Building capacity of policy-makers in South East Ewope on the modelling of low
carbon transformation of the residential building gock

Aleksandra Novikova, Institute for Climate Proteanti Energy and Mobility, Berlin, Germany
Tamas Csoknyai, Budapest University of TechnologyEconomics, Budapest, Hungary
Zsuzsa Szalay, Budapest University of TechnologyEaonomics, Budapest, Hungary
Jozsef Feiler, Regional Environmental Centre, Saaire, Hungary

Abstract

The energy demand in the residential building@epresents a big challenge for Albania,
Montenegro, and Serbia. Within our project erditfSupport for Low Emission Development in
South East Europe”, we developed residential gidiopologies and using them as an input,
designed and applied bottom-up simulation modelastgess the impact of decarbonisation policy
packages applied to this sector. The models wezpaped in co-operation with national policy-
makers in the LEAP software, for which they wegarted in a parallel project. The final models and
input data were provided to them for further usel anodification. The paper describes the
methodology and provides selected examples ofteepldcing a special focus on our cooperation
with the policy-makers.

Specifically for the focus countries, we foundttpartial heating and intermittent heating as
well as uncertainties of wood share in the nati@rargy balance are typical problems. Energy
demand could be significantly reduced through ogdahermal retrofits even though they imply
higher thermal comfort. Both moderate and amb#igolicy scenarios, which include building
codes and financial incentives, may realize a |latggge of energy savings in all three countries, bu
sector priorities for policy-making differ. Theerio investment are very high therefore it is
important to couple scenario retrofits with bussias-usual renovations as well as consider other
co-benefits additionally to saved energy costsl ré$ults presented in the paper could be easily
obtained from the models on any level of the bagdstock segmentation, i.e. on the level of
building type, age, climate zone, or end-use. Slethiled analysis has never been done before for
these countries and it will provide substantial @uys on the policy process.

Introduction

Energy demand in the residential buildings of Allaa Montenegro, and Serbia represents a
big challenge. In 2013, the building sector waspomsible for 38 - 44% of the final energy
consumption and 66% - 74% of the electricity congtiom in these countries (EUROSTAT 2015).
The residential buildings contributed the largesare to these figures. The quality of energy
services delivered in the households is much lotlvan that in the households in the European
Union (EU). It is typical that only the main roarha dwelling is heated for a few hours a day. The
continued use of outdated wood stoves in homedtsasuhigh air pollution. Cutting down forests
for household energy services brings numerous emviental problems (Legro 2014).

During the last twenty years, the countries hasheewved significant progress in adopting and
implementing energy efficiency policies (Legro 2D14A big push for this was their becoming the
contracting parties of the Energy Community Trea#ccording to the Treaty, the countries are
obliged to introduce EU energy efficiency legigatiincluding that addressing the building sector.
It takes time for the countries to gather inforrmatand experience on demand-side energy efficiency
and this is why their policy-makers benefit fronteimational support and assistance in this process.

The Regional Environmental Center of Central aadté&rn Europe (REC) was contracted by
the Austrian Development Agency (ADA) to design amghlement a project entitled “Support for
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Low-Emission Development in South Eastern Euro@’HD). One of the project tasks was to
assist the evidence-based design of energy effigieand climate mitigation policies in the
residential buildings in Albania, Montenegro, aretta with necessary information. To implement
this task, we prepared a topology of representdttivieling types and using it as an input designed a
bottom-up model, which simulates scenarios forgbetor’'s low energy and carbon transformation
in the future. Such detailed analysis has nevenlsone before for these countries and it will
provide substantial impetus on the policy processenergy efficiency target setting, the design of
national support programs and the better utilizatbinternational donor support. We designed the
model in such way that it could be further usedbtional policy-makers and experts according to
their needs. The paper describes the methodolodyttee results of the project placing a special
focus on our cooperation with policy-makers.

Approach and methodology

Our project consisted of two parts. The first paais prepared by our team of international
architects with the help of national architects andineers. Within it we prepared country building
topologies and assessed energy performance byseagassible building retrofit packages and the
associated costs on the level of individual repregese buildings.

The second part was prepared by international p@i@lysts in cooperation with national
policies-makers. Within this part, we prepared aalygsis on the sector level, for which we designed
and applied a bottom-up simulation model. With tiedp of the model, we calculated energy
balances and carbon dioxide (§Cmissions on the sector level, compared and readid the
calculated energy balances to those available frational public statistics, and extrapolated séstor
energy consumption and associated,@missions to the future according to businesssasiu
assumptions. Then, we formulated policy packagbs;h aim to transform the residential building
stock to zero energy and carbon levels in the kengp future, and evaluated energy savings, saved
energy costs, avoided CO2 emissions, and costtei#eess of the packages.

Methodology to set up the building topologies andotcalculate building energy performance

To prepare the building topologies, we relied one timethodology adopted in
Tabula/Episcope project supported by the Intelligenergy Europe Programme (IEE Tabula -
Episcope online). The Tabula/Episcope project teeaa uniformly structured typology of
residential buildings, which was applied in the miies of the European Union.

To calculate the energy demand on the level ofesgmtative buildings, we selected the
monthly method according to the standard EN ISO9037Energy performance of buildings --
Calculation of energy use for space heating andirgfo To run calculations, for Albania we used
das Passivhaus-Projektierungspaket (PhPP softwafrethe German Passive House Institute.
Although this tool was especially developed forgp&s houses, it is also suitable for the energy
calculation of conventional buildings. We selectk tool because it delivers reliable results not
only for the heating energy demand, but also faling. The energy performance on the level of
representative buildings in Albania was calculdigalimate zone.

For Serbia and Montenegro, we used the same ailmulmethod. The starting point for
Serbia was the already existing building typologyhvestimated energy performance prepared by
the expert team of University of Belgrade (JovandRopovi et al. 2013), which was modified
according to the project needs. The Serbian mgldopology was adapted also for Montenegro,
because the building stocks of the two countrieg sgnificant overlaps. The energy performance
on the level of representative buildings in Mongmoewas calculated by climate zone; for Serbia,
the energy performance was calculated for the geecauntry climate.
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Identification of possible retrofit packages

We identified and assessed business-as-usual (BAtJjwo more advanced building retrofit
packages. All retrofit packages implied not ordwér energy consumption, but also higher thermal
comfort, i.e. larger heated and cooled floor ameaaflonger period of time.

The BAU improvement includes the most frequentppleed renovation options. The
“standard” improvement includes interventions ooheluilding component in order to comply with
the minimum requirements foreseen by existing athfamming in the nearest future building codes
in the case of major renovation. Such retrofitudes a set of interventions upgrading the building
envelope from an insulation point of view as wedl the installation of more efficient building
service systems, using sometimes another energicesouThe “ambitious” improvement goes
beyond the building regulations regarding the bogdenvelope and considers often even more
efficient building service systems than the “stadtiaetrofit does.

The investment costs of the retrofit packages vestemated based on the current market
prices. These costs were provided by our natiexpérts per building type and measure. Tables 1-3
provide the examples of retrofit measures and @ssaccosts of standard retrofit for all countries.

Table 1. The costs of standard retrofit: climate zones\d B, Albania, €/mfloor area, incl. VAT

Building types\ All A2l A3| A4 Bl B2 B3 B4 C1 C2 C3 C4 D1 D2 D3 D4 E1 E2 E3 E4
Measures

Wall 24 23 15 13 28 33 17 18 27 17 10 18 21 22 19 15 19 10 24 6
Roof 19 19 9.3 6.2 9.3 9.3 9.3 3.1 19 9.3 3.1 3.1 9.3 19 3.7 3.1 19 8.3 9.3 2.1
Floor 0.0 0.0 0.0 0.0 0.0 0. 0. 0. 0.0 0.0 0. 0.0 0.0 0. 0. 0. 0. 0.0 0.0 0.0
Windows 13 11 14 13 14 14 8 9 11 11 17 9 9 10 17 11 11 13 13 13
Heating 42 42 42 42 42 42 42 42 28 42 42 45 42 42 50 42 31 45 45 45
Hot water 18 11 19 7vq 7. 78§ 7q 7.2 6.5 11 15 6.5 7.0 13 7.0 5.3 49 6.5 5.0 1.4
Total 110 106 90 81 1040 108 83 80 92 90 88 83 88 106 96 77 84 83 97 68

Notes: The letter in the building type category ngeage, the number means building size. A - Igglibuilt before
1960, B - buildings built between 1961 and 1980,bDildings built between 1981 and 1990, D - buitgh built between
1991 and 2000, E — buildings built between 2001 2085. 1 - detached houses, 2 - semi-detached $i08serow
houses, 4 - multi-residential buildings.

Table 2. The costs of standard retrofit: all climate zgrentenegro, €/ffloor area, incl. VAT

Measures\Building types Al| A2| A3| A4| A5 Bl B2 B3 B4 B5|C1/21 C3| C4| C5
Walls (and arcade ceilings) 48.29.3| 44.8| 33.8| 34.9| 68.5|42.6| 26.6| 19.1| 23.3| 24.1| 25.5| 23.2| 23.3
\Windows 33.8 34.7| 36.8/ 32.5|23.4{ 49.0| 46.2| 31.9| 38.8| 24.5| 30.5| 37.1| 34.2| 26.7
Floor c. to attic 25.025.8/12.9/11.5/12.8/ 95| 49| 48] 38 39 32 2p 26 32
Floor c. to unheated below (cellaf.0 | 0.0| 16.1 2.3 | 3.6| 11.96.1| 59| 40, 50 40 3.0 3P 5|6
Flat roof 0.0| 00 0 00 OpPp OO OO QO 0.0 D.4003.0] 0.0H 0.2
Pitched roof 00 0Q 00O Op OO 00 QO 0.0 pP.0O5|00.0| 0.0] 1.3 19
Floor c. on ground 00 00 0 OO0 22.00| 00| 0.0/ 0.0 0.0 00 O OO0 00
Heating system 25.,125.0] 25.0{ 25.0] 25.0{ 22.5| 22.5| 22.5| 22.5| 22.5| 35.0| 35.0| 35.0| 35.0
Hot water system 25,®5.0| 25.0| 25.0| 25.0| 22.5| 22.5| 22.5| 22.5| 22.5| 40.0| 40.0{ 40.0| 40.0
Total 157|150 161| 130| 143|184 145|114 111|103| 137| 143[ 139 136

Notes: The letter in the building type category neehuilding size, the number means building age sfall buildings,

B - medium buildings, C - large buildings. 1 — llirigs built before 1945, 2 - buildings built betwek946 and 1970, 3
— buildings built between 1971 and 1990, 4 — baddi built between 1991 and 2000, 5 — buildingst lngtween 2001
and 2015.
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Table 3. The costs of standard retrofit: all climate zqor@erbia, €/mhfloor area, incl. VAT

Measures\Building types AlB1|C1|D1|E1|F1|A2|C2|A3|B3|C3|D3|E3|F3|C4|D4|E4|F4
Walls (and arcade ceilings) 488.829.332.924.4 4.5|36.725.158.936.420.622.616.420.019.422.620.520.4
Windows 33.84.731.936.832.523.437.736.549.046.230.931.938.824.530.837.134.226.7
Floor c. to attic 25)30.911.59.0/8.1(9.0{23.616.16.7|3.4|2.3|3.3|2.7|2.8/ 0.0/ 1.4| 1.8| 2.3
Floor c. to unheated below ( cellg0)0|0.0|0.0{11.6 1.6|2.6|34.85.2|121.44.4|12.9/4.3|2.9/3.6|2.6(/2.7|2.3| 4.0
Flat roof 0.0 0.0{0.0/0.0{0.0{0.0/0.0/0.0/0.0/0.0{0.0/0.0/0.0{0.5/9.2{ 3.3/ 0.0/ 0.3
Pitched roof 0.00.0/0.0/0.0/0.0/0.0{0.0/0.0/0.0{0.0/0.0|0.0/0.0/0.6/0.0/0.0|1.6|2.2
Floor c. on ground 0.00.0/0.0/0.0{0.0{22.10.0{0.0/0.0| 0.0/ 0.0/ 0.0/ 0.0/ 0.0/ 0.0/ 0.0/ 0.0/ 0.0
Heating system 498P.627.628.928.1 8.2|31.144.827.726.626.0 4.0/ 4.0/ 4.0/ 4.0/ 4.0/ 4.0 4.0
Hot water system 24.0.6/2.6/3.9/3.1/8.2|6.119.§2.7| 1.6/ 1.0/ 0.0/ 0.0/ 0.0/ 0.0/ 0.0/ 0.0/ 0.0
Total 180/135/103|123| 98 | 75|170/148/174/123/ 90| 69| 68| 57| 66| 75| 69| 64
Cooling (optional) 6.46.8/7.0/6.9/5.5/6.6/5.4|5.3|14.58.5/6.6/6.4|/5.5|5.9/6.0{8.4| 7.6/ 5.6

Notes: The letter in the building type category n®eage, the number means building size. A — buklibuilt before
1945, B — buildings built between 1946 and 1960+ Guildings built between 1961 and 1970, D — buaigi built
between 1971 and 1980, E — buildings built betw®#@81 and 1990, F — buildings built between 1991 20@5. 1 -
single family houses, 2 - terraced houses, 3 -irmedidential houses, 4 - apartment blocks.

The building stock model

The building stock model was prepared in Excekagsheets. For Albania, the building
stock model was constructed until 2050 and for iBeslbhd Montenegro - until 2070. Based on the
expected trends of population growth and personspesehold, we estimated the total number of
households and their demand for dwellings in thareu The demolition rate of the dwelling stock
was calculated using a Weibull curve, which deswila fraction of remaining units over time
(Weibull 1951). The construction of new dwellingas estimated as a gap between the demand for
dwellings represented by the number of househatdstiae remaining stock of existing dwellings.
The calculated dwellings stock was also corrected ihhabitance rates provided by country

censuses.

The choice of the modelling tool for the sector lef analysis

In order to select the modelling tool to calculdéte energy consumption and CO2 emissions
on the sector level, we analyzed the existing aéipacof policy-makers in the focus countries to
understand and replicate such analysis themseMéshave learnt that the Working Group 1 of the
Environment and Climate Regional Accession NetwW&&RAN) financed by EU was conducting a
series of regional training workshops on quantigatmodels and scenario development to assess
sustainable energy and climate mitigation targetsstenarios. The key beneficiaries of the ECRAN
trainings were representatives of ministries of immment of the Western Balkan countries,
including Albania, Montenegro, and Serbia. Addiatly, representatives of other relevant
ministries and institutions were involved as soantlae focus of their work concerned energy
efficiency and climate mitigation. Operationaltype beneficiaries were performing a series of
exercises in class and at home with the help ofgb@nge Energy Alternatives Planning System
(LEAP) software. LEAP is a widely-used softwarelttor energy and climate policy analysis.

Since the aim of our project was not only to syppksults to policy-makers, but also to
increase their capacity to conduct their own assesf we decided to prepare the model in LEAP.
Further, in order to maximize the use of projeat, worked closely with national policy-makers on
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the design and assumptions of the models. We abedunterviews in the beginning of the project
and made two rounds of presentations of modellasylts in the middle and towards the end of the
project to receive additional data, comments, aisth@s to the model.

After the project was completed, the models whid inderlying input data were provided to
national policy-makers and experts. Following B@RAN training, they are able to run and modify
our model themselves according to their needs. mbeéel is also available on the request to other
experts subject to proper referencing and acknayihgg when used.

Construction of the sector energy balance and itsatibration

The calculations described in the next sectioneeveenducted using the LEAP software.
The energy demand of each representative buildegestimated as a sum of its energy demand for
space heating, water heating and space coolinggen We multiplied the number of representative
buildings by their energy demand in each climateezand summed up the results across all climate
zones, building types, and building age categofies Serbia, we did not differentiate climate
zones).

Formulation of policy packages

In order to formulate reference and low energycaremission scenarios, we reviewed the
barriers for energy efficiency penetration in thsidential buildings of our focus countries. Wsoal
reviewed existing, planned and further relevantgeed to overcome these barriers. In order to
further improve our policy packages, we also disedgshem with national policy-makers.

In the reference scenario, we assumed businegsuas-technological, policy, and market
changes. In the moderate scenario, we assumebyi28150 the energy performance of all new and
existing buildings of Albania will correspond toathafter the standard improvement. The moderate
scenarios for Montenegro and Serbia assumed the bgr@070. The ambitious scenario assumed
that by 2050 the largest part of the new and ewgsbuildings of all three focus countries will
achieve the level of ambitious improvement. Tlegads of the policy packages designed for the
moderate and ambitious scenarios are providedte$al and 5.

Table 4. The policy package of the moderate scenario

Albania:
The new building code is introduced in 2016 andal buildings comply with it.
New Montenegro:
buildi All new buildings comply with the building code aated in 2013.
uildings Serbia:
All new buildings comply with the building code aated in 2011.
These three codes correspond to the characternidtibe measures of the “standard” improvement.
Albania, Montenegro, Serbia
All existing buildings, which will remain by 205@ Albania and by 2070 in Serbia and Montenegrd, wi
be retrofitted by these time points and will getficial support for that. Households will be digifor the
financial support, if they comply with the “standaimprovement.
Grants will be provided to cover eligible costs: for
Low income households in detached/semi-detacheddso10% of the stock over 2016 — 2050 in
Existing Albania and over 2016 — 2070 in Serbia and Montemeg
buildings | - Households in row houses and apartment buildin@® 6f the retrofitted households in 2016
declining to 10% of them by 2050 in Albania and2®70 in Serbia and Montenegro
Low interest loans will be provided to cover eligilcosts for:
- The rest of the households in detached/semi-deddobeses: 90% of the stock over 2016 — 2050 in
Albania and 2016 — 2070 in Serbia and Montenegro
The rest of the households in row houses and apatthuildings: 10% of the retrofitted households|in
2016 increasing to 90% of them by 2050 in Albamid by 2070 in Serbia and Montenegro
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Table 5. The policy package of the ambitious scenario

2016 - 2022 2023 — 2050

Albania:
The new building code is introduced in 2016 and gl
new buildings comply with it.

Montenegro: Albania, Montenegro, Serbia
All new buildings comply with the building code The new building code is introduced in 2023 and
adopted in 2013. all new buildings comply with it. The codes
New Serbia: o _ o correspond;_to thg characteristics of the measures
buildings All new buildings comply with the building code of the “ambitious” improvements.

adopted in 2011.
These three codes correspond to the characteridtics
the measures of the “standard” improvement.

Albania, Montenegro, Serbia:New buildings are
eligible for low-interest loans to cover eligiblests,
if their performance achieves the performance ef th
building code to be introduced in 2023.

Albania, Montenegro, Serbia
All existing buildings, which will remain by 205@ill be retrofitted by this time point and will géte
financial support for that.
Grants will be provided to cover eligible costs: for
Low income households in detached/semi-detacheddsod 0% of the stock over 2016 - 2050
Households in row houses and apartment buildin@ 6f the retrofitted households in 2016
Existing declining to 10% of them in 2050
buildings | Low interest loans will be provided to cover eligilzosts for:
The rest of the households in detached/semi-deddobgses: 90% of the stock over 2016 - 2050
The rest of the households in row houses and apatthuildings: 10% of the retrofitted households|in
2016 increasing to 90% of them in 2050
Albania, Montenegro, Serbia:Households will be | Albania, Montenegro, Serbia:Households will
eligible for the indicated financial support, iEth be eligible for the indicated financial support, if
comply with the “standard” improvement they comply with the “ambitious” improvement

The scenarios assumed the introduction of buildomdes and financial incentives (low interest loans
and grants) for building retrofit and constructiofhe structure of the financial incentives depehde
on the building type as well as on the maturitytted market. For small buildings we assumed a
higher share of low interest loans whereas forddngildings — a larger share of grants. In thgdon
term, we allowed for a higher share of loans vesstgyher share of grants at present. We assumed
that the financial incentives in moderate and aimilét scenarios will be provided to cover the share
of eligible investment costs of better buildingshieh approximately equals to the share of
incremental investment costs into improvementsoagpared to the business-as-usual improvement.

Model possibilities and boundaries

Due to the nature of the scenario models and #émsumptions, they are applicable until
2030. We assessed only thermal energy serviceskl in the residential buildings, namely space
heating, space cooling and water heating. We didcover energy use for electrical appliances,
lighting and cooking. We considered both direa ardirect CO2 emissions in our analysis1.

The models allow for changing their key assumptimnsomponents of policy packages. We
premodelled user-friendly changes of such assumptas the discount rate, BAU retrofit rate, the
target year when the whole stock is desired toet®fitted, the year of building code adoption, the
shares of loans and grants and the share of @igiidts in the package of financial incentives, and

1 Direct emissions are those originating from fu@ibustion, which occurs in buildings. Indirect ssibns are those,
which are produced in the transformation sectoraedaccounted on the supply side according t6RE€ guidelines,
but which are associated with energy commoditiesamed in energy-using sectors.
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others. Figure 1 illustrates the screen where shahges are made in the Serbian model.
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Figure 1. The illustration of the assumptions and resultthexSerbian SLED model

Results

Building typology

Classifying the residential building stock of Atba, Serbia, and Montenegro, we concluded
that the most important aspects for its energygoerance that needs consideration are building type,
construction period, climate zones, as well asdmgl energy systems and energy sources. We
classified the whole stock of Albania into six aggegories, four type categories, and three climate
zones; the stock of Montenegro - into six age aaieg, three type categories, and three climate
zones; and the stock of Serbia — into seven aggoaés and four type categories. The example of
the Albanian residential building topology is prded in Table 6. The building stock for Albania
was further divided into three climatic zones: zénes the mildest along the sea, B is the medium
zone and C is the coldest in the mountainous area.

The number of building and dwelling units of All@nSerbia and Montenegro was split
according to the topologies based on censusesrtesepef our team, and assumptions. The further
breakdown of the stock according to energy soubgesnd-use and/or building energy systems was
conducted based on literature, expertise of oumt@aterviews, assumptions, and calculations.

Energy performance on the building level and the reofit packages

Figure 2 presents an example of calculated engegyand on the building level at present
and in case of BAU retrofit, standard retrofit (rmpement 1), and ambitious retrofit (improvement
2) for the Albanian representatives buildings inmelte zone B. The progress in the net heating
demand shows that the thermal characteristicsebthlding stock somewhat improved over time,
but significant improvement is remarkable only lie tast decade. In general, detached houses have
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higher heating demand than large buildings dubéainfavourable surface-to-volume ratio. In most
building types heating is dominant in the totalrggedemand (not shown in this figure).

Table 6. Albanian residential building typology (Simakuhiiinjo, and Plaku 2014)

Age\ 1. Detached house| 2. Semi-detached housg 3. Row (or terraced) housg4. Multifamily Apartment
Type

A

1960

1961-
1980

1981-
1990

1991-
2000

2001-
2011

A special phenomenon in the focus countries i$ tloaiseholds traditionally heat only the
main room(s) only for a part of the day. Henceoakeulated a full and a partial heating option with
correction factors derived from the calibratiortloé model. For Albania for instance, the net eperg
demand with partial heating and cooling is only4584 of the values for full heating and cooling,
but still accounts for 100-180 kWh/m2yr in buildgguilt before 2000.

In case of all retrofits, we assumed longer hgadind cooling hours of larger floor areas than
at present. Energy savings due to business-as-mspvement are less than the energy demand
increase due to higher thermal comfort, this is wie/building energy consumption after business-
as-usual improvement is higher than it is beforeBhergy savings due to improvements in case of
standard and ambitious retrofits exceed the endegyand increase due to higher thermal comfort;
in these two cases energy demand can be drastredliiced to a very low energy performance for
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buildings in spite of higher comfort standards.eBxception is the buildings, which are built withi
the last fifteen years, where energy performandeiter than in the past and energy savings are not
so high. The largest energy savings occur in sphaeéing; energy savings in hot water preparation
and space cooling are much smaller. Similar commhsswere also made for Montenegro and Serbia
(Figure 3 and Figure 4).

]

Figure 2. Net energy demand (kWh/m2-yr.) by building typepa¢sent and in case of retrofits,
Albania, climate zone B (central)
Notes: the same as to Table 1

Figure 3. Net energy demand (kWh/mz2-yr.) by building typepatsent and in case of retrofits,
Montenegro, climate zone | (coastline)
Notes: the same as to Table 2
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Figure 4. Net energy demand (kWh/m2-yr.) by building typepa¢sent and in case of retrofits,
Serbia
Notes: the same as to Table 3

Residential building sector performance at presenand in the future

Figure 5 provides an example of our modelling rissulThe figure depicts the final energy
consumption of the residential sector level of Alilaain the reference case in 2015 — 2030. The
figure illustrates that the model allows obtainiregy illustrative for decision-making results, ndyne
the breakdown of final energy consumption couldobeken down by energy source, building age,
building type, climate zone, energy use, or a cogon of any of these parameters.
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Figure 5. Final energy consumption in the reference casenbygy source, building age, building
type, climate zone, end-use, and a combinationuibding age and type, Albania, 2015-2030
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Further, we provide the results of our modellinghwselected conclusions for policy-makers.
We only provide illustrative conclusions on thetsedevel, but the model allows going further in
depth into any sector segment.

According to our estimates, in Albania the finakagy consumption of the residential sector
for thermal energy services in 2015 was 4.9 bilkdvih, of which 54% was addressed by electricity,
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37% by wood and 9% by LPG. The sector emittedh@digand tons of CO2 emissions associated
with LPG consumption. In the reference scenahe,final energy consumption is expected decline
by 17% over 2015 - 2030. The electricity consuomptwill grow at ca. 2.2%/yr. while wood and
LPG consumption will decrease at ca. 11%l/yr. arib/¥€ respectively. In 2030, the CO2 emission
will account for 23% of their 2015 level influencetbstly by the fuel switch from LPG.

In Montenegro, the final energy consumption in 2@d&s 2.6 billion kWh, of which 24%
was from electricity and 76% from wood. The se@wontted 365 thousand tons of CO2 emissions
associated with electricity consumption. In thierence scenario, the final energy consumption will
grow by ca. 2% over 2015 — 2030. In 2030, the @@ission will account for 60% of their 2015
level due to the decreasing emission factor oftetéy.

In Serbia, the final energy consumption in 2015 wasbillion kWh, of which 61% was
wood, 16% electricity, 9% district heat, 7% codp @atural gas, and 2% LPG. The sector emitted
9.8 million tons of CO2 emissions; the largest shiarassociated with electricity consumption. In
the reference scenario, the final energy consumptidl decline by ca. 5% over 2015 — 2030. In
2030, the CO2 emission will account for 89% of 2015 level. The changes in the structure of
consumed energy sources in Montenegro and Serbiaovbe significant.

Priority sector segments for policy-making

As the analysis of the results presented in Figunlustrates, the models allow setting
sectoral priorities for policy-making. For instaén¢he Albanian model shows that it is important to
retrofit buildings constructed after 1991 becausy twill be responsible for ca. 43% of the sector
final energy consumption in 2030. New buildingsAdbania will consume 18% of the sector final
energy consumption in 2030, if the new building €gdquired by the European Performance of
Buildings Directive will not be introduced withime nearest years. This is why, it is important to
prioritize the urgent introduction and enforcemehthe new building code in order to avoid the
necessity to retrofit these buildings in the futur@etached and semi-detached houses are a clear
priority for policy making because 72% of final egye consumption for thermal energy uses will
originate in these buildings in 2030. Improvingeryy efficiency in the medium climate zone is
important because at least a half of the final gneconsumption will originate from here.
Furthermore, space heating is and will remain therenergy consuming end-use.

In Montenegro and Serbia, it is important to ensbes the buildings built between 1971 and
1990 are retrofitted. While these buildings occuogspectively 32% and 34% of the buildings floor
area in 2030, they contribute 40% and 46% to tted fmal energy consumption and therefore are a
clear priority for policy intervention. In Serbianother important category is buildings built B61
— 1970, which will be responsible for 17% of firmdlergy consumption. Small buildings are a clear
target for policy making in both countries because2030, more than 80% of final energy
consumption for thermal energy uses will originatemall buildings of these countries. More than
80% of final energy consumption for thermal enesgyvices in both countries will be attributed to
space heating.

Evaluation of mitigation scenarios in terms of findenergy savings

The models allow evaluating mitigation scenariossus the reference case in terms of final
energy savings and CO2 emissions. Further, we pifgnaonclusions, which policy-makers of our
focus countries could make from our analysis.

In Albania, the moderate scenario allows decreasiadinal energy consumption by 27% as
compared to its reference level in 2030. The aatet CO2 emissions would be 73% lower than
their reference level. The scenario would lead #21% reduction of the business-as-usual elegtricit
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consumption. The majority of the final energy saa will originate from the buildings built in
1991-2000 and new buildings. In terms of buildtgge, the largest share of final energy savings
will be located in detached houses. Climate zonenBdium zone) dominates in possible the final
energy savings, followed by climate zone A (coasili and finally by climate zone C (mountains).
The largest energy savings would be associatedspdle heating. The ambitious scenario allows a
further decrease of final energy consumption byitemdhl 8% and electricity consumption by
additional 5%.

In Montenegro, the final energy consumption and #ssociated CO2 emissions of the
moderate scenario in 2030 would be lower by 15%28% respectively than those in the reference
case. The scenario would lead to a 14% reducftidineoreference wood consumption and to a 19%
reduction of the reference electricity consumpticgiimost 72% of the final energy savings would
originate from the small buildings located in climaones 1 and 3, which were built in 1946 — 2015
and which would still remain in 2070. The largesergy savings would be associated with space
heating. The ambitious scenario would lead to dditenal reduction of the final energy
consumption and associated emissions by 8% and r23@ectively. Even higher reductions of
wood and electricity consumption would be possible.

In Serbia, the moderate scenario would reducdinlaéenergy consumption by 17% in 2030
versus the reference case. The associated CO2iensisvould be 27% lower than their reference
level. The scenario would lead to a 15% reductibthe reference wood consumption and to a 33%
reduction of the reference electricity consumptionone hand, but to a 26% increase of the natural
gas consumption versus the reference case on artdhd. More than 60% of the final energy
savings would originate from single family buildsdpuilt in 1961 - 1990. The largest energy
savings would be associated with space heating affibitious scenario would lead to an additional
10% reduction in final energy consumption. Overiddé scenario would allow a 34% reduction of
the business-as-usual wood consumption, a 13% tieduof the business-as-usual electricity
consumption, and a 43% reduction of lignite constimmp

Economic evaluation of the mitigation scenarios

Further, the model allowed conducting economic waabn of scenarios in terms of saved
energy costs and investment costs. Table 7 pietiemtesults of this analysis.

The moderate scenario envisions the annual rewbfl.6%-2.5 of the total buildings floor
area in 2016 — 2030 that would require high invesiis. The largest investments are required by
building categories: 2001-2015 of Albania, 197199 and in 2001 — 2015 of Montenegro, and
1961-1970, 1971-1980, and 1981-1990 of Serbia. nAthe costs of the reference scenario are
deducted from the costs of the moderate scen&eantremental costs would be significantly lower.
Assuming the discount rate of 4%, the annualizedemental costs of the moderate scenario over
2016-2030 are EUR 1.9 - 2.9/m2 in average. Sawedgg costs are EUR 3.6 - 3.8 per m2 of new or
retrofitted floor area in average over this timeige2 That means that the investments into the
moderate scenario are cost-effective. It is imgarto note, that the saved energy costs are higher
than the annualized investment costs for the sieaara whole on the country level, but not for all
building categories. For a few building categarss/ed energy costs are lower than the annualized
incremental investment costs and thus for themiticeemental investments do not pay back.
Raising the discount rate higher than 6% in Se®fa,in Albania, and 10% in Montenegro would
make the moderate scenario not attractive. The¥ehawever other numerous benefits of these
scenarios such as positive impacts on human heaithironment, higher productivity, higher
comfort and many others. If these benefits willgoentified, the cost-effectiveness of the scesario
will be significantly higher. The analysis is camted assuming a likely to happen increase in
energy prices.
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Table 7. Economic analysis of the moderate and ambiticasarios

Country Albania Montenegro Serbia

Indicators Scenario Moderate Ambitious Moderate Ambitious Moderate Ambitious
2016- | Annual | 2016- | Annual | 2016- | Annual | 2016- | Annual | 2016- | Annual | 2016- | Annual

Unit\Time 2030 average| 2030 average| 2030 | average| 2030 average| 2030 average| 2030 average
Floor area retrofitted million m2 26 1.7 26 1.7 4.7 0.31 6.8 0.48 99 6.6 510 7.0
Share of the floor area % 2.5 2.5 1.6 2.4 2.0 2.1
New floor area affected million m2 17 1.1 17 1.1 4.0 0.25 77 5.2
Total costs, retrofits million EUR 2,291 153 2,698 180 692 46 1,202 80 12,334822 16,138, 1,076
Incremental costs,
retrofits million EUR| 1,075 72 1,482 99 285 19 796 53 4,941 329 8,745 583
Incremental costs, new
buildings million EUR| 593 40 1,075 72 220 15 4,233 265
Annualized incremental
costs* EUR/M2 2.3 35 1.9 5.4 2.9 4.2
Saved energy costs** EUR/m2 3.8 4.1 3.6 55 3.8 2.7
Private investments raised
by low-% loans, retrofits | million EUR 548 37 1,103 74 183 12 481 30 4,692 146 8,457 564
Private investments raised
by low-% loans,
construction*** million EUR 612 38 97 6 1,737 116
Governmental costs for
low-% loans, retrofits million EUR 599 803 84 204 2,191 3,629
Governmental costs for
low-% loans, construction million EUR 516 64 1,147
Governmental costs for
grants million EUR| 327 22 451 30 89 6 179 11 1,008 67 1,756 117
Private investments,
construction**** million EUR 593 37 591 74 124 15 6,735 842

Notes: * the discount rate is 4%; ** costs are p&rof new and retrofitted buildings;*** for 2016-28, **** moderate scenario: for 2016-2030,
ambitious scenario: for 2023-2030
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In the moderate scenario, given the assumed amwofutdw-interest loans, the eligible
investments into building retrofits, which the ist@rs should borrow over 2016-2030 are EUR 37
million/yr. for Albania, EUR 12 million/yr. for Motenegro, and EUR 146 million/yr. for Serbia.
Assuming the market loan interest rate of 15% ftiraflia and 10% for Serbia and Montenegro, the
subsidized interest rate of 0%, and the loan tefmGoyears, the government would provide to
commercial banks EUR 599 million in Albania, EUR®4lion in Serbia, and EUR 2,191 million in
Serbia as compensations for lowering the inter@st over this period of time. Additionally, given
the assumed amount of allocated grants, their dosthe government are EUR 22 million/yr. in
Albania, EUR 6.0 million/yr. in Montenegro, and EWBR million/yr. in Serbia.

In the ambitious scenario, 2.1-2.4% of the totaldigs floor area is retrofitted per annum in
2016 - 2030. Additionally, the scenario requireghkr energy performance of all new floor area that
is 1.1 billion m2/yr. for Albania, 0.25 million m@/. for Montenegro, and 5.2 billion m2/yr. for
Serbia. Assuming the same discount rate as imthaderate scenario and comparing the annualized
incremental costs of the SLED ambitious scenarih waved energy costs, it can be concluded that
the scenario is cost-effective for Albania, on Huarder of cost-effectiveness for Montenegro, and
not cost-effective for Serbia.

For Albania, both scenarios are slightly more @f&tetive due to somewhat lower retrofit
costs. For Serbia, the costs-effectiveness of otharios is lower than in Montenegro and Albania
due to higher retrofit costs.

Conclusions and discussion of results

The energy demand in the residential buildinga@eatpresents a big challenge for Albania,
Montenegro, and Serbia. Besides the energy sgadsstie, unsustainable energy consumption of
energy sources causes numerous health and envintairpeoblems. The quality of energy services
delivered in the residential buildings is very low.

Our project aimed to assist the design of eneffiyigiency and climate mitigation policies for
the residential building sector of these countwét necessary information. Furthermore, we aimed
not only to supply ready results to policy-makémst also to increase their capacity to conductthei
own assessment. For all countries, we developgEdenetial building topologies and using them as
an input, designed and applied a bottom-up simaratiodel in LEAP software to assess the impact
of policy packages applied to the residential boddsector in the future. We selected this sofewar
because the representatives of ministries of enmient and other institutions involved into climate
mitigation policies were taking part in the traigiosing it and therefore they could run and modify
themselves our model later according to their neddse models with all underlying input data were
provided to these stakeholders after the end optbgct. We also worked closely with these policy-
makers on the design and assumptions of the modete paper presented selected examples of
results and conclusions, which could be drawn ftioem.

Using the methodology of Tabula/Episcope proj@at, classified the residential building
stock of Albania, Montenegro, and Serbia by age tgpeé categories as well as calculated their
energy consumption by climate zone at present awcdse of business-as-usual and advanced
retrofits. From the architectural point of viewmgetbuilding stock in Serbia and Montenegro show
similar characteristics, whilst the Albanian builgistock is very is different. In all countriesripa
heating and intermittent heating is a typical peoblas well as uncertainties of wood share in the
national energy balance. Energy demand could dpaifisiantly reduced in case of standard and
ambitious retrofits even though these retrofitaiass higher thermal comfort.

For reality check, we compared the calculated! fev@ergy consumption with the sector
energy balances available on the macro level. cBhaulated final energy consumption appeared to
be significantly different from the official sectenergy balances. Based on the consultation with
national policy-makers and experts, we concludethoge factors causing such difference. First, the
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households of the focus countries heat and cogl aplart of their dwellings. Second, they heat and
cool their dwellings not the whole day. Third, thetual breakdowns on energy sources especially
for space heating are different from those repoltgdfficial statistics. More specifically, wood
consumption is likely to be significantly underestited in the official balances.

In all three countries, both moderate and amlstipalicy scenarios may deliver significant
energy savings but sector priorities for policy-ingkare different for each country. For instarioe,
Albania it is important to ensure that buildingslbafter 1991 will be retrofitted, whereas in Serb
and Montenegro it is important to retrofit the blinlg stock constructed in 1971 — 1990. In terms of
building type, for all countries it makes sensdacus on energy savings in small buildings. Space
heating is identified as the largest energy useh@rgy savings.

The investment required to decrease the final ggneonsumption are high in all three
countries. This is why, it is important to coupleermal efficiency improvement of existing
buildings with their business-as-usual renovatidremit is possible to take the advantage of anyway
occurring costs. The investments into all scesaercept for the Serbian ambitious scenario are
cost-effective or on the border of cost-effectiv@neHowever, it is important to note that the gave
energy costs are higher than the annualized inwsgtrmosts for the scenario as a whole on the
country level, but not for all building categoriesall climate zones. This is why, it is importaot
couple the benefits of mitigation scenarios withittother benefits such as health, energy security,
economic growth, and others. The realization ofg¢tenarios requires a careful design and massive
provision of financial products for the residentadergy efficiency as well as the introduction and
enforcement of building codes.

All results listed in the paper, i.e. final energgnsumption, CO2 emissions, final energy
savings, CO2 emission savings, saved energy ¢ogestment costs, and others could be easily seen
on any level of the building stock segmentatios, @an the level of building type, age, climate zone
or end-use. Such detailed analysis has never d@®n before for these countries and it will provide
substantial impetus on the policy process of enefjgiency target setting, the design of national
support programs and the better utilization ofriméional donor support.
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