildings is a weighted average of small anddazultural
buildings, where the floor area of the small builgh are based on the energy audits analysis (rhtst cultural
audits were of small size and located in small ripaiities), while the floor area of the large llinlgs was
based on own estimate of a size of a museum. Phpioach allows to take into consideration alsodinge areas
of museums which are usually located in municifditabove 100,000 but are not represented in theggn
audits.
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Due to lack of data either on building stock orrgyeusage in some types of buildings, the
following buildings are not considered in the modhilitary buildings and prisons; churches,

public sport facilities (such as gyms, swimming Isoand other, unless they are part of the
educational buildings); and canteens (unless theyart of other buildings considered in the

model).

Data on number of public buildings were collectezhf different KSH sources (publications
and their online Stadat database). Table 7 proadesverview of these sources. Note that the
data had to be aggregated, disaggregated and/ostedjdue to sometimes contradictory
figures from different statistical sources.

Table 7 Sources for building stock data collection

Sector

Type of information

Sources

Educational buildings
(incl. nurseries)

Number of buildings in 2005.

KSH. 2005. Real property of municipalities
2005.

Educational buildings
(excl. nurseries)

Number of individual institutions 1990-
2008.

KSH 2010e. Stadat online tables 2.6.3
(Kindergartens), 2.6.4, 2.6.5, 2.6.6, 2.6.7
(Primary and secondary schools), 2.6.9
(Universities).

Educational buildings
(total)

Total number of educational buildings
2000-2008.

KSH 2010b. Stadat table online: Table 2.3.6.
Real estates owned by the municipalities
(2000-).

Educational buildings

Number of buildings per institution (for
kindergartens, primary secondary and
tertiary education)

Urge-Vorsatz et al. 2000. Lighting municipally
financed buildings in Hungary.

Health care buildings

Number of buildings in 2005.

KSH 2005. Real property of municipalities
2005.

Buildings accommodating health and
social services 1999-2008.

KSH 2010b. Stadat table online: Table 2.3.6
Real estates owned by municipalities (2000-).

Public administration
buildings

Number of buildings in 2005.

KSH 2005. Real property of municipalities
2005.

Buildings accommodating Trade,
service, administration and hostel
buildings 1999-2008.

KSH 2010b. Stadat table online: Table 2.3.6
Real estates owned by the municipalities
(2000-).

Social care buildings

Number of buildings in 2005.

KSH 2005. Real property of municipalities
2005.

Number of social buildings 2001-2008.

Disaggregated from health care and social
buildings based on KSH 2010b. Stadat table
online: Table 2.3.6 Real estates owned by the
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Sector Type of information Sources

municipalities (2000-).

KSH 2010b. Stadat table online: Table 2.3.6
Number of cultural buildings 2001- | Real estates owned by the municipalities

Cultural buildings 2008. (2000-).
Other public KSH 2005. Real property of municipalities
buildings Number of buildings in 2005. 2005.

CEU eTD Collection

4.1.2 Building typology of the Hungarian public bui lding stock

The design of the buildings of public sector vasemificantly and it is difficult to group
them according to common building characteristamsr(. with Zsuzsana Szolay, April 2008).
Nevertheless, the most representative building sypk the public building sector were
selected for modelling purposes. The typology isedasn the year of construction and
architectonic style prevailing in that period. Thmednsions of the building types is based on
the images of the buildings from the UNDP/Energytiee(2008) audits and the average floor
area which is based either on previous projectggtiforsatzet al 2000) and/or the audits of
UNDP/Energy (2008), Nagy (2008), Csoknyai (2008aksEnbuilding types serve as a basis
to calculate the area of glazing, roof, externall wad basement, as well as volume of the
typical buildings. The graphical and tabular preagah of the typology is adopted from
Novikova (2008). The difference between the typolafyNovikova (2008) and the public
building stock typology is that the heating energguirement is not theoretically calculated
based on the technical features of the building,tyqut the specific heating requirement is
based on the results of the above mentioned saterfjy audits to which the building type is
adjusted. As a result, the following building typase considered for modelling thermal

energy:

» Existing buildings built until 1990 (small and lajge
* Modern buildings built between 1991 — 2005 (smiad &rge)

* New construction — buildings built after 2005 (shaadd large)
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Graphical representation of the building types thgewith details of their building structures

can be found in Annex |.

Existing large buildings (built until 1990) withindecational and health care sectors are

further divided into the following categories repeating different construction features:

» Large old traditional buildings built before 1900dabetween 1901-1945

» Large panel and other industrialized buildings tgtween 1946-1990

4.1.3 Projections of the public building stock by b uilding type

Several reviewed studies focusing on tertiary sgatoject the energy use based on the GDP
growth rate and its energy intensity (e.g. Jooswh Blok 2001, Szlavilet al 1999). The
more recent studies use elasticity of floor are&RP for projections of the building stock
(e.g. McKinsey 2009a, described in Bressagtdal. 2007). This is adequate for the
commercial buildings which are largely influenceg GDP, but not for the public sector.
Projections based on GDP forecast may bring uriogyteo the assessment if the actual GDP

develops differently than expect&l.

On the other hand, public sector must have a rashele building stock to meet the
requirements of provision of public services to thkabitants. The building stock is thus
more dependent on number of inhabitants and thenerf the services provided. As it can be
seen from the statistics (KSH 2000, 2005-2010bevgn the public building stock can
experience rather deep changes in the period éitran. However, in the current research it
is assumed that the transition period of the Huagapsublic sector is over and that no further

large single decreases in governmental propertlyosdur (such as those which occurred in

0 McKinsey (2010b) reports for China, that one petdacrease in GDP growth rate per year would réise
emissions by 14% and one percent decline in GDRarmgrowth rate would decrease emissions by 11%.
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the early 2000s). Thus, assuming that the buildingksis rather independent from the GDP
growth, other indicators than GDP growth rate asedufor public buildings projections.
These vary by subsector, but are mainly based orogiephic features of the subsector and
include factors such as number of children in kigdeten, students in primary, secondary and
tertiary education, number of beds in hospitale (§able 8). This approach eliminates the
uncertainty linked to GDP forecasting and by usidifferent indicators for different

subsectors diversifies the uncertainty of the wipaiklic stock projections.

The indicators are collected from the online databzfsthe Central statistical office (KSH).
Most of the indicators are adjusted by populati&iSK 2010g). The total public building
stock slightly increases over the projected pefroth 31,573 buildings in 2005 to 33,410
buildings in 2030 (Figure 19 and Figure 20). Thasairesult of different trends within the
various subsectors (described below). For exanipielergartens, primary and secondary
schools are directly influenced by the negativadren population growth and consequently
declining number of enrolled pupils. On the othandh the number of universities depends on
the number of enrolled students, which has beamasing in the recent period. Trends in the

different building categories are described below.

* Educational buildings

With the decreasing number of newborns, the nurabehildren attending the kindergartens
is decreasing as well. As a result of that therdoigser demand for placement in the
kindergartens and thus the number of kindergartdtsvs a decreasing trend in the past
decade (by 7% since 1991, KSH 2010e). The decreasenber of kindergartens is slower
than the decrease in number of kindergartners (R&He). One of the factors contributing to
this decrease is thus believed to be a decreatdeinumber of pupils per classroom (other

being economic restrictions). The decreasing trarttie number of kindergartens is expected
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also in the future. The number of the kindergartesngprojected based on the number of
kindergartners per 1000 inhabitants and floor aexekindergartner. As a result the number of
kindergartens and nurseries is likely to decreadke future (Figure 10).

Figure 10 Trend and projection of kindergartens awulseries

Number of kindergartens and nurseries
(1991-2030)
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The situation in primary and secondary schools kst aifferent. Although the number of
students in primary and secondary education destle@gy 16% between 1991 and 2008), the
number of primary and secondary institutions atyuakcreased by 18% in the same period
(KSH 2010e). This can be explained by changes instagstical method, and split of the
school entities, or change in the average numbéuidings per institution (e.g. split of one
institution into two separate units — primary sdhand secondary school) and also smaller
number of students in the classroom. However, tke$pis gap, such increase in the number
of buildings is unlikely to continue and it is assed that the number of buildings will react to
the decline in the number of students. Thus, thggtions are based on number of students
in the primary and secondary schools per 1000 itdratls and floor area per student per 1000
inhabitants. Based on quadratic regression, theberumf students per 1000 inhabitants will
further decrease, but this decrease is slowed dowincrease in floor area per student. The

resulting projected building stock is thus projecte decrease only slightly (Figure 11).
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Figure 11 Trend and projection of primary and secanydschools

Number of primary and secondary schools
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Although the number of universities has decrease@®% in 1991-2008 (KSH 2010e), the
number of the full-time students at university haseased more than three times in the same
period. Based on the quadratic regression, the euwfstudents at universities will increase
further in the future. The higher number of studemis necessitate new buildings, and thus
building stock of the universities is expectedrtorease (Figure 12).

Figure 12 Trend and projections for university bunigs

Number of university buildings
(1991-2030)
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» Health care buildings

Number of hospitals and buildings for bed-riddetigrds are projected based on number of
active beds per ten thousand inhabitants. The nuofli®ds has been decreasing since 1999.
However, this trend is likely to be a part of tlestructuring process of the health care system
when several regional hospitals have been closedh das well as when the stay of the
patients in the hospitals is shortened. Based enlrgtic regression, this trend will continue
until it will stabilize and then start increasingaan (see Figure 13).

Figure 13 Trend and projections for hospital builg

Number of hospital buildings and buildings for
confined to bed (1999-2030)

The number of medical centres and doctors’ offisgsrojected on the trend of number of the
active practitioners per ten thousand inhabitantsteend of number of general practitioners
(GPs) and family paediatricians per ten thousarwbitants, respectively (Figure 14 and
Figure 15). As both of these indicators show insirg@ tendency in the period 1999-2008, a

similar trend is assumed to occur in the future.
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Figure 14 Trend and projections for doctor’s offiggsd ambulant stations

Number of doctor's offices and ambulant
stations (1999-2030)

Figure 15 Trend and projections for medical centres

Number of medical centres (1999-2030)
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* Public administration buildings

The number of buildings in public administration Hesen decreasing since 1999, with the
largest decreases in 2002 and 2003. This is likesalt of restructuring when the national
and local governments sell unnecessary buildinggghé same time, number of employees in
the public administration sector has slightly irased. Due to the economic crisis and since
the government will be forced to take measures teatl to significant cuts in public

expenditures, it is assumed that the building stoickublic administration will be further
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radically decreased in the next two years (togeltyed0%) and then will stabilize (Figure

16).

Figure 16 Trend and projections for public adminadion buildings

Number of public administration buildings
(1999-2030)

» Social buildings

Social care buildings consist mainly of buildingsc@ammodating homes for elderly and

disabled people. Number of the elderly has incredgeabout one fifth since 1990 (Eurostat

2010a). The number of buildings has increased irséimee period although at a slower pace.

Due to the expected high increase in number oktderly, it is assumed that the number of

buildings will increase as well in the future asieet the

increasing demand for placement in

these institutions (Figure 17). The number of solstaldings is projected based on the trend

in the number of elderly people in period 1990-200
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Figure 17 Trend and projections for social care dings
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e Cultural buildings

Cultural buildings encountered a large decreag®0? when the building stock decreased by
almost 20% (KSH 2010b). Similarly to the public adistration building stock, cultural
buildings are also assumed to encounter large dgen@ the building stock in the upcoming
period (by 5% p.a. in the following two years) dwerecession and governmental effort to
decrease the public debt. After this decreasecultaral building stock will be stabilized for
the rest of the projection period (Figure 18).

Figure 18 Trend and projections for cultural builds
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Indicators used for different subsectors are suriz®éin Table 8.
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Table 8 Summary of indicators for public buildingak projections

Kindergartens
and nurseries

Number of kindergartners per
thousand inhabitants (1990-2007)

Linear regression based on
trend in 1990-2008.

Building

category Projection indicator Type of forecast Source
KSH (2010f) Stadat online
table 2.6.1. Pupils and

students in full-time and part-
time education (1990-).*

Floor area per kindergartner per
thousand inhabitants (1990-2007)

Linear regression in years
(1997-2007).

Number of students in the primary
and secondary schools per
thousand inhabitants (1990-2007)

Quadratic regression
based on trend in 1990-
2008.

KSH (2010f) Stadat online
table 2.6.1. Pupils and
students in full-time and part-
time education (1990-).*

Quadratic regression
based on  1991-2008,
assuming that it will not

Primary  and |Floor area per student in primary | decrease below the
secondary and secondary schools per|average of the last ten
schools thousand inhabitants (1990-2007) | years.
KSH (2010f) Stadat online
Quadratic regression | table 2.6.1. Pupils and
Number of full-time enrolled | based on trend in 1990- | students in full-time and part-
students per thousand inhabitants | 2008. time education (1990-).*
Floor area per student in
universities per thousand | Average value in the past
Universities inhabitants (1990-2007) decade (1999-2008).

KSH (2010d). Stadat online

table 2.5.1. Physicians’,
general practitioners (GP),
Quadratic regression | hospital services,
Hospitals and | Number of beds in operation per|based on trend in 1999- | pharmacies, dental care
buildings  for |ten thousand inhabitants 2008. (1990-).*
bed-ridden Number of buildings per bed per | Average in the period
patients ten thousand inhabitants 1999-2008.
KSH (2010d). Stadat online
table 2.5.1. Physicians’,
general practitioners (GP),
Number of GPs and family hospital services,
paediatricians per ten thousand | Average growth rate in the | pharmacies, dental care
inhabitants period 1990-2008. (1990-).*
Number of buildings per GP and
Doctor's family paediatrician per ten|Average in the period
offices thousand inhabitants 1999-2008.
Quadratic regression | KSH (2010c). Stadat online
Number of active physicians per | based on trend in 1960- |tables. 2.4. Public health
ten thousand inhabitants 2008. (1960-).*
Number of buildings per active
physician per ten thousand | Average value in the period
inhabitants 1999-2008.
Number  of  buildings per
Medical employee in public administration | Average value in the period
centres per thousand inhabitants 1999-2008.
Quadratic regression | Eurostat (2010a) Proportion
Number of elderly per thousand |based on trend in period | of population aged 65 and
inhabitants 1990-2008. over.*
Social Number of buildings per elderly | Average based on period
buildings per thousand inhabitants 1999-2008.

* Population in 1959-2008 is based on KSH (2010b-h)
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As a result of the projections for the differentldtng subsectors in the public sector, the total
building stock is slightly decreasing. Figure 1®\pdes an overview of the tendencies in
different subsectors and Figure 20 shows the htidliing stock of the public sector.

Figure 19 Trends and projections of the differenblpusubsectors in 2005-2030
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Figure 20 Trends and projections of the total burtgistock in 2005-2030
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4.2 Processing energy audits - calculation of speci  fic heating
energy requirement

Heating energy requirement for the eight differenilding categories is based on the results
of an analysis of a sample of energy audits of ipuililding in Hungary. These audits come
from three sources: most of the audits stem fronDBIGEF collection of audits (further
‘UNDP/Energy centre (2008)), and the rest are aysltwided by Nagy (2008, audits used
within project ‘Display campaign’) and Csoknyai (Ba). The UNDP/Energy centre (2008)
audits were conducted by several Hungarian auditimpanies within the programme
“UNDP/GEF Public Sector Energy Efficiency Programm@0@2-2008)*' and they are
managed by the Energy Centre, Budapest. The progrdramkeeen extended several times in
the period 2002-2008 and over 1000 energy audigibfic buildings were collected. Access
to the audits was provided by the project autresitand facilitated by the Energy Centre,

Budapest.

Energy audits which were considered for calculabbrthe average specific heating energy
requirements were selected in such away that @li@ building categories as well as

municipalities of different sizes are representedhe selection. This was challenging due to
limited detail on the content of the archived asidAs most of the randomly selected audits
were audits of small municipality buildings, in theter stage the selection was oriented
towards the audits in larger municipalities, whighre expected to include more audits of

large buildings.

Some audits were excluded due to lack of basic miatassary for calculations (such as gross

floor area, heated volume or annual final energysamption for space heating). The quality

1 For details see http://europeandcis.undp.org/environment/eu/show/3D25CD0A-F203-1EE9-
B1532D1DAF8FF524
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of the audits varied depending on the auditor. Buehe differences in quality and the
different techniques for calculation of heating uegment used, an independent common
methodology for processing of all selected auditss wleveloped together with Csoknyai
(personal com., 2008b). In this process, specif@rgy requirement was calculated for space

heating, water heating and electricity.

The process of calculation of the heating energyirements included following steps:

1. Calculation of the annual space heating energy wuopton corrected by climatic
conditions (kWh p.a.). Since the heating degreesi@@dDH) are not reported for each
municipality which was audited, the municipalitiegith similar geographical
coordinates were grouped and a common HDH wasaa#iddo this group.

2. Calculation of the average of the annual final gge&onsumption for space heating in
the recent years (depending on availability of da¢a, this ranges from 1-4 years).
This result was compared to the result in the aadd adjusted if necessary (e.qg.
excluding the year with extremely high or low comgion which cannot be
explained by weather changes).

3. Calculation of the specific heating energy requigam(kWh/(nf.a)) based on the
average annual final energy consumption and theetieaea of the particular building
and assumed space heating efficieffcy.

4. Calculation of the specific energy requirementva@ter heating is based on the total
cold water demand as no hot water data is availabiderlining assumption is that in
general hot water demand makes up 40% of the ¢otdl water demand (Csoknyai,

personal com., 2008b) unless stated otherwise enatidit. The resulting specific

“2 Due to the fact that the energy audits did noorethe efficiency of the heating systems, a commeerage
efficiency of the heating systems (DH, central @uigy heating and individual heating) was assum&d% for
both space and water heating.
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energy requirement for water heating is subtraéteoh the specific heating energy
requirement (considered on case-by-case basis).

5. Calculation of the specific energy requirementdtactricity based on the given data
of annual electricity consumption per building dhd heated floor area per building.

6. Consequently, the sum of the specific energy reguénts for space heating, water
heating and electricity results into the total sfe@nergy requirement, which was
compared to the data in audits, if available.

Energy audits, which resulted in unrealistically lemergy requirements and could have not
been explained by the outstanding design or pedaom of the building, were excluded from

the consideration (e.g. space heating requireneemidctor’s office of 90 kWh/(fa)).

The sample used for calculation of specific energguirements consists of over 100
UNDP/Energy centre (2008) audits, many of whichudeld more than one institution. More
than 200 institutions were checked, out of whicH biildings were used for calculation of
the average specific energy requirements. AdditibAabuildings were added from the audits
provided by Nagy (2008) and Csoknyai (2008a), dutvbich 16 were considered in the

calculation of the averages. In total, 130 buildimgere used in the calculation.

The complexes of the buildings, such as large halspdmplexes were split into different
buildings according to their function and size. direnergy of these complexes was
distributed based on the heated volume and thespbeific heating energy requirement was

calculated based on the heated floor area.

The averages are categorized in the following way:
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 Small educational buildings — kindergartens. Thadegory includes all available
audits of kindergartens. No audits of nurseriesewavailable. Selection based on
function.

» Large educational buildings — primary and secondamdings. Selection based on
function. Schools of all available sizes were cdesd. No audits of university
building were available.

» Small health care buildings — doctor’s offices. Teagegory includes mainly doctor’s
offices and small medical centres, as well as @lpayric and rehabilitation institute
of a small size. Selection based on size.

» Large health care buildings — this category inctutberge hospital complexes, large
psychiatric institute as well as large health/maldoentres. Selection based on size.

» Large public administration buildings — this catggocludes large town halls and
other large buildings of public administrationl&#ion based on size of the building.

* Small public administration buildings — includesahtown halls — of usually small
municipalities. Selection based on size of thedog.

* Social care buildings — includes buildings suchhasnes for elderly, homes for
children, home for the blind, club for elderly egelection based on function.

e Cultural buildings — includes buildings such as ommity centers, cultural centres, an

archive and a library. Selection based on function.

The resulting energy requirements for space heatwafer heating and electricity are

presented in Table 9 and Figure 21.

Table 9 Specific energy requirements for eight joutnlilding categories based on processing
of energy audits

Building type Space heating Water heating Electricity Total

KWh/(m?.a) KWh/(m?.a) kWh/(m?.a) KWh/(m?.a)

113



CEU eTD Collection

Building type Space heating Water heating Electricity Total
KWh/(m?.a) KWh/(m?.a) KWh/(m?.a) KWh/(m?.a)

Kindergartens 206 15 22 243
Primary and secondary educational

buildings 164 10 20 193
Doctor's offices 219 3 31 253
Hospitals and medical centres 204 27 73 304
Small public administration buildings 162 4 42 208
Large public administration buildings 122 4 35 161
Social buildings 273 26 34 334
Cultural buildings 151 3 18 172

Source: based on UNDP/Energy centre (2008), Na@@8qR Csoknyai (2008a)

The results show that the small (mainly one-stonejydimgs) have a larger specific heating
energy requirement than the large, multi-storeydings. This is due to the fact that the small
buildings have a larger cooling down surface reatio their volume (represented by so-
called A/V, area/volume ratio). This implies that mma@ompact buildings perform better in

terms of space heating.

This premise, however, does not hold for small angd health care buildings. Although the
small buildings include doctor’s offices which cdlde presumably more energy efficient in
terms of space heating than hospitals due to shambek hours and lower average daily
temperatures, their specific heating energy requerd is very high due to their unsuitable
A/V ratio. On the other hand, although the largealte care buildings could have better
performance thanks to their A/V ratio, due to tlay-tbng occupancy, higher average daily
heating temperatures as well as high demand o &&% these buildings have also shown

a high specific heating energy requirement.

3 Csoknyai, personal com. (2010)
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The most efficient in terms of space heating argeapublic administration buildings

followed by cultural and large educational buildngrhis can be mainly ascribed to the
compactness of the building as well as shorter imgrkours of institutions residing in these
types of buildings. Large educational buildings dess efficient than the public

administration buildings mainly due to longer wardi hours (some schools have also
afternoon classes, while the public administrabaidings operate usually only on one shift).
Figure 21 Specific energy requirements of the Huiagepublic buildings (kWh/(fra))
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Source: UNDP/Energy centre (2008), Nagy (2008) kGgai (2008a)

Note: ‘Electricity’ does not include electricityrfgpace heating.

4.3 Common modelling assumptions for the baseline s cenario

This section describes the main common modellingimptions for the two modelling
approaches — component- and performance-basedaapprBased on these assumptions the
frozen efficiency scenario is constructed.

Final energy for space heating depends on heated direa, heating energy requirement and
heating system efficiency. The floor area is assugmtstant during the projection period

(see Table 10).
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Table 10 Floor area in public buildings fin

Gross average
floor area
(m?) Source Comments
Educational buildings
Small educational
buildings 501 | Urge-Vorsatz et al. (2000)
Weighted average for primary, secondary
Large educational schools and universities based on the Urge-
buildigns 1544 | Vorsatz et al. (2000).
Health care buildings
Small health care UNDP/Energy centre (2008), Nagy (2008)
buildings 659 | and Csoknyai (2008a)
Based on the size of hospitals
(Urge-Vorsatz et al. 2000).
Medical centres are assumed
Large health care to be of the same size as
buildings 4799 | Urge-Vorsatz et al. (2000) hospitals.
Public administration buildings
Small public
administration UNDP/Energy centre (2008), Nagy (2008)
buildings 507 | and Csoknyai (2008a)
Large public
administration UNDP/Energy centre (2008), Nagy (2008)
buildings 2794 | and Csoknyai (2008a)
Social care and cultural buildings
UNDP/Energy centre (2008), Nagy (2008)
Social care buildings 1329 | and Csoknyai (2008a)
UNDP/Energy centre (2008), Nagy (2008)
and Csoknyai (2008a) for small cultural and | Weighted average based on
Cultural buildings 642 | own assumption for large cultural buildings. KSH (2005)

All buildings are not heated in the same way. Tdldleprovides assumptions on the heated
area as a share of the total floor area of thelingl

Table 11 Assumption on heated area as a share abtakfloor area (%)

Building category Heated area (share of the floor area) %
Educational buildings 95%
Health care buildings 95%
Public administration buildings 95%
Social care buildings 95%
Cultural buildings 85%
Fire stations 80%

Source: Based on Kovacsic, email com. (2008) farcational, health care and public administratioiidings
and adjusted estimates for other building types.

In the frozen efficiency scenario all buildings Iburom 2006 are assumed to be built
according to the 2006 Hungarian Building code (Mtierial order No.7/2006 published in
Magyar kozlény 2006), which corresponds to app®82% of the average heating energy
requirement of the existing buildings built befd@90 (Csoknyai, personal com., 2009). No

retrofit is assumed for the existing buildings. Teating energy requirement for the modern
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buildings is assumed to be 20-40% lower than ttzitg energy requirement of the existing
buildings built before 1990 (for small and largaldhngs, respectively) (Csoknyai, personal
com., 2009), for summary see Table 12.

Table 12 Main assumptions in the frozen efficiesggnario (common baseline scenario)

Frozen efficiency scenario (common baseline scenario)

. No retrofit assumed

Existing buildings (built before | e Specific heating energy requirement based on energy audits
1990) (UNDP/Energy 2008, Nagy 2008, Csoknyai 2008a)

Modern buildings (built between | *  Small buildings: HER 20% lower than existing buildings

1990-2005) . Large buildings: HER 40% lower than existing buildings
New construction (built after
2005) . All new buildings built according to 2006 Building code

Another important parameter for modelling spaceihganergy consumption is the type and
efficiency of the heating systems. Three differgreice heating modes are distinguished in the
public buildings: district heating, central builditneating (this can be a building boiler or a
central block heating — more than one buildingdgated with the same boiler) and individual
heating - these are usually so-called “gas conveti@ovacsics, personal com., 200/8)
Distribution of these three heating modes amongpihlelic subsectros is based on KSH
(2005), see Table 13.

Table 13 Distribution of the public buildings acdorg to heating modes

Space and water Educational | Health care adm?#its)'zlrgtion Social Cultural
heating mode buildings buildings buildings buildings buildings
District heating 11% 12% 6% 11% 3%
Central heating 67% 57% 41% 66% 39%
Individual heating 22% 32% 53% 23% 58%

Source: KSH (2005).

The efficiency of the heating systems is based eraisumption of heat production efficiency
and distribution and control losses (based on Cgkpersonal com., 2009), see Table 14.
The efficiency of heat production in district hegtimstallations is increasing from 77% to

about 87% in 2025 and then is constant (based arkbla 2008).

*4Non-gas heating systems in the public buildingareare negligible and thus not considered in tioeleh
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Table 14 Efficiency of the heating system for exgstand new buildings in the frozen
efficiency baseline scenario

Heat production Distribution Control Total
Heating system efficiency losses losses efficiency

Existing buildings (built before 1990)
District heating 100%* 6% 10% 86%
Central building heating 83% 6% 10% 71%
Individual heating 75% 6% 10% 64%
New buildings (built after 2005)
District heating 100%* 3% 3% 94%
Central building heating 90% 3% 3% 85%
Individual heating 85% 3% 3% 80%

Source: Csoknyai, personal com. (2009)

Note: * Heat production of district heating is apgimately 100%. This represents theoretical efficieof the
heating system within the system boundaries, ffieiency of the heat exchangers within the buitgin

The energy prices used in the model (for all scesprre based on data collected from the
relevant agencies for district heat and natural(gas Table 15) and are assumed to increase
by 1.5% per year (based on projections in Novikd088, Petersdorfét al. 2005). Energy
prices do not include VAT.

Table 15 Assumed energy prices

Energy price,

Fuels EUR/KWh (EUR2005) Source
2005 2006 2007 2008 2009
Natural gas 0.020 | 0.024 | 0.024 | 0.030 | 0.031 | Hungarian Energy Office (2005-2009)

District heat

0.017

0.021

0.022

0.022

0.026 | FOTAV online (2009)

Note: The presented energy prices are based ontheofiexible component of the energy costs, asfittes
amount is not reduced even if energy saving measugeimplemented.

The exchange rate of 300 HUF/EUR is assumed for tiadenperiod 2005-2030.

4.4 Frozen efficiency scenario - energy use and CO  , emissions
This section presents the result of constructiothefbaseline scenario, which is common for
the two modelling approaches (component-based artbrmance-based) — the frozen

efficiency scenario.
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The frozen efficiency baseline scenario is constaittased on the building stock projections,
heating energy requirements, heating system efftgicheated floor area and other factors
and assumptions. The resulting energy consumptiowslta slightly declining trend which
can be explained both by decline of the numberugdfiings in building categories as well as
improvement of efficiency of the district heatingseem (Figure 22).

Figure 22 Total final energy consumption in frozéficeency baseline scenario (GWh)
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Figure 23 shows that the decline in the total fexaérgy consumption in the frozen efficiency

scenario is caused mainly by the decline in thelmmof Primary and secondary educational

buildings.
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Figure 23 Final energy use in frozen efficiency bagetcenario by subsector (GWh)
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The resulting C@emissions baseline shows even more pronounceahisgctrend which is
given by the gradually improving emission factar dastrict heating (Figure 24).

Figure 24 CQ emissions in frozen efficiency baseline scend&ti€(,)
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4.5 Calibration of the base year energy consumption in the
public sector

This section sets the energy use in the base y@@5)dnto the perspective of the total

national energy consumption in that year.

The statistical data for energy use exist only far tommon sector “Commercial and public
services” without distinguishing further the energe by either commercial or public sector.
This makes it difficult to calibrate the total engngse for space heating in the current model,

and therefore several approximations have to be.use

Total final energy use in the Hungarian commeraml public service sector was 40 TWh in
2005 (IEA 2008a). Out of this the use of natural gag district heat accounted for 29.2 TWh
(IEA 2008a). Due to lack of data on the split ofafienergy use into public and commercial
sectors, an approximation based on the floor &reaed. Assuming only heated premises, the
share of the public floor area on the total teytiloor area is approximately 43% (Table
16)* Information on military buildings and prisons iscorporated in the public sector in

order to provide a wider perspective of the sestfidor ared’®

Table 16 Number of buildings and floor area®(rim the public and commercial sectors in
Hungary in 2005

Total floor Share on

Floor area area total FA of

Number  of per building (thousand the tertiary

2005 buildings (m? m?) sector (%)

PUBLIC BUILDINGS 31573 39 210 32%
Educational buildings 13 409 15 194
Kindergartens & nurseries 4963 501 2485
Primary and secondary schools 8 160 1365 11137
Universities 286 5 500 1573

*5 Commercial buildings account for a large parttef hon-residential sector and may range from 45-67te
total building stock (ltaret al.2008).

“* In Hungary there are 29 institutions which hossqms with a total heated building-related flooeaarof
335 075 m (est.) (Tiinde Gere, email com., May 2010). Sirat @n number of military buildings in Hungary
was not available at time of writing, it is assuntedt in Hungary there are twice as many militamjdings as
in Slovakia (around 30 buildings, SRO 2010), amuagsion based on the population ratio in the twontges.
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Total floor Share on
Floor area area total FA of
Number  of per building (thousand the tertiary
2005 buildings (m?) m?) sector (%)
Health care buildings 5 005 11 713
Hospitals & Buildings for confined to bed 881 4799 4228
Doctor's offices & ambulance stations 2988 680 2032
Medical centres 1136 4799 5 452
Public Administration office buildings 5403 5016
Small public office buildings 4 407 507 2233
Large public office buildings 996 2794 2783
Social care buildings 2735 1371 3749
Cultural buildings 5021 705 3538
COMMERCIAL BUILDINGS 231 679 72 630 60%
Commercial office buildings 259 2164
Small commercial office buildings 79 1706 135
Large commercial office buildings 180 11273 2 029
Trade buildings 178 417 42 004
Shopping centres 57 18 160 1035
Hypermarkets 91 6 693 609
Retail shops 166 738 104 17 298
Wholesale warehouses 11531 2 000 23 062
Of which heated warehouses (est. 30%) 3459 2 000 6 919
Hotels & Restaurants 53 003 28 462
Hotels 836 3000 2508
Pensions & Hostels 2 361 1500 3542
Restaurants 49 806 450 22413
OTHER PUBLIC BUILDINGS 23 692 9173 8%
Workhops & dressing rooms 1240 300 372 0.3%
Storage, garages, other buildings (excl. fire stations) 21491 300 6 447 5.3%
Fire station (Public administration) 961 2 450 2 354 1.9%
Other buildings not considered in the model 89 515
Military buildings 60 3000 180 0.1%
Prisons (number of institutions) 29 335 0.3%
TOTAL 287 033 121 529 100%
Heated buildings
Public buildings incl. fire stations & prisons 42 451 42.9%
Commercial buildings without warehouses 49 568
Only heated warehouses 6919
Total commercial 56 487 57.1%
Total 98 938 100%

Using this share to roughly estimate the energyalgée public sector on the total tertiary
final energy use, the resulting total final eneugpged in Hungarian public buildings based on
IEA (2008a) is approximately 12.5 TWh. Space heatwgounts for 79% of the thermal

energy use (EC 2001), which translates into 9.87 TWie. final energy used in public sector

calculated in the model for 2005 is 9.5 TWh, whicbreases to 9.86 TWh if the final energy
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for space heating of fire stations is included (§able 17). This is in line with the estimate

based on the IEA (2008a).

Table 17 Calibration of the base year final enengg in the Hungarian public sector

Calibration of base year final energy use in the pu  blic sector
GWh Source

Statistical data
IEA 2008a. Energy Balances of OECD

Natural gas, Commercial and institutional sector, Hungary, 2005 26 516 countries.
IEA 2008a. Energy Balances of OECD
Heat use, Commercial and institutional sector, Hungary, 2005 2 675 countries.

Public sector

Estimated share of public sector on total tertiary sector (based on floor Based on floor area (KSH 2000-
area) 43% 2010b-h) and energy audits

Estimate of natural gas use in public sector 11 377

Estimate of heat us in public sector 1148

Total estimated thermal energy use in public sector 12 524

Space heating in public sector

Share of space heating on total thermal energy in public sector 79% EU (2001)
Based on IEA (2008a). Energy
Total estimated energy use for space heating in public sector 9 868 Balances of OECD countries.

Model: Space heating

Total final energy for space heating in public sector 9535
Final energy of fire stations (estimate) 326
Total final energy for space heating in public sector 9 861

Space and water heating in public sector
Share of space and water heating on total thermal energy in public

sector 92% EU (2001)
Total estimated final energy for space and water heating in public Based on IEA (2008a). Energy
sector from (statistics) 11 576 Balances of OECD countries.

Model: water heating

Final energy for DHW in public sector (exc. fire stations) 725
Final energy DHW for fire stations (est.) 86
Total final energy for DHW in public sector 811

Model: space and water heating

Total final energy for space heating in public sector 9 861
Total final energy for DHW in public sector 811
Total final energy for space and water heating in public sector (incl. fire

stations) 10 672

Accounting for both space and water heating (92%heftotal thermal final energy of the

commercial sector, EC 2001), the final energy fasthtwo end-uses based on IEA (2008a)
accounts for 11.6 TWh. The final energy for spacewatkr heating calculated in the model
accounts for 10.7 TWh (Table 17). The remaining pactudes energy uses (e.g. cooking)

and building types not covered by the model (erigops, military buildings).
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Summary

The frozen baseline was constructed based on bgilsiock projections, specific heating
energy requirement for each building category, dwbdtoor area, type and efficiency of
heating system and other assumptions. The basasy2@d5 and the projection period 2005-
2030. The building stock is constructed based onstlagistical data (mainly Hungarian
Statistical Office, KSH) and aggregated into eigptilding categories (small and large
educational buildings, small and large health darddings, small and large administration
buildings, social care and cultural buildings). Tdese further divided into several building
types depending on the year of construction anbitetural features. The future buildings
stock is projected based on the projection indrsaspecific for each building category, such
as number of children attending kindergartens, rerméf students attending primary,
secondary and tertiary education, number of adtgds in hospitals, number of general
practitioners in medical centres etc. The resultirigre building stock shows a slight increase
over the projection period. Specific heating energguirement is based on the sample of
energy audits in the Hungarian public buildingdexibd from UNDP/Energy centre (2008),
Nagy (2008) and Csoknyai (2008a). Due to differgotlity and calculation procedures
separate methodology for processing energy authtwlas developed together with Csoknyai
(2008b). The resulting specific energy requiremdotsspace heating, water heating and
electricity fill in the information gap of this tgpof information for public buildings and can
also be used in other countries of the CEE region. rEselts show that more compact
buildings have better energy performance due tooeemsuitable area/volume (A/V) ratio.
This premise is however not valid for small and dafgealth care buildings — while in
hospitals the suitable A/V ratio is offset by longgeration hours in the hospitals, the lesser
need for high temperatures in the doctor’s offisesompensated by unsuitable area/volume

ratio. The most efficient in terms of space heatang large public administration buildings
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followed by cultural and large educational buildngocial care buildings and small health
care buildings rank among the least energy efficprblic buildings. The chapter presents
overview of the assumptions behind the baselineefmoefficiency scenario, the resulting
energy use and related gQCmissions. Finally, the building stock, baselineergy
consumption and COemissions in the base year are calibrated baseth@ravailable

statistical sources.
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CHAPTER 5. RESULTS: COMPONENT-BASED APPROACH -
IMPROVING BUILDING ELEMENTS ACCORDING TO COST-
EFFECTIVENESS

In the past decade the cost-effectiveness apprafagbtermining the mitigation potential has
gained in importance. An increasing number of @sidiave been conducted (see Chapter 2);
however, most of these studies focus either saelyesidential buildings, investigate only a
few types of tertiary/public buildings, or treattbuilding sector as a whole without paying
special attention to tertiary/public buildings. Hewer, public buildings play an important
function as an example for the wide public as vasllbusiness community. Therefore, it is
important to establish the energy saving potentialhese buildings as well. Due to large
variability of the public building stock and limdestatistical data the potential in the tertiary
sector is determined based on its value added. HHawthe value added of the public sector
is difficult to establish due to its relatively siinshare on the GDP (and the projections of
economic activities in general). We believe thaating public sector on the basis of building
stock that is predicted based on sector-speciflcators is more precise for determination of
energy saving potential. This chapter describesntlaén assumptions, technical options,

results and analysis of such potential determindtimsed on the building stock projections.

5.1 Assumptions for component-based approach

The component-based approach consists of a modekisting buildings (built until 1990),
modern buildings (built between 1991-2005) and rmwastruction (buildings built after
2005). The main assumptions for the component-baet| are summarized below:

* Base year is 2005

* Projection period is 2005-2030

» Mitigation action starts in 2011
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* In the period 2005-2010 the mitigation scenarioagssumed to follow the same
trajectory as the BAU scenario (referred to als@Aab comp

* In the mitigation scenario: all existing buildingbuilt until 1990) are gradually
retrofitted by 2030

* In the mitigation scenario: all new buildings aradyally built to the level of passive

house standard from 2019

The methodology for the component-based determimadiothe energy saving potential
involves construction of Business-as-usual (BéWg) scenario and a mitigation scenario (for

research framework see Chapter 3).

% Business as usual scenario (BAU  comp)

The BAU;omp SCeENario assumes that energy saving options staled at the natural rate of
retrofit (1% of existing building stock). The abatemh options in the BAk}mp scenarios

include both thermal envelope insulation (insulatimf external wall, basement and roof,
window replacement, for details of these see suissedMitigation scenario’) as well as

improvement of the heating systems (standard mgl8oiler). The BAld,mp does not include

temperature management. All new buildings are asduto be built according to the 2006
Building code (Ministerial order No.7/2006 publishe Magyar kozlény, 2006, further 2006
Building code). The Hungarian 2006 Building coderesgnts approximately 50% energy
savings compared to the existing buildings buililuk®90 (Csoknyai, email com., 2009). In
the BAU;mp for new construction no further energy efficierioyprovements are assumed
over the projection period due to typically low ébwf compliance to building codes in the

absence of additional policiésEnergy consumption of the non-retrofitted building®ased

*" The compliance of building codes is a major probie many countries (Laustsen 2008). According t@ri&h
(2008) and Hjorn (2008) only 50-65% of new homes mit comply with basic energy standards (in
Lechtenbéhmer and Schirikgrthcoming.
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on the energy audits from the following sources: DIEnergy centre (2008), Csoknyai

(2008a), Nagy (2008). For overview see Table 18.

% Mitigation scenario
Mitigation scenario assumes that energy efficiemgtyons are installed in such a way that all
existing buildings built before 1990 are renovatgd030. This implies an accelerated rate of
retrofit compared to the natural rate of retrofilaenders an average annual retrofit of 4% of
the existing building stock (built until 1990) p-Ehe abatement options include improvement
of building envelope, improvement of heating systdfitiency and temperature management

(see Section 6.2).

For new construction it is assumed that all newdmgs are gradually built according to the
passive house (PH) standard by year 2019. Thissedban Article 9 of the recast of the
EPBD, which obliges all new buildings occupied am¢hed by public authorities be built as
nearly zero energy buildings (EC 201®)n the period 2005-2011 the 2011 Building code
and low-energy standard play an important rolerassition standards towards the passive
house standard. The 2011 Building code phases-c2015 and the low-energy standard in
2019, when the only allowed standard for new bogddiis passive house standard (see Table

18).

Table 18 Main assumptions in the component-baseattimo

Component-based model

« Rate of retrofit: 1% of the existing buildings built until 1990
« Retrofitted: incremental application of energy efficient technologies

* Non-retrofitted: average energy consumption based on energy
BAUcomp Existing buildings audits"®

New buildings ¢ All new buildings are built to the level of 2006 Building code

“8 Based on the recast of the Energy PerformanceuilfliBgs Directive (2002/91/EU). The new directive
(2010/31/EU) is not a part of the BAU scenario,dese it was not in force in 2009, condition forlirting the
policy into the BAU scenario. The recast was adbote 19 May 2010.

9 Survey includes energy audits of UNDP/Energy @(2008), Csoknyai (2008), Nagy (2008). Furtheemefd

to only as UNDP/GEF audits.
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Component-based model

e All existing buildings (built until 1990) are retrofitted by individual
measures (insulation, windows exchange and efficient building
boilers) by 2030

Existing e Accelerated rate of retrofit of approximately 4% of the existing
buildings buildings built until 1990 (depending on building type)
e All new buildings are PH from 2019

e The rest is assumed 2011 (phase-out in 2015) and low-energy
(phase-out in 2019)

Mitigationcomp | New buildings *  Phase-out of 2006 Building code: 2011

The main assumptions imply that the component-basatkl| is in fact a mixed model using
component-based approach for the existing buildargs performance-based approach for the
new construction. This is given by the nature of twgrent building codes where the
requirements for the new construction are incrgggimguantified as performance-based
indicators depending on the A/V ratio and othertdes (see e.g. Hungarian 2006 Building

code)*®

5.2 Abatement technologies

The building envelope serves as a barrier to thmstea of heat between the inside and outside
of the building (Harvey 2009). At the same timeg thutside air may enter the building
through leaks in the building elements (and thuweddeto infiltration losses). Thus, it is
important that both the transmission and infilvatilosses are avoided. This can be done
through proper insulation of external wall, roofdabasement and installation of high-
performance windows and doors. Using these elementsrs heat losses and thus lowers
peak load of heating system (Smeds and Wall 20d@@)eover, throughout the process of

building retrofit it is essential that thermal lgek are avoided (Smeds and Wall 2007).

* |n the current study for the new construction shene model is used for component-based (currerpt€hs)
and performance-based model (Chapter 6), as walt@sarios (Chapter 7), and it is also referredst®assive
accelerated scenario.
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In the component-based model the following abatéremmnologies are explored in terms of
energy saving potential:

* insulation of external walls,

* insulation of roof,

* insulation of basement,

» exchange of windows,

* temperature management

» installation of condensing building boiler,

» passive house standard for new construction.

It is assumed that all components are applied @obthilding at once. This section presents
technological characteristics and the costs ofajy@died options. The abatement options are
applied to all existing public buildings built beé01990 in Hungary except for buildings not
applicable to certain types of measures (e.g. eatewall insulation is not applied to the

buildings with thick walls — the old traditional itdings built before 1945).

As the technical parameters of the thermal insuaéind window exchange in public sector
are similar to the residential sector in termsegchhical parameters and investment cost, these
are adopted from Novikova (2008), see below. Néedess, as the public buildings are on
average of a larger floor area than residentialdngs, and there are differences in the
heating systems between the two building sectbeset options were investigated in more

detail.

The public space heating model does not includedwiich as most of the public buildings
are supplied either by natural gas or district ingatRenewable energy sources (such as heat

pump, pellets, solar thermal) are not examinedérhodel as the main focus of the current
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study is on energy efficiency and energy savingempal (and the related GOnitigation

potential).

In the text below the individual abatement optigaemponents) are described and their

technical parameters are reported.

«+ External wall insulation

The energy savings of external wall insulation delpen the building type and area of
external wall surface. Due to the fact that thddags built until 1946 have thick walls and
since it is often impossible to alter the facaddahaf historical buildings (Novikova, 2008),
external wall insulation was not applied to the daidditional buildings, but only to the
industrialized one3: The importance of the external wall insulation fre tindustrialized
buildings is that it not only lowers the heat tf@ndetween the building and the environment
but it also reduces the thermal bridge losses (@s0k2005). Table 19 provides overview of

the technical characteristics for external walliiln§on considered in the model.

Table 19 Technical parameters of external wall iagan

U-value before retrofit U-value after retrofit
Building type (W/m? K) (W/m? K)
Small buildings (constructed until 1990) 1.25 0.35
Industrialized large buidlings 2.00 0.35

Source: Novikova (2008)

*1 The industrialized technology covers both the aited “panel buildings” as well as buildings “buily other
type of industrialized technology (e.g. block-, teasunnel-shuttered-, ferro-concrete skeleton keji's
(Csoknyai 2005).
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Roof insulation is assumed to be installed on the of the building in case of the

industrialized buildings and to the attic floor @ase of the traditional and existing small
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buildings (Novikova 2008).

Table 20 Technical parameters of roof insulation

U-value U-value
before retrofit after retrofit
Building type (W/m?.K) (W/m? K)
Small buildings (constructed until 1990) 0.89 0.225
Traditional large buildings 0.89 0.225
Industrialized large buildings 0.77 0.23

Source: Novikova (2008)

«+ Basement insulation

The basement insulation can be installed on the 8bthe cellar in case the building has one,

or on the top of the ground floor in case buildivas no cellar (Novikova 2008).

Table 21 Technical parameters of basement insulatio

U-value U-value
before retrofit after retrofit
Building type (W/m?.K) (W/m?K)
Small buildings (constructed until 1990) 0.66 0.23
Traditional large buildings 0.66 0.23
Industrialized large buildings 0.50 0.23

Source: Novikova (2008)

% Replacement of windows

All existing buildings are retrofitted with high-germance windows (Novikova 2008), which
lower the heat loss through transmission (doukdeigh) and air infiltration (better sealing of
the window). The improved sealing between the wing@nel and the frame lowers the air

change rate (times of exchange of the air per hemuf)related heat loss.
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Table 22 Technical parameters of window replacement

U-value Air change rate
Before retrofit | After retrofit | Before retrofit | After retrofit
Building type (W/m?.K) (W/m?K) | (times/hour) | (times/hour)
Small buildings (constructed until 1990) 2.50 0.95 0.8 0.5
Traditional large buildings 2.50 0.95 0.9 0.5
Industrialized large buidlings 2.50 0.95 1.0 0.5

Source: Novikova (2008)

% Temperature management

Based on the opinion of the experts at the workshdipigation potential in Hungarian
buildings” 2008) about 80% of all existing publiaildings (built before 1990) are currently
overheated. In these buildings average daily teatper can be lowered by at least 2°C
(“Mitigation potential in Hungarian buildings” 2008This means that for instance, buildings
which are heated during the heating season atvérage daily temperature of 23°C can lower
their average daily temperature to 21°C. This caddre either by better thermal regulation
during the working hours, dividing the building anseveral heating zones with different
temperature needs or switching off the heatingnduthe nights and weekends, and in times
when the building is not occupied. To do this, oaa either install thermostatic radiator
valves (TRVs), which allow the temperature to beutagd manually or Programmable
thermostats, with which the users can program éhgperature according to usual working

hours and it will regulate the temperature in théding automatically?

By decreasing the temperature by 1°C it is posdiblsave 5-6% of energy in Hungary

(“Mitigation potential in Hungarian buildings”, 28)D. Thus, with 2°C average temperature

*2 |t is also possible to lower the daily average gerature by means of a computerized Building energy
management system (BEMS). BEMS is however not stui this study. Another, much less costly sohui®

to appoint the portiere of the building with thekaof regulating the temperature when all userthefbuilding
leave. This is a solution for buildings with irrédgutime schedule such as special schools, in wiantperature
management is difficult to be programmed automlyi¢®arga 2008). This option is also not studieztdrdue

to lack of energy savings cost information.
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drop, energy savings of 11% is assumed. It isdliffito calculate exactly the cost of this
measure as this depends on the complexity of thengesystem in each individual building.

The cost of this measure does not include only threhase of the TRVs or programmable
thermostats, but also other equipment that reguldéite temperature of the cycle for space
heating and hot water. It can range from 75,000 HigF building (small buildings) up to

800,000 HUF per building (large buildings) (Kisgrgonal com., 2009). The installation costs
for temperature management equipment are assuniex160% of the cost of the equipment

(based on Novikova 2008).

% Condensing boilers

In the mitigation scenario it is assumed that @xgstbuilding boilers (with a heating
efficiency of 71%) are replaced by condensing bsilgith the total heating efficiency of 93%
(Csoknyai, personal com., 2009). The total heatiffigiency is a result of heat production

efficiency and the distribution and control losés=e Table 23).

In order to find the suitable condensing boiler &ach building type a heat demand was
calculated (kW per building per year) for each thuidy type. The heat demand specifies the
peak needs for heating of the building to comfdegabmperature. This figure was increased
by 30% in order to secure sufficient supply of higavacsics, personal com., 2009). Based
on this, the most cost-efficient alternatives oh@densing boilers were selected from product
catalogues (Junkers, Vaillant, Termomax, Viessmany the average cost of these was
calculated. Besides the higher cost of the condgrisoiler, larger radiators are needed due to
the fact that the condensing boiler the system lbagr circulation temperature and thus

requires radiators with bigger surface (Kiss, peas@om., 2009, Novikova 2008). Therefore,

the total additional cost of the condensing bo{lacluding radiators) is much higher than

those of the standard boiler. The cost of radiat@pends on the heated volume of the
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building and was calculated based on Novikova (2@D8 Csoknyai (email com., 2008). The

cost of installation of both the boiler and theiasoks is 50% of the cost of the equipment.

The condensing boiler replaces also the new starmtaler which would have been otherwise
bought under the BAU scenario. The total efficiemdythe heating systems for the new
standard boilers is 85% (Csoknyai, personal co®09® Similarly as for the condensing
boilers, the cost of the standard building boikerdetermined based on the heat demand in
each type of building based on the product catasg(mentioned above). The cost of
accessories for the new standard boiler (such msnely, tubes and pipes) is assumed to be

100% of the cost (Kiss, personal com., 2009).

Table 23 Heating efficiency for existing and newdiogs

Heat production Distribution Total

losses

Heating system

efficiency

Control losses | efficiency

Current state (existing buildin

gs in 2005-2010)

District heating

100%

6%

10%

86%

Central building heating

83%

6%

10%

71%

Individual heating 75% 6% 10% 64%
BAU scenario (existing in 2011-2030 and new buildings in 2005-2030)

District heating 100% 3% 3% 94%
Central building heating 90% 3% 3% 85%
Individual heating 85% 3% 3% 80%
Mitigation scenario (existing in 2011-2030 and new buildings in 2011-2030)

District heating 100% 1% 3% 96%
Central building heating 97% 1% 3% 93%

Individual heating

92%

1%

3%

88%

Source: based on Csoknyai, personal com. (2009).

%+ Application of passive house standard to new constr

uction

In the mitigation scenario it is assumed that alwnbuildings are built according to the

passive standard technology from 2019, while dutirggtransition towards the passive future
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new buildings are built according to the level bé tso-called “2011 Building cod®’and

low-energy standard.

The requirements of the passive house standard (Rd#S)ew construction include the
following (PHI 2003):

« the heating requirement in the building shall bemore than 15 kWh/(fa)

» the air-tightness of the building should be atti€a6/h rg-value.
A high-performance thermal envelope can reduce lesses to the point where a large
portion of the “remaining heat loss can be offseirtiernal heat gain (from people, lighting,
appliances) and passive solar heat gain, with ¢lagitng system required only for the residual”
(Harvey 2009). Complying with the heating requireief 15 kWh/(ni.a) of the PHI (2003)
is usually achieved by lowering the heat loss touald5 kWh/(ni.a), where one third of the
heat loss is offset by internal heat gains, onelthy passive solar heat gains and the rest by

the heating system (Harvey 2009).

The 2011 Building code assumes energy consumpti@® &Wh/(nf.a) and the low-energy

standard energy consumption of 30 kW@ (Csoknyai, personal com., 2009).

The current additional costs for the new passivesb@re assumed 20% higher than the cost
of a building built today (Szekér, personal con@Q@)>* The currently high costs of tertiary
buildings built with PHS technology in Hungary atetermined by the costs of the imported

technology and lack of experience. However, witte tevelopment of the passive

*3:2011 Building code’ is named in such a way amthicate when such a requirement should be implésaein

order to provide a transition towards passive haesknology.

** The additional costs of passive tertiary buildimgsy range between 20-50% above the constructists af

the standard building (Kistelegdi, personal con@09), but it is very important to consider what ckiof

conventional building is used as a reference, astists vary widely. Note, that this estimate weferboth new
construction and retrofit to the passive standavell
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construction market in Hungary the additional castshe passive standard are assumed to
decrease gradually to the level of 8% by 2020 (@as® Veronica 2008; and in line with
estimates by Matzig, personal com., 2009 and Csakmyersonal com., 2009). This
assumes a strong development of the Hungarianvealssuse components market as well as

mass training of the architects, planners and coctsbn workers over the projected period.

The costs of low-energy buildings are assumed 108kehithan the cost of new standard
buildings (based on Csoknyai, personal com., 20098. costs of the 2011 Building code are
assumed 3% higher than the average costs of thdasthbuilding (Csoknyai, personal com.,

2009). The costs of standard new buildings are basdflTK (2006-2009).

5.3 Results of the component-based model: energy sa ving
potential in terms of cost

In this section the results of determination of &mergy saving potential are presented. First,
the potential is calculated for the individual amaént options and then, the combined
potential is established through the use of thelsupurve method based on the order of cost-
effectiveness of the options. This method ensuratsdbuble-counting of the potential of the

overlapping abatement options is avoided. Tablsl®vs the energy saving potential and the

costs of realization of this potential when the sugas are are assessed individually.

Table 24 CQ mitigation and energy saving potential of indivatloptions for space heating
and their costs in the mitigation scenario in 2030

. Cost of Energy .
C?; Z%\gggs mitigated CO,  savings in Cz%i(')n
Measure in 2030 2030
ktCOa/yr. EUR/tCO, GWhlyr. EUR/kWh
Educational small buildings (built until 1990) 42 213

% The current level of additional costs of new pesdiouse construction in Austria and Germany 9% 1
(Ronald Matzig, personal com., 2009).
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COsaings i 2iiCo, smingan  COE
Measure in 2030 2030

ktCOy/yr. EUR/tCO, GWhlyr. EUR/kWh
Temperature management 2C in small education buildings (only
DH & CBH) -37 26 0.001
Exchange of windows in small educational buildings -2 33 0.008
Condensing building boiler in small educational buildings 10 -2 48 0.008
Insulation of external wall in small educational buildings 0 29 0.008
Insulation of roof in small educational buildings 6 46 0.009
Insulation of basement in small educational buildings 8 29 0.010
Educational large buildings (built until 1990) 131 658
Temperature management 2C in large educational buildings (only
DH & CBH) 11 -17 55 0.005
Insulation of external wall in industralized large educational
buildings 29 -11 147 0.006
Exchange of windows in large educational buildings 45 -7 226 0.007
Condensing building boiler in large educational buildings 31 5 153 0.009
Insulation of roof in large educational buildings 10 19 49 0.012
Insulation of basement in large educational buildings 5 56 27 0.011
Health care small buildings (built until 1990) 42 209
'Igamgecrgtﬁ)re management 2C in health care small buildings (only 5 -39 25 0.0008
Exchange of windows in small health care buildings 7 -9 33 0.0066
Condensing building boiler in small health care buildings 9 -7 45 0.0067
Insulation of external wall in small small health care buildings 5 -3 26 0.0079
Insulation of roof in small health care buildings 10 3 49 0.0090
Insulation of basement in small health care buildings 6 6 31 0.0095
Health care large buildings (built until 1990) 175 878
Temperature management 2C in large health care buildings (only
DH & CBH) 24 -36 124 0.001
Exchange of windows in large educational buildings 57 -20 287 0.004
Insulation of external wall in industralized large educational
buildings 30 -14 154 0.006
Condensing building boiler in large educational buildings 45 -8 225 0.007
Insulation of basement in large educational buildings 6 10 31 0.010
Insulation of roof in large educational buildings 11 16 57 0.012
Public administration small buildings (built until 1990) 37 184
Temperature management 2C in PA small buildings (only DH &
CBH) 3 -31 14 0.002
Insulation of external wall in small PA buildings 10 -3 49 0.008
Exchange of windows in small PA buildings 9 1 47 0.009
Insulation of roof in small PA buildings 6 2 29 0.009
Insulation of basement in small PA buildings 4 4 19 0.009
Condensing building boiler in small PA buildings 5 5 26 0.009
Public administration large buildings (built until 1990) 38 192
Insulation of external wall in industralized large PA buildings 8 -13 38 0.006
Temperature management 2C in large PA buildings (only DH &
CBH) 3 -13 13 0.006
Exchange of windows in large PA buildings 18 -3 92 0.008
Condensing building boiler in large PA buildings 5 8 24 0.010
Insulation of basement in large PA buildings 2 9 9 0.010
Insulation of roof in large PA buildings 3 14 16 0.011
Social buildings (built until 1990) 85 -14
Exchange of windows in social buildings 17 -29 87 0.003
Temperature management 2C in social buildings (only DH & CBH) 15 -28 e 0.003
Condensing building boiler in social buildings 29 -14 144 0.005
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. Cost of Energy .
C?; Z%\gggs mitigated CO,  savings in Cz%i(')n
Measure in 2030 2030

ktCOy/yr. EUR/tCO, GWhlyr. EUR/kWh
Insulation of basement in social buildings 3 34 0.009
Insulation of external wall in small social buildings 8 28 0.010
Insulation of roof in social buildings 11 13 53 0.011
Cultural buildings (built until 1990) 51 255
Temperature management 2C in cultural buildings (only DH &
CBH) 3 -30 14 0.002
Exchange of windows in cultural buildings 11 -12 56 0.006
Insulation of external wall in cultural buildings 8 -1 39 0.008
Insulation of roof in cultural buildings 15 4 72 0.009
Insulation of basement in cultural buildings 9 7 46 0.010
Condensing building boiler in cultural buildings 6 18 28 0.012
New public buildings (built after 2010) 166 835
Passive energy standard in educational small buildings built after
2010 6 -8 29 0.007
Passive energy standard in educational large buildings built after
2010 51 3 258 0.013
Passive energy standard in health care small buildings built after
2010 14 -3 69 0.008
Passive energy standard in health care large buildings built after
2010 61 14 307 0.011
Passive energy standard in public administration small buildings
built after 2010 3 26 14 0.013
Passive energy standard in public administration large buildings
built after 2010 2 63 9 0.021
Passive energy standard in social buildings built after 2010 22 -12 110 0.006
Passive energy standard in cultural buildings built after 2010 8 18 39 0.012
Total 766 3408

Note: Assumed exchange rate 300 HUF/EUR

Table 25 shows the results of the combination ofaibatement technologies using the cost

curve method. The measures are ordered by sectoestofdl energy savings potential is

approx. 3.2 TWh in year 2030 which translates intb kt CQ.

Table 25 Energy saving and g@itigation potential of combined options for spadsating
and their costs in the mitigation scenario in 2030

Saved
CO; rrit? S;g d Energy CCE in Investmen | energy
savings CC? - savings 2030 ts 2011- costs
Measure in 2030 2 in 2030 2030 2011-
2030
2030
kt million million
COulyr. EURACO, | GWh/yr. | EUR/KWh EUR EUR
Educational small buildings (built until 1991) 38 188 93 77
Temperature management 2C in small education buildings
(only DH & CBH) 5 -37 26 0.001 1 10
Exchange of windows in small educational buildings 10 -14 48 0.005 16 18
Condensing building boiler in small educational buildings 9 2 45 0.008 19 18
Insulation of external wall in small educational buildings 13 22 0.011 14 9
Insulation of basement in small educational buildings 29 21 0.014 17 9
Insulation of roof in small educational buildings 5 42 26 0.017 26 14
Educational large buildings (built until 1991) 102 511 305 211
Temperature management 2C in large educational 11 -17 55 0.01 14 21
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Saved

CO, C;QSt i Energy n Investmen | energy
savings m(':tgafﬁd savings Cz%g(l)n ts 2011- costs
Measure in 2030 2030 in 2030 2030 2011-
2030
COkzt/yr. EURKCO, | GWhiyr. | EUR/KWh "‘E'L'J"F’{“ "‘E'L'J"F’{“
buildings (only DH & CBH)
Insulation of external wall in industralized educational
buildings 27 -8 134 0.01 54 48
Exchange of windows in large educational buildings 36 1 184 0.01 93 72
Insulation of basement in large educational buildings 3 46 17 0.02 18 8
Condensing building boiler in large educational buildings 19 56 94 0.02 90 49
Insulation of roof in large educational buildings 5 70 27 0.02 35 13
Health care small buildings (built until 1991) 32 162 84 63
gﬁﬁ?ﬂ?ﬁé?gﬁy rgan;gceg_('e)nt 2C in health care small 5 -39 o5 0.001 ) .
Exchange of windows in small health care buildings 6 -7 31 0.007 13 11
Condensing building boiler in small health care buildings 7 1 36 0.008 15 15
Insulation of external wall in small health care buildings 4 10 20 0.010 12 8
Insulation of roof in small health care buildings 7 22 34 0.013 26 14
Insulation of basement in small health care buildings 3 48 16 0.018 17 7
Health care large buildings (built until 1991) 140 704 284 268
Temperature management 2C in large health care
buildings (only DH & CBH) 24 -36 124 0.001 8 45
Exchange of windows in large health care buildings 53 -18 267 0.005 75 93
Insulation of external wall in industralized large health care
buildings 21 0 104 0.008 51 42
Condensing building boiler in large educational buildings 31 20 153 0.012 91 65
Insulation of basement in large educational buildings 4 41 20 0.016 19 8
Insulation of roof in large health care buildings 7 51 36 0.018 39 15
Public administration small buildings (built until 1991) 29 143 87 54
Temperature management 2C in PA small buildings (only
DH & CBH) 3 -31 14 0.002 2 5
Insulation of external wall in small PA buildings 9 -2 47 0.008 24 17
Exchange of windows in small PA buildings 7 13 37 0.011 24 14
Insulation of roof in small PA buildings 4 23 20 0.013 15 8
Insulation of basement in small PA buildings 2 33 11 0.015 10 3
Condensing building boiler in small PA buildings 3 77 14 0.027 14
Public administration large buildings (built until 1991) 30 149 87 57
Insulation of external wall in industralized PA buildings 8 -13 38 0.01 13 13
Temperature management 2C in large PA buildings (only
DH & CBH) 2 -8 11 0.01 4 4
Exchange of windows in large PA buildings 15 5 75 0.01 41 28
Insulation of basement in large PA buildings 51 5 0.02 5 2
Insulation of roof in large PA buildings 63 8 0.02 10 4
Condensing building boiler in large PA buildings 83 12 0.00 14 6
Social buildings (built until 1991) 71 355 132 134
Exchange of windows in social buildings 17 -29 87 0.00 13 31
Temperature management 2C in social buildings (only DH
& CBH) 14 -26 70 0.00 11 26
Condensing building boiler in social buildings 23 -7 116 0.01 39 46
Insulation of basement in social buildings 5 20 25 0.01 18 10
Insulation of external wall in social buildings 4 29 20 0.01 17 8
Insulation of roof in social buildings 7 38 37 0.02 35 15
Cultural buildings (built until 1991) 38 190 120 77
Temperature management 2C in cultural buildings (only
DH & CBH) 3 -30 14 0.002 2 5
Exchange of windows in cultural buildings 11 -11 54 0.006 19 19
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Saved
CO, QQSt i Energy n Investmen | energy
) mitigated - CCE in
savings cO, in savings 2030 ts 2011- costs
Measure in 2030 2030 in 2030 2030 2011-
2030
kt million million
COuyr. EURACO, | GWhlyr. | EUR/KWh EUR EUR
Insulation of external wall in cultural buildings 6 9 31 0.010 18 12
Insulation of roof in cultural buildings 10 23 52 0.013 39 21
Insulation of basement in cultural buildings 5 41 27 0.017 26 12
Condensing building boiler in cultural buildings 3 81 13 0.025 16 7
New public buildings (built after 2010) 166 835 530 270
Passive energy standard in small educational buildings -
new construction 6 -8 29 0.01 13 9
Passive energy standard in large educational buildings -
new construction 51 3 258 0.01 155 85
Passive energy standard in small health care buildings -
new construction 14 -3 69 0.01 35 22
Passive energy standard in large health care buildings -
new construction 61 14 307 0.01 228 98
Passive energy standard in small public administration -
new construction 3 26 14 0.01 12 4
Passive energy standard in large public administration
buildings - new construction 2 63 9 0.02 13 3
Passive energy standard in social buildings - new
construction 22 -12 110 0.01 44 36
Passive energy standard in cultural buildings - new
construction 8 18 39 0.01 30 12
Total 645 3238 1723 1211

Note: Assumed exchange rate 300 HUF/EUR

The table above shows that the largest potentidu@teon of 166 kt C@emissions) can be

achieved by gradually applying passive house stananew construction. However, retrofit

of the large health care (140 kt g@nd large educational buildings (102 kt £ Offer also a

large potential. In total, retrofitting of all exisg buildings built before 1990 offers larger

potential than high-performance new constructiore $hpply cost curves for each building

type are presented in Annex IV. Table 26 lists tleasares in order of cost-efficiency.

Table 26 Energy saving and g@itigation potential of combined options and theists in
the mitigation scenario in 2030 for space heatingened by cost-effectiveness

Cost of Investme
CO; mitigated =i CCE in nts SEITE
savings in CO, in savings in 2030 2011- | EMeray costs
Measure 2030 2030 2030 2030 2011-2030
s kt CO./yr. | EUR/tCO, | GWh/yr. | EUR/KWh | mil. EUR mil. EUR

Temperature management 2C in health care

1 small buildings (only DH & CBH) 5 -38.7 25 0.001 1.0 9.0
Temperature management 2C in small

2 education buildings (only DH & CBH) 5 -37.0 26 0.001 1.4 9.8
Temperature management 2C in large health

3 care buildings (only DH & CBH) 24 -36.3 124 0.001 8.1 44.8
Temperature management 2C in PA small

4 buildings (only DH & CBH) 3 -31.1 14 0.002 15 5.0
Temperature management 2C in cultural

5 buildings (only DH & CBH) 3 -30.1 14 0.002 1.6 5.1

6 Exchange of windows in social buildings 17 -28.9 87 0.003 13.4 30.5
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CO. mCitci);;toefd Energy | ccein mvﬁfstme SEITE
savings in CO, in savings in 2030 2011- | Energy costs
Measure 2030 2030 2030 2030 2011-2030
# kt CO./lyr. | EUR/tCO, | GWhlyr. | EUR/KWh | mil. EUR mil. EUR

Temperature management 2C in social

7 buildings (only DH & CBH) 14 -26.3 70 0.003 11.1 25.8
Exchange of windows in large health care

8 buildings 53 -18.1 267 0.005 74.9 93.3
Temperature management 2C in large

9 educational buildings (only DH & CBH) 11 -17.2 55 0.005 13.8 21.1
Exchange of windows in small educational

10 buildings 10 -14.5 48 0.005 15.5 17.6
Insulation of external wall in industralized PA

11 buildings 8 -13.4 38 0.006 12.6 13.3
Passive energy standard in social buildings -

12 new construction 22 -12.1 110 0.006 43.6 36.1

13 Exchange of windows in cultural buildings 11 -10.8 54 0.006 19.4 19.3
Passive energy standard in small educational

14 buildings - new construction 6 -7.9 29 0.007 12.6 9.4
Insulation of external wall in industralized

15 educational buildings 27 -7.8 134 0.007 54.2 48.5
Temperature management 2C in large PA

16 buildings (only DH & CBH) 2 -7.7 11 0.007 3.8 4.3

17 Condensing building boiler in social buildings 23 -7.2 116 0.007 38.5 45.9
Exchange of windows in small health care

18 buildings 6 -6.5 31 0.007 12.9 11.1
Passive energy standard in small health care

19 buildings - new construction 14 2.7 69 0.008 35.2 21.8
Insulation of external wall in small PA

20 buildings 9 -1.6 a7 0.008 23.6 16.6
Insulation of external wall in industralized

21 large health care buildings 21 -0.1 104 0.008 51.4 42.0
Condensing building boiler in small health

22 care buildings 7 0.6 36 0.008 14.7 14.7
Exchange of windows in large educational

23 buildings 36 1.0 184 0.009 93.2 72.5
Condensing  building  boiler in  small

24 educational buildings 9 15 45 0.008 18.7 18.2
Passive energy standard in large educational

25 buildings - new construction 51 3.4 258 0.013 155.5 85.1

26 Exchange of windows in large PA buildings 15 4.9 75 0.009 41.0 28.0

27 Insulation of external wall in cultural buildings 6 8.8 31 0.010 18.1 11.9
Insulation of external wall in small health care

28 buildings 4 10.3 20 0.010 12.1 7.7

29 Exchange of windows in small PA buildings 7 12.5 37 0.011 23.6 14.1
Insulation of external wall in small educational

30 buildings 4 13.3 22 0.011 14.4 9.0
Passive energy standard in large health care

31 buildings - new construction 61 14.0 307 0.011 227.6 97.7
Passive energy standard in cultural buildings -

32 new construction 8 18.2 39 0.012 30.5 12.2
Condensing  building  boiler in large

33 educational buildings 31 19.5 153 0.012 91.2 64.9

34 Insulation of basement in social buildings 5 19.7 25 0.012 18.0 9.6

35 Insulation of roof in cultural buildings 10 22.6 52 0.013 38.9 21.0
Insulation of roof in small health care

36 buildings 7 22.4 34 0.013 26.0 13.9

37 Insulation of roof in small PA buildings 4 22.8 20 0.013 15.0 8.0
Passive energy standard in small public

38 administration - new construction 3 25.9 14 0.013 12.3 4.4

39 Insulation of external wall in social buildings 4 28.8 20 0.014 16.7 7.9
Insulation of basement in small educational

40 buildings 4 29.5 21 0.014 17.3 8.7

41 Insulation of basement in small PA buildings 2 325 11 0.015 10.0 3.3

42 Insulation of roof in social buildings 7 38.2 37 0.016 34.6 14.6
Insulation of basement in large educational

43 buildings 4 40.6 20 0.016 19.2 8.0

44 Insulation of basement in cultural buildings 5 41.1 27 0.017 25.9 11.9
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CO. mCitci);;gd Energy | ccein mvﬁfstme SEITE
savings in CO, in savings in 2030 2011- energy costs
Measure 2030 2030 2030 2030 2011-2030
# kt CO./lyr. | EUR/tCO, | GWhlyr. | EUR/KWh | mil. EUR mil. EUR

Insulation of roof in small educational

45  buildings 5 425 26 0.017 26.0 14.0
Insulation of basement in large educational

46 buildings 3 46.1 17 0.018 17.9 7.6
Insulation of basement in small health care

47 buildings 475 16 0.018 17.3 6.8

48 Insulation of roof in large health care buildings 50.6 36 0.018 38.8 14.6

49 Insulation of basement in large PA buildings 51.0 5 0.018 5.2 2.1
Condensing  building  boiler in large

50 educational buildings 19 56.3 94 0.020 90.2 49.1

51 |Insulation of roof in large PA buildings 2 62.7 8 0.021 10.3 3.7
Passive energy standard in large public

52 administration buildings - new construction 2 63.4 9 0.021 12.8 2.9
Insulation of roof in large educational

53 buildings 5 70.3 27 0.022 35.3 12.6
Condensing building boiler in small PA

54 buildings 3 77.1 14 0.027 13.9 6.9
Condensing building boiler in cultural

55 buildings 3 80.8 13 0.025 16.2 7.3
Condensing building boiler in large PA

56 buildings 2 82.8 12 0.001 14.2 6.0

Total 645 3238 1723 1211

Note: Assumed exchange rate 300 HUF/EUR

The most cost-effective set of options is the temjpee management with the aim to lower
the average daily temperature by 2°C followed bwdeiv replacement and insulation of
external wall (see Table 27). Temperature manageiméhe most cost-effective measure in
majority of building types (except for Large pubbaministration and Social buildings).

While windows replacement is more important for greall buildings, wall insulation is

important for large buildings. Installation of carging boiler is important for highly energy
intensive buildings, such as small educational dings, small health care and social
buildings. The development towards passive stanftardew construction presents a whole
range of costs of COmitigation. While the passive house standard edpto the social

buildings is competing with such low-cost measure tamperature management, the
application of passive house standard to publiciaidtration and cultural buildings occurs at

the other end of the list.

143



CEU eTD Collection

Table 27 Mitigation and energy saving potentialstsoof mitigated C@and cost of energy
conserved for space heating

Saved
CO3 CO2 Cost of Energy
saving | savings | mitigated Ene_~rgy savings C.C £ [orEstns | G
. . savings in nts 2011- | costs
. sin (2011- COzin - (2011-
2030
EUR/ . .
kt COz | ktCO2 | EURACO: | GWhl/yr. | GWhlyr. KWh mil. EUR | mil. EUR
Temperature management 2°C 67 67 -30 339 339 | 0.003 42 125
Exchange of windows 156 223 -10 783 1123 0.01 294 286
Insulation of external wall 83 306 -1 416 1539 0.01 203 157
Passive building standard 166 471 6 835 2374 0.01 530 270
Condensing boiler 97 569 22 483 2857 0.01 298 213
Insulation of basement 28 597 37 142 2998 0.02 131 58
Insulation of roof 48 645 38 239 3238 0.02 225 102
TOTAL 645 3238 1723 1211

Note: Assumed exchange rate 300 HUF/EUR

Table 27 shows that by mitigation action in the @&r2011-2030, energy savings of 3.2 TWh

can be realized, which translates into a reduahio®45 kt CQ. To utilize this potential it is

necessary to invest 1.7 billion EUR in 2011-2030wéweer, application of the abatement

measures will result in energy cost savings ofilllibn EUR in the same period. On average,

the most cost-effective measures are temperatureageaent, exchange of windows and

insulation of external wall (Figure 25).

Figure 25 Average supply cost curve for the Hungapahlic buildings for space heating
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The total potential of all energy efficiency measumnsidered in the component-based
model is 45% of the 2030 BAU final energy consummpti The cost-effective potential

accounts for 21% of the 2030 BAU final energy canption (Table 28), which means that
the total energy cost savings achieved by theseygmrdficiency measures over the projection

period outweigh the initial investment needed fopiementation of these measures.

Table 28 Energy saving and mitigation potential @istogroups®

Investment vs. energy cost
CO; savings Energy savings savings
Cumulative Share of Cumulative Share of Cumulative
CO3 baseline CO; energy baseline | Cumulative energy cost
savings in | emissions in savings in | final energy | investments | savings
2030 2030 2030 in 2030 | 2011-2030 2011-2030
Cost group kt CO, % GWh % bil. EUR bil. EUR
<0 293 21% 1475 21% 0.45 0.53
<20 538 38% 2705 38% 1.21 0.98
<100 645 45% 3238 45% 1.72 1.21

Although some measures are more expensive tharsptidy thorough retrofit will bring the
related benefits. Therefore, not only the most efigtetive measures should be implemented,

but also the more expensive ones. Only then camt&heémum potential be achieved.

Summary

This chapter presented the results of the deterrmamaif energy savings potential based on
the component-based modelling approach. It shows hoportant are the temperature
management and insulation of all building envel@penponents. The most cost-effective
energy savings measures are temperature managewiedbw exchange, external wall

insulation and application of passive energy stethtia new construction in several types of

buildings.

°6 Note: While the calculation of cost-effectivenesshe measures is based on the present value (oited) of
the investment costs and energy cost savings,umilated investments and energy cost savings slimowhe
tables are undiscounted. This is to show the futadee of the required investment and what areréated
energy cost savings. In both cases investment aast&nergy cost savings are expressed ingg/R
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Lowering average daily temperature in buildings2Bg€ during the heating season is the most
cost-effective option and it is applicable to gibes of buildings. According to experts, over
80% of all public buildings are overheated and ltaver their average temperature by 2°C
(workshop “Mitigation potential in the Hungarian iloings” 2008). Temperature
management should be utilized especially in bugdiwith half-day occupancy, where space
heating is not required during night (schools, adstiation offices) or longer periods of the
day as well as during holidays and the schedulédating can be programmed. A wide range
of advanced thermal regulation equipment, whichuesss comfortable working and living

conditions and saves energy costss is availabtheomarket.

The passive house standard offers the largest paltéoim a single measure, but at different
cost levels depending on the building type. The nuost-effective application of passive
house standard is for the social care buildingg. (Bomes for elderly), small health care
buildings (e.g. doctor’s offices) and small edumadl buildings (e.g. kindergartens). On
average, the additional cost of passive house tdahy in Hungary is much higher than in
countries with a longer tradition of passive comstion (Germany, Austria). Thus, developing
suitable conditions for domestic businesses which iavolved in manufacturing the
necessary passive house components may bring ste @own to the level of 8% within the

projected period (Matzig, personal com. 2009).

Window replacement offers high energy savings,i@adrly in large health care buildings,
which can be attributed to the high energy requineinper unit of floor area and to the size of
the building. Roof and basement insulation andewvesal cases condensing boiler are higher

on the cost curve which means that they requirddrignvestment (depending on building
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type). Nevertheless, the cost of £@itigation for condensing boiler is on averagé below
100 Euro/t CQ. It is important to stress that once the buildsgetrofitted, application of the
high performance options should be assured evkigla¢r additional costs, as this investment

pays back in savings on energy costs.

This chapter showed ranking of the abatement optiorterms of cost-effectiveness. This
may lead to the conclusion that the most cost-g¥feaneasures should be prioritized for
investment (or even state support) without invgstmthe least cost-effective ones. However,
it is important to note that a holistic approadcther than a selective focus on the application
of separate cost-effective measures, has to béedpphen designing support programmes for
building retrofit at national level. Thus, it is imgant that along with the support for passive
house standard for new construction, this standaedso applied to retrofits of the existing
buildings. The cost effectiveness of passive hotemgdard in the new construction shows the
advantages of the holistic approach. The first publilding in Hungary retrofitted to the
level of passive house standard is a proof that ithifeasible in the country and should be

further supported’

Only this way can the full extent of the energyisgs potential be achieved and energy be
conserved for several decades. This applies mamntiid measures which are related to the
building envelope and space heating. Different issidhow that “only complex retrofit
measures, including the simultaneous insulationwaills, exchange of windows and
renovation of heating systems provide better thenpesformance and less risk of fabric
damages” (Z6ld and Csoknyai 2007). Further, “mig$ine or two items from these will not

result in energy saving, moreover the risk of fal@mages may become higher” (Z6ld and

" Presentation of |. Kistelegdi, Passive house aenfse, Budapest, 5 February, 2009.
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Csoknyai 2007). McKinsey (2007) also stresses ‘t@nplete renovation of old, inefficient
buildings yields greater improvement than just gimgl standards to individual parts of
buildings”. In addition, application of certain theal measures that improve air-tightness of
the building necessitates further changes suchstallation of ventilation systems with heat
recovery to eliminate the risk of moulds and faltamage and thus to secure healthy and
comfortable living and working conditions. Therefoadl retrofits should be planned and
performed by the professionals certified by a @riody. In new construction it is inevitable
that architects and engineers coordinate their wimdughout the process. Moreover, it has to
be mentioned that even the advanced buildings damays perform as expected (Harvey
2006). This can be eliminated by commissioning amassquent periodical monitoring and
maintenance. Commissioning typically reduces tetargy consumption by 5-20% (Harvey
2006) and should become an obligatory part of @mpvation and new construction in the
public sector? This applies especially to large buildings with @dex heating, ventilation
and air-conditioning systems. A holistic approaglthe retrofit is analysed in the following

chapter.

8 Commissioning is a process of systematically cimerkhat all of the componets of heating, veniilatiand
air-conditioning system are present and functiorpngperly, and involves adjusting system contralstet it
can achieve its best possible performance (Han@96R2 Commissioning costs about 1-3% of the heating
ventilation and air-conditioning construction co@tsarvey 2006).
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CHAPTER 6. RESULTS: PERFORMANCE-BASED MODEL AND
ANALYSIS — TOWARDS AN INTEGRATED DESIGN

Currently, the trend in policy design in the buidisector is to move towards performance-
based regulation and standards (such as the rec#st EPBD, Hungarian GIS). Although

this trend in policy is not new, determination loé tenergy savings potential and the resulting
CO, reduction has relied mainly on component-basedagghes so far (see Chapter 2 for
overview of the studies using a component-basedoaph). However, the need for a more
radical transformation towards a low-carbon econoasywell as the need for an integrated
design and holistic approach to building energycefiicy makes it inevitable that energy

savings potentials are determined on the basismbpnance.

This chapter starts with an overview of performabhased approaches in policy making in the
building sector and first developments of perforoebased modelling approaches to
determine energy savings potential in this secidris is followed by description of
assumptions behind the performance-based modeldébermination of energy saving
potential in Hungarian public sector, the resultamgrgy saving and GQ@eduction potential,
and finally these results are compared to the paletietermined via the component-based

approach.

6.1 Development of performance-based approaches use d in
policy making and in modelling mitigation potential in the
building sector

While the component-based approaches prescribaitathrequirements for each building
component for retrofit of an existing building, tiperformance-based regulations rather

prescribe the maximum level of the total energyscomption per building in absolute terms.
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Thus, while in the first case, the architects aneitéd to the use of components, it is not
ensured that all the components work together ah suway as to decrease the total energy
consumption of the building to a significantly lomlevel. Component-based codes prescribe
the U- or R-values and efficiency of the instatlag (Laustsen 2008). According to Hui
(2002) “prescriptive codes are not able to consither interactions between the building
systems and measures that would optimise the caubperformance”. However, if the
energy consumption of the whole building is regediatthis has two effects: i. decrease in the
total energy consumption of the building is ensuard ii. the architects and constructors can
choose different building components to fulfil te¢al energy requirement and thus use their
experience and innovation to reach the requirenreran integrated manner and at lower
costs. The performance approach leaves a greateg fmainnovation and new techniques in
energy efficiency design (Hui 2002). At the sammeetithis approach requires using computer-

based models and a deeper understanding of trairiuprinciples (Laustsen 2008).

Most countries use prescriptive requirements faliviual components in their building

regulations (Laustsen 2008). However, over timerenféexibility has been allowed in the

building codes, such as enabling trade-offs allgwadjustments of the individual values
(Laustsen 2008) Recently increasing number of countries have gldodes based on a
performance approach for regulating energy useuifdings. These include New Zealand,
USA, Canada, and even some developing countrie$y as Singapore, are revising their
building codes using this approach (Hui 2002), alf as the European Union with its Energy
Performance Building Directive (EPBD). Within Europ8weden and Denmark have

performance-based building codes which are supgpavith prescriptive U-values for some

¥ Laustsen (2008) classifies the building codes #ito categories: prescriptive, trade-off, modelldini,
energy frame, energy performance and hybrid ofettegsproaches. All these approaches can be classifie
either U-value based building codes (which corresigdo the component-based approach used in custrady)
and performance-based building codes (Laustsen)200fe current study distinguishes only the twoidbas
categories — component-based and performance-bagedaches.
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components (Laustsen 2008). Also the currentlydviélungarian building code (Magyar

kozlony 2006) is of a mixed nature — the minimurquieements for the new buildings are
given by three levels of criteria, where the flestel prescribes maximum U-values, while the
second and the third levels are performance-basagdifnum requirement for specific heating
requirement and specific primary energy requiresmeané set for selected building types and
they depend on A/V ratio of the building). The bunlgl must meet the primary energy
performance requirement. Fulfilment of the compd+Esed requirements does not

automatically guarantee the fulfilment of the pemriance-based requirement (Z6ld 2007).

As shown above several countries use a mix of commebased and performance-based
building regulations (Hui 2002, Laustsen 2008).sTisito provide a choice to the designers —
either use an approach which is simple to calcuwateo use a more complicated approach
which offers more freedom and flexibility (Lausts2008). Another reason why in some

countries both performance and prescriptive valresset is that the prescriptive values are
tighter than the value for the overall building fpemance which ensures that buildings
constructed according to the prescriptive, compthased, approach automatically fulfil the

energy performance requirements (Laustsen 2008).uBkeof the approaches varies also
depending on the building type - it has been olexethat while the building codes for

residential buildings are often more prescriptinetloe building components, the requirements

for non-residential buildings tend to be more perfance-oriented (Hui 2002).

At the same time, the recent commitment for a m@ical mitigation action lead to
development of national targets on very low endsgidings (VLEB) in several European
countries. These targets are expressed in termsiilafify energy performance indicators

(either as absolute level of energy consumptionupérof floor area and year or as a relative
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decrease in building energy performance). For ntgathe UK plans to have zero-carbon
requirements for heating, lighting, DHW and appties by 2016, Norway aims to achieve
Passive house level by 2020 and France, Germanyhandetherlands plan to have all new
buildings either energy neutral or energy produdihgnseret al. 2009, Dyrbglet al. 2009),

see Table 29. In addition, several countries haverggoved requirements for the renovation
of existing buildings (Jenseet al. 2009, Dyrbglet al. 2009). Moreover, the recast of the
EPBD will further fuel this process as it will beligiatory for the MSs to set their definitions
of VLEB and to ensure that all new buildings areldais zero energy buildings starting from

2019 for public buildings and from 2020 for otheildings (EC 2008b, EC 2010).

Table 29 Examples of the main national targets foergy building performance for new
buildings in several European countries

Countrylyear 2012 2013 2015 2016 2020
-75% compared to 2006
Denmark requirements
Germany Non-fossil fuel buildings
Low energy
buildings
(equivalent to
Finland Passive house)
Low
energy
France buildings Energy plus buildings
Net zero
energy
Ireland buildings*
Netherlands Passive house Energy neutral buildings
Low energy buildings
(equivalent to Passive
Norway house)
Net zero
United energy
Kingdom Passive house buildings

Source: based on Thomseinal. (2008), Jenseet al. (2009); Dyrbglketal. (2009), Dyrbgl (2009)

Figure 26 shows the currently established perfooedrased standards for energy demand of
a building. The standards vary not only by levelaafibition but also by the coverage of

different energy end-uses.
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Figure 26 Performance-based standards in selectedtdes
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The trends in building codes, development in perforoe-based standards by independent
research bodies (e.g. Passive house standard gdedely Passivhausinstitut Darmstadt) as
well as the recent development in more ambitiougeta for new buildings have triggered a
need for performance-based modelling approachdstefmination of energy saving and £0
reduction potential. Novikova (2008) is among tiistfones among the reviewed studies that
used a simple performance-based framework for zlon of the mitigation potential in new
construction which is a part of a component-bas=idential model for Hungary. Harvey
(2009) constructed a generic scenario for futurrgynuse and energy intensity for a given
region based on performance-based approach. The fstud Jensemtal. (2009) is based on

a simple performance-based approach, where twasosrare constructed for new buildings
in five countries. The current study is the thirdolm study to use the performance-based
approach for determining energy saving and, G€ruction potential. At the same time,

independent research is being conducted within ftaenework of the Global Energy
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Assessment (GEA), which aims to calculate energingaypotential at a global level with the
help of performance-based approach (Urge-Vorsat®RThe current dissertation research is
the first known study where the component- and goerénce-based approaches are

compared. The next sections describe the perforraamed model in detail.

6.2 Main assumptions in the performance-based appro  ach

The basic assumptions behind the performance-baselmare aligned to the component-
based model and vice versa, so that the resulttheoftwo scenarios can be compared.
Similarly to the component-based model, the peréoroe-based model consists of Business-
as-usual (BAU) scenario and mitigation scenaridl¢daPassive accelerated scenario). The
common basic assumptions include the following:
* Base year is 2005
* Projection period is 2005-2030
» Mitigation action starts in 2011
* In the period 2005-2010 the mitigation scenarioagssumed to follow the same
trajectory as the BAU scenario
* In the mitigation scenario: all existing buildingsuilt before 1990) are gradually
retrofitted by 2030
* In the mitigation scenario: all new buildings aradyally built to the level of passive

house standard by 2019

In addition, the building projections, floor areadaother building characteristics as well as

heating energy requirements are the same for #pecéive scenarios in both models.
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% Business-as-usual scenario (BAU e) Scenario

All new buildings are assumed to be built also adiog to 2006 Building code (Ministerial
order N0.7/2006 published in Magyar kozlony, 20@&ther 2006 Building code). The
Hungarian 2006 Building code represents approxiin&@2o energy savings compared to the
existing buildings built before 1990 (Csoknyai, énecam., 2009). In this scenario no further
energy efficiency improvements are assumed dueviddvel of compliance to building codes
in the absence of additional policf®Energy consumption of the non-retrofitted buildings
based on the energy audits from the following sesircUNDP/Energy centre (2008),

Csoknyai (2008a), Display campaign (2008). Tabl@@®¥ides an overview.

This scenaricassumes that existing buildings built before 1988 ratrofitted at the natural
rate of retrofit (1% p.a., based on Novikova, 2608 Petersdorkt al 2005)** either to level

of partial retrofit or to the level of the 2006 Bling code. From 2011 the partial retrofit is
assumed to account for 33% of all retrofitted badg and the rest of the existing buildings is

retrofitted to the level of 2006 Building code.

Partial retrofit is assumed to result in energyirsgs of 28% per building, average energy
savings reached under Panel program in 66 resaddmtildings in Székesféhervar (Pajer
2009). This assumption is based on a renovationrgnage for residential buildings due to
the fact that evaluation of energy savings underovation programme focusing on
municipality buildings is not available yet. Thene andications that the KEOP programme

resulted in very low energy savings in the iniphhse (5-10% energy savings, Bencsik 2009),

6 According to Warren (2008) and Hjorn (2008) betwé®-65% of new homes do not comply with basic
energy standards (in Lechtenb6hmer and Sch#amthcoming.

®1 This is also in a line with the assumptions in hteabéhmer and Schiiringdqrthcoming, where the rate of
retrofit is 1.2% for North-Western Europe, 0.9% 8Snuthern Europe and 0.7% for Member States winicteg
EU in 2005 (including Hungary) in 2004. This is @s®d to increase to just above 1% in 2010 for tleenkler
States of 2005 accession (Lechtenbéhmer and Sgheithcoming.
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and there are plans for larger energy savings uh@esame programme (53% energy savings
to be achieved in 7 municipality buildings under KEEGn Nyiregyhaza, Nagy 2009).
Nevertheless, as the real realization of this @oygis uncertain average energy savings in

residential buildings is used as a basis for tseraption of partial retrofit.

The energy savings reached under the 2006 Buildidg ere assumed to reach the same level
as the one required for the new buildings by thaisterial order 7/2006 (Magyar kozlony

2006).

Table 30 Assumptions behind BAU scenario

BAUpert SCENArio

Existing * Rate of retrofit: 1% p.a. of the existing buildings built until 1990

buildings « The retrofitted buildings are renovated either to the level of the currently prevailing
partial retrofit (28% energy savings relative to building built before 1990) or to the
level of 2006 Building code (50% energy reduction compared to buildings built before
1990).

« Non-retrofitted: average energy use based on survey of energy audits®

New buildings e All new buildings are built to the level of 2006 Building code

While the costs in the BAldmp Scenario depend on the costs of individual comptsnehe
costs in BAUes are based on costs of achieving the performasad.|The costs of the new
construction built to the level of 2006 Buildingdmare based on ETK in years 2006-2009
(ETK 2006-2009). The cost of the BAU retrofit is a gleied average of partial retrofit and
retrofit to the level of 2006 Building code basetdtbe ratio fo the two performance levels on
the retrofitted building stock each year. The cdsthe partial retrofit is a weighted average
based on application of Csider's (2009) costs ¢oethergy retrofit levels reported by Pajer
(2009) for Székesféhervar and translated into 20@® level. The cost of retrofit to the level
of 2006 Building code is based also on Csider (2060 “Complex retrofit” in 2005 price

level (although this “Complex retrofit” results @verage into 40-45% energy savings, it is

%2 Survey includes energy audits of UNDP/Energy @(2008), Csoknyai (2008), Display campaign (2008),
further referred to only as energy audits.
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the best available estimate for the retrofit cqrogmling to 50% energy savings). The costs of
the partial retrofit, 2006 Building new constructiand retrofit to the same level are assumed
to be constant over time as these technologieassemed to be already mature and the cost

of these technologies is unlikely to decrease twues.

% Mitigation scenario (Passive accelerated scenario)

The mitigation scenario (also called Passive acatddrscenario) assumes that all existing
buildings built before 1990 are retrofitted by 203his assumption implies an accelerated
rate of retrofit. The rate of retrofit is on averagfé p.a. of the existing building stock (built

before 1990).

The retrofit rate in this scenario is higher thanally assumed in similar studies on potential
in the building sector. For instance, Lechtenbdhetal. (2009) assumes an increased rate of
retrofit of 2.5% of the existing buildings in theiEU-wide scenario assessing mitigation
potential by 2020. However, the assumption of Leshthmeret al. (2009) applies both to
the residential and tertiary buildings and bothWestern and Eastern European Member
States. The rate of retrofit assumed in the dissentés higher due to two reasons: first, since
the public sector should play an exemplary rolenitigation efforts (Article 5 of the Energy
service Directive (ESD) - EC 2006%),we maintain that the public buildings must be
retrofitted at much higher speed than residential ather buildings. As a recognition of the
exemplary role of the public sector, some countrse€h as France, have already started to
plan accelerated retrofit in publicly owned builgen(Rockwool 2009).

Second, retrofit of the Central and Eastern Eurod€fE) existing buildings in the last

decades has been lagging behind the total EU-27agwerand thus, it is expected that

8 Article 5: “Member States shall ensure that enefiiciency improvement measures are taken by th#ipu
sector, focussing on cost-effective measures wharerate the largest energy savings in the shapest of
time." (EC 2006b)
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majority of the public buildings in this region mkeeenovation of some of its building
elements or heating systems in the upcoming decadesrder to maintain the basic

functioning of these buildings.

The Passive accelerated scenario assumes that fhetyn@B5%) of the existing buildings

(built before 1990) are gradually retrofitted t@ tlevel of passive house by 2020. According
to Szekér (personal com., 2009) passive retrofdailsnmore technical difficulties than passive
new construction; nevertheless, mass retrofit efekisting public buildings to passive house
level is possible with proper training of professts during the transition period. This
implies that in order to achieve the share of 854spve retrofit on all retrofitted existing

buildings the architects, designers and engineave ko be trained intensively on integrated
design and passive house techniques, as well as théjects have to be included in the
curricula at the technical universities. The traasittowards the passive retrofit includes
retrofit to the level of low-energy and so-calle@12 Building code. No partial retrofit is

allowed after 2011 (see Table 31).

Table 31 Assumptions behind Passive accelerated socena

Passive accelerated scenario

Existjng «  All existing buildings (built until 1990) are retrofitted by 2030

buildings «  Accelerated rate of retrofit of 3-5% of the existing buildings built until 1990 depending
on building type

e Out of the retrofitted buildings these performance levels are achieved by 2020:

. 5% 2011 Building code
. 10%  Low energy
. 85% PH

«  Phase-out of partial retrofit: 2011
e Phase-out of 2006 Building code: 2013
* Non-retrofitted: average energy use based on energy audits

New buildings e All new buildings are PH from 2019
e The restis assumed 2011 Building code (phase-out in 2015) and low-energy (phase-
outin 2019)

e Phase-out of 2006 Building code: 2011
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For new construction it is assumed that the 200&dBig code phases-out in 2011. The 2011
Building code will phase-out in 2015 and the lowesgy standard in 2019 and thus give way
to the full implementation of passive house statid@igure 27). These assumptions are
identical to those in component-based model for cemstruction as to allow for comparison.

Figure 27 Annual shares of various standards on the ronstruction stock in Passive
accelerated scenario
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The existing buildings (built before 1990) are asedro be retrofitted to the level of 2006
Building code until 2013, when this standard wal banned. From 2011 the buildings can be
retrofitted to the level of 2011 Building code, l@mergy and passive house level. Building
code 2011 is a hypothetical name based on an assumntpat the next building code in
Hungary should be issued in 2011. This assumptibased on the requirements of the EPBD
which prescribes that building standards shouldcegelarly reviewed in periods which should
not be longer than five years (EC 2006b). Nevertslen time of modelling, there were no
plans for this 2011 Building code to be issuedayet thus, it is not included into the baseline.
Passive house standard is gradually increasinghése on the stock of annually retrofitted

buildings to 85% by 2020. It is assumed that in®@baildings which cannot be retrofitted to
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the level of passive house, will be retrofitted @wher 2011 Building code (5% of the
retrofitted building stock) or low-energy standgd% of retrofitted building stock) (see
Figure 28).

Figure 28 Annual shares of the performance leveltherretrofitted building stock in Passive

accelerated scenario
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The heating energy requirement for the passive hetam®lard for new construction is 15
kWh/(m?.a) (PHI 2003). Although there are several outstanéxamples of retrofitting an
existing building to the level of 15 kWh/{ma), not all existing buildings can be renovated to
such a low level. Therefore the criteria for retrédi the passive house level issued by Passive
House Institute (PHI) are lower than for the newstouction - 25 kWh/(fha) PHI (2010).
Specific energy requirements (or energy savingoagpared to the relevant reference) for the

different performance levels are shown in Table 32.

Table 32 Specific energy requirement (KWAA) or energy savings (%) for different
performance levels

Specific heating energy
Type of requirement (KWh/(m?.a)),

Performance level operation Energy savings (%) Source
28% energy savings | Weighted average based on Székesféhervar
Partial retrofit Retrofit compared to BAU retrofit Panel program (Pajer 2009)
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Specific heating energy
requirement (KWh/(m?.a)),

Energy savings (%)

Type of

Performance level operation Source

50% energy savings
New and | compared to energy use of

2006 Building code

retrofit

an existing building

Csoknyai (personal com. 2009)

New 60 kWh/(mz.a) Csoknyai (personal com. 2009)
2011 Building code Retrofit 60 kWh/(mz.a) Csoknyai (personal com. 2009)
New 30 kWh/(mz.a) Csoknyai (personal com. 2009)
Average of low energy retrofits (Hegger et
Low energy level Retrofit 45 kKWh/(m?.a) al. 2009, Richarz et al. 2008)
New 15 kWh/(m?.a) PHI (2003)
Passive house level | Retrofit 25 kwWh/(m?.a) PHI (2010)

The current additional costs for the new passivesb@re assumed 20% higher than the cost
of a building under BAU scenario (Szekér, persa@h., 2009). The cost of the passive
retrofit is based on the Hungarian experience sgpa retrofit of a panel residential building
in Dunajvaros which is about 2.3 times higher tkt@& conventional retrofit assumed in the
model. The cost of the passive standard for newtaai®n is decreasing gradually to the
level of 8% additional costs by 2020 (based on Wimay 2008; Matzig, personal com., 2009
and Csoknyai, personal com., 2009). The cost ofiymsstrofit is assumed to decrease to
16% by 2020, which is based on an assumption tiettditional costs of retrofit will be
twice as high as of passive new construction. Thet essumptions of the rest of the
performance levels are set in relation to the 2BG6and passive house level (of their relative

reference — new construction or retrofit) (Tablé.33

Table 33 Sources and assumptions for cost of aclgelifferent performance levels

CEU eTD Collection

Type of
Performance level operation Investment Source
Weighted average based on application of
the costs of Csider (2009) to the retrofits of
Partial retrofit Retrofit 53 EUR2005/M> Pajer (2009).
Depends on building type, | ETK (2006-2009)
New (see Table 34)
Based on cost of “complex retrofit” in Csider
2006 Building code | Retrofit 76 EUR/M? (2009).
New 3% additional to 2006 BC Csoknyai (personal com. 2009)
2011 Building code Retrofit 3% additional to 2006 BC Csoknyai (personal com. 2009)
Low energy level New 10% additional to 2006 BC Csoknyai (personal com. 2009)
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Type of
Performance level operation Investment Source
Retrofit 20% additional to 2006 BC Csoknyai (personal com. 2009)
New 20% additional to 2006 BC Szekér (personal com. 2009)
Passive house level Retrofit 211 EUR200s/M? Based on SOLANOVA (Hermelink 2007)

Note: prices are shown in Euro2005 exclusive of VAT

Table 34 shows the costs of new buildings built ediog to the 2006 Building code by
building type. These costs are at 2005 level andusixe of VAT. After 2008 they are

constant, as it is assumed that no more techndéagging is possible after that year.

Table 34 Costs of new buildings built accordin@®®6 Building code, 2005 price level

Total constr. cost of building, EUR2g0s/m?, excl. VAT
Type of buildings 2005 2006 2007 2008
Educational small buildings 690 714 645 634
Educational large buildings 690 714 645 634
Health care small 867 913 813 796
Health care large 1127 1187 1057 1035
Public administration small buildings 1044 1113 982 958
Public administration large buildings 1044 1113 982 958
Social buildings 867 913 813 796
Cultural buildings 867 913 813 796

Source: ETK (2006-2009)

The cost assumptions for passive and low-energydatdnis in line with with fact that the
cost of achieving a given energy performance iselom new buildings than in existing
buildings, and the achievable energy performanaaush better for new buildings (Harvey
2009). This is due to the fact that some energyieficy measures can be made only in the
design phase of the building construction. For eamthe orientation is one of the crucial
factors for passive standard design; however, tieattion of an existing building is already
given and thus other measures have to be implechenterder to achieve passive energy

standard.

Therefore, it is very important that high level ofeegy performance standards are required in
the building codes for the new buildings becausef#tilure to do so represents a significant

lost opportunity (Harvey 2009) of further energywisgs. Nevertheless, as the existing
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buildings account for the majority of the currentdduture building stock and thus represent
the majority of the achievable energy saving paaénit is equally important that building
standards include provisions for renovation of dinigs at the level of requirement of the new

buildings.

6.3 Determination of potential via performance-base  d model
The steps in calculating energy savings and @@Quction potential in the performance-based
model are similar to those in the component-basedet However, the most significant
difference is that instead of the incremental aotiog for the potentials of the individual
measures, the performance-based model counts thetiad of the renovation of a building as
a whole to a certain level of energy performand® {2Building code, low-energy or passive
house standard). Total potential is the differeretgvben the final energy consumption before
the mitigation action (BAU scenario) and after thi¢igation action (mitigation scenario) (see
Figure 8, Chapter 3). Investment costs are cdledlbased on the additional investment for
the mitigation action (e.g. low-energy retrofit,spave retrofit, retrofit at the level of 2011
Building code) and number of buildings undergoingls mitigation action in the particular
year (see Chapter 3). The investment of the paaticamhitigation scenario represents
additional cost of such scenario compared to th&/Béenario. This includes both:
e additional costs to the buildings which would haween retrofitted under BAU
scenario anyway, and,
» full costs for buildings which are retrofitted et mitigation scenario above the
natural rate of retrofit.
The cost-effectiveness is measured in terms of @o®0, reduced, the calculation of which

is based on the same principle as in the compdresdd model taking into account the
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cumulative annualized investment, energy cost ggvand the reduced G@missions (see

Section 3.3.4, Chapter 3).

The total energy savings in the performance-basedth{cepresented by Passive accelerated
scenario) reach approximately 5 TWh in 2030 and tbads to reduction of 981 kt GO
emissions. This decrease corresponds to energygsawh 70% compared to the BAU

scenario (Figure 29).

Figure 29 Comparison of mitigation and BAkdscenario in the performance-based model
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6.3.1 Potential by building types

The largest potential is represented by large ethradt (primary, secondary and tertiary

education), large health care (hospitals and meda#ers) and social buildings (Figure 30).
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Figure 30 Energy savings potential in Passive accébetacenario by building type (GWh)
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The extent to which a particular building type cdnites to the overall potential depends on
the specific heating requirement, number and sizbe building. Since hospitals and social
buildings are relatively low in number, and sodiaildings are not particularly large, their
relatively large contribution to the total poteht@n be explained by their high specific
heating energy requirement. On the other handhencase of large education buildings it is
the number and the size of the buildings rathen tinir specific heating requirement that

determine their relatively large energy savingepbaél.

6.3.2 Potential — contribution of new construction and existing buildings

The gradual phase-in of the passive energy rettofithe whole building stock (Passive
accelerated scenario) results in savings of alrost TWh in 2030. The resulting GO

emission reductions account for 0.82 Mt L£@missions. Existing buildings are major
contributor (83%) to the total energy savings pb#tnn the public building sector (Figure

31). This can be explained by the larger stock adtig buildings compared to the stock of
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the new construction, accelerated rate of retadfexisting buildings, as well as the relatively

low average new construction rate in public sector.

Gradual phase-in of the passive house level to cawstruction can potentially bring 0.84

TWh of energy savings in 2030. These savings correlpto a reduction of 0.17 Mt GO

emissions.

Figure 31 Contribution of retrofit and new constriact to the total energy saving potential
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6.3.3 Potential by building standards

In total, passive energy standard contributes byomshare to the total energy savings
potential in the period 2011-2030 (approximatel$6jOThis is thanks to the gradual phase-in

of this standard to majority of the existing builgs and all new buildings by 2019 (Figure 32

and Figure 33).
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Figure 32 Contribution of building codes to energwisgs for new construction, Passive
accelerated scenario
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Figure 33 Contribution of building codes to energyiags for retrofit, Passive accelerated
scenario
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6.3.4 Cost effectiveness

The results of the cost-effectiveness analysis utlterPassive accelerated scenario in the

performance-based model show that the gradual phasiepassive house standard is most

cost-effective for social buildings both for newnstruction and retrofit within the projection

period. This is due to their extremely high specieating energy requirement. The social

buildings are followed by educational buildings dwehlth care, the order of which is reverse

in new construction and retrofit (Figure 34 andur&35).

Figure 34 CQ mitigation potential in terms of the cost of £@ductions for new
construction
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The least cost-effective are large administratioitldings (in both cases - new construction

and retrofit). This is due to a relatively low sg&ciheating energy requirement and the

relatively small number of buildings representedtog building type.



Figure 35 CQ mitigation potential in terms of the cost of £@ductions for retrofit of
existing buildings
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Table 35 shows the potential in the Passive acdetéscenario divided into retrofit and new
construction measures, which are ordered by ctsttaefeness. All retrofit measures are cost-
effective, and several measures applicable to rastouction entail negative costs of £0

reduction.

Table 35 CQ@ mitigation and energy saving potential in the Passictive scenario

CEU eTD Collection

CO i O Ener Cumulative LTI
~2 mitigated >rgy CCE in . energy cost
savings CO, in savings 2030 investment savings
Building type in 2030 oo in 2030 2011-2030 | o0 o2y
kt - .
COulyr. EUR/ICO, | GWh/yr. | EUR/kWh | billion Euro billion Euro
Public buildings built until 1990 815 4098 1.32 1.36
Retrofit - Small educational buildings 50 -20 252 0.004 0.07 0.08
Retrofit - Large educational buildings 158 -13 797 0.006 0.31 0.26
Retrofit - Small health care buildings 55 -21 277 0.004 0.08 0.09
Retrofit - Large health care buildings 269 -19 1356 0.004 0.40 0.45
Retrofit - Small public administration buildings 45 -13 223 0.006 0.08 0.07
Retrofit - Large public administration buildings 40 -1 202 0.008 0.11 0.07
Retrofit - Social buildings 146 -26 733 0.003 0.16 0.25
Retrofit - Cultural buildings 52 -10 259 0.006 0.11 0.08
Public buildings built after 2005 166 835 0.53 0.27
New construction - Educational small buildings 6 -8 29 0.007 0.01 0.01
New construction - Educational large buildings 51 3 258 0.013 0.16 0.09
New construction - Health care small buildings 14 -3 69 0.008 0.04 0.02
New construction - Health care large buildings 61 14 307 0.011 0.23 0.10
New construction - Public administration small
buildings 3 26 14 0.013 0.01 0.00
New construction - Public administration large

buildings 2 63 9 0.021 0.01 0.00
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CO i ©) Ener Cumulative LTI
~2 mitigated =19y CCE in . energy cost
savings CO, in savings 2030 investment savings
Building type in 2030 oo in 2030 2011-2030 | o0 o2y
kt - -
COulyr. EUR/IACO, | GWh/yr. | EUR/kWh | billion Euro billion Euro
New construction - Social buildings 22 -12 110 0.006 0.04 0.04
New construction - Cultural buildings 8 18 39 0.012 0.03 0.01
Total potential 981 4934 1.85 1.63

The most cost-effective measure is Retrofit in thaad buildings (Figure 36, Table 36) given
by high energy intensity of this type of existingjldings.

Figure 36 Cost curve, Passive accelerated scenario
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Table 36 CQ mitigation and energy saving potential in the Passactive scenario by cost-
effectiveness

Cost of . Cumulative
CQZ mitigated Engrgy CCE in Qumulatlve energy cost
savings " savings investment .
o : COzin ; 2030 savings 2011-
Bu||d|ng type in 2030 2030 in 2030 2011-2030 2030
kt - -
co2iyr. EUR/ICO, | GWhlyr. | EUR/KWh billion Euro billion Euro
Retrofit - Social buildings 146 -26 733 0.003 0.16 0.25
Retrofit - Small health care buildings 55 -21 277 0.004 0.08 0.09
Retrofit - Small educational buildings 50 -20 252 0.004 0.07 0.08
Retrofit - Large health care buildings 269 -19 1 356 0.004 0.40 0.45
Retrofit - Small public administration buildings 45 -13 223 0.006 0.08 0.07
Retrofit - Large educational buildings 158 -13 797 0.006 0.31 0.26
New construction - Social buildings 22 -12 110 0.006 0.04 0.04
Retrofit - Cultural buildings 52 -10 259 0.006 0.11 0.08
New construction - Small educational
buildings 6 -8 29 0.007 0.01 0.01
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CO. Cost of Ener Cumulative cumulative
2 mitigated "9 | ccEin ; energy cost
savings co, in savings 2030 investment savings 2011-
Building type in 2030 oo in 2030 2011-2030 E
kt - -
co2iyr. EUR/ICO, | GWhlyr. | EUR/KWh billion Euro billion Euro
New construction - Small health care buildings 14 -3 69 0.008 0.04 0.02
Retrofit - Large public administration buildings 40 -1 202 0.008 0.11 0.07
New construction - Large educational
buildings 51 3 258 0.013 0.16 0.09
New construction Large health care
buildings 61 14 307 0.011 0.23 0.10
New construction - Cultural buildings 8 18 39 0.012 0.03 0.01
New construction - Small public administration
buildings 3 26 14 0.013 0.01 0.004
New construction - Large public administration
buildings 2 63 9 0.021 0.01 0.003
Total 981 4934 1.85 1.63

Cost-effective measures represent the

majoritiheftbtal energy saving and @@duction

potential in the Passive accelerated scenario €Ta0). None of the measures costs more than

100 Euro/t CQ. In order to achieve the full potential of the $has accelerated scenario for

both existing buildings and new construction, agpmately 1.85 billion EUR is needed on

investments in the period 2011-20%0Chis investment generates energy savings whichtresu

in savings on energy costs of 1.63 billion Euro.

Table 37 CQ mitigation and energy saving potential in the Passactive scenario by cost

groups
Investment vs. energy cost
CO, savings Energy savings savings
% of the Cumulative % of the Cumulative
Cumulative | baseline CO, energy baseline | Cumulative energy cost
CO; savings | emissions in savings in | final energy | investments | savings
Cost group in 2030 2030 2030 in 2030 | 2011-2030 2011-2030
Euro/t CO; kt COalyr. % GWhlyr. % billion Euro billion Euro
<0 857 60.7% 4 307 60.6% 1.41 1.43
<20 976 69.1% 4911 69.1% 1.83 1.62
<100 981 69.4% 4934 69.4% 1.85 1.63

% Note that the cumulative investment is calculaedadditional to the investment under BAU scendFhis
includes both the investment that is above the Bilgstment for the buildings which are retrofitteath under
the BAU and mitigation scenario, as well as fullestment for the buildings which are retrofitted/daed the

natural rate of retrofit.
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6.4 Comparison of the potential in the component-ba  sed and

performance-based models

While the application of the individual abatemesthnologies in the component-based
approach delivers an energy saving potential of@apmately 3.2 TWh, the performance-
based approach shows a much higher potential -T¥@ (Figure 37), while the cost-

effectiveness of the latter is much higher.

Figure 37 Comparison of the energy saving potenbeiween the component-based and
performance-based modelling approach
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In both cases the energy cost savings offset testment needed for implementation of the

energy saving measures considered in the modeld B!

Table 38 Comparison of the results between the oosmg-based approach and

performance-based approach
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Energy savings and CO; reduction potential Investment vs. savings
Energy savings | CO2 mitigation Cost- Total annual
potential potential Total effective | additional Energy cost
in 2030 in 2030 potential potential | investment savings
Scenario/Unit GWh kt CO; % of BAU | % of BAU | billion Euro billion Euro
Component-based model 3238 645 45% 21% 1,72 1,21
Performance-based
model (Passive
accelerated scenario) 4 934 981 69% 61% 1,85 1,63
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Comparison of the component-based and performaasecbmodels reveals a vast difference
of determination of mitigation potential by varioo®delling approachés.This difference
can be explained by several factors:

First, part of the difference in the two approackas be explained by the application of
several layers of high performance levels in thegpmance-based approach. While in the
component-based approach the building componentently available on the market are
assumed to be implemented over the whole modgbkemngpd with the same technical features,
in the performance-based approach three differerfopnance levels are assumed (the 2011
Building standard, low-energy and passive housedsta). This multi-layered application of
the different performance levels better represtr@slevelopment of the construction market.
During large part of the projection period, the$eeé levels occur at the same time.
Therefore, the phasing-in of several different penfance levels at the same time could lead
to higher energy savings than implementing only type of energy performance level over
the whole projecting period (as in the componersiedamodel). The multi-layer application of
different measures at the same time is not posgibtee current Excel-based component-

based model.

Second, another part of the difference is duedo-ealled “synergy effect” that occurs when
principles of passive house standard and integrdesign are applied to construction or
retrofit of the building. However, it is not knowmhat portion of the difference this effect
accounts for, as no quantification of this effeas lbeen provided in the reviewed literature
yet. The synergy effect gap between the two appesmdmplies that component-based
approach is unable to incorporate certain techsigbhat are necessary when passive house

standard is aimed for, such as ensuring air-tigtsroéd the building through door-blow test of

65 Although BAU scenarios are based on different ulyiteg assumptions in the two approaches, the riegult
energy use and G@missions are very similar (see Annex lll). Thiliflerence in BAU is not playing any role
in the difference between the results of the tworagches.
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the building and elimination of heat leakages, glation of thermal bridges, utilization of
heat gains and thermal mass etc. Even if passiveehoamponents are applied to a building,
it would not reach the passive house level withbese passive house techniques. Therefore
accounting only for the separate measures canrsremeaching the high efficiency level
without these techniques. This may apply also teerotherformance levels, such as low-
energy standard and 2011 Building code. And evemd attempts to estimate the potential
and the costs of these highly specialized techsiquéich would be already very ambitious
endeavour), they cannot be applied in a piece-meainer in order of cost-effectiveness,
because they must be integrated across all phdsd® douilding construction or retrofit.
Therefore, the energy savings calculated throughctimeponent-based model cannot be as
high as in the performance-based approach, whicisiders high efficiency performance
levels of the building as a whole, and thus inctudsage of the above mentioned passive

house techniques.

Third, a part the difference between the two appgreaccan be explained by different
assumptions behind the mitigation scenarios. Whiklhe component-based scenario the high
efficiency measures available on the market ardegpm a uniform manner during the whole
projection period (2011-2030), in the performanesdsl Passive accelerated scenario it is
assumed that majority of the renovated buildingsratrofitted to the level of passive house
standard by 2020. This target year is based onetision of the EPBD directive (EC 2010)
which sets strict requirements for new constructemmd major renovation. Thus, this
assumption could imply that the performance-baggataach is more ambitious than the
mitigation scenario of the component-based model ths, it may contribute to the gap

between the two approaches.
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As the Passive accelerated scenario was construttedder to address the first research
guestion of the Objective 1 of the dissertation @Vis the optimal path towards significant
reduction of energy use in the Hungarian publiddags up to 2030 considering the best
available technologies on the market?), the assongptbehind this scenario are valid.
However, in order to eliminate the effect of morahdtious targets in performance-based
Passive accelerated scenario, another scenaricamasructed, named Passive_PHR 2030, in
order to better resemble the assumptions of thepoaent-based mitigation scenario.
Passive_PHR 2030 is based on an assumption thatitndB5%) of the renovated buildings
are retrofitted to the level of PHS by 2030 (anacteng only 30% of retrofitted buildings in
2020). The analysis showed however, that this assamgoes not have a significant effect
on reducing of the gap between the two modellingr@gches (Figure 38).

Figure 38 Comparison of component-based and perfoo@dased scenario
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Therefore, the gap can be explained by the mulg+agpplication of the high efficiency
performance layers and the synergy effect thabeareflected only by the performance-based

approach.
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Summary

This chapter presented the findings of performarased modelling used for determination of
the energy saving and G@nitigation potential. The results show that thipraach yields a
70% reduction compared to the 2030 BAU energy mskha Hungarian public buildings. This
is much higher potential than the one estimatedeunthe component-based model
(approximately 45% of the 2030 BAU energy use,Gkapter 6). The difference between the
two approaches (25% of 2030 BAU energy use) carexygained by difference in the
modelling approach (multi-layered application dfetient high efficiency performance levels
in the performance-based approach) and existenctheofsynergy effect of the holistic
approach to the retrofit of the existing building$herefore, they lead to different results.
Nevertheless, using performance-based model préovede a suitable modelling policy
support tool. The biggest advantage of this apprasdts flexibility and user-friendliness.
This flexibility is given by the fact that the modi#des not deal with the components and the
overall potential does not have to be calculatex itgrations of individual measures. The
flexibility is advantageous both for a. policy makand b. designers and planners. The policy
makers can utilize the model directly without hayto rely on time-demanding and costly
analyses of external modellers and consultantdofPesince-based approach allows the user
to change the timing of the implementation of thejgrted regulations and simultaneous
implementation of different energy performance Isva the particular year. This is a clear
advantage over the robust component-based appreachmakes the performance-based
approach a suitable tool for modelling transitiowards the radical reduction of energy and
CO, emissions which needs to happen in the next 19eHbs in order to avoid dangerous
climate change. Another, related, advantage isthieaperformance-based model can be easily

updated by the user once new data occur.
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On the other hand, the regulation based on periocetbased approach gives a more
flexibility to the designers and planners as they choose the optimal combination of
building components which fulfills the differentqu@red performance-based levels. However,
this flexibility comes with increased responsilyilifor implementing the principles of
integrated design from the very beginning of thesigie process, close cooperation of
designers, developers, constructors and usersisingetraining of architects and constructors
and usage of computer models for optimization & tised building components that will
guarantee the required performance level of th&dimg. Moreover, like in the component-
based approach, successful utilization of the iegstpotential (determined by the
performance-based approach) requires timely imphtatien and strict enforcement
accompanied by appropriate policies providing asbéng environment for energy efficiency
measures (such as preferential loans and tax iedsctonditioned on reaching very low

energy performance levels).

The flexibility of the approach is shown in the nekiapter where the performance-based
model is used for construction of four scenarigeesenting different extents of mitigation

effort in the public sector in Hungary.
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CHAPTER 7. ASSESSMENT OF SCENARIOS - PATHWAYS
TOWARDS A LOW-CARBON FUTURE

This chapter uses the performance-based approadtrifmedd in Chapter 6) for the
construction of four scenarios. The scenarios reptegifferent pathways that can lead to a
low-carbon future and evaluates each of them imgenf energy savings and g@itigation

potential, associated costs and energy costs saving

This chapter first presents the studies where thenpeance-based approach has been used in
scenario analysis already and how the current stodyributes to development in this area.
Then the assumptions of the scenarios are presefukbolyed by results, analysis and

conclusions.

7.1 Performance-based approach used in scenario ana lysis in
the building sector

To date, only a few sources have used the perforeabased approach for modelling energy
savings or C@ mitigation potential. First, Harvey (2009) presemt generic scenario for
future energy use and energy intensity and forreslgiossible equations. The scenarios
represent six cases varying based on the growttedbuilding area and the extent and timing
of the reductions in energy intensity of new and lolildings. The second source using the
performance-based approach for scenario analysigpmject conducted by Danish Building
Research Institute (SBi) and described in Jenseh €2009) and Dyrbgl edl. (2009). The
project presents the plans of five European memiagessto gradually implement the very
low energy buildings (VLEB) as national standards few buildings (see Table 29 for
detail). The study constructs two scenarios — ormgepting a gradual move towards the
VLEB and one moving directly to the VLEB for all ndwildings starting from 2009 (Jensen

etal. 2009; Dyrbgletal. 2009). The study distinguishes two categoriesiwithe considered
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building stock: residential and non-residentiallthags. The scenarios logically show that
there is significantly more potential when the VLEBndards are implemented as soon as
possible. Along with the current research perforoeabased scenario analysis has been
constructed (e.g. Urge-Vorsatz 2010), and thuseth@s models are the first which examine
the potential for both new and existing buildingse value added of the dissertation model

i.a. is that the model determines the cost-effectiveqital for different scenarios.

7.2 Main assumptions in the scenarios

The main objective of constructing the scenarids show different trajectories of mitigation
action in the public sector. Specifically, the smeos are aimed to show the following:
e a path towards sustainable building stock whichifigantly reduces the energy
consumption in public buildings (by 2030)
* a path resulting from retrofitting the whole burdistock (by 2030) at lower standards
than the best available technology but which ivalently applied today

» factors that influence development of the energyngg potential in different paths.

To fulfill these objectives four types of scenarar® constructed - one baseline (BAU) and
three mitigation scenarios:

» BAU scenario

» Suboptimal accelerated scenario

» Passive 1% scenario

» Passive accelerated scenario
All three mitigation scenarios have the followirghamon features:

* Base year is 2005

» Projection period is 2005-2030

» Mitigation action starts in 2011
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* In the period 2005-2010 the mitigation scenarios assumed to follow the same
trajectory as the BAU scenario.

* All new buildings are built as PH as from 2019

In the following text the assumptions behind therfecenarios are described.

+ Business-as-usual (BAU) scenario

As a BAU scenario BALL used as a basis for the Passive accelerated scémescribed in
Chapter 6) is used as BAU for all three mitigatsmenarios in the scenario analysis. Table 39

provides details.

Table 39 Assumptions behind BAU scenario

BAUpert SCENArio

Existing « Rate of retrofit: 1% of the existing buildings built before 1990

buildings * The retrofitted buildings are renovated either to the level of the currently prevailing
partial retrofit (28% energy savings relative to building built before 1990) or to the
level of 2006 Building code (50% energy reduction compared to buildings built before
1990).

* Non-retrofitted: average energy use based on survey of energy audits®

New buildings e All new buildings are built to the level of 2006 Building code

CEU eTD Collection

% Suboptimal accelerated scenario

The Suboptimal accelerated scenario assumes thetising buildings (built until 1990) are
retrofitted by 2030 (this implies accelerated raferetrofit on average 4.6% p.a.). This
scenario assumes that from 2011 most of the egidbmildings (built until 1990) are
retrofitted to the level of partial retrofit, whike small part is retrofitted to the level of 2006
Building code (which is continuation of the curre®AU trend). The partial retrofit is
assumed to yield 28% reduction of energy consumptmmpared to the existing buildings

(built before 1990).

% Survey includes energy audits of UNDP/Energy @(2008), Csoknyai (2008), Nagy (2008).
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This assumption is based on average energy sawaghed through a retrofit programme in

residential buildings — so-called Panel progranSagkesféhervar (Pajér 2009), as no such
data is currently available for the public buildsng his is due to the fact that although similar
programme exists in public building sector, howetke energy savings of this programme
have not been evaluated on the national levellyet.assumed that since the Panel program
was applied to hundreds of residential building®s€ Hungary, similar energy savings apply

to public buildings.

Partial retrofit means that only some building edeits are renovated/replaced. For instance
some of the renovation projects in Székesféhemnd@uded only thermal insulation, another
group added exchange of windows/doors while in kst group the insulation and
window/door exchange was accompanied by renovatidreating system (energy savings in
these groups were 18%, 26% and 36% p.a., resplctihe weighted average of which is

28% per building) (Pajér 2008).For summary of the main assumptions see Table 40.

Table 40 Assumptions behind the Suboptimal accel@stenario

Suboptimal accelerated scenario

Existjng «  All existing buildings (built before 1990) are retrofitted by 2030

buildings o Accelerated rate of retrofit of 4.6% of the existing buildings built before 1990
depending on building type (in 2005)

e Out of the retrofitted buildings: 100% Suboptimal retrofit (28 % energy savings68
compared to the energy consumption of buildings built before 1990)

e Phase-out of 2006 Building code: 2011

* Non-retrofitted: average energy use based on UNDP/GEF audits

New buildings e All new buildings are built to the level of PH from 2019

®” Note that there are exceptions to the rule, asd enovation projects with higher energy savingskeing
implemented currently. For instance, energy savsigsuld reach 53% in the project “Thermal insulatif
public buildings” in Nyiregyhaza under KEOP (KEOB©92-5.30/A) (Nagy 2009) and 59% under the projects
implemented by DVD Ltd. (own calculation based ade®i, personal com., October 2009). These propeets
however, limited in number and their effect on egstenergy use at national level is hardly sigaifit (DVD
Ltd. has so far accomplished about 60 renovatiojepts).

% The energy savings potential of 28% is based eratterage energy savings potential in the Pangranoin
Székesféhervar (Pajer 2009).
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The costs of the partial retrofit are calculatedapplying Csider's (2009) costs to the energy
retrofit for Székesféhervar's Panel program (Paf#09). This cost is assumed to be constant
over time as the technology is already mature and, tthere is no possibility for technology

learning. Assumptions on new construction are thmes as in the Passive accelerated

scenario.

«» Passive accelerated scenario

The Passive accelerated scenario is the same stasahe one presented in Chapter 6 as the
most ambitious mitigation scenario representinggbdormance-based approach. The main
assumptions for building stock development are sarmed in Table 41. Details on cost

assumptions in the Passive accelerated scenarioecknund in Chapter 6.

Table 41 Assumptions behind Passive accelerated socena

Passive accelerated scenario

Existing «  All existing buildings (built before 1990) are retrofitted by 2030

buildings «  Accelerated rate of retrofit of approximately 4% p.a. of the existing buildings built
before 1990

e Out of the retrofitted buildings these performance levels are achieved by 2020:

. 5% 2011 Building code
. 10%  Low energy
. 85% PH

e Phase-out of partial retrofit: 2011
*  Phase-out of 2006 Building code: 2013
* Non-retrofitted: average energy use based on UNDP/GEF audits

New buildings e All new buildings are PH from 2019
e Therestis assumed 2011 (phase-out in 2015) and low-energy (phase-out in 2019)
e Phase-out of 2006 Building code: 2011

++ Passive 1% scenario

The Passive 1% scenario assumes that the existilagnigs (built before 1990) are retrofitted
to the level of passive, low-energy and 2011 Buagdcode in such a way that the passive
buildings make up the majority of the retrofittedildings by 2020 (85% of the retrofitted

building stock, and this remains constant until®@03s the title reveals this scenario assumes
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a natural rate of retrofit (1% p.a. of existing Idings built before 1990). All new buildings
are assumed to be built gradually to the leveladspre standard by 2019, with a transition

period including low-energy and 2011 Building cadandards (Table 42).

Table 42 Assumptions behind Passive 1% scenario

Passive_1% scenario®

Existing « Rate of retrofit: 1% of the existing buildings built before 1990

buildings e Out of the retrofitted buildings these performance levels are achieved by 2020
. 5% 2011 Building code
. 10%  Low energy
. 85% PH

«  Phase-out of partial retrofit: 2011
*  Phase-out of 2006 Building code: 2013
* Non-retrofitted: average energy use based on UNDP/GEF audits

New buildings e All new buildings are PH from 2019
e Therestis assumed 2011 (phase-out in 2015) and low-energy (phase-out in 2019)
e Phase-out of 2006 Building code: 2011

The assumptions behind the costs for the differemnting standards and building types are
the same as in the Passive accelerated scenaeicC{s@pter 6). The shares of the building
standards on the new construction and retrofittgitting stock are also the same for both

Passive 1% and Passive accelerated scenarios.

Figure 39 and Figure 40 show the shares of buildiagdards on the new construction and
retrofitted building stock, respectively, in thesBae 1% scenario. These shares are the same
as in the Passive accelerated scenario. The origratiice between these two scenarios is the
size of building stock to which the shares of rigtied buildings are applied (1% p. a. of
existing buildings built before 1990 in Passive $%&nario and the total existing building

stock built before 1990 in Passive acceleratedast®n

% The tables for the mitigation scenarios (Pass¥e Rassive accelerated and Suboptimal accelere¢edsos)
describe solely the mitigation action, i.e. theiattin period 2011-2030. In the period 2005-2016 #ame
assumptions apply as for BAU scenario.
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Figure 39 Shares of various standards on the newstcoction stock in Passive 1% and
Passive accelerated scenario
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Figure 40 Shares of the building standards on theoféted building stock in Passive 1% and
Passive accelerated scenario
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Table 43 summarizes the assumptions of the thregatiin cases and the BAU scenario.

Table 43 Assumptions for the four scenarios

Scenario assumptions

BAUscen

Existing buildings: retrofitted at 1% p.a. to the level of partial retrofit or 2006
Building code

New buildings: according to 2006 Building code

All mitigation
scenarios

New buildings:
< All new buildings are PH from 2019
= The rest is assumed 2011 (phase-out in 2015) and low-energy
(phase-out in 2019)
= Phase-out of 2006 Building code: 2011

Passive accelerated
scenario

Existing:
< All existing buildings (built until 1990) are retrofitted by 2030
« Out of the retrofitted buildings these performance levels are achieved
by 2020:
« 85% PH
« 10% Low energy
« 5% 2011 Building code

Passive 1% scenario

Existing:

Rate of retrofit: 1% p.a. of existing buildings
Retrofitted:

85% PH

10%  Low energy

5% 2011 Building code

X3

o

X3

o

X3

%

X3

%

®,
0.0

Suboptimal
accelerated scenario

Existing:
e All existing buildings (built before 1990) are retrofitted by 2030
* Accelerated rate of retrofit
* Majority buildings retrofitted to the level of partial retrofit, a small share
of existing buildings retrofitted to the level of 2006 Building code

Assumptions for new buildings are the same in tiree mitigation scenarios as to allow
comparison of the effect of the rate and leveledfafit on the total and cost-effective energy
saving potential in the existing buildings. Thisbiased on the recast of the EPBD, which
requires all new buildings occupied or owned by liguauthorities be built as near-to-zero

energy buildings (EC 2010). The cost of achievindedent energy performance levels are

summarized in Table 33.

Note, that the costs of the passive standard far canstruction are decreasing gradually to

the level of 8% additional costs by 2020 (basedveronica, 2008; Matzig, personal com.,

2009 and Csoknyai, personal communication, 2008)tarthe level of 16% for retrofit. All

cost assumptions are the same as in Passive atedlscenario.
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7.3 Plotting the results of the scenarios: four pat hways into the
future

This section provides the results of the modellingrgy savings potential in each of the

mitigation scenarios which are compared to the mass-as-usual scenario.

« Passive 1% scenario - results

The Passive 1% scenario projects development inggrsavings potential when buildings
currently retrofitted at natural rate of retrofiould be gradually retrofitted to the highest
possible level of energy performance consideretthiénmodel — passive energy standard. The
scenario shows that such an approach brings esergygs of 1.4 TWh (and 276 kt Gy
2030, which corresponds to 20% energy savings coedpda the BAU scenario (Figure 41).

Figure 41 Comparison of Passive 1% and BAU scenario
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In both new construction and retrofit the passiveide standard contributes significantly to
the total energy savings potential. Figure 42 shdesxelopment of the contribution of the
three building standards to the potential in 2003&for new construction and

Figure 43 for retrofit of existing buildings.

186



CEU eTD Collection

Figure 42 Contribution of building codes to energyisgs for new construction, Passive 1%
scenario
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Figure 43 Contribution of building codes to energyisgs for retrofit, Passive 1% scenario
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The total investment needed to realize the energngs projected in the Passive 1% scenario
reaches 0.61 billion EUR by 2030, and the energy sagngs generated by this investment

equals to 0.46 billion EUR in the same period.
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% Suboptimal accelerated scenario - results

Suboptimal accelerated scenario shows the energyngsapotential for the next several
decades provided that the current trend of eneffgpjemcy programs is extended to cover the
whole public building stock until 2030. The Subopinaccelerated scenario leads to energy
savings of 1.8 TWh (361 kt Gf) which translates into 26% reduction of the fiealergy
consumption when compared to the BAU scenario (€ig4).

Figure 44 Comparison of Suboptimal accelerated and Bééhario
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The total investment that would be spent on acdeldremplementation of partial retrofit is
1.32 billion EUR in 2011-2030, while the energy ceatings are 0.60 billion EUR in the
same period. This means that although this scenegioires high initial investment, it does
not result in high energy cost savings, compardteather large-scale scenario. Moreover, if
all existing buildings are retrofitted to this sytional level by 2030, the opportunities to save
more energy would be lost for several next decades) the next renovation of these
buildings is necessary. This leads to locking-m tblatively high energy consumption and the

related CQ emissions in the retrofitted buildings for the aping decades.
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+» Passive accelerated scenario - results

The Passive accelerated scenario presents a patreafy savings potential when the high-
performance transition of the existing building cbto(built before 1990) happens in an
accelerated manner (all existing buildings builfobe 1990 are retrofitted by 2030). The
energy savings in the Passive accelerated sceneaich almost 4.9 TWh (981 kt GO
emissions), which corresponds to energy savingg98é compared to BAU scenario (Figure
45).

Figure 45 Comparison of Passive accelerated and BAOas@®

12 000

10000 -

8000 \

6000 -

===BAU scenario
MIT: Passive accelerated

GWhlyear

69%

4000

2000 A

Also in this scenario the passive energy standasithe highest share on the total energy
savings and COmitigation potential both for the new constructias well as for retrofit of

the existing buildings (Figure 46 and Figure 47).
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Figure 46 Contribution of building codes to energgviags, new construction, Passive
accelerated scenario

900

800 -

700

600 -

al

o

o
L

GWhlyear

400 A

300 A

200 -

100 -

Building code 2011

2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030

Figure 47 Contribution of building codes to energisgs, retrofit, Passive accelerated
scenario
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The total investment required under the Passivelerated scenario over the projection
period is 1.85 billion Euro, which would be partlgtigh back in form of energy costs savings

of 1.63 billion Euro.
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7.4 Comparison of the four pathways: towards low-ca  rbon
future

The analysis shows that energy savings are lowdbeigase of the Passive 1% scenario and
highest in the case of the Passive acceleratechsoehe Suboptimal scenario results in
only slightly higher energy savings potential titae Passive 1% scenario even despite the
fact that partial retrofit is applied to the whadeisting building stock, while Passive 1%
scenario is only applied to 1% of the existing ¢ty stock per year (i.e. in total to 19% of
the existing building stock by 2030). This shows howortant it is to set high standards for
retrofit. The difference between the Passive 1% aterand Passive accelerated scenario is
approximately 50% of 2030 BAU energy use. This ieglthat once the optimal level of
minimum standards of retrofit are set (with apprater transition period for the market to
develop), the rate of retrofit can make a largdéediince. As this high efficiency retrofit is
applied at a large scale, the energy savings patgmows significantly.

Then, the difference between the application ofstii@optimal retrofit at a large scale and the
high efficiency retrofit at a large scale is sigeait. This difference, so-called lock-in effect,
accounts for approximately 44% of 2030 BAU energg (43.8%). In other words, due to
application of partial retrofit to the whole exiggi building stock almost 44% less 2030
baseline energy use can be saved. The lock-in edfaxiunts for more than half of the total
potential that can be reached under the Passivelemated scenario. This means that
application of the partial retrofit at an accelethtate can reduce the total potential by more

than a half. Figure 48 compares the four analyzedaios.
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Figure 48 Comparison of BAU and three mitigation scesa(GWh)
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At the same time such extensive mitigation effatjuires not only strict regulation on
building energy performance, but also initial inwesnt. The more ambitious the scenario, the
higher the initial investment is needed. At the samme, the more ambitious the scenario, the

higher the energy cost savings which can competisateigh initial investment.

Table 44 summarizes both the results of the scenamniderms of energy saving and £0
mitigation potential, as well as the total annumlestment needed for the different scenarios

and the energy costs savings that can be achigv263® under each scenaffo.

Table 44 Energy savings and €f@duction potential in the three mitigation sceinar

Energy consumption CO, emissions Investment vs. savings
Energy

Energy |saving CO; Total Cumulative
Business- | saving potential CO2 mitigation | cumulative | energy cost

as-usual | potential |in  year | Business- | mitigation | potential |investment | savings

in year|in year|2030 (% |as-usual |potential |2030 (% |(2011- (2011-

2030 2030 of BAU) | 2030 2030 of BAU) 2030) 2030)

Billion
Scenario/Unit | GWh GWh GWh kt CO, kt CO2 kt CO2 EUR Billion EUR
Suboptimal

accelerated 7109 1820 25.6% 1413 361 25.6% 1.32 0.60

0 Note that the investment is calculated as additiomthe investment under the BAU scenario.
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Energy consumption CO; emissions Investment vs. savings
Energy
Energy | saving CO3 Total Cumulative
Business- | saving potential CO3 mitigation | cumulative | energy cost
as-usual | potential |in  year | Business- | mitigation | potential |investment | savings
in year|in year|2030 (% |as-usual |potential |2030 (% |(2011- (2011-
2030 2030 of BAU) | 2030 2030 of BAU) 2030) 2030)
Billion
Scenario/Unit | GWh GWh GWh kt CO» kt CO, kt CO, EUR Billion EUR
Passive 1% 7109 1389 19.5% 1413 276 19.5% 0.61 0.46
Passive
accelerated 7109 4934 69.4% 1413 981 69.4% 1.85 1.63

Table 44 shows that while Suboptimal acceleratechasae leads to only slightly higher
energy savings potential than the Passive 1% <Scefarequires double investment than the
latter scenario. In other words, comparable eneagf savings can be reached under Passive
1% scenario at half of the cost of the Suboptintzieberated scenario. On the other hand,
Passive accelerated scenario brings 2.7 times thegtergy savings at only 40% higher total
initial investment compared to the Suboptimal aa@ked scenario. This implies that either of
the two passive scenarios outperforms the Suboptowelerated scenario when both energy

savings and initial investment is taken into acd¢oun

As the assumptions for new construction are theesgnall three mitigation scenarios, it is
important to look at the initial investments an@m®y cost savings of the existing buildings in
detail. This is shown in Table 45 and Table 46. hhsious that the assumption that all new
buildings become passive by 2019 according to thield 9 of directive 2010/31/EU requires
significant additional investment. Although thisv@stment will be paid back in form of lower
energy bills, the government will have to creattrategy on implementation of these EPBD

requirements, which will be accompanied by stromigpeement measures.
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Table 45 Energy savings potential, cumulative inmest and energy cost savings for new

construction (2011-2030)

New construction

Energy saving Energy saving Cumulative

potential in year potential in year investment in Total energy cost

2030 2030 2030 savings in 2030

GWh % of total BAU billion EUR billion EUR

Suboptimal accelerated
scenario 835 12% 0.53 0.27
Passive 1% scenario 835 12% 0.53 0.27
Passive accelerated
scenario 835 12% 0.53 0.27

Table 46 Energy savings potential, cumulative inmestt and energy cost savings for retrofit

(2011-2030)

Existing buildings

Energy saving Energy saving Cumulative

potential in year potential in year investment in Total energy cost

2030 2030 2030 savings in 2030

GWh % of total BAU billion EUR billion EUR

Suboptimal accelerated
scenario 985 14% 0.79 0.33
Passive 1% scenario 554 8% 0.08 0.19
Passive accelerated
scenario 4098 58% 1.32 1.36
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Table 46 shows that with almost ten times higharahinvestment the suboptimal retrofit
brings not even double energy savings compareuktoetrofit in the Passive 1% scenario.

On the other hand, Passive accelerated scenarnigsbmore than four times higher energy
savings as compared to the Suboptimal acceleragathgo and for that purpose this scenario
requires only 70% higher investments. This means $tidoptimal accelerated scenario is
underperforming both in terms of realizing the @yesavings potential, as well as in terms of

the total cost requirements compared to the twsipascenarios.
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7.5 Scenario analysis up to 2050

In order to see the effects of the different scesan the long-term, the analytical framework
was extended up to 2050. This analysis is perforimedoth energy efficiency potential, GO

mitigation potential as well as the energy costirgges and investments. Note, that this
analytical framework is not as detailed and preasethe 2030 framework and several

assumptions are simplified.

After 2030 the building stock is projected in suahvay that an assumed rate of new
construction is applied to it. The projected total building stock increases shgi the
period 2030-2050, however, does not reach the lef/&d005. Heating energy efficiency,
energy prices and emission factors are assumecke toohstant as of 2030. Technology
learning continues in this extended period in sackay, that in the period 2031-2050 the

price of the technologies is half of the price 08@).

Figure 49 shows energy savings potential up to 20&Gile in both Suboptimal accelerated
and Passive accelerated scenarios the whole hgildirretrofitted by 2030 and thus the
energy savings potential after 2030 does not iser@my further, energy savings continue to

grow in the Passive 1% scenario.

"I New construction rate is assumed at the level B#40and is assumed to be constant in the period-2080.
As in the two accelerated scenarios all existingdngs are assumed to be retrofitted by 203G @ssumed that
no buildings are ceased after 2030. This assumfstiapplied to all scenarios.
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Figure 49 Final energy savings potential for spacathimy up to 2050 (GWh)

12 000

10000

8000 -

GWhlyear
(o))
o
o
o

4000 -

2000 A

27% | 35%

69%

===BAU scenario
MIT: Passive
accelerated

MIT: Passive 1%

“===MIT: Suboptimal

accelerated

The energy savings in Passive 1% overruns the ensagings potential of Suboptimal
scenario in about 2040 and by 2050 is the poteatihlevable under Passive 1% scenario

higher by one third compared to Suboptimal acctddracenario.

Table 47 Final energy savings potential, investnagwt energy cost savings up to 2050

Energy saving potential

CO; reduction potential

Investment vs. savings

Energy Energy CO»

saving saving CO; mitigation Total Cumulative

potential | potential in | mitigation potential cumulative energy cost

in year year 2030 | potential | 2030 (% of investment savings (2011-

2030 (% of BAU) 2030 BAU) (2011-2030) 2030)
Scenario/Unit GWh GWh kt CO> kt CO» Bil. Euro Bil. Euro

Suboptimal accelerated 1945 27% 386 27% 1.59 1.95
Passive 1% 2573 35% 511 35% 0.93 1.89
Passive accelerated 5 059 69% 1 006 69% 2.13 5.21

Compared to the results of 2030 energy savingspatecalculation, the highest increase in

potential occurs in the Passive 1% scenario, wiieggotential increased by more than two

thirds. The other two scenarios encounter justghsincrease (Table 47).
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Table 48 Investment and energy cost savings inarehexisting buildings by scenario up to

2050
New construction Existing buildings
Cumulative Total energy Cumulative Total energy
investment cost savings investment cost savings
(billion EUR) | (billion EUR) (billion EUR) (billion EUR)
Suboptimal Suboptimal
accelerated 0.81 1.10 accelerated 0.79 0.85
Passive 1% 0.81 1.10 Passive 1% 0.12 0.79
Passive Passive
accelerated 0.81 1.10 accelerated 1.32 4,10

In all three scenarios investment into new consmaccontinues to grow in the same pace
after 2030 as before, however, the investmentvigtalue to technology learning. However,
in both of the accelerated scenarios the investimémtretrofit remains at the 2030 level due
to the fact that all existing buildings have beetrafitted by 2030. The total investment is
driven solely by new construction. Nevertheless,Piaissive 1% scenario the investment
continues to grow also after 2030 at similar pasdefore. Energy cost savings continue to

grow after 2030 in all three scenarios. Figure Bficts the interaction between investment

CEU eTD Collection

needs and the resulting energy cost savings idiffezent scenarios.
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Figure 50 Cumulative full investment and energy sasings — Comparison of scenarios
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Figure 50 shows that the Passive accelerated sodmargs the highest energy cost savings,
while the Suboptimal accelerated scenario brindg sightly higher energy cost savings at

much higher investment.

7.6 Sensitivity analysis

The cost-effectiveness of the mitigation optionssémsitive to the changing discount rate
(Urge-Vorsatz and Novikova 2008) as well as to gesnin energy prices. In order to better
understand the sensitivity of the performance-basedlel, the most ambitious, Passive
accelerated scenario is examined in the sensitviglysis from the following aspects:

* energy prices

» discount rate

* rate of retrofit

7.6.1 Energy prices

Energy prices determine the saved energy costshwd@termine the cost-effectiveness of the
measure. In time of high uncertainty of developn@ngénergy prices due to various risks on

the global energy market, it is necessary to exarthia effect of several cases of energy price
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increase. The current model assumes an annual secheanergy prices of 1.5% p.a. (based
on Petersdorfét al. 2005 and Novikova 2008). The sensitivity analgsiamines the effect of

the rate of increase in energy prices of 3% p.d.crb% p.a.

Figure 51 shows that the increase of energy prateffs the cost curve (of the Passive
accelerated scenario) downwards, in other words,sttenario becomes more cost-effective
with increasing energy prices. The higher the priceease, the better the cost-effectiveness.

Figure 51 Cost curve, Passive accelerated scenaneygy price increase of 1.5%, 3% and
5% p.a.
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7.6.2 Discount rate

The discount rate shows how future costs and benafé valued against the present value
(according to EC 2008a). Lower levels of discourte rare usually described as social
discount rate, while the higher levels of discouaté are private discount rates, often based on
the opportunity cost of the capital, i.e. the mankte of investment (IPCC 2001: 466). The
lower value is ascribed to future cash flows, tighér the discount rate and the lower the
cost-effective potential. The default model assumediscount rate of 6% p.a, i.e. social

perspective (which means exclusion of any taxes sukidies from consideration). The
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sensitivity analysis examines the cost-effectivene$ the most ambitious scenario for

discount rates of 4% and 8% p.a.

Figure 52 shows that the cost-effective potentiahe Passive accelerated scenario decreases
with higher discount rate (8% p.a.) and increaséls wer discount rate (4% p.a.).

Figure 52 Cost curves, Passive accelerated scendisopunt rate of 4%, 6% and 8%
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In addition, the private perspective was simulatgdapplying discount rate of 8% and the
relevant taxes (VAT and energy tax) to the Passicelarated scenario.

Figure 53 shows that inclusion of the taxes dee®#se negative part of the cost curve, while
it increases the positive part of the cost curvevéitheless, in comparison with the other two

discount rates these changes are insignificant.
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Figure 53 Cost curves, Passive accelerated scenaomparison of social and private
perspective
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In addition to the well-established factors usedensitivity analysis, sensitivity of the results

of the model are further tested on another basigraption — the rate of retrofit.

7.6.3 Rate of retrofit

The default model is based on an ambitious assumpghat all existing buildings are
retrofitted by 2030, which results in an averageofe rate of 4.6% p.a. As literature relies on
lower rates of retrofit, the results of the Passiceelerated scenario were examined against
retrofit rates of 3% p.a. and 3.5% p.a. Higherafétrrates are not considered as such
acceleration in retrofit activity is not realistdue to limited capacity of the construction

market.
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Figure 54 Cost curves, Passive accelerated scenapplication of different retrofit rates
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Figure 54 shows that the rate of retrofit influembeth extent of the total potential as well as

the extent of the cost-effective potential. Tablertficates that the higher the retrofit rate the
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higher the total potential. One can compare thelt®sf sensitivity analysis with Passive 1%

scenario — when the rate is 3 times higher (Paf8ie the total potential increases 2.6 times.

Table 49 Passive accelerated scenario under diffaaes of retrofit

Energy savings

CO; emissions

Investment vs. savings

Energy CO3 Total Cumulative

Energy saving CO» mitigation | cumulative | energy cost

saving potential in | mitigation | potential investment | savings

potential in |year 2030 | potential 2030 (% of | (2011- (2011-

year 2030 | (% of BAU) | 2030 BAU) 2030) 2030)
Scenario/Unit GWh GWh kt CO; kt CO; bil. Euro bil. Euro
Passive 1% scenario (1% p.a.) 1389 20% 276 20% 0.61 0.46
Passive 3% 3657 51% 727 51% 1.43 1.25
Passive 3.5%. 4224 59% 840 59% 1.63 1.45
Passive 4% 4791 67% 952 67% 1.83 1.65
Passive accelerated scenario
(cca 4.6% p.a. - default) 4934 69% 981 69% 1.85 1.63
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interpreting the scenarios and especially whenegies are prepared based on the Passive

accelerated scenario.

Summary

Chapter 7 presented and compared three mitigatenasios against the BAU scenario and
with this it provides answers to the research doestrelated to Objective 1 of the
dissertation: first, Passive accelerated scenantopns as the path which reduces the energy
consumption in the Hungarian public sector mostifigantly (by 69% compared to the BAU
scenario). Second, scenario simulating partial vation at an accelerated rate of retrofit
results in 26% energy savings compared to 2030libasenergy use, which is only slightly
higher than the energy savings that can be achibyeabplying gradual retrofit to passive
house level to only 1% of the existing buildingcitger year. This implies that applying
suboptimal retrofit at national level does not hav&gnificantly greater impact than applying
passive energy standard to only 1% of the builditogk p.a. Therefore, it can be concluded
that not only rate of retrofit, but even more impotly the level of energy performance to
which existing buildings are retrofitted (and newes are built) is a decisive factor that
determines the utilization of the available techhipotential in the building sector. This
implies that in planning of any national retrofibgram it is important to first carefully set an
ambitious performance target level per building @mms of kWh/(ha)) and only then

extend it to the whole building stock.

Moreover, the analysis brings two further messagest, although through current retrofit
programs energy is saved, this is not enough tatera significant impact on the national
energy use and G@missions. If the whole stock of existing buildsn@puilt before 1990) is

gradually retrofitted only to the suboptimal leviglese buildings will consume high levels of

energy for the several next decades until the nadtisr worn out and another renovation is
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needed. This way the high energy use patterns antkited C@emissions are locked-in for

several more decades in the existing infrastructRegrofitting these buildings to a higher
efficiency level before the next renovation cydenit cost-effective. This implies that it is
not only vital to support large-scale retrofit, eiten more importantly, it is necessary to
assure that retrofit is performed to the highestsgae level through strong legislation, well-
targeted incentives and strict enforcement. Thisukhbe the leading idea of any subsidy
program. No publically funded programs should suppartial retrofit and retrofit to the level

of new buildings requirements (such as the curgft6 Building code) unless these are

themselves enhanced.

Second, the comparison of the Passive 1% and Raasoelerated scenarios shows that the
rate of retrofit plays an important role in achmyihigher energy savings once the energy
standard is set to the level of best availablerteldygies. By accelerating the rate of retrofit
energy savings will be 3.5 times higher than wheaintaining the natural rate of retrofit
(while keeping the same level of energy performantteis very important that existing
buildings are retrofitted at such an acceleratéel o&retrofit, not only due to energy savings,
energy security and environmental reasons, butdlgsato other benefits to society. Not only
does the energy efficiency investment save energis@nd in this way save public funds for
other pressing public issues. Energy efficient itmest also contributes to maintaining and
creating jobs, reduces energy poverty, improvesanair quality and by providing thermal
comfort contributes to greater productivity andt&eliving conditions. In the time of need for
economy recovery, businesses can benefit from eglexated rate of retrofit. Assuming 30%
of the total investment (based on the average stfal@or cost on investment for thermal
insulation and window/door exchange reported indhergy audits of UNDP/Energy centre

2008) is spent on labor costs, then investmenimiplementation of the Passive accelerated
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scenario would lead to about 0.56 billion EUR inuett in the construction business

additional to the BAU scenatrio.

Sensitivity analysis shows that the model resuktssansitive to changes in discount rate and
energy prices in terms of cost-effectiveness of mheasures. Rate of retrofit has also

a significant effect on the results of the modethbim terms of total potential and the cost-

effectiveness of the applied measures.
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CHAPTER 8. CONCLUSIONS AND RECOMMENDATIONS

In this chapter first the main messages of thearebeare summarized, then recommendations
are formulated based on the findings, and theséolioeved by summary of the contribution
of the dissertation to the field of research, poé&rapplication of the research beyond the

dissertation and suggestions for areas for furdssarch.

8.1 Summary of the results

The impacts of the climate change can already bereobd. If society is to prevent further or
even irreversible changes in climate and biosphéee,GHG emissions should be reduced
significantly in the course of the first half ofithcentury (50-85% by 2050 and 20-40% by
2020). Several countries have already stated gteategies how to reach these ambitious
levels of reduction. The EU has set a 20% reductwget for its energy consumption by
2020 compared to 2020 projections. At the same, tenergy resources are scarce and energy
prices are increasing due to instability in enesgpply. Energy efficiency addresses several
of these challenges: decreases the need for emengyrts as well as reduces the GHG
emissions produced by combustion of fossil fuelisth® same time energy efficiency brings
further benefits: decreased energy costs for tlieusers, improved indoor air quality and
thermal comfort, increased productivity etc. It viagnd out that large cost-effective potential

exists in the building sector.

The aim of the dissertation is to determine the ggneand CQ savings potential in the

Hungarian public building sector. One of the ohjexd of the dissertation is to find the
optimal pathway to achieve significant energy ;Cfavings and to determine the risk of
massive application of suboptimal levels of retrofithe building sector, which can lead to a

so-called “lock-in effect”, i.e. locking-in the essions in the building structure for the next
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several decades until the next renovation takesepl&he dissertation as one of the first
studies attempts to quantify the “lock-in effec&nother objective is to determine the

mitigation potential based on two different modwellapproaches and compare their results.

Similarly to other reviewed studies focusing atrgyesavings potential in the building sector,
the dissertation research is based on bottom-upehimagland uses cost-effectiveness analysis
to determine the net costs of energy conservatimh @Q mitigation. Similarly to the
majority of such studies the dissertation also wse®mponent-based modelling approach,
which determines the total energy savings potebialed on the potentials of the improved
individual building components. Although this apact is by now well established in the
area, it is often criticized for not being capabfeadequately reflecting recent advances in
building design and construction know-how, most am@ntly the principles of integrated
building design. And therefore, the dissertatiomptements the component-based approach
with a new, performance-based approach, which mhkates the potential on the basis of the
energy performance of the building as a whole dngs tgives space for interactions of
different technologies in the most optimal way imer to reach the required performance
level. The dissertation is one of the few studieat thtilize this type of approach for

determination of the potential and constructios@feral low-energy scenarios.

The research design is divided into three main partdefinition of the scenarios, data
collection and modelling analysis. In order to ifuthe objectives of the dissertation, three
scenarios/pathways are designed — scenario whereviiole building stock is gradually
retrofitted to passive house level, scenario wioelg part of the building stock is gradually
retrofitted to the passive house level and scemaniere the whole building stock is retrofitted

to suboptimal level by 2030.

207



CEU eTD Collection

The modelling methodology is divided into severalpst first, the common modelling basis
for the two modelling approaches (so-called froefficiency scenario) is constructed based
on development of building typology, building stogkojections, calculation of average
heating energy requirements for different buildigges and calculation of the final energy
consumption and C{emissions. Consequently, the base year energisusdibrated based
on available statistical sources and estimatesorfgcBAU and mitigation scenarios are
constructed separately for both types of analyises, component- and performance-based
scenario. After this the mitigation potentials lettwo models are compared. Then, three
scenarios are constructed based on the perforntaszsl model — the most ambitious Passive
accelerated, less ambitious Passive 1% and thalkalcSuboptimal accelerated scenario.
Comparison of the first and the third scenario shahe lock-in effect. And finally, the
sensitivity analysis is conducted in order to dee @ffect of different variables on the main

outcomes.

The main differences in construction of the mitigatscenarios in the two approaches is that
while in the component-based approach individualgy efficiency measures are installed, in
the performance-based approach different leveénefgy performance are applied to the new

and existing buildings.

The individual energy efficiency measures in the ponent-based approach include
insulation of the building shell components (exérmvall, windows, roof, basement),
exchange of windows, installation of condensingdyeiand temperature management. The
component-based approach results into a total pakesf 45% compared to 2030 BAU
scenario energy consumption, and a cost-effecibterpial of 21% of the 2030 BAU energy

use. The most cost-effective measures in the Humggvublic buildings are temperature
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management, exchange of windows and insulatioheoékternal walls. Insulation of roof and
basement are on average the least cost-effectiasures, however it is important to stress
that only full implementation of all interrelatedeasures assures that the above stated total

potential is achieved.

In the performance-based approach, three levenefgy building performance have been
considered — 2011 building standard with specifialfenergy requirement of 60kWh/Am);

low energy performance level of 30 kWhf(a) for new construction and 45 kWhAa) for
retrofit; and passive energy standard of 15 kWHA&Jnfor new construction and 25
kWh/(m.a) for retrofit. The performance-based approactwshitiat the most cost-effective
potential exists in retrofitting social, health €and educational buildings, as well as in new
construction of the three above mentioned buildiyyges, as these rank among the most

energy intensive public buildings.

Comparison of the component-based and performaasedbapproaches revealed a large gap
between the two approaches. While the componemtebapproach provides approximately
45% energy savings compared to 2030 BAU scenahie, gerformance-based approach

results in 69% energy savings relative to the BAEhsrio in 2030 (Figure 55).
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Figure 55 Energy savings potential resulting from timemponent- and performance-based
modelling approaches
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The difference in the results of the two approad2d8o of 2030 BAU energy use) can be
explained by difference in the modelling approachul(i-layered application of different high

efficiency performance levels in the performancedsh approach) and existence of the
synergy effect of the holistic approach to the afetrof the existing buildings. While the

multi-layered character of the performance-basquageh is closer to reality, it also makes
this approach more ambitious. On the other harelsyistemic approach to the building as a
whole in the performance-based approach makesssgilpie to consider also the advanced
high-performance techniques, which cannot be rgftein the piecemeal approach of the

component-based approach.

The analysis showed that the performance-based fmadebols can provide a flexible
support tool for energy and climate policy makdise flexibility of these modelling tools lies
in the possibility to set different performancedtsto be implemented with consideration to
timing of the phase-out of the existing performaf®esls and gradual phase-in of the new

levels. Several performance levels can be appliedl&neously. Parallel implementation of
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different types of abatement measures cannot bg fealized in the current Excel-based
component-based model. The flexibility and greateerdriendliness of the performance-
based approach (compared to component-based) earadim reasons why the performance-

based approach is used for scenario analysis.

The main question behind construction of the scemadd what are the risks linked to mass
application of the partial (suboptimal) retrofitcamo compare it to the scenario with the
highest energy savings potential (Passive accelbistenario). Based on the results the risk
of such retrofit is that more than half of the pudial can be lost for the several next decades
until the next renovation cycle starts. The scenanalysis showed that lock-in effect can
reach up to approximately 44% of the BAU (43.8%grgy use by 2030. This means that
almost 44% of the 2030 BAU energy use would be ddekn in the existing infrastructure
until the next renovation cycle if the whole buidistock was retrofitted to suboptimal level
instead of passive or low-energy level (Figure 56).

Figure 56 Summary of the scenario analysis — ensagings potential scenarios (GWh)

12 000

10 000 -

8 000 -

===BAU scenario

MIT: Passive
accelerated

MIT: Passive 1%

GWhlyear
(o2}
o
o
o

69%

4000

“===MIT: Suboptimal
accelerated

2000 -

211



Passive accelerated scenario can bring 2.7 tingkeehienergy savings than the Suboptimal
accelerated scenario at investment only 70% higlsecompared to Suboptimal scenario

(Table 50).

Table 50 Summary results of the scenario analysis

Energy consumption CO, emissions Investment vs. savings
Energy
Energy saving CO; Total Cumulative
Business- | saving | potential CO» mitigation | cumulative | energy cost
as-usual | potential | inyear | Business- | mitigation | potential | investment | savings
in year inyear | 2030 (% | as-usual | potential | 2030 (% (2011- (2011-
2030 2030 of BAU) 2030 2030 of BAU) 2030) 2030)
Billion
Scenario/Unit GWh GWh GWh kt CO, kt CO, kt CO2 EUR Billion EUR
Suboptimal
accelerated 7109 1820 25.6% 1413 361 25.6% 1.32 0.60
Passive 1% 7109 1389 19.5% 1413 276 19.5% 0.61 0.46
Passive
accelerated 7109 4934 69.4% 1413 981 69.4% 1.85 1.63

CEU eTD Collection

The analysis also shows that if the building stogkdtrofitted to suboptimal level at an
accelerated rate (Suboptimal accelerated scen#r®)resulting energy savings are only
slightly higher than if the building stock is refitted to high level of energy performance at
only 1% retrofit rate per year (Passive 1% scenaNtoreover, this incremental increase in
energy savings as compared to Passive 1% sceeguaas double investment of that under
the Passive 1% scenario.

The advantages of prioritizing quality over quaniityterms of retrofit are even more obvious
once the modelling framework is extended to 205@il8\all existing buildings are retrofitted
under the Suboptimal accelerated scenario by 20680Gnergy savings in Passive 1% scenario
are growing further and by 2050 reach a level atn83% higher than that under the

Suboptimal accelerated scenario.
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Figure 57 Final energy savings potential for spacathimy up to 2050 (GWh)
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The results of the scenario analysis show the irapod of setting the right (and ambitious)

level for retrofit of existing buildings (built befe 1990). Once the right level of energy
performance of the building is set, then the rétrcdn be extended to a larger scale. The
results of the sensitivity analysis for differeate of retrofit can be used in decision-making
process upon what scale of retrofit can be aimednfease of the Hungarian public building

stock.

Once such an ambitious performance level is detexthiit should be announced well in

advance, so that in the transition period the cang8on industry, educational institutions,

planners and designers can adjust to the planraugels. The transition period of around 10
years, as used in the model, should provide endugé for the industry to react to the

planned changes (see e.g. Laustsen 2008). Asrilpet tgear for new public buildings given

by the EPBD directive is 2019, the transition pern®ahorter and therefore the government
should provide the construction industry with thght stimulus that would start up the

necessary market transformation.
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8.2 Discussion of the results

The dissertation results can be compared to sevelavant studies. The results of the
component-based model in the dissertation in tesfribe total potential are comparable to
those in the study of Novikova (2008) for Hunganiasidential sector (Table 51) as well as to
the study of Szlavilet al. (1998) for Hungarian residential and communal @edthe lower

share of the cost-effective potential can be erpldiby higher cost-effectiveness of the
energy efficiency measures in the residential lngjsl and different assumptions of the cost-
effectiveness analysis. Longer time frame in thealigtion research also contributes to the

higher share of the total potential on the basehrtbe public sector.

Table 51 Comparison of the results of the dissieméd component-based approach with a
similar component-based study

Energy savings potential
Cost-
Retrofit Total effective
Discount | rate potential potential Target
Study Region Sector rate (% p.a.) (% of BAU) | (% of BAU) | year

Dissertation
research -
component-based
approach Hungary | Public 6% 5% 45% 21% 2030
Novikova (2008) Hungary | Residential | 6% 5.5% 42% 29% 2025

Residential

and
Szlavik et al. (1998) Hungary | communal | 3-5% NA 45% 31% 2030

Similarly, the results of the performance-based ehad the dissertation can be compared to
the results of the recently conducted performarased studies, such as Urge-Vorsgttal.
(2010), the recent study under the Global Energye#ssent (GEA) and Petrichenko (2010).
The study of Urge-Vorsatet al. (2010) quantifies employment impacts of a largaesc
retrofit in Hungarian public and residential builgs. The study under GEA described in
Urge-Vorsatz (2010) focuses on drawing several émergy scenarios for five world regions
up to 2050. Although none of these studies examthedcost-effectiveness analysis of the

potential, all of them constructed several scesagind thus are suitable for comparison to the
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scenario analysis conducted in the dissertatiobl€ra2). Petrichenko (2010) calculates the

energy savings potential in Russia and quantifieddck-in effect?

The total energy savings potential in the diffef@DEEP scenarios in the employment study
of Urge-Vorsatzt al. (2010) depend on the rate of retrofit. The mostlamscenarios to the
dissertation’s Passive accelerated scenario ar&ESPD and S-DEEP2 scenarios. The results
of the dissertation’s most ambitious scenario artheé middle of these two scenarios both in
terms of annual retrofit rate and in terms of tqiatential. Although quantification of the
lock-in effect is not among the main objectivestdd study, it can be calculated based on the
available data. As the retrofit rate of 5.4% psaconsidered highly unrealistic, the lock-in
effect is calculated for the retrofit rate of 3.4%&., which is 32% of 2030 BAU energy use
(Table 52). This is relatively lower compared to tloek-in effect calculated in the
dissertation (approximately 44% of 2030 BAU enetgpe). This can be explained by two
reasons: first, higher energy savings assumptionStS&UB of the study of Urge-Vorsatz
(2010); and second, lower retrofit rate of the S-DEERscenario as compared to the
dissertation’s Passive accelerated scenario. Nealess, if the average of S-DEEP 1 and S-
DEEP 2 scenarios was considered, the result is muoskrao the lock-in effect calculated in

the dissertation.

Table 52 Comparison of the dissertation researdh wimilar performance-based studies

Energy savings potential
Retrofit | Total Cost-effective
Region/ Targe rate potential potential

Study Sector tyear | Name of scenario (% p.a.) | (% of BAU) (% of BAU)

Passive accelerated 4.58% 69.4% 61%

Passive 1% 1% 19.5% 11%

Suboptimal accelerated 4.58% 25.6% 5.4%
Dissertation Hungary/
research* Public 2030 Lock-in effect - 43.8% NA

2 petrichenko (2010) utilizes a methodology thattiesn developed within the GEA.
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Energy savings potential

Retrofit | Total Cost-effective
Region/ Targe rate potential potential
Study Sector tyear | Name of scenario (% p.a.) | (% of BAU) (% of BAU)
S-DEEP1 5.4% 85% NA
S-DEEP2 3.4% 57% NA
S-DEEP3 2.3% 39% NA
S-SUB 3.4% 25% NA
Lock-in effect 1
(S-DEEP 1 vs. S-SUB) - 60% NA
Hungary/ .
Urge-Vorsatz | Residential 2030 | Lock-ineffect 2
etal. (2010) | and public ” (S-DEEP 2 vs. S-SUB) - 32% NA
Advanced buildings NA 54% NA
A-class buildings NA 42% NA
Advanced construction NA 29% NA
Incremental diffusion NA 1.76% NA
Lock-in effect 1
(Incremental diffusion vs.
Advanced buildings) - 52% NA
Russia/
Residential, Lock-in effect 1
Petrichenko public and (Incremental diffusion vs.
(2010) commercial 2050 | A-class buildings) - 40% NA
World/
Global Residential 35%
Energy and (compared
Assessment | commercial 2050 Lock-in effect 3% to 2005) NA

* The figures representing dissertation are basethe results calculated with discount rate of 6%.

The study of Petrichenko (2010) shows that intradggi¢iigh-efficiency standard only to new
buildings leads to 29% potential by 2050, howerovation of the existing buildings can

lead up to 54% energy savings in the same periogl Iddk-in effect ranges between 40-52%

which is in line with the dissertation researchetff&fit rates are not reported.)

As the data of the scenario analysis under GEA asdribed in Urge-Vorsatz (2010) is not
available for year 2030, and may be a subjecttinén changes, comparison of lock-in effect

is only possible based on the 2050 data. The lo@ktect in the GEA study accounts for 35%

3 Although the target year of the study is 2050yffig in the Table 52 are based on the availabkefda®2030,

the target year of the dissertation.
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of 2005 energy use, which is less than the lockfiact identified in the dissertation which is
approximately 44% of energy use in 2005. Althouglwvould be expected that the lock-in
effect in 2050 is higher than in 2030, it can bplaxed by two facts: first, retrofit rate in the
GEA study is lower than the rate used in the diaien; and second, GEA study includes all
world regions and allows for certain energy demdedelopment in the developing countries
and elimination of energy poverty, which leads orease in total BAU world energy use,

and thus lower lock-in effect (while BAU in the destation is decreasing over time).

In summary, the comparison shows that the restlteeodissertation are in line with other
recent research on energy efficiency potential.exineless, the exact proximity of the results

depends on the retrofit rates, which vary acrossthdies.

8.3 Recommendations

Based on the research, several recommendationbecémrmulated. First, for the adequate
modelling of the energy saving potential it is resagy to have data on the average annual
energy consumption and the average floor area ifferaht types of institution. As in some
cases, there is no data available on the numbauwitefings, but only number of institutions, it
would be beneficial that the Hungarian Central iStiaal Office (KSH) collects this data as

well and makes it publicly available.

To collect the annual energy consumption data inpiglic buildings it is necessary that
energy consumption is monitored by the managetiepublic buildings on a regular basis
and evaluated by a designated central institutibimis institution could handle energy
consumption data from different sectors of the eooy (residential buildings, industry,
transport, energy supply sector). This institutibowdd prepare a questionnaire that includes

data on the energy consumption as well as soméajuad inquires on the state, function and
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usage of the building. The energy audits shoulcatohived electronically as to avoid the
problem with storage, handling and processing efdata. This way a central database could
be established and the results of the specificageeenergy consumption and specific average
energy requirement for different public buildingpgs could be regularly updated and

evaluated, while the results of these evaluatibiosilsl be made publicly available.

Moreover, Hungary possesses of a large collectioenergy audits conducted in public
buildings. For the current research only a samgleower 100 audits was used for the
calculations due to limitations in time, human diméncial resources. However, in order to
get even more precise information on specific epeeguirement for different types of public
(and residential) buildings, the audits collectathin the UNDP/GEF Hungary Public Sector
Energy Efficiency Project should be fully processed analyzed. Otherwise this wealth of

information will be lost.

Second, building codes in several countries, inalydHungary, seem to be focused in detail
on new buildings in the residential sector, whéed attention is paid to the public buildings.
However, it is important that the building codesisider the specifics of the different building
types in terms of their building energy featurasnction and occupancy and distinguish
between such sectors as education, health carsamal care, administration, and cultural
buildings, as their final energy use and the relatrergy savings potential depend on the
energy usage patterns in these different typesuiflibgs. Even more importantly, the
building codes should set strict quantified requieats for retrofit of the buildings (both
residential and public) taking due regard to theaaded technologies available on the
market. These requirements should also consideditferent building types, their function

and usage. Building codes should use performansedbievels as the main requirements
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supplemented by component-based requirements ier dod ensure the required building
energy performance (such as in Hungary). Plansypdeiment low-energy and passive energy
standard should be announced well in advance (ab®wyears) in order to provide enough
time for the construction industry to prepare fbede new requirements. These could be
presented in form of a road map indicating the phasand phase-out of different building
codes in time resulting in full implementation adgsive house standard. It is important that
commissioning is a required part of the construcpoocess. The building codes should also
include requirements regarding efficient use of enals, waste prevention and water
treatment. The compliance to the building codes Ishioa strictly enforced by an independent

authority.

Third, as the public sector plays a special rol@nomoting energy efficiency (see e.g. EC
2006b), the transition towards passive buildingshis sector should be faster than in other
types of buildings. In order to allow faster trdimi towards very low energy buildings (set
by a long-term plan and building standards) theiéarto energy efficiency in municipalities
should be identified and eliminated (e.g. by img\access to finance, technical assistance
including energy audits etc). Legislation should sgjuirements for the municipalities to
designate a special budget for energy managemdmnwnunicipality management, appoint
an energy manager in the municipality and prepanaicipal multi-annual energy strategy,
which would include annual reporting of municipaeegy consumption. In order to fulfill
these obligations the municipalities should be giugre competences in the field of energy
management and should be allowed to reinvest tleeggncost savings that they achieve
through implementation of the energy saving measuiks the success of the implemented
energy efficiency measures depends on the behawibits users, it is necessary that the

awareness of the users is raised regularly by gimviof the relevant information. The
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information on annual energy consumption of the lipubuildings should be publicly

available, not only for new, but also for existimgldings.

Financial support should be provided only to thesspae energy standard or higher
performance. Experience from other support prograsnsews that if both the low-energy
and passive energy standard is supported by aasianount, most of the beneficiaries realize
the low-energy standard, which requires lower ahitnvestment (Csoknyai, personal com.
2009). The level of support has an effect also enréitrofit rate of the existing building stock.
Support from public finances should not be proviftadnew construction or retrofit realized
to the suboptimal level or below the requiremeritdshe current building code. Otherwise
significant amounts of energy and emissions woeddcked-in for the next several decades
and the public funds would be not used efficientBupport should be conditioned on

commissioning of all energy systems in the building

Fourth, it is important that in the transition peti(which in the case of implementing Passive
accelerated scenario starts in 2011) the passieeggriechnology is integrated into the

curricula of the technical universities. This shobkel accompanied by practical experience
with planning and construction process of a reasp& or zero energy building. Both

students and professors should be encouraged texgperience in countries where this
technology has become widely available on the ntagkeeven became a standard. The
students should be led by the principles of integfalesign process in which the planners,

builders and developers work together from the stiaihe construction process.
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8.4 Contribution of the dissertation

The main contribution of the current research liegswo areas. The first is practical — the
study originated as a reaction to a policy needungary and it filled the information gap on
energy savings and mitigation potential for spaeating in the public sector in Hungary.
Another practical contribution is that the spec#icergy requirements (for space and water
heating and electricity) for different types of Hamian public buildings are analyzed and
published for the first time. As this kind of dasarare for the whole public sector, it can be
applied in other countries in the region as welidAsince the energy used in the public sector
is not reported in the statistics (neither domesticinternational), dissertation represents the
first steps towards calculating it. Second, frone ttmethodological point of view, the
dissertation, as far as we know, is the first stwdych compares component-based and
performance-based approaches applied to the saff@ingustock and country. Further,
although there have been scenario analyses comldusieg the performance-based approach
before (Novikova 2008, Dyrb@it al 2009, Harvey 2009), they either did not conduchsan
analysis for both new and existing buildings, ot mosuch a robust manner. Thus, together
with the ongoing research of GEA (see e.g. Urge-atar2010) and Petrichenko (2010) this is
one of the first performance-based scenario amalfse both new and existing buildings.
Moreover, the dissertation research is the firstopmance-based study determining the cost-

effective potential in the building sector (at time of writing).

8.5 Further application of the research beyond diss  ertation

Thanks to its user-friendliness, the performancetbasodel can be used in policy analysis
both in Hungary and in other countries. In thetfoase, the model can be used to develop
medium-term strategies on how to reach the targetdy the recast of the EPBD — i.e. by

2019 all new public buildings and by 2020 all othexv buildings must become near-to-zero
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energy buildings (Article 9, EC 2010). The model dan used to develop strategies for
improvement of the existing building stock in theimtipality ownership, regional energy
efficiency strategies or to develop sectoral sabsgies that are parts of national climate
strategy, energy efficiency action plan or evenrgyneecurity strategy. Based on the current
model and its scenarios, new scenarios can berooted based on changed assumptions —
e.g. on timing of the mitigation action, performanevels etc. One could for instance also use
the model to find out how to halve the current ggeconsumption in the public building

stock by certain year and what are the conditiox@euwhich this can be achieved.

In the second case, the model can be applied tr @buntries provided that the country
specific data on building stock is available. Pratidy, one should also base the building
projections on the country-specific trends in thallding stock and related indicators.
Nevertheless, when greater precision is sought,ntepispecific costs of different
performance levels should be supplied. Furtherigicgtcan be achieved by applying average
specific heating energy requirements calculatecadrasis of a sample of national energy
audits. These should be adjusted to climate comditad the specific country. The model can
be easily applied in the countries of the V4 regifor other countries application of the

Hungarian specific heating energy requirement ghbelconsidered carefully.

8.6 Areas for further research

This study focuses on energy efficiency potentialthie public building sector for space
heating. It does not consider hot water and elgttrinor the use of technologies utilizing
renewable energy sources. Energy savings potewtiatléctricity (for the public sector) is
covered by NovikovaHorthcoming. Thus, important topics for further research waooidto
investigate the energy savings potential for hotewg&especially in hospitals, kindergartens

and social buildings) as well as utilization of eammble energy sources. The user-friendliness
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of the model could be further improved by includiag interface that would serve as a
platform for the user to set the main assumptidmather important area for further research
is further examination of the synergy effect gapuMeen the component- and performance-
based approaches. This could be done by a thoraugly focused on comparison of the
existing component-based studies to their recenfopeance-based counterparts (e.g.
comparing McKinsey 2009a and GEA world study). Lacleffect should be also examined
closer. The dissertation provides an overview ofltio&-in effect in the most recent studies
which focus on buildings, this overview could beemded to include studies of other sectors
(such as industry, transport etc.), where quaatibn of lock-in effect exists. The lock-in
effect should be assessed for the same leveldrofiteate and projection period. Moreover,
more research should focus on studying technolegyning of the passive house standard,
which could be done by comparing the costs of thgsspe house buildings and the total
number of such buildings over time. Further redearculd also extend the performance-
based model to include life cycle energy and watss during the whole lifetime of the

building.
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ANNEX |. BUILDING TYPES AND THEIR CHARACTERISTICS
1. Educational buildings
1.1 Educational sector: one-storey buildings (kindergartens and nurseries)

Figure 58 Building pattern of an educational one-stobuilding built until 1990
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Table 53 Characteristics of an educational one-aydouilding built until 1990

Number of floors 1
Wall length, side 1 345|m
Wall length, side 2 14.5| m
Ground floor area 501 | m?
Gross floor area 501 | m?
Height of the floor 26|m
Height of the building 26|m
Volume of the building 1301 | m®
Wall surface (excl. doors and
windows) 196 | m?
Roof area 501 | m?
Basement area 501 | m?
20% of wall
Windows and balcony doors 51 | m? surface
Exit doors (2x) 8| m* 4

Source: based on Novikova (2008) and energy a(ldiDP/Energy centre 2008, Nagy 2008, Csoknyai 2D08a

239



CEU eTD Collection

1.2 Educational sector: traditional buildings built before 1900 and between 1901-1945

Figure 59 Building pattern of the educational tradital building built before 1900 and
between 1901-1945
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Table 54 Characteristics of an educational traditab building built before 1900 and between
1900-1945

Number of floors 4
Wall length, side 1 25|m
Wall lenths, side 2 15.4 | m
Ground floor area 386 | m?
Gross floor area 1544 | m?
Height of the floor 34|m
Height of the building 13.6 | m
Volume of the building 5248 | m°
External wall surface excluding doors and
windows 750 | m?
Roof area 386 | m?
Basement area 386 | m?
30% of
Windows/terrace/balcony doors 330 | m? surface
Exit door 20 | m? 1mx2m

Source: based on Novikova (2008) and energy a(ldiDP/Energy centre 2008, Nagy 2008, Csoknyai 2D08a
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1.3 Educational sector: panel/ industrialized buildings built between 1946-1990

Figure 60 Building pattern of educational industrizdd building built between 1946-1990
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Table 55 Characteristics of educational industialki building built between 1946-1990

Number of floors 4

Wall length, side 1 25|m

Wall length, side 2 15.4 | m

Ground floor area 386 | m?

Gross floor area 1544 | m?

Height of the floor 26|m

Height of the building 104 | m

Volume of the building 4013 | m®

Wall surface (excluding windows and

doors) 653 | m?

Roof area 386 | m?

Basement area 386 | m?

Area of windows/terrace/baclony 20% of wall
doors 168 | m* surface
Exit door 20 | m? 1mx2m

Source: based on Novikova (2008) and energy a(ldiDP/Energy centre 2008, Nagy 2008, Csoknyai 2D08a
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2. Health care buildings
2.1 Health care sector: one-storey buildings (doctors’ offices and ambulance stations)

Figure 61 Building pattern of a health care one-stobeiilding built until 1990
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Table 56 Characteristics of a health care one-sgdyeilding built until 1990

Number of floors 1
Wall length, side 1 35|m
Wall length, side 2 19 m
Ground floor area 659 | m?
Gross floor area 659 | m?
Height of the floor 26|m
Height of the building 26|m
Volume of the building 1713 | m®
Wall surface (excl. doors and
windows) 216 | m?
Roof area 659 | m?
Basement area 659 | m?
20% of wall
Windows and balcony doors 56 | m? surface
Exit doors (2x) 8 | m? 4 dooors

Source: based on Novikova (2008) and energy a(ldRDP/Energy centre 2008, Nagy 2008, Csoknyai 2D08a
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2.2 Health care sector: traditional health care buildings (built before 1900 and
between 1901-1945)

Figure 62 Building pattern of a health care traditanbuilding built before 1900 and
between 1901-1945
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Table 57 Characteristics of a health care tradisbtuilding built before 1900 and between
1901-1945

Number of floors 5
Wall length, side 1 25|m
Wall lenths, side 2 38.4|m
Ground floor area 960 | m?
Gross floor area 4799 | m?
Height of the floor 34|m
Height of the building 17|m
Volume of the building 16318 | m®
External wall surface excluding doors and
windows 1489 | m?
Roof area 959.875 | m?
Basement area 959.875 | m?
30% of
Windows/terrace/balcony doors 647 | m? surface
Exit door 20 | m? 1mx2m

Source: based on Novikova (2008) and energy a(ldRDP/Energy centre 2008, Nagy 2008, Csoknyai 2D08a
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2.3 Health care sector: panel/ industrialized buildings built between 1946-
1990
Figure 63 Building pattern of a health care induskzad building built between 1946-1990
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Table 58 Characteristics of a health care indudizied building built between 1946-1990

Number of floors 5

Wall length, side 1 25|m

Wall length, side 2 38.4|m

Height of a building 13|m

Ground floor area 960 | m?

Gross floor area 4799 | m?

Height of the floor 26|m

Height of the building 13|m

Volume of the building 12478 | m®

Wall surface (excluding windows and

doors) 1299 | m®

Roof area 960 | m?

Basement area 960 | m?

Area of windows/terrace/baclony 20% of wall
doors 330 | m? surface
Exit door 20 | m? 1mx2m

Source: based on Novikova (2008) and energy a(ldRDP/Energy centre 2008, Nagy 2008, Csoknyai 2D08a
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3. Public administration buildings

3.1 Public administration: small buildings (built until 1990)

Figure 64 Building pattern of a small public admington building (built until 1990)
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Table 59 Characteristics of a small public admiratbn building (built until 1990)

Number of floors 2|m

Wall length, side 1 20|m

Wall length, side 2 12.7 | m

Ground floor area 253 | m?

Gross floor area 507 | m?

Height of the floor 26|m

Height of the building 52|m

Volume of the building 1317 | m®

Wall surface (excluding windows and

doors) 264 | m?

Roof area 253 | m?

Basement area 253 | m?

Area of windows/terrace/baclony

doors 68 | m? 20% of wall surface
Exit door 8| m? 1mx2m

Source: based on Novikova (2008) and energy a(ldiDP/Energy centre 2008, Nagy 2008, Csoknyai 2D08a
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3.2 Public administration: large buildings (built until 1990)

Figure 65 Building pattern of large public administian building (built until 1990)
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Table 60 Characteristics of a large public admirasibn building (built until 1990)

Number of floors 5/m

Wall length, side 1 30|m

Wall length, side 2 18.6 | m

Ground floor area 559 | m?

Gross floor area 2794 | m?

Height of the floor 26|m

Height of the building 13| m

Volume of the building 7264 | m?

Wall surface (excluding windows and

doors) 739 | m?

Roof area 559 | m?

Basement area 559 | m?

Area of windows/terrace/baclony Assumption: 40% of wall
doors 506 | m* surface
Exit door 20 | m? 1mx2m

Source: based on Novikova (2008) and energy a(ldiDP/Energy centre 2008, Nagy 2008, Csoknyai 2D08a
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4. Social buildings (built until 1990)

Figure 66 Building pattern of a social building (bwiintil 1990)
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Table 61 Characteristics of a social building (bwihtil 1990)

Number of floors 3|m

Wall length, side 1 25|m

Wall length, side 2 17.7 | m

Ground floor area 443 | m?

Gross floor area 1329 | m?

Height of the floor 26|m

Height of the building 7.8|m

Volume of the building 3455 | m®

Wall surface (excluding windows and

doors) 513 | m?

Roof area 443 | m®

Basement area 443 | m?

Area of windows/terrace/baclony 20% of wall
doors 133 | m? surface
Exit door 20 | m? 1mx2m

Source: based on Novikova (2008) and energy a(ldiDP/Energy centre 2008, Nagy 2008, Csoknyai 2D08a
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5. Cultural buildings (built until 1990)

Figure 67 Building pattern of a cultural building (ftuuntil 1990)
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Table 62 Characteristics of a cultural building (lhwntil 1990)

Number of floors 2|m

Wall length, side 1 16.1 | m

Wall length, side 2 20 m

Ground floor area 321 | m?

Gross floor area 642 | m?

Height of the floor 34|m

Height of the building 6.8|m

Volume of the building 2183 |m°

Wall surface (excluding windows and

doors) 372 |m?

Roof area 321 | m?

Basement area 321 | m?

Area of windows/terrace/baclony 20% of wall
doors 98 | m? surface
Exit door 20 | m? Imx2m

Source: based on Novikova (2008) and energy a(ldiDP/Energy centre 2008, Nagy 2008, Csoknyai 2D08a
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ANNEX Il. SELECTED MODELS USED IN CURRENT ENERGY AND CLIMATE P OLICY

Table 63 Selected models used in current energcklmadte policy analysis

Name of the model | Full name Class/Description Comments/Application References Extensions/Modifications
Applied in more than 40 countri¢ Developed by Energl MARKAL-MACRO,
in national and local energ Technology System MARKAL-ED (MED),
Bottom-up dynamic  mode| planning and development | Analysis Programm{ MARKAL-M1CRO,
Optimization model thg carbon mitigation strategies (in{ (ETSAP) of the IEA| MATTER, MARKAL-
produces the least-cost soluti CR (MIT, SEVERN, SR{ Goldstein et al(2001),| EQUITY. SAGE, TIMES.
MARKAL subject to (given) emission { International) and SR (Ministry ¢ Seebregts et al(2001),| Global MARKAL Model
(late 1970s) MARKet ALlocation other constraints. Economy). Loulouet al. (2004) (GMM)
Bottom-up: Expands th
The Integrateq robustness of MARKAL, whicl Goldstein et al. (2001)
MARKAL-EFOM allows simultaneous analysis | Replacement for MARKAL| Loulouet. al.(2004) Bles
TIMES (1999) System several problems at the time. | introduced in 1999. and Remme (2005). TIMES-MACRO

MESSAGE

(since 1970s)

Model of Energy Suppl
Systems Alternative|
and their Generg
Environmental Impacts

systems engineering optimizati
model. It finds the optimg
energy flow from primary energ
resources to useful ener
demands for the exogenou
given demand under the giv
constraints (emissions etc).

Used for calculation of the IPC|
SRES scenarios at IIASA etc.

Messner and Strubegg
(1995); Strubeggeket al.

(2004).

Bottom-up: A multi-regiona|
energy-systems bottom-| E.g. analysis of potential synergi
optimization model with of implementing energy securi ERIS was extended hy
endogenized technology learni| policy and climate policy in th| Barreto and Kypreo| Turton and Barreto (2006)
Energy Research ar (reflecting both commercig long-term; endogenizing R&D ar| (2004), Turton an( so that it can be linked o
ERIS (2000) Investment Strategies | investment and R&D cost market experience. Barreto (2006). MAGICC climate model.
Regionalized versio
RICE (Regional  dynami
Top-down: DICE - one of th Integrated model d
Dynamic Integrate( first dynamic economic mode| E.g. economic  analysis Climate and the
DICE and RICHmodel of Climate anqof climate change, highl implementation of the KyotfNordhaus and Boyg Economy), presented |n
(1994, 1996) Economy aggregated. Protocol. (2000). 1996
Bottom-up: A multi-regional
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Name of the model | Full name Class/Description Comments/Application References Extensions/Modifications
Integrated assessment mo MERGE can model n
(IAM) that provides a framewor| MERGE considers mark only learning by doin
for assessing climate-chan| (through production losses), a (LBD), but alsqg
Model for Evaluating management proposals. Inclug non-market climate chang learning-by-searching
Regional and Globg endogenized technologic induced damages (through los (LBS) and learning
MERGE Effects learning. in global welfare). Kypreos (2005) subsidies.
Hybrid model combinin¢ PRIMES involves market regimg ACE (Accession Countrigs
engineering-orientation wittand model the behaviour Energy) model for the
economic market-drive| economic agents. The model W Mantzos and Caprd acceding (EU
representations. It is a part| used in the long-term projectio| (1998), Nationa| 12+Turkey)and neighboring
PRIMES equilibrium model for the EY (up to 2030) for the EU ar Technical University o] countries (Switzerland,
(Version 2) energy system. accession countries. Athens Norway)
The MACRO model also captur
autonomous effects and mac
A top-down stylized macrdq economic feedbacks between
economic growth mode| energy sector and the rest of
MACRO is applied to the energ economy, such as the impacts
models, where it balances t higher energy prices (e.g.,
non-energy part of the econor resulting from C@ control) on
MACRO of a given region. economic activities.
Was used as a supply part of
energy modelling complex of th
A quasi-dynamic  bottom-u| European Commission used a
EFOM Energy Flow energy system optimizatid for Poland, Czech republi| Lehtila and Pirila (1996)
(since 1970s) Optimization Model model. Slovakia, and Baltic countries. | Luethet al.(1997). EFOM-ENV, EFOM-CHP

A hybrid model that employ
both engineering and a mark
based simulation approach

Includes
BALANCE, IMPACT,
ELECTRIC, WASP, LDC
(for computing electricity

modules:

project future energ load-duration curves). Th|s
supply/demand balancg Applied in several countrie: package represents an
Energy and Powgemissions, and to evalugincluding Hungary, Bulgarig Molnar (1997), integrated  approach  of
ENPEP Evaluation Program alternative energy technologies Cyprus, Jordan etc. Mirasgedis (2004) energy system modelling.
Lon-range Energ) Scenario-based integrat{ Widely applied in both developg
LEAP Alternative Plannind energy-environment modellij and developing countries (in
(since the 1980s)| System tool; accounting framework. CzechRepublic). Heaps (2002)
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ANNEX Ill. BAU SCENARIOS IN THE TWO METHODOLOGICAL
APPROACHES

Figure 68 Comparison of BAU scenarios in componenetiaand performance-based
scenarios (GWh)
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Figure 69 Comparison of BAU scenarios in componenethaand performance-based
scenarios (kt C¢)
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ANNEX

COST CURVES PER BUILDING TYPE

Figure 70 Cost curve for small educational buildings
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Figure 71 Cost curve for large educational buildings
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Figure 72 Cost curve for small health care buildings
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Figure

73 Cost curve for large health care buildings
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Figure 74 Cost curve for small public administratiouildings
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Figure 75 Cost curve for large public administratibuaildings
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Figure 76 Cost curve for social buildings
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Figure 77 Cost curve for cultural buildings
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