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Abstract. Purpose. This article draws attention to rebound effects, which are responsible for missing the planned
energy savings after an increase in efficiency. For residential buildings already exist wide scientific studies to rebound
effects after a thermal retrofit. This article present first findings to rebound effects in non-residential buildings.
Methodology. 1t is presents a methodology for the determination of rebound effects and their causes in non-residential
buildings. In addition to the mathematical calculation of the rebound effects semi-structured-interviews to identify the
causes were describe. Conclusions. This article focuses on four office and administrative buildings with regard to their
actual and calculated building heat pre- and post-thermal-retrofit and comes to the conclusion that even in non-
residential buildings rebound effects are to be expected. However, the causes differ significantly compared to residential
buildings. Originality. For the first time a methodology for the determination of rebound effects and its causes has been
developed for non-residential buildings and tested on case study objects. In addition, the obtained results compared with
literature review for non-residential buildings and residential buildings. Practical value. These article gives information on
whether rebound-effects exists after a thermal retrofit and in the case these effect exist it renames possible reasons of this
effect.
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BILIVMB 3BOPOTHUX E®EKTIB HA JOCATHEHHS LIJIEA
EHEPI'O3BEPEKEHHA IIICJIA 3B1VIBINEHHSA
EHEPI'OEHEPTOE®EKTUBHOCTI HEXKUTJIOBUX BY AIBEJIb

XIPLLJIb B.", op. (¢hin.), npogp.,
T'POCMAHH J1.%, mazicmp

! ®akynerer imKeHepHHX Hayk Ta iHdopMmaruky, BpaHmeHOypspkuii Texmiummii ymisepcuter (BTY) KotGyc-3endrenGepr,
I'poccenxaiinep mrpacce 57, DE-01968 3endtentepr, Himeuunna
2 axyabTeT IHKCHEPHHX HAYK Ta iH(OPMATHKH, Bpammenbypseknmii Texmiummit ymisepcurer (BTY) Kor6yc-3endrenbepr,
I'poccenxaiinep wrpacce 57, DE-01968 3endrentdepr, Himeuunna

AHoTtauisi. Mema. 115 ctaTTs 3BepTae yBary Ha 3BOPOTHI €(DeKTH, sIKi TIOB’sI3aHi 3 BIJICYTHICTIO 3aIUIAaHOBaHUX Jif
10710 €KOHOMIi eHeprii, aje BIUIMBAaIOTh Ha JOCATHEHHs eHepro3Oepiratoumx mineil. st xurinoBux OyIUHKIB BiKe
ICHYIOThP INHPOKI HAYKOBi JOCIHIIKEHHS MIOJ0 3BOPOTHHUX e(eKTiB TMicis TemioBoi MopepHizamii. Lls crarts
MIPECTABUTH TEPIi BUCHOBKH IIOJIO 3BOPOTHHUX €(DEKTiB y HEKUTIOBUX OynuHKax. Memoouka. CTaTTs TpeACTaBIIsIE
METOJIOJIOTIF0 Ul BU3HAYEHHS 3BOPOTHHX €(eKTiB 1 IX NPUYMH B HEXHUTIOBHX OyIWHKAaX. Y JOTOBHEHHS IO
MaTEeMAaTUYHAX PpO3PaxXyHKiB IMIOAO 3BOPOTHMX HACHIAKIB JUIS BHSIBICHHS MNPHYUH Oylo BHKOPHCTAHO
MOJIYCTPYKTYpOBaHe iHTepB’10. Pezynvmamu. 115 cTatTst 30cepe/keHa Ha YOTUPHOX O(ICHUX Ta aJAMIHICTPaTHBHUX
OymiBIISAX, NEMOHCTPYE (aKTH4YHI 1 PO3PaXyHKOBI IMOKA3HWKH CIIOKMBAaHHA OY[iBIEI0 Tema M0 1 MICHA TEIUIOBOI
MOJIEpHi3allil, MPUXOANUTH A0 BUCHOBKY, 1110 HaBiTh Y HEXXUTJIOBUX OyJIBIISIX MOKHA O4iKyBaTH 3BOpOTHI edektu. Tum
HE MEHIl, 1X TMPUYUHM ICTOTHO BiJPI3HSIOTHCS Y MOPIBHSHHI 3 XUTIOBUMH OyauHkamu. Haykoea noeusna. Buepiie
Oyna po3po0JieHa METOMKA ISl BU3HAYCHHS 3BOPOTHUX €(DEKTIB JJI1 HEXKHUTIOBHX OyIiBENb, 3’SICOBAHO iX MPUYUHH,
3aCTOCOBAHE COLIOJIOTIUHE TociipkeHHs. KpiM Toro, oTpuMaHi pe3yabTaTi HOPIiBHIOIOTHCS 3 HABEJICHUMH Y JIiTEpaTypi
MarepiajJaMu Ul HEeXKUTIOBUX OyJiBeNb Ta >KUTIOBUX OynuHKIB. IIpakmuuna 3nayumicms. Y CTaTTI HaBOASATHCS
BIJJOMOCTI TIPO T€, Y iCHY€ 3BOPOTHMH e(eKT Mmicyisi TepMiuHOi Moaudikamii Ta 3’sCOBaHI MOXXIJIMBI NPUYUHH LOTO
eexTy.

KurouoBi ciioBa: 36opomnuuii epexm, npsima 0ist 360pomno2o eexmy, Hexcumnosi 6yoieii, menioge nepeooiIaoHanHs
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Annoranusi. Ilens. JlanHass craThst oOpaimaeT BHMMaHHE Ha oOparHbie 3¢ QEKTHl, KOTOpPHIC CBA3aHBI C
OTCYTCTBHEM 3aIUIAHWPOBAHHBIX IEHCTBUII OTHOCHTEIHHO 3KOHOMUH 3HEPTHH, OJHAKO BIHSIOT HAa JIOCTH)KEHHE
sHeprocOeperaomux neneil. s )KUIbIX 31aHUH yXKe CYLIeCTBYIOT IIMPOKUE Hay4YHbIE WCCIIEOBaHUS 10 0OpaTHBIM
a¢dexramM mociie TEeIIOBOW MOJEPHHM3ALMH. JTa CTAaThsl NPEACTABUT NEPBbIE BBIBOJBI MO0 OOpaTHBIM 3(deKkram B
HEOKWIBbIX 31aHusIX. Memoouka. CtaThsi NPEICTABISET METOMOJOTHIO AJIsl ONpelesieHnsl 00paTHbIX dPPEKTOB U UX
MPUYUH B HEKWIBIX 3IaHUSIX. B TOMoTHEHHE K MAaTeMaTHYSCKUM pacdeTaM 0 0OpPaTHBIM CICICTBHSM ISl BBISBICHHS
MIPUYXH OBLIO PUMEHEHO MOIYCTPYKTYPUPOBaHHBIE HHTEPBBIO. Pe3yibmanpl. JTa CTaThsi COCPEIOTOUEHA HA YEThIpEX
O(UCHBIX M aIMMHUCTPAaTHBHBIX 31aHHAX, NEMOHCTPUPYET (AaKTHUECKHE W PacUeTHBIE MOKa3aTelH IMOTpeOJeHNUs
3IaHISIMH TEIUIa 0 M TOCIE TEeIUIOBOM MOAEPHH3AINH, TPUXOAUT K BHIBOAY, UYTO JaKe B HEXKWIBIX 3IaHUIX MOXKHO
oKumate oopaTHbie 3P QeKTrl. TeM He MeHee, UX MPUYNHBI CYIIECTBEHHO OTIMYAIOTCS 110 CPABHEHHIO C KHIIBIX JTOMOB.
Hayunas nosusna. Bniepbie Obuta pazpaboTaHa METOJMKA Ul ONpelelieHuss oOpaTHbIX I(PQEKTOB Ui HEXHUIIBIX
3MaHUH, BBICHEHBI WX MPWYHMHBI, HCIIOJB30BAaHBl COIMOJIOTHYECKHE HCCieqoBaHus. Kpome TOro, mHOIy4eHHBIE
pe3yabTaThl CPaBHUBAIOTCS C MPHUBEICHHBIMH B JINTEPAType MaTepuallaMH JUISI HEXWJIBIX 3JaHUA W JKWIBIX JOMOB.
Ilpakmuueckan 3nauumocmo. B cratbe NMPUBOIATCSA CBEACHHS O TOM, CYIICCTBYIOT Ji OOpaTHbie 3(GQEKThI HOcie

TEPMUYECKOH MOITU(UKALINK U BBISICHEHBI BO3MOXKHBIE IPHYHMHBI 3TOTO 3 deKTa.

KiroueBbie cioBa:
nepeobopyoosatie

obpamuviii  3¢pghexm,

Introduction. The production of thermal
energy accounted 58% of total final energy
consumption in the year 2013 in Germany [1].
The largest proportion (approximately 35% of
total final energy consumption) accounted for
the production of heat in buildings for space
heating and hot water (building heat) [1]. This
leads to a high proportion of the building heat
on the carbon dioxide emissions (CO;). Around
24% of carbon dioxide emissions of Germany
caused by the building heat, approximately
17% accounted for residential buildings and 7%
for non-residential buildings [2].

The German housing stock consists of
more than 18 million residential and 2.5 million
non-residential buildings [3, 4]. About 70% of
the residential buildings were erected before the
first legal regulations for the thermal quality of
buildings were adopted in 1979 [4]. Starting
with that year, minimum requirements for ener-
gy efficiency of buildings became obligatory.
Among the majority of these older buildings
only for a small amount a thermal retrofit on
the building envelope has been carried out. This
majority of existing buildings do not fulfill any

npsmoe Oeticmeue 0bpamHozo 3pghexma,

Heofcuible 30anz, menJjoesoe

minimum energy standards and, therefore, they
have very high energy consumption.

The German government has decided re-
duction of primary energy demand in existing
buildings by 80% until the year 2050 (based on
2008) by the Energy Concept in the year 2010
[5]. Already by 2020 reduction target for build-
ing heat says 20% based on 2008 [5]. To
achieve these goals a significant reduction of
energy consumption for space heating in resi-
dential and non-residential buildings is neces-
sary. A reduction of building heat be achieved
by retrofit to improve the thermal quality of the
building envelope (e.g. insulation of the facade
and/ or the upper and lower building closure or
a replacement of windows and doors) or re-
placement the heat generator or the heat source.

For residential buildings was observed that
the amount of the calculated consumption and
the actual consumption are different in several
scientific studies. The calculated consumption
is determined by approach of standard condi-
tion of use (e.g. temperature of rooms, the con-
sumption of warm water, the ventilation dura-
tions). In Germany, the standard conditions of
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use are specified in the
“Energieeinparverordnung” [5]. In contrast of
the calculated consumption the actual consump-
tion reflects the real consumption of energy
(e.g. listed on the invoice of companies for en-
ergy supply). After a thermal retrofit the
amount of the actual consumption is higher
than the amount of the calculated consumption.
Before the thermal retrofit it was the other way
around, the calculated consumption is higher.
One explanation can be offered by the rebound
effect. Rebound effects occur after there was an
increase in the energy efficiency of products or
services and the costs for these products or ser-
vices are reduced, and, as the result, they are
consumed more than previously [8]. The con-
sumers change their behavior and consume
more energy than previously. Thus, the ex-
pected energy savings and energy reduction
goals will not be achieved. A direct rebound
effect is present when an increase in energy
efficiency leads to increased consumption of
this product or service. For example, as a result
of purchasing a new car with lower fuel con-
sumption per kilometer driven, the cost per
kilometer declines and, as a consequence of the
lower costs, more total kilometers are driven
with the new car, compared to the older one.
The planned energy savings were reduced by
additional trips. An indirect rebound effect oc-
curs when an increase in energy efficiency
leads to increased consumption of other product
or service. For example, as a result of buying a
new car with lower fuel consumption per kilo-
meter driven, the cost per kilometer declines
and, as a consequence of lower costs, money
will be accumulated. With this money an addi-
tional electrical device (e.g. a TV) is bought.
This article considers only the direct rebound
effect, therefore in the following just called
rebound effect.

Identification of an unsolved problem.
Residential buildings are already well studied
for the presence of the rebound effect after a
thermal retrofit. But for non-residential build-
ings only a few results are available. However,
the known results of residential buildings can-
not be transferred to non-residential buildings
really, because on the one hand the buildings
are used differently and on the other hand the
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occupants of the non-residential buildings
aren’t pay for the cost of building heat usually
[6]. In residential buildings, the residents pay
the costs for the building heat itself usually.
However, it seems the level of costs for energy
consumption is an important motivation for the
user behavior. Therefore, it is interesting to
determine if there is a change in user behaviors
by occupants of non-residential buildings after
a thermal retrofit.

Analysis of the recent research. The
mathematical derivation of the rebound effect
has been described several times in detail,
compare [6, 7, 8]. At this point, the adopted
definition is reproduced [6]:

Ep*Cqy
In (ﬁ)
C1
In (C_z)
R(S) elasticity rebound-effect of energy ser-

vices consumption (S);
E, /E, actual consumption pre / post-retrofit;

R(S) =

C, / C, calculated consumption pre / post-

retrofit.

The mathematical model is based on the
actual and the calculated consumption pre /
post-retrofit. This makes it possible to analyze
if the user behavior has changed as a result of
the thermal retrofit.

The rebound effect is understood as elastic-
ity rebound effect. The elasticity is a term from
the economics that expresses the development
of demand to prices changes. In the context of
rebound effects was found that the elasticity
approach fits very well [6, 8, 12].

Only if the rebound effect is zero, there are
no change in user behavior. For residential
buildings the rebound effect lies between 16%
(study in Belgium with 964 buildings [9]), 48%
(studies in UK with 52 buildings [8]) and 50%
(study in France with 913 buildings [10]).

Identification of unsolved part of the
general problem. The attention of rebound
effects has been established in science for wide
range of applications. However for the general
public, rebound effects and their causes and
consequences are mostly unknown. But this can
result in overestimation of energy saving, com-
pare Fig. 1. For residential buildings in Germa-
ny it had been founded that residents, which are
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living in old and inefficient buildings, limit
their user comfort. Thus, the actual energy con-
sumption for space heating is lower than the
calculated consumption.

After the thermal retrofit the user behavior
has change, the residents know that the building
is now more efficiency and consume more en-
ergy for space heating mostly unconsciously.
For example the room temperature raised, more
rooms heated or room are heated for a longer
time.

space heating consumption (kWh' (m? a))

300
250 | calculated consumption pre retrofit (C,)

actual consumption pre retrofit (E,)

actual consumption post retrofit (E,)

calculated consumption pre retrofit (C,)

calculated
50 energy

expected real
energy saving energy

Fig. 1. Schematic diagram for residential buildings
(Source: compiled by the authors)

Thereby the actual energy consumption is
above the calculated energy consumption after
thermal retrofit. As a consequence of Rebound-
Effects the real energy saving is less than the
expected and calculated saving. This can lead
to failure: a) the climate protection goals and b)
the individual expectations of the economics
for the thermal retrofit of homeowners.

Purpose. The purpose of the research is
the development and testing a method to esti-
mate if Rebound-Effects exist by non-
residential-buildings. And should this be the
case, the causes and the amount have been de-
termined.

Methodology. After a definition of terms
and mathematical definition of evaluation pa-
rameters, a methodology was developed [6].
The methodology was tested on four selected
case study objects. Selection criteria for the
case study objects were [6]: a) building should
be office or administration buildings, which
were used as constant as possible throughout
the year and for several years; b) comprehen-
sive thermal retrofit was carried out; c) thermal
retrofit completed already three years ago; d)
the amounts of the actual and calculated con-
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sumption pre- and post-retrofit are available; e)
buildings should have undergone no extensive
floor space change the last years.

The calculated consumption was removed
from energy-concept of each building. These
energy concepts were developed based on the
requirements of the German
“Energieeinsparverordnung” by engineering
offices. The state pre- and post-retrofit were
calculated separately. The actual consumption
pre and post-retrofit were removed from in-
voice values of energy supply companies and
divided by the heated area. For the actual con-
sumption different numbers of observed periods
are available (2-5 years). Each observed period
was corrected of the weather by the correction
factors of the German Weather Service for the
respective postcode area. The available values
were averaged arithmetically.

By the case study objects semi-structured
interviews have been carried out with technical
staff like caretaker, technicians, facility and
property managers. Content of the interviews
were [6]: a) a comparison between the structur-
al condition of the building, the thermal retrofit
with the adoptions of the energy concept of the
buildings and b) checked the reactions of the
occupants with regard to the condition of the
building pre- and post-retrofit. In addition in
each case study object have been carried out
semi-structured interviews with the occupants
(approximately five persons in each object).
Content of the interviews were [6]: a) the venti-
lation and heating behavior of a typical office
day, b) type of ventilation (opening the whole
window,  shock-ventilation in  German
»StoBliiften or tilting the window in German
,»Kippliiftung®), c) type of use the space heat-
ing, d) expectations for the retrofit; e) changes
caused by the retrofit; f) private ventilation and
heating behaviors. The digitally recorded inter-
views were transcribed and the transcript ana-
lyzed.

Another point was the calculation of re-
bound effects for case study objects and inter-
pretation of the results with literature data and
the findings from the interviews.

Findings. As case studies objects four
buildings in Germany were selected: two cus-
toms building, one police office and a College
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building for Music. Semi-structured-interviews
were conducted with 32 persons (21 occupants
and 12 persons of the technical staff) [6].

First, the results of the analysis of user be-
havior will be presented. Over 90% of occu-
pants had an office in an old and inefficient
building before the thermal retrofit, either in the
case study object or in another building. There-
fore, it can be assumed, that the occupants
could reflect the expectations and impact of the
thermal retrofit very well. More than a half of
the occupants can use their office most of the
time alone. Some of the users (10 of the inter-
viewed people), which are housed in shared
offices, reported that they have a different tem-
perature sensitivity as the colleague/s in the
office. They said that they adapted to each other
via the clothing style, individual operation of
the “own” radiator or ventilation of the over-
heated office when the colleague is not in the
office. Nearly all occupants ventilated their
office in the beginning of a working day. The
type of ventilation varied: the half of the inter-
viewed persons opening the whole window, a
quarter of them tilting the window and a quarter
combined both types. Reasons for tilting in-
stead of whole opening are the fear against fly-
ing paper on the desk and flowers that stand in
the way, or temperature-sensitive technology.
The duration and the type of ventilation are
greatly influenced by subjective user behavior
but also by external factors. It was observed
that the occupations, which have an office near
a multi-lane road, said that they quickly close
the window because the traffic noise had a neg-
ative impact on the working environment.

In analyzing the type of use the space heat-
ing the occupants indicated that they turned up
the heating much higher before retrofit and the
rooms cooled down more quickly. In addition,
the heating control before the retrofit was bad,
so they turned on the heating to the maximum
level and then ventilated the warm air away.

During the ventilation only a small part of
the user turns the heating off or down. For
many respondents it is only important that the
office would be warm. After the retrofit, many
users find it pleasant that the heating can be
controlled better and the rooms remained warm
longer.
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The occupants said that the common areas
become problematic after the retrofit in terms
of ventilation and heating. These rooms must
be ventilated after retrofit and nobody felt re-
sponsible for it. The heating position has been
changed in the common areas often and remain-
ing after the use at this level. Thus, the common
areas for the next users were either overheated
or cooled too much.

More than half of the respondents said that
they pay more attention to efficient behavior in
the private sector for themselves and other per-
sons in the household. The heating turned off
while ventilation and when leaving the house /
apartment significantly more. Also during ven-
tilation in the private sector there is more atten-
tion to energy efficiency, thus two thirds of the
persons which tilt and tilt / shock ventilation in
the office said that they ventilate only shock.
Also seeming barriers, like flowers in front of
the window are removed willingly.

The calculation of rebound effects for non-
residential buildings showed negative or very
small positive rebound effects in three of the

four case study objects, see Table 1.
Table 1
Calculated and actual space heating consumption and
the rebound effects of the case study objects
(non-residential buildings) [7]

Calculated con- Actual consump-
sumption C tion E Rebound-
(kWh/ (m? a)) (kWh/ (m? a)) E(f‘;e;t
Pre- Post- Pre- Post- °
retrofit | retrofit | retrofit | retrofit
Police 123 61 106 52 L6
office
Customs
244 136 204 117 4,9
office 1
Customs
office 2 215 96 206 88 -5,5
College
building 140 83 143 47 -113
for
Music

A negative rebound effect suggests a posi-
tive change in user behaviors after retrofit. The-
se findings are in contrast with the results of
rebound effects in residential buildings. There-
fore, the results of case studies objects must be
interpreted: a) on the one hand the number of
examined objects with four buildings is very
low. From literature studies a rebound effect in
non-residential buildings be detected, but this is
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also a wide spread of 17% - 73% (in 30-93
buildings [8]). b) Another reason for a small
rebound effect of the case study objects lies in
the fact that in contrast to residential buildings
the actual and calculated consumption pre-
retrofit demand closer together. That means,
users of non-residential buildings consume
careless energy as in residential buildings be-
fore retrofit, it also indicate the results of the
users interviews. ¢) It would also be conceiva-
ble that the calculation rule
(Energieeinsparverordnung) for the amount of
the calculated consumption is too high for non-
residential buildings.

The case studies object for the College
building for Music is a special case, because
inside installed sound insulation of the practice
rooms works like an additional interior insula-
tion. This additional interior insulation was not
considered in the energy concept and so the
amount for the calculated consumption is prob-
ably too high.

Originality and Practical value. For the
first time a methodology for the determination
of rebound effects and its causes has been de-
veloped for non-residential buildings and tested
on case study objects. In addition, the obtained
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results compared with literature review for non-
residential buildings and residential buildings.

These article gives information on whether
rebound-effects exists after a thermal retrofit
and in the case these effect exist it renames
possible reasons of this effect.

Conclusions. Although the case studies
objects have negative or very low rebound ef-
fects, but it can be concluded from the analysis
of the literature that rebound effects exist for
non-residential buildings too. However, the
number of examined buildings is still relatively
low, comparisons [8]. The aim should therefore
be that comparison data sets for actual and cal-
culated consumption for non-residential build-
ing pre- and post-retrofit will create. It is im-
portant to know the basis of the amounts. It is
notable that occupants in non-residential build-
ings use carefree energy markedly as in private
homes. Here it seems to missing incentive to
save energy through energy efficiency behav-
ior. Rebound effects should be given more at-
tention not only in residential buildings but also
in non-residential buildings. It is important to
know Rebound-Effects and their causes, be-
cause they have an impact on the achievement
of savings goals for the government and private
house-owners.
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