A bottom-up model for energy,
carbon, and costs assessment of
building stocks
Aims and research question
7RGHYHORSHQHUJ\HI¿FLHQF\VWUDWHJLHVIRUEXLOGLQJVWRFNVWKHUHLVDQHHGIRU
VLPSOL¿HGPHWKRGRORJLHVDQGWRROVIRUDVVHVVLQJGLIIHUHQWRSWLRQVDQGVHOHFWLQJ
the best option. Bottom-up modelling of buildings, whereby each building is
modelled separately, is required to determine the impacts of new technologies
RUUHWUR¿WPHDVXUHVZLWKDSSURSULDWHVSDWLDODQGWLPHUHVROXWLRQV,QDGGLWLRQLQ
developed regions, such as the EU (the main application of the present work),
most buildings are already built, which means that the main challenge in the
coming decades is to improve the existing building stock. Therefore, a bottomXSPRGHOOLQJPHWKRGRORJ\KDVEHHQGHVLJQHGWRDVVHVVHQHUJ\HI¿FLHQF\DQG
CO2 mitigation strategies in the existing building stock. The model meets the
following objectives:
 to be simple with respect to both the descriptions of the buildings and model
complexity, so as to reduce computational time and the amount of input data;
 to allow modelling of the building stock of an entire region or country on a
level that allows aggregation for Europe as a whole;
 WR DOORZ DVVHVVPHQWV RI WKH HIIHFWV RI GLIIHUHQW HQHUJ\ HI¿FLHQF\ PHDVXUHV
including market realism, when it comes to the achievement of the potentials;
 to include behavioural issues;
 to allow assessments of the direct and indirect costs per unit of energy and
CO2 saved (meeting certain criteria, e.g., discount rate, baseline year, target
year); and
 to allow for easy and quick changes of inputs and assumptions in the model.

Method description
The ECCABS (Energy, Carbon, and Costs Assessment for Building Stocks)
model was developed to comply with above-mentioned objectives. The model is
described in detail by Mata et al. (2010a). The simulation model consists of two
parts: 1) a Simulink model, which solves the energy balance for buildings; and
2) a code written in Matlab, which handles the input and output data from the
Simulink model (Mathworks, 2010). The model uses a bottom-up engineering
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approach in which the energy demand of individual buildings is calculated
based on the physical and thermal properties of the buildings, existing heating
and ventilating systems, type of building (i.e., single-family houses or multifamily houses), and climatic conditions. The analysed buildings can be either
existing sample buildings or so-called archetypes, i.e., representative of a group
of buildings with similar structure, service systems, and purpose as the building
stock to be investigated.
The model provides two energy outcomes: 1) end-use demand, i.e., the energy
GHPDQG IRU KHDWLQJ YHQWLODWLRQ DQG KRW ZDWHU LQ EXLOGLQJV DQG   WKH ¿QDO
HQHUJ\GHPDQGZKLFKWDNHVLQWRFRQVLGHUDWLRQWKHHI¿FLHQF\RIHQHUJ\VXSSO\
systems to the buildings. The results for individual buildings are then scaled-up
to represent a country´s building stock by multiplying the results by the number
RI EXLOGLQJV WKDW ¿W WKH GHVFULSWLRQ RI HDFK EXLOGLQJ PRGHOOHG 7KH SRWHQWLDO
HQHUJ\VDYLQJVIURPYDULRXVHQHUJ\HI¿FLHQF\PHDVXUHVDUHDOZD\VUHODWHGWRD
reference energy demand, which is calculated and recorded for a certain year for
the existing buildings of the stock to be analysed.
In addition, the model results include estimates of costs and carbon intensities of
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Figure 14.1. KǀĞƌǀŝĞǁ ŽĨ ƚŚĞ ĐĂůĐƵůĂƚŝŽŶ ƐƚĞƉƐ ŝŶ ƚŚĞ ^ ŵŽĚĞů͘

fuels and the estimated direct costs (i.e., investments, operation and maintenance
FRVWV IRUWKHHI¿FLHQF\PHDVXUHV,QSXWGDWDUHJDUGLQJIXWXUHHQHUJ\SULFHVDQG
CO2 emissions are provided by scenarios for world wholesale energy prices
for the industrial sector (Axelsson and Harvey, 2010; see also Chapter 20),
future electricity prices (see Chapter 1 in the European Energy Pathways book)
and CO2 emissions from electricity production (see Chapter 10 in European
Energy Pathways book). The input data are complemented with information on
distribution costs and excise taxes from the IEA (2009), and VAT rates for the
residential sector based on current rates (EC, 2010). The inclusion of indirect
costs is currently under development.
Obviously, the results obtained depend on the characteristics of the buildings,
DVZHOODVRQWKHHQHUJ\FDUERQLQWHQVLW\RIWKHEXLOGLQJVHFWRUVWXGLHG7KXV
although the model was applied using a relatively high number of residential
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buildings in Sweden and validated as described in the next section, it is dependent
upon the inputs. Therefore, the possibility to apply this model to countries and
regions other than Sweden will depend on the availability of data on buildings
LHGDWDIRUDVXI¿FLHQWO\KLJKQXPEHURIVDPSOHRUDUFKHW\SDOEXLOGLQJV 

Validity and reliability of ECCABS
The accuracy of the energy balance model (in Simulink) was tested and
YDOLGDWHGIRUWZREXLOGLQJVDQRI¿FHEXLOGLQJORFDWHGLQ%DUFHORQD6SDLQDQG
DUHVLGHQWLDOEXLOGLQJLQ.|SLQJ6ZHGHQ)RUWKH6SDQLVKRI¿FHEXLOGLQJIRU
which the cooling demand is covered by natural ventilation only, the indoor
temperature during a warm week was calculated and compared to the measured
indoor temperatures. The modelling results were reasonable, albeit not in full
agreement with the measurements. This discrepancy is partly explained by
uncertainties regarding some of the input values, given the characteristics of
the building (i.e., large glass façades, ventilated basement, natural ventilation,
and extensive exposure to the sun). However, the discrepancy is also due to the
VLPSOL¿HGQDWXUHRIWKHPRGHOOLQJDSSURDFK7KHODWWHUH[SODQDWLRQZDVYHUL¿HG
by comparing the results from the ECCABS model to results obtained using
another model, DesignBuilder (DB, 2010), which performs a more detailed
VLPXODWLRQRIQDWXUDOYHQWLODWLRQ,QWKHFRPSDULVRQEHWZHHQWKHPRUHVLPSOL¿HG
ECCABS model and the more complex DesignBuilder model, the latter provided
results that were closer to the measured values. Nonetheless, the ECCABSmodelled heating demand was within the range of measured heat consumption,
as described by Mata et al. (2009). As for the Swedish residential building, the
calculated heat demand was in a good agreement with the measured values
(within 1% difference) (Mata et al., 2009).
The simulation of energy consumption for the baseline year serves as a largescale validation of the model. The results of the ECCABS model relate energy
HI¿FLHQF\PHDVXUHVWRDEDVHOLQHHQHUJ\XVH DOVRUHIHUUHGWRDV³XVHIXOHQHUJ\´ 
LQWKH\HDUZKLOHWKHVWDWLVWLFVRQO\UHSRUW¿QDOHQHUJ\XVH DOVRUHIHUUHGWR
as “delivered energy”). The difference between the statistics and the total energy
use resulting for this work, recalculated as delivered energy, was 5% (taking
LQWRDFFRXQWWKHW\SHVDQGHI¿FLHQFLHVRIWKHKHDWLQJDQGHOHFWULFLW\V\VWHPVLQ
the housing stock, i.e., the percentages of oil, gas, pellets, wood, electricity and
district heating for heating and hot water demand). Thus, the baseline energy use
LVFRQVLGHUHGYDOLGDWHG7KHPRGHOOHG¿QDOHQHUJ\E\IXHOVZDVDOVRYDOLGDWHG
against data available in the ODYSSEE and GAINS databases (Enerdata 2010;
IIASA, 2010).
The modelling results for the Swedish case have been compared to the results
of previously published studies on the topic. This is not a straightforward task,
VLQFH WKH VWXGLHV GLIIHU LQ WHUPV RI DVVXPSWLRQV SRVVLEOH HI¿FLHQF\ RSWLRQV
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DQGDSSURDFKHVLQWKHPRGHOOLQJ7RVWDUWZLWKWKHUHDUHVHYHUDOGH¿QLWLRQVRI
³HQHUJ\VDYLQJSRWHQWLDOV´LQ6ZHGHQWKH\DUHJHQHUDOO\UHODWHGWRWKHGH¿QLWLRQ
of cost savings (see box below).
First, the total technical potential derived in the present study is up to 65%
higher than that reported by other sources (Sandberg, 2007), while our calculated
techno-economic potential saving is 30%-50% lower than those previously
reported (BFR, 1996; Dalenbäck et al., 2005, Pettersson and Göransson, 2008).
Second, bottom-up modelling approaches generally tend to provide higher
potentials than top-down assessments (see Swan and Ugursal, 2009). Third, the
QXPEHURIPHDVXUHVVWXGLHGLQÀXHQFHVWKHWRWDOSRWHQWLDO HJVRPHVWXGLHVGR
QRW LQFOXGH UHGXFHG LQGRRU WHPSHUDWXUH DV DQ HI¿FLHQF\ RSWLRQ  ,Q DGGLWLRQ
WKHLQWHUHVWUDWHXVHGREYLRXVO\LQÀXHQFHVWKHUHVXOWV LQWKHSUHVHQWFDVH
was applied). Finally, the data used for the description of the building stock
LQÀXHQFHWKHUHVXOWV2XUZRUNLVWKH¿UVWDVVHVVPHQWEDVHGRQDGHVFULSWLRQRI
the Swedish buildings as they were in year 2005, while all the other studies are
based on the Swedish building stock in 1995. For a detailed comparison of the
present and other reports and models, see Mata et al. (2010b).
The investment required to implement all the measures assessed in the present
work is much lower than that estimated in a previous national report (BFR,
1996). A possible reason for this discrepancy is that in the present study, some
investment costs have been set at zero when the measure is assumed to take
SODFHLQDQ\FDVH PDLQO\GXHWRUHJXODWLRQVWDQGDUGV HJFKDQJHVLQOLJKWLQJ
and some appliances. In addition, there have been developments in technologies

'(),1,7,2162)(1(5*<6$9,1*327(17,$/6
7KHPRVWFRPPRQGLVWLQFWLRQVLQWKHGH¿QLWLRQRIWKHFRVWVIRUHQHUJ\VDYLQJVKDYH
been found to be:
The technical potentialZKLFKLVGH¿QHGDVWKHDPRXQWE\ZKLFKLWLVSRVVLEOHWRUHGXFH
energy demand or CO2 emissions by implementing already demonstrated technoORJLHVDQGSUDFWLFHVZLWKRXWVSHFL¿FUHIHUHQFHWRFRVWV
The techno-economic potential ZKLFK LV WKH FRVWHIIHFWLYH LH SUR¿WDEOH  WHFKQLFDO
potential to reduce energy demand or CO2 emissions. The costs are calculated as the
net annual cost to apply the measure minus the cost of the energy saved, divided by
the energy saved or CO2 avoided due to the application of the measures.
,16:('(1
Cost savings DUHGH¿QHGDVWKHVXPRIWKHLQYHVWPHQWDQGWKHSUHVHQWYDOXHRIWKH
DQQXDOPDLQWHQDQFHFRVWRIWKHHI¿FLHQWDOWHUQDWLYHGLYLGHGE\WKHSUHVHQWYDOXHRI
WKHFRVWRIWKHDQQXDOHQHUJ\VDYLQJV *% 7KHVHVDYLQJVZHUHXVHGDVWKH
EDVLVIRUWKH¿UVW6ZHGLVKHQHUJ\VDYLQJSODQDQGKDYHVXEVHTXHQWO\EHHQXVHGLQDOO
6ZHGLVKHQHUJ\HI¿FLHQF\DVVHVVPHQWV
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(and costs) since 1996. As for the assessment of CO2 abatement opportunities,
QRQHRIWKHRWKHUDYDLODEOHVWXGLHVGHWDLOVWKHPHWKRGRORJ\XVHGDQGWKHVSHFL¿F
measures that were included.

Application of the tool
The ECCABS model has been used to assess the energy savings and CO2
PLWLJDWLRQRIUHWUR¿WWLQJPHDVXUHVLQWKH6ZHGLVKKRXVLQJVHFWRU VHH&KDSWHU
45 in the European Energy Pathways book and Mata et al., 2010b,c). The
model has also been used together with two top-down models (see Chapters
DQG WRSURYLGHDFRPSUHKHQVLYHRYHUDOODVVHVVPHQWRIHQHUJ\HI¿FLHQF\
and CO2 mitigation strategies in the existing European building stock under
different scenarios up to the year 2050 (see Chapters 44 in the European Energy
Pathways book). The end-use energy model was initially developed under the
name ”Energy Assessment of Building Stocks - EABS” (Mata and Sasic, 2009)
to estimate the effects of a number of measures for reduced energy use in the
Swedish residential stock, as represented by a number of buildings. That task
was commissioned by Boverket and the results are published in part in Boverket
(2009).
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