THESIS FOR THE DEGREE OF DOCTOR OF PHILOSOPHY

Exploring barriers to energy efficiency in supermarkets

ULLA LINDBERG

Swedish Centre for Resource Recovery
Research subject: Consumer behavior in retail stores
UNIVERSITY OF BORÅS
Borås, Sweden 2018

i
















$EVWUDFW

LL

N
VA

ENMÄRK

E
T

8OOD/LQGEHUJ



&RS\ULJKW8OOD/LQGEHUJ

6ZHGLVK&HQWUHIRU5HVRXUFH5HFRYHU\
8QLYHUVLW\RI%RUnV
6(%RUnV6ZHGHQ

'LJLWDOYHUVLRQKWWSXUQNEVHUHVROYH"XUQ XUQQEQVHKEGLYD
,6%1 SULQWHG 
,661 SGI 
,661;6NULIWHUIUnQ+|JVNRODQL%RUnVQU



&RYHU3KRWR6XVV:LOpQ




&RYHU'HVLJQ
3ULQWHGLQ6ZHGHQE\67(0$6SHFLDOWU\FN$%
%RUnV

S

([SORULQJEDUULHUVWRHQHUJ\HIILFLHQF\LQVXSHUPDUNHWV

(QHUJ\ HIILFLHQF\ DFWLYLWLHV LQ VHFWLRQV RI JURFHU\ VWRUHV IRU FKLOOHG JURFHULHV DUH VXEMHFW WR
SDUWLFXODUFKDOOHQJHVDVWKLVLVDFRPSOH[LQGRRUHQYLURQPHQWJLYHQWKDWWKHJRDORIVWRUHRZQHUV
LVWRRIIHUFRQVXPHUVFKLOOHGJURFHULHVRIKLJKTXDOLW\LQDFRPIRUWDEOHHQYLURQPHQWZKLOHDW
WKHVDPHWLPHWU\LQJWRUHGXFHHQHUJ\XVH&RQVHTXHQWO\LWLVLPSRUWDQWWRPDLQWDLQWKHULJKW
WHPSHUDWXUHLQWKHULJKWSODFHDQGWREHDZDUHRIWKHFRQVXPHUV¶VKRSSLQJVLWXDWLRQ7KHZD\
FKLOOHGJURFHULHVDUHGLVSOD\HGWKHIRUPRIUHIULJHUDWLRQWKHEXLOGLQJVL]HDQGEXVLQHVVDQG
PHUFKDQGLVLQJSUDFWLFHVPD\GLIIHUEHWZHHQUHWDLOVWRUHVLPSDFWLQJHQHUJ\HIILFLHQF\)LQGLQJ
D EDODQFH EHWZHHQ EHLQJ HQHUJ\ HIIHFWLYH DQG HIILFLHQW LH GRLQJ WKH ULJKW WKLQJV RU GRLQJ
WKLQJVULJKWLVWKHUHIRUHLPSRUWDQW7KLVSDUWLFXODUHQYLURQPHQWZKHUHFRQVXPHUVLQWHUDFWZLWK
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To strengthen this study, this thesis includes some of the important considerations below. For
each research article, besides Paper I, the author was responsible for the design, collection of
data, analysis and manuscript writing. Several tasks were conducted in order to minimize errors
and collect reliable data. These were:











The author was personally involved in all data collection and analysis (Papers I-IV).
The same instrumentations, with the same calibration, same team, and same
instructions, were used in all analyses (for each specific study) to reduce human error
during measurement and data collection (Papers II-IV).
The systematic literature review, for objectively avoiding bias, followed a systematic
process and set-up as described in and inspired by the literature [22, 25, 74, 157] (Paper II).
Calculations for the comfort equation were made by means of a program (BASIC) using
the Standard ISO 7730[109]. Statistical analysis was carried out using the statistical
package for the social sciences (SPSS) software and Excel (Paper III).
Standard ISO 7726[108] was used to specify how, and with what accuracy, to measure
the quantities (Paper III).
Questionnaires, compliant with Standard ISO 10551[107], were developed for the
subjective data collected from consumers and staff (Paper III).
The term foodscape, for this specific shopping situation, was developed from the
servicescape concept [24] (Paper IV).
The semi-structured interviews were recorded and transcribed to ensure correct analysis
of the original material (Paper IV).

Additional publications1
Lindberg, U., M., 2009. Indoor Thermal Environment in Supermarkets. A study of measured
and perceived comfort parameters. Technical report D2009:04. (Chalmers University of
Technology. Building Services Engineering.) Göteborg, Sweden.
Giacalone, D., Wendin, K., Kremer, S., Frøst, M., Bredie, W.LP., Olsson, V., Lindberg, U.,
Risvik, E. 2016. Health and quality of life in an aging population - Food and beyond. (Food
Quality and Preference, vol. 47, nr. B, pp. 166-170.)
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Abbrevations and explanations
ASHRAE
AV
BBR
CEN
CFD
HVAC
HVAC-R
IAQ
IEA
ISO
LCA
MT
NFA
PPD
PMV
SCRR
SLR
SPSS

American Society of Heating, Refrigeration and Air Conditioning Engineers
Swedish Work Environment authority (in Swedish Arbetsmiljöverket)
The Swedish Building Regulations (in Swedish Boverkets byggregler)
European Committee for Standardization
Computational Fluid Dynamics
Heating, Ventilating and Air-Conditioning
Heating, Ventilation, Air-Conditioning and Refrigeration
Indoor Air Quality
International Energy Agency
International Organization for Standardization
Lifecycle analysis
Medium temperature
National Food Administration (in Swedish Livsmedelsverket)
Predicted Percentage of Dissatisfied
Predicted Mean Vote
Swedish Centre for Resource Recovery
Systematic Literature Review
Statistical Package for the Social Sciences

Accessibility can be explained as whether a consumer can find the product they are looking for
or whether they are physically in the area in which it is located [93].
Adaptation the responsive adjustment of a sense (human) to varying conditions is called
adaptation [47].
Attributions are what people perceive to be the causes behind their own behaviors, the
behaviors of others, or the events they observe [23].
Brine inlet temperature tbin is the brine inlet temperature to the cabinet. Brine is a secondary
refrigerant in an indirect refrigeration system.
Carbon footprint is the amount of greenhouse gases and specifically carbon dioxide emitted
by something (such as a person's activities or a product's manufacture and transport) during a
given period [153].
Coefficient of performance COP is the ratio between cooling capacity in watts and electric
power input values in watts at a given set of rating conditions for the appliance.
Consumer insights consumer insights in this thesis, assume that it is the consumer who needs
to be studied from a foodscape perspective, to know how he/she perceives and behaves in this
shopping situation. The management process can include different opportunities for consumer
insights, such as; apply an understanding of consumer habits, need and desires; capture the
consumer’s shopping occasion behavior [49].

xi

Convenience can relate to: (1) the simplicity of the layout for navigating the center zone, (2)
the minimal physical effort and time required to locate the desired aisle, section, and product,
and that (3) the information can be accessed by low vision individuals [119].
Directions and rules include educational materials, demands, directives, guidance, laws,
legislations, policies, recommendations and rules.
Encounter is a period of time during which a consumer directly interacts with a service (p.
243)[191].
Energy management system include a set of interrelated or interacting elements of a plan
which sets an energy efficiency objective and a strategy for achieving that objective [63].
Energy performance of a building is the calculated or measured amount of energy needed to
meet the energy demand associated with a typical use of the building, which includes, for
example, the energy used for heating, cooling, ventilation, hot water and lighting, article 2[62].
Foodscape in this thesis, the foodscape2 perspective, is based on Bitner’s servicescape. The
foodscape includes consumers’ perceptions and behaviors regarding the building’s technical
installation design and layout for chilled groceries.
Heat extraction rate is the energy removed per unit of time from the tested refrigerated cabinet
for a specific operational condition [112].
Infiltration air is leakage or addition of air into a system [69], such as a refrigerated display
cabinet and refrigeration system.
Intangibles are not able to be touched, services are intangible processes. Tangible symbols
(i.e., objects and pictures used), can allow to overcome restrictions imposed by gestural
communication [33].
LCA the intention of lifecycle analysis is to try to evaluate the environmental impact of a device
(or process), includes all important contributing factors across its lifespan [217]. The approach is
also described in Standard ISO 14040:2006 [110].
LCC lifecycle cost analysis accounts for all the external environmental cost into the whole life
cycle cost [174], such as investments, expenses and income during the calculation period and
lifetime of investments
Nearly zero-energy building means a building that has a very high level of energy
performance, as determined in accordance with Annex I of the EPBD [62]. The nearly zero, or
very low amount of energy required, should be met to a very significant extent by energy from
renewable sources [62]. Normally includes the phase when the building is in use.
Operative temperature is a uniform temperature of an imaginary black enclosure in which an
occupant would exchange the same amount of heat by radiation and convection as in the actual
non-uniform environment [109].
Plug-in units integral cabinets (or self-contained) are mainly used in stores for occasional extra
sales. Contain all the necessary refrigeration equipment (compressor, condenser, expansion
device and evaporator) within the unit to maintain the required storage temperature [128].

2

PMV Predicted mean vote is an index used for thermal comfort and design. PMV = 0 is an
optimum temperature (operative temperature) for a large group of people [109].
Primary energy consumption gross inland consumption, excluding non-energy uses [63].
Primary energy factors can be used for determining the primary energy use and may be based
on national or regional yearly average values, may account relevant standards, article 9[62].
Push and pull strategies can create consumer demand, and often the market pushes messages
out to the target audience and is in control of the messages [179].
Tangibles being subjects that can be touched or seen or are otherwise perceptible to the senses
[33]
.
Refrigerants such as chlorofluorocarbons (CFCs) introduced in the 1930s for i.e. refrigeration
within retail were at that time considered as better and more safe options than the previous
natural refrigerants (i.e. ammonia, propane, carbon dioxide). Harmful refrigerants to the
environment are today due to impact on global warming (GWP) restricted or forbidden [70].
Refrigerated display cabinet in retail are used for the sale and display of groceries and cooled
by a refrigerating system which enables the chilled and frozen food placed therein for display
to be maintained within prescribed temperature limits [112].
Waste of materials, products and energy is what is spoiled in i.e. the store (energy and heat
chilled off by condensers on rooftops or food) which could have been consumed [69].
Zero carbon buildings see explanation for nearly zero energy buildings. “Zero carbon” is in
practice the same as “nearly zero” - the use of energy is very efficient and with significant
supplied energy covered by energy from renewable carbon-free resources.

Foodscape is discussed in Chapter 1.2.1.
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7KLVFKDSWHULQWURGXFHVWKHEDFNJURXQGWRWKHSUHVHQWWKHVLVLWVDLPREMHFWLYHVDQGUHVHDUFK
TXHVWLRQ)XUWKHUPRUHLWDOVRSUHVHQWVDJXLGHIRUWKHUHDGHUDQGDQRYHUYLHZRIWKHVSHFLILF
SDSHUVFRQWDLQHGLQWKHWKHVLV



7KHVLVSRVLWLRQLQJ

7KLV3K'GLVVHUWDWLRQVHUYHVDVDSDUWLDOIXOILOPHQWRIWKHUHTXLUHPHQWVIRUD3K'GHJUHHLQWKH
PXOWLGLVFLSOLQDU\UHVHDUFKFRQGXFWHGDWWKH6ZHGLVK&HQWUHIRU5HVRXUFH5HFRYHU\ 6&55 
)DFXOW\RI7H[WLOHV(QJLQHHULQJDQG%XVLQHVV8QLYHUVLW\RI%RUnV6ZHGHQ7KH6&55¶VDLP
LV WR LPSURYH DQG GHYHORS QHZ PHWKRGV DQG SURFHVVHV RI WKH UHF\FOLQJ RI PDWHULDO DQG WKH
UHILQLQJ RI ZDVWH DQG UHVLGXH LQWR HQHUJ\ PDWHULDOV RU IRRG WKXV FRYHULQJ WHFKQLFDO
HQYLURQPHQWDO DQG VRFLDO DVSHFWV 5HVRXUFH UHFRYHU\ FRQFHUQV UHFODLPLQJ XVHDEOH PDWHULDOV
IURP ZKDW ZRXOG RWKHUZLVH EH FRQVLGHUHG ZDVWH WKXV PDQDJLQJ D VXVWDLQDEOH FOHDQ DQG
HQYLURQPHQWDOO\FRQVFLRXVVRFLHW\6RIDUVRPHRIWKHVFLHQWLILFFRQWULEXWLRQVRIWKH6&55
DQGGRFWRUDOWKHVLVSXEOLFDWLRQVKDYHIRFXVHGRQUHVRXUFHUHFRYHU\DQGPDWHULDOVIRUH[DPSOH
ZLWKLQ UHJHQHUDWHG FHOOXORVH WKHUPRVHW ELR FRPSRVLWHV >@ FHOOXORVLF ZDVWH DQG KLJK UDWH
ELRJDV>@HWKDQROSURGXFWLRQ>@DQGDQDHURELFGLJHVWLRQ>@

7KLVWKHVLVFRQFHUQVWKHHQHUJ\HIILFLHQF\RIVXSHUPDUNHWVDQGUHWDLOJURFHU\VWRUHVDVZHOO
DV KXPDQ EHKDYLRU ZKHQ VKRSSLQJ IRU FKLOOHG IRRG LQVWRUH DV FRQVXPHU EHKDYLRU SOD\V DQ
LPSRUWDQWUROHIRUWKHUHWDLOHUZKLFKLVUHIOHFWHGLQEHKDYLRU&RPPHUFLDOEXLOGLQJVOLNHJURFHU\
VWRUHVRIWHQDFFRXQWIRUDFRQVLGHUDEOHSURSRUWLRQRIWKHHQHUJ\XVHGKRZHYHUGHSHQGLQJRQ
EXLOGLQJVL]HEXVLQHVVDQGPHUFKDQGLVLQJSUDFWLFHVUHIULJHUDWLRQDQGHQYLURQPHQWDOFRQWURO
V\VWHPV DUH XVHG > @ DQG GHVLJQHG &KLOOHG JURFHULHV LQ WKH FKLOOFKDLQ >@ FDUU\ DQG
GHPDQGDORWRIHQHUJ\LQRUGHUWRPDLQWDLQWKHTXDOLW\DQGIUHVKQHVVUHTXLUHGE\HQGFRQVXPHUV
DQGGLIIHUHQWDFWRUVVXFKDVOHJLVODWRUVDXWKRULWLHVDQGPHUFKDQGLVHUV7KHFRQVXPHUVDUHRQH
RIWKHLPSRUWDQWFRPSRQHQWVLQWKHIRRGVDIHW\FKDLQ FKLOOFKDLQ ZKHQFRQVLGHULQJD³IURP
IDUPWRWDEOH³DSSURDFK >@'HSHQGLQJRQWKHHIILFLHQF\WKHIRRGHQHUJ\DQGPDWHULDODUH
UHXVHGUHSDLUHGUHGLVWULEXWHGUHIXUELVKHGDQGUHPDQXIDFWXUHG:DVWHDQGHPLVVLRQVPD\EH
VSRLOHGDQGOHIWXQXVHG:RUOGZLGHRIWKHRYHUDOOFRQVXPSWLRQRIHOHFWULFLW\LVDFFRXQWHG
IRUE\UHIULJHUDWLRQLQFOXGLQJDLUFRQGLWLRQLQJ>@7KLVLVHQHUJ\WKDWLPSDFWVRQWKHHFRQRP\
VXVWDLQDELOLW\DQGKXPDQZHOOEHLQJ7KHHFRV\VWHPFDQEHGLYLGHGLQWRIRXUFDWHJRULHVEDVHG
RQ WKH ZD\ SHRSOH XVH QDWXUDO UHVRXUFHV IRRG ZDWHU HQHUJ\ DQG RWKHU PDWHULDOV $OO WKHVH
UHVRXUFHV GLUHFWO\ DIIHFW KXPDQ ZHOOEHLQJ > @ DQG IRRG LQ SDUWLFXODU VHQVLWLYH JURFHULHV
WUDQVSRUWDWLRQUHTXLUHHQHUJ\DQGUHVRXUFHV

0DLQWDLQLQJJURFHULHV¶WHPSHUDWXUHFRQGLWLRQVGXULQJWUDQVSRUWDWLRQDQGDVUHJDUGVVWRUDJH
EHIRUHDIWHUDQGDWWKHUHWDLOVWDJHFDQEHDFKDOOHQJHGXHWRPL[HGRSWLRQVDQGORJLVWLFV1RQ
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XQLIRUPWHPSHUDWXUHVGXULQJWUDQVSRUWDWLRQ>@UHWDLOVWRUDJHDQGGLVSOD\>@PD\SURPRWH
WKHJURZWKRIXQKHDOWK\SDWKRJHQVDQGLQFUHDVHHQHUJ\UHTXLUHPHQWV
7KLVWKHVLVLVWKHUHVXOWRIVWXGLHVXQGHUWDNHQE\WKHDXWKRUVWDUWLQJRXWIURPWKHVXSHUPDUNHW
FKDOOHQJHRILQFUHDVLQJHQHUJ\HIILFLHQF\. 7KHVHUHVHDUFKVWXGLHVKDYHEHHQPXOWLGLVFLSOLQDU\
LQQDWXUHZKHUHWKHDXWKRUKDVEURDGHQHGWKHUHVHDUFKDZD\IURPHQJLQHHULQJVFLHQFHVDQG
LQGRRUHQYLURQPHQWVWXGLHV>@DQGKDVVWXGLHGWKHPHDVXUHGDQGSHUFHLYHGFRPIRUWSDUDPHWHUV
LQVXSHUPDUNHWVE\WDNLQJLQPRUHVRFLDOVFLHQFHDQGEXVLQHVVDQGH[SHULHQFHEDVHGDVSHFWV
RIWKHFRQVXPHUVZKRYLVLWJURFHU\VWRUHV

7KHZD\JURFHULHVDUHGLVSOD\HGWRFRQVXPHUVGLIIHUVLQWKHIL[HGVWRUHVHWWLQJRIUHWDLOZLWK
VRPHUHWDLOJURFHU\VWRUHVEHLQJPRUHHQHUJ\HIILFLHQWWKDQRWKHUV7KLVWKHVLVVKRZVWKDWHQHUJ\
HIILFLHQW WDQJLEOHV VDYH QRW RQO\ UHVRXUFHV EXW DOVR WKH LQGRRU HQYLURQPHQW DOVR DIIHFWLQJ
FRQVXPHUV¶VKRSSLQJVLWXDWLRQDVUHJDUGVFKLOOHGJURFHULHVLQVWRUHDQGYDULRXVYDULDEOHVIRU
FRQVXPHUV&RQVXPHULQVLJKWVFDQEHXVHIXOWRWKHDFWRUVGHVLJQLQJDQGUXQQLQJWKHEXVLQHVVHV
HJIRUWHFKQLFDOLQVWDOODWLRQVDQGWRWKHGHVLJQDQGOD\RXWRIWKHVKRSSLQJVLWXDWLRQUHJDUGLQJ
FKLOOHGJURFHULHV7KHFRQWULEXWLRQVSUHVHQWHGLQWKLVWKHVLVLQFOXGHGDQLQFUHDVLQJDZDUHQHVV
RIKRZGHVLJQFRQVXPHULQVLJKWVDQGPDQDJHPHQWLQWKHUHWDLOFRQWH[WFDQFRQWULEXWHWREHWWHU
HQHUJ\HIILFLHQF\DQGDPRUHHIIHFWLYHVKRSSLQJVLWXDWLRQIRUFRQVXPHUV

7KHXVHRISURGXFWDQGVHUYLFHSDWWHUQVGULYHVUHVRXUFHXVHWKHUHIRUHGLUHFWLRQVDQGUXOHV
DOVRQHHGWRFRQVLGHUVRFLDODQGRWKHUUHODWHGHQHUJ\UHTXLUHPHQWDVSHFWVVXFKDVFRQVXPSWLRQ
DQGUHVRXUFHHIILFLHQF\>@7KHSURGXFWLRQ±FRQVXPSWLRQV\VWHPVWKDWPHHWEDVLFDQGVRFLDO
QHHGVVXFKDVIRRGDQGHQHUJ\UHO\RQFRVWO\DQGORQJODVWLQJLQIUDVWUXFWXUHVWKXVLQYHVWPHQWV
LQLPSURYHPHQWVFDQDOVRKDYHORQJWHUPLPSOLFDWLRQV7KHNH\WRVDYLQJUHVRXUFHVPD\EH
DYRLGLQJLQYHVWPHQWVWKDWORFNVRFLHW\LQWRH[LVWLQJWHFKQRORJLHVWKDWOLPLWLQQRYDWLRQRSWLRQV
RUFUHDWHEDUULHUV>@7KHFKLOOHGJURFHULHVLQWKHHQHUJ\FKDLQUHTXLUHDORWRIHQHUJ\7KHNH\
WR PHHWLQJ WKH UHTXLUHPHQWV RI WKH GLIIHUHQWLDWHG HQHUJ\ FKDLQ EXVLQHVVHV LQ WKLV FDVH IRU
VXSHUPDUNHWVDQGJURFHU\UHWDLOEXVLQHVVHVLVDKROLVWLFDSSURDFKZLWKLQFUHDVHGNQRZOHGJHRI
WZRPDLQFRPSRQHQWVLQWKHEULFNVDQGPRUWDUVWRUHHQYLURQPHQWFRQVXPHUVDQGUHIULJHUDWHG
GLVSOD\FDELQHWV

$WLWVPRVWEDVLFOHYHOUHVRXUFHHIILFLHQF\FDSWXUHVWKHFRQFHSWRIµGRLQJPRUHZLWKOHVV¶
ZKLOHWKHWUDQVLWLRQWRDORZFDUERQHFRQRP\LVRQHSDUWLFXODUO\LPSRUWDQWDVSHFWRIWKHEURDGHU
JRDORIUHGXFLQJWKHHQYLURQPHQWDOLPSDFWRIVRFLHW\¶VUHVRXUFHXVDJH>@+RZHYHULQFOXGLQJ
UHWDLOJURFHU\EXLOGLQJVUHTXLUHVDQXQGHUVWDQGLQJRIWKHUHWDLOFRQWH[WRIWKRVHEXLOGLQJV



%DFNJURXQG

,QVXSHUPDUNHWEXLOGLQJVWKHHQYLURQPHQWLVGHVLJQHGWRSURYLGHDQDWWUDFWLYHDQGDSSHDOLQJ
PLOLHXZKHUHFRQVXPHUVSLFNDQGFKRRVHWKHLUJURFHULHVDWWKHVDPHWLPHVHQVLWLYHLWHPVPXVW
EH GLVSOD\HG FRUUHFWO\ WR PDLQWDLQ TXDOLW\ 0RVWO\ WKH VWRUH LV RYHUZKHOPHG ZLWK GLIIHUHQW
SURGXFWVYDULDEOHVVXFKDVYLVXDOSUHVHQWDWLRQSURGXFWSODFHPHQWRQVKHOYHVDQGSDFNDJLQJ











DOODIIHFWZKLFKSURGXFWVFRQVXPHUVSXWLQWKHLUEDVNHWV>@'XULQJRSHQLQJKRXUVWKHVWRUH
PD\EHFURZGHGZLWKPDQ\SHRSOHHQWHULQJDQGOHDYLQJWKHEXLOGLQJZLWKWKHKHDWLQJDQG
FRROLQJDSSOLDQFHVLQWHQVHO\FRQWULEXWLQJWRWKHKLJKHQHUJ\GHPDQGVRIJURFHU\VWRUHEXLOGLQJV
>@
(YHQZKHQWKHVWRUHLVFORVHGODUJHDPRXQWVRIHQHUJ\DUHFRQVXPHGZKLOHWKHHTXLSPHQW
LVRQVWDQGE\ RUORZHUGHPDQG WRHQVXUHIRRGTXDOLW\ZLWKWKHYHQWLODWLRQV\VWHPVUXQQLQJ
DQGFRPSXWHUVVLJQVDQGWKHOLJKWLQJRIFHUWDLQVHFWLRQVEHLQJWXUQHGRQ >@$PRQJWKHVH
HQHUJ\GHPDQGLQJDQGWHFKQLFDODSSOLDQFHVLQVWRUHDPDMRUHQHUJ\VRXUFHLVWKHVWRUDJHDQG
H[SRVXUHRIUHIULJHUDWHGJURFHULHVIRUFRQVXPHUV
7KHSK\VLFDOVWRUHLVIDFLQJPDQ\FKDOOHQJHVIRULWVVKRSSHUV'HVLJQDQGOD\RXWDUHWKHUHIRUH
FRQWLQXRXVO\EHLQJLQYHVWLJDWHGDQGFKDOOHQJLQJWKHUHWDLOHULQFOXGLQJEDUULHUV7KHSHUVSHFWLYH
RIWKHFRQVXPHUFRXOGFRQWULEXWHWRDIDVWHUWUDQVLWLRQWRLQFUHDVHGHQHUJ\HIILFLHQF\IRUWKH
EXLOGLQJVHFWRUDQGIRRGLQGXVWU\JLYHQWKDWWKHUHIULJHUDWLRQRIFKLOOHGJURFHULHVFRQVXPHUV¶
VKRSSLQJ VLWXDWLRQV DQG WKH WHFKQLFDO DSSOLDQFHV ZLWKLQ WKH VXSHUPDUNHW EXLOGLQJ DUH DOO
DFNQRZOHGJHG7KHDFWLYLWLHVHJEX\LQJFKLOOHGJURFHULHVFDUULHGRXWLQDJURFHU\VWRUHIDFH
SDUWLFXODUFKDOOHQJHVVLQFHWKLVLVDFRPSOH[LQGRRUHQYLURQPHQWJLYHQWKDWWKHJRDORIWKH
VWRUHRZQHULVWRUHGXFHHQHUJ\XVHZKLOHVWD\LQJLQSURILWDQGRIIHULQJFKLOOHGJURFHULHVRI
JRRGTXDOLW\)RUWKHVWRUHLWLVLPSRUWDQWWRPDLQWDLQWKHULJKWWHPSHUDWXUHLQWKHULJKWSODFH
DQGWRUHYLHZWKHFRQVXPHU¶VSXUFKDVHUVLWXDWLRQ7KHFKDOOHQJHDQGSUREOHPPD\EHGXHWR
VWDQGDUGVDQGEXLOGLQJGHVLJQOHIWXQNQRZQDERXWWKHEXLOGLQJVUHDORFFXSDQF\GHQVLW\>@ZLWK
SHRSOH RU FRQWH[W DSSOLDQFHV  UHVXOWLQJ LQ XQQHFHVVDU\ HQHUJ\ FRQVXPSWLRQ )RU WKH UHWDLO
FRQWH[W LW LV RI LPSRUWDQFH WR XQGHUVWDQG WKH FRPSOH[ HQYLURQPHQW WKH HQHUJ\ GHPDQGLQJ
LQVWDOODWLRQVDQGWKHLQWHUDFWLRQV

7KHDLPVRIWKHIRXUVSHFLILFUHVHDUFKSDSHUVSUHVHQWHGLQWKLVWKHVLVKDGDVWKHLUFRPPRQ
GHQRPLQDWRU RYHUFRPLQJ GLIIHUHQW FKDOOHQJHV IDFLQJ WKH HQHUJ\ HIILFLHQF\ RI UHWDLO JURFHU\
VWRUHVGLYLGHGXSLQWRIRXULQWHUGHSHQGHQWDQGRYHUODSSLQJDVSHFWVDVSUHVHQWHGLQ)LJXUH
7KHDVSHFWVLQFOXGHWRSLFVWKDWRYHUFRPHWKHFKDOOHQJHV , EXLOGLQJGHVLJQDQGHQHUJ\UHODWHG
DSSOLDQFHVZLWKDVHWRIGLUHFWLRQVDQGUXOHVIRUPRYLQJWKHPDUNHWWRZDUGPRUHHQHUJ\DQG
UHVRXUFHHIILFLHQWEXLOGLQJVDQGDSSOLDQFHV>@E\SURYLGLQJLQIRUPDWLRQDQGSURSHUGHVLJQ
+RZHYHUWKHHQHUJ\LQWHQVLYHLQVWDOODWLRQVRIWKHUHIULJHUDWLRQSDUWPD\RUPD\QRWEHLQFOXGHG
LQWKHGHVLJQ7KHVHFKRLFHVLHµPD\RU PD\QRW¶FDQDOVREHXQGHUVWRRGDQGDGRSWHGE\
JURFHU\ VWRUH EXLOGLQJV DQG WHFKQLFDO LQVWDOODWLRQ DSSOLDQFHV DQG WKXV EHWWHU ILW UHDO UHWDLO
FRQWH[WV ,, 7KHUHWDLOFRQWH[WLQFOXGHVUHIULJHUDWLRQIRUNHHSLQJVHQVLWLYHIRRGVDWFRUUHFW
WHPSHUDWXUHV )RU WKH VWRUH WKLV FDQ PHDQ D EDODQFH EHWZHHQ EHLQJ energy effective DQG
efficientLHGRLQJWKHULJKWWKLQJVRUGRLQJWKLQJVULJKW >@ ,,, 8VLQJFRQVXPHULQVLJKWV
LH E\ EHWWHU XQGHUVWDQGLQJ WKH FRQVXPHU¶V VKRSSLQJ VLWXDWLRQ LQ VWRUHV ZKHQ LW FRPHV WR
UHIULJHUDWHG IRRGV WKLV WKHVLV FRQWULEXWHV WR WKH NQRZOHGJH RI FRQVXPHU EHKDYLRU DQG
SHUFHSWLRQLGHQWLI\LQJLQVWRUHEDUULHUVDQGEDUULHUVWKDWFDQDIIHFWWKHVWRUH¶VHQHUJ\XVDJHLQ
D SRVLWLYH ZD\ DQG WKXV µSXOO¶ WKH GHPDQG IRU PRUH VXVWDLQDEOH DQG HQHUJ\ HIILFLHQW UHWDLO
JURFHU\VWRUHV6WUDWHJLHVEDVHGRQWKHQRWLRQRIWDQJLEOHVDQGFRQVXPHULQVLJKWVFDQFRQWULEXWH





to a sustainable and attractive shopping situation as regards both the consumer and the store’s
reduced energy consumption. (IV) For management, regulations and interpretations are
challenges due to the many different barriers, at different levels, i.e. at the macro level but also
at micro levels, to good results for the whole business.

Figure 1.1 Four challenges facing the energy efficiency of retail grocery stores.
Academically, the service environment of retail grocery stores is sometimes referred to as
the ‘servicescape’, with three types of environmental variables [24]: (1) ambient conditions, (2)
space and function, and (3) signs, symbols and artifacts. Bitner [24] coined the term servicescape
based on Booms and Bitner[26], defining it as “[…] the environment in which the service is
assembled and in which seller and consumer interact, combined with tangible commodities that
facilitate performance or communication of the service”. The dimensions of the physical
surroundings thus consist of both tangible and intangible features, jointly creating “[…] all of
the objective physical factors that can be controlled by the firm to enhance (or constrain)
employee and consumer actions” (p. 65)[24]. Based on earlier servicescape research, it is shown
that the servicescape is able to influence the responses and behaviors, e.g. [24, 87, 144, 147, 212], and
to be developed for this specific shopping situation.
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:KHQ DSSO\LQJ WKH VHUYLFHVFDSH FRQFHSW WR WKH JURFHU\ UHWDLO EXVLQHVV LW LV QHFHVVDU\ WR
HODERUDWHRQWKHVHUYLFHVFDSHIRUWKLVVSHFLDOSK\VLFDOUHWDLOHQYLURQPHQWDQGWRGHILQHLWDV
WKH IRRGVFDSH¶ WKH IRRGVFDSH LV GLVFXVVHG PRUH LQ &KDSWHU  EHORZ 7KH LGHD LV WKDW
WDQJLEOHVDQGFRQVXPHULQVLJKWVFDQSURYLGHVWUDWHJLHVUHJDUGLQJKRZWRLPSURYHWKHHQHUJ\
HIILFLHQF\RIWKHJURFHU\UHWDLODWPRVSKHUH7KLVWKHVLVILOOVWKHJDSLQWKHUPDOFRPIRUWVWXGLHV
LQUHODWLRQWRLQWHUGLVFLSOLQDU\UHVHDUFKLQWRWKHEXLOGLQJLQGXVWU\>@DQGUHYLHZVLWVQRWLRQRI
FRPIRUWDQGPRUHG\QDPLFEXLOGLQJHQYLURQPHQWV%HLQJPRUHHQHUJ\HIILFLHQWDQGFUHDWLQJ
DQHQYLURQPHQWWKDWFRPSOLHVZLWKFRQVXPHUSHUFHSWLRQVDQGDGDSWDWLRQVLQWKHVXSHUPDUNHW
HQYLURQPHQW LV EHQHILFLDO 7KLV WKHVLV LQFOXGHV D FRPSDULVRQ RI WKH SHUFHLYHG DQG SUHGLFWHG
WKHUPDO FRPIRUW EDVHG RQ VWDQGDUGV > @ DQG WKH LQGLFHV SUHGLFWHG PHDQ YRWH 309 
FRPPRQO\XVHGE\GHVLJQHUV>@IRUWKHEXLOWHQYLURQPHQW0RUHRYHUWKHWKHVLVDOVRDGYDQFHV
NQRZOHGJHUHODWLQJWRFRQVXPHUVHQVRULDOUHVSRQVHVDQGEHKDYLRUHIIHFWVLQUHODWLRQWRHQHUJ\
HIILFLHQW LQVWDOODWLRQV LQ WKLV IRRGVFDSH HQYLURQPHQW ZKLFK DIIHFWV GLIIHUHQW YDULDEOHV LQ
UHODWLRQWRIUHVKQHVVDQGFOHDQOLQHVVDQGZKLFKLVLQGLFDWHGDVEHLQJRIJHQHUDOLPSRUWDQFHWR
WKHVKRSSLQJVLWXDWLRQLQVHYHUDOVWXGLHV>@







PRVWO\LQSDFNDJHVZKHQFRQVXPHUVDUHEULQJLQJJURFHULHVKRPH,WFDQEHGLIILFXOWIRUKXPDQV
WR XVH WKHLU VHQVHV LQVWRUH ZKHQ FKRRVLQJ JURFHULHV HJ VPHOOLQJ RU WRXFKLQJ WKHP
1HYHUWKHOHVVWKHGLIIHUHQWVHQVHVFDQEHRILPSRUWDQFH

)RRGVFDSH

6HYHUDO UHVHDUFKHUV KDYH XVHG WKH WHUP IRRGVFDSH EXW QRW WR GHVFULEH WKH JURFHU\ UHWDLO
DWPRVSKHUH7KHWHUPIRRGVFDSHKDVLQVWHDGEHHQXVHGWRRXWOLQHIRRGDFURVVXUEDQORFDWLRQV
DQGLQVWLWXWLRQDOVHWWLQJV >@7KHJHRJUDSKLFDQGVRFLRORJLFDOOLWHUDWXUHXVHVWKHWHUPWR
GHVFULEHµODQGVFDSHV¶VXFKDVVWHHOPLOOVXUEDQFHQWHUVRIODUJHFLWLHVDQGWKHPHSDUNVFHQHULHV
> @
 )RU WKLV WKHVLV WKH IRRGVFDSH VKRSSLQJ VLWXDWLRQ LQFOXGHV FRQVXPHU SHUVRQ 
HQYLURQPHQWLQWHUDFWLRQV7KHVHLQWHUDFWLRQVDUHLOOXVWUDWHGLQ)LJXUHDQGEDVHGRQWKHLGHDV
RI%LWQHU>@ZLWKWDQJLEOHDQGQRQWDQJLEOHYDULDEOHVLQWKHVHUYLFHVHWWLQJVRIWKHWKUHHJURFHU\
UHWDLOHQYLURQPHQWDOYDULDEOHV , DPELHQWFRQGLWLRQV WHPSHUDWXUHDLUTXDOLW\QRLVHPXVLF
RGRUHWF  ,, VSDFHDQGIXQFWLRQV OD\RXWHTXLSPHQWIXUQLVKLQJSURGXFWVHWF DQG ,,, VLJQV
V\PEROVDQGDUWLIDFWV VLJQDJHSHUVRQDODUWLIDFWVVW\OHRIGpFRUHWF )RRGVFDSHDVXVHGLQWKLV
WKHVLVLQFOXGHVWKHSDUWLFXODUSDUWRIWKHVXSHUPDUNHWDQGWKHDWPRVSKHUHZKHUHFRQVXPHUVEX\
FKLOOHGJURFHULHVLQVWRUHVWDQGLQJLQIURQWRIWKHUHIULJHUDWHGGLVSOD\FDELQHWV7KHWDQJLEOHV
HJ GRRUV RU QR GRRUV RQ UHIULJHUDWHG FDELQHWV RI WKLV FRPSOH[ HQYLURQPHQW DUH VWXGLHG
,QVLJKWV UHJDUGLQJ WKLV VKRSSLQJ VLWXDWLRQ ERWK RQ WKH SDUW RI WKH FRQVXPHU EXW DOVR GXH WR
GHVLJQUHWDLOFRQWH[WDQGPDQDJHPHQWDUHVXJJHVWHGIRUXVHDVVWUDWHJLHVIRULQFUHDVHGHQHUJ\
HIILFLHQF\E\WKHIRRGUHWDLOLQGXVWU\DQGIRUUHVHDUFK

7KHWHUPIRRGVFDSHLQWKLVWKHVLV)LJXUHLVFKDUDFWHUL]HGE\DKLJKOHYHORIVHOIVHUYLFH
>@
ZKHUHE\FRQVXPHUVDUHH[SHFWHGWRVHUYHWKHPVHOYHVDQGZKHUHE\WKH\SLFNWKHJURFHULHV
WKH\ QHHG IURP WKH FDELQHWV DQG SXW WKHP LQ WKHLU WUROOH\V 7KLV LV D FOHDU LPSOLFDWLRQ IRU D
IXQFWLRQDODUHDDPRQJVHUYLFHILUPVDQGLWQHHGVWREHFOHDUO\FRRUGLQDWHG>@ZLWKLWVUHOHYDQW
DFWRUVDQGPDQDJHUV7KHHQYLURQPHQWLVIXOORILQIRUPDWLRQWKDWFRQVXPHUVQHHGWRQDYLJDWH
WKURXJKZLWKDZLGHUDQJHRISURGXFWVRIWHQGLVSOD\HGGLIIHUHQWO\GHSHQGLQJRQWKHFDWHJRU\
>@
 ZLWK WKH VSHFLILF FKDUDFWHULVWLFV RI WKH FKLOOHG JURFHU\ FDWHJRULHV &KLOOHG JURFHULHV DUH








)LJXUH7KHIRRGVFDSHZLWKLWVWKUHHHQYLURQPHQWDOYDULDEOHVEDVHGRQ%LWQHU¶VVHUYLFHVFDSH
>@
DSSOLHGWRDUHWDLOFRQWH[W

&KLOOHGJURFHULHVKDYHVSHFLILFWHPSHUDWXUHUHTXLUHPHQWVWKDWDIIHFWWKHLUDFFHVVLELOLW\'XH
WRWKHGHVLJQGLVSOD\DQGVKHOYHVRIWKHUHIULJHUDWHGFDELQHWVWKHVHFDWHJRULHV GDLU\PHDW
IUXLW DQG YHJHWDEOHV  GLIIHU IURP RWKHU FDWHJRULHV GLVSOD\HG LQVWRUH )RU H[DPSOH GXH WR
LQWHUDFWLRQVEHWZHHQWKHDPELHQWHQYLURQPHQWDQGWKHFROGDLULQWKHFDELQHWLWLVFRPPRQIRU
FRQVXPHUVWRH[SHULHQFHFROGQHVV>@,QDGGLWLRQUHVHDUFKKDVDOVRVKRZQWKDWFRQVXPHUVDW
DJLYHQVWRUHDUHHDVLO\DIIHFWHGE\H[WHUQDOVWLPXOLIRUH[DPSOHDWWUDFWLYHRIIHUVDQGH[SRVXUHV
>@
DQGLQWHUQDOVWLPXOLVXFKDVIHHOLQJVVWUHVVDQGKXQJHU >@7KHSK\VLFDOVWRUHFDQEH
GLIIHUHQW IURP PRGHUQ DQG FRPSHWLWRUV VXFK DV SXUH HFRPPHUFH VLWHV H[SDQGLQJ WKH
FRQVXPHU¶VVKDUHRIZDOOHWWRRQOLQHVLWHV>@7KHQHFHVVLW\RIDYLVXDOVFHQHU\RIWKHJURFHULHV
VWLOO KDV HQRXJK PRWLYDWLRQ WR VWD\ DQ LPSRUWDQW FRQFHSW IRU D ORQJ WLPH >@ EXW FDQ EH
GHSHQGHQWRQWKHVHUYLFHSURYLGHGE\WKHVWRUH

7KH SK\VLFDO VWRUH IRU WKLV IRRGVFDSH LV DQ XQH[SORUHG SDUW RI WKH FKLOOHG JURFHU\
DWPRVSKHUHLQWKHVXSHUPDUNHW7KHIRRGVFDSHFDQEHVHHQDVDYHU\LPSRUWDQWVHUYLFHVFDSH
DQGDVWKLVWKHVLVZLOOVKRZdoors or no doorsRQFDELQHWVPDWWHUVWRWKHFRQVXPHUDQGVKDSHV
KLVKHU SHUFHSWLRQV DQG EHKDYLRUV 7KH IRRGVFDSH )LJXUH  LV WZLVWHG LQWR SHUVRQ





environment variables, with cold and warm temperatures being exchanged in the environment
and affecting the consumer.

1.3

Aim of the thesis

The overall aim of this thesis is to gain knowledge of how to improve energy efficiency and the
store layout for chilled groceries by adding consumer insights. Four specific papers contribute
to this thesis’ aim of overcoming specific challenges faced by retail grocery stores as regards
energy efficiency. Therefore, the research question guiding the thesis is formulated thus:
How can the retail industry increase the energy efficiency of grocery stores regarding the
display of chilled groceries, while applying the consumers’ perspectives?

1.4

Arrangement of the thesis

The thesis is divided into five main chapters in which the author uses four important aspects to
guide the reader and to provide a structure between the specific papers included in the thesis,
Figure 1.3. The four aspects are building design, retail context, consumer insights and
management, and these are used in Chapters 2, 3, 4 and 5. The four aspects used as a structure
are also presented in hierarchical order, whereby building design and management is on a macro
level, the retail context and thermal comfort are both macro and micro, followed by consumer
insights on a micro level. The structure follows the reasoning that building design must first
be elaborated on in order to improve energy efficiency with the help of tangibles and consumer
insights as strategies for the shopping situation regarding chilled groceries. Building design also
includes the indoor environment and thermal comfort. The retail context is identified as an
important aspect because of the need to understand the complex environment of grocery
retailing, whereby consumers, employees, groceries and energy-using appliances and
technology collaborate in what might be described as the shopping situation. The retail context
also affects achievements in terms of energy savings due to its energy intensive refrigeration
part, used to display chilled groceries to the consumer. Consumer insights are identified as a
variable in order to structure the thesis because of the need to understand how consumers
behave and what they perceive in the specific situation and ambience concerning refrigerated
cabinets and chilled groceries. In order to improve the energy efficiency of retail grocery stores,
consumer behavior while in front of displays, as well as their perceptions of design and layout,
are critical to understand. Finally, the author’s reasoning in identifying business management
is the pragmatic notion that regulations, interpretations and the individual store’s control of its
energy use are the tools leading to good results for the whole business. Depending on the
efficiency, valuable resources such as food and energy are wasted, something which can be
handled in different ways. The four overlapping studies, Figure 1.3, presented in this thesis all
focus on the system borders, of the grocery building, within the dotted line.
In Chapter 2, the author presents previous research in relation to the aim of this thesis, while
Chapter 3 presents the four papers included in the thesis. In Chapter 4, the author discusses
7

insights from and contributions made by the four specific papers published by herself, presents
a conclusion, answers the research question, and makes closing remarks, ending with future
research suggestions in Chapter 5. The four specific papers included in this thesis focus on
different variables and factors that impact retail grocery stores, the perspectives of consumers,
and energy demanding refrigeration displays of chilled groceries. The papers focuses on:
providing an overview of grocery buildings’ technical installations and energy usage – in
particular the design of a Zero Carbon Supermarket (Paper I); an overview and analysis of
contemporary research aimed at identifying gaps within this research field in terms of energy
efficiency, chilled groceries and consumer behavior relating to barriers, temperature, energy
management and method (Paper II); the perceived indoor thermal environment and consumer
thermal comfort measured while in front of refrigerated display cabinets (Paper III); how
consumers behave and experience this shopping situation and foodscape (Paper IV). For more
details about findings, see each specific paper (Chapter 3), and Table 3.1 which includes a short
summary of each specific paper’s objectives and methods.
Energy

Energy

Energy

BUILDING DESIGN

Food

CONSUMER INSIGHTS
Waste
Emissions

MANAGEMENT

Waste
Emissions

FOODSCAPE

PAPER I
PAPER III

PAPER IV

RETAIL CONTEXT
PAPER II

Waste
Emissions

Figure 1.3 An overview of the four specific papers, presented in Chapter 3 of this thesis.
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3UHYLRXVUHVHDUFK

7KLVFKDSWHUWDNHVLWVSRLQWRIGHSDUWXUHIURPSUHYLRXVOLWHUDWXUHLQHPEUDFLQJWKHFRQVXPHU
VKRSSLQJVLWXDWLRQDVUHJDUGVFKLOOHGJURFHULHV7KHIROORZLQJVHFWLRQVJLYHDEULHIRYHUYLHZRI
WKHDSSOLFDWLRQRIDUHODWLRQVKLSEHWZHHQWKHVHFWLRQVEXLOGLQJGHVLJQUHWDLOFRQWH[WFRQVXPHU
LQVLJKWVDQGPDQDJHPHQW0RUHVSHFLILFDOO\WKHIRFXVIURPSUHYLRXVOLWHUDWXUHLVRQWKHNH\
TXHVWLRQ+RZFDQWKHUHWDLOLQGXVWU\LQFUHDVHWKHHQHUJ\HIILFLHQF\RIVXSHUPDUNHWVXVLQJWKH
SHUVSHFWLYHVRIWKHFRQVXPHUV"

5HVHDUFK DQG UHIHUHQFHV KDYH EHHQ FROOHFWHG E\ VHDUFKLQJ LQ GLIIHUHQW GDWDEDVHV DQG E\
DWWHQGLQJFRQIHUHQFHVWKHDXWKRUVHDUOLHUVWXGLHV>@DQGSHUVRQDOFRPPXQLFDWLRQGXULQJWKH
UHVHDUFKSURMHFWEXWPDLQO\GXULQJWKHVWXGLHVWDNHQIURPWKHIRXUVSHFLILFSDSHUVLQFOXGHGLQ
WKLVWKHVLV'LIIHUHQWWHFKQLFDOV\VWHPVHJKHDWLQJYHQWLODWLRQDQGUHIULJHUDWLRQDUHXVHGWR
SURYLGH WKH FRRO DQG ZDUP WHPSHUDWXUHV IRU SHRSOH DQG VHQVLWLYH IRRG IRU TXDOLW\ XVLQJ
GLIIHUHQW WHFKQLFDO LQVWDOODWLRQV PDLQO\ YHUWLFDO GLVSOD\ FDELQHWV LQ UHWDLO JURFHU\ VWRUHV IRU
VHQVLWLYHIRRG  >@'RRUVRQGLVSOD\FDELQHWVFDQFRQWULEXWHDQGPDNHWKHVWRUHPRUHHQHUJ\
HIILFLHQW>@WKXVUHGXFLQJFRVWVDQGFRQWULEXWLQJWRWKHTXDOLW\RIWKHIRRGEXWDOVRDIIHFWLQJ
WKHSHUFHLYHGVHUYLFHVFDSHUHVXOWLQJLQGHFUHDVHGVDOHV >@7KHOLWHUDWXUHXQGHUOLQHVWKH
IDFWWKDWWKHLQGRRUHQYLURQPHQWRIEXLOGLQJVLVDQLPSRUWDQWYDULDEOHLQWKHGHVLJQRIWKHVH
EXLOGLQJV¶GLIIHUHQWWHFKQLFDOLQVWDOODWLRQVIRUERWKWKHFKLOOHGJURFHU\IRRGVFDSHDQGHQHUJ\
HIILFLHQF\ +RZHYHU WKHUH DUH GLIIHUHQW SRVVLELOLWLHV RI GLYLGLQJ XS WKH YDULDEOHV RI WKLV
HQYLURQPHQW)LJXUHGLYLGHVLQGRRUHQYLURQPHQWYDULDEOHVZLWKGLIIHUHQWYLHZVRIEDUULHUV
$OVRWKHUHDUHGLIIHUHQWRSWLRQVDVUHJDUGVGLYLGLQJXSDQGFRQVLGHULQJWKHGLIIHUHQWLQWHUHVWHG
SDUWLHV HJ OHJLVODWRUV DQG DXWKRULWLHV GHFLVLRQPDNHUV GHVLJQHUV EXLOGLQJ RZQHUV DQG
WHQDQWV PHUFKDQGLVH FRQWUDFWRUV SHUVRQQHO FRQVXPHUV DQG PDQDJHUV 0RUH LQWHUDFWLRQV
EHWZHHQ WKH GLIIHUHQW SUDFWLWLRQHUV >@ DQG FRQVLGHUDWLRQV UHJDUGLQJ UHJXODWLRQV DQG SROLFLHV
PLJKWSRVVLEO\LQIOXHQFHVWDNHKROGHUVEXLOGLQJVWDQGDUGVGHVLJQJXLGHOLQHVDQGWKHGLIIHUHQW
ODEHOLQJ DQG UDWLQJ V\VWHPV IRU LH JUHHQ EXLOGLQJV RU VLPLODU ZKLFK RXJKW WR LPSURYH WKH
SHUIRUPDQFH RI WKH EXLOW HQYLURQPHQW >  @ RU FUHDWH QHZ ZD\V RI LQFUHDVLQJ HQHUJ\
HIILFLHQF\XVLQJWKHPHWKRGVDQGWKHSHUVSHFWLYHVRIWKHFRQVXPHUV



%XLOGLQJGHVLJQ

%XLOGLQJV DFFRXQW IRU D KLJK SURSRUWLRQ RI HQHUJ\ XVH RQ DYHUDJH XS WR   LQ LQGXVWULDO
FRXQWULHVDQGDUHWKXVVLJQLILFDQWWRUHGXFHHQHUJ\GHSHQGHQF\>@6RPHYDULDEOHVRI
HQHUJ\V\VWHPVDUHLQGHSHQGHQWDQGZKLOHRWKHUVDUHQRWZKLFKZLOOLQIOXHQFHWKHEXLOGLQJ¶V
HOHFWULFLW\FRQVXPSWLRQDQGFRVWV>@:KHQORZHULQJWKHGHPDQGIRUKLJKDQGXQQHFHVVDU\
HQHUJ\ PRVWO\HOHFWULFLW\ ERWKGLUHFWO\DQGLQGLUHFWO\LWLVRILPSRUWDQFHWRDOVRGHVLJQDQG
RSHUDWHEXLOGLQJVVXVWDLQDEO\

+HDWLQJYHQWLODWLRQDQGDLUFRQGLWLRQLQJ+9$&DUHWHFKQLFDOLQVWDOODWLRQVXVHGLQPRVW
EXLOGLQJVLQDGGLWLRQWRKRWZDWHUOLJKWLQJDQGRWKHUHQHUJ\XVLQJV\VWHPV'HVLJQYDULDEOHV











DUH WKH DFFHSWDEOH needs; YHU\ RIWHQ WKHUPDO FRPIRUW DLU TXDOLW\ OLJKWLQJ TXDOLW\ DQG WKH
DFRXVWLFHQYLURQPHQW>@7KHUHLVDUHODWLRQVKLSGLUHFWRULQGLUHFWEHWZHHQWKHV\VWHPVRIWKH
EXLOGLQJIURPSURGXFWWRV\VWHPLQVWDOODWLRQV$SSHQGL[$7KHGLUHFWRULQGLUHFWFRQQHFWLRQV
LQWKHEXLOGLQJVXJJHVWLQFOXGLQJDOOWKDWEXLOGLQJ¶VDSSOLDQFHVLQVWHDGRIWU\LQJWRHLWKHUQHJOHFW
RUH[FOXGHWKHGLIIHUHQWVXEV\VWHPV$OOYDULDEOHVUHTXLUHHQHUJ\XVLQJWHFKQLFDOLQVWDOODWLRQV
)RUWKHVXSHUPDUNHWUHIULJHUDWLRQV\VWHPVDQGDSSOLDQFHVDUHQHFHVVDU\7KH+9$&V\VWHPV
DUHVXSSRVHGWRFRQWUROWKHLQGRRUHQYLURQPHQWRIWKHVWRUHDQGPDNHSHRSOHFRQWHQW >@7KH
UHIULJHUDWLRQDSSOLDQFHVDUHVXSSRVHGWRFRQWUROWKHVHQVLWLYHWHPSHUDWXUHVRIJURFHULHV7KH
EXLOGLQJ¶V LQGRRU WKHUPDO  HQYLURQPHQW DOVR DIIHFWV WKH SHUIRUPDQFH RI WKH WHFKQLFDO
LQVWDOODWLRQVDQGUHIULJHUDWLRQHTXLSPHQWLQWXUQDIIHFWLQJWKHJURFHULHVLQVLGHWKHFDELQHWVWKH
FRQVXPHULQIURQWRIWKHFDELQHWVDQGWKHZRUNLQJFRQGLWLRQVRIWKHVWDII7KHV\VWHPVLQWHUDFW
ZLWKHDFKRWKHU

2QHDFWLRQWRZDUGVLQFUHDVLQJVXVWDLQDELOLW\IRUVRFLHW\LVWKHWUHQGWRZDUGVEXLOGLQJORZ
HQHUJ\ EXLOGLQJV DQG VXSSO\LQJ HQHUJ\ XVLQJ UHQHZDEOHV GHVFULEHG LQ (8 WKH HQHUJ\
SHUIRUPDQFH RI EXLOGLQJ GLUHFWLYH (3%' > @ )RU WKLV SXUSRVH WKH PHPEHU VWDWHV DUH
LPSOHPHQWLQJ QDWLRQDO SURJUHVV SODQV IRU ORZ HQHUJ\ EXLOGLQJV UHJXODUO\ UHSRUWLQJ WR WKH
&RPPLVVLRQRQWKHVHSODQVLQRUGHUWRLQFUHDVHNQRZOHGJHDQGH[SHULHQFHV7RLPSOHPHQWWKH
QDWLRQDO SODQV RI WKH (8 PHPEHU VWDWHV ORZ HQHUJ\ EXLOGLQJV PXVW LQFOXGH IRU H[DPSOH D
GHWDLOHGDSSOLFDWLRQ LQSUDFWLFH RI WKH GHILQLWLRQ RI QHDUO\]HURHQHUJ\ EXLOGLQJV UHIOHFWLQJ
WKHLUQDWLRQDOUHJLRQDORUORFDOFRQGLWLRQVDQGLQFOXGLQJDQXPHULFDOLQGLFDWRURIWKHLUSULPDU\
HQHUJ\XVHH[SUHVVHGLQN:KPSHU\HDU S>@ ,Q6ZHGHQWKHSODQVDQGUHFRPPHQGDWLRQV
S >@ RQKRZWRGHILQHWKHbuilding’s property energyZKLFKLVWKHSDUWRIHOHFWULFLW\
FRQVXPSWLRQ UHODWLQJ WR WKH EXLOGLQJ¶V UHTXLUHPHQW VWDWHV WKDW ”Appliances intended for use
other than for the building >«@ are not included”1HLWKHULVRFFXSDQF\RSHUDWLRQDOHQHUJ\
XVHGLQDGGLWLRQWRWKHEXLOGLQJ¶VRFFXSDQF\EDVLFRSHUDWLRQDGDSWHGUHTXLUHPHQWVIRUKHDWKRW
ZDWHUDQGYHQWLODWLRQ

7KHUHVHHPVWREHDFRQIOLFWRYHUKRZWRLQFOXGHHQHUJ\XVLQJDSSOLDQFHVXVHGLQGLIIHUHQW
SURFHVVHVZLWKLQEXLOGLQJVHJWKHUHIULJHUDWLRQV\VWHPVRIVXSHUPDUNHWV µbuilding’s property
energy¶  'XH WR WKLV FRQIOLFW UHVHDUFKHUV VXJJHVW LQFOXGLQJ WKH XVH RI WKH UHIULJHUDWLRQ DQG
FKLOOHUVQHHGHGIRUVHQVLWLYHIRRG>@LQFRPPHUFLDOJURFHU\EXLOGLQJV
%RWKWKHH[SHULHQFLQJRIWKHGLUHFWLYHDQGWKHGLUHFWLYHLWVHOI>@KLJKOLJKWWKHQHHGWRIXUWKHU
GHYHORSRXUXQGHUVWDQGLQJ8QGHUVWDQGLQJEDVHGRQUHDOFRQGLWLRQVLVQHFHVVDU\IRUGLIIHUHQW
FDWHJRULHVRIEXLOGLQJVERWKQHZO\EXLOWDQGH[LVWLQJRQHV)RUIXUWKHULPSURYHPHQWV>@WKH
HQHUJ\SHUIRUPDQFHRIEXLOGLQJVVKRXOGLQFOXGHFOLPDWLFDQGORFDOFRQGLWLRQVLQGRRUFOLPDWH
HQYLURQPHQWDQGFRVWHIIHFWLYHQHVVZLWKRXWDIIHFWLQJWKHRWKHUUHTXLUHPHQWVRIWKHEXLOGLQJV
LHWKHDFFHVVLELOLW\VDIHW\DQGLQWHQGHGXVHRIWKHEXLOGLQJDUWLFOH S >@


7KLVLVDWUDQVODWLRQIRULQIRUPDWLYHSXUSRVHVWKHOHJDOO\ELQGLQJWH[WLVIRXQGLQWKH&RGHRI6WDWXWHVRIWKH
6ZHGLVK1DWLRQDO%RDUGRI+RXVLQJ%XLOGLQJDQG3ODQQLQJ LQ6ZHGLVK%RYHUNHW 














,QGRRU(QYLURQPHQW

7KHEXLOGLQJHYHQLIYHU\HIILFLHQWVWLOOQHHGVWRSURYLGHDQLQGRRUHQYLURQPHQWZKLFKVDWLVILHV
LWVRFFXSDQWV>@EXWQRPRUH7KHSHUVSHFWLYHVRQRFFXSDQWVSURYLGHWKHLQSXWDQGWKHUHDVRQ
LQ WKLV WKHVLV WR ILQG RXW PRUH DERXW KRZ WKH RFFXSDQWV SHUFHLYH DQG H[SHULHQFH WKH
HQYLURQPHQWV 7KH HQYLURQPHQW FDQ EH GLIIHUHQW GHSHQGLQJ RQ WKH ]RQHV RFFXSLHG DQG WKH
RFFXSDQWVFDQSURYLGHDQXQGHUVWDQGLQJRIKRZWKHEXLOGLQJVVKRXOGEHGHVLJQHGDQGSURYLGH
UHFRPPHQGDWLRQV IRU DSSURSULDWH LQGRRU HQYLURQPHQWV 7KH JHQHUDO GHVLJQ FULWHULD IRU WKH
EXLOGLQJ¶VLQGRRUHQYLURQPHQWDUHIRXUHQYLURQPHQWDOYDULDEOHV WKHUPDOHQYLURQPHQWLQGRRU
DLU TXDOLW\ ,$4 OLJKW DQG QRLVH  >@ 7KH WKHUPDO HQYLURQPHQW PDLQO\ GHSHQGV RQ IRXU VXE
YDULDEOHV WHPSHUDWXUH RI WKH DLU WKHUPDO UDGLDWLRQ DLU PRYHPHQW DQG PRLVWXUH FRQWHQW  >@
ZKLFKDIIHFWKXPDQKHDWORVVEHVLGHWKHHQHUJ\GHPDQGRQDSSOLDQFHV7KHUPDOHQYLURQPHQW
YDULDEOHVFDQEHPHDVXUHGXVLQJLQVWUXPHQWV$QRYHUYLHZDQGUHODWLRQRIWKHYDULDEOHVLQWKH
LQGRRUHQYLURQPHQWLVSUHVHQWHGLQ)LJXUH


)LJXUH7KHUHODWLRQEHWZHHQWKHLQGRRUHQYLURQPHQWDOYDULDEOHVLQWKHDWPRVSKHUH




7KHUPDOFRPIRUW

7KHUPDO FRPIRUW KDV D GLUHFW LPSDFW RQ SHRSOH DQG PD\ WKHUHIRUH EH XVHG IRU GHVLJQLQJ
HQYLURQPHQWV LQ RUGHU WR SUHVFULEH KXPDQ WKHUPDO FRPIRUW 7KHUPDO VHQVDWLRQV EDVHG RQ
PHDVXUHPHQWV XVLQJLQVWUXPHQWV FDQEHSUHGLFWHGEXWVWDQGDUGVHJ,62>@DUHEDVHG
RQFRQGLWLRQVIRUSHRSOHZLWKORQJHUSHULRGVRIWLPHLQWKHHQYLURQPHQW&RPIRUWFULWHULD¶VDQG
LQGLFHV DYDLODEOH LQ VWDQGDUGV DUH IRU H[DPSOH FRPIRUW ]RQHV VFDOHV DQG GLDJUDPV )DQJHU
SURSRVHGWKH309 SUHGLFWHGPHDQYRWH LQGH[DQGWKHWKHRU\EHKLQGWKH309LVEDVHGRQWKH
KHDWEDODQFHRIWKHKXPDQERG\>@7KLVKXPDQEDODQFHLVLQIOXHQFHGE\SK\VLFDODFWLYLW\DQG
FORWKLQJDVZHOODVE\WKHHQYLURQPHQWDOYDULDEOHV )LJXUH 7KHFORWKLQJZRUQWKHUPDO
LQVXODWLRQKDVDVXEVWDQWLDOLPSDFWRQWKHUPDOFRPIRUW>@7KH309DQGORFDOWKHUPDOFRPIRUW
FULWHULD FDQ EH XVHG IRU PRGHUDWH GHYLDWLRQV IURP WKHUPDO FRPIRUW DQG IRU GHVLJQLQJ QHZ
HQYLURQPHQWVRULQWKHDVVHVVPHQWRIH[LVWLQJRQHV>@












$KXPDQEHLQJ¶VWKHUPDOVHQVDWLRQLVPDLQO\UHODWHGWRWKHWKHUPDOEDODQFHRIKLVKHUZKROH
ERG\HYHQWKRXJKORFDOGLVFRPIRUWLQSDUWVRIWKHERG\FDQEHGXHWRXQZDQWHGFRROLQJ>@
ZLWK ORFDO GLVFRPIRUW DULVLQJ HJ FROG IHHW LQ IURQW RI UHIULJHUDWHG FDELQHWV > @
'LVVDWLVIDFWLRQFDQEHFDXVHGE\ZDUPRUFRROGLVFRPIRUWLQWKHERG\DVDZKROHH[SUHVVHGE\
WKH309DQGSUHGLFWHGSHUFHQWDJHRIGLVVDWLVILHG33'RUE\DQXQZDQWHGFRROLQJ RUKHDWLQJ 
RIRQHSDUWLFXODUSDUWRIWKHERG\7KH309YDOXHIRUWKHPHDQYDOXHRIDODUJHJURXSRISHRSOH
LV EDVHG RQ WKH SRLQW WKHUPDO VHQVDWLRQ VFDOH > @ 7KH 309 LV FDOFXODWHG IRU GLIIHUHQW
FRPELQDWLRQVRIPHWDEROLFUDWHVFORWKLQJLQVXODWLRQDLUWHPSHUDWXUHPHDQUDGLDQWWHPSHUDWXUH
DLUYHORFLW\DQGDLUKXPLGLW\XVLQJ)DQJHU¶VPRGHOIRUWKH309DQG33' >@7KHGHILQLWLRQ
RIWKHUPDOFRPIRUWUHTXLUHVVXEMHFWLYHWRROVVXFKDVVFDOHVWKHGHILQLWLRQ S >@ RIWKHUPDO
FRPIRUWLV

“that condition of mind which expresses satisfaction with the thermal environment
and is assessed by subjective evaluation”

7KHFRPIRUWHTXDWLRQLVYHULILHGZLWKLQLQWHUYDOVVXFKDVFHUWDLQWKHUPDOJUDGLHQWVDQGWKH
UHVLGHQFHWLPHIRUSUHVFULELQJVXLWDEOHWKHUPDOHQYLURQPHQWV>@WKHRULJLQDOWKHUPDOFRPIRUW
FRQFHSW >@LVUHGXFHGWRPDLQO\VWHDG\VWDWHFRQGLWLRQVDQGKHDWEDODQFHVEHWZHHQWKHERG\
DQG WKH HQYLURQPHQW XVLQJ D WKHUPDO VHQVDWLRQ VFDOH EXW PRUH G\QDPLF FRQGLWLRQV PD\ EH
DSSOLFDEOHWRPDQ\EXLOGLQJV7KHUPDOFRPIRUWDQGWKH309FDQDOVREHJDLQHGE\VXUYH\VLQ
WKHHQYLURQPHQWIROORZLQJWKHUHFRPPHQGDWLRQVLQWKHVWDQGDUG>@4XHVWLRQVZLWKPXOWLSOH
DQVZHUVVXJJHVWLQJWKHVXEMHFWLYHDVVHVVPHQWPHWKRGVZLWKMXGJPHQWVFDOHV>@FDQSURYLGH
LQVLJKWVIURPWKHUHVSRQGHQWQRWRQO\RQKRZWKHVLWXDWLRQLVSHUFHLYHGEXWDOVRHYDOXDWHGDQG
SUHIHUUHG$SSHQGL[%

)DQJHU  >@ LQYHVWLJDWHG ZKHWKHU SDUDPHWHUV DJH VH[ VHDVRQ DQG QLJKWDQGGD\ 
LQIOXHQFHG WKH SUHIHUUHG WKHUPDO HQYLURQPHQW RI WKH KXPDQ +H FRQFOXGHG WKDW WKH VDPH
FRPIRUWFRQGLWLRQVVHHPWREHYDOLGZKHUHYHU\RXDUHLQWKHZRUOGDWERWKQLJKWDQGGD\DQG
GXULQJ DOO WKH VHDVRQV IRU D KXPDQ WKURXJKRXW KLVKHU ZKROH DGXOW OLIH ,W DSSHDUV WKDW WKH
FRPIRUWHTXDWLRQ>@FDQEHXVHGJHQHUDOO\LQGHSHQGHQWO\RIDJHVH[DGDSWDWLRQDQGQLJKW
DQGGD\+RZHYHUWKHVWDQGDUGV >@LQFOXGHDGDSWLYHSULQFLSOHVWRGD\6WXGLHVRIWKHUPDO
FRPIRUW LQ UHODWLRQ WR RWKHU IDFWRUV HJ SK\VLRORJLFDO DQG SV\FKRORJLFDO GLPHQVLRQV DUH
OLPLWHGEHFDXVHUHVHDUFKLQWRSHUVRQHQYLURQPHQWUHODWLRQVKLSVDQGWKHYDULDEOHVWKDWHIIHFW
WKHUPDO FRPIRUW DQG HQHUJ\ HIILFLHQW EXLOGLQJV LQ WKH EXLOW HQYLURQPHQW LV SHUIRUPHG LQ
FRQWUROOHGDQGQRQUHDOHQYLURQPHQWV>@PDLQO\DWRIILFHVDQGVFKRROV>@ZKHUHSHRSOH
VWD\IRUORQJHUDQGDUHQRWLQWHPSRUDU\VLWXDWLRQVOLNHFRQVXPHUYLVLWVWRDVWRUH

1XPHURXVUHVHDUFKHUVKDYHLQYHVWLJDWHGGLIIHUHQWFDWHJRULHVRIEXLOGLQJVDLUFRQGLWLRQHG
EXLOGLQJVKRWKXPLGFOLPDWHVRIILFHVKRVSLWDOVDQGZRUNHUVRQIRRGLQGXVWU\SUHPLVHV7KHVH
LQYHVWLJDWLRQVLQFOXGHGWKHWKHUPDOHQYLURQPHQWIRULQYHVWLJDWLRQVRIWKHUPDOFRPIRUW >
@
'DWDIURPFRQVXPHUVLQUHDOVHWWLQJVOLNHVXSHUPDUNHWVLVOLPLWHG7KHWKHUPDO













FRPIRUW SUREOHP RI VXSHUPDUNHWV DQG FROG VXUURXQGLQJV LQ IURQW RI GLVSOD\ FDELQHWV KDV
PRVWO\ EHHQ VWXGLHG XVLQJ REMHFWLYH PHDVXUHV DQG &RPSXWDWLRQDO )OXLG '\QDPLFV &)' 
PRGHOOLQJ > @ ZLWK UHIHUHQFHV WR WKH FRPIRUW LQGLFHV LQ WKH VWDQGDUGV > @ 7KH VWXGLHV
VKRZHGWKHµDLVOHSUREOHP¶RIFROGDLUIDOOLQJRXWRIWKHFDELQHWVZKLFKFDQFRQWULEXWHWRWKH
FROGQHVV,QFOLPDWHFKDPEHUVWKHSHUIRUPDQFHRIGLIIHUHQWFDELQHWVLVWHVWHGDFFRUGLQJWRWKH
VWDQGDUGV>@ZLWKRXWµHQRXJK¶PHDVXUHPHQWLQWKHVXUURXQGLQJHQYLURQPHQWWRILQGRXWPRUH
DERXWWKHFRQVXPHU¶VSUHGLFWHGRUSHUFHLYHGFRPIRUW7KHVWDQGDUGLQFOXGHVPHDVXUHPHQWVLQ
DWHVWURRPIDFLOLW\HQYLURQPHQWDQGFOLPDWHFODVVHV>@SUHVFULELQJGU\EXOEWHPSHUDWXUHDQG
UHODWLYHKXPLGLW\WRFROOHFWGDWDIRUKRZFDELQHWVSHUIRUPDQFHFKDUDFWHULVWLFVHJHQHUJ\XVH
HOHFWULFSRZHULQSXWWKHWHPSHUDWXUHDERYHWKHFDELQHW WRGHILQHFOLPDWLFFRQGLWLRQV DVZHOO
DVPHDVXUHVLQVLGHWKHFDELQHWXVLQJWHVWDQGPSDFNDJHV

9HUWLFDOFDELQHWVFDQEHSUREOHPDWLFGXHWRWKHLUWHPSHUDWXUHH[FKDQJHZLWKWKHDWPRVSKHUH
7KHHQHUJ\UHTXLUHPHQWRIWKHYHUWLFDOGLVSOD\FDELQHWLVKLJKGXHWRWKHODUJHDUHDIURQWLQJ
WRZDUGVWKHVDOHVDUHDZLWKGRRUVWKHVHFDELQHWVFDQEHPRUHHQHUJ\HIILFLHQW>@)RUGLVSOD\
FDVHVVXFKDVKRUL]RQWDOJRQGRODVRUFDELQHWVZLWKGRRUVWKHH[FKDQJHRIFROGDQGZDUPDLU
ZLWK WKH VXUURXQGLQJVLV OHVV >@ 7KH WKHUPDO HQYLURQPHQW DYHUDJH DLU WHPSHUDWXUHV LQ UHDO
VHWWLQJVPLQIURQWRIFDELQHWVFDQEHVHHQLQ)LJXUH8VLQJPHDVXUHVDLUWHPSHUDWXUHV
DWWKUHHGLIIHUHQWKHLJKWVDERYHIORRUOHYHOWKHUPDOFRPIRUWFDQEHHYDOXDWHGIRUDVWDQGLQJ
KXPDQ >@ ,W KDV EHHQ VKRZQ WKDW WKH WHPSHUDWXUHV LQ IURQW RI WKH FDELQHWV YDU\ ZLWK WKH
GLIIHUHQWFRQGLWLRQVHJVHDVRQGHVLJQDQGOD\RXWIURQWRUEDFNORDGHGFDELQHW7KHDPELHQW
DLUWHPSHUDWXUHIRUHDFKVXSHUPDUNHW $%DQG& LVORZHULQIURQWRIWKHEDFNORDGHGFDELQHW
FDELQHW FRPSDUHGZLWKIURQWORDGHGRQH FDELQHW 6XSHUPDUNHW%FDELQHW%LVVLWXDWHG
LQDFROGGDLU\URRPZLWKWHPSHUDWXUHVDW&IRUDOOWKUHHKHLJKWVERWKVXPPHUDQGZLQWHU


)LJXUH$LUWHPSHUDWXUHVIRUWKUHHVXSHUPDUNHWV $%& DQGW\SHRIFDELQHW  DERYH
WKHIORRUDWGLIIHUHQWKHLJKWVLQIURQWRIRSHQYHUWLFDOGLVSOD\FDELQHWV>@

7KHG\QDPLFYDULDWLRQVIRUWKHVXSHUPDUNHWGHSHQGLQJRQYDULDEOHV ERWKPDQDJHDEOHDQG
PDQDJHDEOH YDULDEOHV  DQG HQHUJ\ UHTXLUHPHQW FDQ EH FRQIXVLQJ IRU WKLV VHFWRU ZKHQ
FRPSDULQJ DQG FUHDWLQJ NQRZOHGJH RI WKH VLWXDWLRQ RI VHWWLQJ GLUHFWLRQV DQG UXOHV ZLWKRXW









FUHDWLQJEDUULHUV,WLVQRUPDOIRUWKHHQHUJ\IURPJURFHU\VWRUHVWRYDU\GHSHQGLQJRQVHYHUDO
GLIIHUHQWIDFWRUVDQGYDULDEOHVVRPHDUHSRVVLEOHWRLQIOXHQFH GHVLJQOD\RXWDQGRSHUDWLRQV 
ZKLOHRWKHUVDUHQRW RXWGRRUWHPSHUDWXUHGLIIHUHQWVHDVRQGD\DQGQLJKW 9DULDEOHVFDQEH
G\QDPLFLHGHSHQGRQVHDVRQRUGD\DQGQLJKW'HVLJQXVLQJWKHEHVWDYDLODEOHWHFKQRORJ\
DQGUHQHZDEOHHQHUJ\LVSRVVLEOHWKHRUHWLFDOO\DQGXQGHUQRQG\QDPLFFRQGLWLRQV7KHGHVLJQ
FDQEHDFRQWUDVWWRWKHUHDOVXSHUPDUNHWRSHUDWLRQ7RGHVLJQPRUHUHDOLVWLFDOO\WKLVVLWXDWLRQ
FDQ EH KHOSHG E\ JDLQLQJ LQIRUPDWLRQ XVLQJ UHDOWLPH PHDVXUHPHQWV >   @ ,QFUHDVLQJ
NQRZOHGJH DQG LPSURYHPHQWV WKDW ILW UHDO EXVLQHVVHV DQG GLIIHUHQW DFWLYLWLHV DQG SURFHVVHV
ZLWKLQWKHEULFNVDQGPRUWDUEXLOGLQJFDQEHXVHIXO,QGHHGZKHQWKHEXLOGLQJLVLQXVHRQH
FDQVXVSHFWDJDSLQWKHHQHUJ\UHTXLUHPHQWEHWZHHQGHVLJQWKHRUHWLFDOFDOFXODWLRQDQGUHDO
WLPHFRQGLWLRQV&RQVLGHULQJDOOWKHDSSOLDQFHVZLWKLQWKHEXLOGLQJVZLWKFKRLFHVWKDWµPD\RU
PD\¶QRWEHLQFOXGHG >@WKHULVNLVWKDWWKHUXQQLQJFRVWVIRUWKHVXSHUPDUNHWZLOOEHKLJKHU
IRUWKHUHWDLOHUDQGRZQHURIWKHEXLOGLQJ>@5XQQLQJFRVWVDOVRGHSHQGRQKRZRSHUDWLRQVDQG
EXVLQHVVHV DUH UXQQLQJ WKH UHIULJHUDWLRQ SDUW ZKLFK XVHV DVLJQLILFDQW DPRXQW RI HQHUJ\ LV
DGGLWLRQDOO\ OLQNHG GLUHFWO\ RU LQGLUHFWO\ WR RWKHU WHFKQLFDO LQVWDOODWLRQV IRU WKH UHVW RI WKH
EXLOGLQJ7KRVHLQYROYHGLQEXLOGLQJGHVLJQHJGHVLJQHUVGHYHORSHUVDUFKLWHFWVSODQQHUVDQG
PDQDJHUVVKRXOGHQVXUHWKDWWKH\OHDUQKRZWRJUDVSWKHVHVSHFLILFFLUFXPVWDQFHVDQGWKHUHWDLO
FRQWH[W





5HWDLOFRQWH[W

7KH UHWDLO FRQWH[W LQFOXGHV WKH FRQVXPHU DQG WKH UHIULJHUDWLRQ RI FKLOOHG JURFHULHV ,Q
VXSHUPDUNHWVHQHUJ\SHUIRUPDQFHLVLQIOXHQFHGE\WKHLQGRRUHQYLURQPHQWVWRUDJHDQGWKH
GLVSOD\RIIXUQLWXUHDQGUHIULJHUDWLRQV\VWHPV7KHWHPSHUDWXUHLVDYDULDEOHRILPSRUWDQFHQRW
RQO\LQWKHGHVLJQRIWKHEXLOGLQJ¶VWHFKQLFDOV\VWHPVLQRUGHUWRSURYLGHFRPIRUWEXWDOVRIRU
FRQVXPHUZHOOEHLQJ0DLQWDLQLQJWHPSHUDWXUHVLVDOVRQHFHVVDU\LQRUGHUWRDVVXUHWKHTXDOLW\
DQGVDIHW\RIWKHVHQVLWLYHFKLOOHGIRRGE\PHDQVRIWHFKQLFDOLQVWDOODWLRQV>@DQGLQRUGHUWR
DWWDLQWKHRSHUDWLQJWHPSHUDWXUHIRUWKHWHFKQLFDOV\VWHPVDQGDPELHQWWHPSHUDWXUHV
7KH DPELHQW FOLPDWH FRQGLWLRQV RI WKH JURFHU\ VWRUH LQIOXHQFH WKH SHUIRUPDQFH RI WKH
UHIULJHUDWHGGLVSOD\FDELQHWVWKHLUHQHUJ\XVHDQGWKHWKHUPDOHQYLURQPHQWIRUSHRSOHDQGWKH
WHPSHUDWXUHRIWKHIRRG5HIULJHUDWLRQPD\DOVREHRQHUHDVRQZK\WKHXVHRIHQHUJ\LQWKH
JURFHU\EXLOGLQJVHFWRULVFRPSUHKHQVLYHDQGVLJQLILFDQWO\KLJK >@JHQHUDOO\
DOPRVWGRXEOHWKHDPRXQWLVQHHGHGLQFRPSDULVRQZLWKRWKHUEXLOGLQJV)RUWKHUHWDLOHULQWKH
SK\VLFDO VWRUH EHVLGHV UHIULJHUDWLRQ WKH FRQVXPHU LV DOVR RI LPSRUWDQFH 7KH FRQVXPHUV
SXUFKDVHWKHJURFHULHVDQGWKXVSURYLGHEXVLQHVVIRUWKHUHWDLOHU6RPHWLPHVWKHUHLVDFRQIOLFW
EHWZHHQ WKH GLVSOD\ RI FKLOOHG JURFHULHV DQG WKH FRQVXPHUV EXW QRW QHFHVVDULO\ 5HVHDUFK
UHSRUWVWKDWLWLVQHFHVVDU\GXHWRIRRGVDIHW\DQGIRRGIUHVKQHVVWRKDYHDKLJKGHPDQGIRU
UHIULJHUDWLRQ>@ZKLFKRXJKWWRNHHSIRRGDWWKHFRUUHFWWHPSHUDWXUHVWRPHHWWKHUHJXODWLRQV
IRUFRQVXPHUVDIHW\DQGZHOOEHLQJ$WWKHVDPHWLPHUHVHDUFKDOVRVWDWHVWKHPDQ\RSWLRQVIRU
ORZHULQJWKHHQHUJ\UHTXLUHPHQWXVLQJHQHUJ\HIILFLHQWPHDVXUHVGLUHFWHGDWWKHIRRGLQGXVWU\
6XSHUPDUNHWVZLWKKLJKOHYHOVRIHQHUJ\LQWHQVLW\FDQLPSURYHWKHLUHQHUJ\HIILFLHQF\ >
@
(QHUJ\HIILFLHQF\FDQEHLPSURYHGZLWKHIILFLHQWHTXLSPHQWDQGLQFUHDVHGNQRZOHGJH







sometimes by 30-50 % or more; using more efficient refrigerated display cabinets, savings of
20-30 % can be achieved [71]. Starting the energy efficiency process with the installation of
more efficient display cabinets and an improved thermal environment is sufficient for both the
improved temperature quality of the groceries and improved thermal comfort.

2.2.1

Energy Performance

The energy requirement depends on detailed requirements and variables such as the temperature
and humidity of the environment [29], which can also affect food safety, and human responses
and behaviors [24, 87, 144, 147, 212]. The building variables, in calculations concerning demand, may
include the different technical installations and settings for the indoors environment being taken
into account.
Most of the energy used in grocery buildings is electricity, with widespread energy
consumption being between 300 – 2,300 kWh/ (m2, year) [17, 35, 57, 58, 161, 202, 215]. Datasets from
Denmark, Sweden and the Netherlands suggest [215] that the performance indicator (yearly total
energy consumption per sales area unit) and the average energy intensity = 400 kWh/ (m2,
year)3. Benefits with sales area compared with total grocery store area (i.e. accounting for
offices, storage rooms) is the possibility to exclude other areas not used for display of chilled
groceries [17], in the store. Variations in energy consumption between supermarkets are related
to buildings’ thermal envelopes, systems for lighting, heating, air conditioning, ventilation,
refrigeration, commissioning (balancing and servicing of each individual system) and behavior
(characteristics of employees and consumers) [215]. The variations, on the energy reported by
grocery buildings, reflect not only the potential for increasing efficiency but also the many
different options for operating refrigeration systems and thus the different potential methods of
measuring, calculating, and estimating energy use in the grocery retail context. One big
variation, in the high energy demand, may also be the relationships between different factors,
e.g. the design and layout of the supermarket building. The bulk of the total energy used by the
grocery business, more than half [17, 71], is for refrigeration. It is suggested that sufficient
performance indicators [1] involving food retailers could help not only in targeting poor
conditions but also in managing energy-efficient measures for benchmarking. Research calls
for more measurements and instruments and studies for the energy requirement process, the
transportation and storage of chilled food, with more consideration being paid to quality issues
[127, 194, 197]
, not only at the retail stage. The energy data of supermarkets can be used by
policymakers at the national level to map energy use and benchmark best practices for
supermarket buildings, as well [216].



m2 relates to the total supermarket floor space, and energy use (kWh/year) to the total electrical energy and
energy for heating. Secondary performance indicators can be used to refine for more detailed results.
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6WRUDJHDQGGLVSOD\RIFKLOOHGJURFHULHV

6LPXODWLRQVDQGFRPSXWDWLRQDOUHVXOWVKDYHVKRZQWKDWUHIULJHUDWHGFDELQHWVSDUWLFXODUO\RSHQ
RQHVZLWKRXWGRRUVGLUHFWO\LQWHUDFWZLWKWKHEXLOGLQJ¶V+9$&V\VWHPVWKXVLPSDFWLQJRQWKH
SHUIRUPDQFH>@LWLVVXJJHVWHGWKDWWKH+9$&EHFRQVLGHUHGPRUHHJE\PHDQVRIGLIIXVHUV
VXSSO\LQJWKHDLUZLWKRXWGLVWXUELQJWKHUHIULJHUDWHGGLVSOD\FDELQHW¶VVHQVLWLYHDLUFXUWDLQV)RU
VXSHUPDUNHWVWKHSXUSRVHRIUHWDLOGLVSOD\FDELQHWVLVERWKWRSUHVHQWJURFHULHVWRFRQVXPHUVLQ
DQDWWUDFWLYHZD\DQGWRPDLQWDLQWHPSHUDWXUHOLPLWVIRUVHQVLWLYHJURFHULHV7KHGLVSOD\FDELQHW
LV D VHUYLFH PDFKLQH 7KH GLVSOD\ FDELQHW H[FKDQJHV KHDW DQG PRLVWXUH DQG WKH KHDW
WUDQVSRUWDWLRQLQWRWKHFDELQHWZLOOGHSHQGRQLQWHUDFWLRQVEHWZHHQWKHDPELHQWDWPRVSKHUHDQG
WKHFOLPDWHLQVLGHWKHFDELQHW3HUIRUPDQFHDOVRGHSHQGVRQWKHLQVWDOODWLRQDQGGHVLJQ7KH
TXDOLW\RIWKHFDELQHWFDQFDXVHYDULDWLRQVRI±RIWKHVDYLQJVGHSHQGLQJRQZKHWKHU
GRRUVRUOLGVDUHLQWURGXFHGLQWRRSHQYHUWLFDOFDELQHWVRUQRW >@'LIIHUHQWGLVSOD\IXUQLWXUH
PD\EHXVHGERWKWKHYHUWLFDORQHVDQGWKHKRUL]RQWDORQHV JRQGRODV 7KHYHUWLFDOFDELQHWV
DUHWKHPRVWFRPPRQXVHGIRUWKHVHOIVHUYLFHUHWDLORI PRVWO\ SDFNDJHGJURFHULHVZLWKD
ODUJHYLVLEOHGLVSOD\IURQWLQJWRZDUGVWKHFRQVXPHUDQGWKHVDOHVDUHD:LWKDKLJKHUYHUWLFDO
FDELQHWXVLQJWKHVDPHIORRUVSDFHDODUJHUYROXPHDVUHJDUGVVWRUDJHDQGGLVSOD\LVSRVVLEOH
WKDQIRUORZHUKRUL]RQWDOJRQGRODV >@'HSHQGLQJRQWKHGHVLJQWKHYHUWLFDOFDELQHWVFDQEH
ORDGHGZLWKJURFHULHVIURPWKHIURQWDQGRUIURPWKHEDFN LHGDLU\SURGXFWVDUHFRPPRQO\
UROOHGLQIURPEHKLQGXVLQJDWUROOH\ 
)RUWKHYHUWLFDOGLVSOD\FDELQHWWKHFROGDLULVFRPPRQO\GLVWULEXWHGXVLQJDIDQIURPWKH
UHDURIWKHFDELQHWWKURXJKWKHSODWHVDORQJWKHVKHOYHVDQGIURPWKHWRSRIWKHFDELQHWE\PHDQV
RIRQH RUPRUH DLUFXUWDLQV7KHDLUFXUWDLQ>@LVDQLQYLVLEOHEDUULHUDWWKHIURQWRIWKH
FDELQHWDQGLVGHVFULEHGLQWHFKQLFDOVWDQGDUGV >@DV³OLPLWLQJERWKKHDWDQGPDVVWUDQVIHUV
EHWZHHQ WKH FDELQHW¶V JURVV YROXPH DQG WKH VXUURXQGLQJ HQYLURQPHQW´ WR SURWHFW VHQVLWLYH
JURFHULHV&ORVHGFDELQHWVKDYH JODVV GRRUV >@ZKLFKWKHFRQVXPHUPXVWRSHQ
XQOHVVWKH\RSHQDXWRPDWLFDOO\ WRUHDFKWKHJURFHULHV,IWKHFDELQHWGRHVQRWKDYHDQ\GRRUV
LW FDQ EH HTXLSSHG ZLWK QLJKW FXUWDLQV > @ RXWVLGH RI RSHQLQJ KRXUV ZKLFK DUH XVHIXO DV
UHJDUGVSURWHFWLQJDJDLQVWWKHLQILOWUDWLRQRIZDUPKXPLGDLUIDOOLQJLQWRWKHFDELQHWFRQWDLQLQJ
JURFHULHV7KHFDELQHWLWVHOILVGHVLJQHGWRPDLQWDLQWHPSHUDWXUHVDQGWKXVJURFHULHVORDGHG
LQWRLWVKRXOGDOVREHDWWKHFRUUHFWWHPSHUDWXUHV6RPHJURFHULHVDUHPRUHVHQVLWLYHDQGFDQ
UHTXLUHFRROHUWHPSHUDWXUHVEXWQRWWRRFRRO,WKDVEHHQVKRZQWKDWFRQVXPHUVSHUFHLYHGWKH
TXDOLW\RIJURFHULHVWRLQFUHDVHZKHQGRRUVDUHILWWHGWRUHIULJHUDWHGFDELQHWV>@7KLVWKHVLVKDV
LQYHVWLJDWHG FRQVXPHUV XVLQJ YHUWLFDO GLVSOD\ FDELQHWV either with or without doors  ZKHQ
EX\LQJGLIIHUHQWFKLOOHGJURFHULHV LQWHQGHGIRUDWHPSHUDWXUHUDQJHRIDERYHDQGEHORZ&
IRUWKUHHGLIIHUHQWSURGXFWFDWHJRULHV 
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6\VWHPV DQGDSSOLDQFHV IRUUHIULJHUDWLRQ

7RSURYLGHFROGWHPSHUDWXUHVWKHFDELQHWFDQEHFRQQHFWHGXVLQJDGLUHFWRULQGLUHFWV\VWHP
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of operating refrigeration systems, at elevated pressure, to the owner of a building may be
difficult. The driving force regarding different challenges is instead, sometimes, problems with
the environment; solving these problems automatically includes increased energy efficiency
and improved comfort and food quality. It is estimated that most costs of a building are
associated with staff salaries, in general 80-90% of the costs, compared with 3% for owning
and maintaining the building [40]. To improve the thermal environment using doors on the
cabinets is an option, resulting in improved thermal comfort for the staff and the consumer.
There is evidence that people’s performance is more strongly related to thermal comfort than
to temperature per se [208].

UHPRYHGIURPWKHVDOHVDUHD EHLQJPRUHLVRODWHGLQWKHPDFKLQHU\URRP DQGWKDWDORZHU
YROXPHRIUHIULJHUDQWVPD\EHXVHGDVZHOODVEHQHILWVVXFKDVHDVLHUPDLQWHQDQFHDQGUHSDLUV
WRV\VWHPV$FHQWUDOL]HGV\VWHPFDQEHFRQVLGHUHGWREHDEXLOWLQV\VWHPWKHUHIRUHLWPD\
DOVREHLQFOXGHGLQWKHEXLOGLQJ¶VSHUIRUPDQFH>@FDOFXODWLRQV$QRWKHURSWLRQLVWRFRPELQH
ZLWK ³SOXJLQ´ XQLWV RI GLIIHUHQW VL]HV LQ WKH VDOHV DUHD 7KH VPDOOHU µIUHH¶ SOXJLQ XQLWV DUH
FRPPRQO\VXSSOLHGDQGEUDQGHGE\IRRGSURGXFHUVLQRUGHUWRPDUNHWWKHPHUFKDQGLVHLQWKH
XQLW5XQQLQJFRVWVLHHOHFWULFLW\DUHSDLGIRUE\WKHUHWDLOHUIRUWKHVHµIUHH¶XQLWVXSSOLHGE\
WKHSURGXFHUV,QEHWZHHQWKHUHDUHFRPELQDWLRQVRIGLIIHUHQWV\VWHPVDQGK\EULGXQLWVRQH
H[DPSOHEHLQJWKHZDWHUORRSV\VWHPVLOOXVWUDWHGLQ)LJXUHZLWKµODUJHU¶SOXJLQXQLWVRIWHQ
RZQHGE\WKHUHWDLOHUDQGZLWKLQGLYLGXDOFRPSUHVVRUVIRUHDFKFDELQHWVHFWLRQLQWKHVWRUH
+HDWZKLFKLVJHQHUDWHG LQWKHFRQGHQVHU LVGLVWULEXWHGWRDZDWHUORRSV\VWHPDQGDZD\IURP
WKHVDOHVDUHDLQRUGHUWREH KRSHIXOO\ UHFRYHUHGZKHUHYHULWLVQHHGHGZLWKLQWKHEXLOGLQJRU
GLVWULEXWHGWRRWKHUWHQDQWVEXLOGLQJVLQVWHDGRIEHLQJµZDVWHG¶&RVWO\GLUHFWDFWLQJHOHFWULFDO
KHDWLQJFDQEHDYRLGHGE\XVLQJKHDWJHQHUDWHGE\FRROLQJDSSOLDQFHVDQGHTXLSPHQWZKLFKDUH
QRUPDOO\VXIILFLHQWO\SURILWDEOHLILWLVSRVVLEOHWRGLVWULEXWHWKHKHDWZKHUHLWLVQHHGHG>@

)LJXUH:DWHUORRSV\VWHPFROOHFWLQJWKHFRQGHQVHUKHDWIURPWKHUHIULJHUDWHGXQLWV>@

+RZHYHUKHDWJHQHUDWHGE\FRPPHUFLDOUHIULJHUDWLRQFDQEHZDVWHGXQQHFHVVDULO\>@WKH
HQHUJ\ZLVHUHWDLOEXVLQHVVZLWKDNH\SRVLWLRQLQFRPPHUFLDOEXLOGLQJVFDQDOVRVHOOWKHH[FHVV
KHDW(YHQLILWLVFRPPRQWRVHHDQGJRRGSUDFWLFHWRXVHWKHKHDWUHFRYHUHGIURPVXSHUPDUNHW
UHIULJHUDWLRQV\VWHPVJRLQJWRYHQWLODWLRQV\VWHPV RUWHQDQWV 7KHKHDWSXPSDQGUHIULJHUDWLRQ
VHFWRUVFDQSOD\DQLPSRUWDQWUROHZLWKPDQ\EHQHILWVDQGLPSURYHGHQHUJ\HIILFLHQF\>@
ZLWKKLJKHIILFLHQF\0DQ\QRQWHFKQLFDOEDUULHUVDOVRH[LVWEHWZHHQWKHRZQHURIWKHFRROLQJ
DSSOLDQFHVDQGZKRHYHUFDQEHQHILWIURPWKHUHFRYHUHGKHDW:LWKDQDJUHHPHQWRUDPXWXDO
XQGHUVWDQGLQJEHWZHHQWKHWHQDQWDQGWKHODQGORUG>@WKHKHDWIURPWKHUHIULJHUDWLRQV\VWHP
FDQEHXVHGE\RWKHUVLIUHWDLOHUVGRQRWQHHGLWWKHPVHOYHVLQVWHDGRIZDVWLQJLW7HFKQLFDOO\
LWLVNQRZQKRZWRXWLOL]HUHFRYHUHGKHDWZKLOHKDQGOLQJDJUHHPHQWVFDQEHDQRQWHFKQLFDO
EDUULHUEHWZHHQDWHQDQWDQGWKHRZQHURIWKHEXLOGLQJ ODQGORUG >@([SODLQLQJWKHH[WUDFRVW





2.2.1.3

Energy efficiency

Existing supermarkets, and buildings, have physical limitations, e.g. retail practices and
building locations. Some variables of the energy systems are independent and others are not,
something which will influence the (energy) electricity consumption and the costs borne by the
supermarket. Howell [100] has shown the importance of moisture balance in supermarkets,
finding three factors regarding the display that were all dependent on humidity; the
refrigeration, anti-sweat heaters and case defrost. The relationship between refrigerated display
cabinets and environmental conditions (relative humidity and dry bulb temperature) is linear,
see Figure 2.4, and water vapor mass is one of the main influencers of both the performance
and the energy consumption of the cabinets [111].



Figure 2.4 Required cooling for display cabinet as a function of ambient conditions [29,16].
The influence on horizontal gondolas, as well as cabinets with more sufficient barriers, is
lower due to less infiltration. A good option for improving the energy efficiency of supermarket
buildings seems to be targeting the different barriers that these buildings and businesses
encounter, in relation to refrigeration, as it consumes more than half of the building’s energy.
Figure 2.5 below [1] presents some unmanageable or manageable variables for refrigeration
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energy use. The consumer frequency varies both during the day and the week [16, 138] and it is
claimed, on the basis of measurements, that the trading intensity has a negligible influence on
refrigeration energy consumption [1] (measured as increased trading towards the end of the week
and the steady energy use around the ‘same’ kWh, except on Sundays which are linked to
shorter opening hours than on weekdays). Te refrigeration requirement is independent of the t.
Energy performance indicators are created to help identify different variables that may affect
the refrigeration energy required of supermarkets. There are several options for creating more
efficient barriers between the cold air in the cabinets and the surrounding atmosphere. However,
this may be a barrier to the retailer investing in emerging technologies due to the uncertain and
imperfect information about the performance of the technologies [121]. If the retailer decides on
this kind of investment, knowledge of the situation, doors or no doors, may be helpful,
especially if this is linked to the consumer situation. It is suggested that, for energy efficiency
reasons, cold temperatures be below human comfort zones are hold, by retailers saving money
for heating [21], and then energy efficiency would not have a negative impact and it would thus
be necessary to further investigate how consumers prefer the environment to be.
Dependent variable:
controllable factors to achieve energy savings:
‐ setting changes
‐ maintenance regimes
‐ refurbishment programmes
(a) Manageable

Depending on the building:
New build or retrofits
‐ refrigeration system design/ refrigeration type
‐ building type, age
‐ cabinet type, age
‐ pack size, condensor size, evaporator size

Variables for
refrigeration
energy
consumption in
supermarkets

Trading hours: hours the store is open for business
Trading intensity:
store sales, measured in quantity of products or weight
Location/ weather conditions:
values of temperature, humidity of the location

(b) Unmanagable

Store sales area/store food area:
dimension allocated to merchandise display
Connected load:
expected energy demand from refrigeration under test
conditions

Figure 2.5 Manageable and unmanageable variables for refrigeration energy in retail [1].
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)RUFRQYHQLHQFHLVLWFRPPRQIRUUHWDLOHUVWRGLYLGHWKHLUVDOHVDUHDXSLQWRGLIIHUHQWµ]RQHV¶
ZKHUHSURGXFWVDUHGLVSOD\HGWRFRQVXPHUVRQWKHEDVLVRIJURFHU\FDWHJRULHVHJGDLU\PHDW
DQGIUXLW YHJHWDEOHV$VUHJDUGVEXLOGLQJGHVLJQWKHVWRUHPD\EHGLYLGHGXSRQWKHEDVLVRI
WHFKQLFDOLQVWDOODWLRQVVXFKDVKHDWLQJYHQWLODWLRQDLUFRQGLWLRQLQJDQGUHIULJHUDWLRQ +9$&
5  DQG OLJKWLQJ ZLWKLQ WKH EXLOGLQJ¶V HQYHORSH $ EXLOGLQJ¶V V\VWHP ERXQGDU\ DQG HQHUJ\
IORZV ZLWKLQDQGWKURXJKWKHERXQGDU\RIWKHGHOLYHUHGDQGH[SRUWHGHQHUJ\RQVLWH LVDOVR
GHVFULEHGE\.XUQLNVNL >@DVWZRVXEV\VWHPVWKHneedRUuseZLWKLQWKHERXQGDULHVRIWKH
EXLOGLQJV 6\VWHP ERXQGDULHV FDQ DOVR GHSHQG RQ GLUHFWLYHV LQFOXGLQJ RU H[FOXGLQJ WKH
UHIULJHUDWLRQV\VWHPDQGDSSOLDQFHV LH(FRGHVLJQIRUFRPSRQHQWVDSSOLDQFHVDQGWKH(3%'
IRUEXLOGLQJGLUHFWLYHV >@ $FFRUGLQJWRWKH(3%' >@DOOFRPSRQHQWVDUHLQFOXGHGLI
WKH\XVHHQHUJ\H[FHSWWKHHQHUJ\XVDJHRIDSSOLDQFHVDQGWKHDSSOLDQFHVIRUUHIULJHUDWLRQPD\
EH H[FOXGHG 7KH ERXQGDULHV DURXQG WKH EXLOGLQJ¶V HQYHORSH DQG WKH LQFOXVLRQ RI WKH
UHIULJHUDWLRQDSSOLDQFHVZLWKPHDVXUHVWKDWFRQVLGHUVHDVRQDOYDULDWLRQVGXULQJWKH\HDU >@
DUHVXJJHVWHG,IHQHUJ\LVWUDQVIHUUHGRXWVLGHWKHERXQGDU\ WREHXVHGE\VRPHRQHHOVHLQVWHDG
RI ZDVWHG  WKLV VKRXOG EH DFNQRZOHGJHG DV VRPHWKLQJ SRVLWLYH 2QH ZD\ WR DFNQRZOHGJH
UHFRYHU\LVWRFRPELQHHOHFWULFDOHQHUJ\FRQVXPSWLRQZLWKHQHUJ\XVHIRUKHDWLQJWRDFFRXQW
IRU WKH KHDW UHFRYHU\ ZKHQ FDOFXODWLQJ WKH H[DPSOH LQGLFDWRUV >@ VHH  7DNLQJ LQWR
FRQVLGHUDWLRQDOOWKHDSSOLDQFHVZLWKLQWKHEXLOGLQJVWRJHWKHUZLWKFKRLFHVWKHULVNLVWKDWWKH
FRVWVERUQHE\WKHVXSHUPDUNHWZLOOEHKLJKHUZKHQWKHEXLOGLQJLVLQRSHUDWLRQ

1RWRQO\WKHLQGRRUHQYLURQPHQWEXWDOVRWKHSK\VLFDOFKDUDFWHUL]DWLRQVDQGOD\RXWVRIWKHVH
FRPPHUFLDOEXLOGLQJVVKRXOGJLYHIDLUDFFHVVWRDOOSHRSOHDQGWRWKRVHZLWKGLVDELOLWLHV>@$
PHQWDODQGYLVXDOPDSPD\EHKHOSIXODQGFDQEHXVHGIRUGLIIHUHQWRULHQWDWLRQFXHVEHWWHU
OD\RXWVZLWKZLGHUDLVOHVDXGLWRU\VLJQVWRDOHUWDQGUDQGRPIXUQLWXUHFDQEHUHPRYHGIURP
WKH PLGGOH RI WKH DLVOH >@ 0RUHRYHU LQ UHODWLRQ WR KHDOWKLHU IRRG FKRLFHV UHWDLOHUV DQG
SURGXFHUVZHUHVXJJHVWHGWRIRFXVPRUHRQWKHUHIULJHUDWHGGLVSOD\VRPHWKLQJZKLFKFRXOG
RYHUFRPHVRPHEDUULHUVDQGLQFUHDVHWKHOHYHORIFRQYHQLHQFHDQGDYDLODELOLW\IRUFRQVXPHUV
RIKHDOWKLHUIRRGFKRLFHV >@6WXGLHVKDYHVKRZQWKDWDUFKLWHFWVDQGGHVLJQHUVFDQUHGXFH
DQGRYHUFRPHEDUULHUVWRVKRSSHUVZLWKGLIIHUHQWDELOLWLHVWRDFFRPPRGDWHDJLQJSRSXODWLRQV
DQGWKRVHZLWKGLVDELOLWLHV7KHSK\VLFDOVWRUHLVIDFLQJPDQ\FKDOOHQJHVEHFDXVHRIGLIIHUHQW
FXHVDQGFKDQQHOVIRUVKRSSHUV'HVLJQDQGOD\RXWDUHWKHUHIRUHFRQWLQXRXVO\EHLQJLQYHVWLJDWHG
LQRUGHUWRJDLQIXUWKHULQVLJKWV

)RRGSDFNDJHVIRUJURFHULHVDQGOLTXLGVFDQDOVREHFRQVLGHUHGDVEDUULHUV,WLVFRPPRQIRU
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DPELHQWDWPRVSKHUH7KHSDFNDJLQJUROHRIFKLOOHGIRRGLVRILPSRUWDQFHWRWKHUHWDLOHUDQGWKH
SURGXFHULQPDQ\ZD\VDQGFDQDOVRDIIHFWWKHOHQJWKRIVWRUDJHDQGGLVSOD\RIFKLOOHGSURGXFWV
LQVWRUH>@7KHWUHQGLVWRZDUGVLQWHOOLJHQWSDFNDJLQJWHFKQRORJLHVDQGGHYHORSPHQWVWRZDUGV
VXVWDLQDELOLW\ )RU H[DPSOH LQ H[WHQGLQJ VKHOIOLIH ZLWKLQ WKH SDFNDJLQJ DWPRVSKHUH > @
+RZHYHUWKLVWHFKQRORJ\FDQEHH[SHQVLYHDQGSURGXFWVQHHGWREHFKHDSHUDVFRVWVPD\EH







more important. Low-emissivity packaging materials are suggested for use [45], improving
refrigeration system efficiency if changing refrigerator operating settings is allowed, requiring
less energy. Also different materials, composite filled material (PCM) [222], are suggested to
cause less temperature fluctuation. Different materials can influence the packaging.
Temperature, energy and either with or without doors on cabinets

Detailed climate chamber trials for cabinets in climate class 22(65), and for groceries intended
to be stored below 8 °C [134, 138], according to standard [111], have shown that retrofitted doors on
vertical open cabinets allow the temperature, cold air, to be kept within the cabinet more
efficiently, in comparison with using air-curtains and night curtains as barriers. Using doors,
Figure 2.6 and Condition B, the cooling demand decreases substantially, -66 %, during daytime
operation [134]. Moreover, the coefficient of performance [112] (COP) of the refrigeration system
can be improved substantially when it is possible to increase the required incoming brine inlet
temperature (tbin is raised 10 K) of the refrigeration system. For the same cabinet, doors
openings were tested and evaluated for daytime and nighttime operation, 12 h respectively (at
night, without doors, night curtains are used). With doors, Figure 2.7, the temperature
fluctuations are smaller [138], and the cabinet can more easily allow disturbing factors, for
example air ventilation and draughts. In addition, with temperatures (tbin) above 0 °C, it may
be possible for the display cabinet to avoid energy required for frost growth. Defrosting can
also impact the product quality due to the warmer temperatures. The temperature variations (for
m-packages) were significantly lower in variations with doors retrofitted, Appendix C, this was
also true for a higher door opening frequency (10 compared with 30 openings / hour), as shown
in Figure 2.6-7 [134, 138].
More measurements made under real operating conditions were collected from a
supermarket, before and after the installation of doors, Appendix D. The retrofitting of doors
has shown high energy efficiency. With doors on dairy cabinets, after optimizing the system
and increasing the COP, the electrical demand from the compressors could be cut by up to
75-80 % [182], in the section for dairy products. Earlier studies, not based on in-store
measurements, have shown that infiltration accounts for 70-80 % of the total cooling load [16,
78, 79, 84, 202]
.
In the store, an open front (no doors) on refrigerated display cabinets allows an easy view of
and access to the chilled groceries. However, it must be understood that the refrigerated display
cabinet can be designed with barriers and functions that have different purposes.
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)LJXUH$YHUDJHYDOXHVRIKHDWH[WUDFWLRQ>@IRUYHUWLFDOFDELQHWVZLWKGRRUV%&DQGWKH
VDPHFODVVLILFDWLRQIRUWKHFDELQHWZLWKRXWGRRUV$



)LJXUH7HPSHUDWXUHVRIPSDFNDJHV W0 LQWKHYHUWLFDOGLVSOD\FDELQHWHLWKHUZLWKRU
ZLWKRXWGRRUV>@GLIIHUHQWGRRURSHQLQJIUHTXHQFLHV

5HJDUGOHVVRIZKHWKHUWKHUHDUHdoors or no doorsWKHFDELQHWLWVHOIPXVWIXQFWLRQLQWHUPV
RI VDIHW\ DQG TXDOLW\ DVVXUDQFH NHHSLQJ WHPSHUDWXUHV ZKHUH WKH\ VKRXOG EH 'LIIHUHQW
WHPSHUDWXUH YDULDWLRQV DQG KRZ WKH\ DIIHFW IRRG TXDOLW\ KDYH EHHQ LQYHVWLJDWHG E\ VHYHUDO
UHVHDUFKHUV >@,WLVFODLPHG >@WKDWZLWKRXWSURSHUFRROLQJQRWRQO\GRHVWKHTXDOLW\RI
IUXLWDQGYHJHWDEOHVGHFUHDVHLQWHUPVRIZHLJKWORVVUHGXFHGILUPQHVVRISURGXFHFKDQJHRI
FRORU WKH GHYHORSPHQW RI SK\VLRORJLFDO GLVRUGHUV HWF EXW DOVR LWV DFFHSWDELOLW\ 6HQVLWLYH
JURFHULHV WKXV QHHG WR EH VWRUHG DW ORZ WHPSHUDWXUHV LQVWHDG RI XVLQJ DLU FRQGLWLRQLQJ RU
DPELHQFH >@WRUHGXFHWKHGHFOLQHLQTXDOLW\DQGORVVHV'HIURVWVDUHHQHUJ\LQWHQVLYHDQG
DOVRDIIHFWIRRGSURGXFWWHPSHUDWXUHIOXFWXDWLRQVWKHHYDSRUDWRUZKLFKLVVXJJHVWHGWREHIURVW
IUHHYLDGHKXPLGLI\LQJFDQDOVRDFKLHYHKLJKOHYHOVRIHQHUJ\HIILFLHQF\ >@7REHHIILFLHQW
DOVRGLIIHUHQWVPDUWJULGLQWHJUDWLRQVIRUHDV\FRQQHFWLRQVDUHSURSRVHGDQGVXJJHVWHGWRVHFXUH
KLJK SHUIRUPDQFHV IRU SRZHU FRQVXPSWLRQ PDQDJHPHQW ,W LV VXJJHVWHG WKDW WHFKQLFDO
LQWHUYHQWLRQVXVLQJPRGHOVLPXODWLRQVEHYDOLGDWHGDJDLQVWUHDOGDWD>@


$VLPLODUFODVVLILFDWLRQ LQFOXGHVUHTXLUHPHQWIRUWHPSHUDWXUHVWRUDJH IRUWKHFDELQHWLVEDVHGRQWKH
ZDUPHVWPSDFNDJHLQWKHVWRUDJH
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7KH UHWDLOHU IDFHV D FRPSOH[ GLOHPPD EHWZHHQ GHVLJQLQJ D FRQVXPHUIULHQGO\ DQG
FRPIRUWDEOH LQVWRUH HQYLURQPHQW ZLWK ORZ EDUULHUV WR SXUFKDVHV DQG RIIHULQJ WKH EHVW
VXVWDLQDEOH VWRUH SRVVLEOH ± RU SHUKDSV VHWWOLQJ IRU ³JRRG HQRXJK´ )RU WKH UHWDLOHU WKH
VKRSSLQJVLWXDWLRQDVUHJDUGVFKLOOHGJURFHULHVLVEURDGLQERWKVFRSHDQGFRQWHQW7KHOLWHUDWXUH
SUHVHQWVGLIIHUHQWYLHZVRIKRZWRILJXUHRXWDQGLQYHVWLJDWHWKHGLIIHUHQWEDUULHUVLQWKHUHWDLO
FRQWH[W WR ILQG HYLGHQFH RI KRZ FDELQHWV LPSDFW HQHUJ\ HIILFLHQF\ FKLOOHG JURFHULHV DQG
FRQVXPHU EHKDYLRU 7R JDLQ NQRZOHGJH RI KRZ FRQVXPHUV EHKDYH PRVW UHVHDUFKHUV KDYH
IRFXVHGRQLQYHVWLJDWLQJRQKRZGRRUVRQGLVSOD\FDELQHWVDOVRLPSDFWVDOHV)ULFNH>@IRXQG
PRLVWXUHIURPWKHDWPRVSKHUHWKDWFRQGHQVHVRQWKHLQVLGHVRIGRRUVWREHSUREOHPDWLFZKHQ
WKHUHDUHOHVVWUDQVSDUHQWGRRUV,WLVVXJJHVWHGWKDWGRRUVRQGLVSOD\FDELQHWVFDQULVNGHFUHDVHG
VDOHV > @ &RQVXPHUV LQWHUYLHZHG LQGLFDWHG WKDW KDOI RI WKHP SUHIHUUHG FDELQHWV ZLWKRXW
GRRUVWKLVVWXG\ZDVSHUIRUPHGGXHWRSRVVLEOHUHGXFWLRQVLQJURFHULHVVDOHVGXHWRGRRUVEHLQJ
ILWWHGWRFDELQHWV >@,QDUHYLHZRIDOPRVWDUWLFOHVRQWKHSHUIRUPDQFHRIUHIULJHUDWHG
FDELQHWV LW ZDV FRQFOXGHG WKDW WKH IRFXV ZDV PRVWO\ RQ WKH HQHUJ\ XVH SHUVSHFWLYH DORQH
ZLWKRXWDQ\FRQFOXVLRQVUHJDUGLQJWKHORVVRIVDOHVRIJURFHULHVGXHWRWKHXVHRIGRRUV>@7KLV
WKHVLV VXJJHVWV WKH LQFOXVLRQ RI WKH LPSRUWDQFH RI SHUVRQHQYLURQPHQW LQWHUDFWLRQV ZKHQ LW
FRPHVWREDUULHUVVXFKDVGRRUV0RUHLQVLJKWVEDVHGRQWKHIRRGVFDSHDQGWKHFRQVXPHUPD\
EHDIUXLWIXOVWUDWHJ\DVUHJDUGVRYHUFRPLQJVRPHRIWKHEDUULHUV



&RQVXPHULQVLJKWV

7RLPSURYHWKHHQHUJ\HIILFLHQF\RIUHWDLOJURFHU\VWRUHVFRQVXPHUEHKDYLRUZKLOHLQIURQWRI
GLVSOD\V DQG FRQVXPHUV¶ SHUFHSWLRQV RI GHVLJQ DQG OD\RXW DUH FULWLFDO WR XQGHUVWDQG
6HUYLFHVFDSH UHVHDUFK KDV DOVR QRWLFHG WKH LPSRUWDQFH RI SHUVRQHQYLURQPHQW LQWHUDFWLRQV
ZKLFK EHVLGHV JURFHULHV DOVR LQIOXHQFH VKRSSLQJ EHKDYLRUV ORFDWLRQ GHVLJQ OD\RXW DQG
GLVSOD\XVHGLQUHWDLODQGHPRWLRQVVXFKDVSOHDVXUHDQGDURXVDO  >@DQGVHUYLFH
>@
LQWKHSK\VLFDOHQYLURQPHQW%LWQHU>@FRQFHSWXDOL]HGWKHVHUYLFHVFDSHZLWKWKHFRQFHSWXDO
IUDPHZRUN >@EHLQJHODERUDWHGRQDQGXVHGLQWKLVWKHVLV:LWKLQWKHVHUYLFHVFDSHWKHUHDUH
GLIIHUHQWHQYLURQPHQWDOYDULDEOHVVHH)LJXUHDQGWKHVHDOOUHODWHWRHDFKRWKHU>@WRFUHDWH
D VKRSSLQJ H[SHULHQFH IRU WKH FRQVXPHU 7KH GLPHQVLRQV RI WKH SK\VLFDO VXUURXQGLQJV WKXV
FRQVLVWRIWDQJLEOHDQGLQWDQJLEOHIHDWXUHVWKDWMRLQWO\LQFOXGH³>«@´DOORIWKHREMHFWLYHSK\VLFDO
IDFWRUVWKDWFDQEHXVHGE\WKHILUPWRHQKDQFH RUFRQVWUDLQ HPSOR\HHDQGFRQVXPHUDFWLRQV
S >@7KHJURFHU\UHWDLOEXLOGLQJWKHDWPRVSKHUHDQGWKHSK\VLFDOHQYLURQPHQWLQZKLFK
VHUYLFH SURFHVVHV WDNH SODFH DQG ZKLFK H[SODLQ FRQVXPHU EHKDYLRU LQFOXGH WKUHH
HQYLURQPHQWDO GLPHQVLRQV >@ WKDW LQIOXHQFH FRQVXPHUV¶ DQG HPSOR\HHV¶ UHVSRQVHV DQG
EHKDYLRUV

Ͳ DPELHQWFRQGLWLRQV WHPSHUDWXUHOLJKWFRORUFOHDQOLQHVVDLUTXDOLW\QRLVHPXVLFRGRU
HWF 
Ͳ VSDFHVDQGIXQFWLRQV SURGXFWVJURFHULHVGLVSOD\VDLVOHVIORRULQJOD\RXWHTXLSPHQW
IXUQLVKLQJVHWF 
Ͳ VLJQVV\PEROVDQGDUWLIDFWV VLJQDJHSHUVRQDODUWLIDFWVVW\OHVRIGpFRUHWF 













)LJXUH(QYLURQPHQWDOGLPHQVLRQV>@LQWKHJURFHU\UHWDLOEXLOGLQJ

0RVWVWXGLHVRIWKHVHUYLFHVFDSHDUHJHQHUDOO\DERXWWKHRYHUDOOFRQVXPHUH[SHULHQFH>@LQ
FRPELQDWLRQ ZLWK RWKHU WDQJLEOHV WKDW IDFLOLWDWH WKH SHUIRUPDQFH RU FRPPXQLFDWLRQ RI WKH
VHUYLFH HJ SRLQW RI SXUFKDVH GHFRUDWLRQ DQG LQWHULRU YDULDEOHV >      @
5HVHDUFKHUVKDYHDOVRXVHGWKHVHUYLFHVFDSHWRXQGHUVWDQGLQWHUDFWLRQVEHWZHHQHQYLURQPHQWDO
FXHV7KRVHIHDWXUHVKDYHEHHQIXUWKHUGHYHORSHGXVLQJDPDUNHWLQJSHUVSHFWLYHXQGHUOLQLQJ
WKH GLPHQVLRQV RI VWDII RWKHU FRQVXPHUV WKH SK\VLFDO HQYLURQPHQW SURGXFWV DQG WKHPHV
VWRULHV HJ >  @  +RZHYHU PRUH HPSLULFDO UHVHDUFK LGHQWLI\LQJ QHZ UROHV IRU WKH
VHUYLFHVFDSHLVQHHGHG>@LQWKHJURFHU\UHWDLOFRQWH[W5HVHDUFKKDVDGGUHVVHG
WKLVQHHGE\VWXG\LQJIRUH[DPSOHWKHHVHUYLFHVFDSH>@WKHOHLVXUHVHUYLFHVFDSH>@DQG
WKHYLUWXDOVHUYLFHVFDSH>@7KHVHUYLFHVFDSHFDQEHWXUQHGLQWRDPRUHVDWLVI\LQJHQFRXQWHU
E\ XQGHUVWDQGLQJ WKH FRQVXPHU¶V DWWULEXWLRQ SURFHVVHV ,Q SK\VLFDO VWRUHV WKHUH DUH PDQ\
GLIIHUHQWFXHVDQGLQRUGHUWRJDLQPRUHDQGEHWWHULQVLJKWVLQWRWKHUHVHDUFKLQWRFRQVXPHU
EHKDYLRUDQGH[SHULHQFHVDVUHJDUGVFKLOOHGJURFHULHVWKLVWKHVLVVHUYLFHVFDSHLVDSSOLHGWRWKH
UHWDLOFRQWH[WDQGFDOOHGWKHIRRGVFDSH  IRFXVLQJRQRSHQRUFORVHGGLVSOD\FDELQHWV
VWRULQJFKLOOHGJURFHULHV%\HODERUDWLQJRQWKHVHUYLFHVFDSHDQGWDQJLEOHVLWFDQEHXQGHUVWRRG
WKDWGRRUVDVWDQJLEOHVFDQEHXVHGWRFRQWUROEHKDYLRU>@PRUHRYHUWKHHIIHFWVRQFRQVXPHUV
ZLWKLQWKHVHUYLFHVFDSHDUHVXJJHVWHGWREHVL]HDEOH>@
%XW WKH VHUYLFHVFDSH DOVR LQIOXHQFHV SHUFHSWLRQV RI TXDOLW\ >@ >@ DQG HPRWLRQV >@
DIIHFWLQJWKHSHUIRUPDQFHRIWKHVKRSSLQJWDVN >@LQWXUQDOVRDIIHFWLQJWKHSHUIRUPDQFH
RIWKHVKRSSLQJWDVN,QWKHOLWHUDWXUHWKHODFNRIERWKLQIRUPDWLRQDQGNQRZOHGJHKLJKOLJKWV
WKH IDFW WKDW PRUH HGXFDWLRQ RI WKH FRQVXPHU IRU H[DPSOH FDQ EH XVHG WR XQGHUVWDQG WKH
EHQHILWV DQG WR LQFUHDVH FRQILGHQFH LQ GLIIHUHQW VLWXDWLRQV > @ 'LUHFWLRQ DQG UXOHV FDQ EH
SURYLGHG ZLWK PRUH LQWHUDFWLRQV EHWZHHQ GLIIHUHQW SUDFWLWLRQHUV DQG WKRVH ZKR RXJKW WR
LPSURYHRULQIRUPDERXWIRRGTXDOLW\FDQEHSURYLGHGZLWKDUJXPHQWVWKDWDOVRUHGXFHHQHUJ\
XVH >@LQWKLVHQYLURQPHQW'LIIHUHQWFRQVXPHUJURXSVPD\QHHGWREHPDQDJHGGLIIHUHQWO\
SDUWLFXODUO\IRURIIOLQHRQOLQHUHWDLOFXHV>@DQGDOVRWKHSK\VLFDOVWRUH7KLVREVHUYDWLRQPD\
KDYHLPSRUWDQWLPSOLFDWLRQV







Figure 2.9 shows informants’ (consumers’) answers, to over 1,100 questionnaires containing
different scales [107], as regards how the environment variables were perceived, evaluated and
preferred. Data was collected from three different supermarkets (A, B, C), during two different
seasons (s – summer, w – winter) and regarding two different cabinets (1 – front loaded, 2 –
back-loaded). The questionnaires used for the interviews included 4 physical factors:
temperature, air humidity, air velocity and light. The consumers were also asked to judge a
summary for the four factors, this was called indoor climate/ indoor environment. The red line
indicates “neutral” on the scales, (a) on question 1: Temperature and (b) on question 5: Indoor
climate. This survey revealed that, during summer and in front of cabinet 1 the shopping
situation is perceived by consumers to be cold (˂ 4). The environment is evaluated as
comfortable, leaning towards slightly uncomfortable, and the respondents would like it to be
warmer.

(a) Example from the questionnaire: On question 1: Temperature.

For the cold room, B1, this temperature (8°C) is experienced as the lowest by the consumers,
especially during summer conditions. The surveys also show that the indoor environment is
perceived as between quite good and good (˃ 5). The indoor environment is evaluated as
comfortable leaning towards slightly uncomfortable, and it shows that the indoor environment
is evaluated as being less comfortable in summer than in winter. The consumers apparently
accept the environment even if they are not in thermal comfort (according to perceived and
predicted comfort [133]).

2.3.1

Studying consumer behavior in grocery stores can give insights into consumer behavior; this
has been done by researchers in the psychological, sociological and environmental science
disciplines. It was interesting for researchers e.g. [43] to find out how consumers react to the
design and layout of the store. The servicescape is able to influence responses and behaviors,
e.g. [24, 87, 144, 147, 212], and to be developed for this specific shopping situation. It was also shown
that improvements in the layout enhance consumer perceptions and behaviors differently
depending on what consumers need. Researchers examined new and existing consumers (more
familiar as regards how to find products in-store) and their impact on sales. Also, [120] studies
of consumers with different disabilities (impaired vision) have shown their ability to locate
products in-store [43].Video tracking that collects data on shopping behavior, including product
consideration and surveys of purchase intentions, has identified category-level
complementarities between planned and unplanned products, suggesting that chilled groceries
are more likely to be unplanned products, due to their perishability or that shoppers are obliged
to use the product instead of wasting it [101].
However, there seems to be a gap in how consumers behave as regards the design and layout
of different display cabinets. In addition, many studies are also theoretically designed and need
to be followed up to find out if they are applicable to the real retail context and the dynamic
settings and variations of cabinets and display. More demonstrations, using data from real-time
situations, studies and interventions, can provide reliable information and erase discrepancies
between results obtained from model tests [36, 86, 218].

2.3.2

(b) Example from the questionnaire: On question 5: Indoor climate.
Figure 2.9 Measurements (questionnaires) in front of two types of vertical cabinets.
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Behavior

Perception

Human perception might not be the same, which the real-time (physical) indoor environment
reflects, but an interpretation of sensory information. The driver of the purchasing of products
is often the sensory aspects [105, 200]. Studies [195] have highlighted, for example, the need to study
the multisensory aspects of the retail environment further. As such, the five senses: sight,
hearing, smell, touch and taste, provide perception data. Sensory evaluation is defined as “the
scientific discipline used to evoke, measure, analyse and interpret those reactions to
characteristics for foods and materials as perceived through the senses of sight, smell, taste,
touch and hearing” [196]. Sensory tests can be classified into two main groups: analytical
evaluations (requiring the use of experiences or trained panels of humans) or hedonic/ consumer
evaluations (requiring larger panels or untrained consumers) [196].
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In the ambience are different cues: visual cues, e.g. color and lighting, and these may
immediately impact our impressions [129, 195]. Not only is vision of importance to the perceived
environment [129], auditory experiences gained from noise and background music or similar are
also important [4, 102, 147, 154, 155], and these can be senses influencing the perception of service
and purchasing intentions [158, 201]. As regards different scents or smells in the environment, the
consumer may be identifying odors, something which can be a cue regarding the health and
freshness of the indoor environment [103]. Even though research shows that scents are difficult
to name [30, 95, 188], humans are able to distinguish between different scents previously smelt [188],
which can matter for them. In the store, smells can be difficult due to packages containing
chilled groceries.
Temperatures need to be further researched due to their impact [195] on consumers, energy
and chilled groceries. Consumers complexities to assess freshness [130] is of a particular interest
for chilled products [130]. The shopping situation regarding chilled groceries from refrigerated
cabinets with doors can be perceived as containing barriers; the shopping situation either with
or without doors on refrigerated cabinets has not, interestingly, been investigated so much. The
place where the product is bought, or consumed, may, interestingly, influence the consumer
more than the product itself [96, 122]. Instead, perceptions relating to chilled food are mainly
researched when it comes to meals, healthy diets and food production [93, 130, 148], and food waste
[94]
. Tactility and touch are an immature aspect of the foodscape, including temperature and
human comfort. Research on in-store temperatures is limited [195]. Perceived and predicted
thermal comfort studies in the foodscape have concluded that uncomfortable temperatures can
exist, particularly in the chilled food section [133].
It is not just thermal comfort that has been the subject of investigations into how humans
perceive the environment. Ventilation requirements are also suggested as being adjusted to
people’s actual perceived quality of indoor air, IAQ [146], which can require less costly
ventilation. It has been shown that ventilation rates may vary widely. With low filter efficiency,
significant ‘unintentional’ leakage or ventilation through open building entrances that do not
meet general conditions may occur and, in the 37 buildings included in the study, none had heat
recovery systems [21]. If the heat exchangers are used (in the ventilation system for the recovery
of heat), caution is suggested so that the valuable air recovered is not contaminated with
concentrations from cooking fumes or cigarette smoke. It has been shown that all rotary heat
exchangers transfer gaseous pollutants to some degree, approximately 10–20 % [186]. How to
ventilate and use recovery systems are of importance for both building indoor environment and
energy used.

2.3.3

Adaption, variables and factors

For evaluate the thermal comfort or servicescape literature and researchers refer to physical,
psychological or psychosocial subjects [48, 109]. The physiological adaptation shows a changed
perception of, or response to, sensory information. Adaptive behaviors can apply to
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uncontrolled and naturally ventilated buildings, for occupants who are able to adapt and adjust
by means of their clothing, windows or fans, four different periods can characterize the adaptive
behavior [80]; instantaneous (for example on/off dressing clothes), within a day (response to
variations in the environments on the same day), day–to-day (due to weather changes) and
longer term as a result of seasonal variations. The responsive adjustments of a sense (human)
to varying conditions is called adaptation. Moving towards an adaptive thermal comfort model
is one shift away from the steady-state-conditions thinking, which is over 20 years old [48].
Besides climate chamber studies and real studies conducted in buildings, there is a third optional
method which is on the increase for thermal comfort studies, namely simulations [48]. More
models of thermal comfort are claimed to be necessary for service engineers and architects in
the comfort design of a building’s HVAC systems [48] in order to be able to optimize energy
usage and acknowledge people’s different preferences regarding the thermal environment.
Environmental psychologists propose that people are individuals, with two generally
opposing reactions to tangible environments: i.e. approach and/ or avoidance [149]. The approach
of staying and exploring the environment [26], or avoidance by ‘escaping’ from it [51]. It is
unrealistic to think that the same comfort is applied globally [224], and this is an important reason
why the adaption process needs to be further investigated and directions given as regards how
to design buildings in an energy efficient way may differ. Moreover, other variables and factors
may be of relevance to consider, e.g. the atmosphere surrounding a cabinet of chilled groceries,
which is expected to be colder compared to locations of other non-chilled products in the
grocery store [21]. Many thermal comfort studies have identified gaps between perceived and
predicted comfort.
One, explanation and potential main contributor to cold thermal discomfort and responses in
an environment is suggested to be human clothing, another being activity [85]. If a variation
occurs and produces discomfort, people react in different ways in order to restore their comfort.
The suggestions are that the people’s satisfaction with an indoor environment is attained by
matching the actual thermal environmental conditions, at the actual time and space, with their
individual thermal expectations [47]. Depending on demographics and other social groups, there
might be differences that are due to people. Age is one example that can relate to a decline in
visual acuity and can reduce one’s possibilities of reading a text [169]. Vision is important when
buying products and as regards how to experience access to the food in the packaging [142].
Although retailers and the packaging industry are aware of demographic changes, efforts made
for different groups in-store are as yet sparse. In the EU, are 15% of people over 60 but it is
expected to be more than 30% by 2050 [209]. The enormous reserve of human capital in older
populations should be recognized by policymakers and adequately supported [42].

2.4

Management

How to manage and keep up-to-date and comply with all the mandatory directions and rules
governing the retail business, is of importance. Management, in this thesis, thus includes the
pragmatic notion that regulations, interpretations and the individual store’s energy control
28







VHWWLQJVDUHWRROVOHDGLQJWRJRRGUHVXOWVIRUWKHJURFHU\VWRUHVZKROHEXVLQHVV

%HLQJDEOHWRIROORZPHDVXUHDQGYLHZUHWDLOJURFHU\VWRUHVUHTXLUHVGLIIHUHQWPDQDJHPHQW
RULHQWHG FRQWURO VWUDWHJLHV DQG RSHUDWLRQV >@ $ ZHOOIXQFWLRQLQJ V\VWHP DOVR SURYLGHV
PDQDJHPHQWRSHUDWLRQV\VWHPVZLWKLQVLJKWVDQGFRQWLQXRXVIHHGEDFN>@LQRUGHUWRVHFXUHD
KLJK FRHIILFLHQW RI SHUIRUPDQFH >@ DQG WR SDUWLFLSDWH LQ SRZHU FRQVXPSWLRQ PDQDJHPHQW
3URSHUORJLVWLFVPDQDJHPHQW>@LQSDUWLFXODUZLWKUHJDUGWRRUGHULQJVWRFNVRIIRRGSURGXFWV
PD\SRVVLEO\UHGXFHWKHDPRXQWVRIIUXLWDQGYHJHWDEOHVXQQHFHVVDULO\VWRUHGLQVXSHUPDUNHWV



'LUHFWLRQDQGUXOHV

6WDQGDUGVDUHQRWOHJDOREOLJDWLRQVEXWOHJLVODWLRQVDQGGLUHFWLRQVDUHWREHFRPSOLHGZLWKRIWHQ
UHIHUULQJWRVWDQGDUGVZKLFKFDQEHXVHGDQGJLYHJXLGDQFH6WDQGDUGVDQGJXLGHOLQHVSURYLGH
UHTXLUHPHQWV IRU WKH LQGRRU FOLPDWH ,62 $6+5$( &(1 RU ',1  IRRG TXDOLW\ >@ DQG
ZRUNLQJFRQGLWLRQV2QWKHLQWHUQDWLRQDOOHYHO ,62&(1DQG$6+5$( WKHVWDQGDUGVDUH
FRQWLQXRXVO\ EHLQJ UHYLHZHG DQG LPSURYHG DQG IUHTXHQWO\ XVHG IRU JXLGHOLQHV RQ KRZ DQG
ZKDW WR PHDVXUH RU FDOFXODWH :LWKLQ WKH (8 WKHUH DUH GLIIHUHQW SROLFLHV DV VSHFLILHG E\
OHJLVODWLRQZKLFKDUHLQSULQFLSOHWKHVDPHDFURVVWKH(8LQWURGXFHGDQGLPSOHPHQWHGRQ
WKHQDWLRQDOOHYHO QDWLRQDOSODQV 

5HJXODWLRQ (& 1R>@VSHFLILHVWKHJHQHUDOSULQFLSOHVDQGUHTXLUHPHQWVRIIRRG
ODZ)RU6ZHGHQWKH1DWLRQDO)RRG$GPLQLVWUDWLRQ 1)$ SOD\VDQDFWLYHSDUWLQGHYHORSLQJ
QHZOHJLVODWLRQLQFRRSHUDWLRQZLWKWKHRWKHU(8PHPEHUVWDWHV,WKDVEHHQSURSRVHG>@WKDW
PRUH IUHTXHQW TXDOLW\ FKHFNV E\ DXWKRULWLHV PD\ LPSURYH WKH VLWXDWLRQ RI LPSRUWHG
VXEVWDQGDUGIRRGSURGXFWVLQUHWDLOPDUNHWV

7KH(QHUJ\3HUIRUPDQFHRI%XLOGLQJV'LUHFWLYH (3%' >@FRQFHUQVQHZDQGUHIXUELVKHG
UHQRYDWHG EXLOGLQJV LQFOXGLQJ ERWK WKH UHVLGHQWLDO DQG FRPPHUFLDO VHFWRUV &DOFXODWLRQV
FRQFHUQLQJEXLOGLQJVDUHDQLVVXHWKDWLVRIWHQGLVFXVVHG7KHHQHUJ\SHUIRUPDQFHGHILQLWLRQLQ
WKH GLUHFWLYH LV DV IROORZV “energy performance of a building means the calculated or
measured amount of energy needed to meet the energy demand associated with a typical use of
the building, which includes, inter alia, energy used for heating, cooling, ventilation, hot water
and lighting” LQ(3%'$UWLFOHS >@7KXVWKHUHLVDFKRLFHRILQFOXGLQJWKHDSSOLDQFHV
VLQFHWKHVHPD\RUPD\QRWEHLQFOXGHG)RU6ZHGLVKFRQGLWLRQV%RYHUNHW LQ(QJOLVK1DWLRQDO
ERDUG RI KRXVLQJ EXLOGLQJ DQG SODQQLQJ  ZLWK WKH EXLOGLQJ UHJXODWLRQV VHW WKH QDWLRQDO
VWLSXODWLRQVIRUORZHQHUJ\EXLOGLQJV >@LQFRPSOLDQFHZLWKWKHEXLOGLQJGLUHFWLYH (3%' 
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sets the minimum requirements and performances of products and thus excludes the most
energy-intensive products from the inner market. Cabinets are within Lot12 (including
appliances for commercial cooling and freezers). The Swedish Energy Agency has an overall
view of the supply and use of energy by society, e.g. during participation in international
collaborations, with the aim of attaining Swedish energy and climate objectives. A key directive
is the Energy Efficiency Directive (EED) [63], which amends some of the directives mentioned
above, and concerns energy audits and energy management systems, while another Directive
(2009/28/EC) deals with the use of energy from renewable sources and Regulation No
517/2014[64] deals with fluorinated greenhouses gases. Regulations, different temperature
requirements for different countries, and different views of how to implement the directives in
national plans are hindered by insufficient engineering efforts aimed at covering proper
temperature control and performance calculations [11], for both vertical display cabinets and the
energy requirement of grocery retail.

2.4.2

Sustainability

Energy efficiency means the impact on the amount of both greenhouse gas emissions and
renewables as regards the EU-28 targets [56], with commercial refrigeration being one of the
applications most contributing to global warming [160], directly or indirectly. Weather variations
may be one of the main reasons for the differences observed in energy consumption during
recent years (during warmer weather, less heating is necessary), with increases in economic
activity being another reason for the upward trend even though energy savings have helped this
upward trend [66].
Refrigeration systems normally contribute by means of direct emissions of greenhouse
gases, e.g. CFCs, HCFCs and HFCs, and indirect emissions due to energy consumption [117].
Refrigerant charge (in the system/s) can be reduced by using indirect refrigeration systems,
which are common in Sweden due to limitations to refrigerant charges. In an indirect system,
liquids are used to transfer the cold medium-temperature (MT) loop. Today, other options are
also available, e.g. carbon dioxide.
However, new technology like superchilling, supercooling, smart packaging, air cycle
refrigeration, magnetic refrigeration, vacuum insulated panels and nanoparticles for improved
heat transfer in refrigeration systems5, even though these are energy efficient, can require new
distribution chains and storage and can be exceedingly expensive and thus difficult to introduce
onto an immature market [197]. When replacing older equipment, it is suggested to also, besides
cost, to include impact due to lifecycle analysis (LCA) [194]. Most LCA studies are more about
the production segment, with little attention being paid to energy consumption and the post-

New technologies within the Frisbee project aimed at developing new and novel technologies with the potential
to reduce energy and refrigerant emissions, and to improve food quality in the cold chain, www.frisbee-project.eu.
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6XPPDU\RISUHYLRXVUHVHDUFK

7KLVVXPPDU\LVEDVHGRQSUHYLRXVOLWHUDWXUHDQGWKHNH\TXHVWLRQLVHow can the grocery
store increase its energy efficiency in supermarkets, while applying the consumer¶
perspectives?

7KH SK\VLFDO VWRUH IDFHV PDQ\ FKDOOHQJHV LQ D UHWDLO FRQWH[W LQFOXGLQJ FRQVXPHUV DQG
HQHUJ\ UHTXLUHPHQWV IRU UHIULJHUDWLRQ 7KH UHIULJHUDWLRQ SDUW DV QHHGHG WR FKLOO JURFHULHV
FRQVLVWV RI LQVWDOODWLRQV DQG V\VWHPV DQG WKH HQHUJ\ used GHSHQGV RQ LQWHUDFWLRQV DQG KRZ
GLIIHUHQW IDFWRUV HJ WKH EXLOGLQJ EXVLQHVV DQG PHUFKDQGLVLQJ SUDFWLFHV UHIULJHUDWLRQ DQG
HQYLURQPHQWDO FRQWURO V\VWHPV DUH XVHG > @ 'LVSOD\ DQG VWRUDJH FDQ EH D FKDOOHQJH
UHJDUGLQJVHQVLWLYHSURGXFWV¶TXDOLW\DQGVDIHW\>@DQGUHJDUGLQJWKHVKRSSLQJVLWXDWLRQ1RW
RQO\JURFHULHV¶WHPSHUDWXUHVDUHFKDOOHQJLQJWRWKHUHWDLOHUWKHDWPRVSKHUHH[SHULHQFHGE\WKH
FRQVXPHUZKLOHLQIURQWRIFKLOOHGJURFHULHVLVDOVRFRPSOH[7KHUHWDLOHUZDQWVWRFUHDWHDQ
DWWUDFWLYHDQGDSSHDOLQJVKRSSLQJVLWXDWLRQWKDWVDWLVILHVFRQVXPHUV)RUWKHVHFRQVXPHUVLWFDQ
EHGLIILFXOWWRILQGWKHYDULRXVFKLOOHGJURFHULHVWRKDYHVHUYLFHRIKLJKTXDOLW\LQWKHLQVWRUH
HQYLURQPHQW ZKLFK LV DZDVK ZLWK SURGXFWV > @ 7KLV LV GXH WR UHIULJHUDWLRQ KDYLQJ D
VLJQLILFDQWO\KLJKHUVKDUHRIWKHHQHUJ\XVHG>@ZLWKJURFHU\EXLOGLQJVJHQHUDOO\
KDYLQJGRXEOHWKDWRIRWKHUEXLOGLQJV:KHQLQFUHDVLQJHQHUJ\HIILFLHQF\LQWKHEXLOGLQJVHFWRU
DQG ORZHULQJ WKH GHPDQG IRU HQHUJ\ LW VHHPV WR EH D JRRG LGHD WR VWDUW DW WKH VRXUFH DQG
LQYHVWLJDWHWKHEDUULHUVneeded and usedLQWKHUHIULJHUDWLRQDQGGLVSOD\RIJURFHULHVLQVWRUH
0DQ\HQHUJ\HIILFLHQWSRVVLELOLWLHVDUHPHQWLRQHG+RZHYHULWVHHPVWREHQHFHVVDU\WRDOVR
WDFNOHWKHQRQWHFKQLFDOLVVXHVHJFRQVXPHULQVLJKWVUHJDUGLQJHQHUJ\HIILFLHQF\RSWLRQV
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how to improve energy efficiency by using the perspectives of the consumers has not,
interestingly, been investigated so much in the literature. More knowledge and consumer
insights into this specific shopping situation for chilled groceries may be helpful in overcoming
barriers and challenges. It can be critical to understand consumer perceptions and behaviors
with regard to design and layout. By elaborating on the servicescape [24] and tangibles, it can
be understood that doors as tangibles can be used to control behavior, but the servicescape also
influences perceptions of and emotions (for example pleasure and arousal) [132, 177], in turn also
affecting the performance of the shopping task [23, 41, 59], such as design, layout and display instore except the core product.
The grocery retail building includes three environmental dimensions [24] which influence
consumers’ and employees’ responses and behaviors:
‐ ambient conditions (temperature, light, color, cleanliness, air quality, noise, music, odor
etc.)
‐ space and functions (products, groceries, displays, aisles, flooring, layout, equipment,
furnishings, etc.)
‐ signs, symbols and artifacts (signage, personal artifacts, styles of décor etc.).
Adding more qualitative studies can provide useful insights into and gain knowledge of how
consumers experience the situation. To substituting real situations by shortcuts with theoretical
calculations or limited studies, by ignoring the real context and environment-consumer
interactions, can create sub-optimizations. Buildings use a lot of energy, grocery stores in
particular qualify among the more energy-intensive buildings [1, 21, 35, 97, 172, 227]. To optimize the
operation for the grocery store building it should include technical systems direct or indirect in
connection with refrigeration (heating, ventilation, light and so on), e.g. [11, 35, 189, 221].
In the literature, there are different views of how to investigate barriers, in particular when
it comes to energy efficiency and having doors on refrigerated cabinets. Where chilled groceries
are on display, a colder environment is known to exist and is experienced by consumers. It is
also known that different designs’ impact and the atmosphere surrounding cabinets, in
particular vertical refrigerated cabinets, is colder than other areas in grocery stores due to
interactions between the colder storage space and the surrounding atmosphere. Doors on
cabinets can increase the energy efficiency [134, 182]. Doors can also, besides being energy
efficient tangibles, contribute to benefits such as uniform temperatures of groceries and
people’s improved thermal comfort due to fewer cold air interactions with the warmer
surrounding environment. How vertical display cabinets, either with or without doors, can
control behaviors has not, interestingly, been investigated in so much detail.
Not only the atmosphere but also the energy used depends on different variables, with some
being possible to control and others not. It is possible to control the design and layout of the
building’s technical installations regarding chilled groceries; in doing so, however, it is
32







LPSRUWDQWWKDWDOOHQHUJ\XVLQJDSSOLDQFHV IRUWKHSURFHVVHVWRR DUHLQFOXGHG7KHVDPHJRHV
IRU WKH GLIIHUHQW GLUHFWLRQV DQG UXOHV >@ DLPHG DW LPSURYLQJ WKH HQHUJ\ HIILFLHQF\ RI WKH
EXLOGLQJ¶V WHFKQLFDO LQVWDOODWLRQV¶ GHVLJQ DQG OD\RXW %XLOGLQJ GHVLJQ JHQHUDOO\ LQFOXGHV
WKHUPDOFRPIRUWDQGRWKHUTXDOLW\DVSHFWVVDWLVI\LQJFRQVXPHUVDQGVWDIILWLVRXJKWWREHEDVHG
RQ WKH EXLOGLQJ¶V UHDO RSHUDWLRQV ZKLOH IRU JURFHU\ VWRUHV LW LV QRW HQRXJK WR VD\ WKDW
UHIULJHUDWLRQµmay or may not¶EHLQFOXGHG >@UHIULJHUDWLRQmustEHLQFOXGHG2WKHUZLVHWKH
RSWLRQRIH[FOXGLQJFDQFUHDWHVXERSWLPL]DWLRQDQGOHVVYDOXH,WLVFRPPRQWRXVHGLIIHUHQW
LQGLFHV DQG VWDQGDUGV ERWK LQ GHVLJQLQJ EXW DOVR LQ ILQGLQJ RXW PRUH DERXW GLIIHUHQW
HQYLURQPHQWVDOVRUHO\LQJPRUHRQKRZRFFXSDQWVSHUFHLYHDQGDGRSWGLIIHUHQWHQYLURQPHQWV
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LIWKHVKRSSLQJVLWXDWLRQLVDWHPSRUDU\RQHDQGWKHFRQVXPHUGRHVQRWVWD\IRUDORQJHUWLPH
WKLVVLWXDWLRQLVVWLOOLPSRUWDQW)RUPDQDJHPHQWLWLVRILPSRUWDQFHWRNQRZKRZWRLQWHUSUHW
DQG XVH GLUHFWLRQ DQG UXOHV WR FUHDWH D JRRG DQG VXVWDLQDEOH EXVLQHVV IRU WKH FRQVXPHU
0DQDJHPHQWDOVRQHHGVWRGHPDQGPRUHHIILFLHQWDQGIXQFWLRQDOLQVWDOODWLRQVWKDWFDQLQFUHDVH
LQQRYDWLRQRQWKHEDVLVRIFRQVXPHULQVLJKWV.


3

The specific papers

A brief overview of the four specific papers and methodological approach is presented in
Chapter 3. More detailed methods and limitations are to be found in each specific paper. The
purpose of the papers was to overcome challenges faced by retail grocery stores regarding the
energy efficiency for chilled groceries in-store; challenges that are closely connected to building
design, retail context, consumer insights and management are presented in Chapter 2 and
discussed in Chapter 4.

7KH SK\VLFDO VWRUH LV XQH[SORUHG LQ SDUWLFXODU ZKHQ LW FRPHV WR FRQVXPHUHQYLURQPHQW
LQWHUDFWLRQV ,Q WKH HQYLURQPHQW FRQVXPHUV HPSOR\HHV JURFHULHV DQG HQHUJ\FRQVXPLQJ
DSSOLDQFHVDQGWHFKQRORJ\FROODERUDWHLQZKDWPLJKWEHGHVFULEHGDVWKHVKRSSLQJVLWXDWLRQ VHH
DOVR)RRGVFDSH 7KHEDODQFHEHWZHHQEHLQJHQHUJ\HIIHFWLYHDQGHQHUJ\HIILFLHQWLH
GRLQJWKHULJKWWKLQJVRUGRLQJWKLQJVULJKWLVWKXVLPSRUWDQWWRILQGLQWKLVSDUDGR[LFDOVLWXDWLRQ

Figure 3.1 Relationships of the papers and aspects linking the thesis together.
Figure 3.1 illustrates the focus of each paper and the relationships between these. These
papers either focus on or include research on defining the perspectives of the consumers, based
on perceptions of buildings’ technical installation designs and layouts of chilled groceries.
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In this thesis the focus group interviews were inspired by several researchers [88, 123, 124] to
find suitable group compositions, number of informants. Table 3.1 includes a short summary
of each specific paper’s objectives, methods, objects studied and sample size.
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Research Question, RQ, regarding how refrigerated cabinets (either with or without doors) relate to the impact of energy efficiency, chilled groceries, or consumer behavior.

3

Number of databases: four.
Contemporary research: literature search
limited period from 2012 to December 2017.
Number of articles for review: initially 2,082
articles, of which 31 met the full‐text criteria
and were included in the final analysis.
Number of supermarkets: three.
Indoor thermal environments, in front of
cabinets.

Submitted for publication

It should be noted that these (objective and methods) may overlap between the papers.

Quantitative; multiple‐case studies; physical
measurements and objective calculations of thermal
comfort.
Qualitative; questionnaires.
Statistical evaluation (for details see also [133]).

Systematic literature review (SLR).
Analysis of contemporary research.

2

1

[135]

III

II2

[185]

I

Method/s
An exploratory and theoretical case study based on
previous results and studies (specific results and
studies are not included).

Possible solution for overcoming the limitations of using only one method and increasing
insights into the consumer’s experience and energy efficiency can be a combination of relevant
methods, both from the social and engineering sciences, among others (Paper II). The thesis
argues that evaluations made by human subjects add more value and knowledge than using
simulated or theoretical values. This thesis combines qualitative with quantitative methods with
a focus on the consumer in the foodscape, buying chilled groceries from display cabinets (either
with or without doors) in the supermarket building. More details and explanations regarding
the foodscape can be found in Chapter 1.2.1.

Research questions ‐ objectives
How to design a Zero Carbon
supermarket?
What is the difference compared to
other buildings regarding design?
What are the main contributors to
energy‐use for the supermarket
building?
How to do a review of recent, relevant
research on the RQ3, in a systematic
and structured way? Which articles can
provide evidence of the RQ
How has research reported these
issues?
How to correlate the occupants’
(consumers’ and staff’s) physical
measurements with the subjective
thermal environment and the overall
indoor environment?

Methodological approach
Objects studied and sample size
The zero‐carbon supermarket, with its very
efficient use of energy and its significant
amount of renewable and carbon‐free energy
during the use phase of the building, is
described.

Each specific paper in this thesis is based on an individual study and includes its own method
and empirical data. It was decided to perform and collect measurements in front of vertical
display cabinets since they are common and more sensitive to infiltration. It was of interest to
investigate how barriers affect not only infiltration, but also consumer experiences regarding
the shopping situation for chilled groceries in physical stores. In order to include personenvironment interactions, in this thesis, the servicescape as a concept was elaborated on. In the
case of the retail context perspective, including consumer insights and refrigeration, it is called
the foodscape. Consumer insights can be strategies regarding how to overcome challenges and
improve the energy efficiency of supermarkets.

Table 3.1 A brief overview of the specific papers, I- IV, in this thesis, the objectives and methods1.

3.1
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The comfort equation is verified in terms of a certain thermal gradient and residence time for thermal environment [109].

Exploratory multiple‐case studies of chilled food
being displayed in supermarkets. Qualitative studies,
in depth focus group interviews, semi‐structured,
audio recorded and later transcribed, content
analysis/ triangulation. Quantitative approach, in‐
store observations. Elaborating on the theoretical
concept of the “servicescape”, with a focus on the
physical environment dimensions, on open or closed
cabinets for chilled groceries, in the retail context.

Method/s
Use of the comfort equation.
Analysis of objective (measured physical parameters)
and subjective (questionnaires) data concerning the
perceived, evaluated and preferred indoor
environments.

Number of supermarkets used in observations:
seven.
Number of consumers observed: 317
respondents.
Number of respondents in focus groups: 32
informants, different group compositions5.
Types of vertical cabinets, open (with no doors)
or closed (with doors)
Number of product categories: three (Fruit and
vegetables, dairy and meat)
The foodscape perspective (elaborating on the
servicescape).

Objects studied and sample size
Open vertical display cabinets with different
designs, front‐loaded and back‐loaded.
Number of product categories: two.
Number of respondents: 1,128.

37

PAPER I

In total, there were six groups; students aged 18–30, middle-aged workers aged 31–64, and senior citizens aged 65 and older. Each group consisted of between 4 and 6
informants. Each interview lasted approximately two hours. The interviews were conducted in a room at the university.

5

4

[136]

IV

[135]

III

Research questions ‐ objectives
What is the correlation between perceived
temperature and the overall indoor
environment?
How can the comfort equation and PMV
be used for consumers’ shopping
situations in the retail context, outside its
range4. If it can, what is a suitable thermal
environment?
Do open and closed cabinets for chilled
groceries in supermarkets impact
consumer perceptions and behaviors
differently?
If so, how do doors impact consumer
perceptions and behaviors?

Table 3.1
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example is the transportation of bio‐fuels, which in most cases uses fossil fuels. There are
also energy utilization and carbon emissions associated with the construction of buildings.
The definitions of zero energy or zero carbon buildings are, however, normally limited to
the phase when the building is in use.
When describing how to design a zero carbon supermarket, it is in the sense that has
been described above – very efficient use of energy and a significant amount of renewable
carbon‐free energy supply limited to the use phase of the building. Optionally one could
also include the energy use and carbon emissions associated with the construction and
final demolition of the building. That would, however, be a much more complex task and is
not covered in the following chapter, except for a few remarks mainly regarding the
building materials chosen for the building envelope. Neither are the energy use and carbon
emissions associated with the external production and transportation of food and other
goods covered. The overall design of a zero carbon supermarket can then be reduced to the
following steps:
1. Minimize the energy use during the lifecycle.
2a. Produce renewable carbon‐free energy on‐site.
2b. Import renewable carbon‐free energy produced off‐site.

14.1 Introduction
In developed countries, buildings on average account for about 30–40% of all energy use.
As a majority of the energy supply is based on fossil fuels, buildings also account for about
30–40% of the carbon emissions. There is a rather large consensus today that we need to
decrease the carbon emissions in order to hold back global warming. According to the
above‐mentioned relationship between energy use and carbon emissions, decreasing
energy use in buildings is a significant action against global warming. For new buildings
there is now a clear trend towards low‐energy buildings and renewable energy supply. One
example of this is the European Union directive on the energy performance of buildings
(EU, 2010) stating that all new buildings within the Union shall be so‐called ‘nearly zero
energy buildings’ by 2021. In the UK it is more common to talk about ‘zero carbon buildings’ (Adams, 2011). In practice these two designations essentially mean the same thing,
that is, buildings that use energy in a very efficient way and where the supplied energy is to
a significant extent covered by energy from renewable carbon‐free resources. In both cases
it is not ‘zero energy’ or ‘zero carbon’ buildings in the sense that each building on site generates as much renewable energy as the building needs over the period of one year. Even
though on‐site generation of renewable energy in many cases is desirable, it is not reasonable to require that each building should be able to cover all of its own energy needs. In
fact, such a demand would in many cases lead to sub‐optimization and an inefficient use of
available money for investments and other resources. Therefore both ‘nearly zero energy
buildings’ and ‘zero carbon buildings’ allows for the remaining energy need to be delivered
as mainly renewable energy produced off‐site. We use the denomination ‘mainly’ because
it is in practice seldom possible to buy 100% renewable and carbon‐free energy, at least not
if one also takes into account energy used to make the renewable energy available. One

This chapter is largely based on results and experiences from finalized and ongoing projects in BeLivs.1 Most of the reports from these projects are, however, only available in
Swedish.

14.2 System boundaries
According to Directive 2010/31/EU, all components of energy use are included except the
energy use of appliances, which may or may not be included. In a supermarket, the appliances account for a large amount of the energy use, and are in most cases also very much
linked directly or indirectly to the rest of the building technical systems. An increase in the
energy use of appliances may lead to a decrease in the energy use of building technical
systems and vice versa. Excluding the energy use of appliances may therefore lead to a
sub‐optimization when designing a zero carbon supermarket. The appliances should therefore be included in the system boundary.
Figure 14.1 (Kurnitski, 2013) shows the building site system boundary and the energy
flows through that system boundary, as well as the energy flows within the boundary. On‐
site generation of renewable energy by solar, wind and hydro is considered to be within the
building site system boundary. Energy is delivered into and exported from the building site
in the form of electricity, district heating, district cooling and fuels. All energy forms can be
more or less renewable. In most cases exported energy is only or mostly renewable. For a
zero carbon supermarket, the energy delivered into the building should be mainly renewable and carbon‐free. Within the building site system boundary there are two subsystem
boundaries, the energy use system boundary and the energy need system boundary. The
energy use system boundary contains all the building technical systems that deliver heating, cooling and electricity to the energy need system boundary. In a supermarket, cooling
energy and electricity for lighting constitute a very large proportion of the energy use,
BeLivs is the Swedish Energy Agency Procurement Group for Food Premises – a network and a
meeting place for collaboration between government, business, the public sector, academia, and
equipment suppliers on energy efficiency in food premises.

1

Sustainable Retail Refrigeration, First Edition. Edited by Judith A. Evans and Alan M. Foster.
© 2015 John Wiley & Sons, Ltd. Published 2015 by John Wiley & Sons, Ltd.
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Figure 14.1 System boundaries. From Kurnitski (2013). Reproduced with permission from REHVA

whereas heating energy is generally a minor part. The energy need is also affected by solar
and internal heat gains/loads as well as heat exchange with the surroundings through transmission, air leakage and ventilation.

14.3 building needs
A building’s basic needs are not specified amounts of energy for heating, cooling, lighting
and appliances. The basic needs are instead acceptable thermal comfort in the occupied
zone, maximum temperatures for different types of chilled and frozen food, good air quality and enough light where needed.
Energy efficiency means to meet all these basic requirements with minimum input of
energy. When designing a zero carbon supermarket, deciding these requirements should
always be the starting point. Regarding thermal comfort, it should be emphasized that
there is often but not necessarily a conflict with the maximum temperature of chilled and
frozen food. Another challenge is to achieve a good thermal climate for both customers
and employees (Lindberg, 2009). Figure 14.2 indicates the complexity of a supermarket
environment. The most obvious basic needs in this context are the following:
•
•
•
•
•

thermal comfort
air quality
lighting quality
acoustic environment
temperature of chilled and frozen food.

14.4 refrigerated appliances
Refrigerated retail display cabinets and counters can account for a significant amount of
the energy use in a supermarket. An effective measure to reduce the cooling load is to
equip them with transparent doors or covers. This also decreases the conflict between thermal comfort and maximum temperature of chilled food. Another advantage is that it evens
out the temperature variations in the cabinets and counters, allowing for a somewhat
higher mean temperature without jeopardizing the quality of the frozen or chilled food
stored inside. This allows a higher inlet temperature to the cabinets and counters, hence a
higher efficiency of chillers. Another effective measure is to insulate the cabinets and counters efficiently. Also, doors and covers may have a thermally insulating construction, such
as double glazing and/or radiant heat reflecting coating. Lighting placed inside the cooling
appliances should be avoided, but if necessary it should be as energy‐efficient as possible
while still giving adequate lighting quality. LED lighting has a better performance than
fluorescent lighting at low ambient temperatures, and is therefore a better choice for lighting placed inside the refrigerated appliances. Internal forced air convection should be
designed in such a way that it minimizes the electrical energy input needed. This means the
use of efficient fans and pumps as well as efficient cooling coil solutions and minimization
of unnecessary pressure drops.
Stand‐alone refrigerated units emit heat that at least in the summertime needs to be
extracted, normally by a comfort cooling system. This leads to a secondary energy use in
addition to the energy use of the units. By the use of central refrigeration systems (see
Fig. 14.3), the heat emission can be moved away from the occupied zone. When using
central refrigeration systems it is very important that the distribution pipes are insulated in
a proper and adequate way. It is also important that the temperatures in the pipes are not
kept lower than is necessary for the supplied refrigerated appliances The central refrigeration system may, depending on the loads, be further optimized by connecting refrigerated
appliances with the same temperature demand in parallel, and refrigeration units with different temperature demands in series. A central refrigeration system is considered to be
part of the building technical system. Regarding refrigerated retail display cabinets and
counters, this section can be summarized as follows:
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Figure 14.3 Refrigerant appliances. Courtesy of Belivs and Swedish Energy Agency, www.belivs.se

•
•
•
•
•
•
•

use door or covers
proper and adequate insulation
avoid lighting placed inside
use LED lighting if lighting inside is needed
minimize electrical energy input needed for pumps and fans
avoid stand‐alone refrigerated units
use the correct temperatures (neither too high or too low inside, and not too high
outside).

Demonstration projects within BeLivs, with the introduction of doors and covers on the
refrigerated appliances, and an optimized central cooling system, have shown a reduction
of cooling energy by up to about 75% (Rolfsman et al., 2014a). More detailed descriptions
of how to design different types of refrigerated retail display cabinets and counters are
given in chapters 1 to 7 of this book.

14.5 lighting and other appliances
Lighting systems consume a significant amount of the electricity needed in a supermarket.
Energy‐efficient lighting systems use 5–10 times less energy than the old type of standard
light bulbs. Due to European eco‐design requirements, the very inefficient incandescent
bulbs are no longer allowed to be sold in Europe. Halogen light bulbs that are almost as
inefficient are still allowed and are very commonly used in supermarkets. In a zero carbon
supermarket, only low‐energy fluorescent lighting and LED lighting systems should be
used. Fluorescent lighting tubes should be of the high‐frequency type T8. The benefit of
LED compared to fluorescent is that it is mercury‐free and has a longer expected lifetime.
The disadvantage is that it still has a much higher price and does not always deliver the
same light quality. It should also be noted that T8 LED tubes use both less energy and gives
a lower light output than T8 fluorescent tubes of the same size. During recent years there
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has, however, been a tremendous decrease in price and increase in light quality for LED
lights, and that trend is likely to continue. LED lighting has a better energy performance
than fluorescent lighting at low ambient temperatures and is therefore a better choice for
outdoor purposes and in refrigerated display cases. Both high‐frequency fluorescent tubes
and many LED lights are also possible to dim to a desired lighting level, resulting in even
lower energy consumption, through daylight adaption or presence sensors. It should be
noted that the energy saving by dimming may depend on the dimming equipment used.
Even though fluorescent and LED lighting are very energy‐efficient, they should still be
turned off when not needed. The utilization of daylight may be another option to minimize
the energy used for lighting. It should, however, be noted that even ‘super‐insulated’ windows are poorly insulated compared with a well‐insulated wall. For part of the year, heat
gains due to solar radiation through the windows can decrease the energy supplied for
heating, but it may also lead to an excessive heat load. It is therefore a trade‐off between
minimizing lighting energy and minimizing heating/cooling energy that has to be taken
into account. Radiant heat from the sun (or hot appliances) towards the cabinet openings
should be minimized.
In a supermarket there are also a lot of other appliances that use electricity and thereafter emit heat that most of the time needs to be carried away, normally by a comfort cooling
system. This leads to a secondary energy use in addition to the appliance’s own energy use.
In the wintertime it may contribute to the heating of the supermarket, but in most cases
there are more efficient ways to heat the building. All appliances used in a zero carbon
supermarket should be of the most energy‐efficient type available on the market, both as
stand‐alone products and as systems. The appliances should not only be energy‐efficient
when in use; they should only be in use when needed, and stand‐by consumption should be
zero or close to zero. This goes for computers, servers, copying machines, ovens, elevators,
and so on. There are different energy labelling schemes on the market that can be used for
choosing the most energy‐efficient appliances, for example ‘Energy Star’ eco‐design and
eco‐labelling. Even very energy‐efficient appliances use a lot of energy if there is a lot of
them. When designing a zero carbon supermarket, one should therefore carefully consider
what and how many appliances of various kinds are really needed in the daily operation of
the supermarket.
This section can be summarized as follows:
•
•
•
•
•
•
•
•
•

use energy‐efficient LED or fluorescent lighting
if possible, dim to a desired lighting level
use daylight and presence adaption if possible
utilize daylight when possible and desirable
minimize radiant heat towards cabinet openings
all appliances shall be energy‐efficient
turn off lighting/appliances when not needed
standby consumption should be zero or close to zero
acquire no more appliances than necessary.

14.6 building technical systems
The building technical systems in a supermarket are rather complex and interdependent,
meaning that in many cases they cannot be treated separately. The energy use system
boundary contains all the building technical systems that deliver the basic needs of the
building in the form of heating, ventilation, cooling, and so on. The energy delivered to the
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building technical systems are often converted into other energy forms before being
delivered to cover the building needs or exported. System losses within the technical systems are often unavoidable, but should be minimized through proper design of the systems.
The building technical systems in a supermarket can be divided into the following parts:
•
•
•
•

heating
ventilation
air conditioning
refrigeration

These are commonly referred to as HVAC&R.
The heating demand in a well‐designed zero carbon supermarket will be rather low and
close to zero in warmer climates. Heating of a zero carbon supermarket can be done in
many different ways, both by water‐based heating systems and direct electrical heating
devices. Heating may in either case be delivered by radiators, convectors, floor heating, ceiling heating or heating coils in the supply air. Direct electrical heating should be avoided as
there are in most cases more efficient and economical ways to provide the building with
heat. Waste heat from cooling appliances may in most cases be more than sufficient, provided it can be distributed to where it is needed (Rolfsman et al., 2014b). Optimal utilization
of waste heat, heat pumps and solar heating systems require the use of low‐temperature
water‐based heat distribution systems. As the heating demand in a zero carbon supermarket
will be very low, it increases the possibility to use low‐temperature heat distribution. When
designing water‐based heat distribution systems one should strive to provide the most
energy‐efficient system possible. This means low pressure drops, efficient circulation pumps
and well‐insulated pipes. Pumps should be of energy class A or better. Variable water volume systems using frequency‐regulated pumps with pressure control should also be used to
further minimize the energy use associated with the distribution system. Using the ventilation system for heat distribution is another possibility for a zero carbon supermarket. The
benefit is that no separate distribution system for heating is needed, and the very low heat
demand means that the ducts do not need to be oversized. The disadvantages with a centralized air‐heating system is that you cannot have individual control of temperature in different heated areas, and that supply air temperatures higher than the air temperature in the
occupied zones may lead to poorer air exchange efficiency. However, this should be set in
relation to the short time that heating will occur at all in this type of building, and that when
it occurs it can mainly be expected to be during periods of non‐occupancy.
The hot water system is also part of the heating system. If heated by a central heating
system, it is common to use a hot water circulation system to ensures proper water temperature at each tap. The distribution pipes shall then be properly insulated and the recirculation system designed and adjusted for minimum electricity consumption, still giving
proper water temperature at each tap. The water temperature in a hot water circulation
system should normally be held at 50–60°C in order both to avoid growth of Legionella
bacteria and to avoid scalding by hot water. In premises with very little hot water
consumption, small water heaters at each tap using direct electricity for heating may be the
most energy‐efficient solution, the reason for this being that the heat loss even from a
well‐insulated hot water circulation system may be so high that it exceeds the profit of
using a non‐directly heated central heating system. If the hot water consumption in some
premises is very high, then a system for waste water heat recovery may be considered.
Whether a central circulation system is better than a small heater at each tap, or if waste
water heat recovery is a good idea, is also a matter of how much waste heat is available and
what alternative uses there are for the waste heat.
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In contrast to a standard supermarket, the building envelope of a zero carbon supermarket
should be very well insulated and airtight. This means ventilation needs will not be met by
leakage through the building envelope. To minimize the ventilation heating and cooling
losses, a zero carbon supermarket should instead be equipped with a mechanical supply
and exhaust ventilation in combination with a ventilation heat recovery system. Also, when
designing the ventilation systems one should strive to provide the most energy‐efficient
system possible. This means well‐insulated and airtight ducts and air handling units, low
pressure drops and efficient fans. The specific fan power (SFP) of a supply and exhaust air
ventilation system with heat recovery should, at nominal airflow rate, be lower than 1.5 kW/
(m3/s). Variable air volume (VAV) systems using frequency‐regulated fans should also be
used to further minimize the energy use associated with the ventilation system. The ventilation heat recovery efficiency at overall system level should preferably be in the range
70–80% at the dimensioning outdoor winter temperature. At other outdoor temperatures
it should be possible to continuously decrease the heat recovery efficiency down to 0%.
Rotary heat exchangers have the benefit that the heat recovery efficiency can easily be
reduced by lowering the rotational speed, and that they normally do not need any defrosting even at very low outdoor temperatures. One should, however, be aware that it is not
only heat that is transferred into the supply air. All rotary heat exchangers also transfer
gaseous pollutants to some degree, approximately 10–20% (Ruud and Carlsson, 1996). In
most cases this is no problem when used in a supermarket, but if the exhaust air for some
reason has a high content of gaseous pollutants it should not be connected to a rotary heat
exchanger. An exception may be if the exhaust air with a high content of gaseous pollutants is a very small amount of the total exhaust air going into the rotary heat exchanger.
One should, however, be aware that the human nose is very sensitive even to very low
concentrations of some gaseous pollutants, such as cooking fumes and cigarette smoke. The
advantage of counter‐flow heat exchangers is that they can be made almost completely
airtight between the exhaust and supply air streams. The disadvantages are that it is more
difficult to change the heat recovery efficiency and that repetitive defrosting normally is
needed at very low outdoor temperatures. The latter disadvantage can be avoided if the
outdoor air is pre‐heated in some way. The use of delivered energy for pre‐heating is in
most cases neither energy‐efficient nor an economically good solution. A better way is to
pre‐heat with free energy available on‐site. In a zero carbon supermarket, waste heat from
refrigeration is probably the best way to pre‐heat outdoor ventilation air supplied to the
ventilation heat recovery unit. Even if not needed to avoid frosting, pre‐heating outdoor
ventilation air with waste heat will also improve the overall heat recovery efficiency on a
system level.
Recirculation of air is commonly used in supermarkets both for air heating and comfort
cooling, as well as for redistribution of heat and cold within the building. The recirculation
air ventilation system must be designed in an energy‐efficient way, with efficient fans and
low pressure drops.
Unless an air heating system is used, the supply temperature should normally be lower
than the room temperature. How much lower depends both on the type of supply air terminal and whether the supply air is also used for comfort cooling purposes. The supply air
terminals used shall be designed to avoid draft in the occupied zone with the intended
ranges of airflow rates and supply air temperatures, especially near cabinet openings. The
main benefits of comfort cooling using the ventilation system are the possibility of using
cold outdoor air for free cooling, and that no separate distribution system for cooling is
needed. The disadvantage is very high airflow rates and high electricity consumption for
fans or very large and expensive ducts, the reason being that air has a very low heat capacity. When designing a zero carbon supermarket, one should therefore always investigate
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the possibility of using water‐based comfort cooling in all or some parts of the building.
The benefits of using water‐based comfort cooling systems are that one can have individual control of temperature in different cooled areas and that the distribution system
requires very little space (since water has a very high heat capacity). It may also be noted
that in contrast to the heating system, the comfort cooling system can be expected to be in
use for longer periods of time and mainly during periods when the supermarket is
occupied.
Simultaneous heating and cooling of occupied zones should as far as possible be avoided.
In a large building such as a supermarket this is sometimes almost unavoidable. In that
case, transfer of heat from areas requiring cooling to areas requiring heating should be
considered. If possible, direct transfer is preferred, but the use of heat pumps is generally
needed to achieve useful temperature differences for heating and cooling.
Refrigeration accounts for a large amount of the energy use in a supermarket. As
described in earlier chapters and sections of this book, efficient design of refrigerated appliances can considerably decrease the need for refrigeration, but it cannot completely remove
the need. The temperature needed for the storage of chilled food is rather low, and for frozen food very low. This means that ambient temperatures are not directly useful except in
very cold climates and then only for a very short period of time. The temperature level
delivered by district cooling is intended for comfort cooling purposes, and cannot also be
used directly for refrigeration purposes. This means that refrigeration systems are needed to
produce temperature levels useful for the storage of frozen and chilled food. It is important
that refrigeration systems are designed and operated as efficiently as possible. A more
detailed description of how to design supermarket refrigeration systems is given in chapters
7, 8 and 9 of this book. As refrigeration systems produce cold, they also produce waste heat.
A great challenge in a zero carbon supermarket is to be able to take advantage of this waste
heat and utilize it in the best way. Space heating in the wintertime and year‐round heating
of hot water are examples of typical opportunities that should be exploited. Co‐generation
of cooling and heating is in many cases very advantageous. An imbalance in heating and
cooling demand may, however, require heat and cold storage to optimize the operation (see
separate section on storage). The same chiller is sometimes used for comfort cooling, chilled
food storage and frozen food storage. As the temperature levels for these different purposes
are very different, it is probably not an energy‐efficient solution. A more detailed description of how to integrate heating, cooling and energy generation in supermarkets is given in
Chapter 10 of this book. This section can be summarized as follows:
•
•
•
•
•
•
•
•
•
•
•
•
•

HVAC&R shall be seen and designed as an integrated system
avoid direct electrical heating (in most cases)
low water‐based heating temperatures and high water‐based cooling temperatures
adequate insulation of and low pressure drops in pipes and ducts
use energy‐efficient and frequency/pressure‐controlled pumps and fans
air heating using ventilation ducts for distribution should be considered
use heat recovery to minimize the ventilation heat and cooling losses
use waste heat from refrigeration systems to pre‐heat outdoor ventilation air
consider water‐based distribution of cooling instead of ventilation air distribution
avoid simultaneous heating and cooling of occupied zones (if possible)
transfer heat from areas requiring cooling to areas requiring heating
investigate possibility for co‐generation of heating and cooling
make use of waste heat from refrigeration systems for heating and hot water
production
• outgoing temperature from refrigeration systems should not be lower than needed.

322

CH14 DeSIgnIng a Zero Carbon Supermarket

14.7 building energy management systems
To be able to optimize the operation of the rather complex building technical systems in a
zero carbon supermarket, it is necessary to have a building energy management system
(BEMS). Such a system is normally an extension of the building control system(s). Through
the BEMS it should be possible to supervise the energy use, both on an overall level as well
as on different subsystem levels. It is then possible to detect deviations from the expected
performance and where they occur. Preferably it should also have some kind of automatic
fault detection and diagnosis (FDD) system. The BEMS is also an excellent tool for continuous optimization of energy use.
Through the BEMS and its connected building control system(s), it should be possible
to control the temperatures, lighting, air and water flow rates in the building according to
the need at different times and at different locations. This can be done according to different time schemes or according to the actual demand, for example, demand‐controlled
ventilation (DCV).

14.8 building envelope
Even if not as important as for residential buildings, the building envelope is still very
important when designing a zero carbon supermarket. An adequately insulated building
envelope is necessary to minimize the heat loss in the winter, but also to minimize heat
loads in summer. To minimize the heat loads in the summer, the choice of windows (type,
sizes and orientation) may be more important than the insulation of the building envelope.
Windows with coatings that reflect heat radiation outside the visible range should in most
cases be used to minimize the heat loads. An adequate insulation standard is a matter of
optimization depending on the local climate as well as the intended operation of the supermarket. Too much insulation can cause the comfort cooling demand to increase more than
the heat demand decreases. However, given that a correctly designed zero carbon supermarket has much lower internal heat gains/loads than a standard supermarket, the optimum insulation standard should also be higher. A well‐insulated building envelope is not
only a matter of how much insulation is used; it is also very much dependent on how that
amount of insulation is built into the envelope. Attention should be paid to minimizing
thermal bridges in the construction. Thermal bridges usually occur in all joints between
different structural building elements, such as between walls and roof. Special attention
should be paid to the thermal bridge between the walls and the base foundation. It should
also be noted that even ‘super‐insulated’ windows are poorly insulated compared with
well‐insulated walls and roofs. The mounting of the windows also causes large thermal
bridges. The choice of windows and their mountings are therefore in many cases essential
for the final insulation standard of the building envelope. The shape of the building is also
very important for the thermal losses. A compact shape (i.e. low external surface to volume
or floor area ratio) of the building envelope is in this regard favorable. However, the building permit and other circumstances may put restrictions on the shape of the building. If it
is only possible to build a one‐storey building, then it is often possible to compensate for
the less favourable shape by increasing the insulation of the roof.
When designing the building envelope of a zero carbon supermarket, great attention
should also be paid to moisture safety design. Neglecting to do so may lead to moisture damage and mould growth in the building envelope. It should be noted that in the wintertime
increased insulation levels means lower temperatures and higher relative humidity in the
outer parts of the construction. That means that increased insulation levels may also require
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that other parts of the building envelope must be designed in a somewhat different way in
order to take account of the changed conditions. Increased air tightness of the building envelope is normally one of the additional actions needed when the insulation level is increased.
Different choice of materials in the outer part of the envelope may also be required.
For a zero carbon supermarket the air tightness of the building envelope is also an important property in itself. Increased air tightness means lower sensitivity to wind effects and
thereby a lower risk of overventilation. It also means an increased possibility for the mechanical ventilation system to control the airflow rates within the building and thereby also to
optimize the ventilation heat recovery on a system level. Joints between different structural
building elements are critical parts also for the air tightness. The air tightness of the building
envelope can be achieved in different ways and depends on the construction materials and
methods used. Concrete walls are normally very airtight in themselves, whereas timber framed
walls normally needs a sealing layer in the form of a plastic film to achieve proper air tightness.
Also penetrations of ducts and pipes through the building envelope are critical parts for the
air tightness. Several products and methods have been developed during the last decade to
achieve airtight building envelopes. For a designer, it is still important to remember to provide
buildable solutions. It is one thing to put a plastic film in a drawing and quite another thing to
put it in the actual building. For a zero carbon supermarket, special attention should be paid
to unintentional ventilation through doorways and gates. The use of well‐designed air curtains
and air locks can save large amounts of energy for heating and cooling.
If one wants to include carbon emissions associated with the construction of the building,
then the carbon emissions associated with the production and transportation of the building
material must also be taken into account. Building materials based on wood and other
renewable bio‐materials are in most cases preferable to concrete and materials with a fossil
fuel origin or large fossil fuel energy inputs. It should, however, be noted that materials based
on wood and other bio‐materials may also be associated with large amounts of fossil fuel
energy inputs. Sometimes materials based on fossil fuels may actually have a smaller carbon
footprint than materials based on wood and other bio‐materials. It should also be noted that
the same type of material may have a different carbon footprint depending on where it is
produced (i.e. origin of energy inputs as well as length and type of transportation needed).
A summary of this section is that when designing a building envelope for a zero carbon
supermarket one needs to:
•
•
•
•
•
•
•
•

optimize the shape of the building (if possible)
optimize the insulation levels
minimize the thermal bridges
minimize heat loads through windows
design for moisture safety
prevent unintentional ventilation (air‐tightness)
provide buildable solutions
use building materials with a low carbon footprint.

14.9 energy supply
The possibility of supplying a supermarket with renewable carbon‐free energy may vary
between different countries, but also between different regions and locations in a country. The
activities in a supermarket may also vary by country and ownership. The final design of a zero
carbon supermarket will therefore have to be customized for each location. The possibility of
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using free cooling is, for instance, quite different between the south of Spain and the north of
Sweden. Furthermore, the relationship between energy use and carbon emissions may not be
as straightforward as mentioned in the introduction of this chapter. As an example, the mix of
Swedish electricity is 55–60% renewable and almost 80% carbon free due to a large amount
of electricity produced by hydropower and nuclear power plants. This also shows that there is
not always a direct correlation between renewable and ‘carbon free’ energy supply. The
Swedish example is, however, rather exceptional. For the foreseeable future, renewable energy
will in most cases be a limited and rather expensive resource.
There are several possible sources for on‐site production of renewable carbon‐free
energy. Thermal solar energy is mainly used for the heating of hot water and only partly for
the heating of buildings. The efficiency is rather high (50–70%). However, as a supermarket
already has a surplus of waste heat, there is little benefit in supplying it with even more heat.
An exception is if the heat is used in an absorption or evaporative comfort cooling machine.
Photovoltaic (PV) solar energy produces electricity. Even if the efficiency is rather low
(15–20%) it is in many cases a better choice for solar energy in a supermarket, the reason
being that electricity most of the time is a much more useful form of energy in a supermarket, especially during periods of high solar radiation. Electricity can be used for all types of
electrically powered equipment, such as lighting, fans, pumps, compressors, computers and
elevators. Wind and hydropower are other possibilities for on‐site production if the local
conditions are suitable. Small wind power units suitable for on‐site production are, however,
normally much less efficient than larger off‐site units. Small wind power units mounted on
buildings have also had problems with vibrations transmitted to the building structure.
Another thing to consider is the risk of disturbing the neighbouring buildings. The possibility of small‐scale hydropower is rarely present, but when present it is a very interesting
alternative. Geo‐, aero‐ and hydrothermal energy are, on the other hand, often present and
very interesting options for on‐site production of renewable carbon‐free energy for both
heating and cooling. Depending on the temperature demand, these sources can be used
directly or indirectly through the use of heat pumps or compressor cooling. Heat pumps/
compressors are normally driven by electrical motors, but they may also be driven by a fuel
engine. Heat pumps/compressors can be used simultaneously for co‐generation of heating
and cooling. A biofuel engine may also be used for on‐site production of electricity for other
appliances. Biogas is another possibility for on‐site production of renewable carbon‐free
energy. Residues from the operation of the supermarket in the form of food waste and other
waste can be used to produce biogas. Biofuels are otherwise normally produced off‐site.
On‐site production of renewable carbon‐free energy is not always possible or only possible to a very limited extent. An example is solar energy, which is not possible when the
building site is shaded by other buildings. And even if the site is not shaded, the production
of solar energy is limited to the daytime and regionally also mainly to the summer period.
Another example is that it is not always possible to drill for geothermal heating or cooling
due to geological or other reasons.
When the on‐site production cannot cover the energy needs, the remaining external
energy supply must then be produced off‐site. This production may be nearby or far
away, the key being that it is essentially renewable and carbon‐free energy. The benefit
of nearby production is that in many cases it is easier to ensure that it is renewable (e.g.
the mix of fuels in a district heating plant). Renewable carbon‐free energy delivered
from nearby can be in the form of heating, cooling, electricity and fuel. A biofuel‐based
tri‐generation power plant can simultaneously produce heating, cooling and electricity.
Whether district heating and cooling is considered as nearby production is a matter
of definition. According to the REHVA2 definition (Kurnitski, 2013), nearby energy
2
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production shall be contractually linked to the building. The distinction between nearby
or not may not be that important; the main thing is whether it is renewable and carbon‐
free energy that is delivered to the building, one example being a wind power turbine
that may be contractually linked to a certain building even if situated far away from the
building. Renewable and carbon‐free energy delivered from off‐site is mainly in the form
of electricity produced by hydropower, biofuel‐based combined heat and power (CHP),
wind power and photovoltaic (PV) solar power. The latter is mainly due to surplus on‐
site production that is exported to the common electricity distribution grid. Wave and
tide power is still under development and has as yet not been exploited to its full potential. The origin of district cooling is always renewable (i.e. geo‐, aero‐ or hydrothermal
sources), but its final renewable energy ratio depends on the amount and origin of the
energy used to produce the cooling.
Single zero carbon demonstration projects may not be generally applicable on a large
scale. One example of this is biofuel. If all future zero carbon buildings were based on the
supply of biofuel, then there would soon not be enough biofuel available. The biofuel
price would also rise to levels that would make it a less economical alternative. This does
not mean that one should not build biofuel‐based zero carbon buildings, but that we need
a mix of different carbon‐free energy sources to supply the future zero carbon buildings.
Pure solar energy is the only single renewable energy source available that can produce
the amount of energy required by a human population of nearly ten billion. In fact all
renewable energy sources available originate from solar energy in one way or another.
The limit on the availability of renewable energy is the poor efficiency in the way solar
energy is transformed into other renewable energy sources, and/or the high costs and
efforts associated with the exploitation of these energy sources.
A summary of this section is that the renewable carbon‐free energy required can be
produced on‐site or off‐site using the following sources:
•
•
•
•
•
•
•

thermal solar for heat production
photovoltaic solar for electricity
wind power for electricity
hydropower for electricity
wave power for electricity
biofuels for heat and electricity
geo‐, aero‐ and hydrothermal heating and cooling.

14.10 energy export or storage
A zero carbon supermarket will have a surplus of waste heat during most of the year. If
equipped with PV solar, there will often also be a surplus of electricity. When there is a
surplus of on‐site produced energy, energy storage is an alternative to exporting the energy.
Whether to export or store the surplus energy should mainly be a matter of what is the
most economical solution. Due to how the energy performance of a building is defined,
there might also be other reasons for which solution is chosen. Economic and other conditions may also change over time. Regarding cooling, there is normally no surplus to export,
but there may still be benefits of cold stores. One reason might be to even out the production
of cooling over a longer period of time, allowing for a smaller and cheaper cooling machine
to be used. Another reason can be to produce cooling when it is beneficial and use it when
it is needed, such as when there is a surplus of PV solar power, or at night when the electricity is cheap.
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Medium to high‐temperature heating energy can be stored in accumulator tanks.
Commonly water is used as the heat storage medium, but also oil and stone can be used.
The latter can be used for higher temperatures than water. Phase change material (PCM)
may also be used to minimize the size of the storage. The life span (i.e. how many times it
can be recharged) has been the main disadvantage with PCMs. Exporting the surplus heat
is possible if there is a local district heating network nearby. Also, the return line of a district cooling network can be used to export surplus heat. There is at least one example of
this in Stockholm, Sweden. The exported heat is then lifted to a useful temperature level
using a heat pump. One should, however, be aware that most of the surplus heat will occur
in the summer, meaning that the expected income from surplus heat exported to the
district heating network can be rather small.
Also medium to low‐temperature cooling can be stored in accumulator tanks. At
temperatures below 0°C an antifreeze agent has to be added to the water, or another
medium must be used. Accumulator tanks are normally used for short‐term storage, for a
time span of hours to days. Medium temperature heating and cooling energy can also be
stored in the bedrock below the building, usually for the longer term (weeks to months).
Even if not very common or needed, there might sometimes even be a possibility to export
cooling to a local district cooling network.
Electricity can be stored in different types of batteries. Batteries for storage of large
amounts of electricity are large and expensive. Battery storage of electricity is therefore
used for rather short‐term storage of hours to days. Battery stores are mainly used in
remotely located buildings that are not connected to the common electricity grid. However,
when large photovoltaic installations are placed on buildings, the surplus energy may at
peak production be higher than the local electricity grid can handle. Short‐term battery
storage can then be an alternative to an expensive expansion of the local grid. If net
metering3 is allowed, the common electricity grid is assumed to be the storage. The benefit
of net metering depends on the electricity price and the time span over which the net
metering is done. The time span for net metering can vary from one hour to one year,
where the longer time span is the most favourable for the building owner. Net metering is
used in some European countries, whereas other countries like Sweden have concluded
that it is in contradiction with EU tax regulations.
If net metering is not allowed, then export of surplus energy to the common grid is normally
still an option. However, the economic conditions for the sale of surplus electricity vary a lot
between and within countries. The conditions for export of surplus electricity should therefore
always be examined before deciding to install PV solar or any other electricity generation that
provides large surpluses. Surplus production of electricity can of course also be transformed
into heat or used to produce heating and cooling energy that can be stored in accumulator or
bedrocks as described above, or exported to the local district heating or cooling network.
Another alternative is to produce hydrogen gas that can be stored in tanks for later use.
Biogas produced on‐site need normally be stored in a short‐term storage gas tank.

14.11 Design for operation and maintenance
When designing a zero carbon supermarket, it is important to bear in mind that it is a rather
complex building that will be in use for years to come. It is therefore important that both the
building envelope and its technical systems are designed so that it is possible to maintain and
‘Net metering’ means to be charged for the net use of electricity (imported minus exported) for a
certain time period, usually a month.
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operate the building in an efficient and cost‐effective way. This means that high‐quality
components with long expected lifetimes are chosen, and that equipment to be maintained is
easily accessible and possible to maintain. This increases the possibility that the energy performance of the building may be kept at the desired level even after decades in use. It also
means that maintenance costs are kept at a reasonable level during the lifetime of the building. Failing to pay attention to maintenance and operation issues may after some years in use
lead to a very expensive building, far from the intended zero carbon performance.

14.12 Design for low lifecycle cost
It is rather easy to design a zero carbon supermarket if you do not have to take into account
any economic boundary conditions. If one only looks at the investment costs, then a zero
carbon supermarket will always be more expensive than a standard supermarket of the
same size. The yearly costs for energy during the use phase will, however, be much lower.
Any design of a zero carbon supermarket should therefore be based on a lifecycle cost
(LCC) analysis. A complete LCC analysis involves taking into account all investments,
expenses and income during the calculation period, and residual values at the end of calculation period. Important inputs to such an analysis are the following:
•
•
•
•
•

calculation period and lifetimes of investments
investment costs, depreciations and residual values
energy costs and energy price trends
operation and maintenance costs
cost of capital, discount rate or internal rate of return.

In addition to these inputs, the ‘good will’ of having a zero carbon supermarket may also
have an indirect impact on the sales figures. An estimate of this impact might also be
included as a part of the LCC analysis, which should also include sensitivity analysis of the
different inputs. A solution with less sensitivity to uncertain inputs may then be chosen,
instead of a solution with a lower LCC. Although a zero carbon supermarket may not have
the lowest LCC of all possible solutions, there might be other reasons for still choosing that
solution. However, even in that case the LCC must be on a reasonable and acceptable
level. Also, there are several ways to design a zero carbon supermarket. An LCC analysis
of these different possible alternatives should be made. The energy cost input must be
based on estimates of energy use for the different solutions. This requires simulation models for the different solutions. A validation of available models for whole supermarket
modelling is given in Chapter 12 in this book, and lifecycle analysis more specifically on
supermarket cabinets and refrigeration system components is given in Chapter 13.

14.13 Design for the people
Even though a zero carbon supermarket is a rather complex building, it still needs to be
designed in such a way that it can be used and operated by ordinary people. It is a positive
thing if the customers are made aware that it is a zero carbon supermarket, but it should
not make it more difficult to buy their goods than in an ordinary store. Furthermore, the
well‐being and efficiency of the employees should not be influenced in a negative way, and
operators should not have to be space scientists to manage the building. It is also very
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important that the building and its technical systems are relatively easy to maintain.
A guiding principle in the design of a zero carbon supermarket should be that it should be
easy to use for both customers and employees.

14.14 an example of a zero carbon supermarket
The world’s first zero carbon supermarket was opened in the UK in 2010 (Ecolibrium,
2010). It is the Tesco supermarket in Ramsey, a town in Cambridgeshire in the UK. It uses
LED lighting, skylights and sun pipes to cut lighting costs. The refrigerators are equipped
with doors to save energy, and harmful HFC refrigerant gases have been replaced. Energy
is supplied using a combined heat and power plant powered by renewable biofuels. The
amount of surplus electricity generated and exported to the national grid means that the
store has no net carbon footprint. To further minimize the carbon emissions, the building
envelope has a timber‐framed construction.
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PAPER II

1. Introduction
The need for refrigeration in grocery retail buildings is also the reason for the high use of energy, generally
almost more than double that of other buildings (Mukhopadhyay & Haberl, 2014), even though the main
contributor—refrigeration for the storage and display of chilled food—is excluded from many calculations
and comparisons this building use a lot of energy
In-store, open front displays allow the consumer easy viewing of and access to the food; however, a
significant exchange of cold internal air with the warm air outside cabinets causes a colder environment
for customers and an increased energy requirement for the store. There are different options and barriers
regarding the efficient design and layout of grocery retail buildings, display cabinets and the control of air
movements, which might impact the energy, the food and the consumer. To be more efficient as regards
environmental layout, one seemingly good option is to have an efficient barrier between the consumer
and the refrigerated food, whereby temperatures are more efficiently kept where they should be. At the
same time, the retailer faces a complex dilemma of choosing between designing a customer-friendly instore environment, with low barriers to purchases and offering the best sustainable store possible and,
perhaps, settling for “good enough”.
Modern retailing allows grocery shopping to expand the share of wallet to online sites (Melis, Campo,
Lamey, & Breugelmans, 2016), but there is sufficient reason to believe that the need regarding the visual
scenery of the groceries will keep the bricks-and-mortar store concept alive for a long time (Grewal,
Roggeveen, & Nordfält, 2017). In that sense, the grocery business will still have to balance the need for,
on the one hand, a comfortable and attractive in-store environment containing high-quality products and,
on the other, energy needed that is as low as possible. In order to help grocery retailers, make ends meet,
knowledge must be advanced of energy efficiency and store installations in the grocery context, as the
energy used in the refrigeration sector is a vital component playing an important role in developing
sustainability.
The bulk of energy spending in the grocery business, more than half (Axell & Lindberg, 2005; J. A. Evans,
Swain, M.V.L. , 2010), goes on refrigeration. The majority of this energy is electricity, with widespread
energy use falling by between 300 and 600 kWh/m2, year (ENOVA, 2015; Swedish Energy Agency, 2010;
van der Sluis, Lindberg, & Arias, 2017), although some businesses use far higher amounts, e.g. 700 – 2300
kWh/m2, year (Chou, Chang, & Hsu, 2016; Tassou, Ge, Hadawey, & Marriott, 2011). Parameters used in
calculations of a building’s energy requirement, besides refrigeration, may include heating, ventilation,
lighting, and the physical characterizations (lay-out) of the indoor environment, and may depend on
detailed requirements and parameters such as temperature and humidity. These parameters can affect
food safety and quality, as well as human responses and behaviors, through each other as well as
independently. Nevertheless, this variation reflects not only the potential to increase efficiency but also
the many different options when it comes to operating refrigeration systems and thus the different
potential methods of measuring, calculating, and estimating energy use.
Cabinet and in-store layout design put great demands on supermarket refrigeration systems, this being
due to temperature requirements and interactions between the ambient environment and the display
cabinet, depending on if there are barriers. Increased energy efficiency and different measures may
therefore be of increasing interest to grocery business owners and facility managers (U. Lindberg, 2014),
for instance arguing for more information and knowledge of those matters and wanting to be more
efficient.
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The air-curtain and the invisible barrier at the front of the cabinet are described, in technical standard ISO
23953, as “… limiting both heat and mass transfers between the cabinet´s gross volume and the
surrounding environment.” Although it is generally agreed that doors on vertical cabinets impact the
store’s energy efficiency (J. A. Evans, M.V.L. Swain, 2010; Faramarzi, Coburn, & Sarhadian, 2002; Ruud &
Lindberg, 2016), the chilled groceries, and the consumers’ shopping experience, it is clear that views
diverge as regards how the impact of barriers should be investigated. Building technical systems for the
whole supermarket building are rather complex and include different energy using appliances. There are
reasons to believe that energy efficiency measurements, with regard to both the energy efficiency of
buildings and the energy efficiency of operations, have weak points. The energy efficiency situation is a
paradox that needs to be elaborated on.
This paper presents a systematic literature review of research on open (with no doors) versus closed (with
doors) refrigerated cabinets, with regard to energy efficiency, chilled groceries, and consumer behavior,
followed by an analysis of the contemporary research. The objective of the analysis is to present evidence
of how refrigerated display cabinets impact energy efficiency, and to identify knowledge gaps in energy
efficiency and store installations in the grocery context. The open vs. closed refrigerated cabinet was
chosen due to: a) the options being described as one of the most promising installations that can increase
energy efficiency (Nattawut Chaomuang, Denis Flick, & Onrawee Laguerre, 2017; Mercier, Villeneuve,
Mondor, & Uysal, 2017); b) barriers between consumers and chilled groceries being described as having
a negative impact on sales (Nattawut, Chaomuang et al., 2017; Kauffeld, 2015; Waide, Sluis, & Michineau,
2014); c) impact on the quality assurance of the product displayed (Mercier et al., 2017; Mota-Babiloni et
al., 2015); and d) the rapid advance of the situation requiring review in the light of recent progress in the
underlying sciences, and changing priorities within the food industry (Nattawut Chaomuang et al., 2017;
Mercier et al., 2017).
The rest of the article is divided into four sections. Section 2 describes in detail how the systematic review
was carried out. Section 3 presents the findings and analyzes the data, based on an analytical tool
constructed in order to understand the paradoxical situation relating to the grocery setting. Section 4
summarizes and makes concluding remarks and suggestions, for both managers and researchers.

2. Review methodology and data
The purpose of this systematic review is to provide a complete and exhaustive summary of the findings in
the current research context and the scope for research questions regarding future research. When a
review is clearly defined, it is explicit (Bonjean Stanton, Dessai, & Paavola, 2016) and can be reproduced
and built upon further. Systematic approaches to research synthesis have been used unequally across
research disciplines and it is also common that different terminology describes the review process
(Berrang-Ford, Pearce, & Ford, 2015; Grant & Booth, 2009). Systematic review approaches have been used
by health sciences to provide guidance for synthesis reports, the approach is limited for the social and
environmental sciences (Berrang-Ford et al., 2015). Tranfield studied the differences between the two
disciplines Medicine and Management and also suggest a process for a systematic review applied to the
management field (Tranfield, Denyer, & Smart, 2003). With the aim of achieving scientific quality and the
avoidance of bias, the designed study draws its inspiration from the systematic literature review (SLR)
methodology by the PRISMA group (Moher, Liberati, Tetzlaff, & Altman, 2009), e.g. (Berrang-Ford et al.,
2015; Bonjean Stanton et al., 2016; Fadejev, Simson, Kurnitski, & Haghighat, 2017), and follows the four
sequential steps, described below in both Fig. 1 and in the following text.
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Table 2 Different search terms used in “OR” combinations, A1 – H8.
Search terms, A1 – H8,a) with combinations of words

Figure 1 Diagram inspired by The PRISMA Group (Moher, Liberati, Tetzlaff, & Altman, 2009) modified to
illustrate the data search process for this study
In December 2017, an extensive literature search of contemporary research was conducted in papers
relating to grocery store energy and research on refrigerated cabinets. For this purpose, five different
databases were initially identified. Each database contains several journals. However, data from the Fridoc
database which include the International Journal of Refrigeration was also available in the Scopus
database; consequently, it was decided to exclude the Fridoc database for the purposes of this review.
Table 1 The four databases included and collected data
1
2
3
4

Database
Business Source Premie
INSPEC
SCOPUS
Web of Science
Total

Total number
1 072
7
639
364
2 082

Duplicates Excluded

supermarket* OR “grocery store*” OR retail OR convenience

B2 b)

"energy efficient*" OR "energy sav*" OR "energy system*" OR "energy gap" OR energy* OR “heat
exchange”

C3 b)

"display cabinet*" OR cabinet* OR refriger* OR chill* OR door* OR glass-door*

D4

grocer* OR food OR product* OR temperature* OR quality OR safety OR dair* OR meat OR vegetable*

E5 b)

customer* OR consumer* OR shopper* OR personnel* OR staff OR employee OR occupant OR people

F6

perception* OR comfort OR discomfort OR PMV OR clean* OR fresh* OR sens*

G7

behavior OR experience OR purchase* OR shop*

H8

environment* OR foodscape* OR servicescape* OR indoor* OR “point of sale”
a)
b)

The search term used in the initial search for all the databases
To limit data, abstract must include at least two out from this four

Table 3 Seven different combinations, a-g, for the databases and different combinations of words (A1 to
H8 and Tab. 2 for combinations of words), combined with “AND”
A1
1
2
3
4
5
6
7

B2

C3

D4

E5

F6

G7

H8

a_
b_
c_
d_
e_
f_
g_

354

Table 1 shows the four databases included. Subjects for the databases included economic and business,
refrigeration spheres, the environment, and social and technology science. Many articles from the
databases were initially noted not to be peer-reviewed, especially Business Source Premier; these were,
nonetheless, retained due to the high incidence of marketing authorship. However, this illustrates that
the subjects and topics for this review were often mentioned by practitioners and in the industry.
The search for data included articles from 2012 to December 2017. For the searches, several combinations
of the terms supermarket, energy efficient, grocery, cabinet, environment, consumer were used, as well
as other terms relating to the shopping situation in grocery stores (i.e. perception, behavior, fresh), as
seen in Table 2 below. The criteria for inclusion used in the initial searches were: articles had to be written
in English, published in peer-reviewed journals, with the search term appearing in the title, abstract, or
keywords of each article. Altogether, different combinations (Tab. 2) provided seven combinations (Tab.
3).
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A1b)

All the data from the databases was transferred to an End Note library, and duplicates were excluded.
From EndNote, the data was transferred to Excel in order to display and extract results regarding tables
and analysis. All the databases were able to compile sources for End Note; after excluding 354 duplicates,
the total number of remaining articles was 1,728, as shown in Fig. 1.
Another exclusion was then made when keywords in the papers indicated other obvious research fields
in the abstracts or by authorship, or the use of words outside the scope in the title or keywords; this
resulted in the deletion of another 728 articles. The remaining 1,000 articles’ abstracts were included by
using the 7 different combinations of terms (Tab. 2). Essentially, the hits A1 – H8 were each between 40
and 90, reflecting the fact that those within the scope of the review were still within the scope and 257
were excluded. Thereafter, additional criteria and scope for inclusion was scanning Titles to see if they
contained word/s according the Tab. 2. The remaining sample of 305 articles was finally scanned once
again by reading the abstracts. The final 100 articles, from more than 68 different journals, not only
4

indicate journal impact factors (not listed), but also the extent of the energy-related research using broad
interdisciplinary themes and roles, addressing research that impacts energy-efficient installations such as
technical and engineering aspects, consumer behavior, grocery stores, and food researchers.

In the following analysis of the results presented above, and in order to identify knowledge gaps in energy
efficiency and store installations in the grocery context, a framework (Fig. 2) is constructed consisting of
barriers, temperature, energy management, and methods used.

Based on the title, abstract, and keywords, a more detailed scanning of the articles was performed (using
inclusion/exclusion criteria) by the author. The relevant articles that matched the purpose of this research
study, and answered the pre-defined research question 1, RQ, were included while articles outside this
scope 2 were excluded. This final phase resulted in a total of 1,628 articles ending up outside the scope
and thus being excluded, with a remaining 31 articles of higher relevance and 13 of lower relevance. The
key data from these 44 articles was rigorously scanned in order to select papers with a clear relevance to
the defined RQ and with an implied use of the systematic approach and structured review method
fulfilling the criteria. In total, 31 articles met the full-text. They were further analysed and labelled #1-31
(Tab. 4).

Barriers were chosen as a part of the analytical framework due to the complex dilemma existing between
a human-friendly in-store environment, with low barriers on the one hand, and a product and building
environment, on the other. Furthermore, the variable temperature is included due to its effects on energy,
food, and people in the grocery setting (depending on the operating temperature of the technical system
and the surrounding ambient temperatures). The variable energy management concerns settings,
operations and different technical products, installations, systems, and interactions within the grocery
building. The above-presented table of studies of refrigerated cabinets (with or without doors) and energy
efficiency, chilled groceries, or consumer behavior indicates that the studies performed are more on a par
with measurements/regulations/demands rather than a particular grocery business. Therefore, the
variable method used is part of the framework in order to understand what data has been used.

During the following steps (Tab. 4), there was further analysis by means of coding the data in accordance
with:
•
•
•
•

What was provided as the main objective (analysis tool/s) of the investigation
What the result was
What type of study was performed (i.e. quantitative and/or qualitative)
How data was collected and from which source (i.e. different methods/ data sources)

A metrix for measurements journal impact is presented. For each journal the journal ranking (Scimago
SJR) HI Index and region/country ranking is presented. Finally, in the last step, the included studies were
divided on the basis of their relationship with the three criteria and whether they were applicable to
refrigerated cabinets (i.e., no door between the consumer and the groceries) versus closed cabinets (i.e.
a door between the consumer and the groceries) in grocery settings:

An additional reason for constructing the analytical framework is the need to understand the paradoxical
situation between energy efficiency in detail and energy efficiency overall, in relation to temperature and
barriers. The overall perspective thus includes real and dynamic circumstances within the specific settings,
which can provide a consumer perspective and contribute to a more holistic approach to energy
management. For applied research (practitioners/ managers), a systematic approach can create
knowledge by collecting accumulating knowledge from several studies. The systematic review can be a
more ‘pragmatic’ management research, aiming for both academic and practitioner communities
(Tranfield et al., 2003).

Criterion 1 - Evidence relating to the impact on the energy efficiency potential
Criterion 2 - Evidence relating to the impact on chilled groceries
Criterion 3 - Evidence relating to the impact on consumers (i.e. perceptions and behaviors)

3. Analysis of the literature review
The key data from the 31 articles was structured as: Results and conclusions, Analysis tool/s, Data
collection, and Type of study, as presented below in Table 4. The articles show a variety of methods and
analyses. The simplest ones refer to other studies and sale data as a proxy for the impact of doors (e.g.
#3), whereas more complex ones use observations and interviews in the field or models from small-scale
experiments to understand the comprehensive consumer experience of the door installations on
refrigerated cabinets and the foodscape model (e.g. # 18).

Articles that can provide evidence of how refrigerated cabinets (with or without doors) relate to the impact on the energy
efficiency, the chilled groceries, or consumer behavior

1

2

Articles that referred to the pre-defined research question in a more general and vague way, falling outside the scope

5

6

(Henryks, Cooksey, & Wright,
2014), Organic Food at the Point of
Purchase: Understanding
Inconsistency in Consumer Choice
Patterns. Journal of Food Products
Marketing (T)f, H Index 18 (SJR
Ranking of United States).
Australia.

(Hermsdorf, Rombach, & Bitsch,
2017, Food waste reduction
practices in German food retail.

9

10

8

(Davies et al., 2012), Potential life
cycle carbon savings with low
emissivity packaging for
refrigerated food on display.
Journal of Food Engineering (T)f, H
Index 142 (SJR Ranking of
Netherlands).
(Gauthier & Shipworth, 2015),
Behavioural responses to cold
thermal discomfort. Building
Research & Information
Building Research & Information
(T)b, H Index (SJR Ranking of United
Kingdom).

132 (SJR Ranking of Netherlands),
Taiwan.
(Dagger & Danaher, 2014),
Comparing the Effect of Store
Remodeling on New and Existing
Customers. Journal of Marketing
(T)m, H Index 208 (SJR Ranking of
United States).

(Chou et al., 2016), Investigation
and analysis of power consumption
in convenience stores in Taiwan.
Energy and Buildings(T)b, H Index

(Acha, Du, & shah, 2016),
Enhancing energy efficiency in
supermarket refrigeration systems
through a robust energy
performance indicator.
International Journal of
Refrigeration (T)f, H Index 94 (SJR
Ranking of Netherlands).
(Adams et al., 2012), The
Change4Life Convenience Store
Programme to Increase Retail
Access to Fresh Fruit and
Vegetables: A Mixed Methods
Process Evaluation. Plos One (P),
(T),
H Index 241 (SJR ranking of United
States), UK.
(Atilio de Frias, Luo, Kou, Zhou, &
Wang, 2015), Improving spinach
quality and reducing energy costs
by retrofitting retail open
refrigerated cases with doors.
Postharvest Biology and
Technology (T), H Index 113 (SJR
Ranking of Netherlands).
(Bennett et al., 2012), Ventilation,
temperature, and HVAC
characteristics in small and
medium commercial buildings in
California. Indoor Air (T), H Index 84
(SJR Ranking of Denmark)

Author/s, Source, Journal

7

6

5

4

3

2

No
#
1

Investigate food retailers (organic vs
conventional retailers) food waste
reduction practices, on selling and

Explore people’s responses to cold
thermal discomfort in dwelling and
daily activities; collect and categorize
behavior responses to cold
discomfort. Monitored, observed and
reported responses and observed
activities. Content analysis of
interviews and divided visual diary
data from a wearable sensor.
Focusing on understanding the
barriers and facilitators to purchasing
organic food at the point of
purchase; identify factors influencing
buyer behavior; consumer buying
process consumers (switched
between organic and conventional
food).

Look into food packaging materials,
with low emissivity; for improving
refrigeration system efficiency. An
updated study, with new modern
food packaging materials.

refrigerator, lighting, and heating
equipment.
Remodeling store and comparing
short and long-term effects on sales
for new and existing customers.

Evaluated HVAC system
characteristics and ventilation rates
of Small and Medium size Buildings.
In total 37 buildings (seven retail
buildings), three buildings sampled in
two seasons. Indoor environment;
comfort zones, ventilation rate,
temperature, HVAC system
characteristics.
Investigated power consumption
usage of convenience stores using
monitoring systems. Data collection
of air conditioning, freezer and

Vertical display cabinet; with and
without doors. By temperature,
spinach was mapped and scored
against Food code requirement.
Assessed visual quality and decay.
Energy consumption between the
cases was also compared.

Quantitation mapping and in-store
collection of data on intervention
studies to follow up reliability (the
interventions ought to increase
consumption of fruit). Examine
dependency of branded equipment/
materials at the point-of-sale in
stores

Focuses on how to manage
refrigeration energy reduction.
Investigate refrigeration energy
demand and different variables,
commonly believed achieve energy
savings.

Analysis tool/s

8

Ql

Ql

Ql

Qn

Ql

7

Ql

Qn

Ql

Ql ,
Qn

Ql

Due to negative consumer reactions, conventional
retailers were suggested to be more unwilling to
include visual impairment products. Other hinders

Identified factors/influence of consumer intention
to purchase organic food entering the store. Seven
factors identified; habit; availability; false
assumptions; visibility and access of organic food;
visual and olfactory cues; and price. These can often
be the final hurdle to consumers choosing (or not)
organic food, five of seven suggested to be possible
for the marketer to control. Freshness of
importance, some visual and olfactory cues
(freshness, prepacking, and labeling) could
Influence both as barrier and facilitator for
purchase.

Identified cold thermal discomfort gap between
reported and observed response to thermal
discomfort; observed activities of clothing from
following standards and indicators for comfort
(PMV).

equipment was the highest among the investigated
types of equipment in the convenience stores.
The customers found the remodeled store
atmosphere as warm, inviting, fresh and clean.
Remodeling increased the store sales, more for new
customers and this difference continued for a year.
Suggest the higher share of sales to new customers
due to more new customers attracted to the
remodeled store; higher spend per visit, and
increased visit frequency.
With a low embodied energy content and net
savings for the packaging it can allow increased
refrigerator operating temperature, with reduction
of energy consumption and carbon emissions and
promising for increased shelf life.

The results revealed that the average annual energy
use intensity in a convenience store was
significantly higher than those other buildings. The
demand and use intensity of food storage

Temperatures below the wintertime comfort zone
for grocery buildings, coldness due to food
freshness and of the refrigerated cases. Lack of
mechanically supplied outdoor air, one suggestion
due to poor control of ventilation. Ventilation rates
vary widely, and particle filters of low efficiency. No
buildings had heat recovery systems.

Uniformity of product temperatures reduced decay
rate and improved visual quality for cabinet with
doors (compared without doors).

Low fidelity from the interventions, suggestions to
be without substantial long-term effect on
customers’ consumption of fruit and vegetables

Outdoor conditions strongly influence refrigeration
demand. Energy Performance indicator created,
elaborating on factors to be included/ correlation
with; opening hours, trading intensity and outdoor
conditions. Night blinds and suction pressure
optimization – achieved energy savings. Found no
correlation with trading intensity.

Results and conclusions

Table 4 Summary of Data (peer-reviewed articles) included for this paper identified with number # 1-31

I

I, F/H, (FM)

I, M, O, R,
(FM)

(L)

I, F/H,Q,
(FM)

M, (FM)

T, (FM)

F/H, M, (L)

I, O, (FM)

Data
Source
O, (FM TB)

F
(Food retailers

F,C
(Organic food)

C

E (Direct/
indirect energy,
Food packaging
material)

C
(New and
existing
customers)

E
(Building)

E
(Building, HVAC
)

E,F,C
(VORDC,
cabinet with
doors, freshly
packed readyto-eat baby
spinach)

F, C
(Fruit and
vegetables,
consumption)

E
(Refrigeration)

Criterion

(Hill, Edwards, & Levermore, 2014),
Influence of display cabinet cooling
on performance of supermarket
buildings. Building Services
Engineering Research & Technology
(T)b, H Index 28 (SJR Ranking of
United States). UK.

(Hui, Yanliu, Suher, & Inman, 2013),
Deconstructing the "First Moment
of Truth": Understanding
Unplanned Consideration and
Purchase Conversion Using In-Store
Video Tracking.
Journal of Marketing Research
(JMR) (T)m, H Index 141 (SJR
Ranking of United States).

(Khattab, Buelow, & Saccuteli,
2015), Understanding the barriers:
Grocery stores and visually
impaired shoppers. Journal of
Accessibility and Design for All (-), H
Index 1 (SJR Ranking of Spain)

(Klemick, Kopits, & Wolverton,
2017), Potential Barriers to
Improving Energy Efficiency in
Commercial Buildings: The Case of
Supermarket Refrigeration (1).
Journal of Benefit-Cost Analysis (S)
not listed SJR, U.S.

(Lawley & Birch, 2016), Exploring
Point of Sale Strategies for
Improving Seafood Retailing: The
Case of the Australian Oyster
Industry. Journal of Food Products
Marketing (T)f, H Index 18 (SJR
Ranking of United States).
(Li, Lichter, Kenigsbuch, & Porat,
2015), Effects of cooling delays at
the wholesale market on the
quality of fruit and vegetables after
retail marketing. Journal of Food
Processing and Preservation (T)f, H
Index 38 (SJR Ranking of United
States).

11

12

13

14

15

16

British Food Journal (T)f, H Index 64
(SJR Ranking of United Kingdom).

Evaluate cooling delay and effects for
products quality; three conditions
applied: cooling, air conditioning and
ambient conditions. Investigated
simulated temperatures, in the retail
shop and of refrigerated storage in
the consumer’s home.

This study explores potential barriers
to energy- and refrigerant-reducing
investments in supermarket
refrigeration; interviews with
retailers to find and understand store
priority they are more likely to
improve and find new efficient
technology; energy- and refrigerantreducing investments in
supermarkets. Focus groups,
interviews, content analysis.
Exploring the barriers and drivers of
product consumption; determining
what information consumers need at
the point of sale, and identifying
retailing formats and strategies that
would appeal and encourage
consumption.

Wanted to understand different
barriers for shoppers with VI as the
legislation for the built environment
ought to be designed and accessible
for different abilities. The study is
based on ethnography methods,
literature review and the application
of the Delphi method.

The authors use in-store video
tracking to collect data on shopping
behavior at the point of purchase,
include product consideration,
entrance survey of purchase
intentions; conduct descriptive
analyses on the incidence, category
propensity, behavioral
characteristics, and outcome of
unplanned consideration. Using
category map.

redistributing agricultural produce
(with visual impairments and other
surplus food items). Explore drivers
and barriers for implementation of
waste reduction practices.
Exploring the comparative energy
demands of supermarket retail floors
simulated both with and without the
cooling effect of refrigeration
cabinets.
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Chilled products are of particular interest due to
consumers difficulties to assess their freshness. As a
result, due to this unexplored area, several
revisions were made to the retailing concept to
ensure a strong consumer focus. And, still remains
more issues on which POS materials will have the
most impact, how practical each piece of collateral
will be in different retail settings, and what impact
in-store sampling will have.
Accumulated data show that prolonging storage of
the produce in the wholesale market, even with
cooling, and even more without proper cooling,
resulted in increases in weight loss, decreases in
produce firmness, changes in color caused by
advanced ripening or senescence, decreases in
flavor accept-ability, and increases in decay
incidence and development of physiological
disorders. These effects led to decreases in produce
quality and acceptability and to enhanced
postharvest losses. The author claim, due to quality
and reduced postharvest losses, to limit the time.
Products investigated (both in wholesale or logistic
centers), need to be stored at low temperatures
instead of air conditioning or ambient.

visually impaired shoppers in order to help them
find the center zone, orientation between different
aisles, decide where to go, move easily between
different sections, and select products with ease
was discussed as well by the author.
Store temperature adjustments, to reduce energy
use, performed by almost 3/4 of small firms, and
almost all medium firms and all large firms. Large
firms suggested to be more familiar to
technologies. With doors on cabinets, participants
indicated increased comfort for customers and
quality for the foodstuffs in the store. One way to
improve analyses of new technologies would be to
develop methods that analysts could use to
explicitly account for tradeoffs in calculations (for
building regulations).

Indicate that building regulations contribute to supoptimized new-build supermarkets as they do not
reflect the impact of process (food cabinets and
chillers) energy in a supermarket. Large gap
between the design outputs of this modelling and
the energy performance of the store in operation.
Explain that thermal interactions at the
refrigeration cabinets are not included in the
model, refrigeration is classified as process energy
rather than building related. Advise changes in
modelling protocols, and regulations, to include
refrigeration energy.
The authors find category-level complementarities
between planned items and unplanned
considerations. Differences in key behavioral
characteristics (e.g., likelihood of purchase, time of
occurrence, number of product touches); greater
likelihood of purchase conversion is significantly
associated with dynamic factors (e.g., remaining instore slack, outcome of the previous consideration)
and behavioral characteristics (e.g., number of
displays viewed, distance to shelf, references to a
shopping list). Chilled products more likely
considered for unplanned manner, may be due to
perishability or shoppers thought of using the
product before spoilage.
Participants were aware of how to find the cool
storage zones (vegetable and dairy), and the aisles.
But, some had difficulties locating the meat and
cold vegetable zone. Random displays are obstacles
that do not only hinder the participants but also are
claimed to be a hinder for others in the store.
Participants suggested assisting with mental maps
as help to orientate on where to go in the store.
Map should be based on orientation cues such as
signage and tactile maps. To design an inclusive and
innovative wayfinding system in grocery stores for

were EU standards and marketing, logistic and
regulatory framework to food redistribution.

F/H, M, (L)

F/H, M, Q,
R, (L)

I, F/H, M,
Q, (L)

I, F/H, R,
(FM)

O, Q, (FM)

M

F
(Fruit and
crops)

F, C
(Oyster)

E
(Refrigeration)

F, C
(Vision
impairment
shoppers, VI.)

F, C
(Chilled
products)

E
(Building
Cabinet)

;organic vs
conventional)

(Mathis, Freitag, Hegemann,
Schmidt, & Muller, 2017), New
concepts for the ventilation of
shopping centers: Reducing air
change rate, applying active chilled
beams and elevating cold water
supply temperature. Indoor and
Built Environment (T), H Index 34
(SJR Ranking of United State).
(McMahon, Tapsell, Williams, &
Jobling, 2013), Baby leafy green
vegetables: Providing insight into
an old problem? An exploratory
qualitative study examining
influences on their consumption.
Health Promotion Journal of
Australia (T), H Index 25 ( SJR
Ranking of Australia).
(Pagani, Vittuari, & Falasconi,
2015), Does packaging matter?
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(Tsironi et al., 2017), Shelf-life
prediction models for ready-to-eat
fresh cut salads: Testing in real cold
chain. International Journal of Food
Microbiology (P), H Index 162 (SJR
Ranking of Netherlands).
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24

23

(Pather-Elias, Davis, & Cohen,
2012), A techno-economic study of
energy efficiency technologies for
supermarkets in South Africa.
Journal of Energy in Southern Africa
(S), (T), H Index 12 (SJR Ranking of
South Africa).
(Polívka & Martinčík, 2014),
Measures ensuring the food quality
on retail markets: Experimental
perspective.
Agricultural Economics (Czech
Republic) (S), H Index 63 (SJR
Ranking of Netherlands).
(Shafiei, Knudsen, Wisniewski, &
Andersen, 2015), Data-driven
predictive direct load control of
refrigeration systems. Iet Control
Theory and Applications (T), H
Index 91 (SJR Ranking of United
Kingdom).
(Tromp, Haijema, Rijgersberg, &
van der Vorst, 2016), A systematic
approach to preventing chilledfood waste at the retail outlet.
International Journal of Production
Economics (T)m, H Index 141 (SJR
Ranking of Neterlands), Dutch
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21

Energy consumption of pre-packed
salads. British Food Journal (T)f, H
Index 64 (SJR Ranking of United
Kingdom).

(Lindberg, Salomonson, Sundstrom,
& Wendin, 2018), Consumer
perception and behavior in the
retail foodscape-A study of chilled
groceries. Journal of Retailing and
Consumer Services (T)m, H Index 57
(SJR Ranking of United Kingdom),
Sweden.
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20

(Lindberg et al., 2017), Thermal
comfort in the supermarket
environment - multiple enquiry
methods and simultaneous
measurements of the thermal
environment. International Journal
of Refrigeration (T), H Index 94 (SJR
Ranking of Netherlands), Sweden.
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Developing a systematic overview of
interventions preventing chilled-food
waste at retail stores. Assess the
impact of the interventions.
Interventions included; technical,
logistical and marketing claimed not
to require system change for the
retailers.
Developing predictive models for
shelf-life estimation of ready-to-eat,
RTE, mixed products and test their
applicability under non-isothermal
conditions and at temperature
conditions observed in the food
supply chain.

Application of smart grid integration
of refrigeration systems under direct
load control scheme; proposed to
secure high coefficient of
performance and to participate in
power consumption management.

Investigate opportunities for
electricity
reduction (carbon mitigation), in the
food retail sector and particular on
store level. Divided retailers in three
groups, with willingness and riskfactor for new technologies.
Investigating the efficiency of three
suggested measures, that can shield
existing consumer protection
regulations and thus avoid food
scandals due to bad quality for food
entering the stores.

indirect contributions. Compared
unpacked with packed salad.
Considered food waste.

Assessing of energy footprint; from
farm to retail; consider direct and

Purchase of greens were
investigated; consumers awareness
of vegetables as healthy diet.

Investigated how a supermarket’s
thermal environment is perceived by
customers and personnel;
comparison of objective (physical
measurements) and simultaneously
subjective (questionnaire)
measurements collected in front of
vertical display cabinets. Elaborated
on how objective measures can
sufficiently estimate the perceived
thermal environment. Multiple
enquiry methods and calculations of
thermal comfort (and indicators).
To contribute to an understanding of
how consumers behave and what
they perceive when shopping chilled
groceries from cabinets with doors
and without doors in grocery store.
Investigating different zones with
chilled products. Observed behaviors
in store, was followed up with focus
groups.
Air quality investigations, based on
human panels and different nonrefrigerated retail goods (not chilled
food). Investigated how senses are
affected due to ventilation.
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Qn
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Ql
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The models were successfully validated confirming
their applicability to estimate quality deterioration
during the supply chain. Using the models, the fresh
product can be estimated at any point of the cold
chain if temperature history is known.

Technical interventions investigated, by model
simulations and quality scoring from human panels,
can increase the use-by date which on its turn
reduces both waste and out-of-stock but.

State a maintained lower reduction, in the energy
consumption. The results show successful
implementation of the method on a large-scale
non-linear simulation tool which is validated against
real data.

Outcome propose that more frequently quality
checks, by authorities can improve the situation
with imported substandard foodstuffs. Advise this
measure to be effective in punishing the dishonest
retailers, while not harming the honest ones
following the regulations.

higher than that of raw product. For packed salads,
input energy is mostly required for packaging and
refrigeration. If energy costs increase, it may lead
the commodity out of from the market. Savings
from changes in processing, transportation, and
retail, are limited.
Suggested that closed refrigerators, in
supermarkets, had the highest electricity/ carbon
savings and the highest profit besides comfortable
temperatures in the store. In addition claimed that
they are easy to install and maintain comfort for
customers.

Suggesting that packaging matter due to the packed
products energy cost which is at least ten times

Quality and convenience factors one of three
identified themes. Really fresh vegetables
mentioned as quality food and the “variations in
food quality” was in particular an issue raised by all
groups.

Reveals a high potential of reducing the fresh air
amount without increasing the limit for odour
perception.

Informants perceived cold groceries as fresher. A
low temperature in the atmosphere where chilled
food is on display was perceived as something
natural, that things are working.

It is possible to use objective measurements to
estimate customers’ perceived thermal
environment in the supermarket environment.
Proposed that consumers perceived ambient air
temperature is more important than the
temperature difference (between ankle and head).
However, PMV and PPD indicate low values when
the temperature difference is high.

M, S,
(FM, L )

O, M, T,
F/H

M, S

M, S, T,
F/H, (FM, L)

T, I, S, (FM)

M, T, I

I, F/H, Q

F/H, M, (L)

I, F/H, O, Q,
S, (FM, L)

I, F/H, M,
Q,, S, (FM)

F
(Fresh cut salad)

F
(Fresh cut
lettuce)

E
(Refrigeration )

F
(Quality via
protection
regulations)

E
(Willingness for
new
technologies)

(Processed and
packed food
that are low in
weight)

F

F,C
(Leafy
vegetables,
female
consumers)

F,C
(Dairy,
Vegetables,
Meat, Three age
groups
(informants),
VORDC,
Cabinets with
doors)
E,C
(Ventilation,
Building)

C
(Cabinets)

(X. Wu et al., 2015), A multi-scale
approach for refrigerated display
cabinet coupled with supermarket
HVAC system-Part II: The
performance of VORDC and energy
consumption analysis. International
Journal of Heat and Mass Transfer
(S) not listed SJR.
(Wu et al., 2017), Experimental
investigation of the performance of
cool storage shelf for vertical open
refrigerated display cabinet.
International Journal of Heat and
Mass Transfer refrigerated (S), H
Index 163 (SJR Ranking of United
Kingdom).
(Zhan, Li, Hu, Pang, & Fan, 2012),
Browning inhibition and quality
preservation of fresh-cut romaine
lettuce exposed to high intensity
light. Innovative Food Science &
Emerging Technologies (T)f, H Index
84 (SJR Ranking of Netherlands)
(Zhang, Fujinawa, & Saikawa,
2017), Theoretical study on a frostfree refrigerated display cabinet.
International Journal of
Refrigeration International Journal
of Refrigeration (T), Index 94 (SJR
Ranking of Netherlands).
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Developing a frost free operation of
cabinet; via dehumidifying air in to
the evaporator.

Investigated different light exposure
on lettuce; continuous high intensity
light (HIL), continuous low intensity
light (LIL), and darkness on lettuce
tissue browning and quality
characteristics upon cold storage.

Investigate the influence of supply air
temperature and velocity of the
diffusers, in HVAC system, on the
heat transfer of the VORDC. Indoor
environment interactions; between
open vertical display cabinet and
heating, ventilation and airconditioning (HVAC) system
Investigated a composite shelf filled
with different material, three kinds of
PCMs; characteristic of heat transfer
and cool storage are experimentally
investigated

Developing and explaining beverage
´s sustainability for water business,
included in sustainability agenda. The
agenda also mean that they need to
take care of how to display (doors on
all plug-in units) at the retail stage.

13

Qn

Qn

Qn

Qn

It is suggested that the desiccant can be
regenerated via the condensation heat of the
refrigerant (which is common to exhaust into
ambient air), the proposed system can achieve high
energy efficiency.

In conclusion, HIL exposure applied retarded tissue
browning and maintained qualitative characteristics
of FRL except for increasing fresh weight loss.
Advice it as an innovative technique with desirable
effects on FRL during shelf-life.

Temperature variations, fluctuations, reduced with
display shelves made of organic phase change
materials (PCMs). The analysis of the results
showed a significant improvement of performance
compared with a conventional system.

What began as a sustainability objective, caused
Coca-Cola to refine its operations and allowed for
better control of processes and systems. Across the
Coca-Cola System, it is evident that sustainability
efforts offer more than environmental benefits,
from more efficient operations to stronger
employee dedication. Include material used in its
PETS plastic bottles. Energy efficient beverage
coolers that use CO2 as the refrigerant, which has
improved the energy efficiency of its coolers by
almost half.
Computational result shows that the HVAC system
directly affects the performance of VORDC. When
the supply air temperature decreases, the
electricity energy inputted in VORDC system
decreases, and the highest products temperature is
reduced.

M

L

M, (L)

M, L

R

E
(Cabinet)

F
(Fresh-cut
romaine
lettuce, (FRL))

F
(VORDC)

E, F
(HVAC VORDC)

E, F
(Beverage, coca
cola)

14

No #: indicate reference number to data; Journal: Author, Title, Journal, in brackets according dewey main article class system: S social sciences, P pure sciences, T technology
(Applied sciences) and the lower class: f Food Technology, b Building Management, m Management, H Index (Scimago SJR) a measurement that aims to describe the scientific
productivity and impact (and ranking country/ region). Analysis: Qn quantitative (empirical), Ql qualitative, Data Source: I interview, W workshops, O observations, M modeling/
computational/ simulation, R review, T theoretical, F/H human focus group/ human panel. In brackets country. FM Field Measurement, L laboratory, TB test bed; Criteria
included: E Energy, F Chilled Food, C Consumer insights. For more details, see section 2 Review methodology and data.
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(Walsh & Dowding, 2012),
Sustainability and The Coca-Cola
Company: The Global Water Crisis
and Coca-Cola's Business Case for
Water Stewardship. International
Journal of Business Insights &
Transformation (S), not listed SJR.
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3.1.1. Barriers

3.1 Framework construction
In order to be able to analyze the data, this review presents a sound framework. In Fig. 2, the four main
variables are to be found, and their corresponding sub-variables. These variables allowed the researcher
to construct the data appearing in the peer-reviewed literature.

Barriers are a common variable in the reviewed articles. A barrier can be a structure that impedes the free
movement of heat input to the chilled groceries, and cold air falling out into the aisle surrounding the
cabinets, where consumers are in the grocery setting, or foodscape, or purchasing chilled groceries.
Consumer barriers often originate from how the display looks, with the literature often referring to having
doors or no doors as a barrier (#18).

3.1.1.1. (Glass) door, air curtain, and night curtain

It must be understood that refrigerated display cabinets have barriers, even though some are invisible.
Without barriers, separating the storage and the products from their surroundings, it would not be
possible for the refrigerated cabinet to function and to display these sensitive products according to food
safety regulations. Various barriers between the cold air in the cabinet and the surrounding warmer and
more humid air are described as air-curtains (#11, 17, 28-29, 31) and (glass-) doors (#1, 3, 11, 17-18, 30,
22) or night-curtains/blinds (#1, 22).
Different barriers, along with space and function variables regarding the consumer, can impact the point
of purchase in the grocery store, while consumers face the refrigerated cabinets; findings indicate (#18)
that consumers behave differently depending on whether the cabinets have doors or no doors, employing
different forms of approach or avoidance behavior in terms of accessibility. Doors that were transparent,
clean, and without visibility-hindering frames had a positive effect on consumers’ approach behaviors.
Doors can make it easier to find groceries. However, the doors preferred by consumers were designed to
be “invisible” and do not create a (visible) barrier between the consumers and the groceries (i.e. without
frames, clean, and undamaged) (#18).
The effect of open VORDC 3 (with no door), with its air curtain, can entail a significant amount of cold air
spillage into the environment. The air curtain not only provides a cooling capacity, it also establishes an
aerodynamic barrier between the cold storage and the surrounding environment. Furthermore, in addition
to the air-curtain, the back- and side-walls are also surface barriers. The heat balance is dependent on
other internal loads, such as defrosting, lighting for the cabinet, and the heat absorbed by the food and
removed by the refrigerator. The air-curtain is not only an invisible barrier but also a sensitive one, and
easily and unavoidably disrupted by consumers or incorrectly loaded packages, and by other technical
systems and installations in the store, e.g. heating and ventilation. Hence, strong barriers can be beneficial
(#1) and reduce the warmth infiltration. Furthermore, studies also suggest that the food code increased
significantly by more than a fifth, and that less than one percent of the food was not in compliance, with
fitted doors as opposed to no doors/air curtains (#3). For energy improvements, with a physical barrier to
the open display, (#1) roller blinds were introduced—to be pulled down during non-trading hours—as
these do not influence customers’ shopping experiences, compared to glass doors.

3.1.1.2. Food packaging

Another barrier of importance is packaging that can preserve food. Many chilled groceries and liquids are
packaged, and materials can be shaped by different variables such their aesthetic appearance, actual
cost, perceived value, and the specific food lying within. Furthermore, pre-packaged products can
distinguish differences to the consumer, e.g. organic or not (#21), with or without plastic wrapped
around the product. However, the package can also be a hindrance to consumer preferences as regards
Figure 2 An affinity diagram showing the variables of the results
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choice of content, such as in terms of number or size (#21), in comparison with freshness or weight
options.
In the fresh food section, in refrigerated cabinets, baby leaf lettuce is commonly found in plastic bags.
Several (#3, 20, 21, 25, 26, 30) of the papers are about lettuce, with all except two (#25, 30) being RTE,
ready to eat, products. The data also explains the fact that consumers notice the variations, visually, in the
products (#14, 16, 20, 30). Stronger barriers between the storage and the ambience, in the front, not only
decrease the amount of warm air coming in from the aisle, but also retain the cold air coming from the
back of the display case, thus preventing damage to products from temperatures that are too cold (#3).

Information seems to be lacking between retailers and those who want them to improve the situation and
make them use less energy (i.e. rules, regulations, and different measures). Anyone working in the
business, in particular retailers, who understands the big picture, can find it easier to measure, put priority
and know which parameters are valuable and what to include. However, being able to link those different
areas, zones within the store, with other parameters requires the same barriers to be understood, both in
a technical and a non-technical way. The lack of any sort of holistic understanding of the interactions
between the various barriers, energy consumption, and heat, is transferred to activities at the product and
building levels. Everyone has the aim of measuring the overall level, but the rules are formulated on the
basis of the details.

3.1.1.3. Building envelope

3.1.1.6. Sensory aspects

A building envelope is a shield that can keep outdoor air away from indoor environment air, or vice
versa. To keep the indoor environment healthy and fresh, ventilation (HVAC) is of major importance. The
amount of outdoor air that “leaks” unintentionally into the grocery building is also dependent on
openings and doors (#4).

3.1.1.4. Zones

The consumer standing in front of the cabinet, choosing his/her packages, is affected not only by
technical barriers, but also by how the situation is being perceived and experienced. Barriers matter to
consumer perceptions (#17-18, 20), and night curtains or doors are suggested (#3, 14, 18) in order to
provide more uniform temperatures, which also bring an improved visual quality to the lettuce and RTE,
as evaluated by humans.

For the sake of convenience, stores commonly separate categories and products into sections or zones.
Chilled groceries are distinct from other zones, due to their refrigerated display cabinets for storage and
display (#17). It is suggested that the consumer perceives and experiences the situation differently
depending on the section (#13, 18), e.g. fruit and vegetables, dairy, and meat, with differing cabinet
design and layout in the store.

Doors can be a physical hindrance, but consumers can also perceive other obstacles and barriers
depending on whether there are doors or no doors on cabinets containing chilled groceries; sensory
aspects were highlighted (#18) as especially important factors when shopping for chilled groceries. On a
more detailed level, three forms of sensory aspects were of particular importance: vision, olfaction, and
tactility as these also influence perceptions of freshness and cleanliness (#18).

3.1.1.5. Rules and regulations

Regardless of whether or not there are doors on the cabinets, various barriers can hinder the sensory
aspects from the shopping situation perspective (#18), since chilled groceries are mostly in packages that
make it difficult to smell them. Tactility and touch both include the importance of underutilized aspects
with temperatures, e.g. people’s comfort; in the study (#18), it is claimed that customers feel with their
fingers whether packages are cold when taking them from the refrigerated cabinets. Due to various
disabilities, i.e. being visually impaired, it can be also be difficult to locate the sections of a store, especially
the meat and cold vegetable zones, as #13 claimed.

Food quality is linked to food safety; however, food freshness can sometimes only be judged during
consumption and not in-store (e.g. due to packaging). To protect the consumer from substandard and
low-quality food, the effectiveness of measures (#23) which could help to ensure quality was
investigated. One measure, a higher frequency of quality checks commonly performed by public
authorities can help. Science-based food safety regulations are not possible, due to insufficient
engineering efforts, which triggered (#3) into further investigating temperatures used in food display.
Food safety legislation regulates on how to print dates on packaged fresh food in order to inform the
consumer, which can cause food waste. However, waste management can be for real and (#25) suggests
future policy implications as regards having limits for acceptable percentages of waste, something which
can limit waste.
As part of the built environment legislation, grocery stores should be designed to accommodate
consumers of varying abilities (#13). However, for those with impaired vision, many different zones and
services are barriers to access (#13), e.g. having to reach and find products, with the meat and vegetable
zones being mentioned as especially difficult to find. The creation of mind maps for visually impaired
shoppers has been suggested.
Barriers, zones, and systems are also used differently for calculating and designing technical systems. It is
for example separating /including different areas or energy on how to calculate the energy consumption
of cabinets (the refrigeration part is classified as a process) and the energy consumption of buildings, which
can make the measures obtained incorrect. These include omissions from the building regulations that do
not include the processing energy for supermarkets (#11), which can confuse designers if they are not
aware of supermarket buildings’ complexity.
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3.1.1.7. Experiences

#15 investigated how to increase the consumption of chilled food, oysters, arguing that a key barrier to
buying/eating oysters is their poor display and presentation in-store; they do not look fresh, and the
price is another major barrier.
Other issues facing the consumer can set limits and barriers, e.g. prices (#9, 15), accessibility (#18), or the
lack of correct information (#18). Another study (#6) suggests that improvements enhance customer
perceptions and behaviors differently; remodeling could improve overall sales performance and
significantly increase numbers of new customers. In the long-run, the sales boost from new customers
weakens things for existing customers, indicating that remodeling can achieve in-store sales growth when
marketing efforts focus on new rather than existing customers.

3.1.2. Temperatures
Temperature is another key variable often discussed in the studies. Temperature affects energy, food, and
the people in the grocery setting (depending on the operating temperature of the technical system and
surrounding ambient temperatures). Temperature is a physical quantity which expresses warmth and
coldness, and which can be measured and used for settings, in order to regulate and operate various
18

technical installations and systems in supermarkets. Wherever chilled groceries are displayed, the
atmosphere is colder (#17) than in other in-store areas. The building openings and ports and the outdoor
conditions both influence the indoor conditions; it has been suggested that the strongest influences
regarding the colder ambience facing shoppers standing in front of VORDC are due to cold air from the
cabinets; other heat inputs, coming from lighting, occupancy, and heating and ventilation (HVAC), are
minor in comparison (#17).

3.1.2.1.

Product quality and safety

Maintaining temperatures is also necessary in order to assure the quality and safety of the sensitive
chilled groceries. The refrigeration that chills groceries being stored and displayed in cabinets is a
dominant and costly energy item for supermarkets. Quality and safety regulations require that the
retailer store perishable foodstuffs in refrigerated cabinets (#26). Furthermore, for consumer safety, the
authorities also control food and storage temperatures; it is also suggested that frequent checks by
authorities ensure the quality (#23) of the products entering the store. Consumer quality can be
understood from a date label on the product; quality issues are increasing since it is suggested (#25) that
a short use-by date contributes to increased food waste. Furthermore, the literature also suggests that
consumers are more thoughtful when food is date-labeled; it is also suggested (#6) that consumers feel
committed to using/ eating the product within a certain period of time before wasting it. Another study
suggests that chilled products, at the point of purchase, are likely to be considered more for unplanned
consumption by consumers (#12).
Infiltration is the passage of colder air from the refrigerated cabinet into the surrounding atmosphere and
of heat input from the atmosphere into the cabinet, which can impact the temperature of the food in the
cabinet. Measurements of cabinet temperature differences between shelves have shown warmer
temperatures at the front (#3). Cabinet design and layout, and tangibles, can impact the amount of heat
input onto the chilled foodstuff in the cabinet; heat input can increase the demand for refrigeration and
can directly affect the operation of VORDC and the temperature of the chilled foodstuff (#28).

3.1.2.2. Technical issues

It is normal for temperatures to differ within the cabinet due to varying conditions. Some conditions are
manageable; it is claimed that tangibles can contribute to more uniform temperatures, along with
technology, in grocery settings. Through such practices, it seems possible to improve the quality of
chilled foodstuff and to reduce spoilage (#14); doors on cabinets (#2, 3, 11, 14) in the sales areas of the
various zones could potentially contribute to a colder and less variable (more uniform) temperature.

equipment (i.e., cabinets for chilled and frozen products), #5 suggests starting to replace old and outdated
food storage equipment with new and more efficient units.
Depending on their packaging, products are “visual” enough to evaluate in-store, e.g. lettuce. Cooling
variations in the cabinet can be problematic for chilled products, more obviously (visually) for those
groceries that are unpacked or in plastic bags (#16). Depending on temperatures (below 0 °C), defrosting
is necessary in the refrigeration system; heat and more humid air around the cabinet fall out as the frost
in the cabinet evaporates; during defrosting, the storage temperature will increase and the temperature
will vary significantly (#31, 28). The amount of frost depends on the infiltration rate and the operating
temperature. Frosting time and frequency are also dependent on the settings and regulations regarding
defrosting; if the storage temperature can allow a higher temperature, then it may be possible to avoid
costly defrosts. However, new material has been evaluated for use with chilled grocery food packaging,
with a low emissivity (#7); the study reported that the retailer can benefit from increased and costly
refrigerator operating temperatures, with a low level of emissivity on the packages’ surfaces, in addition
to an increased product shelf-life. Modifying and dehumidifying the air using a desiccant-coated heat
exchanger, before entry into the evaporator in the VORDC, could also be an option that contributes to
more frost-free operation (#31) it is claimed.

3.1.2.3. Indoor and outdoor environment

Outdoor conditions can affect the indoor environment (#4, 17, 28). Indoor environment variables are
thermal environment, indoor air quality, lighting and noise. The totality of the surroundings in front of
refrigerated cabinets, with their different designs, layouts, and tangibles, is the ambient environment for
humans and non-chilled products. The building needs to provide an indoor environment which meet
requirements for three different categories (staff, personnel and food), but not more. Building designers
use models to calculate human comfort; there is a gap between cold thermal discomfort and human
responses and one reason for this could be human clothing (#8, #17). Moreover, the atmosphere
surrounding chilled groceries is also expected to be colder than where other non-chilled products are
displayed (#4).
The literature (#17, 18) suggests differences in temperatures in the foodscape, on the basis of product
categories, that are due to the design of cabinets, as the atmosphere surrounding dairy products is colder
than for meat and vegetable products. The technical design and layout, for dairy products with backloaded cabinet and less-efficient air curtain in the front, was different in comparison with the front-loaded
cabinets for meat products. The VORDC is strongly related to increased thermal discomfort for grocery
store shoppers and other occupants (#14, 17, 22); thus, local discomfort, with a high temperature gradient
between ankle and head, was measured in front of VORDC. However, the consumer perceived the ambient
air temperature to be more important (#17). Remodeled atmospheres are expressed by consumers as
warmer and more inviting (#6).

Chilled groceries temperature requirements can differ, salad is more sensitive than other chilled products,
and high-intensity lighting exposure can, for example, retard tissue browning in lettuce (#30). The quality
of the chilled products can increase on the basis of using different materials for cabinet interiors and food
packaging, i.e. a composite shelf filled with phase change materials, PCMs, (#29) or packaging materials
using low emissivity materials (#7). Night-curtains (blinds) can be fitted on the front of VORDC when the
store is closed, decreasing heat input onto the foodstuff. However, staff can neglect to pull down these
curtains (#14) or misuse them if not motivated to pull them down; easy-to-install technologies therefore,
are important and can contribute to improvements (#22). Interventions which, on the other hand, do not
require system changes on the part of the retailer can be performed. Simulations which are claimed to be
realizable, in principle, show effectiveness as regards how to prevent chilled food waste in stores by, for
example, increasing use-by dates and by decreasing reference temperatures, being interventions which,
in principle, can be realized (#25). In contrast, due to the high demand from stores for food storage

The question of how to design buildings has led to calls for increased standardization and transparency in
the methods used to predict thermal comfort. Fanger (Fanger, 1970) proposed the PMV (predicted mean
vote index) model which can be applied to air-conditioned buildings, while things are unclear regarding
the adaptive model. The PMV model can be called a heat balance model because the thermal sensation in
the PMV is interrelated with the thermal load from the mechanisms of the human thermoregulatory
system. #8 investigated the different responses to and the behavioral aspects of coldness in dwellings.
High fluctuations in temperatures should be avoided in order to achieve thermal comfort. Moreover, to
evaluate consumers’ thermal comfort in the grocery shopping situation, in front of refrigerated cabinets,
#17 measured the thermal comfort and then correlated the subjective and objective data. It was found
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that, particularly during the summer, when customers wear light clothing, the level of discomfort was
higher. In the heat balance model, occupants’ clothes are one of the main factors potentially influencing
thermal comfort.
A paradigm shift away from heat balance-based thermal comfort models toward adaptive comfort
modeling has taken place over the last 20 years, with #8 suggesting that, in order to maintain acceptable
comfort levels, occupants may be engaging in other adaptive behaviors not currently accounted for within
the standard models.
Psychological parameters, e.g. individual expectations, also affect thermal comfort; the adaptive model
was developed on the basis of the notion that occupants dynamically interact with their environment and
that they control their thermal environment by means of clothing (among other operable variables). #8
stretched this assumption and modeled thermal discomfort, finding weak relationships between
measured indoor air temperatures and estimated clothing insulation. The gap between humans reported
and physical measures of comfort suggests that occupants were engaged in other responses, e.g. activity
(#8). In a recent study (#18) conducted in the retail foodscape, consumers claimed that if it had been too
warm, then something was probably broken; thus, the colder environment was appreciated at the point
of purchase with and without doors, for chilled groceries, and felt natural. However, the shopping situation
considered walk-in cold rooms (temperatures of about 8 °C) to be too cold and uncomfortable.
With regard to doors on refrigerated cabinets, consumers claimed that the temperature of the
environment was warmer, and that it felt as if the cold had been more isolated and kept in place; some of
the consumers perceived the coldness to be the increased experiencing of freshness (#18). Some studies
claim that difficulties in the household situation (i.e. preparation and storage) impact the shopping
situation (#15), and thus call for possibilities of assessing freshness and quality on the basis of the in-store
display, in comparison with other products. For the retailer, it can be of interest to understand more about
how the consumer perceives and experiences his/her different shopping situations and different products.
#6 evaluated consumer perceptions of remodeling, depending on the design and layout of the in-store
environment; they suggested that consumers perceived remodeled atmospheres to be warmer, inviting,
fresh, and clean, with attractive lighting.

3.1.3. Energy Management
Energy management includes planning and operating energy-consuming units. To optimize the operation
of the grocery store building and its technical systems, it should also include retail businesses processes
and various sub-systems (e.g. heating, ventilation, lighting and so on), e.g. #3, 5, 24, 28. The energy
required depends on temperature settings, operations, and on different technical products, installations,
systems, and interactions with people in the grocery building. The energy requirement can be direct or
indirect, depending on several factors; there seem to be several options and possibilities as regards
increasing energy efficiency. The environment in front of display cabinets is, for the consumer, a combined
experience of all the interactions occurring in the supermarket environment.

3.1.3.1. Commercial buildings

Buildings are energy-consuming, and the literature states that grocery stores, in particular, qualify for
inclusion among the more energy-intensive ones (#1, 4-5, 7, 11, 22, 31), due to the high requirements of
refrigeration systems and the process energy used for the storage and display of chilled groceries, which
can be costly to the retailer.
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Within the building, technical installations interact with each other, and higher-supply air velocities from
the HVAC ducts directly impact the VORDC electrical energy input (#28). Some suggestions, based on other
experiments, recommend reducing the air change rate while still retaining an acceptable level of air quality
for the building’s occupants (#19). However, theoretical and experimental investigations still need to be
applied and demonstrated under real and dynamic conditions. In addition, non-technical factors, e.g.
opening hours, can impact the refrigeration requirement since the store is closed at night and less energy
is consumed; moreover, night curtains fitted to the VORDC can save energy. Energy efficiency should not
have any negative effects. In contrast, it has been suggested that retailers avoid heating the in-store
environment any more than necessary for energy efficiency reasons (#4), even though temperatures are
below human comfort zones.
A transparent swinging or sliding door, instead of VORDC, can benefit the retailer, as this seems to be a
more energy-efficient improvement that targets the refrigeration systems; with benefits that include
saving money (#22) and less investment, compared to many other more costly installations, e.g. air
conditioning, electronic controls, or CO2 refrigeration. With doors, more than half of the operational
energy costs can be saved, and the ROI can be obtained in less than two years through energy savings
alone.
Energy consumption is both direct and indirect. The literature has defined the role of packaging materials;
for the energy analysis for lettuce, #21 has suggested that packaged products’ energy costs were at least
ten times higher than those of raw lettuce, due to the processing of the packaging, which requires more
costly, complex, and energy-intensive processing and transportation through the supply chain. However,
all operations are essential when it comes to increasing the shelf-life of packaged products. On the other
hand, some food packaging materials, in freezers, is described in terms of allowing increased operating
temperatures and thus improving refrigeration systems (#7). Moreover, the producer can select the
packaging material using an impact on carbon footprint (#27), and additionally impact the refrigerated
product display at retail for consumers, claiming that, with doors on all their units, they are cutting the
energy efficiency to half that of other actors’ displays (#27). These ambitions of passing the responsibility
for the supply chain to the retail stage are claimed to be due to companies’ sustainability agendas, and for
the consideration of footprint.
Even with high figures and plenty of possibilities of improving supermarkets’ energy efficiency, retailers
seem to lack interest in prioritizing increased energy efficiency. To address some of these concerns, many
initiatives have been taken that can identify the poor performers in the systems and help to select suitable
energy-saving measures. These suggestions include power management (#5) of the building, energy
management with the aim of increasing and better controlling and optimizing the relevant measures;
performance indicators (#1) involving food retailers might not only help to target poor conditions but also
be able to manage energy-efficient measures for benchmarking. Wasting energy is not efficient; in the
building study, which included several commercial buildings, none had heat recovery systems (#4) even
though heat reclamation from refrigeration is the second-highest electricity saver (#22) after equipping
refrigerators with doors. The energy requirement can vary and can depend on different factors; these
factors can be classified as manageable or unmanageable due to their effect on system performance.
Other options previously mentioned are technical or non-technical. Another way (#14) is to separate the
statements made by the actors depending on how they indicate their barriers and their adaptation to new
technology. It is thought that discrepancies depend on the size of the retail chain (with large chains helping
out as early adopters and disseminating information about new technologies).
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3.1.3.2. Different actors

Not only do buildings and technical installations vary, retailers also seem to differ; conveying information
between retailers requires such differences to be taken into account. There have been suggestions to
divide retailers depending on their willingness to accept longer payback timeframes for energy-efficiency
projects (#22), with costs mentioned as being important. Energy-efficient technologies can help to
increase not only staff awareness (#22) but also awareness within organizations, e.g. including data in
the sustainability reporting of these organizations. #1 did not find a correlation between refrigeration
and trading intensity.
#14 estimates that practitioners and technologies expect to have the shortest payback calculations, of less
than two years for improved energy-efficiency measures (not major changes), even though some of these
measures are less widely adopted due to the tradeoffs associated with grocery businesses. Contractors
have hands-on experience but are not always familiar with emerging technologies; uncertainty and
imperfect information concerning the performance of new technologies in grocery store businesses, e.g.
reliability and customer appeal, were the most obvious potential barriers discussed by the participants
(#14), even though they were told that split incentives between firms and contractors and/or employees
also played a role for some firms.
For the retailer, the main business is to attract consumers into the store who will purchase goods, while
the purpose of a supermarket is to sell groceries (#14). The service is to provide chilled groceries to the
consumer. However, the most critical issues depend on how energy- using appliances impact the
occupants; these are not known yet, and retailers do not always aim to increase their energy consumption
without considering such issues. Mixed views have been reported as regards whether tradeoffs between
sales and energy efficiency actually exist, and it is likely that the remodel cycle is typically driven by a desire
to enhance sales rather than energy efficiency (#14). Remodeling the store (typically every five to ten
years), and understanding how this impacts the consumers, is particularly important, especially as regards
sales and customer perceptions, for display case investment, probably due to its visibility to customers’
(#14) adjustments to their current perceptions.

3.1.3.3. Knowledge and requirements

Energy and energy use are important to understand, with the literature highlighting some examples. If
designers are not aware of how supermarket buildings operate, engineering calculations can be wrong,
causing higher operating costs for the retailer (#11). The data and the rules are not easy to understand
and often more on the level of detail, instead of providing a big picture of the whole supermarket
building and including the refrigeration part in the storage and display of chilled groceries. Real
measurements and data taken from the field illustrate the variations between buildings. For instance,
analyses of HVAC installations and ventilation rates vary widely, indicating significant leakage or
ventilation through open entrance/exit doors that do not meet typical conditions. This leakage is
suggested to stem from the poor control of ventilation and the lack of mechanical ventilation (#4).
This gap between the design and real performance of the buildings (#11) is one major obstacle to be
considered during future deliberations regarding building recommendations, in order to improve the
situation.
Furthermore, as hindrances (#14), participants named uncertainty and imperfect information about
technical performance, high costs, and tradeoffs with other valued system attributes, e.g. reliability and
customer appeal. It is believed that insufficient communication between those involved in grocery
stores—i.e. facility managers, maintenance consultants, and staff—can explain poor performance in terms
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of energy efficiency, something which could go unnoticed for a long time before being acknowledged, if it
is not followed up on properly (#1).
When it is visible what one stands to gain by doing something, change is easy to bring about. In addition,
it must also match the wallets of the grocery retail businesses. All in all, the reason for increasing energy
efficiency is very much about rules, information, and requirements, and it seems that (#14), for grocery
retailers, managing energy efficiency is a paradox, as the situation is complex and involves different actors;
everyone needs to do something, it is not easy.

3.1.4. Methods used
This review showed that the methods used in the articles to collect data sources can be categorized into
the following groups:
•
•
•
•

Modeling: computational simulation, standardized comfort equation/calculation
Quantitative approach: empirical data from sources, e.g. data from case studies
Qualitative approach: data sources from structured and semi-structured interviews with focus
groups, human panels, and observations.
Other: workshops, questionnaires, theoretical calculations/estimations, data from other studies
(reviewing)

Data was collected from the field—e.g. real buildings and the grocery context—and from controlled small
scales—laboratory studies. Table 4 presents a summary of the reviewed articles, author and publication
details, analysis tools, methods and results. Each article is identified with a number, #, used in this paper
when the data is presented.
In total, 31 articles were published in 22 different peer-reviewed journals. Three articles (#1, 17, 31), were
in the same journal (International Journal of Refrigeration). All except #13 could be found in order to be
listed according the Dewy system 4 while 21 were from technology sciences, three from pure sciences
(natural sciences and mathematics, the natural history of microorganisms, fungus and heat) and 5 from
social sciences. The three most common lower system categories were Food Technology, 8, Management,
4, and Building, 3.
The main method used was modeling; 15 articles were modeling on different aspects such as building and
HVAC (#19, 28), refrigeration system/load (#24), thermal comfort in-store (#17), costs (#14), and food
quality (#22, 25). This was also the most frequent method used. Seven of the studies used questionnaires,
some in order to collect background data for the study and four (#14, 15, 18, 20) also performed through
focus group interviews. Researchers have used qualitative methods to collect information on the
consumption of chilled food (#15, 20) and consumer perceptions and behaviors in-store when buying
chilled groceries (#18), while #14 collected knowledge of how to improve the energy efficiency of
supermarket refrigeration by interviewing retailers. Focus groups were often combined with other
methods, which provided more insight. Even if discussions often centered on visible energy efficiency
upgrades (e.g. display cases), questionnaires also indicated measures not visible in-store (e.g.
compressors, condensors) (#14). #18 used observations and focus group analysis to investigate the
different behaviors. Often, the qualitative approaches were combined with a quantitative approach, e.g.
The Dewey Decimal Classification (DDC), which originates from 1876, is divided into 10 classes (broad
subjects). Lower system categories, LC, further divide the main classifications.
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interviews, human panels, observations and questionnaires. Most of the articles included a short literature
review and some were more in-depth in order to find specific data for the study (e.g. #8), which was not
considered a method used in combination with any other method.

much about rules, information, and requirements, and it seems that for grocery retailers, managing energy
efficiency is a paradox, as the situation is complex and involves different actors; everyone needs to do
something, it is not easy.

3.2. Framework limitations

The communication and information gap between the different actors seem to be an issue of importance.
As communication occurs between several actors, it is also important to identify what is to be
communicated, and how and when. Insufficient communication between different actors (including the
consumers), involved in grocery stores, i.e. managers, maintenance consultants and staff, can explain poor
performances in terms of energy efficiency. Many of the researchers in the literature review identified
collaboration needs as one of the main challenges that must be overcome. More collaborations within and
between organisations, buildings and tenants can be necessary for successful energy management and
increased sustainability.

For this paper, the author excluded certain factors not included on the detailed level, limiting the work of
this paper:
•
•
•
•
•

Rules and regulations can differ between countries, but it should be remembered that,
within the EU, the directives are the same, even though these are applied on the national
level.
Weather and climate differences are not included.
Standard of life and cultural differences, which affect people and society, are not included.
Numbers in the reviewed results on the detailed levels are intentionally left out of the
analysis; the author wishes to show the fact that doors make an impact, and not how much
of an impact (as such, a number does not exist, or at least varies with several variables).
The publication dated for the data range from 2012 to December 2017: time period is limited
to provide data on how research report on policies and technical appliances that impact on
building performance, energy efficiency and greenhouse mitigations. This limitation
therefore only provides qualitative input and not the quantity. However, a brief overview
from peer-reviewed Review articles are also included to view historical research. They
included studies before 2012.

Qualitative research cannot be generalized, at least not in a detailed or statistical sense. However, due to
the above-mentioned existing limitations, the author claims that this is not necessary as regards gaining
the necessary insights into how to increase energy efficiency in this context.

4. Concluding remarks
In this paper, a contemporary and systematic review is made of research on refrigerated cabinets (with or
without doors) in terms of energy efficiency, chilled groceries, and consumer behavior. The suggested
frameworks for analyzing the literature review contribute to a more holistic understanding of the research
already performed and help to identify theoretically gaps that can provide policy implications.
Building designers use models to calculate human comfort; there is a gap between cold thermal discomfort
and human responses. Reasons can be due to human clothing, occupants engaged in other responses, e.g.
activity. Real measurements and data taken from the field illustrate the variations between buildings,
supermarkets are dynamic buildings. A low temperature in the atmosphere where chilled food is on display
was perceived by consumers as something natural, that things are working. The gap between design and
real performances of the building is a major obstacle for future considerations and policies regarding
building recommendations, and indoor environment variables to improve the situation.

It seems impossible for a “real business” to create and exist within a theoretical system, a barrier or similar,
as some of the advice says: It is important to create indicators and to be able to compare the commercial
buildings, cabinets, food, zones or energy efficient measures. Using the framework and categorizing
research studies are suggested as being potentially valuable to professionals in retail, as the results are set
in the grocery retail store context. For increased energy efficiency the whole retail building and its
appliances must be included. Policy should include building performance with building activities for the
occupants, both for those that are there temporary (staff) and those that are there for shorter periods
(consumers), without negative impact on the sensitive food stored within certain temperature intervals.
A combination of relevant methods, from both the social and engineering sciences, is required in order to
collect the data necessary for improving the refrigeration systems and increasing the energy efficiency of
grocery store buildings. As in all fields of applied research, it is important for the output from theoretically
calculations, simulations and studies to be regularly tested against realistic settings, using real assessments
and human subjects, during either laboratory or field studies. Human subjects add values and
contributions to knowledges for research, policies and businesses. To rely on models during the design
stage and for engineering calculations, both on small- and large-scale models, is reasonable, but they must
be followed up and be applicable for the context where these are used. Policies need to rely and collect
more real measurements which can provide valuable insights. Also, more dynamic and non-uniformity
conditions must be considered, especially this is the case for supermarket buildings.
Several engineering efficiency improvements also involve human and behavioral factors, which can be
better considered. In order to gain more knowledge, more empirical research is needed that uses actual
data, e.g. perceptions, behavioral research using lab experiments, and field measurements. The shopping
situation for chilled groceries is an extensive and complex topic, and a single study cannot provide a
complete overview of all its related aspects. The consumers are of major importance for the retailer as
they make up the businesses.

Energy needed, and energy used is important to understand. If designers are not aware of how
supermarket buildings operate, engineering calculations can be wrong, causing higher operating costs for
the retailer. The data and the rules are not easy to understand and often more on the level of detail,
instead of providing a big picture of the whole supermarket building and including the refrigeration part
in the storage and display of chilled groceries. All in all, the reason for increasing energy efficiency is very

It is evident that the majority of the studies in the literature review based on social sciences used the
questionnaire and survey approaches, and that only a few of the articles combined these methods with
either a qualitative approach or an empirical data analysis. Similarly, several studies from the engineering
discipline used just one method, e.g. modeling or empirical data analysis. Given the complexity of
situational shopping behavior, food, and energy, this single-method approach may be too narrow to fully
understand the problems that arise within the behavioral and technical aspects of the in-store system.
Studies of the buildings were more exploratory. A combination of relevant methods, from both the social
and engineering sciences, is required in order to collect the data necessary for improving the refrigeration
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systems and increasing the energy efficiency of grocery store buildings. Multidisciplinary studies
(combining quantitative and qualitative methods with empirical data) would help to overcome the
limitations of using only one method. Insights from this review further illuminated the fact that methods
that engage consumers tend to present results that are easier for grocery retailers to use.
All the literature cited in this article contributed to the advancement of knowledge of contemporary
research regarding this specific context of shopping situation for chilled groceries. Most of the real
supermarket problems are intrinsically multi-objective ones that are linked to the grocery business, which
includes the consumers. However, many of the technical problems, e.g. the short shelf-life of sensitive
food, are challenges facing supply chain management in its entirety (Kärkkäinen, 2003).
The conclusions obtained from this research show that several energy efficient improvements to
refrigerated cabinets (either with or without doors) have a great potential to be viable options for the
retailer in the future. Design and layout is different depending on different chilled product categories. It
is shown that the doors can increase accessibility for the groceries, increase the whole store energy
efficiency and improve food quality. With doors on cabinets, participants indicated increased comfort.
However, more improvements and efforts are required for the assessment and implementation of these
potentials. To be adjusted to the social sciences, consumers and retail context are further investigations
necessary that also shows how it affects the consumer shopping situation. The engineering efficiency
improvements should also involve human and behavioral factors better on how the consumer experience
the shopping situation and why. In particular the information and knowledge about this situation must be
better communicated between the different actors.
Advice to managers based on the identified knowledge gaps
(1)
List the results of the studies performed as general conclusions within themes, and only
focus on important detailed observations when necessary. The overall results must focus on what can be
done, adjusted to the retailer operation management.
(2)
Find a technician who understands your business and is aware of existing and upcoming
rules and regulations, especially the rules that are mandatory. Otherwise, it can be costly in the long-term,
with maintenance and mandatory exchanges due to stricter regulations.
(3)
Communicate the benefits within your organization.
(4)
Be aware of requirements applicable to sensitive products in relation to each cabinet, due
to temperature variations and packaging. The temperature of the food in the cabinet can be managed and
more “forgiven” with efficient barrier/s due to more robustness.
(5)
Create a more energy efficient, effective and functional shopping situation for the chilled
groceries display.
Future directions for researchers
Although there are already many researchers, and the constant development of methods when it comes
to complex problems, there are still some difficulties facing future research and improvement.
(1)
Most of the methods and tools are for analysis and planning and are focused on detail.
However, in a supermarket context, actions are dynamical and have large variations. The key lies in
focusing more strongly on moderators such as the real retail business context, with full-scale testing, under
real conditions, for the “details”.
(2)
The retail business context becomes complex due to the interactions occurring between
different technical installations, humans and regulations. Thus, there can be a point to dividing these
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problems into sub-problems, which is, in addition, problematic without jeopardizing the supermarket
context.
(3)
When it comes to the grocery context and the physical store, there are consumers, they are
essential, and the retailer wants them to experience the store.
(4)
Consumer characteristics should combine sociodemographic with other disciplines for
increased knowledge. e.g. elderly population. Such a development can be fruitful for both the researcher
and the retail business.
(5)
Finally, knowledge and research must be well communicated between the different actors
in this business. Either the researchers involved or experts in communication can make this possible.
Summary of major gaps and policies based on peer-reviewed Review articles
Conclusions in this review articles proposes different aspects that can lay the path for further and
increased research and policies for refrigerated display cabinets energy efficiency considering the
consumers shopping situation for chilled groceries in the supermarket. Multiply studies are necessary as
single study cannot provide a complete set of data. Different methods, and combinations of methods can
gain more knowledge between different disciplines.
Therefore, from the initial findings of more than 2 000 articles were further 44 peer-reviewed Review
articles collected. From 44 were 18 Review articles identified by Title and keywords (Tab. 2). The Review
articles organize historical research based on review studies with trends in food sciences on either
intelligent packaging technologies (Ghaani, Cozzolino, Castelli, & Farris, 2016) that urge for more
considerations on regulations or more on the engineering side (N. Chaomuang, D. Flick, & O. Laguerre,
2017; Coombs, Holman, Friend, & Hopkins, 2017) that review cooling temperatures and technologies for
chilled foodstuffs and suggest more reliable data and instruments. All the three reviews suggest more
consumer studies that can be related to the engineering aspects, i.e. as it seems to overcome some of the
barriers with new research.
Research has increased with a focus on built environment due to a need to decrease greenhouse
mitigations and increased policy attentions. It is suggested that the impact the research has on the
literature and its inclusion in comfort standards is connected (Dear et al., 2013) to the increased policy
attentions. Future research suggests more hedonic and less “negative” views on different parameters in
thermal comfort, e.g. breeze and thermal delights instead of air movements. Recognition and thermal
comfort are also more on occupants’ interactions in the building (e.g. IEQ indoor environment quality) and
dynamic conditions. The need for human subjects is strongly recommended, even though there is a lack
in several studies as pointed out (Dear et al., 2013).
For energy efficiency the thermal interactions between open cabinet and surrounding atmosphere depend
on air curtains, the cabinets barrier is therefore an important factor for research and development
contexts. However, most studies still focus on energy consumptions alone. More and different studies are
suggested that incorporate the cabinet and interactions with ambient and human subjects an different
parameters linked to energy use and food quality and safety (Nattawut Chaomuang et al., 2017).
Different parameters (e.g. temperatures, price) and issues (e.g. product labelling, energy efficient
installations, barriers) related to different aspects, such as quality, safety, healthiness, nutrition’s and
consumer characteristics are necessary and can improve policy and regulations and increase sustainability.
The role and impact depending on different sociodemographic with other variables can improve situations,
such as physical activity, especially walking in relation to the environment (Dadpour, Pakzad, & Khankeh,
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2016). Different impairments can be problematic and create decreased accessibility within spaces. Design
shall therefore include identifications. Different experiences can be communicated to the shoppers by e.g.
signage, audible signage or colours to the shoppers. Wayfinding is about effective communication, relying
on different communication cues to our sensory system (Khattab, 2015).
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Greek symbols
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difference [K]
φ
relative humidity [%]
Subscripts
a
air; dry-bulb; water vapour partial
pressure of air
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convection
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clothing (see Definitions)
dp
dew point
e
extract
f
surface temperature, floor
M
see Definitions
obj.
objective
op
operative
pr
plane radiant
r
radiant, radiation
s
supply
subj.
subjective
1
cabinet one, roll-in back-loaded (Fig. 2)
2
cabinet two, front-loaded (Fig. 2)
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Confort thermique dans les supermarchés : diverses
méthodes d’enquête et mesures simultanées de
l’environnement thermique

Definitions
Clo
1 clothing unit = 1 clo is 0.155 m2 ⋅ K ⋅ W −1
M
Metabolism is the rate of metabolic rate, the
unit used is met, 1 met = 58.2 W ⋅ m−2 . It
varies over a wide range from 0.7 met for
sleeping and about 8 met for wrestling. It
depends on the body size.
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surface area factor [−]
heat transfer coefficient [ W ⋅ m−2 ⋅ K −1 ]
insulation [ m2 ⋅ K ⋅ W −1 ]
metabolic rate (heat produced by the
metabolism) [ W ⋅ m−2 ]
pressure [Pa] or [bar]
temperature [°C]
temperature, mean [°C]
velocity [ m ⋅ s−1 ]
effective mechanical power/work [ W ⋅ m−2 ]

1.

Introduction

Thermal comfort is that condition of mind wherein one experiences satisfaction with the thermal environment (ISO 7730,
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2005) and is assessed by subjective evaluation (ANSI/ASHRAE
Standard 55, 2004). To achieve this condition, the human must
have no need for a colder or warmer environment. This means
that to estimate thermal comfort, not only physical measurements but also subjective tools such as scales are necessary.
In the supermarket environment, customers are temporarily
in the situation of shopping and experience variable dress and
exposure time. It is unrealistic to hope that the same environment will satisfy everyone. To predict the thermal sensation
of the body as a whole, indices such as the Predicted Mean Vote
(PMV) are commonly used. Fanger (1970) proposed the PMV,
and his contribution to the research on thermal comfort still
defines the highest level in HVAC applications. The PMV is an
index that predicts the mean value of the votes of a large group
of persons on the 7-point thermal sensation scale. The theory
behind the PMV is based on the heat balance of the human
body, which is obtained when the body’s internal heat production is equal to its loss of heat to the environment. In a
moderate environment, the human thermo-regulatory system
will automatically attempt to modify skin temperature and
sweat secretion to maintain the heat balance. Research into
thermal comfort and sensation has been conducted mainly in
climate chambers, since such experimental conditions enable
independent control of the physical and personal variables. Field
measurements are mainly conducted by collecting adequate
data from a specific building in order to obtain values from the
real conditions and to compare them to the predictions made
from the results of laboratory studies. Thermal comfort has been
measured and presented by several researchers; however, this
work mainly deals with occupants, employees and workers in
offices and schools where people stay for a long time, about
8 hours a day. Rupp et al. (2015) reviewed literature, 466 articles, on human thermal environment in the built environment,
none reported on customers. de Dear and Fountain (1994) conducted field investigations of the indoor climates and occupant
comfort of twelve air-conditioned office buildings in Townsville in Australia, which represents a hot-humid climate.
Newsham and Tiller (1997) successfully performed field studies
of office thermal comfort using questionnaire software. Skoog
et al. (2005) investigated the thermal environment in hospitals’ orthopaedic wards, and their method, which combined
objective and questionnaire measurements, was well-suited
to their work. Simone et al. (2013) performed a field study on
workers in an Italian hypermarket with discrepancies between
subjective ratings and corresponding PMV index. For workers
exposed to extreme thermal environments, either hot or cold,
applies specific standards in which also the importance of subjective survey is mentioned. Oliveira et al. (2014) studied cold
thermal environment for workers in food distribution industrial units.
The thermal comfort problem in supermarkets, and in
front of display cabinets in particular, has been studied by
researchers using CFD-modelling, e.g. Foster (1996) and Foster
and Quarini (2001). Results show that cold air spillage can be
a problem. Cold air from display cabinets spills out of the
cabinets onto the floor, leading to the customer’s feet
becoming cold, commonly known as the “cold feet” effect.
Axell and Lindberg (2005) also concluded that poor thermal
comfort is prevalent surrounding open display cabinets in
supermarkets.
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Purpose and aim of the study

The purpose of this study was to investigate how a supermarket’s thermal environment is perceived by customers and
personnel through a comparison of objective (physical) and subjective (questionnaire) measurements taken in front of open
vertical display cabinets. The hypothesis was that objective measures can sufficiently estimate the perceived thermal
environment with the following assumptions and limitations:
- the comfort equation in ISO 7730 can be used to estimate
the perceived thermal environment in a supermarket environment expressed as Predicted Mean Vote.
- the comfort equation will be sufficiently accurate outside
its verified range in terms of thermal gradients and residence time to prescribe suitable supermarket thermal
environment.
- The mean temperature at the point of residence is more
important for perceived comfort than the temperature gradient between ankle and head.
- Questionnaires can be used to evaluate thermal comfort
among customers as well as personnel in a supermarket
environment.

2.

Materials and methods

Outdoor conditions strongly affect the indoor thermal environment. Seasonal variations also influence customers’ manner
of dress: in summer they will wear less clothing than in winter.
In a supermarket’s layout of refrigerated food storage, however,
the primary influence factor for the thermal climate is not
outdoor variations but cold air spillage from open vertical
display cabinets. Hence, the work has concentrated on analysing
the indoor thermal environment in front of these vertical display
cabinets. Both objective (physical) and subjective (questionnaires) measurements have been used in order to investigate
the indoor thermal environment. The physical measurements have been collected continuously during opening hours
at the same time as questionnaires were distributed.
The measuring plan and field study can be divided into the
following steps:
- Contacts with the managers of the supermarkets in order
to schedule and plan for the measurements.
- Development of questionnaires used for customers and
personnel.
- A design of racks with instrumentation to collect adequate data for the study.
- A two-stage measuring campaign for the supermarkets;
Stage 1 – winter and Stage 2 – summer
- In each supermarket measurements were planned during
opening hours with a rack in front of the vertical display
cabinets from where objective (physical) measurements were
collected. Subjective (questionnaires) measurements were
collected during the same time as the physical measurements were collected.
- Statistical evaluation of the collected data by means of the
program SPSS and excel.

- Analysis on objective (physical) and subjective (questionnaires) measurements.
A review of the literature concerning supermarkets, indoor
environment, and thermal comfort was conducted. With this
prior work as a basis, the field measurements were designed
and the methodology was developed for evaluation of the indoor
thermal environment. Standard ISO 7730 (2005) was utilised
to specify the physical quantities to measure. The standard has
been developed for the determination of conditions for thermal
comfort/discomfort in moderate thermal environments. Standard ISO 7726 (1998) was then implemented to specify how and
by what accuracy to measure physical quantities. Finally, based
on standard ISO 10551 (1995), questionnaires were developed
for the subjective data which were collected from people.
Measurements were carried out and gathered in three different supermarkets in Sweden. It was decided to perform the
measurements in front of vertical display cabinets since they
are common and also most sensitive for infiltration.
The data were analysed; the perceived, evaluated, and preferred indoor environments were compared to the physical
measurements acquired in the field investigation. The instrumentation, variables and uncertainty can be found in Table 1.
Questionnaires (see Fig. 1) were used in order to find out how
the indoor climate was judged by the people and is further explained in the section Subjective Questionnaire Measurements.
Two common types of open vertical cabinets were included, type 1 and 2; see Fig. 2. Dairy goods, which are kept
warmer than meat, are commonly stored in the type 1 cabinet.
Cabinet 2 is a traditional cabinet with a rear wall that permits
loading from the front only. However, the air-curtain in such
a cabinet is generally more efficient. In supermarket B, cabinet
B1 was positioned inside a walk-in cold dairy room.

2.1.

Objective measurements – physical parameters

In order to perform measurements at different heights a rack
was used as shown in Fig. 2. Measuring heights were at head
level (1.7 m), abdomen level (1.1 m) and ankle level (0.1 m) as
also suggested in standards (ISO 7726, 1998; ISO 7730, 2005).
The calibrated sensors on the rack, positioned 0.5 m from the
cabinet, were connected to a data-logger system collecting the
data with sampling intervals of six times per minute.
The objective data (temperatures, air humidity and air velocity) were collected by physical instrumentations around the
object e.g. the human. The mean radiant temperature (Eq. (1)),
is the uniform temperature of an imaginary enclosure in which
radiant heat transfer from the object is equal to the radiant
heat transfer in the actual non-uniform enclosure and the
radiant temperature asymmetry is two opposed directions. For
instance, in supermarkets when facing open display cabinets, the radiation is coming from opposite parts of the space.
The mean radiant temperature, tr , is calculated using Eq. (1),
making use of projection area factors for a person in six directions (standing person) according to the projected area
factors; up/down = 0.08, left/right = 0.23, front/back = 0.35 (when
measurements are e.g. performed with a “cube thermometer”). Plane radiant temperature, tpr, in degrees Celsius, is
expressed in Watt per square metre:
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Table 1 – Variables, instruments and uncertainties for the study, measuring equipment as well as measuring methods
are based on ISO 7726 (1998) .This standard specifies characteristics of instruments as well as methods for measuring
the relevant physical quantities.
Measuring position

Quantity

0.5 m in front of the cabinet, height
0.1 m, 1.1 m and 1.7 m above the floor
On the floor in contact with the surface
0.5 m in front of the cabinet, height
1.1 m above the floor

0.5 m in front of the cabinet, height
1.1 m above the floor
Partial pressure
0.5 m in front of the cabinet, height
1.1 m above the floor
0.5 m in front of the cabinet, height
0.1 m, 1.1 m and 1.7 m above the floor
a

Unit

Uncertaintya

ta
Dry bulb temperature
tf
Surface temperature
ϕa
Relative humidity

°C

±0.2 °C

°C

±0.5 °C

%

t dp
Dew point temperature
pa
Water vapour pressure
tr
Mean radiant
temperature
va
Air velocity

°C

±5% for
0 < ϕ a < 60%
±10% for
ϕ a > 60%
±5%

Pa

±0.15

°C

±1 °C

ms−1

±0.2 ms−1

Comments
Pt 100 sensor
Pentronic
Pt 100 sensor
The sensor in direct contact with the surface
Relative humidity sensor, ELKA model COR
N, manufacturer number 0337
Temperature sensor, dry bulb, Pentronic
Calculation based on relative humidity
sensor and dry bulb temperature
From calculations based on relative humidity
and dry bulb
Calculations according Eq. (1) based on
measurements with a cube thermometer
(a coupled chain with 6 thermistors)
Hot-wire anemometer, TSI model 8475-075,
manufacturer number 99040401
Measuring the resulting velocity component

Expanded uncertainty of measurement is obtained by multiplying the standard uncertainty of the output estimate by a coverage factor k,
the standard coverage factor k = 2 should be used. The assigned expanded uncertainty corresponds to a coverage probability of approximately 95%.

tr =

0.08 (t pr [up] + t pr [down ]) 0.23 (t pr [right ] + t pr [left ])
+
2 (0.08 + 0.23 + 0.35)
2 (0.08 + 0.23 + 0.35)
+

0.35 (t pr [ front ] + t pr [back])
2 (0.08 + 0.23 + 0.35)

[°C]

(1)

Indicator Operative temperature (Eq. (2)) is used to distinguish from the general thermal comfort for the human body.
The surface temperature, the temperature of a given surface,
is used to evaluate the effect of direct contact between the body
and a given surface. The absolute humidity of the air is related

to the amount of water vapour contained in the air. With regard
to exchanges by evaporation for a human, it is the absolute
humidity of the air which should be considered. The air velocity is a quantity defined by its magnitude and direction, for
the case of thermal environment it is the speed of the air, i.e.
the magnitude of the velocity vector of the flow at the measuring point is considered.
The calculated operative temperature, top (Eq. (2)), is the temperature of a uniform environment in which a person loses
the same amount of heat from the skin as in the actual

Fig. 1 – An example from the questionnaire and question 1 on the temperature. The questionnaires were of multiple choice
and asked on how customers perceived, evaluated and preferred different physical parameters, e.g. the temperature. For the
subjective (perception) results the perception scale (PMV value) uses a central indifference point and two times 3 degrees of
increasing intensity, cold = −3, neutral = 0, and hot = +3.
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Table 3 – Results (mean values) from physical (objective) measurements in front of open vertical display cabinets (height
above floor indicated) and operative temperature.
Variable

Summer conditions

Fig. 2 – Two types of open vertical display cabinet with measuring rack were used in three supermarkets (A, B, C). On the
rack the instrumentations were at three different heights above the floor. Distance for rack and customers were 0.5 m in
front of the cabinet. The refrigerated foods in the vertical cabinets were kept at temperatures between 0 °C and +8 °C.
Cabinet 1, roll-in and back-loaded cabinets; Cabinet 2, front-loaded cabinets. Note: Measurements for cabinet B1 apply to a
cold dairy-room.

environment. Eqs (1) and (2) are measured or calculated (ISO
7726, 1998).

t op =

2.2.

hc ⋅ t a + hr ⋅ tr
hc + hr

or

t op ≈ 0.5 ⋅ (t r + t a ) [°C]

(2)

Winter conditions

perature, humidity, air velocity, light and overall thermal indoor
climate based on the five parameters) affecting the thermal
environment.
a

2.3.
Evaluation of subjective questionnaires and objective
measures

b
c

Subjective questionnaire measurements

Subjective data were collected at the same position as the rack
(Fig. 2). The ISO 10551 (1995) standard covers the design and
use of judgement scales. Questionnaires (example in Fig. 1) were
distributed and collected to assess how customers perceived,
evaluated and preferred the indoor environment. The persons
interviewed were briefly informed about the reason for the
questionnaire. Background parameters such as activity, clothes,
age, etc., and other physical parameters concerning the indoor
environment were collected. Different questions were posed
for each different category of physical parameter (e.g. tem-

The objective and subjective data were analysed, separately
and depending on season, supermarket and cabinet for storage
of refrigerated goods. Both groups were compared. However,
most answers were collected from customers. The data have
been analysed by comparisons and statistical evaluation. Table 2
shows the respondent’s answers depending on supermarket,
season, customer, personnel, gender, age and type of cabinet.
More details and results from all questionnaires can be found
in Lindberg (2009). To verify the measurements not only further
results are necessary but also more different system solutions (e.g. heating and ventilation) and design of cabinets for

Table 2 – Responses from subjective (questionnaires); question 1a on how the temperature is perceived in front of two
different types of cabinets (1, 2) during summer and winter conditions for three different supermarkets (A, B and C).
Conditions and variables

Summer conditions

Winter conditions

Total no. of respondents [N]
Customers [%]
Personnel [%]
Male [%]
Women [%]
Average age [years]
Total no. of respondents [N]
Customers [%]
Personnel [%]
Male [%]
Women [%]
Average age [years]

Note: Fig. 2 illustrates the different types of cabinet.

Supermarket (A, B, C); Cabinet (1, 2)

Total

A1

A2

B1

B2

C1

C2

107
85.0
15.0
49.5
50.5
42.5
123
95.1
4.9
52.1
47.9
39.4

75
86.7
13.3
60.9
39.1
41.0
114
100
0
54.8
45.2
39.7

81
90.1
9.9
39.5
60.5
46.7
113
99.1
0.9
30.6
69.4
47.8

66
86.4
13.6
42.2
57.8
46.7
82
98.8
1.2
48.1
51.9
51.9

95
93.7
6.3
40.7
59.3
48.5
91
97.8
2.2
51.2
48.8
48.5

88
97.7
2.3
48.1
51.9
47.4
93
93.5
6.5
35.5
64.5
47.4

512
90.0
10.0
46.8
53.2
45.4
616
97.4
2.6
45.5
54.5
44.4

Air temperaturea [°C]
Radiant temperatureb [°C]
Operative temperaturec [°C]
Temperature diff. [K]
Between 1.7 m and 0.1 m
Surface temp. [°C]
Relative humiditya [%]
Dew point [°C]
Air velocity [m/s]
0.1 m (ankle)
1.1 m (hip)
1.7 m (head)
Air temperaturea [°C]
Radiant temperatureb [°C]
Operative temperaturec [°C]
Temperature diff. [K]
Between 1.7 m and 0.1 m
Surface temp. [°C]
Relative humiditya [%]
Dew point [°C]
Air velocity [m/s]
0.1 m (ankle)
1.1 m (hip)
1.7 m (head)

Supermarket (A, B, C); Cabinet (1, 2)

ta
tr
t op
ΔT
tf
ϕ
tdp
va

ta
tr
t op
ΔT
tf
ϕ
tdp
va

A1

A2

B1

B2

C1

C2

15.9
14.1
15.0

17.5
15.2
16.4

7.6
6.9
7.2

15.4
12.6
4.0

14.8
11.8
13.3

17.7
14.5
16.1

8.0
12.7
54.4
6.7

6.9
12.4
53.0
7.8

0.9
9.4
64.3
1.3

5.2
14.4
59.5
7.6

6.1
13.6
49.2
4.3

5.4
13.1
40.1
4.0

0.3
0.1
0.1
11.5
9.7
10.6
6.3

0.2
0.1
0.1
13.0
10.6
11.8
5.4

0.1
0.1
0.1
7.6
6.9
7.3
0.4

0.3
0.1
0.1
14.9
12.0
13.5
6.1

0.3
0.2
0.1
13.9
11.2
12.5
9.0

0.3
0.1
0.1
16.2
13.0
14.6
5.7

9.6
40.0
−1.6

10.5
28.2
−5.0

9.8
40.1
−5.1

14.2
26.4
−4.2

10.7
37.5
−0.3

13.3
25.0
−3.8

0.3
0.2
0.1

0.2
0.1
0.1

0.1
0.1
0.1

0.3
0.1
0.1

0.3
0.2
0.1

0.2
0.1
0.1

At height 1.1 m (hip).
Calculated (Eq. (1)) projected area factors for a standing person in six directions. Collected with a “cube thermometer”.
Calculated (Eq. (2)) is the temperature of a uniform environment in which a person loses the same amount of heat from the skin as in the
actual environment.

the display of the chilled food. Additionally data from other
areas aside from southern Sweden will be needed.

3.

Results and discussions

The results are summarised and presented in Table 3. However,
perceived comfort depends not only on the whole body’s
thermal balance but also on exposure time. This study involves customers in the temporary situation of supermarket
shopping, which involves variable dress and exposure time. The
results from the measurements show that the outdoor climate
influences a supermarket’s indoor air climate. However, impact
on the environment in front of the cabinets is due to cold air
leaking out from the cabinet. Other systems installed in the
vicinity of the cabinets and opening of doors can also influence the cabinets and aggravate their cold air leakage. Last,
the hypothesis, introduced in Section 1.1, is discussed.
Table 3 reveals that the values summarised and presented differ depending on where and when the measurements
were collected. To calculate PMV, the values at height 1.1 m (hip
level for a standing person) were used.

3.1.

Objective measurements – physical parameters

Axell and Lindberg (2005) concluded that the area where refrigerated goods are located, especially directly in front of open

vertical cabinets, is colder than other parts of the supermarket. This study has therefore focused on the surroundings of
open vertical cabinets. Results also reveal that the outdoor condition influences the indoor condition, as during winter, the
air temperature is lower at all three levels (heights). However,
most of the impact around refrigerated cabinets is a result of
cold air leakage from the cabinets.
The ambient temperature for each supermarket, in both
summer and winter, is lower in front of cabinet 1, which is backloaded, compared with cabinet 2. For cabinet 2, which is frontloaded, the air-curtain is more efficient and hence a warmer
surrounding is maintained. In supermarket B cabinet B1 is
located inside a cold dairy room and a temperature 8 °C is maintained for all three heights during both summer and winter.
The vertical air temperature difference between 1.7 and
0.1 m above the floor was calculated, the results of which are
presented in Table 3. The temperature difference is a measure
of the vertical gradient and is the net effect of how efficiently
the cold air can be contained within the cabinet, depending
on occupancy and the impact of other systems, e.g. ventilation, heating and comfort cooling.
It is apparent that, as expected, the gradient is larger in front
of the cabinets in summer conditions. However, for cabinet B1,
located inside the cold dairy room, the temperature difference is lowest. Here the ambient air is less influenced by the
outdoor conditions due to the fact that the air around this open
cabinet is controlled at a low temperature. Due to the minimal
temperature difference between the room and cabinet, the
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Table 4 – PMV based on objective measurements from Table 3 and subjective questionnaires from Fig. 1. Vertical air
temperature difference, ΔT, and PMV differences,a respectively, in front of different types of cabinets (1,2) for customers
during summer and winter conditions for three different supermarkets (A, B and C).
Variables and conditions

Summer conditions

Winter conditions

a

433

Table 6 – Changes in individual parameters to change PMV by ±0.5 PMV-units from the neutral value PMV = 0. Bold
values in the 1st column correspond to the reference case and variable changes are indicated in the grey boxes.

Supermarket (A, B, C)
Cabinet (1, 2)

Temperature [K]
PMV objective
PMV subjective
PMV differencea
Temperature [K]
PMV objective
PMV subjective
PMV differencea

ΔT
–
–
–
ΔT
–
–
–

A1

A2

B1

B2

C1

C2

8.0
−1.6
−1.1
0.5
6.3
−0.7
−0.9
−0.2

6.9
−1.3
−0.6
0.7
5.4
−0.5
−0.7
−0.2

0.9
−3.3
−1.8
1.5
0.4
−1.0
−1.4
−0.4

5.2
−1.7
−0.6
1.1
6.1
−0.3
−0.5
−0.2

6.1
−2.2
−1.3
0.9
9.0
−0.5
−1.0
−0.5

5.4
−1.3
−0.5
0.8
5.7
−0.1
−0.3
−0.2

The PMV difference, subjective (perceived)–objective (predicted).
PMV = 0 (neutral) for bold values of the variables in the column below PMV = 0.
In this study 0.5 clo during summer and 1.4 clo during winter for customers are assumed (see Definitions).
1.6 met for shopping is assumed (value according ISO 7730, 2005; see Definitions).
d
The air velocity in the space is assumed to be <0.1 m/s. The relative air velocity, var , caused by body movement is estimated to be zero for a
metabolic rate of M < 1 met and var = 0.23 ⋅ (M − 1) for M > 1 met (ISO 7730, 2005).
e
A relative humidity of 50% can be used for moderate temperature close to comfort. Typically, a 10% higher relative humidity and a 0.3 °C
higher operative temperature are perceived as being warmer in equal measure (ISO 7730, 2005).
a

b

driving force for infiltration through the air curtain is low. For
cabinet C1, the temperature difference is most substantial
during the winter, at 3 K, compared with the summer difference. This could be due to a poor layout in the supermarket
or the fact that this supermarket may not control its indoor
climate as efficiently as other supermarkets.
The results of the surface temperature measured on the floor
are presented and show that the temperatures are lower during
winter compared with summer. None of the supermarkets had
floor heating. The cold room B1 has the highest relative humidity which could be due to the fact that the room is situated
next to the room with vegetables and fruit. The air-curtain in
the cabinet is more or less sensitive for high air velocities depending on how efficient the air curtain is. The high velocities
at the height 0.1 m (ankle) are due to the natural convection
driving forces from cold air spillage that creates a temperature gradient in front of the cabinet.

3.2.

Subjective measurements – questionnaires

Respondents were mostly from the customer category, with
rather few from the personnel category. For that reason, the
personnel were excluded even though they would not have
greatly influenced the values. In total, 1100 questionnaire sets
were collected. Questionnaires included scales adapted to guide
the respondents in discussing his/her perception of the
environment.

3.3.
Correlations of objective and subjective
measurements
The predicted perception according to ISO 7730 was compared to perception data derived from questionnaires in line
with ISO 10551. Results demonstrate that among the physical (objective) measurements and subjective (questionnaire)
measurements, the variation is highest for the (perceived) temperature and overall indoor environment. Hence, the analysis
focused on correlating those factors. The general thermal
comfort for the human body is when the whole body is taken
care of. In order to distinguish general thermal comfort it is
common to use the operative temperature or indicators such
as PMV.

In Table 4, the predicted PMVs based on the comfort equation and physical measurements from Table 3 are presented
and compared with PMVs from subjective measurements on
how the thermal environment was perceived. The measurements have shown large vertical temperature differences
between ankle and head in front of the cabinets (as an average
for a day up to 9 K for C1, winter). However, the ISO 7730 (2005)
equation should only be used for a temperature difference,
ΔT < 8 K and Table 4 shows that vertical differences are
higher.
Results indicate that, particularly during summer, customers are likely to experience discomfort.

3.4.

c

different combinations of metabolic rate, clothing insulation,
air temperature, mean radiant temperature, air velocity and
air humidity (ISO 7726, 1998) by using Fanger’s models for PMV
(ISO 7730, 2005) (Eq. (3)–(6)). PMV is based on the heat balance
of the human body (Eq.(3)–(6)).

PMV = [0.303 ⋅ exp (−0.036 ⋅ M ) + 0.028]
⎧(M − W ) − 3.05 ⋅ 10−3 ⋅ ⎢⎣5733 − 6.99 ⋅ (M − W ) − pa ⎥⎦ ⎫
⎪− 0.42 ⋅ (M − W ) − 58.15 − 1.7 ⋅ 10−5 ⋅ M ⋅ 5867 − p ⎪
(
[
]
a )⎪
⎪
⋅⎨
⎬
− 0.0014 ⋅ M ⋅ (34 − t a ) − 3.96 ⋅ 10−8 ⋅ fcl
⎪
⎪
4
4
⎪⋅ ⎡ t cl + 273) − ( tr + 273) − fcl ⋅ hc ⋅ (t cl − t a )⎤
⎪
⎦
⎩ ⎣
⎭

Predicted mean vote (PMV)

The Predicted mean vote, PMV, index predicts the mean value
of a large group of persons on the 7-point thermal sensation
scale in ISO 7730 (2005): Hot (+3), Warm (+2), Slightly warm (+1),
Neutral (0), Slightly cool (−1), Cool (−2), Cold (−3), and should
be used for values of PMV between −2 and +2, and when the
six main parameters are within intervals given in Table 5.
PMV is derived for steady-state conditions but can be applied
for time-weighted averages of the variables during the previous 1 h (ISO 7730, 2005). However, the ASHRAE 55 (ANSI/ASHRAE
Standard 55, 2004) standard is designed for human occupancy not less than 15 minutes. PMV can be calculated for

Table 5 – Units and intervals for calculating PMV
(predicted mean vote) based on ISO 7730 (2005). PMV
can be used as a descriptor in the studies of thermal
comfort. Index PMV should be used between −2 and +2
on the thermal sensation scale and when the six main
parameters are within following intervals.
Type
Subjective factors

Parameter

Interval

Unit

M

46–232
0.8–4
0–0.310
0–2
0–10
10–40
0–1
0–2700

W ⋅ m−2
met
m2 ⋅ K ⋅ W −1
clo
°C
°C
m ⋅ s−1
Pa

Icl
Objective (physical
environment)

ta
tr
var
pa

(

(3)

)

t cl = 35.7 − 0.028 ⋅ (M − W ) − Icl

{

}

4
⋅ 3.96 ⋅ 10−8 ⋅ fcl ⋅ ⎡⎣(t cl + 273)4 − ( tr + 273) ⎤⎦ + fcl ⋅ hc ⋅ (t cl − t a )

0.25
for 2.38 ⋅ t cl − t a 0.25 > 12.1 ⋅ var
⎪⎧2.38 ⋅ t cl − t a
hc = ⎨
for 2.38 ⋅ t cl − t a 0.25 < 12.1 ⋅ var
⎩⎪12.1 ⋅ var

(4)

(5)

Equations for t cl and h c , Eqs (4) and (5), are solved
iteratively:

⎧1.00 + 1.290Icl
fcl = ⎨
⎩1.05 + 0.645Icl

for Icl ≤ 0.078 m2 ⋅ K W
for Icl > 0.078 m2 ⋅ K W

(6)

The PMV can be determined in different ways. For this study:
- By using the comfort equation, and calculations based on
(objective) measurements.
- By calculations done by means of a BASIC program, listed
in ISO 7730.
- From questionnaires where people evaluated the indoor
thermal environment.
When the respondents were not able to give (or the interviewer was not able to receive) enough detailed information,

the values and input parameters for calculations of PMV were
estimated according to
• Clothing of customers: summer, Iclo = 0.5 clo; winter, Iclo = 1.4
clo
• Activity level of customers and personnel: M = 1.6 met (90
W/m2)
The different variables in the comfort equation will have
different impact on the result. Sensitivity analyses based on
the predicted PMV values were performed, and these show that
during winter the difference between perceived and predicted PMV is less than 0.5 PMV units and for summer around
1 PMV. In order to see the required change in each variable to
change the PMV value by a given value, sensitivity calculations were made. Table 6 provides results for the required
parameter change in order to change PMV ±0.5 units. The reference point is PMV = 0 (=neutral). The variation and the
sensitivity for the different variables are also discussed in
Table 1.
The hypothesis was that objective measures can be used
to estimate the perceived thermal environment sufficiently with
the following assumptions and limitations (Sections 3.4.1–3.4.4):

3.4.1. Assumption 1 – on the comfort equation used in
supermarket environments
Fig. 3 summarises the PMV values for customers for summer
and winter conditions. For the purpose of facilitating the comparisons symbols are connected with lines to facilitate easy
comparisons. The data reveal that the predicted PMV based on
the comfort equation can be used to estimate the perceived
environment as the PMV, as the values are mainly systematically varied with some minor variations. Customers’ perceived
PMV is lower during the summer. This perception, however, is
not as low as the predicted PMV indicates. The differences
between perceived and predicted PMV are most likely due to
temperature difference in different seasons.
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Fig. 3 – Results on PMV from subjective (subj.) perceptions
(by questionnaires) and objective (obj.) predicted
measurements during the summer and winter for the
three different supermarkets (A, B and C) in front of
Cabinets (1, 2).

3.4.2. Assumption 2 – on the comfort equation with extended
range of use
Table 4 reveals that the temperature differences in front of the
cabinets, between 0.1 m and 1.7 m above floor level, are up to
9 K. The results in Fig. 3 and Table 4 indicate that the comfort
equation can be used outside its verified range in terms of
thermal gradients and residence time in order to prescribe a
suitable thermal environment for customers. Perceived and predicted PMVs have demonstrated systematic patterns. In the
winter, the PMV difference between perceived and predicted
PMV is less than 0.5, while in the summer it is around 1.0. These
differences are probably due to uncertainties on deciding clothing, activity and exposure time. However, customers do not stay
for a longer time in the environment (i.e. less than 10 minutes),
and it is not necessary to account for a longer exposure time
in the cold environment.

3.4.3. Assumption 3 – on the influence of temperature
gradient on PMV
It reveals that ambient temperature and not the temperature
gradient is of the greatest importance for thermal comfort in

international journal of refrigeration 82 (2017) 426–435

the supermarket environment. Fig. 4 demonstrates that the
coldest environment was perceived in positions where the
lowest temperature was measured (B1), and as the ambient
temperature increases, the trend, more or less, corresponds
to increased PMV values. However, there are exceptions.
Those occasions when the greatest temperature differences
occurred (A1 in the summer and C1 in the winter) also
exhibited lower PMV values. The variables in the comfort
equation (the gradient is not included) lead to different
effects on the PMV value, as illustrated in Table 6, where they
were changed in order to show their effect on the equation.
It was shown that the temperature can be altered at 13.6–
24.8 °C: Table 3 shows that measured temperatures in the
study were 7.6–17.7 °C, perceived PMV values were −1.8 to
−0.3. However, the perceived thermal comfort will depend on
time spent.

3.4.4. Assumption 4 – on the use of questionnaires to
evaluate thermal comfort in supermarkets
Fig. 3 demonstrates that, in correspondence with objective systematic measurements, questionnaires can be used to evaluate
thermal comfort in the supermarket environment. However,
there are additional factors to be considered, as discussed in
Sections 3.4.1–3.4.3. In order to quantify respondents’ perception of the physical parameters, the questionnaires must include
different scales to indicate how they perceived, evaluated, and
preferred the environment. If not, the questionnaires will not
be consistent or comprehensible in relation to perceived and
predicted PMVs.
The possible effects of the indoor environment on customers’ perceptions and reactions are of particular interest to
merchandisers, since their primary objective is to sell food.
For marketing reasons, chilled food is often displayed in
open vertical cabinets. These cabinets are commonly located
in dedicated areas of the supermarket, causing thermal
discomfort due to cold air spillage from the cabinets. This
spillage creates a colder environment, which can in turn lead
to local thermal discomfort. In addition, many other factors
can influence, critically, individuals’ experiences, and expectations influence as well. More data and descriptions from
this study’s results can be found in the work by Lindberg
(2009).

0.0

0.0

-0.5

-0.5

-1.0

-1.0

-1.5

-1.5

-2.0

-2.0

Fig. 4 – Measurements at different positions (increased rising ambient temperatures, at 1.1 m, from left to right) in the
supermarkets and for the cabinets in the summer and winter. PMV based on subjective measurements (questionnaire –
question 1a) on how the temperature is perceived. Scales for PMV values; 0 is neutral, −1 is slightly cool and −2 is cool.
Greatest temperature differences occurred for the lower PMV exhibited values. Note: B1 inside a walk-through cold-room.

4.

Conclusions

It is possible to use objective measurements to estimate customers’ perceived thermal environment in the supermarket
environment. Some conditions, however, must be considered, such as the customers’ type and variations in clothing,
time spent in the environment, and activity. However, customers do not stay a long time in the environment, and it is
not necessary to account for a longer exposure time.
This investigation has demonstrated that the comfort equation can be used outside its verified range in terms of thermal
gradients and residence time in order to prescribe suitable
thermal environment for customers. Perceived and predicted
PMVs have exhibited systematic patterns.
Results indicate that the ambient temperature level is more
important than the temperature gradient for the perception
of thermal comfort in chilled food areas of supermarkets. Customers perceived as the coldest that position where the lowest
temperature was measured. On the other hand, the vertical gradient does seem to have an influence as incidents of the
greatest vertical gradients between 1.7 m and 0.1 m exhibited lower PMV values than other comparable positions.
Questionnaires can be utilised to evaluate thermal comfort
in the supermarket environment. However, for consistent and
comprehensible results, these questionnaires must include different scales to guide how respondents perceived, evaluated,
and preferred their environment.
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designing new stores or considering changes in existing store layouts.

exposure, and price discounts (Grewal et al., 1996, 1998), as well as
internal stimuli such as hunger, feelings, and stress (Mela et al., 1996).
In order to enhance our understanding of consumer behavior and perceptions in the chilled grocery sections of the retail foodscape, we focus
on the speciﬁc characteristics of the atmosphere where consumers select and pick chilled groceries from refrigerated displays, either with or
without doors.
This part of the foodscape is characterised by a high level of selfservice (Shaw et al., 2004) and by a wide-range of groceries (Briesch
et al., 2009), of which several are displayed subject to speciﬁc temperature requirements which aﬀect accessibility. The design, display,
and shelves for the refrigerated cabinets of the chilled groceries diﬀer in
comparison with how other product categories in the foodscape are
displayed. For example, due to interactions between the ambient environment and the cold air in the display cabinet, it is common for
consumers to experience coldness (Lindberg, 2009).

2. Theoretical framework
In order to understand how consumers behave and what they perceive in front of cabinets for chilled groceries, we elaborate on the term
servicescape and its diﬀerent dimensions.
2.1. Servicescape and environmental dimensions

Consumer perception and behavior in the retail foodscape–A study of chilled
groceries
⁎
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In order to provide a functional foodscape in the grocery store, chilled products need to be stored in cabinets
according to the regulations. Doors on display cabinets are energy-eﬃcient but can also be perceived as a barrier
by consumers. The purpose of this paper is to contribute to an understanding of how consumers behave and what
they perceive when shopping chilled groceries from cabinets with doors and without doors in the supermarket.
Based on a qualitative research approach, combining in-store observations and focus group interviews, and
focusing on three environmental variables in the servicescape: ambient conditions, space and functions, and
signs, symbols and artifacts, the results indicate that consumers’ behavior and perceptions diﬀer when there are
doors or no doors on cabinets. The results further show how doors lead to diﬀerent forms of approach or
avoidance behavior in terms of accessibility and that consumers’ vision, olfaction and tactility all inﬂuence
consumers’ perceptions of freshness and cleanliness in relation to doors or no doors. Our results also have
practical implications for retailers who are designing new stores or considering changes in existing store layouts.

1. Introduction

chilled groceries impact consumer perception and behavior. Hence, the
purpose of the study is to contribute to an understanding of how consumers behave and what they perceive when shopping chilled groceries
from cabinets with doors and without doors in the supermarket.
Based on a qualitative research approach, combining in-store observations and focus group interviews, and focusing on Bitner's (1992)
three environmental variables in the servicescape, i.e. (1) ambient
condition, (2) space and functions, and (3) signs, symbols and artifacts,
the study investigates the question: do open or closed cabinets for
chilled groceries in the supermarket impact consumer perception and
behavior, and if so, how?
Our results indicate that consumers’ behavior and perceptions of the
foodscape diﬀer when there are doors or no doors on the cabinets. The
paper thereby contributes to servicescape research by focusing on a
particular part of supermarkets – the foodscape for chilled groceries–and by enhancing the understanding of environmental variables in
the servicescape. The results further show how doors lead to diﬀerent
forms of approach or avoidance behavior in terms of accessibility and
that consumers’ vision, olfaction and tactility all inﬂuence consumers’
perceptions of freshness and cleanliness in relation to doors or no doors.
Our results also have practical implications for retailers who are

In the retail grocery business, new competitors such as pure ecommerce players are growing fast, and, in order to compete, ‘brick and
mortar’ stores such as supermarkets need to become more professional
at providing excellent customer service, and to use the physical servicescape as the main competitive advantages. However, supermarkets
also face a challenge to oﬀer consumers high quality products while at
the same time providing a pleasant and functional servicescape.
Products like groceries often need to be stored in cabinets due to strict
regulations and in order to maintain correct temperatures. Some of
these cabinets have doors which make them more energy-eﬃcient
(Evans et al., 2007; Faramarzi et al., 2002), reduces costs, and contributes to grocery quality, but it can also aﬀect the perceived servicescape, and risk a negative impact on sales (Waide, 2014; Kauﬀeld,
2015). For example, moisture from the atmosphere that condenses on
the inside of the door glass (Fricke and Bansal, 2015) may make the
cabinets less transparent, and doors can obstruct consumers from passing by. Thus, having chilled groceries in cabinets with doors can be
both beneﬁcial and problematic. However, no studies have been conducted on how open (no doors) or closed (with doors) cabinets for
⁎
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The term servicescape, as a concept, was coined by Bitner (1992)
and based on the idea of Booms and Bitner, p. 36) (1982) as: “[…] the
environment in which the service is assembled and in which seller and
customer interact, combined with tangible commodities that facilitate
performance or communication of the service”. Bitner (1992) describes
the servicescape as a complex mix of three environmental dimensions
that inﬂuence consumers’ and employees’ responses and behaviors:
ambient conditions (temperature, air quality, noise, music, odor etc.),
space/function (layout, equipment, furnishing, products etc.), and
signs, symbols and artifacts (signage, personal artifacts, style of decor
etc.). The dimensions of the physical surroundings thus consist of both
tangible and intangible features which jointly include “[…] all of the
objective physical factors that can be controlled by the ﬁrm to enhance (or
constrain) employee and customer actions (Bitner, 1992, p. 65).
The servicescape is important in retail settings. It has the ability to
inﬂuence responses and behaviors (e.g. Bitner, 1992; Gilboa and
Rafaeli, 2003; Mari and Poggesi, 2013; Mattila and Wirtz, 2001;
Wakeﬁeld and Baker, 1998), and has generally been used in order to
understand the overall consumer experience (Reimer and Kuehn,
2005). Within the servicescape, diﬀerent variables interact, variables
such as ambience (e.g. light, music, scent, color, cleanliness), space/
function variables (wait expectations, shelf space, product display,
power aisle, layout, ﬂooring), and signs, symbols, and artifacts (Mari
and Poggesi, 2013), in order to contribute toward a positive experience.
The servicescape as a concept has also been used to understand congruity, interaction between two environmental cues, and multiple cues
eﬀects with more complex eﬀects. As argued by Ezeh and Harris (2007),
research into the eﬀects of servicescape on consumers is sizeable, but
there is still a lack of empirical research addressing the role of the
diﬀerent types of servicescape (Chebat and Dubé, 2000; Cronin, 2003;
Hoﬀman and Turley, 2002; Kearney et al., 2013; Wakeﬁeld and
Blodgett, 2016), especially in the grocery retail context. Recent research has addressed this need by studying, for example, virtual servicescapes (Mari and Poggesi, 2013), e-servicescapes (Hopkins et al.,
2009), leisure servicescapes (Wakeﬁeld and Blodgett, 1996, 2016), and
on-line servicescapes (Harris and Goode, 2010). In this paper, we apply
the servicescape within the context of grocery retailing, focusing on
open or closed cabinets for chilled groceries.

2.2.1. Perception
The interpretation of sensory information is often the driver of the
purchase (Swahn et al., 2012; Imram, 1999). Previous studies (e.g.
Spence et al., 2014) highlight the need for further research that addresses the sensory aspects; i.e. how the multisensory retail environment shapes consumers’ perception and shopping behaviors. All ﬁve of
our senses, i.e. vision, hearing, olfaction, touch, and taste (Stone and
Sidel, 2004) provide perception data. Ambient cues can be visual (e.g.
color and lighting), often directly aﬀecting our immediate impressions
(Lawless and Heymann, 2010; Spence et al., 2014). Vision is the most
important sense when humans perceive their environment (Lawless and
Heymann, 2010), but also the auditory experience from e.g. noice and
background music is important (Andersson et al., 2012; Hynes and
Manson, 2016; Mattila and Wirtz, 2001; Milliman, 1982, 1986), as
these senses might aﬀect the perception of service and the intention to
purchase (Morin et al., 2007; Sweeney and Wyber, 2002). The eﬀects of
scent or smell on the consumer may also occur and, based on results
from studies with inspectors investigating odors in the home, research
shows that olfaction serves as a cue for healthiness and freshness of the
indoor environment for home buildings (Hägerhed-Engman et al.,
2009). Humans often ﬁnd it diﬃcult to identify scents by name (Cain
et al., 1998; Herz and Engen, 1996; Schab and Crowder, 1995), but are
able to distinguish between diﬀerent scents that have previously been
smelt, even after long periods of time (Schab and Crowder, 1995).
From the foodscape perspective, chilled groceries are mostly in
packages, making it diﬃcult to smell them. Tactility and touch both
constitute an important but, perhaps, underutilized aspect of the
foodscape which also includes temperature, e.g. people's comfort, even
though in-store temperature has prompted relatively little research
(Spence et al., 2014). Refrigerated cabinets without doors have been
linked to low levels of human comfort (Lindberg, 2009), due to interactions between the cold interior of the cabinet and the ambient environment. Lindberg (2009) studied thermal comfort in the foodscape,
concluding that temperature can be uncomfortable for consumers in the
foodscape, especially in the chilled food sections.

2.2. Foodscape
When applying the servicescape concept in the supermarket we ﬁnd
it necessary to adjust the concept for this special environment and deﬁne it as foodscape. Several researchers have used the term foodscape,
but not in order to describe the grocery retail atmosphere. Instead, it is
used in order to understand and describe food across urban spaces and
institutional settings (Winson, 2004; Yasmeen, 1996), using the geographic and sociological literature on the landscape (e.g. Mitchell,
2001; Zukin, 1991). In our study, the foodscape is built based on the
fundamental ideas of Bitner (1992), including tangible and non-tangible variables in the service settings of grocery retail. In order to help
consumers ﬁnd the groceries they want, retailers often display these in
diﬀerent categories (Briesch et al., 2009). This leads to an in-store environment full of information that consumers need to navigate through.
Research has also shown that consumers within the ﬁxed store setting
are easily aﬀected by external stimuli such as attractive oﬀerings,

2.2.2. Behavior
Retailers might use the tangible environment, including doors on
cabinets for chilled groceries, in order to control behavior (Bitner,
1992). Environmental psychologists suggest that individuals react to
tangible environments using two general, and opposing, forms of behavior: i.e. approach and/or avoidance (Mehrabian and Russel, 1974).
Approach involves the desire to stay, explore and aﬃliate with others in
the environment (Booms and Bitner, 1982), whereas avoidance includes ‘escaping’ from the environment and ignoring the communication attempts of others (Donovan and Rossiter, 1982). The foodscape
also provides cues regarding the experience in combination with other
tangibles, i.e. interior, point of purchase, and decoration variables
(Aubert-Gamet, 1997; Aubert-Gamet and Cova, 1999; Baker, 1987;
2
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Bitner, 1992; Mattila and Wirtz, 2001; Sundaram and Webster, 2000;
Sweeney and Wyber, 2002). The physical environment thus aﬀects
consumers’ perceptions and their behaviors.
Some studies have noted the importance of person-environment
interactions that inﬂuence shopping behaviors, i.e. regarding location,
design, layout and display in- store beyond the core product and, for
instance, the emotional states of pleasure and arousal (Donovan and
Rossiter, 1982; Donovan et al., 1994; Markin et al., 1976; Kotler, 1973;
Spence et al., 2014). This impacts service (Park et al., 1989) and quality
(Mägi and Julander, 1996) in the retail atmosphere.
Retailers are continuously developing their foodscapes to meet
diﬀerent demands and requirements, even though diﬀerences between
‘scapes’ are sometimes hard to reconcile. These diﬀerences can be reduced if groceries are verbally described, e.g. using a sign or a poster,
compensating for the lack of touch (Peck and Childers, 2003a, 2003b).
Sensitive food with thermal storage requirements is usually displayed in
refrigerated cabinets, and located in certain areas where design and
layout diﬀer (Lindberg, 2009; Ruud and Lindberg, 2015).

Discussions focused on how the informants behaved and on their perceptions and other experiences while shopping for chilled groceries.
They were also asked about their preference for doors or no doors, for
cabinets, and as regards their experience of the foodscape in general. In
order to narrow the topic and match the focus groups with the observations made, the informants were told to discuss three categories of
chilled groceries, on display in cabinets: (1) dairy products, (2) meat,
and (3) fruit and vegetables. It is common for those groceries to be kept
at temperatures between 0 °C and +8 °C in the cabinets.
As a trigger for the discussions, a short ﬁlm made by the main author was shown, illustrating diﬀerent situations where consumers of
diﬀerent genders and ages picked the three diﬀerent food groceries
from either open (no doors) or closed cabinets at diﬀerent supermarkets. In order to keep the conversation focused, photos illustrating
the situations from the ﬁlm were placed on the table in front of the
informants.

3. Method

The empirical data was coded using conventional techniques from
qualitative research. First, all the researchers independently read
through the focus group transcripts, and the observation ﬁeld notes,
several times and then did an initial coding. This coding captured how
the consumers perceived the foodscapes of chilled groceries, and how
they behaved in these areas. The initial codes were then merged and
discussed among the researchers, and clustered according to similarity
and common features so as to form categories related to the environmental dimensions of the foodscape with regard to the senses consumers used (vision, olfaction, tactility) and consumers’ behavioral efforts to access the groceries and information in the cabinets. The use of
triangulation, in the form of diﬀerent ‘investigators’, increases the
possibility of obtaining credible results (Lincoln and Guba, 1985).

3.3. Data analysis

This study is theoretically designed based on Bitner (1992) and her
research on environmental dimensions, were we include speciﬁc variables that inﬂuence consumers’ behaviors. Regarding data collection we
used a combination of research approaches consisting of in-store observations and focus group interviews. The focus group interviews were
semi-structured and the questions were based on the results from the
observations.
3.1. Study 1–observations of behavior
The purpose of the in-store observations was to gain an insight into
how consumers behave in front of open cabinets (i.e. no door between
consumers and groceries) and closed cabinets (i.e. door between consumers and groceries) for chilled groceries. Three categories of groceries, in diﬀerent cabinets open (no doors) or closed (with doors), were
chosen: i.e. vegetables, meat, and dairy. Data from the observations was
collected by both researchers and master's students at seven diﬀerent
grocery stores, focusing on the sections where chilled groceries were on
display. All the observations were performed during opening hours and
without any interactions with consumers or employees. To provide a
deeper insight, an observation protocol was used, focusing on the
consumers’ behaviors in front of the cabinets. In total, we observed 317
consumers in-store, of whom 132 were male and 185 female. Each store
was observed for between 2 h and 4 h, and data collection was carried
out within a period of 2 months. Data collection ended when we experienced theoretical saturation (Strauss and Corbin, 1998).

The results show how consumers behave and what they perceive
when shopping chilled groceries from open or closed cabinets in the
supermarket. The consumers’ behavior mainly concerns the accessibility of groceries. The shape and weight of packages, where these are
placed in cabinets, and whether or not consumers want to use door
handles to open the cabinet, all aﬀect consumer behavior. The results
also show that three senses are especially pronounced in relation to how
the environmental dimensions of the chilled groceries foodscape are
perceived: vision, olfaction and tactility. These senses are related to
perceptions of freshness and cleanliness. A clean, tidy, and an easy
viewed functional environment when shopping for chilled groceries is
of general importance to the informants.

3.2. Study 2–focus group interviews about perceptions

4.1. Study 1–observations of behavior

After the observations, focus group interviews were conducted in
order to get a deeper understanding of consumers’ perceptions and
behaviors. The focus group interviews were inspired, with regard to
group composition and appropriate numbers of informants, by several
researchers (Goldman and McDonald, 1987; Krueger, 1988; Krueger
and Casey, 2015; Templeton, 1994). This method is useful when exploring informants’ knowledge and experiences, which can be used to
understand how they reason and why (Morgan, 1996). Prior to the
interviews, all the informants were informed about the research setup.
Based on the previous observations, in-store, we chose informants from
three age groups and two from each group – in total six focus groups:
students aged 18–30, middle-aged workers aged 31–64, and senior citizens aged 65 and older. The size of each group was between 4 and 6
informants and a total of 32 attended the interviews. Each interview
lasted approximately two hours and was audio recorded and later
transcribed. The interviews were conducted in a room at the university.

We observed that about half of the consumers brought their trolleys
all the way to the front of the cabinets when picking chilled groceries. If
the trolleys were left behind, the distance from the cabinets was often
less than an arm length. As a result, the area in front of the cabinets was
often crowded with trolleys and people trying to navigate to and from
the chilled groceries. This got somewhat worse when cabinet had doors.
Sometimes consumers left doors opened, which led to more diﬃculties
when accessing chilled groceries. In these situations, other consumers
often (~50%) had to close doors to get past or close and then open
doors in order get to the food they wanted. We also observed that
consumers who left their trolleys a bit from the cabinets often (~50%)
tried to pick all the groceries they needed before returning to the
trolleys. When cabinets had doors some (~25%) seemed to struggle
with handling the groceries while at the same time opening and closing
doors. In addition, when personnel were organising and ﬁlling products
from the front of cabinets with doors, this seemed always (~90%) to
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hinder consumers’ access to the groceries somewhat more than when
cabinets did not have doors. In the latter case consumers often could
reach groceries by standing on the left or right side of the employees.
This was typically so in front of vegetable groceries such as pre-packaged lettuce. We observed many situations (~50%) where employees
were blocking one door by picking up products, leading to the consequence that consumers were trying to stretch out from the other door,
to reach the wanted product. Employees were often (~50%) observed
to be a “bottle neck” of ﬂow in front of cabinets with doors. This was
especially the case in front of the dairy groceries. These cabinets are
often loaded from the room behind the dairies but in order for consumers to properly reach the products, employees also need to work at
the front of the cabinets – to bring the products to the front of the
cabinets.
The largest number of groceries respondents picked (often three
items or more) was from the dairy section. The longest time spent before picking a grocery (more than 10 s) was in the meat section where
consumers often took several packages of meat out of the cabinets in
order to compare them. When employees in some cases were ﬁlling the
cabinets with fresh products from a trolley, consumers (~50%) picked
products directly from the trolley, instead of waiting to pick them from
the cabinet.
Time spent (for all three grocery categories) was longer in front of
the cabinets with doors and it was clear that most time were spent in
front of, and in the section of cabinets with meat. In the meat section,
some consumers (~25%) also seemed to need help in choosing products. They looked around for some personnel that could assist them
and sometimes got the help needed. Some consumers (~25%) seemed
to prefer to choose meat products by looking through the glass doors
before actually opening the doors.
Some of the groceries were diﬃcult for the consumers to access;
especially in the dairy section, where packages can be heavy and hard
to grasp. In the case of vertical cabinets consumer often (~50%) had to
stand on tiptoe, and bend back and forth in order to reach packages but
also in order to read information on labels and signs. Some, often the
elderly consumer group (~75%), had help of others doing their shopping. We also observed that access to products were somewhat (~25%)
limited by poorly maintained or lit cabinets with doors. Some doors
(~25%) had broken rails or did not close easily. Other doors (~10%)
had sullied and smudged glass or stickers on them that prevented
consumers to see parts of groceries in the cabinets. The light also differed in many (75%) cabinets with doors. We observed that consumers
seemed to struggle more to see products in cabinets that for some
reason were poorly lit.
Finally, we also observed that consumers’ handling of doors differed. Most of the consumers (~75%) used the door handles without
hesitation while some (~25%) were more reluctant. Instead they tried
(and often succeeded) to open the door and keep it open by other
means, i.e. pushing it open by using feet, knees, elbows and hips,
without touching it directly with their hands.

diﬃculty of reaching for chilled groceries from another perspective,
independent if there were doors or no doors: “I’m short and can’t always
reach the packages. I need someone to help me”. The focus groups thought
that the chilled groceries should be easy to access, independently of
their location.
The chilled grocery foodscape was also discussed in relation to the
visibility of the groceries displayed in the cabinets. The grocery displays
were generally perceived as densely packed, and it is therefore important that packages are clearly visible and presented in an inviting
way. Some of the informants described transparent doors on cabinets as
something positive: “It looks better when there are doors and it's easier to
ﬁnd products.” Doors made the assortment of groceries look more organized and had also esthetic values. Others preferred transparent
doors for the same reason but wanted doors without frames: “The best
thing is if the doors don’t have these frames, they block your view a bit.
Without frames you might think there weren’t any doors.” Doors made it
easier to ﬁnd groceries but the doors should be designed in a way that
make them “invisible”, that there are no (visible) barrier between
consumers and the groceries. There were also informants that preferred
cabinets without doors as this made it easier to see and ﬁnd groceries.
Some informants mean that it is more diﬃcult to locate prices and labels containing expiry dates on packages placed in cabinets with doors.
One informant described this diﬃculty: “It's hopeless standing there
looking for dates on the packages.” The informants described that they
had to open the doors in order to read labeling on packages.
The visibility of groceries was also related to the cleanliness of
doors. Glass doors that were smudged by hands and ﬁngers were perceived to be less clean, also making it more diﬃcult to see and read
labels about groceries. How to keep the doors clean was discussed as
something diﬃcult: “It's important, but it might be diﬃcult to keep the
doors clean”. Some informants described that poor lighting in cabinets
with doors made it more diﬃcult to see and read labels on packages.
Having suﬃcient lighting in cabinets was besides the ease to see the
products, also inked to the perception of cleanliness. Doors that are less
clean may be perceived as clean if the lighting is good. One informant
described it: “If there's lighting, it looks like the glass has been wiped clean. I
like that. I think it's important … it looks great”.
Concerning olfaction some informants explained that they found
most chilled groceries diﬃcult to smell due to the packaging. “I want to
smell it.” […] “even if it's well packaged, I think that if it's really, really bad,
I have to be able to smell something, even if it is packaged.” They also
described smelling chilled groceries as awkward. If they do this, they
always do it discretely as they do not want to be perceived as strange.
The informants also related olfaction to “bad” odors that sometime
occurred in the ambient. One of the informants described her experiences of bad odors in the vegetable section, which most of the time has
open cabinets: “You know immediately that something's rotten somewhere.”
The informants discussed that doors on cabinets can stop odors from
getting into the room. However, at the same time, whenever a door is
opened, the odor may cause strong reactions among the informants.
Concerning the tactile senses, some informants described preferring
to touch fruit and vegetables to ﬁnd out if they are fresh: “I touch the
products very often, especially fruit and vegetables. I almost always touch
it.” Others described it as diﬃcult to touch the fruit and vegetables in
cabinets with doors, and slightly embarrassing when other consumers
were around. To touch vegetables takes longer time if there are doors
on the cabinet and thereby becomes more obvious to other consumers.
Another issue related to tactility is the perceived cleanliness of door
handles. Some informants explained that they preferred not to use the
door handles since these were perceived to be less clean. In fact, these
informants preferred no doors at all since there is “[…] less bacterial
contamination if less people touch”.
The tactile senses were also related to the informants’ perception of
coldness, both concerning groceries and the in-store ambient environment. Cold groceries are perceived to be fresher: “I always touch milk
cartons to see if my ﬁngers feel frozen by the packaging - then it's cold!” […]

4.2. Study 2–focus group interviews about perceptions
The focus group informants’ discussion about how they perceive the
chilled grocery foodscape can to a large extent be related to accessibility and sensory perception by vision, olfaction and tactility. Some
diﬀerences were found concerning how they perceive these issues in
relation to doors or no doors on the cabinet.
The focus groups brought up accessibility as an issue, especially
perceived diﬃculties related to handling doors when packages are large
or hard to reach. One of the informants described this as: “It's hard to
both bend and stretch while keeping a door open. This happens when products are not fronted and diﬃcult to reach, i.e. milk cartons standing at the
back and bottom.” Informants also described that they sometimes had to
reach all the way to the back of the cabinets to get what they perceived
to be the freshest or newest items. Another informant described the
4
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“If my ﬁngers don’t feel cold, then I take another carton.” Further, a low
temperature in the foodscape close to the cabinets where chilled food is
on display, was perceived as something natural, that things are
working, as one informant describes it: “If it had been warm, it would
probably mean something was broken. It's nice to have a colder environment.” At the same time, most of the informants perceive separate
“walk-in-rooms”, containing chilled groceries, as uncomfortable: “I
don't like to shop there because it's too cold”. Some informants describe
that doors on cabinets in general are good when it comes to making the
store feel less cold. One informant describes this: “When there are doors,
it feels like the cold is more isolated and being kept in its place. I like doors.”

appearance of cabinets and doors.
The informants in this study pointed out that, concerning olfaction,
chilled groceries were generally diﬃcult to smell. It was further found
that broken and leakage from packages or bad maintained cabinets
could give rise to bad odors. The literature shows that, for many consumers, the surrounding odor indicates the level of healthiness and
freshness (Hägerhed-Engman et al., 2009). Doors can keep the bad odor
contained, but also concentrate it, making it worse when the doors are
opened. Related to tactility, the results conﬁrm previous research into
consumers’ need to touch products in order to perceive their quality and
freshness (Maity, 2015; Peck, 2010), but the results also show that
doors can make this more diﬃcult. Doors were perceived as a barrier to
touch.
Tactility was also related to the perception of coldness and freshness. Cold groceries were perceived to be fresher and a cold ambience
was perceived to be a sign that everything was working, that the groceries were being kept fresh. However, a too cold ambience can simultaneously be perceived as uncomfortable. A study by Lindberg et al.
(2017) has shown that cabinets without doors can be related to a poor
level of local comfort. Thus, doors can keep the cold in place, and make
the ambience more comfortable, but they can also make it more diﬃcult to ﬁnd products, even making some consumers question the
freshness of the groceries. Awareness of this can gain understanding
and acceptance for improved foodscape lay-out with the doors for the
retailers. In retail and service research, “freshness” has come to be
understood as one of the tools measuring tangible service quality, i.e.
customers encounter tidy and clean facilities (Bell and Lattin, 1998;
Parasuraman et al., 1988), but are also oﬀered a multisensorial experience (Bauer et al., 2012; Spence et al., 2014).

5. Discussion
We have studied the chilled groceries foodscape, focusing on consumers’ perceptions and behaviors. This particular ‘scape’ is an unexplored part of the foodscape of the grocery store, where consumers
encounter groceries that are located in refrigerated cabinets - either
with or without doors. It concerns a very common situation for consumers, and our study shows that doors on cabinets, matter and shape
consumers’ perceptions as well as their behaviors. The results also underline the importance for retailers of considering both the physical
environment and consumers’ perceptions when choosing ﬁt outs and
design for new or existing supermarkets.
Elaborating on how doors aﬀect consumer behavior, the collected
data on the phenomena indicate that doors do aﬀect behavior (cf.
Bitner, 1992) in two diﬀerent ways: approach or avoidance (cf. Mattila
and Wirtz, 2001; Mehrabian and Russel, 1974). According to the informants, new and undamaged, transparent, and clean (glass) doors
(preferably without frames) on the cabinets, contribute to a fresh impression, since clean doors increased the visibility of and access to the
groceries. On the other hand, dirty glass doors can lead to avoidance.
Our results contribute to research showing that both store cleanliness
and atmospherics are important drivers of store choice as well as food
choice (Baker et al., 1994; Carpenter and Moore, 2006; Donovan et al.,
1994). Our results particularly show that consumers sometimes avoid
using door handles for hygienic reasons, even though these handles
were not necessarily dirty. Avoidance, or at least inconvenience, was
also caused by diﬃculties accessing heavy groceries in cabinets, and
especially by diﬃculties handling several groceries and managing the
doors at the same time.
There was also a need among consumers to open doors in order to
get information about prices and expiry dates but also to leave doors
open when putting groceries in shopping carts. Doors were also often
kept open by employees that were ﬁlling cabinets with new groceries.
Doors that were open for longer periods of time aﬀected other consumers and the ﬂow in the foodscape, i.e. consumers passing by in the
aisle trying to reach products in other cabinets were somewhat hindered.
The results further show that the three senses of vision, olfaction,
and tactility are particularly important in the chilled groceries foodscape and that these senses also are related to perceptions of freshness
and cleanliness. These three senses have earlier been found to be the
main channels in perceiving the atmosphere (Kotler, 1973). The physical environment has to be appealing to the consumers (Hoﬀman and
Turley, 2002) and this study shows that the informants ﬁnd it important
to clearly see groceries, even though cabinets are densely packed. Doors
can make it easier by providing a more organized view of products, but
they can also be a hindrance in terms of visibility. Visibility is also
related to cleanliness as doors that are smudged make it more diﬃcult
to see groceries and information, in addition to giving a less fresh impression of the foodscape. The importance of cleanliness and freshness
while shopping for food, in general, has been pointed out in several
studies (Anselmsson and Johansson, 2014; Darby et al., 2006; Ezell and
Russel, 1985; Jaafar et al., 2016; Richardson et al., 1996) but this study
shows that consumers also relate these two aspects to the physical

6. Conclusions
It can be concluded that the presence of doors on cabinets for chilled
groceries impact consumers’ perception of the foodscape as well as their
behavior. The study contributes to servicescape research by focusing on
a particular part of supermarkets–the foodscape for chilled groceries.
We have thereby addressed the need to expand research to diﬀerent
types of servicescapes in line with other researchers such as (Kearney
et al., 2013; Wakeﬁeld and Blodgett, 2016). Further, the study enhances
the understanding of tangible commodities, the space/function’ variable, in the servicescape (cf. Bitner, 1992) by showing how ‘details’
such as doors matter to consumers. Our ﬁndings indicate that consumers’ behavior and perceptions of the foodscape diﬀer when there are
doors or no doors on the cabinets. This complements previous research
on how the servicescape aﬀects consumers’ behavior and perceptions
(e.g. Gilboa and Rafaeli, 2003; Mari and Poggesi, 2013; Mattila and
Wirtz, 2001; Wakeﬁeld and Baker, 1998) and also addresses the need
for further research about sensory aspects in the retail environment
(e.g. Spence et al., 2014).
Doors lead to diﬀerent forms of approach or avoidance behavior in
terms of accessibility and three forms of senses are especially important
when it comes to how consumers’ perceive doors in this form of
foodscape: vision, olfaction and tactility. These senses inﬂuence consumers’ perceptions of freshness and cleanliness which are two important factors in relation to doors or no doors. We thereby also contribute to previous retail research on freshness and cleanliness
(Anselmsson and Johansson, 2014; Darby et al., 2006; Ezell and Russel,
1985; Jaafar et al., 2016; Richardson et al., 1996) by demonstrating
how doors aﬀect perceived temperature, leading to a feeling of freshness.
Doors that were transparent, clean and without frames that hindered visibility, had a positive eﬀect on approach behavior and consumers’ perceptions of freshness and cleanliness. Also, the surrounding
temperature, in the case of doors on cabinets, was perceived as positive.
Doors kept the environment warmer. However, some perceived coldness in the environment as increasing the experience of grocery
5
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freshness.
Doors on cabinets also had some negative eﬀects. Avoidance behaviors, or at least signs of inconvenience, were observed. Consumers
sometimes struggled to access heavy groceries in cabinets, especially
when managing doors at the same time. Doors left open by other consumers or employees caused problems in terms of getting access to the
groceries. Doors that were less clean led to decreased accessibility as
customers had trouble to see groceries and labels through the door
glass. Door somewhat also hindered consumers to touch groceries and
doors sometimes kept bad odor in the cabinets which led to strong
reaction among consumers when opened.
Our results also have practical implications for retailers who are
designing new stores or considering changes in existing store layouts.
The study provides knowledge and insights of what consumers perceive
to be important, and how they behave in relation to open (no doors) or
closed cabinets when it comes to chilled groceries. Developing eﬀective
and attractive, well maintained, and functioning chilled groceries
foodscape that enhances consumers’ experiences and engagement can
have a positive impact on their behavior. Doors on cabinets not only
reduce energy costs but can also improve accessibility and perceived
freshness and cleanliness. It is therefore important to always keep doors
in good condition; to keep them transparent, clean, well lit, and easilyopened/ kept open, but also to keep them shut when not used. Retailers
should in their layout and design consider having plenty of space
around cabinets with doors. This increases the ‘ﬂow’ of consumers in
the store. In particular, we recommend retailers to take into account the
following points in order to improve the foodscape for the consumers:

We believe that future research for the chilled groceries foodscape
could beneﬁt from studying consumers with diﬀerent forms of physical
hinder or disability, using interviews and follow ups with informants
while they are shopping. It is also of interest to ﬁnd out more about
working conditions for the personnel depending on door or no doors,
especially as they spend longer times in this environment.
In order to oﬀer consumers high quality products and for the retailer
to handling the energy costs it is of importance for chilled products
within the foodscape to include the doors. For physical stores this ought
to be in an optimal way with innovative technology including smarter
food packaging solutions.
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– Increase accessibility and convenience, e.g. enough space in the aisle
for consumers and their trolleys; easy access to necessary information; no hard to grasp and heavy groceries on the top shelfs; and do
not block the display/ opening of cabinets.
– Pay attention to the design of cabinets and doors, e.g. choose transparent doors without frames; choose cabinets, doors, and door
handles that are easy to use and keep clean; choose cabinets with
suﬃcient lighting; be aware that doors that open out to the aisle
need more space; and consider choosing cabinets that personnel can
ﬁll up and front from the back.
– Provide excellent service to consumers, e.g. have a suﬃcient number of
personnel available that when needed can provide consumers with
more customized service when shopping chilled food - personnel
that can assist consumers in diﬀerent situations.
– Create appealing foodscape experiences, e.g. choose products with
good visibility and packages for food that are squeezable; provide
recipes and taste samples as consumers often are aﬀected by internal
stimuli.
– Increase consumers’ awareness of beneﬁts with doors, e.g. inform them
that doors make it easier to maintain correct temperatures for the
chilled groceries, create a more comfortable indoor climate, save
energy, and reduce the climate impact.
– Prioritize maintenance of cabinets and doors, e.g. keep cabinets, doors,
and door handles clean; have spare parts such as light equipment,
handles, seal and similar available; and perform maintenance at
hours with less consumers.
7. Limitations and future research
Methodologically a focus group study is an explicit way of collecting
data. During the focus group interviews, speciﬁc attention to a topic
was given on a habitual situation. Limitations in this way of collecting
data might be overthinking, over rationalizing and sometimes even
unrepresentative compared to real situations. However, as we chose a
combination of in-store observations and focus group interviews we
believe that results from the observations reﬂected what was most
important, and therefore, we also gained relevance in the discussion
from the focus groups.
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Results and discussion

This chapter contains reflections and discusses Papers I-IV, in four main sections: building
design, retail context, consumer insights and management. Chapter 4 discusses the results, and
holds the main conclusions based on the four specific papers in Chapter 5. In addition, areas
of future research are outlined in Chapter 5. This thesis has studied the consumers at the micro
level. It focuses on the consumers’ environment variables, such as behavior and perception, as
well as doors as tangibles. Barriers are examined in order to find out how the retail industry can
increase its energy efficiency and overcome the challenges the stores face.

4.1

Results and discussion

Paper I dealt with the design of supermarket grocery building, mainly the buildings technical
installations and indoor environment. This was done on a macro level. The Paper I explain the
background and introduces the research to an understanding of the complex supermarket, with
a focus on the technical installations and design of indoor environment. Moreover, Paper I
suggest how to design low energy buildings, in particular how to design a Zero Carbon
Supermarket, by following the EPBD directive [62]. Paper II, summarizes a systematic literature
review (SLR) and analyses contemporary research. This was done on a macro level. It presents
the review of research on open (no doors) or closed refrigerated cabinets (with doors) energy
efficiency, chilled groceries and the consumer behavior, followed by an analysis of the research.
It draws out findings and collects peer-reviewed articles from databases.
Paper III compared the predicted perception as indicated by standard [109] to the subjective
perception data resulting from questionnaires in accordance with standard [107] but for a retail
context. This was done at the micro level, from measurements and questionnaires from 1 128
respondents, and based on the thermal comfort equation. Data was collected from different
design of cabinets (front-loaded and back-loaded). However, the standards used have
limitations, i.e., data developing the standards are for less dynamic buildings, and with people
staying longer in the environment (such as eight hours or more). It is necessary to know more
about the perspectives of the consumers concerning this foodscape in order to both design a
suitable thermal environment for consumers and understand perceptions and behaviors. Paper
IV explores how the consumers behave, as individuals at the micro level, and what they
perceive when shopping chilled groceries from cabinets with doors or no doors in the
supermarket with three different chilled product categories. In order to gain knowledge of how
consumers behave, and what they perceive while in front of display cabinets containing chilled
groceries, either with or without doors, the term servicescape [24] and its different dimension
was elaborated on. Observations were performed in seven different supermarkets, in total 317
consumers were observed, and totally 32 informants participated in the focus groups and deep
interviews Based on the servicescape, this thesis has defined and used the term foodscape
(1.2.1), here describes the consumer’s shopping situation regarding chilled groceries. This
thesis applies the foodscape within the retail context, focusing on refrigerated cabinets (with
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doors or no doors) and complements recent research on several other servicescapes, such as eservicescapes [99] among other servicescapes [92, 144, 211, 213]. Previous studies have used a wide
variety of methods and analytical approaches. How to investigate consumer behavior either
with or without doors is different. The most basic studies refer to other studies and “decreased
sales” as proxy for the impacts of doors [11, 32, 117, 210], whereas the more complex ones use
observations and interviews in the real context, or models in full/small-scale experiments to
devise comprehensive experiments using the foodscape and servicescape (Paper IV). Research
[72]
argues that effects of the servicescape on consumers is possible to scale up. In order to do
so, more empirical research is needed, addressing the role of different servicescapes [34, 39, 98, 118,
213]
.

4.1.1

Building design

The European Union has developed and is developing strategies for the high energy demand
for buildings, to reduce energy use and energy dependency and greenhouse gas emissions [62].
The trend is towards very efficient use of energy and supplying energy using renewable
resources to meet the goal [2, 62]. Most energy supplied to buildings is based on fossil fuels and
buildings may thus also account for almost half of all carbon emissions [27, 48, 63, 184], even though
the mix of electricity can be different (in Sweden is almost 60% renewable and almost 80%
carbon free), Paper I. The Paper I helps policy makers and other actors in design management
re-think the responsibility of inclusion of the most obvious basic needs in this retail context, the
temperature of chilled and frozen groceries besides thermal comfort, air quality, lighting quality
and acoustic environment. The grocery store consumes significantly more energy than other
buildings due to the energy needed refrigeration part and interactions with the indoor
environment. Outdoor conditions may affect the indoor environment [21, 221] and the building’s
envelope is a shield that may hinder the outdoor from indoor environment [21]; however, the
envelope, the entrance and ports for consumers and groceries impact the amount of outdoor air
that ‘leaks’ unintentionally into the grocery store. The unintentionally air might depend on poor
control of ventilation and lack of mechanical ventilations [21]. In a supermarket layout of
refrigerated grocery storage, however, the primary influence factor to the thermal climate is not
outdoor variations but cabinets cold air spillage onto the aisles (Paper III), with increased
cooling requirements. The enthalpy rely on both dry bulb temperature and humidity and cooling
demand is a function of the enthalpy difference between the warmer atmosphere and the colder
air for the storage in the refrigerated display cabinet [15, 16, 29, 168].
Directions on how to exclude/ include the energy use of appliances in building design is
expressed as a choice; i.e. ‘may or may not’ be in the calculations (Paper I and BBR[163]).
Therefore, large gaps were identified between design and models without appliances compared
with real operations that included all appliances [97]. This negative effect, i.e. of not including
appliances within the system boundaries of the design, indicated that sub-optimized new-build
supermarkets, burdening retailers with unnecessary costs compared with a real store in
operation. Sufficiently enhancing the energy performance of buildings is a challenge. The
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advice is to include the refrigeration energy (appliances) for modelling and regulations Paper I,
.

[97]

The indoor environment is an important, but complex, variable in the design of the building’s
technical installations due to the high proportion of refrigerated food displayed to consumers
in-store. In building design, the question of whom the building is designed for remains; whether
there is more than one group of people (e.g. staff and consumers in supermarkets) to design for.
The thermal comfort problem in grocery stores, and in front of refrigerated display cabinets,
has been studied by researchers by modelling [81, 82] and in the field [17]. Results show cold air
spillage onto the aisles, leading to customer’s feet becoming cold.
Paper III has successfully demonstrated the comfort equation outside of its verified range,
for the consumer’s shopping situation regarding chilled groceries. It is possible to use objective
measurements for estimating the perceived thermal environment. Paper IV, has contributed to
an understanding of how consumers behave and what they perceive in the foodscape; it was
shown that informants accepted the colder environment. More understanding based on how this
specific environment is perceived, predicted and preferred by consumers may be useful for
indoor environment design. Problems can sometimes be solved afterwards, but the ideal thing
is to start with a good solution and replace old and outdated appliances with new, better, and
efficient cabinets that keep the cold air where the refrigerated products are to be kept, Paper II
and [35]. Moreover, it is also suggested that dynamic conditions required an understanding of
allowing a variable temperature with a larger span. Paper III and [133] suggested an appropriate
thermal indoor environment, for consumers, Appendix E, with condition for a foodscape
thermal environment. Conditions in the supermarket differ from other design criteria for
buildings, with an environment allowing variations.
The thermal comfort gap, Paper III, between reported (questionnaires) and predicted,
identified was probably due to dynamic variations (summer and winter), due to the consumers
wearing different clothes. The gap between the reported and observed response to thermal
comfort, when using the comfort equations, has beside clothes been explained by different
consumer types, time spent, and activity [85, 164, 167, 192]. Investigations of thermal comfort have
been presented by several researchers [27, 48, 184], and for different categories of buildings also
successfully performed using questionnaire [164, 167, 193, 198]. Moreover, thermal comfort was also
investigated in different climates and seasons [46, 184]. Occupants may have to behave adaptively
or be engaged in other responses, not always accounted for in the standard models [85]. Due to
differences in climate, more adaptive models [224] including physiological and psychological
dimensions [184, 224] has been suggested; however, studies of consumers in retail buildings are
sparse. Thermal comfort is described as a condition when someone is satisfied with the thermal
environment [109], it is suggested to assess the thermal comfort by subjective evaluation [9].
Predictions of thermal sensation of the body as a whole is suggested by indices such as PMV,
based on heat balance of the human body as proposed by Fanger [75, 108, 109]. Making meaningful
data for the various foodscape shopping situations this thesis extends the knowledge and include
more person-environment interactions.
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4.1.2

Retail context

In particular, the environmental interactions with vertical display cabinets account for a
significant amount of energy use [1, 21, 35, 45, 97, 172, 185, 227]. Refrigeration is the main contributor
and reason for the high level of energy consumed by grocery stores, consuming significantly
more energy than other buildings [35, 57, 58, 161, 202, 215]. Where refrigerated groceries are located
is concluded that the temperature is colder [17], compared to other sections of the grocery store.
The overall experience of the environment is important but includes more than thermal
variables that can affect the required energy (Paper III, [133]). Due to refrigeration and consumers
in the grocery store, Paper I has suggested that the design must be easy to use, both by
consumers and employees. In building design, there is a gap regarding how the refrigeration
system impact energy efficiency and the consumers. This gap may depend on how the design,
modelling and calculations are performed, not only on with or without refrigeration, but also
with or without consumers. The foodscape needs more well-designed cabinets to avoid the cold
air from falling out, which reduces the ambient temperature around the cabinets and makes the
complex situation even more complicated.
To some extent, all the investigated interactions in the environment were dependent on
different barriers. For building performance, different measures and indexes are available in
order to be able to compare performance. There are also reasons to believe that energy efficient
measures, regarding both the energy efficiency of grocery stores and the energy efficiency of
operations, have their weak points. The amount of energy used depends on the building, the
technical installations and the physical design and layout. Papers I, II and IV have shown
different calculations for energy performances, i.e. [62, 125] theoretical systems and barriers or no
barriers, without noticing the refrigeration. In the search for suitable parameters to be included
for grocery store energy performance indicators it is found no correlation between refrigeration
energy performance and trading intensity [1] or no correlation to the outdoor temperature [215],
this ‘no’ correlation can be due to higher variation on energy efficiency compared to variations
on the outdoor climate. The energy efficiency situation is a paradox that needs to be elaborated
on. Not only the interactions taking place within the environment, but also the different
regulations could thus be barriers if they do not apply to the retail context; this situation has
affected the potential for increasing energy efficiency in design and layout. Paper II has
suggested that, due to desires to “compare” and have performance indicators for buildings and
appliances, barriers have been created. It seems desperate for “real businesses” to be created
and to exist within a theoretical system, barrier or similar without understanding the grocery
retail context, as some advice says: create indicators and compare buildings, technical
installations, food, environments or energy efficiency. But do not include refrigeration or
consumers.
In the literature, there are different views regarding how to understand and investigate
barriers to energy efficiency. For the display cabinet, the more sensitive air-curtains (Paper III,
[97, 133, 221, 222, 227]
), night curtains [1, 172] or (glass-)doors (Paper III-III, [1, 3, 11, 97, 121, 172, 226]) are
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suggested as barriers. It would not be possible for the refrigerated cabinet to function and
display sensitive products, without barriers separating the cold storage and grocery products
from their warmer surroundings. Trials in climate chambers have shown differences in energy
and storage temperatures for vertical cabinets, either with or without doors, and for different
door opening sequences [134, 138]. For higher door opening frequencies, the cooling requirement
increased, but still decreased compared with having no doors. With doors, the temperature
variation (for the storage) was lower, and the required cooling load decreased by a half [134], for
similar classification on the cabinet. Besides fulfilling a higher share of groceries within
stipulated food code requirements [11] it seems to be a strong recommendation for installing
doors. Through uniform temperatures it seems possible to improve chilled groceries quality
and reduce spoilage [121]; doors on cabinets could contribute to a colder and more uniform
product temperature [11, 115, 134, 138, 181, 182]. Stronger barriers on the cabinets do not only decrease
the amount of warm air entering in from the aisle, but also retain the cold air from the back of
the display, preventing damage to groceries from too-cold temperatures [11].
It is claimed that having doors on cabinets provides the highest profit due to electricity/
carbon savings, besides more comfortable temperatures for consumers [172]. For real settings
and with optimized refrigeration systems, with doors retrofitted the required cooling load
decreased by almost 50 %, and the electricity for the refrigeration system (i.e. compressor,
pump, fan and condenser) by almost 80 % [182]. The case study and real settings confirmed the
climate chamber studies [134, 138], either with or without doors, with optimized refrigeration
systems for a lower cooling requirement. With doors, in real settings, consumer comfort [114, 137]
and food quality [114, 134, 137] increase, together with reduced decay rates in groceries and
improved visual quality of the groceries [11]. However, savings on electrical costs can be
dismissed if the refrigeration system is not operating efficiently for the new lower cooling
requirement. With doors retrofitted, but without optimization, the cooling requirement was
reduced by 41 % but reduced the electricity requirement by only 16 %. It is claimed that, due
to inefficient operation, the store owner would not be able to reduce electricity costs; to gain
most profit from having doors, it is necessary to optimize the refrigeration system for a lower
requirement or switch to new and more efficient cooling appliances. The required energy relies
on temperature settings, operations and different technical products, thus optimizations for the
grocery store also includes technical systems in direct or indirect contact with the refrigeration
system (heating, ventilation, light and so on), e.g. [11, 35, 222], even the most efficient technical
products can be insufficient in a poor system.
How doors and openings affect not only the cooling load and storage temperature, but also
the consumer is a frequent question. Also, the perceived thermal comfort can depend on the
time spent (Paper III), due to thermal balances and other variables. In Paper IV, it was claimed
that consumers, in general, spent a longer time in front of cabinets with doors (for all product
categories). The position of the groceries, the shape and weight of packages, can affect where
they are placed (i.e. heavy milk cartons on trolleys), with differences being due to product
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categories and the time the consumer spent being due to grocery categories. Consumers (Paper
IV) picked a lower number of products from cabinets in the vegetable section when equipped
with doors; most groceries were picked by consumers from the dairy sections and the longest
time was spent by consumers in the meat section, with consumers often comparing several
packages in the cabinets. The doors relating to dairy products have a higher opening frequency
and opening time than deli/meat products. It is suggested that dairy products are purchased
more both in terms of number and volume [138]. The results of Paper II, to be critical, highlight
the importance of realistic settings, collections of real data, and suggest that the output of
simulations and studies is regularly tested against real assessments and human subjects. Paper
III has shown some trends in thermal environment and consumers perceptions in the chilled
food section. To verify the measurements from Paper III, consumers were studied in more
detail, Paper IV, on how they behave and perceive things in the atmosphere in front of the
vertical display cabinet (either with or without doors). In the literature, studies of cabinets
(either with or without doors) have been performed in controlled environments (climate
chambers) and more uncontrolled environments using real settings in supermarkets. Research
suggests that doors on refrigerated cabinets is an energy efficient and promising tangible
measure for the retailer [11, 32, 68, 79, 121, 152, 172, 182, 214].

4.1.3

Consumer insights

In the building design and retail context, there was a gap regarding how to understand and
include more detailed person-environment interactions. Both the indoor environment and
consumers’ perceptions of it, in supermarkets, are complex; in particular, in the chilled food
sections. In Paper III and [133] it has been shown that it is common for consumers to experience
coldness. The refrigerated cabinets without doors were linked to low levels of consumers
thermal comfort. The results in Paper IV indicate that tangibles (doors or no doors) affect the
consumers’ shopping situations regarding chilled groceries and their perceptions of variations
regarding different chilled groceries (salad, milk and meat), in turn affecting consumer behavior
differently. These observations and focus group interviews, in Paper IV, have confirmed the
coldness perceived by consumers during the service encounter. Consumer perceptions and
behaviors matter in the shopping situation regarding chilled groceries. All our five senses [196]
may provide perception data. Furthermore, the senses might also affect perceptions of service
and the intention to purchase [158, 201]. Consumer behavior and different forms of approach/
avoidance are presented in Appendix G in Paper IV are citations from the focus groups.
In more detail, Paper IV indicates that doors affect behavior (cf. Bitner [24]), using approach
or avoidance [12, 26, 147, 149]. Vision leads to different forms of approach or avoidance behavior as
regards accessibility. Transparent doors, clean and without frames, were positive, while the less
clean doors decreased accessibility due to problems seeing both groceries and information
labels through the glass. Due to barriers, the informants found it difficult to smell the chilled
groceries, with broken packages sometimes contributing to bad odors. One of the informants
also described experiences of bad odors in the vegetable section; in this section, cabinets are
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mostly open (no doors). Doors keep the odors inside the surrounding atmosphere, but also
concentrate them, delivering stronger odors once they are opened. To remember scents by name
is difficult [30, 95, 188], but consumers can distinguish between them [188]. These perspectives may
have a new role to play in servicescape research as regards facilitating the grocery retail context
shopping situation, with its different cues and challenges when it comes to increases in energy
efficiency and providing service of high quality. For consumer-environment interactions
(Papers I-IV), and the retail context, besides refrigeration, it makes sense to include consumer
expectations regarding this foodscape shopping situation (Chapter 1.2.1). Remodeled store
atmospheres can be inviting, fresh and clean, increasing sales [43]. Other studies also agree for
the importance of person-environment interactions [51, 52, 122, 145, 195], and different factors that
impact both service [171] and quality [162], the thesis suggests to use more insights from the
consumers’ perspectives for the grocery stores to increase the efficiency and display of chilled
groceries.
It has been shown in the results in Paper IV that, in particular, the surrounding temperature
can be a matter of both approach or avoidance behavior, with chilled groceries being special
products for the informants who want these to be fresh. With doors on cabinets, the perception
of freshness rises. It has been shown, when buying chilled groceries from open or closed
cabinets in supermarkets, that the behavioral variables mainly concern accessibility, with three
of the senses being particularly pronounced in this environment; i.e. sight, smell and touch.
These senses relate to consumer perceptions of freshness and cleanliness, in turn being of
general importance, as described by the informants, in relation to being with or without doors.
Researchers have previously discovered that the same three senses are the main channels used
when perceiving the atmosphere [122] and different factors are influencers for purchase behavior
for i.e. organic food at the retail; habit, availability, false assumptions, visibility and access of
organic food, visual and olfactory cues and price [93]. Thus, doors and design and layout for the
foodscape not only reduce energy costs, they can also improve accessibility and consumer
perceptions (Paper II). The results obtained, Paper IV, have indicated that doors in good
condition, and which are transparent, clean, well lit, easily opened/ kept open, but also closed
when not in use, are important. Moreover, the results (Paper IV) also indicated that, whether or
not consumers use door handles to open the cabinets differs; one reason for the avoidance of
using handles might be the hygienic variables. Door openings (by number, time and functions)
differed. In the foodscape, consumers needed to open the doors to obtain the information they
required (i.e. prices and expiry dates). Obtaining information can be more difficult when there
are doors on the cabinets.
When accessing heavy groceries, taking more than one product, in particular, was avoided
(or at least inconvenient). When doors are kept open they hinder the flow of people in the aisles
(if opening towards the aisle); this happened when staff were in the front and displayed
groceries for the consumers in the cabinets towards the sales area. Developing an effective,
attractive, well maintained, and functioning chilled grocery foodscape that enhances both
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experiences and engagement can have a positive effect on consumer behavior since clean doors
increased both visibility of and access to the groceries. However, dirty doors can lead to
avoidance. The physical environment has to be appealing to the consumers [98], and give access
to all people [120]. It is claimed that the visual impaired consumers find cool storage zones in the
stores and the aisles, however there were difficulties locating the meat and cold vegetable zone
partly due to obstacles such as random displays in the store hindering them [120]. How to keep
doors clean was discussed, doors that were less clean may be perceived as clean depending on
the light, Paper IV. Both cleanliness and freshness, while shopping for food, are of general
importance [5, 44, 73, 113, 178]. The results contribute to research showing that both store cleanliness
and foodscapes are important ingredients for consumers store choice and as well groceries
choice [19, 31, 51]. Tactility and touch are of importance to consumers but have not been
investigated so much from a consumer perspective. In the focus group, Paper IV, informants
preferred to touch them to find out if groceries were fresh, with tactile senses also relating to
perceptions of coldness. A lower temperature in the foodscape was perceived as something
natural and that things were working. At the same time, it was said that temperatures that are
too cold, as in the “walk-in-rooms” (about 8 °C), are uncomfortable. Doors on cabinets
generally make the in-store environment feel less cold.
Ambient cues can be visual (e.g. display, color, transparency), often directly affecting our
immediate beliefs [129, 195]. At the fresh food section, in refrigerated cabinets, RTE (ready-toeat) products are commonly found in transparent plastic bags or packages. The importance of
visual quality has been demonstrated in several studies [11, 148, 170, 206, 207, 226], noticed consumers
being able to see variations on the chilled groceries. Vision can be most important when humans
are perceiving their environment [129], but also auditory experiences from e.g. noise and music
[4, 102, 147, 154, 155]
. Relating to smell, this can be a cue regarding the healthiness and freshness of
the indoor environment [103], even if it is difficult to identify smells [30, 188], the human nose is
sensitive. The results confirm previous studies regarding the need to touch products to perceive
their quality and freshness [143, 173]. The results of the focus group interviews, Paper IV, show
the importance of temperatures to the consumer. The studies of thermal comfort link up the
strategies for providing enriched thermal environments conjoined with reducing energy and
claiming a narrow range of temperature in buildings to be insufficient [27]. The foodscape and
an understanding of having either doors or no doors both impact previous research on how the
servicescape affects consumer perceptions and behaviors [87, 144, 147, 212], as well as the need for
more research on sensory aspects in the retail environment, e.g. [195]. This thesis contributes to
previous retail research on freshness and cleanliness [5, 44, 73, 113, 178] by demonstrating how doors
used in the foodscape affect the perceived temperature, leading to a feeling of freshness.
While most analytical equipment usually registers only one parameter at a time, humans can
perceive several stimuli simultaneously and can either add them together, into one final
impression, or interpret them as consisting of several components. Sensory information is of
importance and is often a driver during the shopping situation [105, 200]. In the store consumers
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are also affected by external stimuli, for example price discounts [89, 90]. The investigated
thermal environment, Paper III, has shown thermal interactions in more detail between
technology, food and people, while in front of vertical display cabinets. In-store temperatures
concerning consumers have not encouraged much research [195], or studies of the consumer in
this thermal environment. Several researchers have modelled and compared the results with
predicted comfort standards as a shortcut [81, 82]; a predicted level of comfort can be a limitation
in the foodscape. The results, both from questionnaires and predicted comfort, indicate that the
ambient temperature is of importance to consumers’ thermal comfort in front of chilled vertical
cabinets in-store.
To test behavior in the foodscape, data was collected from real settings, using real
assessments and human subjects, both in supermarket and laboratory settings, Papers II-III. The
results in Paper IV confirm the results in Paper III, i.e. consumers perceived the foodscape as
cold; the coldest foodscape was perceived as the coldest where the lowest temperature was
measured. The results indicate that consumers experience coldness in the ambient environment
of chilled groceries in the store, Paper III, [133]. However, a perceived and measured cold
foodscape environment (Papers II-III and [133]), appears to be an accepted environment even
though consumers are not in thermal comfort (Figure 2.9, and Paper IV). Tentatively, it appears
that if consumers accept the colder environment, then it should not be cold due to uncontrolled
air falling out of cabinets, resulting in a low ambient temperature, a high temperature difference
and the risk of spoiling the quality of the chilled groceries. If there is a need for supermarkets
to be cold (air-conditioned), the most efficient way to maintain a colder environment must be
evaluated.
It can be understood that food quality is decided by and depends solely on the temperature
and regulations. The shelf-life and quality of chilled groceries may be estimated (predicted),
based on temperatures and time using a model. It has been claimed [207] that models can estimate
the freshness off groceries at any point along the way to, at and from the grocery store.
However, there might be several variables which influence not only the model but also the
groceries, the environments and the consumer behaviors and perceptions. For example, light
shining onto chilled groceries in the cabinet may impact negatively on the quality of the
products, exposure might retard the browning and maintains the qualitative characteristics of
lettuce [226]. It is suggested that consumers are more thoughtful when food is labeled with dates,
maybe the hesitating act is due to ‘commitment’ to use the product within a certain time before
being wasted [43]. Another study suggested consumers to act, be more unplanned and
spontaneous towards chilled groceries, due to perishability or thoughts of using the product
before spoilage [101]. Due to negative reactions from consumers is suggested that retailers are
more unwilling to include visual damaged groceries at retail, other hinders were EU standards,
marketing, logistic and regulatory framework to food redistribution [97]. Many of the technical
problems connected to regulations, e.g. the short-life of sensitive food, are challenges for the
whole supply chain [127]. Research on chilled groceries must continue to consider variables and
factors such as the shopping situation in-store, which is often overlooked.
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4.1.4

Management

All in all, the motivation for the retailer to increase energy efficiency today seems to very much
be about directions and rules. The way in which regulations are developed and formed also
shapes society, providing different purchasing cues for retail and chilled groceries. Regulations
mainly stipulate the needs to be fulfilled. Furthermore, in order to know if the directions and
rules are being met, different variables can be checked, i.e. the temperature of sensitive food .
This situation can provide many opportunities for the market to develop new and better
strategies for buildings, technical installations, and the design and layout [102, 147, 154, 155], of doors
on cabinets which matters and shapes consumer perceptions, as well as their behaviors and
emphasis. Retailers considering both the physical environment and consumer perceptions and
behavior when choosing fit outs and design for their supermarkets can therefore be helpful, in
addition to offering consumers high quality groceries and allowing the retailer to manage
energy costs. For the retailer, it can be of importance to find a technician who is accountable
for the store’s business and who is up-to-date as regards compliance with existing and upcoming
directions and rules. If this technician is not aware, it can be costly in the long-term when it
comes to maintenance and obligations under stricter regulations. Paper II has suggested that
several of the technical problems are non-technical issues, but communication problems.
The rather complex grocery store, Paper I, should have a building energy management
system. This system could preferably be an extension of the building control system(s) and used
to continuously optimize energy use and to control temperatures and technical installations.
This is in line with other buildings [62]. However, for those in charge and in management, there
are several activities relating to the above situations, and priority can be difficult beside
knowledge on the situation. Another obstacle, for management, can be organizations. Paper II
suggests that managers communicate benefits within organizations and are more holistic and
see the store individually, avoiding detailed observations in studies if these are of no concern.
4.1.4.1

Resource recovery and energy efficiency (sustainability)

The retailer operates at several different levels, following directions and rules concerning
different conditions and the wellbeing of both humans and society. For resource recovery and
energy efficiency, the door, as an energy efficient improvement, can be a barrier, depending on
how the benefits are evaluated and realized. Nevertheless, in order to understand the whole
issue, more knowledge is necessary of the situation itself, either with or without doors on
cabinets, and in the retail context and with the focus on the consumer (Paper IV). Besides
cutting costs, i.e. electrical energy, retailers can also argue that they are taking a greener and
more energy saving approach as regards how to sell chilled food. The supplier of beverages,
Coca-Cola, also provides coolers to the retail and via sustainable agendas [214] they promoted
more ‘sustainable display’ and all display coolers were equipped with doors. When assessing
the large footprint, research sometimes, but not always, includes the footprint on the basis of
the energy. Footprints should include energy footprints and should consider both direct and
indirect contributions [170] to reflect impact depending on energy efficiency and thereby increase
sustainability with lower figures for more energy efficient displays.
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5

Concluding remarks and future research

The aim of this thesis was to gain knowledge of how to improve energy efficiency and the store
layout for chilled groceries by adding consumer insights. More specifically, the thesis examined
consumers when there are doors or no doors on cabinets for chilled groceries. The research
presented in this thesis can be of importance for servicescape research, moreover serve as input
for energy efficiency in retail grocery store buildings, both in terms of methodological and
empirical findings.

5.1

Conclusions

It is paramount to understand that the high energy use in grocery stores, are due to refrigeration
for the display of chilled groceries. Doors on cabinets are one way for retailers to control the
leakage of cold air. But, the introduction of doors on cabinets also requires an understanding of
how consumers perceive and behave in relation to this form of energy measure – something
that previous research in this area largely has neglected. This thesis fills this gap by focusing
on the details and interactions that matter for consumers in relation to this specific foodscape.
Both the energy usage and the temperatures depend on interactions, how technical installations
are used, and how barriers are controlled.
The environment and store layout for chilled groceries are not today well-defined or explored
in the literature as a person-environment interaction that impact on consumers’ perceptions and
behaviors. This means that there is almost no research, or very limited research, available for
this specific situation. This study provides consumers insights to take in consideration when
creating the balance between in-store energy efficiency and an excellent servicescape.
By elaborating on the foodscape concept and the tangibles in relation to how consumers
perceive and behave in this environment it can be understood that doors can be used to guide
consumers towards more positive approach behaviors, due to doors that increase the perception
of freshness, cleanliness and thermal comfort through the senses of sight, smell and touch.
Perceived coldness in the environment can also increase the experience of grocery freshness.
In conclusion three main findings, especially relevant for retail practice, are identified as
they are related to how consumers perceive and behave in the foodscape.

Second, this thesis shows, experienced by the consumers in supermarkets, that a colder
environment in the foodscape can be measured and perceived. The thermal comfort parameters
in the supermarkets has systematic patterns, but the shopping situation is more complex and
therefore several aspects need to be considered. By using qualitative studies, the consumers
perceptions and behaviors could be better understood. It could be concluded that consumers
accepted the colder environment. Thus, the qualitative methods show that a well-designed
appropriate indoor environment can be colder and more adaptive.
Third, with doors on the cabinets, consumers’ positive perception of freshness arises in the
foodscape. Doors as efficient barriers are cues communicating to our senses: sight, smell and
touch. Transparent, clean and without frames that hindered visibility, the doors had positive
effects on approach behavior and consumers perceptions of freshness and cleanliness, as well
as increasing the experience of grocery freshness
Further this thesis expands research on servicescapes, where more empirical research
addresses the role of different type of servicescapes, by focusing on a particular part of
supermarkets – the foodscape for chilled groceries. It deepens the understanding of the space/
function variable, in the servicescape of tangible commodities by illustrating how ‘details’ such
as doors on cabinets matter to consumers in the physical store. As presented the thesis
complements previous research on how the servicescape affects consumers’ behavior and
perceptions and highlights the need for more research on sensory aspects in the retail
environment. Thereby this thesis also contributes to previous retail research on freshness and
cleanliness by demonstrating how doors affect perceived temperature, leading to a feeling of
freshness.
The thesis shows that the consumer accepts the colder environment, but it should not be cold
by uncontrolled air falling out from cabinets without doors, which influences a low ambient
temperature, high temperature difference and risk of the quality of the chilled groceries.
Reduction of the European Union’s energy dependency and greenhouse gas emissions due to
buildings high energy consumption is of importance. This thesis contributes thereby to the
knowledge for how to reduce the energy consumption in the building sector. It reveals that
doors on display cabinets added with consumers insights can be beneficial and improve the
energy efficiency.

First, as regards the building design, as it is the sum of several technical sub-systems, such
as; heating, ventilation, air-conditioning and refrigeration, they should not be treated separately,
but be part of the whole. When including the refrigeration in the early design-stage, both
consumer service as well as energy efficiency will increase. These buildings are dynamic, and
the outdoor environment impacts the indoor environment. However, the colder environment in
the atmosphere, where chilled groceries are on display, is more due to interactions between the
display and the consumers. Further, the interactions differ due to barrier construction if the
environment is colder due to no doors on the cabinets.
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5.2





5HIHUHQFHV

Future research

A continuation from this study could be to follow up measurements and map the chilled and
frozen groceries. There are interesting differences between displayed chilled categories above
or below zero degrees such as pastries, milk, meat, vegetables and fruit or ready-to-eat groceries
with different conditions depending on shelf-life, origin, content and packaging. It seems to be
possible to differentiate design and layout between existing foodscapes and displays. Also, the
doors for cabinets can be further developed by providing for example functionalities that
provide services for the consumers. Besides the doors the interior, design and layout can be
developed.

>@

It is also of interest to explore other retail businesses and increase the energy efficiency with
perspectives of the consumers insights. This thesis explored the grocery store, and the consumer
visiting the store, the future studies can include similar situations and consumers in petrol
stations, food-outlets, restaurants and cafés. They are all different cues for retail services with
installations requiring functionality and appliances for storage and display of chilled groceries
requiring energy.

>@

Not only different technical solutions, design and layout can matter for the approach/
avoidance behavior but also different senses. Therefore, in particular the sight, smell and touch
are senses that can be further investigated and included for future studies in the developments.
Moreover, other factors depending on emotions and attitudes can be of relevance to investigate
in the foodscape.
In research, technology and the use for services, it is important to remember that technology
and people is continuously changing. The upcoming and growing population of older people
will demand new solutions. Both demographics and individuals may impact the shopping
situation. Also, time and how to get access and how to navigate and find products with high
quality can be interesting factors to investigate. People do not differ only due to age, but also
other factors can impact such as social class, gender, culture and urbanization. All these changes
are interesting sources for future studies.
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APPENDIX A
Building system including technical appliances
There is a relationship, direct or indirect, between the systems of the building, from component
to different system installations, Figure A1-A2. The direct, or indirect, connections in the
building suggest including all that building’s appliances to be included for calculations and
design. All variables require energy using technical installations.
For this thesis, the foodscape, shopping situation includes consumer(person)-environment
interactions, based on the ideas of Bitner[24] with tangible and non-tangible variables in the
service settings. Foodscape as used in this thesis includes the particular part of the supermarket
and the atmosphere where consumers buy chilled groceries in-store, standing in front of the
refrigerated display cabinets. Figure A1- A2 are modified illustrations from report BF13 [115].

Figure A1. From component to whole building systems are direct or indirect contact between
technical installations.
Figure A2. Illustrating different technical building service systems and building interior
design.
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APPENDIX B
Estimating thermal comfort and the use of different
scales
For estimating the thermal comfort not only physical measurements are necessary. Subjective
tools, such as scales, are also necessary. With two subjective parameters (physical activity and
clothes) and four environmental variables (temperature of the air, thermal radiation, air
movement and moisture content), the thermal sensation for the whole body can be predicted by
the PMV, details are in the standard [109] and the 7730[109] use the thermal sensation scale with
single answers.
Standard 10551 [107], use subjective scales based on the thermal state of the body as a whole,
with multiple scale answers. The 10551 is divided in several categories for which the related
question concerning the thermal environment (e.g. temperate, humidity, air velocity) are
questioned. Examples of scales and categories are presented below in Table B1 and Table B2.
Different scales for thermal environments exist whether: perceptual or affective (evaluative
and preferential), global (the whole environment or human) or local, present or past,
instantaneous or extended over a period. There are also differences depending on objectivity of
assessment: environment or person, the whole or its parts, permanent or temporary situation,
normal temperature or extreme conditions. The scales can include ranking or continues scale.
The cardinal scale is with equal units of measurements while ordinal scale does not inform
about the interval between the ratings. According the definition for thermal comfort subjective
tools such as scales are necessary, more on scales can be found in the literature [9, 20, 107, 109, 165].
Table B1 and B2, present scales and different categories for thermal comfort evaluation. For
the subjective assessment, B2, are scales which can be used. There may, however, be other
factors that affect dissatisfaction with the thermal environment. Thermal comfort evaluation for
the foodscape is presented in Paper III and [133].
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Table B1. Single and multiple answers, scales and categories for thermal comfort evaluations.
Scale

Bedford[20]

Single
answers

Thermal sensation,
Ashrae[9], ISO 7730 [109]

Much too warm
Too warm
Comfortable but
warm Comfortable
Comfortable cool
Too cool
Much to cool

+3
+2
+1
0
-1
-2
-3

hot
warm
slightly warm
neutral
slightly cool
cool
cold

Mean Thermal Vote (MTV) [165]
+3
+2
+1
0
-1
-2
-3

Much too hot
Too hot
Hot but comfortable
Neutral
Cold but comfortable
Too cold
Much too cold

Subjective assessment methods, ISO 10551[107]
How are you feeling (at this precise moment)?
Perception
Do you find this…?
Evaluation
Would you prefer to be…?
Preference
do you find this acceptable?
Acceptability
Is it tolerable?
Tolerance

Multiple
answers

Table B2. Judgement scales according ISO 10551[107] divided in several categories.
Perception
“How are you feeling now?”

Evaluation
“Do you find this…?”

+3
+2

Hot
Warm

0
1

+1
0
-1

Slightly warm
Neutral
Somewhat cool

2
3
4

-2
-3

Cool
Cold

Comfortable
Somewhat
uncomfortable
Uncomfortable
Very uncomfortable
Extremely
uncomfortable
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Thermal preference
“Please state how you would
prefer to be now?”
+3
+2

Much warmer
Warmer

+1
0
-1

Slightly warmer
No change
Slightly cooler

-2
-3

Cooler
Much cooler

APPENDIX C
Measured m-package temperatures

Figure C2 illustrates the sideview of the tested cabinet and loading pattern,
yellow packages are m-packages with temperature probes.

Figure C1 illustrates temperatures in m-packages in vertical display cabinet and measurements
on shelf 6 in the cabinet; (a) without doors and (b) with retrofitted doors. Figure C2 illustrates
the loading plan and side view on the cabinet (leftside). The test packages m-packages with
temperature probes are marked with a cross. More data and measurements can be found in the
literature [134].
The cabinet is classified depending on temperatures. To measure cabinet performance and
temperatures is common to use m-packages (filler test packages). Packages must comply with
the classification of m-package temperature according to warmest and coldest packages. For
example, class M2 corresponds to warmest or equal m-package +7 °C and lowest -1 °C.
Performance is verified by different conditions and test methods [111], in climate chambers.
Below figures, C1 a-b, show that with doors (a) are temperatures (each line is the temperature
in one M-package) more even and less differentiated compared with doors (a) on the cabinet.
10
8

Temperature (°C)

6
4
2
0
0h

12 h

24 h

(a) Withouth doors on refrigerated vertical cabinet.

Figure C2. Measurements and loading of m-packages in a cabinet.

10
8

Temperature (°C)

6
4
2
0
0h

12 h

24 h

(b) With doors on refrigerated vertical cabinet.

Figure C1. Measurements and loading of m-packages in a cabinet.
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APPENDIX D
Display cabinets with doors – influence of the dooropening frequencies
In a supermarket, under real conditions, different door-opening frequencies and durations have
been measured for the two types of vertical cabinets (front loaded for deli/ meat, back-loaded
for dairy). Figure D1 are photos on the test set-up in the store, and the measurements are
illustrated in Figure D2. Doors are numbered from left to right as shown in Figure D1 (a) door
no.1 until no. 6 (D6); (b) door no. 7 until no. 12 (D12).
Figure D2 presents measured results of (a-b) door-opening frequency per hour, and (c-d)
open time as a percentage for the doors. For the dairy goods the door-opening frequency as well
as opening time were higher than for the case with deli/meat groceries (compare deli/meat a, c
with dairy b, d). One reason could be that more dairy goods are purchased both by number and
volume. Also, the doors on each type of cabinet are different [138].

(a)

D12
(b)
Figure D1. Illustrating the display cases for (a) deli/meat and (b) dairy groceries.
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Figure D2. Measurement illustrating (a-b) the door opening frequency and (c-d) the
percentage of opening time for each door [138], as presented in Figure D1.
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APPENDIX E
Appropriate indoor thermal environment variables
for the consumer in the foodscape
Variable
Operative
temperature
[°C]

Settings

t op

˃ 16

During summer can operative temperature be
higher than winter (no higher limit suggested).
For energy efficiency a colder environment in
the foodscape could be accepted compared to
other design criteria (but not below 16°C).

Temperature diff.
[°C]
Between
1.7 m – 0.1 m

T

Low

Between ankle and head the lower
temperature difference the better. A lower
ambient temperature makes people more
sensitive to gradients.

Air velocity
[m s‐1]

va

˂ 0.2

Air current should be low, especially in
summer.

APPENDIX F
Servicescape by Bitner applied for the foodscape
perspective
The servicescape by Bitner [24] applied for the foodscape may contribute to a more holistic
understanding, as well be a help to identify gaps and challenges to improve energy efficiency.
In Paper II is also shown that evaluations with real assessments and human subjects for a
specific context added extra values for the food industry and retailers. This thesis has used the
foodscape and model by Bitner to add consumer insights to gain knowledge of how to improve
energy efficiency and the store layout for chilled groceries, the foodscape includes person and
environmental variables, Figure F1 is from the Bitner[24] and illustrates the perspectives.

For definitions and more details see Paper III and [133].

An appropriate indoor environment is suggested for the consumers, based on results in Table 3
(Paper III). However, time spent (in front of the cabinets) is shorter than the prescribed
standards for thermal comfort but it was clear that the measures can be used to quantify the
perceived thermal environment in a supermarket environment for the consumers. The comfort
equation according ISO 7730 [109] can be applied even if the temperature gradient difference is
more than 5K and if the time spent for this environment for the consumers is short (e.g. less
than 15 minutes).
More knowledge on consumers thermal comfort in the shopping situation for chilled
groceries, which is a temporary situation with high temperature gradients between ankle and
head can be beneficial as the consumers are making up the businesses for the retailer and
complement the thermal comfort studies from non-real environments [184, 224] and offices and
schools where people stay for longer time [184].
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Figure F1. The servicescape [24] illustration but for a foodscape perspective.
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APPENDIX G
Doors effect on consumers approach and/or
avoidance
Doors lead to different forms of approach or avoidance behavior in terms of accessibility for
the consumer. In Table G1 are approach and avoidance behavior presented, based on the
results in Paper IV.
Table G1. Doors effect on consumers approach and/or avoidance.
Effect
Approach

-

Freshness and cleanliness
Transparent, clean and without frames – affect visibility

Approach
and/ or
Avoidance

-

Surrounding were warmer with doors on cabinets. However, some
consumers perceived coldness in the environment as increasing
the experience of grocery freshness.

Avoidance

-

Struggling to access heavy groceries, especially when managing
doors at the same time.
Doors left open by other people, problems getting access to the
groceries
Less clean doors decreased accessibility as consumers had
problems to see groceries, to read labels through the door glass.
Doors hindered consumers to touch groceries
Doors sometimes kept bad odor in the cabinets which caused
strong reactions among consumers when opening doors

-
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