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TERMS AND DEFINITIONS 

Term Definition 

Convenience store 
Store with typically less than 400 m² sales area with a limited range of 
food and non-food products. 

EU Ecolabel 

A voluntary method of environmental performance certification that 
identifies overall, proven environmental preference of a product or service 
within a specific product/service category based on life cycle 
considerations. There are three types of voluntary labels identified by ISO 
with the EU Ecolabel falling under the Type I category. 

Food discounter 
Store with typically less than 1 000 m² sales area with the focus on selling 
food products and less-fashionable non-food products. 

Food retail store Superordinate concept, including different categories of stores. 

Hypermarket 
Store with typically more than about 4 500 m² sales area, selling a large 
variety and huge volume of food and non-food products. 

Large supermarket Store with typically around 2 500 m²-4 500 m2 sales area with the main 
focus on food products and a larger range of non-food products. 

Supermarket 
Store with typically around 400-2 500 m² sales area with the main focus 
on food products and only a limited range of non-food products. 

Type I Ecolabel 

‘Type I Ecolabel’ is a voluntary multi-criteria-based, third party program 
that awards a license that authorizes the use of environmental labels on 
products indicating overall environmental preferability of a product within 
a particular product category based on life cycle considerations. ‘Type I 
Ecolabel’ is defined by the ISO 14024 standard. 
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EXECUTIVE SUMMARY 

The objective of this report is to provide background information for the development of a new EU 
Ecolabel for food retail stores. It investigates the market, technical, operational, and sustainability 
aspects of food retail stores, with a goal to develop a robust evidence base and prioritise key 
environmental and social issues to support the development of EU Ecolabel criteria for this new product 
group. 

This study has been carried out by the partners of the SuperSmart project, which is funded by the 
European Union under the Horizon2020 research framework programme [SuperSmart (2016)]. Within 
the project duration, the introduction of an EU Ecolabel for food retail stores will be supported by 
submitting a product group proposal to the EU Ecolabelling Board, accompanied by two reports – a 
preliminary report and a technical report. 

This preliminary report consists of the following chapters: 

1. Overview of the report (chapter 1) 
The first chapter outlines the background and project process and gives an overview of the EU Ecolabel 
in general and the process of development and introduction of a new EU Ecolabel product group in 
particular. 

2. Product group scope and definition (chapter 2) 
This chapter examines available sources for defining and identifying the potential scope and the 
definition to be adopted by the EU Ecolabel for food retail stores. For that purpose, existing EU Ecolabel 
product groups, existing national ecolabelling schemes for food retail stores, relevant regulations and 
standards as well as stakeholder feedback that has been collected to facilitate the development of the 
scope are taken into account. 

3. Market analysis (chapter 3) 
The third chapter provides a market overview to illustrate the economic importance of the food retail 
sector worldwide and in Europe as well as its impact on greenhouse gas emissions, waste, and the 
environmental footprint as a whole. Economic and social drivers shaping the food retail industry are 
reviewed - from consumer trends resulting in different product ranges to market and economy trends 
that have an impact on the store formats or the technologies they use. An insight into adoption rates of 
national ecolabels for food retail stores as well as for other European labels, certificates, and initiatives 
in the food retail sector is provided, followed by a first overview of key drivers and innovative measures 
for more sustainable food retailing practices in Europe. 

4. Technical and environmental analysis (chapter 4) 
The technical analysis provides an overview of the characteristics of food retail stores included in the 
scope and focuses on the main environmental impacts, especially on its energy systems. The location of 
the store, the building envelope, the interior design, the equipment, etc. are discussed in detail. State of 
the art systems are presented as well as innovative new solutions for e.g. refrigeration systems.  

The environmental analysis reviews existing Life Cycle Assessment (LCA) case studies for food retail 
stores that traditionally focus on the operational stage, more precisely speaking on the energy 
consumption and refrigerant leakages. Although the use phase has by far the greatest impact, a full 
environmental analysis is necessary to identify all environmental impacts of food retail stores. 
Therefore, results from existing studies covering conventional retail stores buildings’ LCA were merged 
with another two studies analysing real operational use consumptions of two European food retail 
stores. Based on these references, further calculations were made that resulted in two full LCA case 
studies of representative European food retail stores. In such a way, it can be ensured that the EU 
Ecolabel covers the most significant environmental impacts of this product group. 

The chapter also gives an overview of social impacts associated with food retail stores and outlines the 
trends impacting the European food retail sector as well as their effects on e.g. the local economy, 
employment, and people.  

5. Improvement potential areas (chapter 5) 
This chapter provides an evaluation and prioritization of improvement options that could assist the 
development of EU Ecolabel criteria for food retail stores by drawing on findings from the market 
analysis and the technical and environmental analysis. Innovations, best practices, and best available 
techniques available in the market to improve the environmental and social performance of food retail 
stores are identified and discussed. 
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1 OVERVIEW OF THE REPORT 

This preliminary report is intended to provide the background information for the development of a 
new EU Ecolabel for food retail stores.  

The EU Ecolabel criteria form key voluntary policy instruments within the European Commission’s 
Sustainable Consumption and Production and Sustainable Industrial Policy (SCP/SIP) Action Plan 
[European Commission (2008)] and the Roadmap for a Resource-Efficient Europe [European 
Commission (2011)]. The Roadmap seeks to move the economy of Europe onto a more resource efficient 
path by 2020 in order to become more competitive and to create growth and employment. The EU 
Ecolabel promotes the production and consumption of products with a reduced environmental impact 
along the life cycle and is awarded only to the best performing products in the market considering the 
environmental impact. The EU Ecolabel for food retail stores can encourage supermarket stakeholders 
to implement environmentally friendly and eco-efficient technologies and thus reduce the 
environmental impact of food retail stores. 

This preliminary report addresses the requirements of the EU Ecolabel Regulation (see chapter 1.1.1). It 
consists of an analysis of the scope, definitions and description of the legal framework (chapter 2), a 
market analysis (chapter 3), and an overview of existing technical Life Cycle Assessment studies, 
revealing the significant environmental impacts of food retail stores (chapter 4.2). Combined with input 
from stakeholders, this information is used to determine the improvement potential and focus for the 
EU Ecolabel development process (chapter 5). 

This study has been carried out by the partners of the SuperSmart project [SuperSmart (2016)]. 
SuperSmart is a three-year European project, funded by the European Union under the Horizon2020 
research framework programme. The project aims to achieve both decisive environmental benefits 
through a fast implementation of efficient heating and cooling solutions, as well as significant economic 
benefits through reduced energy use in the supermarket sector all across Europe. 

SuperSmart has the following objectives: 

• Remove non-technological barriers to efficient heating & cooling in the European food retail 
sector; 

• Raise the expertise level for eco-energy supermarkets among technical and non-technical staff 
members, through promotion and training; 

• Support the introduction of a European Ecolabel for food retail stores, by developing draft 
criteria for such a label. 

Within the project duration, the introduction of an EU Ecolabel for food retail stores will be supported 
by submitting a product group proposal to the EU Ecolabelling Board, accompanied by two reports – a 
preliminary report and a technical report (see chapter 1.1.2). 

This preliminary report forms part of the stages of developing the criteria for the EU Ecolabel for food 
retail stores. It includes the activities and outputs resulting from research performed for the 
supermarket sector. This report represents a first evaluation of likely areas for investigation as a result of 
a stakeholder survey, discussions with supermarket stakeholders, market analysis, technical analysis of 
different types of food retail stores, and associated environmental and social impacts. In doing so, it 
identifies key improvement opportunities for the different components (i.e. building, heat recovery, 
refrigerants, and operational management) of food retail stores where EU Ecolabel criteria can be 
developed.  
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1.1 Purpose of this report 

1.1.1 EU Ecolabel Regulation 

The EU Ecolabel is an EN ISO 14024 Type I environmental label. According to 
ISO 14024:1999, a Type I environmental labelling programme is a “voluntary, 
multiple-criteria-based third party programme that awards a licence which 
authorizes the use of environmental labels on products indicating overall 
environmental preferability of a product within a particular product 
category based on life cycle considerations” [ISO (1999)]. 

The functioning of the EU Ecolabel is set through Regulation (EC) No 
66/2010 [European Union (2010a)]. “This Regulation lays down rules for the 
establishment and application of the voluntary EU Ecolabel scheme” and 
“shall apply to any goods or services which are supplied for distribution, 
consumption or use on the Community market whether in return for 
payment or free of charge”. This Regulation does not apply to medicinal 
products for human use or for veterinary use, or to any type of medical 
device. 

“The European Commission manages the scheme at the EU level to ensure 
that the Ecolabel Regulation is implemented correctly. Even if the development or revision of EU 
Ecolabel criteria can be initiated and lead by parties other than the European Commission (states, 
Competent Bodies and other stakeholders), the Commission is in any case responsible for preparing the 
final draft of the criteria documents that have to take into account the comments from the European 
Union Ecolabelling Board. The Commission adopts EU Ecolabel criteria for each product group as 
“Commission decisions” after the Ecolabel Regulatory Committee supports the criteria by a qualified 
majority.” [European Commission (2016a)] “Under Regulation (EC) No 66/2010, the EU Ecolabel criteria 
are to be established with the assistance of a European Union Ecolabelling Board (EUEB). For the 
acceptance of the EU Ecolabel scheme by the general public, it is essential that organisations such as 
environmental non-governmental organisations and consumer organisations are members of the EUEB 
as interested parties together with the competent bodies of the Member States.” [European 
Commission (2010)] “The EUEB contributes to the development and revision of EU Ecolabel criteria and 
to any review of the implementation of the EU Ecolabel scheme. It also provides the Commission with 
advice and assistance in these areas and, in particular, issues recommendations on minimum 
environmental performance requirements.” [European Commission (2016b)] 

Other Type I ecolabelling schemes which do not cover a product group for which EU Ecolabel criteria 
have been published, may be extended to that product group only when the criteria developed under 
those schemes are at least as strict as the EU Ecolabel criteria. “In order to harmonise the criteria of 
European ecolabelling schemes, EU Ecolabel criteria shall also take into account existing criteria 
developed in officially recognized Type I ecolabelling schemes in the Member States.” [European Union 
(2010a)] 

1.1.1.1 EU Ecolabelling Board 
The European Union Ecolabelling Board (EUEB) [European Commission (2010)] is composed of the 
representatives of the Competent Bodies of each Member State, of the representatives of the Member 
State of the European Economic Area (the Competent Bodies of Iceland, Liechtenstein, Norway and 
Turkey) and the representatives of the following organisations:  

• European Environmental Bureau (EEB), 
• Bureau Européen des Consommateurs (BEUC), 
• European Confederation of Associations of Small- and Medium-Sized Enterprises (CEA-PME), 
• Business Europe, 
• EUROCOOP, 
• European Association of Craft, Small- & Medium-Sized Enterprises (UEAPME),  
• EUROCOMMERCE. 

Figure 1: The EU 
Ecolabel logo 
[European Union 
(2010a)] 
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 “The EUEB will undertake the following tasks: 

I. Agree on a Working Plan with the Commission including a strategy and a non-exhaustive list of 
product groups 

II. Following consultation, provide opinion on which product groups will be developed and by 
whom 

III. Contribute to criteria development by: 

(a) providing guidance on the strategic approach to Ecolabel criteria development 
(b) discussing the output of the working group on specific product groups and on the 

drafts during the criteria development process 
(c) giving its position on specific significant questions during criteria development by 

product group and on cross-cutting issues relevant to all product groups 
(d) giving its position on the final proposal of criteria documents to the Commission 
(e) issuing recommendations on minimum environmental performance requirements 

based on outputs from EU Ecolabel criteria development/revision process 

IV. Provide opinion on the development of Ecolabel criteria for food and feed products 

V. Contribute to any review of the implementation of the EU Ecolabel scheme 

The EUEB will meet at least twice a year to discuss Ecolabel criteria planning, revision and development. 
The EUEB will additionally meet at least once a year to discuss strategic and horizontal issues related to 
the working of the Ecolabel.” [European Commission (2016c)] 

1.1.1.2 Competent Bodies 
Each country participating in the EU Ecolabel scheme has a national Competent Body, which awards 
the EU Ecolabel and gives advice on questions regarding the application. “Competent Bodies are 
independent and impartial organisations designated by states of the European Economic Area within 
government ministries or outside the ministries. They are responsible for implementing the EU Ecolabel 
scheme at the national level and should be the first point of contact for any questions from applicants. 
They specifically assess applications and award the EU Ecolabel to products that meet the criteria set 
for them. As such, they are responsible for ensuring that the verification process is carried out in a 
consistent, neutral, and reliable manner by a party independent from the operator being verified, based 
on international, European or national standards and procedures concerning bodies operating product-
certification schemes. The Competent Bodies meet three times a year at the Competent Body Forum in 
Brussels to exchange experiences and ensure a consistent implementation of the scheme in different 
countries.” [European Commission (2016d)] 

1.1.1.3 Stakeholders 
“In the development of the criteria, a balanced participation of all relevant interested parties concerned 
with a particular product group, such as industry and service providers, including SMEs, crafts and their 
business organisations, trade unions, traders, retailers, importers, environmental protection groups and 
consumer organisations has to be guaranteed.” [European Commission (2016e)] 

1.1.1.4 EU Ecolabel Helpdesk 
“The EU Ecolabel Helpdesk assists the European Commission with different tasks, such as developing 
news publications, gaining stakeholder support and soliciting aid for certain marketing activities. It also 
provides help to the public by email and phone regarding general questions about the EU Ecolabel.” 
[European Commission (2016f)] 
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1.1.2 Process of development and introduction of an EU Ecolabel 

“Proposing a new EU Ecolabel product group or leading a criteria development process requires 
significant resources and time from the proposer. This complex process has to be developed in close 
collaboration with the European Commission. The proposer will be expected to provide supporting 
documentation (see below) to the Commission that will be discussed at the EUEB meeting.” [European 
Commission (2016g)] 

The process of the label development can be divided into three stages: 

1. Product group proposal 

To initiate the development of EU Ecolabel criteria for a proposed product or service group, a 
product group proposal [European Commission (2016h)] for inclusion of a new product group in 
the EU Ecolabel scheme must be submitted to the EU Ecolabel Helpdesk. This can be done by 
any interested party. 

2. Adoption of the product group proposal 

After examination of the product group proposal, the Commission presents it to the EU 
Ecolabelling Board (EUEB) that decides whether to adopt or reject a product group proposal. In 
case it is adopted, the EUEB decides how the formal developing process of the label shall take 
place. Main questions are the funding and required resources. 

3. Development of EU Ecolabel criteria 

According to Regulation (EC) No 66/2010 and following consultation with the EUEB, any 
interested party, e.g. the Commission, Member States, Competent Bodies, and other 
stakeholders, may initiate and lead the development or revision of EU Ecolabel criteria. “To 
apply to lead the EU Ecolabel criteria development or revision process, the applicant shall: 

• Demonstrate expertise in the proposed product group area, as well as the ability to lead 
the process with neutrality and in line with the aims of the EU Ecolabel Regulation. 

• Be capable of building up a consortium consisting of more than one interest group.” 
[European Commission (2016g)] 

• In the standard procedure “the following documents must be drawn up:  

(a) a preliminary report; 
(b) a proposal for draft criteria; 
(c) a technical report in support of the proposal for draft criteria; 
(d) a final report; 
(e) a manual for potential users of the EU Ecolabel and competent bodies; 
(f) a manual for authorities awarding public contracts.” [European Union (2010a)] 

“Timeline of an adopted product/service group proposal: 

• At the Ad-Hoc Working Group (AHWG) meetings level, the EU Ecolabel criteria are drafted 
according to the results of the preparatory work. The preparatory work includes feasibility, 
environmental and market studies, improvement analysis, and revision of existing life cycle 
analysis or implementation of new analysis where necessary. 

• EUEB discusses the drafts during the criteria development process. 

• A draft of the criteria is circulated among the relevant services of the European Commission for 
approval. 

• The draft of the criteria is approved by the EUEB. 

• A vote is taken by a Regulatory Committee of national authorities. 

• Criteria are adopted through a Commission Decision. 

• The Commission Decision is published in the Official Journal. 

From start to finish, this process takes on average 2 years.” [European Commission (2016g)] 
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1.1.2.1 Shortened procedure where criteria have been developed by other EN ISO 14024 Type I 
ecolabelling schemes 

“A single report shall be submitted to the Commission. This report shall include a section demonstrating 
that the technical and consultation requirements set out in Part A1 have been met, along with a 
proposal for draft criteria, a manual for potential users of the EU Ecolabel and competent bodies, and a 
manual for authorities awarding public contracts. 

If the Commission is satisfied that the report and criteria meet the requirements set out in Part A, the 
report and the proposal for draft criteria shall be made available for public consultation on the 
Commission’s dedicated EU Ecolabel website for a period of two months for comment. 

Responses shall be given to all comments received during the public consultation period, indicating 
whether each comment is accepted or rejected and why. 

Subject to any changes made during the public consultation period, and if no Member State requests 
an open working group meeting, the Commission may adopt the criteria pursuant to Article 8. 

Upon request from any Member State, an open working group meeting shall be held on the draft 
criteria, in which all interested parties, such as competent bodies, industry (including SMEs), trade 
unions, retailers, importers, environmental and consumer organisations, shall participate. The 
Commission shall also participate in that meeting. 

Subject to any changes made during the public consultation period or during the working group 
meeting, the Commission may adopt the criteria pursuant to Article 8.”[European Union (2010a)] 

1.1.2.2 General requirements for EU Ecolabel criteria 
Criteria for the EU Ecolabel are developed and revised in a transparent way by a group of experts and 
stakeholders, including consumer organisations and industry [European Commission (2016i)]. The EU 
Ecolabel criteria take the whole product life cycle into account. “From the extraction of the raw 
materials and factory production to packaging, transport and use, every stage of an EU Ecolabelled 
product is checked to assess where the main environmental impacts of the product occur” [European 
Commission (2016o)] (see Figure 2).  

 

Figure 2: Life cycle of a product [European Commission (2016i)] 

                         
1 Part A contains the standard procedure [European Union (2010a)]. 
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Because the life cycle of every product and service is different, the criteria are tailored to address the 
unique characteristics of each product type. The life cycle approach guarantees that the products’ main 
environmental impacts are reduced in comparison to similar products on the market. “The criteria have 
been developed to ensure that the 10 % to 20 % most environmentally friendly products currently on the 
market can meet them” [European Commission (2016j)]. “Every four years on average, the criteria are 
revised to reflect technical innovation such as evolution of materials, production processes or in 
emission reduction and changes in the market.” Thus, it can be assured that the EU Ecolabel continues 
to stand for the highest environmental performance [European Commission (2016k)]. 

In determining EU Ecolabel criteria, ”the following shall be considered: 

(a) the most significant environmental impacts, in particular the impact on climate change, the 
impact on nature and biodiversity, energy and resource consumption, generation of waste, 
emissions to all environmental media, pollution through physical effects and use and release of 
hazardous substances; 

(b) the substitution of hazardous substances by safer substances, as such or via the use of 
alternative materials or designs, wherever it is technically feasible; 

(c) the potential to reduce environmental impacts due to durability and reusability of products; 

(d) the net environmental balance between the environmental benefits and burdens, including 
health and safety aspects, at the various life stages of the products; 

(e) where appropriate, social and ethical aspects, e.g. by making reference to related international 
conventions and agreements such as relevant ILO2 standards and codes of conduct; 

(f) criteria established for other environmental labels, particularly officially recognized, nationally 
or regionally, EN ISO 14024 type I environmental labels, where they exist for that product group 
so as to enhance synergies; 

(g) as far as possible the principle of reducing animal testing.” [European Union (2010a)] 

1.2 Background 

The EU Ecolabel was launched in 1992 by the European Commission in light of developing a Europe-
wide voluntary environmental labelling scheme that consumers could trust [European Commission 
(2016l)]. At the beginning, only the labelling of products was intended but since 2000, services can be 
awarded with the EU Ecolabel as well [RAL gGmbH (2016a)]. The aim of the European Commission “was 
to establish a voluntary ecolabel award scheme intended to promote products with a reduced 
environmental impact during their entire life cycle and to provide consumers with accurate, non-
deceptive, science-based information on the environmental impact of products” [European Union 
(2010a)]. 

“The EU Ecolabel scheme is part of the sustainable consumption and production policy of the 
Community, which aims at reducing the negative impact of consumption and production on the 
environment, health, climate and natural resources. The scheme is intended to promote those products, 
which have a high level of environmental performance through the use of the EU Ecolabel. To this 
effect, it is appropriate to require that the criteria with which products must comply in order to bear the 
EU Ecolabel be based on the best environmental performance achieved by products on the Community 
market. Those criteria should be simple to understand and to use and should be based on scientific 
evidence, taking into consideration the latest technological developments.” [European Union (2010a)] 

 “There are a number of other ecolabel schemes in Europe. The EU Ecolabel and national ecolabels 
coexist well. The EU Ecolabel Regulation requests that Member States and the European Commission 
ensure coordination between the EU Ecolabel and other national schemes, particularly in the selection 
of product groups and the development and revision of the criteria. The EU Ecolabel and these labels 
are developing a policy of cooperation and coordination.” [European Commission (2016m)] However, “in 
order to avoid the proliferation of environmental labelling schemes and to encourage higher 
environmental performance in all sectors for which environmental impact is a factor in consumer 
choice, the possibility of using the EU Ecolabel should be extended” [European Union (2010a)]. 

                         
2 ILO: International Labour Organization 
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The EU Ecolabel helps to identify products and services that have a reduced environmental impact 
throughout their life cycle. Recognized throughout Europe, the EU Ecolabel is a voluntary label 
promoting environmental excellence [European Commission (2016m)]. In this connection, voluntariness 
means that producers, importers, and retailers can choose to apply for the label for their products or 
services. “To qualify for the EU Ecolabel, products have to comply with a tough set of criteria. These 
environmental criteria, set by a panel of experts from a number of stakeholders, including consumer 
organisations and industry, take the whole product life cycle into account” (see Figure 2). “This life cycle 
approach guarantees that the products main environmental impacts are reduced in comparison to 
similar products on the market.” [European Commission (2016o)] 

The EU Ecolabel has been awarded to 38760 products and services comprised by 1998 licences (as of 
the September 2016 reporting period) [European Commission (2016l)]. Figure 3 refers to the number of 
licences and Figure 4 to its corresponding products and services that are awarded by each EEA country. 
EU Ecolabelled products and services that are available on the market belong to the following 
categories [European Commission (2016p)]: 

• Personal care products (Rinse-off Cosmetic Products, Absorbent Hygiene Products), 

• Cleaning Up (All-purpose cleaners and sanitary cleaners, Detergents for dishwashers, Industrial 
and Institutional Automatic Dishwasher Detergents, Hand dishwashing detergents, Laundry 
detergents, Industrial and Institutional Laundry detergents), 

• Clothing (Textiles products, Footwear), 

• Do-It-Yourself (Paints and varnishes), 

• Electronic equipment (Imaging equipment, Personal computers, Televisions), 

• Floor coverings (Wooden floor coverings, Hard coverings), 

• Furniture and Bed mattresses (Furniture, Bed mattresses), 

• Gardening (Growing Media, Soil Improvers and Mulch), 

• Household appliances (Heat pumps, Water-based heaters), 

• Lubricants, 

• Other Household items (Sanitary tapware, Flushing Toilets and Urinals), 

• Paper products (Converted paper, Copying and graphic paper, Newsprint paper, Printed paper, 
Tissue paper), 

• Holiday accommodation (Campsite services, Tourist accommodation services). 
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Figure 3: Evolution of EU Ecolabel licences since the harmonised September 2014 reporting period 
until September 2016 [European Commission (2016l)] 
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Figure 4: Evolution of EU Ecolabel products/services since the harmonised September 2014 
reporting period until September 2016 [European Commission (2016l)] 



 Page 21 of 186 

 

 

 

The research leading to these results has received funding from the  
European Union/EASME H2020 Programme under Grant Agreement No 696076. 

“During this reporting period (September 2016), the largest number of EU Ecolabel licences was 
awarded in France (26 %), Italy (18 %), and Germany (12 %)” (see Figure 5). “Iceland has not awarded any 
EU Ecolabel licences.” [European Commission (2016l)] 

 

Figure 5: Total EU Ecolabel licences per country during the September 2016 reporting period 
[European Commission (2016l)] 

“Out of the total licences in the September 2016 reporting period, the majority of products/services 
comprised within this total are from Italy (46 %), France (10 %), and Spain (9 %)” (see Figure 6) [European 
Commission (2016l)]. 
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Figure 6: Total EU Ecolabel products and services per country during the September 2016 
reporting period [European Commission (2016l)] 
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1.3 EU Ecolabel for food retail stores 

Food retail stores are energy demanding buildings located all across Europe in various dimensions and 
ownership relations that involve different technical disciplines such as heating, cooling, building, and 
ventilation systems. They consume a relevant share of Europe’s electricity (up to 4 % in France [Orphelin, 
M., Marchio, D. (1997)], around 3 % in Germany [RAL gGmbH (2013)], and 3 % in the UK [Tassou, S.A., Ge, 
Y., Hadawey, A., Marriott, D. (2011)]) by applying quite different levels of refrigeration technology to 
preserve the food and the indoor environment. The technology to improve the energy efficiency 
already exists, and the stakeholders’ focus on energy efficiency is rising.  

Additionally, the greenhouse gas (GHG) emissions are an important factor in food retail stores. Around 
1 % of the total GHG emissions in the UK and in Germany are caused by food retail stores [EnOB (2016), 
RAL gGmbH (2013)]. These emissions are of both direct and indirect nature. Direct emissions are due to 
leakage of refrigerants from the refrigeration system, while indirect emissions are caused by the high 
energy consumption of food retail stores.  

Furthermore, refrigeration systems can contain halogenated organic compounds with high Ozone 
Depletion Potential and Global Warming Potential as refrigerants and in their insulation materials [RAL 
gGmbH (2013)]. 

Upcoming trends in the supermarket sector are the use of natural refrigerants or the integration of 
various supermarket systems for instance with heat recovery from the refrigeration system for heating 
purpose [Shecco (2014)]. As shown by demonstration food retail stores (examples: REMA1000 [GEMINI 
(2014)] in Trondheim/Norway, Aldi Süd [EnOB (2016)] in Rastatt/Germany), energy savings up to 30 % 
compared to other markets in the same region are technologically possible. A reduction of energy 
consumption by about 40 % has also been demonstrated by the tegut-Markt in Marburg-Cappel, 
Germany. This supermarket was the first one to obtain the German Ecolabel “Blue Angel” [BMUB (2015)].  

Dedicated support for the different stakeholders is needed to achieve a fast introduction of new 
technology. An EU Ecolabel for food retail stores will help to increase the awareness on environmental 
impacts of such stores all over Europe. The EU Ecolabel criteria for food retail stores will show store 
owners how they can reduce the impact of their stores. Thus, it can serve as an example of 
implementing environmentally friendly measures. It can also encourage retailers to improve e.g. the 
energy efficiency in their stores. Overall, EU Ecolabel criteria for food retail stores could considerably 
help reducing the energy consumption and as a consequence the greenhouse gas emissions in Europe. 
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2 PRODUCT GROUP SCOPE AND DEFINITION 

2.1 Objective 

The EU Ecolabel covers a wide range of product groups, from major areas of manufacturing to tourist 
accommodation services. However, up to now, the product group “Grocery Stores” or “Food Retail 
Stores” is not implemented in the EU Ecolabel scheme but in some national ecolabelling schemes.  

Since the product group food retail stores is not implemented in the EU Ecolabel scheme, the scope 
and product group definition must be established. The purpose of this chapter is to present our initial 
research on what resources are available for defining and identifying the scope of the new product 
group for the development of EU Ecolabel criteria. To find reasonable proposals for the product group 
scope and a potential definition, the following things were done:  

(1) Consideration of existing EU Ecolabel product groups,  

(2) Consideration of existing national ecolabelling schemes,  

(3) Analysis of relevant regulations and standards, 

(4) Analysis of the responses obtained to the questionnaire send out to potential stakeholders. 

This chapter outlines the main findings on the potential definition and the scope to be further explored 
within the next steps of the project, which will include market, technical, and economic analysis based 
on Life Cycle Assessment and additional scientific evidence. Furthermore, the potential improvements 
and the best available techniques for the service provision are to be identified. 

2.2 Existing relevant EU Ecolabel product groups 

EU Ecolabelled products that might be sold in food retail stores can belong to the following categories 
[European Commission (2016p)]: 

• Personal care products (Rinse-off Cosmetic Products, Absorbent Hygiene Products), 

• Cleaning Up (All-purpose cleaners and sanitary cleaners, Detergents for dishwashers, Industrial 
and Institutional Automatic Dishwasher Detergents, Hand dishwashing detergents, Laundry 
detergents, Industrial and Institutional Laundry detergents), 

• Clothing (Textiles products, Footwear), 

• Do-It-Yourself (Paints and varnishes), 

• Electronic equipment (Imaging equipment, Personal computers, Televisions), 

• Gardening (Growing Media, Soil Improvers and Mulch), 

• Paper products (Converted paper, Copying and graphic paper, Newsprint paper, Printed paper, 
Tissue paper). 

Besides these products, there is no other product group covered by EU Ecolabel criteria that is 
associated with food retail stores and should be taken into account, yet.  

In 2011, a study on the feasibility of developing EU Ecolabel criteria for food and feed products 
commissioned by the European Commission was published [Sengstschmid et al. (2011)]. Based on the 
feasibility study and the opinion of the European Union Ecolabelling Board (EUEB) [European Union 
Ecolabelling Board (2014)], the European Commission is not intending to develop EU Ecolabel criteria for 
food and feed products at this time. However, the existing national ecolabelling scheme of the Nordic 
countries, the Nordic Swan Ecolabel and the Ecolabel of the Swedish Society for Nature Conservation, 
Bra Miljöval (Good Environmental Choice), include criteria for ecolabelled products as well as for organic 
food (see Table 4 and Table 5). 

Nevertheless, there are criteria concerning other items relevant for the food retail sector like the energy 
consumption and the refrigerants used in the refrigeration and air conditioning systems. There are 
requirements on such items in the existing national ecolabelling schemes Nordic Swan (see Table 4), 
Good Environmental Choice (see Table 5) and Blue Angel (see Table 3).  
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In the EU Ecolabel scheme, such criteria are defined within the product groups “Campsite services” 
[European Union (2009a)] and “Tourist accommodation services” [European Union (2009b)] (see Table 1). 
For these services, the criteria are divided into mandatory and optional criteria. In the section of 
optional criteria, each of the criteria has been attributed a value expressed in points or fractions of 
points. In order to qualify for award of the EU Ecolabel, a certain point score must be achieved.  

Table 1: Ecological criteria for the award of the EU Ecolabel for campsite services [European 
Union (2009a)] and for tourist accommodation services [European Union (2009b)] 

Criterion 
Nature of 
requirement 

Requirement 

Energy 

Mandatory 

Electricity from renewable sources 

Coal and heavy oils 

Efficiency and heat generation 

Air conditioning 

Energy efficiency of buildings 

Window insulation 

Switching off heating or air conditioning 

Switching off lights 

Energy-efficient light bulbs 

Outside heating appliances 

Optional 

Generation of electricity through renewable energy sources (up to 4 
points) 

Energy from renewable energy sources (up to 2 points) 

Boiler energy efficiency (1.5 points) 

Boiler NOx emissions (1.5 points) 

District heating (1.5 points) 

Combined heat and power — cogeneration (1.5 points) 

Heat pump (up to 2 points) 

Heat recovery (up to 1.5 points) 

Thermoregulation (1.5 points) 

Energy performance audits for buildings (1.5 points) 

Air conditioning (up to 2 points) 

Automatic switching-off of air conditioning and heating systems (1.5 
points) 

Bioclimatic architecture (3 points) 

Energy-efficient refrigerators (1 point), ovens (1 point) dishwashers (1 
point), washing machines (1 point), dryers/tumblers (1 point) and office 
equipment (1 point) — (maximum of 3 points) 

Electric hand and hair driers with proximity sensor (up to 2 points) 

Refrigerator positioning (1 point) 

Automatic switching off lights in rental accommodation3/rooms4 (1.5 
points) 

Sauna timer control (1 point) 

                         
3 This criterion applies only for “campsite service”. 
4 This criterion applies only for “tourist accommodation”. 
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Table 1 (continued) 

Criterion Nature of 
requirement 

Requirement 

Energy Optional 
Swimming pool heating with renewable energy sources (up to 1.5 points) 

Automatic switching off outside lights (1.5 point) 

Water 

Mandatory 

Water flow from taps and showers 

Waste bins in toilets 

Urinal flushing 

Changing towels and sheets 

Correct waste water disposal 

Optional 

Use of rainwater (2 points) and recycled water (2 points) 

Automatic watering systems for outside areas (1.5 points) 

Water flow from taps and shower heads (1.5 points) 

WC flushing (1.5 points) 

Dishwasher water consumption (1 point) 

Washing machine water consumption (1 point) 

Tap water temperature and flow (1 point) 

Shower timers (1.5 points) 

Swimming pool cover (1 point) 

De-icing (up to 1.5 points) 

Indications on water hardness (up to 2 points) 

Water saving urinals (1.5 points) 

Indigenous species used for new outdoor planting (1 point) 

Detergents 
and 
disinfectants 

Mandatory 
Chemical toilet disposal point (CDP)³ 

Disinfectants 

Optional 

Detergents (up to 3 points) 

Indoor and outdoor paints and varnishes (up to 2 points) 

Car washing only in specially outfitted areas (1 point)³ 

Support to alternatives to artificial barbecue lighter (1 point) 

Swimming pools: Dosage of disinfectants (1 point) or natural/ecological 
swimming pools (1 point) 

Mechanical cleaning (1 point) 

Organic gardening (2 points) 

Insect and pest repellents (up to 2 points) 

Waste 

Mandatory 

Waste separation by guests 

Waste separation 

Disposable products 

Breakfast Packaging 

Optional 

Composting (up to 2 points) 

Disposable drink containers (2 points) 

Fat/oil disposal (up to 2 points) 

Run-off from car parks (1 point)³ 

Used textiles, furniture and other products (up to 3³/24 points) 
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Table 1 (continued) 

Criterion Nature of 
requirement 

Requirement 

Other 
services 

Mandatory 
No smoking in common areas 

Public transportation 

Optional 

Regulation of campsite traffic (1 point)³ 

Campsite generated traffic (1 point)³ 

Trolleys for guests on the campsite (1 point)³ 

Unsealed surfaces (1 point)³ 

Roof landscaping (2 points) 

Environmental communication and education (up to 3 points) 

No smoking in common areas and rental accommodation³/rooms4 (up to 
1.5 points) 

Bicycles (1.5 points) 

Pick up service (1 point) 

Returnable or refillable bottles (up to 3 points) 

Use of rechargeable products (up to 2 points) 

Paper products (up to 3 points) 

Durable goods (up to 3 points) 

Local food products (up to 3 points) 

Organic food (up to 3³/24 points) 

Indoor air quality (up to 4 points) 

General 
managemen
t 

Mandatory 

Maintenance and servicing of boilers and air conditioning systems 

Policy setting and environmental program 

Staff training 

Information to guests 

Energy and water consumption data 

Other data collection 

Information appearing on the eco-label 

Optional 

EMAS registration (3 points), ISO certification (2 points) of the 
campsite/tourist accommodation 

EMAS registration (1.5 points) or ISO certification (1 point) of suppliers 

Compliance by subcontractors with mandatory criteria (up to 4 points) 

Energy and water meters (up to 2 points³/1 point4) 

Additional environmental actions (maximum 3 points) 
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2.3 Existing national ecolabelling schemes for food retail stores 

In order to harmonise the criteria of European ecolabelling schemes (EN ISO 14024 Type I), EU Ecolabel 
criteria shall take into account existing criteria developed in officially recognized ecolabelling schemes 
in the Member States [European Union (2010a)]. Therefore, the following existing ecolabels for grocery 
stores are used as a starting point for the development of the EU Ecolabel for food retail stores:  

(1) The Blue Angel – Climate-Friendly Grocery Stores in the Food Retail Sector [RAL gGmbH (2013)],  

(2) The Nordic Swan Ecolabel – Nordic Ecolabelling for Grocery stores [Nordic Ecolabelling (2016a)],  

(3) Good Environmental Choice – Grocery shops [Naturskyddsföreningen (2014)]. 

2.3.1 The Blue Angel – Der Blaue Engel 

The Blue Angel is the German Government’s label for environmentally 
friendly products and services that was created in 1978 on the initiative of 
the German Federal Minister of the Interior and approved by the Ministers 
of the Environment for the German federal States. The Blue Angel ecolabel 
is owned by the Federal Ministry for the Environment, Nature Conservation, 
Building and Nuclear Safety of Germany [The Blue Angel (2014), The Blue 
Angel (2016a), The Blue Angel (2016b)]. 

“The Blue Angel was used as the role model for the ISO 14024 standard – an 
international standard upon which many new global environmental labels 
are based today. Environmental label programmes that operate in 
accordance with ISO 14024 (so-called Type I ecolabels) fulfil the highest 
requirements when it comes to standards they set and the relevance of 
their award criteria, as well as the independence of their control systems 
and the transparency of their development and award processes.” [The 
Blue Angel (2016a)] 

The Blue Angel has been awarded to around 12 000 products and services 
from around 1 500 companies. These products and services are more 
environmentally friendly than other comparable, standard products and services. In the criteria 
development process, products and services are always evaluated across their entire life cycle to 
guarantee that the product or service meets high standards concerning its environmental, health, and 
performance characteristics [The Blue Angel (2016d)]. 

“The requirements set by the Blue Angel place a particular focus on examining the impact that products 
and services have on the environment: on the climate, resources, water, soil, and air. These tests also 
focus on their impact on people. Products and services awarded with the Blue Angel cause less damage 
to the environment and, at the same time, protect people's health by e.g.: 

• Saving resources during their production 

• Being manufactured from sustainably produced raw materials 

• Using less resources during their use or disposal because they are, for example, particularly 
energy-efficient 

• Avoiding dangerous substances for the environment or people's health or limiting them to a 
minimum 

• Being especially durable and easy to repair 

• Being easy to recycle 

• Causing low emissions to the soil, water and air, as well as low noise emissions 

• Nevertheless fulfilling their intended function (fitness for use) to a high level of quality“ [The 
Blue Angel (2016e)] 

Figure 7: The Blue 
Angel logo [The Blue 
Angel (2016c)] 
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The criteria are developed by the German Environment Agency and the Independent Environmental 
Label Jury5. The German Environment Agency sets specific standards for products and services and 
continually adapts them to technical progress. It is supported in this process by environmental and 
consumer organisations as well as manufacturers [The Blue Angel (2014)]. In order to reflect 
technological advances, the criteria are reviewed every three to four years by the German Environment 
Agency [The Blue Angel (2016d)]. The awarding body for the Blue Angel ecolabel is the RAL gGmbH, 
which checks the applications from companies offering the relevant products or services according to 
their compliance with the requirements and the full provision of the verification documentation [The 
Blue Angel (2016g)]. 

“The Blue Angel maintains close cooperation with international organisations and other national Type I 
environmental labels, which also play an important role in their respective countries as guides for 
sustainable consumption. An important part of this process are the agreements on mutual recognitions 
(so-called Mutual Recognition Agreements). In general, these agreements involve close cooperation in 
the development of award criteria and the mutual examination and certification of applications for the 
use of the labels. In particular, this makes it easier for companies to use environmental labels in other 
relevant countries. The Blue Angel has up to now signed agreements with Austria, China, Japan and 
Korea.” [The Blue Angel (2016h)] 

The German Environment Agency and the RAL gGmbH are the competent bodies of Germany and thus 
responsible for awarding the EU Ecolabel there. In addition, with the Blue Angel, the German 
Environment Agency is also a member of the Global Ecolabelling Network (GEN)6 [The Blue Angel 
(2016h)]. 

The Blue Angel for Climate-Friendly Grocery Stores in the Food Retail Sector 
“Awarding the environmental label for climate-friendly grocery stores in the food retail sector should 
significantly reduce the energy and refrigerant-related emissions into the environment by these retail 
stores. In order to achieve this objective, particularly high standards have been set for the measures 
designed to reduce greenhouse gas emissions.” The requirements have been subdivided into 12 
mandatory requirements (M) and 12 optional requirements (O) (see Table 3). “The most important 
requirements (M) from an environmental viewpoint must be strictly observed. In addition, the following 
number of optional requirements (see Table 2) must be fulfilled depending on the age and ownership 
status of the building. These can be freely selected by the applicant from the list of 12 additional 
optional (O) improvements:  

Table 2: Number of optional requirements that must be fulfilled depending on the age and 
ownership status of the building to be awarded with the “Blue Angel for Climate-Friendly 
Grocery Stores in the Food Retail Sector” [RAL gGmbH (2013)] 

Type of building Number 

Existing building rented by the operator 3 

Newly constructed building or renovated building stock rented by the operator 4 

Existing building owned by the operator 5 

Newly constructed building or renovated building stock owned by the operator 6 

This flexible approach was selected to enable requirements to be set for both new and existing grocery 
stores in the food retail sector, as well as for rental property and buildings owned by the operator and 
also to cover all of the various forms of grocery store found in the sector.”[RAL gGmbH (2013)] 

                         
5 “The Environmental Label Jury is the independent, decision-making body for the Blue Angel and includes 
representatives from environmental and consumer associations, trade unions, industry, the trade, crafts, local 
authorities, academia, the media, churches, young people and the German federal states.” [The Blue Angel (2016f)] 
6 “The Global Ecolabelling Network is an association of national Type I environmental labelling organisations from 
across the world. GEN is a prominent international opinion leader in the field of Type I ecolabels and makes a 
significant contribution to the development of these types of environmental labels in accordance with ISO 14024. It 
serves as a platform for the exchange of information and knowledge, supports newly established environmental 
labelling organisations in developing the required structures and provides assistance in the organisation and quality 
assurance of the corresponding processes.” [The Blue Angel (2016i)] 
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All store formats found in the retail trade whose product range consists primarily of food (self-service 
food stores and markets, food discounters, supermarkets, convenience stores, self-service warehouses, 
hypermarkets) are in the scope of the Blue Angel for grocery stores in the food retail sector. These 
grocery stores must generate at least 50% of their turnover through the sale of food. [RAL gGmbH 
(2013)] 

Table 3: Requirements of “The Blue Angel for Climate-Friendly Grocery Stores in the Food Retail 
Sector” [RAL gGmbH (2013)] 

Criterion 
Nature of 
requirement 

Requirement 

Energy requirement of 
the building 

Mandatory 

The Energy Performance Certificate for the building in 
accordance with §§ 16ff EnEV is to be displayed in a clearly 
visible position. 
Newly constructed building7: The calculated primary energy 
requirement must be at least 30 % less than the primary energy 
requirement of the reference building according to the Energy 
Saving Directive (EnEV) 20098.  
Existing or renovated building9: The calculated primary energy 
requirement must not exceed the primary energy requirement 
of the reference building according to EnEV 2009. 

Optional 

Newly constructed building: The calculated primary energy 
requirement should be at least 50 % less than the primary 
energy requirement of the reference building according to 
EnEV 2009. 
Existing or renovated building: The calculated primary energy 
requirement should be at least 30 % less than the primary 
energy requirement of the reference building according to 
EnEV 2009. 

Management system 

Mandatory 
An energy management system in accordance with DIN EN ISO 
50001 must be operated in the food retail store including the 
refrigeration systems.  

Optional 

In order to ensure that other environmental impacts are 
included in the management system alongside energy 
consumption, the food retail store should operate an 
environmental management system in accordance with 
EMAS10. 

Electricity 
procurement 

Mandatory 
The electricity used for operating the food retail store must be 
sourced from a green electricity product with proven 
additionality. 

Heat recovery Mandatory 

An installation for utilising the waste heat generated by the 
refrigeration system is to be fitted. 
The heat transfer capacity of the installation fitted for utilising 
the waste heat generated by the refrigeration system is to be 
at least 75 % of the heating load (kW) of the building according 
to EnEV. 

                         
7 Newly constructed buildings: Newly constructed buildings after 01.01.2013. 
8 Energy Saving Directive – EnEV 2009: Directive on energy-saving thermal insulation and energy-saving installations 
in buildings. 
9 Existing buildings: Already existing buildings before 01.01.2013. 
Renovated building stock: Already existing buildings before 01.01.2013 that were subject to an energy-efficient 
renovation after 01.01.2013. 
10 EMAS: Eco-Management and Audit Scheme. 
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Table 3 (continued) 

Criterion 
Nature of 
requirement 

Requirement 

Energy efficiency of 
the refrigeration 
system 

The energy efficiency of the refrigeration system including all of the 
refrigeration technology used in the installations must be higher than the 
average standard from all food retail stores operated in 2009. The key energy 
efficiency indicator "Energy requirement / (display area x year)" from the 
VDMA Standards Sheet 24247-411 is to be used for the comparison with 
existing systems from 2009. The average standard from all existing systems in 
2009 (base line)12 acts as the reference value. 

Mandatory 

Old systems13 must achieve a key energy efficiency indicator 
that is at least 15 % less than the average standard from all 
existing systems in 2009 (base line) at the time of the 
application. 
New systems14 must achieve a key energy efficiency indicator 
that is at least 35 % less than the average standard from all 
existing systems in 2009 (base line) at the time of the 
application. Because no standardised method currently exists 
for calculating the energy requirements of a planned 
refrigeration system, verification is to be submitted after 
measuring the energy consumption following one year of 
operation. 

Optional 

Old systems should achieve a key energy efficiency indicator 
that is at least 25 % less than the average standard from all 
existing systems in 2009 (base line) at the time of the 
application. 
New systems should achieve a key energy efficiency indicator 
that is at least 45 % less than the average standard from all 
existing systems in 2009 (base line) at the time of the 
application. 

Refrigeration cabinet 
covers 

Mandatory 

Equipment and refrigeration cabinets used for deep freezing 
food must be fitted with glass covers or glass doors. 
All normal refrigeration points (including service counters) 
without permanent covers must be fitted with covers at night. 

Optional 
Equipment and refrigeration cabinets used for the normal 
refrigeration of food should be fitted with glass covers or glass 
doors. 

Refrigerant Mandatory 

The refrigeration systems and the connected refrigeration 
equipment and refrigeration cabinets in the food retail store 
must exclusively use natural refrigerants. 
A maximum of 5 % of the plug-in refrigeration equipment and 
refrigeration cabinets not connected to the compound 
refrigeration system may contain fluorine refrigerants. 

                         
11 VDMA Standards Sheet 24247-4 Energy efficiency of refrigeration systems, Part 4: Supermarket refrigerating, 
commercial refrigeration, refrigerated cabinets. 
12 A definition of the base line can be found on the homepage for the quick efficiency check at 
http://www.vdmaeffizienz-quickcheck.org/. 
13 Old systems: Already existing refrigeration systems before 01.01.2013. 
14 New systems: Newly setup refrigeration systems or those in the planning stage after 01.01.2013 for which 
completely new components and systems are installed in their construction. 

http://www.vdmaeffizienz-quickcheck.org/
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Table 3 (continued) 

Criterion 
Nature of 
requirement 

Requirement 

Refrigerant Optional 

In addition to the compound refrigeration system, all other 
systems and equipment that use refrigerants (air-conditioning 
systems, heat pumps, cold storage containers and rooms and 
plug-in refrigeration equipment and refrigeration cabinets) 
should exclusively use natural refrigerants. 

Foaming agents 

Mandatory 

In the compound refrigeration system and in all systems and 
equipment containing refrigerant, no halogenated organic 
compounds may be used as foaming agents or in the 
manufacture of the installed insulating materials. 

Optional 
In the food retail store building, no halogenated organic 
compounds should be used as foaming agents or in the 
manufacture of the installed insulating materials. 

Interior lighting in the 
store 

Mandatory 

The maximum electrical power consumption for the interior 
lighting of the sales area in the store, measured in watts per 
square meter of sales area [W/m²], may not exceed a value of 
15 W/m². The electrical power consumption for the interior 
lighting of the store encompasses here all of the power 
required for operating the lighting system including the 
controls, regulation, ballasts and bulbs.  
Outside of the store's hours of operation, at least 90 % of the 
interior lighting in the store must be switched off. 

Optional 

The maximum electrical power consumption for the interior 
lighting of the sales area in the store, measured in watts per 
square meter of sales area [W/m²], should not exceed a value 
of 12 W/m². 

Use of daylight Optional 

Daylight should account for at least 20 % of the total amount of 
light required per year in mega lumen hours for the interior 
lighting in the store. 
In order to control the use of artificial light, daylight-dependent 
brightness sensors are to be installed. 

Lighting concept Optional 

In the event of the renovation of existing building stock and in 
the planning and construction of new buildings, a lighting 
concept for the interior lighting of the store that is optimized 
according to energy and lighting technology criteria should be 
created and observed. It should provide information on the 
type and quantity of the fitted lamps, the electrical power 
consumption [watts], luminous flux [lumen] and illuminance 
level [Lux]. 

Photovoltaic systems Optional 

A photovoltaic system is to be installed on the premises of the 
grocery store to generate electricity from the sun's energy. The 
photovoltaic modules should be installed over an area that 
corresponds to at least 40 % of the roof area of the grocery 
store. 

Location/accessibility 
of the food retail store 

Mandatory 

In grocery stores with a sales area up to 1000 square meters, 
there must be at least 10 bicycle stands and in grocery stores 
with a sales area over 1000 square meters at least 20 bicycle 
stands in the immediate vicinity at a maximum distance of 20 
metres from the entrance/exit to the building in which the 
food retail store is located. 
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Table 3 (continued) 

Criterion 
Nature of 
requirement 

Requirement 

Location/accessibility 
of the food retail store 

Optional 

The food retail store should be accessible using public 
transport. The nearest stop on the local public transport 
network should not be further than 1000 metres away from the 
entrance/exit to the store. 

Recycled paper for 
printed advertising 
material 

Mandatory 
Printed advertising brochures issued by the food retail store 
must only be printed on recycled paper that is certified with the 
Blue Angel ecolabel RAL-UZ 14. 

Sustainable building 

The renovation of existing building stock and the planning and construction 
of new buildings must be carried out in accordance with the guidelines for 
sustainable building issued by the Federal Ministry of Transport, Building and 
Urban Development (BMVBS)15. The criteria published by the German 
Association of Sustainable Building (DGNB)16 should be taken into account in 
this area. This includes, amongst other things, documentation of the building 
products used including the environmental labelling e.g. Blue Angel or 
Environmental Product Declaration (EPD)17 where available. 

Mandatory 
In the case of newly constructed buildings or renovated 
building stock owned by the operator, the above-named 
requirement must be fulfilled. 

Optional 
In the case of newly constructed buildings or renovated 
building stock rented by the operator, the above-named 
requirement should be fulfilled. 

2.3.2 The Nordic Swan Ecolabel 

The Nordic Swan Ecolabel is the official ecolabel in the Nordic countries 
(Sweden, Denmark, Norway, Iceland and Finland) since 1989 when it was 
established by the Nordic Council of Ministers. Its purpose is to give 
consumers a clear and concise environmental product information, as well as 
promote the development of products that are environmentally sound. The 
vision is a sustainable society, and the mission is to contribute to a sustainable 
consumerism. The starting point was Nordic Ecolabelled copying paper and 
batteries, but today there are 63 product groups with over 10 000 products 
and services carrying the Nordic Swan Ecolabel [Ecolabelling Sweden (2016a), 
Ecolabelling Sweden (2016c)]. 

As the EU Ecolabel, the Nordic Swan Ecolabel is an independent voluntary 
Type I Ecolabel. The Nordic Ecolabelling board, an independent external 
organisation, finally decides in all criteria matters. The Nordic Ecolabelling 
Board consists of members from each national Ecolabelling Board (Nordic 
Ecolabel secretariats of Sweden, Denmark, Norway, Iceland and Finland) and 
decides on Nordic criteria requirements for products and services. Criteria are 
applicable in all Nordic countries, and no country can develop its own criteria or product groups. Each 
secretariat is responsible for issuing licences and marketing [Ecolabelling Sweden (2016a), Ecolabelling 
Sweden (2016b)]. 

Environmental analyses are done to determine which product groups should be included in the Nordic 
Swan scheme. Often, products are chosen that are used by many people and in great quantity (for 
example hotels, washing detergents, tyres, etc.). In this context, several factors are investigated:  

                         
15 Guidelines for sustainable building at: http://www.nachhaltigesbauen.de/leitfaeden-und-
arbeitshilfen/leitfadennachhaltiges-bauen.html. 
16 German Association of Sustainable Building (DGNB) at: http://www.dgnb.de/_de/zertifizierung/index.php. 
17 Information from the Institut Bauen und Umwelt e.V. at: http://ibu-epd.com/en/. 

Figure 8: The 
Nordic Swan logo 
[Ecolabelling Sweden 
(2016b)] 

http://www.nachhaltigesbauen.de/leitfaeden-und-arbeitshilfen/leitfadennachhaltiges-bauen.html
http://www.nachhaltigesbauen.de/leitfaeden-und-arbeitshilfen/leitfadennachhaltiges-bauen.html
http://www.dgnb.de/_de/zertifizierung/index.php
http://ibu-epd.com/en/
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• “Is there a great environmental problem that this product can be connected to?” 

• “Is there an opportunity for product development?” 

• “Is there any way that a Nordic Swan Ecolabel could influence this product’s development?” 
[Ecolabelling Sweden (2016a)] 

The criteria development process is a transparent one, and whenever necessary, experts, trade 
organisations and other stakeholders are consulted. This is done in order to ensure that the criteria are 
as stringent and well developed as possible. The criteria are developed from a life cycle perspective: the 
product must fulfil requirements during its whole life, from source to waste. Criteria contain the use of 
chemicals, the amounts of discharge to the air, water and ground that the product produces, as well as 
energy usage and waste procedures. Furthermore, the quality and functionality aspects of the product 
are investigated. The criteria are revised and can be made stricter every three to four years, thus 
ensuring that only the products with lowest environmental impact carry the ecolabel [Ecolabelling 
Sweden (2016b), Ecolabelling Sweden (2016c)]. 

Companies that fulfil the criteria can apply for a Nordic Swan Ecolabel licence. Before a product 
receives a licence, a control visit is often made. The company must also provide documentation and 
test results from independent laboratories. If the licence is approved, the company may market this 
product with the Nordic Swan Ecolabel licence. A valid licence in one Nordic country is automatically 
also valid in the whole region [Ecolabelling Sweden (2016a), Ecolabelling Sweden (2016b)]. 

Nordic Ecolabelling for Grocery stores [Nordic Ecolabelling (2016a)] 
“Stores that have a broad range of products in several product groups, and where groceries account for 
more than 50 % of sales, can apply for the Nordic Swan Ecolabel. The grocery store may be a single 
store, part of a larger chain or an online store.” 

Retail chains can apply for a chain licence for their business if they comprise at least five stores. If at 
least 90 % of the chain’s stores are included in the licence, retail chains can market themselves as a 
Nordic Swan Ecolabelled chain. Otherwise, the individual stores can be marked as Nordic Swan 
Ecolabelled but not the chain. 

Online stores that want to market the whole of their business as Nordic Swan Ecolabelled must apply as 
a chain regardless the number of units if they have several locations for the warehousing and picking of 
goods. If the online store uses subcontractors for the warehousing and picking of goods, it may apply 
for its own Nordic Swan Ecolabel, if the subcontractor is Nordic Swan Ecolabelled.  

“A Nordic Swan Ecolabelled store: 

• has a good selection of ecolabelled and organic products in its assortment, 

• is operated energy-efficiently to minimize the effect on the climate, 

• has a focus on sorting of waste and on minimizing food waste to spare the resources of the 
planet.” 

The criteria for grocery stores comprise a combination of obligatory requirements (O + a number) and 
point score requirements (P + a number). To be awarded, all obligatory requirements must be fulfilled18, 
and at least 23 points out of 63 points available must be achieved (O12). 

An overview of all requirements is given in Table 4.  

The actual criteria for grocery stores of Nordic Ecolabelling (version 3.0) is valid until 30 June 2019. 
Future revision of criteria “will focus on the potential to tighten:  

• the requirement concerning organic and ecolabelled products as a proportion of total sales, 

• the requirement concerning energy consumption, 

• the requirement concerning general waste, 

• the overall requirement concerning how many points the store must earn in total.” 

Nordic Ecolabelling will also consider the possibility to introduce an obligatory requirement for the 
amount of generated food waste. 

                         
18 Icelandic grocery stores are exempt from requirements O5, O6, O7, and O11. 
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Table 4: Requirements for the “Nordic Ecolabelling of Grocery Stores” (Version 3.0). The 
requirements are either obligatory (O) or points are awarded (P). [Nordic Ecolabelling 
(2016a)] 

Criterion Requirement 

General 
Groceries as a proportion of total sales (O1) 

Breadth of product range (O2) 

Maintenance of the Nordic 
Swan Ecolabel licence 

Maintaining the licence (O3) 

Responsible persons (O4) 

Product range 

Sale of organic food and drink, and products from sustainable fishing 
(O5) 

Higher sales of organic food and drink, and products from sustainable 
fishing (P1, max. 10 p) 

Sale of ecolabelled consumables (O6) 

Higher sales of ecolabelled consumables (P2, max. 10 p) 

Sale of ecolabelled durables (O7) 

Energy 
Energy efficiency (O8)  

Good energy efficiency (P3, max. 20 p) 

Waste 

General waste (O9) 

Little general waste (P4, max. 8 p) 

Waste sorting (P5, max. 2 p) 

Measuring visible food waste (O10) 

Measures to reduce food waste (P6, max. 10 p) 

Store’s use of goods and 
services 

Ecolabelled consumables and services (O11) 

Higher purchase of ecolabelled consumables and services (P7, max. 3 
p) 

Overall The store’s points total (O12) 

2.3.3 Good Environmental Choice – Bra Miljöval 

Bra Miljöval is the ecolabel of the Swedish Society for Nature Conservation 
(SSNC), a charitable environmental organisation, and is referred to as "Good 
Environmental Choice" in English. SSNC has been Sweden’s most influential 
environmental organisation for decades and currently has around 224 000 
members. Climate change, seas and fishing, forests, agriculture, and 
environmental toxins are their priority areas of work, both nationally and 
globally. SSNC started ecolabelling in 1988 on laundry detergent and paper. 
Today, there are 11 product areas covered [Naturskyddsföreningen (2016a), 
Naturskyddsföreningen (2016b)]. 

Since the Good Environmental Choice is a Type I Ecolabel, products that 
display this ecolabel must meet certain requirements. The criteria that are 
drawn up by several experts are based on Life Cycle Assessments. The 
requirements should lead to improvements in the environment and have an 
impact on the market. When ecolabelling of a product group has become 
established and most products have been adapted to the requirements, they 
will be made stricter [Naturskyddsföreningen (2016b)]. 

The Good Environmental Choice label for grocery shops 
“The Good Environmental Choice label for grocery shops is one of the tools used by the Swedish Society 
for Nature Conservation for promoting progress toward a sustainable society.” [Naturskyddsföreningen 
(2016c)] 

Figure 9: The Good 
Environmental Choice 
logo 
[Naturskyddsföreningen 
(2016b)] 
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The scope is not specified within this label. All grocery shops can be awarded according to the criteria 
for Bra Miljöval [Naturskyddsföreningen (2014)]. 

The criteria for this product group are divided into basic requirements and yearly requirements. The 
basic requirements ensure a very good basic level of environmental effort at the shop and must be 
fulfilled to be awarded with the Good Environmental Choice label. They are listed in Table 5 and “can be 
summarized as follows: 

• the shop has a large range of organic groceries;  
• the shop has a large range of ecolabelled chemical products;  
• the shop has chosen not to sell products such as king prawns that are harmful from an 

environmental standpoint;  
• the shop carries out authentic environmental work of its own.” 

“The yearly requirements cause the shop to devote special attention to different areas of its operations 
and assume some new challenges every year. The yearly requirements have different themes and are 
different from year to year. The yearly requirements list a number of measures that the shop should be 
able to accomplish to improve its environmental work within the area.” [Naturskyddsföreningen (2016c)] 

Table 5: Basic requirements for the Good Environmental Choice label for grocery shops19 
[Naturskyddsföreningen (2014)] 

Criterion Requirement 

1 
Information 
to the 
customers 

1.1 The Good Environmental Choice Ecolabel 

1.2 Information in the shop's sheet 

1.3 Information in the shop 

1.4 Ecolabelled goods are clearly signposted 

1.5 Campaign on ecological goods 

1.6 Campaign on vegetarian food 

2 
Offering of 
food 
products 

2.1 Offering of 
ecological food 
products 

2.1.1 Ecological dairy products 

2.1.2 Ecological meat 

2.1.3 Ecological fruits and vegetables 

2.1.4 Ecological dry goods 

2.1.5 Ecological bread 

2.1.6 Ecological canned goods and beverages 

2.1.7 Ecological baby food 

2.1.8 Ecological ready meal 

2.2 Offering of ecolabelled seafood 

2.3 Offering of Fairtrade 

2.4 Offering of 
vegetarian food 
products 

2.4.1 Vegetarian ready meal, frozen 

2.4.2 Vegetarian semi-finished products 

                         
19 Translation of the Swedish original. 
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Table 5 (continued) 

Criterion Requirement 

3 
Offering of 
other 
products 

3.1 Chemicals 
products 

3.1.1 Shop sells only ecolabelled: … 

3.1.2 Shop decrease continuously his range of not ecolabelled 
products in category: … 

3.1.3 Shop offers ecolabelled: … 

3.2 Hygiene 

3.3 Baby 
products 

3.3.1 Shop sells only ecolabelled: … 

3.3.2 Least half of the products in every category are ecolabelled 

3.3.3 Shop offers ecolabelled: … 

3.3.4 Information to the customers 

3.4 Paper 

3.5 Other assortment 

4 
Refrain from 
selling goods 
that cause 
significant 
negative 
environmental 
effect 

4.1 Sea 
4.1.1 Shop sells no fish - … 

4.1.2 Shop sells no scampi - … 

4.2 Forest 

4.3 Chemicals 

4.3.1 Chemical products, information to customers 

4.3.2 Content in goods 

4.3.3 Content in the packaging of food 

5 
Organisation 

5.1 Shop has an environmental officer 

5.2 Information to the staff 

5.3 Staff training 

6 
Cleaning and 
consumables 

6.1 Cleaning 

6.2 Chemical products and paper 

6.3 Food 

6.4 Others 

7 
Energy 

7.1 Electricity used 

7.2 Reporting of energy used 

7.3 Energy efficiency 
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Table 5 (continued) 

Criterion Requirement 

8 
Transport 

8.1 Customers 
transport 

8.1.1 Public transport 

8.1.2 Bicycle 

8.2 Transport of 
goods 

8.2.1 Discharge of goods 

For chain store applies:  
8.2.2 Emission of exhaust that is harmful to health and the 
environment 

For chain store applies:  
8.2.3 Reducing fuel consumption 

For chain store applies:  
8.2.4 Streamline the transport to the shop 

8.3 Shop's own 
vehicles 

8.3.1 Minimum requirements on existing vehicles 

8.3.2 Purchasing of vehicles 

9 
Waste 

9.1 Dangerous waste 

9.2 Separation 
at source 

9.2.1 Shop separates at source its other waste in at least the following 
fractions: … 

9.2.2 There exists furthermore the possibility to separate at source in, 
or in direct association to, staffs canteen in at least the following 
fractions: … 

9.3 Construction waste 

9.4 Waste reduction 

9.5 Display 
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2.3.4 Definition and scope of food retail stores in existing ecolabelling schemes 

The product group “Grocery Stores” is already implemented in some national ecolabelling schemes. The 
scopes and product group definitions used in there (see Table 6) should be considered for establishing 
the respective product group “food retail stores” within the EU Ecolabel scheme.  

Table 6: Definition and scope of “grocery stores/shops” in existing schemes [RAL gGmbH (2013), 
Nordic Ecolabelling (2016a), Naturskyddsföreningen (2014)] 

Ecolabel scheme Definition and Scope 

The Blue Angel 

“Grocery stores in the food retail sector: All store formats found in the 
retail trade whose product range consists primarily of food (self-service 
food stores and markets, food discounters, supermarkets, convenience 
stores, self-service warehouses, hypermarkets). The grocery stores must 
generate at least 50 % of their turnover through the sale of food.” 

The Nordic Swan Ecolabel 

“Stores that have a broad range of products in several product groups, and 
where groceries account for more than 50 % of sales, can apply for the 
Nordic Swan Ecolabel. The grocery store may be a single store, part of a 
larger chain or an online store. 

Retail chains may apply for a chain licence for their business. In this 
context, a chain is defined as a group of stores sharing the same 
concept/name/brand that, in its marketing, differentiates itself from other 
kinds of store partnership. The individual stores in a chain must have: 

1. a partnership on purchasing 
2. a joint agreement between stores on compliance with the 

requirements of Nordic Ecolabelling 
3. joint registration of data relevant to the criteria 

A chain of stores must comprise at least 5 stores. 

Retail chains can market themselves as a Nordic Swan Ecolabelled chain if 
at least 90 % of the chain’s stores are included in the licence. Only the 
stores that are included in the chain licence may market themselves as a 
Nordic Swan Ecolabelled store. Retail chains that have less than 90 % of 
their stores included in the licence may market the individual store as 
Nordic Swan Ecolabelled, but cannot call themselves a Nordic Swan 
Ecolabelled chain. 

Online stores that have several locations for the warehousing and picking 
of goods, and that want to market the whole of their business as Nordic 
Swan Ecolabelled, must apply as a chain regardless the number of units. 
Online stores that use subcontractors for the warehousing and picking of 
goods may apply for their own Nordic Swan Ecolabel, if the subcontractor 
is Nordic Swan Ecolabelled. If the goods move through several 
warehouses before they are picked, it is the final warehouse where picking 
takes place that must be included in the licence. 

In this context, groceries are defined as goods that are expected to be 
consumed or used within a limited period. Foodstuffs, sanitary products, 
household articles and cleaning agents are examples of goods that count 
as groceries. 

Consumables, in this context, are defined as everyday groceries that are 
not food or drink.” 

Good Environmental 
Choice 

All grocery shops can be marked/branded according to these criteria for 
Bra Miljöval20. 

                         
20 Translation of the Swedish original. 



 Page 40 of 186 

 

 

 

The research leading to these results has received funding from the  
European Union/EASME H2020 Programme under Grant Agreement No 696076. 

2.4 Stakeholder feedback 

Involving stakeholders from the institutions that can apply for the EU Ecolabel is highly relevant to 
develop a label that takes into account the needs and requirements of the stakeholders and thus has a 
wide acceptance. 

To get the necessary feedback, a survey was developed. The survey (see Annex I, chapter 7.1) consisted 
of several questions regarding a new EU Ecolabel for food retail stores, e.g. questions on the scope and 
potential criteria. The proposals for definition, scope and criteria of the new product group were based 
on a preliminary analysis of existing definitions, scope and requirements within product groups of 
national ecolabels (for details see Annex 7.1). The survey was firstly distributed and presented at the 1st 
SuperSmart Workshop at the ATMOsphere 2016 conference in April 2016 [ATMOsphere Europe (2016)] 
and secondly at the 2nd SuperSmart Workshop at the 12th IIR Gustav Lorentzen Natural Working Fluids 
Conference 2016 in August 2016 [IPCC (2005)]. From 6th June 2016 to 6th September 2016, it was 
available online in six European languages (English, Italian, German, Spanish, Serbo-Croatian, and 
French) at the SuperSmart website. 

In total, a number of 88 persons from 19 countries answered the survey entirely, 56 persons answered 
partly. For some of the questions, multiple answers were possible, wherefore in some cases the total 
number of answers differs from the total number of 88 persons that answered the survey. Some of the 
paper-based surveys distributed at the SuperSmart Workshops did not contain all answers. 
Nevertheless, they were included in the analysis if only certain information was missing. In any case, the 
total number of respondents for the corresponding question was high enough to compare the results 
properly. 

The business location of the respondents who completed the survey is shown in Figure 10. Most of the 
respondents came from Central West Europe (45), a lower share came from North (15) and South-West 
Europe (19), while only a smaller part of the respondents were from Eastern Europe (8). Amongst all 
surveys (completely and partly answered), 38 persons responded in German, 77 in English, 8 in Italian, 3 
in Croatian, 11 in Spanish, and 7 in French. The total number of surveys that included information 
regarding the countries is 87, since one of the paper-based surveys did not include the business 
location. 

 

Figure 10: Location of the respondent’s organisation [Minetto, S., Rossetti, A., Marinetti, S. (2016)] 

The respondents belong to different stakeholder groups, which are shown in Figure 11. The majority 
belongs to the group of manufacturers and suppliers of HVAC&R systems (39 %), the second largest 
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group are persons from research institutes/universities (17 %), followed by respondents from the field of 
consulting, contracting and engineering (8 %), and food retail chains (8 %). In total, there are 99 answers 
regarding the organisation type. This is higher than the total number of completed surveys, since some 
respondents chose more than one organisation type.  

 

Figure 11: Organisation type of respondents 

2.4.1 Product group definition 

In the survey, a proposal was given regarding the definition of the product group. The proposed 
definition was: 

“Food retail stores include all store formats in the retail trade with at least 50 % of annual turnover for 
groceries, except those specifically excluded.” 

This definition was accepted as an appropriate definition of the product group "food retail stores" by 
nearly 89 % of the 88 respondents who completed the survey. Those who disagreed with this definition, 
suggested a different percentage of turnover as a limit (< 50 %; 25 %; 25-30 %; 75 %) or use of "cooling 
capacity installed of 5kW and more" as limit. In total, 107 respondents (including also the partially 
completed surveys) answered this question. Considering all of them, the total acceptance rate was also 
nearly 89 %.  

Amongst the manufacturers or suppliers of HVAC&R systems, 79 % agreed on this (39 completed 
surveys), while amongst the food retail chains, 100 % agreed (8 completed surveys), and amongst 
respondents from research institutes/universities, 94 % agreed (17 completed surveys). The agreement 
to the proposed product group definition per organisation type is shown in Figure 13. The total number 
of respondents regarding this question is 99, since some respondents chose more than one 
organisation type. 

The agreement to the proposed product group definition regarding the different European regions is 
shown in Figure 12. The agreement in the regions with more than 15 respondents (Central-West, South-
West, and Northern Europe) lies between 84 % and 89 %. In Eastern Europe, the agreement is 100 % but 
the number of respondents is lower. Since one of the surveys was lacking the business location, the 
number of respondents in Figure 12 sums up to only 87. 

In total, the agreement to the proposed definition of the product group is very high. 
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Figure 12: Agreement to product group definition per European region 

 

Figure 13: Agreement to product group definition per organisation type 
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2.4.2 Scope definition 

Besides the definition of the product group, there were also questions asked regarding the kind of 
facilities that should be considered inside the scope of the product group “food retail stores”: 

“Do you agree that the following facilities should be inside the scope  
of the product group "food retail stores?“ 

Figure 14 shows the results regarding this question. There were between 85 and 88 people who 
answered this question. The agreement is in the range between 78 % for self-service warehouses and 
99 % for supermarkets. It can be observed that there is a high agreement to the proposed scope, since 
there was an agreement of at least 78 % for the proposed facilities to be included in the scope.  

 

Figure 14: Answers regarding facilities inside the product group scope 

There was the possibility to leave comments regarding the scope of the product group. Some of the 
comments are addressed here. It was mentioned twice that the threshold of 50 % of annual turnover for 
groceries could be reduced to be around 25-30 % in order to include more shops. However, this 
comment has been only given by two people, whereas 78 respondents agreed on the definition 
including a threshold of 50 % (Figure 12). Further, it was stated that large malls have less than 50 % 
turnover with groceries. This may be true in some cases. However, it refers to large shopping malls that 
include several stores and are somehow different to food retail stores for which the EU Ecolabel is 
intended.  

The threshold of 50 % of annual turnover could become relevant when service stations possibly take 
over roles of convenient food shops in the future. Currently, service stations mainly sell petrol, and it 
can be regarded as justified to exclude them from the scope of the new product group.  

As third point it was commented that using the cooling capacity rather than the turnover could be more 
challenging. However, the turnover is easier to measure and as an indicator more familiar to those who 
will apply for the EU Ecolabel. Furthermore, it has been accepted by the vast majority of the 
respondents, wherefore it is chosen. Nonetheless, this comment is taken into consideration for the 
criteria development for the refrigeration system. 

Furthermore it was asked, which facilities should be kept outside the scope.  

“Do you agree that the following facilities should be outside the scope 
 of the product group "food retail stores“?” 

Figure 15 shows the results of this question. The agreement to leave certain shops outside the scope 
ranges between 42-83 %. Nursing homes have the highest acceptance to be left out of the scope with 
83 %. This can be easily understood, since nursing homes are not very similar to food retail stores. 
Facilities with a higher similarity to food retail stores, such as traditional shops and speciality food 
retailers, have a lower agreement to be left out of the scope of only 55 % and 42 % respectively. 
However, this means that the agreement to have them inside the scope is lower than 60 %.  

Additionally, the agreement to keep certain facilities outside the scope has been analysed regarding the 
European regions (Table 7) as well as regarding the most relevant organisations to which the 
respondents belong (Table 8). Only facilities with a low acceptance to keep them outside the scope 
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(thus presumably higher acceptance to keep it inside the scope), were analysed. The different number 
of respondents per region and organisation type has to be kept in mind when analysing the data. 

 

Figure 15: Answers regarding facilities outside the product group scope 

It can be observed that21: 

• There is a higher agreement to keep traditional shops and wholesalers outside the scope in 
Northern Europe (73 %) and Central-East Europe (71 %) compared to the total agreement (56 % 
and 59 % (Table 7)); 

• On the other hand, the agreement to keep speciality food retailers outside the scope deviates 
only in Central-East Europe (71 %) from the average (42 %); 

• The agreement to leave web shops out of the scope in Central-East Europe (29 %) is much lower 
than the average agreement (60 %); 

• The agreement to leave franchise bakeries and outlets out of the scope in South-West Europe is 
much lower (33 %) than the general agreement (60 %). 

Regarding the organisation type of the respondents, only the organisation types with more than eight 
completed surveys are shown in Table 8. 

It can be monitored that: 

• Amongst the manufacturers or suppliers of Heating, Ventilation, Air Conditioning and 
Refrigeration (HVAC&R) as well as amongst the consulting, contracting & engineering 
organisations, the agreement to leave speciality food retailers out of the scope (25 %) is lower 
than the average value (42 %); 

• The contrary trend can be observed amongst research institutes and universities. 69 % of the 
respondents agreed to leave speciality food retails out of the scope; 

• Amongst the consulting, contracting & engineering organisations, the agreement to leave web 
shops and franchise bakeries and outlets out of the scope is higher (75 % each) than the average 
(60 %). 

                         
21 The total number of respondents has to be taken into consideration when comparing the percentages. The total 
number of respondents slightly differs in some cases between Table 7 and Figure 15 due to the fact that one survey 
do not contain the location of the respondent’s organisation. 
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Besides the possibilities to choose certain answers or rate them, the respondents had also the 
possibility to leave comments. Not all made use of this possibility; however, some feedback could be 
gained. 

A comment that was made regarding several of the facilities was that there might be created own 
categories/product groups for those facilities. This referred specifically to those facilities that would be 
excluded from the product group scope. Another comment that was given regarding several facilities 
was that they should be included as long as they have more than 50 % turnover with groceries. 

One further comment that was given three times referred also to the 50 % turnover. It was mentioned 
that this value could be higher/lower for different facilities – as for instance malls were mentioned to 
have less than 50 % turnover for groceries. It was mentioned that certain facilities could be included if 
they have a cooling capacity above a certain threshold – 20 kW and 5 kW were mentioned here. 

Some single and specific comments were made regarding certain types of facilities. Regarding web 
shops, there were two controversial comments. One respondent mentioned that they should not be 
included because they are part of conventional supermarket operation companies. Another respondent 
mentioned that web shops also need efficient equipment and should therefore be included. Another 
person mentioned that speciality food retails could be particularly interested in showing their 
commitment to an eco-friendly shop by using the label. Regarding cash-and-carry markets as well as 
service station shops, it was mentioned that the size could be relevant and that maybe the cooling 
capacity could be a good way to decide whether they are included or not. 

Additionally, there was a discussion about the inclusion of web shops during the 3rd SuperSmart 
Workshop at the exhibition Chillventa 2016. Some participants mentioned that web shops, as one future 
trend of shopping, should be included in the scope. 
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Table 7: Facilities outside the scope - answers by European region 

 

Total Northern Europe Central-West South-West Central-East South-East 

Total 
Yes 
[%] 

No 
[%] 

Total 
Yes 
[%] 

No 
[%] 

Total 
Yes 
[%] 

No 
[%] 

Total 
Yes 
[%] 

No 
[%] 

Total 
Yes 
[%] 

No 
[%] 

Total 
Yes 
[%] 

No 
[%] 

Speciality 
food retailer 

83 42 58 15 40 60 42 40 60 18 39 61 7 71 29 1 0 100 

Butcher 
Shops & 
Franchise 
outlet for 
meat 
products 

83 47 53 15 40 60 42 62 38 18 22 78 7 43 57 1 0 100 

Traditional 
shops 

81 56 44 15 73 27 40 55 45 18 39 61 7 71 29 1 0 100 

Wholesalers 83 59 41 15 73 27 42 55 45 18 56 44 7 71 29 1 0 100 

Web shops 82 60 40 15 60 40 42 62 38 18 67 33 7 29 71 0 - - 

Franchise 
bakeries and 
outlets 

83 60 40 15 67 33 42 71 29 18 33 67 7 57 43 1 100 0 
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Table 8: Facilities outside the scope – answers by most relevant22 organisation types of respondents 

 

Food retail chain 
Manufacturer or supplier 
HVAC&R 

Consulting, Contracting & 
Engineering 

Research Institute/ 
University 

Total 
Yes 
[%] 

No [%] Total 
Yes 
[%] 

No [%] Total 
Yes 
[%] 

No [%] Total 
Yes 
[%] 

No [%] 

Speciality food 
retailer 

8 38 63 36 25 75 8 25 75 16 69 31 

Butcher Shops & 
Franchise outlet 
for meat products 

8 50 50 36 42 58 8 50 50 17 41 59 

Traditional shops 8 38 63 34 53 47 8 25 75 17 76 24 

Wholesalers 8 50 50 35 66 34 8 63 38 17 59 41 

Web shops    35 57 43 8 75 25 17 88 12 

Franchise bakeries 
and outlets 

8 50 50 36 56 44 8 75 25 17 71 29 

 

                         
22 In this context, „most relevant“ means that at least eight completed surveys were received from people belonging to this organisation type. 
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2.4.3 Boundaries to be considered 

Further questions were asked to explore, whether certain criteria should be included or not into the 
criteria catalogue of the product group “food retail stores”. The results are shown in Figure 16 and Figure 
17. Besides the agreement, the number of answers regarding the criteria is indicated in parentheses.  

 

Figure 16: Answers regarding criteria for food retail stores #1 

 

Figure 17: Answers regarding criteria for food retail stores #2 

It can be observed that criteria that are typically associated with environmental or ecological aspects, 
such as energy consumption, utilization of waste heat, usage of energy saving display cabinets, etc. 
have a very high acceptance. Others, less intuitive criteria, such as the use of chemicals or employment 
practises have a lower agreement. 

As well as for the scope of the product group, the respondents also had the possibility to leave 
comments regarding the proposed criteria. 
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Concerning the energy consumption, it was mentioned that the consumption is relevant but that the 
climate conditions, the age of the building, etc. should be considered. 

Regarding the operation of an energy/environmental management systems, it was stated that 
competent (trained and certified) staff would be necessary to read, interpret, and analyse the measure 
data. Furthermore it was said, that the bureaucratic effort for small facilities should be kept as low as 
possible. 

There was feedback regarding several criteria, as for instance chemical use, transport/distribution, or 
ecolabelled products, that this could be too complex. Regarding the location and accessibility, it was 
supposed that it would limit the number of potential applicants for the EU Ecolabel. It was mentioned 
that the location of the facility has a relevant impact on the energy consumption because of climatic 
conditions, but also regarding building orientation, etc. The employment practise was considered as too 
far away from an environmental label. The use of plastic bags was mentioned by one respondent as one 
criteria that should hinder a facility to achieve the EU Ecolabel. 

Regarding the choice of refrigerants, there were a relatively high number of comments. It was 
mentioned that: 

• Supermarkets using hydrofluorocarbons (HFC), also those with low Global Warming Potential 
(GWP), should not be awarded with the EU Ecolabel. 

• The EU Ecolabel should be more ambitious than the EU F-gas Regulation. 
• The choice of natural refrigerants is the most important point for the EU Ecolabel. 
• The direct emissions can be avoided if the refrigerant is kept in the system for the entire 

lifetime and is disposed correctly at the end of life. Then, the weight of the criteria regarding 
utilization of natural refrigerants (for instance CO2, ammonia) should be low. 

• There exist HFC alternatives with low GWP that could also be considered. 

Regarding the use of waste heat, it was mentioned that it should only start with a certain size of the 
system and that before focusing on the waste heat recovery, the system itself should be optimized and 
care should be taken to prevent excess recovery. In general, it was considered as an important aspect. 

The use of energy saving display cabinets was commented several times, however not always stating a 
clear opinion. In general, the comments expressed that there could be a threshold for specific types of 
cabinet families and that this criteria could be optional. 

2.4.4 Feedback on legislation, industry guidance and standards 

Further questions regarding standards and regulations, existing environmental management systems, 
existing shops awarded with Ecolabels, etc. were asked to operators of food retail stores. Only five to 
seven people answered these questions. 

100 % follow some important mandatory or voluntary standard and regulation. 

Only one respondent's organisation is awarded with an existing Ecolabel scheme for grocery stores. 

Table 9 shows the questions and absolute number of respondents answering yes or no regarding these 
questions. 
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Table 9: Feedback on legislation, industry guidance and standards used for food retails stores 

 Yes No 

Are there any important voluntary or mandatory standards and 
regulations that you follow? 

7 0 

Is your organisation awarded with any existing Ecolabel scheme for 
grocery stores (e.g. Nordic Swan, Blue Angel)? 

1 6 

Do you sell products awarded with the EU Ecolabel? 4 1 

Do you operate an energy management system in accordance with DIN 
EN ISO 50001? 

2 5 

Do you operate an environmental management system in accordance 
with ISO 14001? 

3 3 

Do you operate an environmental management system in accordance 
with EMAS? 

2 4 

Does the F-gas Regulation (Regulation (EU) No 517/2014) affect your 
business? 

7 0 

Does the Directive on the Energy Performance of Buildings (Directive 
2010/31/EU) affect your business? 

5 1 

Does the Ecodesign Directive (Directive 2009/125/EC) and its 
implementing measures (e.g. Regulation (EU) 2015/1095), respectively, 
affect your business? 

5 2 

Does any other European Regulation or Directive affect your business? 5 1 

There was only one relevant comment to these questions. One respondent mentioned that his business 
is affected by the F-gas Regulation when it comes to the replacement of R404A with R449A. 

2.5 Legislation, industry guidance and standards used for food retail 
stores 

Several legal acts can be relevant for an EU Ecolabel for food retail stores. Regulations are legal acts 
that have binding legal force throughout every Member State, whereas directives still need to be 
transposed into national laws in the Member States. In this chapter, the most relevant regulations, 
directives, and standards for food retail stores are listed.  

In the following, firstly specific relevant directives and regulations are presented, as the Ecodesign 
Directive or the F-gas Regulation. Secondly, relevant standards, regulations and directives are listed.  

2.5.1 Ecodesign Directive 

The objective of the Ecodesign Directive (Directive 2009/125/EC of the European Parliament and of the 
Council of 21 October 2009 establishing a framework for the setting of ecodesign requirements for 
energy-related products) is to reduce the environmental impact of energy-intensive products 
[European Union (2009c)]. More specifically: 

“The Ecodesign Directive provides consistent EU-wide rules for improving the environmental 
performance of products, such as household appliances, information and communication technologies 
or engineering. The Directive sets out minimum mandatory requirements for the energy efficiency of 

these products. This helps prevent creation of barriers to trade, improve product quality and 
environmental protection.” [European Commission (2016q).  

The Ecodesign Directive is a framework directive, which means that no direct ecological minimum 
requirements are defined within. They are adopted through specific measures for products. Some 
examples of products that are relevant for food retail stores are shown in Table 10. 

Furthermore, the Energy Labelling Directive (Directive 2010/30/EU of the European Parliament and of 
the Council of 19 May 2010 on the indication by labelling and standard product information of the 
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consumption of energy and other resources by energy-related products) [European Union (2010b)] 
accompanies the Ecodesign Directive with some mandatory requirements. Within this directive, some 
of the energy-related products regulated under the Ecodesign Directive are supplemented with a 
delegated regulation on energy labelling, e.g. “professional refrigerated storage cabinets” (Delegated 
Regulation (EU) 2015/1094, see Table 10). In this regulation, the energy efficiency classes (G up to A+++) 
are defined, and the requirements to achieve them. 

Table 10:  Legislation on ecodesign 

Number Title 

Directive 
2009/125/EC 

Directive 2009/125/EC of the European Parliament and of the Council of 21 
October 2009 establishing a framework for the setting of ecodesign 
requirements for energy-related products 
(Ecodesign Directive) 

Directive 
2010/30/EU 

Directive 2010/30/EU of the European Parliament and of the Council of 19 May 
2010 on the indication by labelling and standard product information of the 
consumption of energy and other resources by energy-related products 
(Energy Labelling Directive) 

Commission 
Delegated 
Regulation (EU) 
2015/1094 

Commission Delegated Regulation (EU) 2015/1094 of 5 May 2015 supplementing 
Directive 2010/30/EU of the European Parliament and of the Council with 
regard to the energy labelling of professional refrigerated storage cabinets 

Commission 
Regulation (EU) 
2015/1095 

Commission Regulation (EU) 2015/1095 of 5 May 2015 implementing Directive 
2009/125/EC of the European Parliament and of the Council with regard to 
ecodesign requirements for professional refrigerated storage cabinets, blast 
cabinets, condensing units and process chillers 

Commission 
Regulation (EU) No 
327/2011 

Commission Regulation (EU) No 327/2011 of 30 March 2011 implementing 
Directive 2009/125/EC of the European Parliament and of the Council with 
regard to ecodesign requirements for fans driven by motors with an electric 
input power between 125 W and 500 kW 

Commission 
Regulation (EU) 
2016/2281 

Commission Regulation (EU) 2016/2281 of 30 November 2016 implementing 
Directive 2009/125/EC of the European Parliament and of the Council 
establishing a framework for the setting of ecodesign requirements for energy-
related products, with regard to ecodesign requirements for air heating 
products, cooling products, high temperature process chillers and fan coil units 

Commission 
Regulation (EU) No 
1194/2012 

Commission Regulation (EU) No 1194/2012 of 12 December 2012 implementing 
Directive 2009/125/EC of the European Parliament and of the Council with 
regard to ecodesign requirements for directional lamps, light emitting diode 
lamps and related equipment 

Commission 
Regulation (EC) No 
244/2009 

Commission Regulation (EC) No 244/2009 of 18 March 2009 implementing 
Directive 2005/32/EC of the European Parliament and of the Council with 
regard to ecodesign requirements for non-directional household lamps 

Commission 
Regulation (EC) No 
245/2009 

Commission Regulation (EC) No 245/2009 of 18 March 2009 implementing 
Directive 2005/32/EC of the European Parliament and of the Council with 
regard to ecodesign requirements for fluorescent lamps without integrated 
ballast, for high intensity discharge lamps, and for ballasts and luminaires able 
to operate such lamps, and repealing Directive 2000/55/EC of the European 
Parliament and of the Council 

Commission 
Regulation (EU) No 
347/2010 

Commission Regulation (EU) No 347/2010 of 21 April 2010 amending 
Commission Regulation (EC) No 245/2009 as regards the ecodesign 
requirements for fluorescent lamps without integrated ballast, for high intensity 
discharge lamps, and for ballasts and luminaires able to operate such lamps 
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Number Title 

Commission 
Regulation (EU) 
2015/1428 

Commission Regulation (EU) 2015/1428 of 25 August 2015 amending 
Commission Regulation (EC) No 244/2009 with regard to ecodesign 
requirements for non-directional household lamps and Commission Regulation 
(EC) No 245/2009 with regard to ecodesign requirements for fluorescent lamps 
without integrated ballast, for high intensity discharge lamps, and for ballasts 
and luminaires able to operate such lamps and repealing Directive 2000/55/EC 
of the European Parliament and of the Council and Commission Regulation (EU) 
No 1194/2012 with regard to ecodesign requirements for directional lamps, light 
emitting diode lamps and related equipment 

Commission 
Delegated 
Regulation (EU) No 
811/2013 

Commission Delegated Regulation (EU) No 811/2013 of 18 February 2013 
supplementing Directive 2010/30/EU of the European Parliament and of the 
Council with regard to the energy labelling of space heaters, combination 
heaters, packages of space heater, temperature control and solar device and 
packages of combination heater, temperature control and solar device 

Commission 
Delegated 
Regulation (EU) No 
812/2013 

Commission Delegated Regulation (EU) No 812/2013 of 18 February 2013 
supplementing Directive 2010/30/EU of the European Parliament and of the 
Council with regard to the energy labelling of water heaters, hot water storage 
tanks and packages of water heater and solar device 

Commission 
Regulation (EU) No 
813/2013 

Commission Regulation (EU) No 813/2013 of 2 August 2013 implementing 
Directive 2009/125/EC of the European Parliament and of the Council with 
regard to ecodesign requirements for space heaters and combination heaters 

Commission 
Regulation (EU) No 
814/2013 

Commission Regulation (EU) No 814/2013 of 2 August 2013 implementing 
Directive 2009/125/EC of the European Parliament and of the Council with 
regard to ecodesign requirements for water heaters and hot water storage 
tanks 

Commission 
Regulation (EU) No 
1253/2014 

Commission Regulation (EU) No 1253/2014 of 7 July 2014 implementing 
Directive 2009/125/EC of the European Parliament and of the Council with 
regard to ecodesign requirements for ventilation units 

2.5.2 F-gas Regulation 

The refrigeration system in food retail stores is responsible for a huge share of the electrical energy 
consumption. Furthermore, the refrigerants used in the vapour-compression system are often synthetic 
ones with a high Global Warming Potential (GWP). Thus, the new F-gas Regulation is relevant for food 
retail stores23. 

The F-gas Regulation (Regulation of the European Parliament and of the Council on fluorinated gases 
and repealing Regulation (EC) No 842/2006) [European Union (2014)] aims at the reduction of emissions 
from fluorinated greenhouse gases.  

More specifically, the emissions from industry in 2030 should be reduced below 30 % of the emissions 
from 1990. There are three main regulatory approaches [Umweltbundesamt (2016)]: 

• Gradual phase down of available Hydrofluorocarbons (HFCs) on the markets to 21 % of current 
levels by 2030, 

• Prohibitions on use and placement, 
• Expansion of the scope of regulations regarding leak tests, certification, disposal, and labelling. 

For the phase down, the quantity of HFC is represented as CO2 equivalent [EPEE European Partnership 
for Energy and the Environment (2014)]. The phase down means that the amount of newly placed HFC 
on the market is reduced (see Figure 18). By this, the HFC consumption shall be reduced by 79 % by 
2030. Regarding the control of use (Article 13-3), refrigerants with GWP higher than 2500 must not be 
used for service or maintain equipment with charge size higher than 40 tonnes of CO2 equivalent. 

                         
23 See also chapter 3.1 of [Karampour, M., Sawalha, S., Arias, J. (2016b)] and [Husevåg, K. and Stavset, O. (2016)] upon 
which this section is based. 
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Figure 18:  Phase down of HFC, base line is average quantity (CO2 equivalent) placed in the market 
from 2009 to 2012 [EPEE European Partnership for Energy and the Environment (2014)] 

For other applications, besides the commercial refrigeration, there are also bans regarding the “placing 
on the market” as shown in Figure 19. Since the F-gas Regulation is of high importance for several 
sectors in the EU, there are many publications and descriptions available:  

• Gapometer by [EPEE European Partnership for Energy and the Environment (2016)] “aims to 
define a route towards a successful phase down of HFCs in Europe and will identify the biggest 
risks of gaps between supply and demand.”  

• Shecco gives an overview of the F-gas Regulation from the perspective of the HVAC&R industry 
[Skacanova, K. (2016).  

• Emerson [Emerson (2015)] gives an overview of different aspects of natural refrigerants and 
therefore also about the implications of the F-gas Regulation. 

Some possible options how actors in the food retail sector can deal with the regulation can be found in 
[Karampour, M., Sawalha, S., Arias, J. (2016b)]. 

 

Figure 19:  F-gas phase down and bans [Emerson (2015)] 
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2.5.3 Further standards, regulations and directives 

Besides the previously mentioned regulations and directives, there are also standards regarding several 
subsystems and components of food retail stores. 

In Table 11, several standards are listed that can be relevant for supermarket equipment. For instance, 
the ISO 23953 standard deals with the classification, requirements, and test conditions for refrigerated 
display cabinets. Other standards, like the ISO 5149 or EN 378, specify safety requirements for 
refrigeration systems and heat pumps. 

Buildings form an important part of food retail stores, wherefore this part has also be taken into 
consideration for an EU Ecolabel. There are several European directives that deal with buildings (see 
Table 12). For instance, the Directive 2010/31/EU aims at reducing the energy consumption of buildings 
and proposes certain guidance for the Member States regarding their energy performance. 

One of the main goods that are sold in food retail stores is foodstuff, wherefore safety requirements 
have to be taken into consideration. Table 14 gives an overview of relevant legislation and standards for 
food safety. Especially Regulation (EC) No 853/2004 is important, since relevant temperature levels for 
the foodstuff are defined here. 

Waste management (Table 13) and workplace requirements (Table 15) are further aspects with several 
existing directives and regulations that are relevant for food retail stores. 

Table 11:  Standards for supermarket equipment 

Number Title 

EN 378-
1:2008+A2:2012 

Refrigerating systems and heat pumps - Safety and environmental 
requirements - Part 1: Basic requirements, definitions, classification and 
selection criteria 

EN 378-4:2016 Refrigerating systems and heat pumps - Safety and environmental 
requirements - Part 4: Operation, maintenance, repair and recovery 

IEC 60335-2-24:2010 Household and similar electrical appliances - Safety - Part 2-24: Particular 
requirements for refrigerating appliances, ice-cream appliances and ice makers 

EN 60335-2-89:2010: Household and similar electrical appliances – Safety – Part 2-89: Particular 
requirements for commercial refrigerating appliances with an incorporated or 
remote refrigerant condensing unit or compressor 

IEC 60335-2-75:2012: Household and similar electrical appliances - Safety - Part 2-75: Particular 
requirements for commercial dispensing appliances and vending machines 

ISO 5149:1993(2004): Mechanical refrigerating systems used for cooling and heating - safety 
requirements  

ISO 23953-
2:2005/Amd 1:2012 

Refrigerated display cabinet - Part 2: classification, requirements and test 
conditions  

EN 16902:2016 Commercial beverage coolers - Classification, requirements and test conditions 

EN 16901:2016 Ice-cream freezers - Classification, requirements and test conditions 

EN 13215:2016, Condensing units for refrigeration - Rating conditions, tolerances and 
presentation of manufacturer's performance data 

EN 13771-1:2016 Compressors and condensing units for refrigeration - Performance testing and 
test methods - Part 1: Refrigerant compressors 

EN 14276-
2:2007+A1:2011 

Pressure equipment for refrigerating systems and heat pumps - Part 2: Piping - 
General requirements 
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Table 12:  Legislation on buildings 

Number Title 

Directive 2012/27/EU Directive 2012/27/EU of the European Parliament and of the Council of 25 
October 2012 on energy efficiency, amending Directives 2009/125/EC and 
2010/30/EU and repealing Directives 2004/8/EC and 2006/32/EC 

Directive 2010/31/EU Directive 2010/31/EU of the European Parliament and of the Council of 19 May 
2010 on the energy performance of buildings 

Commission 
Delegated 
Regulation (EU) No 
244/2012 

Commission Delegated Regulation (EU) No 244/2012 of 16 January 2012 
supplementing Directive 2010/31/EU of the European Parliament and of the 
Council on the energy performance of buildings by establishing a comparative 
methodology framework for calculating cost-optimal levels of minimum energy 
performance requirements for buildings and building elements 

2012/C 115/01 Guidelines accompanying Commission Delegated Regulation (EU) No 244/2012 
of 16 January 2012 supplementing Directive 2010/31/EU of the European 
Parliament and of the Council on the energy performance of buildings by 
establishing a comparative methodology framework for calculating cost-
optimal levels of minimum energy performance requirements for buildings and 
building element 

Directive 
2006/32/EC 

Directive 2006/32/EC of the European Parliament and of the Council of 5 April 
2006 on energy end-use efficiency and energy services and repealing Council 
Directive 93/76/EEC 

Regulation (EU) No 
305/2011 

Regulation (EU) No 305/2011 of the European Parliament and of the Council of 9 
March 2011 laying down harmonised conditions for the marketing of 
construction products and repealing Council Directive 89/106/EEC 

Table 13:  Legislation on waste management 

Number Title 

Directive 2008/105/EC Directive 2008/105/EC of the European Parliament and of the Council of 16 
December 2008 on environmental quality standards in the field of water 
policy, amending and subsequently repealing Council Directives 
82/176/EEC, 83/513/EEC, 84/156/EEC, 84/491/EEC, 86/280/EEC and 
amending Directive 2000/60/EC of the European Parliament and of the 
Council 

Directive 2006/118/EC Directive 2006/118/EC of the European Parliament and of the Council of 12 
December 2006 on the protection of groundwater against pollution and 
deterioration 

Directive 2008/98/EC Directive 2008/98/EC of the European Parliament and of the Council of 19 
November 2008 on waste and repealing certain Directives 

Directive 2002/96/EC Directive 2002/96/EC of the European Parliament and of the Council of 27 
January 2003 on waste electrical and electronic equipment (WEEE) - Joint 
declaration of the European Parliament, the Council and the Commission 
relating to Article 9 

European Parliament and 
Council Directive 
94/62/EC 

European Parliament and Council Directive 94/62/EC of 20 December 1994 
on packaging and packaging waste 
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Table 14:  Legislation and standards for food safety 

Number Title 

Commission Regulation 
(EC) No 2073/2005 

Commission Regulation (EC) No 2073/2005 of 15 November 2005 on 
microbiological criteria for foodstuffs 

ISO 22000:2005 Food safety management systems - Requirements for any organisation in 
the food chain 

ISO 22004:2014 Food safety management systems - Guidance on the application of ISO 
22000 

ISO 22005:2007 Traceability in the feed and food chain - General principles and basic 
requirements for system design and implementation 

ISO/TS 22002-1:2009 Prerequisite programmes on food safety - Part 1: Food manufacturing 

ISO/TS 22002-4:2013 Prerequisite programmes on food safety - Part 4: Food packaging 
manufacturing 

Regulation (EC) No 
178/2002 

Regulation (EC) No 178/2002 of the European Parliament and of the Council 
of 28 January 2002 laying down the general principles and requirements of 
food law, establishing the European Food Safety Authority and laying down 
procedures in matters of food safety 

Regulation (EC) No 
852/2004 

Regulation (EC) No 852/2004 of the European Parliament and of the Council 
of 29 April 2004 on the hygiene of foodstuffs 

Regulation (EC) No 
853/2004 

Regulation (EC) No 853/2004 of the European Parliament and of the Council 
of 29 April 2004 laying down specific hygiene rules for food of animal origin 

Commission 
Implementing 
Regulation (EU) No 
208/2013 

Commission Implementing Regulation (EU) No 208/2013 of 11 March 2013 on 
traceability requirements for sprouts and seeds intended for the production 
of sprouts 

Commission 
Implementing 
Regulation (EU) No 
931/2011 

Commission Implementing Regulation (EU) No 931/2011 of 19 September 2011 
on the traceability requirements set by Regulation (EC) No 178/2002 of the 
European Parliament and of the Council for food of animal origin 

Regulation (EU) No 
1169/2011 

Regulation (EU) No 1169/2011 of the European Parliament and of the Council 
of 25 October 2011 on the provision of food information to consumers 

Table 15:  Legislation on workplace requirements 

Number Title 

Council Directive 
92/58/EEC 

Council Directive 92/58/EEC of 24 June 1992 on the minimum requirements for 
the provision of safety and/or health signs at work 

Council Directive 
91/383/EEC 

Council Directive 91/383/EEC of 25 June 1991 supplementing the measures to 
encourage improvements in the safety and health at work of workers with a 
fixed-duration employment relationship or a temporary employment 
relationship  

Council Directive 
90/269/EEC 

Council Directive 90/269/EEC of 29 May 1990 on the minimum health and 
safety requirements for the manual handling of loads where there is a risk 
particularly of back injury to workers 

Council Directive 
89/686/EEC 

Council Directive 89/686/EEC of 21 December 1989 on the approximation of the 
laws of the Member States relating to personal protective equipment 

Council Directive 
89/656/EEC 

Council Directive 89/656/EEC of 30 November 1989 on the minimum health 
and safety requirements for the use by workers of personal protective 
equipment at the workplace 

Council Directive 
89/654/EEC 

Council Directive 89/654/EEC of 30 November 1989 concerning the minimum 
safety and health requirements for the workplace 
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Number Title 

Council Directive 
89/391/EEC 

Council Directive 89/391/EEC of 12 June 1989 on the introduction of measures 
to encourage improvements in the safety and health of workers at work 

Directive 
2009/38/EC 

Directive 2009/38/EC of the European Parliament and of the Council of 6 May 
2009 on the establishment of a European Works Council or a procedure in 
Community-scale undertakings and Community-scale groups of undertakings 
for the purposes of informing and consulting employees 

Directive 
2009/104/EC 

Directive 2009/104/EC of the European Parliament and of the Council of 16 
September 2009 concerning the minimum safety and health requirements for 
the use of work equipment by workers at work 

Directive 
2008/104/EC 

Directive 2008/104/EC of the European Parliament and of the Council of 19 
November 2008 on temporary agency work 

Directive 
2006/54/EC 

Directive 2006/54/EC of the European Parliament and of the Council of 5 July 
2006 on the implementation of the principle of equal opportunities and equal 
treatment of men and women in matters of employment and occupation 

Directive 
2003/88/EC 

Directive 2003/88/EC of the European Parliament and of the Council of 4 
November 2003 concerning certain aspects of the organisation of working time 

2.5.4 Definition and scope of food retail stores in legislation and standards 

There are some directives, regulations, and standards that have to be considered or could be 
considered respectively for the operation of a food retail store (see chapter 2.5.1 - 2.5.3). But since these 
directives, regulations, and standards do not only focus on food retail stores, there is no definition and 
scope of food retail stores implemented that has to be considered for establishing the respective 
product group “food retail stores” within the EU Ecolabel scheme.  

Nevertheless, some definitions for “food retail stores” or similar facilities can be taken into 
consideration. The Encyclopaedia Britannica defines supermarkets as well as grocery stores as: 
“Supermarket, large retail store operated on a self-service basis, selling groceries, fresh produce, meat, 
bakery and dairy products, and sometimes an assortment of non-food goods” [Encyclopaedia 
Britannica (2016)]. This is similar to the definition found in Wikipedia: “A supermarket, a large form of the 
traditional grocery store, is a self-service shop offering a wide variety of food and household products, 
organized into aisles. It is larger and has a wider selection than a traditional grocery store, but is smaller 
and more limited in the range of merchandise than a hypermarket or big-box market.” [Wikipedia 
(2016)] 

Nielsen [Nielsen (2014)] considers those retail stores that sell at least four food categories out of: 1. 
Edible fats, 2. Canned goods, 3. Bottled drinks, 4. Drinks in the form of solid substances, 5. Pasta, 6. 
Confectionery as the grocery sector in Belgium. Additionally, at least 40 % of total turnover has to be 
represented by food sales. 

Furthermore, there exist distinctions between different categories of supermarkets, mainly regarding 
their size. For instance hypermarkets are considered to have a size of more than 4 500 m², while 
supermarkets are between 400-2 500 m², food discounters less than 1 000 m², and convenience stores 
less than 400 m² [Karampour, M., Sawalha, S., Arias, J. (2016b)]. However, these are no strict definitions, 
rather than indications about the distinction between different store categories. Further description of 
the differentiation of different store types can also be found in chapter 3.1.1.1. 
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2.6 Preliminary results 

Based on the results from the survey, the following definition for the product group “food retail stores” 
is proposed: 

“Food retail stores include all store formats in the retail trade with at least 50 % of annual turnover for 
groceries, except those specifically excluded.” 

This is based on the definition used by the national ecolabels Blue Angel and Nordic Swan (see Table 6). 
Around 88 % of the respondents of the survey agreed to this definition.  

Regarding the store categories that should be inside and outside the scope of the new product group, 
respectively, there have been several clear results, as shown in Figure 20. Some of the facilities, such as 
supermarkets, food discounters, and hypermarkets are clearly inside the scope, and some facilities are 
clearly outside the scope, such as hospitals or nursing homes (see also Figure 14 and Figure 15). The 
facilities that are inside the scope were accepted by at least 78 % of the respondents of the survey. The 
facilities that are outside the scope had an acceptance of being excluded higher than 42 %. 

Regarding traditional shops and speciality food retailers, no clear decision could be taken so far. There 
are different opinions in different European regions. For instance, the agreement to keep traditional 
shops outside the scope is 73 % in Northern Europe, while in South-West Europe it is only 39 %. 
Traditional shops are like small supermarkets but it is not yet clear, whether they are similar enough 
from a technical point of view to have them inside the scope of the EU Ecolabel. For this reason, they 
are in the status of “undecided”. Further research is needed. Thus, only at the end of the criteria 
development process it will be finally decided which facilities are inside and outside the scope. 

Scope of the new product group 

 

 

 

 

 

 

 

 

Figure 20:  Scope of the new product group “food retail stores” 
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3 MARKET ANALYSIS 

The present report proposes an EU Ecolabel for food retail stores. We propose to make the label 
applicable for nearly all stores in the food retail sector, irrespective of their size (see chapter 2). Focus is 
thus brought to the food retail industry and more precisely to those retailers whose primary retail trade 
business results from food and who, therefore, make more than 50 % of their annual turnover from 
grocery sales. 

In line with this objective, chapter 3 provides first a market overview to illustrate the economic 
importance of the food retail sector worldwide and in Europe as well as its impact on emissions, waste, 
and the environmental footprint as a whole. Different store formats, sizes or management levels have 
an influence on how the food retail store's environment is shaped and on how impactful Europe's food 
retail industry is on many levels, including from an ecological perspective. 

Chapter 3.2 sheds light on economic and social drivers shaping the food retail industry, from consumer 
trends resulting in different product ranges to market and economy trends that have an impact on the 
store formats or the technologies they use. The focus is brought to such trends that might have an 
influence on the store design from a building point of view, on energy requirements for refrigeration or 
lighting as well as on the choice of product types. 

Chapter 3.3 demonstrates that successful national ecolabels specifically for food retail stores are 
available in Northern and Western Europe and outlines their adoption rates. Other labels, certificates, 
and initiatives targeting energy efficiency, carbon footprint reduction, and overall sustainability in the 
food retail sector in Europe are then mentioned. An emphasis is put on holistic schemes, covering next 
to the building envelope a set of additional environmental criteria.  

Finally, chapter 3.4 provides a first overview of key drivers and innovative measures for more 
sustainable food retailing practices in Europe, before it also outlines barriers to their adoption. 

3.1 Market analysis overview 

3.1.1 Global market overview 

3.1.1.1 Types of food retail stores 
The retail industry is classified into several categories, depending on the specialisation of the retailer 
and its point of sales. Food retail stores belong to the category of non-specialised stores, which include 
all mass grocery and general merchandise [Eurostat (2016a), OXIRM (2014)] as opposed to specialised 
stores such as bakeries or bookshops. 

There are various formats of food retail stores, from large out-of-town hypermarkets and supermarkets 
to small corner stores or convenience stores. Supermarkets or hypermarkets represent the largest 
section in the global food retail market with nearly 52 % of the total market share in 2013 [PMR (2014)]. 
However, in today’s food retail environment, the traditional format of supermarkets is contested and 
small format stores are increasing their market share [Duff & Phelps (2016)]. In the US, for instance, the 
average size of grocery stores has continuously decreased between 2006 and today [Duff & Phelps 
(2016)]. Note that initially, stores with very large sizes were much more prevalent in the US than in 
Europe [Nielsen (2014)]. 

The food retail store formats are linked to a range of different ownership and management forms. Due 
to the competitive nature of the retail sector, there are many co-existing business models from large 
supermarket chains and multi-national corporations to franchises, co-operatives, family owned or 
individual stores [OXIRM (2014)]. Typically, the distinction can be made between three types of 
management and decision-making models: 

• local/family-owned stores still represent a large number in Southern
 
and Eastern Europe,24 i.e. 

local decision-making; 

                         
24 In Spain, half of the overall stores are small convenience stores [Villaécija (2016)] and 58 % of the overall turnover is 
made in stores with a size of the sales area below 400 m2 [La Caixa (2013)]. In Balkan countries, there is a large 
number of small-sized national shops [Lovre & Brankov (2015)].  
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• non-centralized decision-making where a large majority of the supermarket units do only share 
corporate identity but where decision-making takes place at the store level; 

• centralized top-down decision-making where a supermarket chain owns all its stores. 

The format and the business model are decisive for the store’s impact on the environment and for the 
way, in which reforms and improvements, such as those required for the adoption of an EU Ecolabel, 
are introduced. 

3.1.1.2 Importance of the food retail market from a global perspective 
During the last years, the food retail market has benefitted from continuous growth on a global level. In 
2013, the global food retail industry was valued at USD 5 643.6 billion [PMR (2014)] and is expected to 
grow to about USD 8 000 billion by 2020 [Aruvian (2016), PMR (2014)].25 

Such high levels of growth are in line with the increase in overall population and a rise of the middle 
classes in countries such as India and China specifically. In fact, on a global level, about 3.2 billion 
people are expected to belong to the so-called middle class by 2020 [Pezzini, M. (2012)], up from 1.8 
billion in 2009 [Kharas, H. (2011)] and thus contribute to the rise in domestic consumption. According to 
recent studies, spending of the middle classes on a global level will almost triple by 2030 [Benson-
Armer, R., Noble, S., Thiel, A. (2015)].  

The environmental impact of the food retail industry as a whole is not easily assessable, and there are 
no global studies on the same. According to several regional studies, the whole food sector from 
agriculture to retail and waste can account for up to 30 % of overall GHG emissions [DEFRA (2013), 
European Commission (2006), Garnett (2008), Notarnicola, Tassielli, Renzulli, Castellani, & Serenella 
(2017)]. A regional study in the UK finds that, in turn, retail accounts for 7 % of the GHG emissions within 
the food industry [Garnett (2008)]. Hence, about 1-2 % of the global GHG emissions stem from the food 
retail industry as such [Garnett (2011), Grain (2011), Tassou, S.A., Ge, Y., Hadawey, A., Marriott, D. (2011)]. 
These numbers are estimates and extrapolated from various regional studies. Nevertheless, they 
convey the importance of the food sector as such and of the food retail industry more specifically in 
terms of global environmental footprint. 

An important share of a retailer’s carbon footprint comes from the emissions in the store building itself 
[EU Retail Forum for Sustainability (2011)]. As such, the importance of an EU Ecolabel for food retail 
stores becomes evident. Furthermore, fuel consumption and emissions from transportation are a factor 
to consider for improving a store’s carbon footprint. This becomes even more important with the rise of 
retail models based on remote order and delivery.  

The impact on the carbon footprint resulting from the product supply chain of the goods sold in a store 
is not taken into consideration for this study. This aspect is e.g. treated under the existing EU Ecolabel 
for certain product groups and will be referred to when applicable. 

3.1.2 European market overview 

The European food retail market is the second largest on a global level [PMR (2014)]. However, it has 
experienced only modest growth in the recent years [MarketLine (2013)]. Especially in Western Europe, 
the market is perceived as saturated, and in some countries, such as Spain, Denmark, France, and 
Greece, the food retail industry is lately on a decreasing trajectory [Aruvian (2016)].  

3.1.2.1 European food retail: market overview 
In 2012, the food retail industry in Europe grew by 3 % to reach a value of EUR 1 682.8 billion, according 
to a study by MarketLine. This study is not only limited to EU countries but serves as indicative figure.26 
Together, France, Germany, Italy, Spain, and the UK, account for more than half of the value of the 
European food retail market [MarketLine (2013)]. 

                         
25 This number is an average figure of the estimates by Aruvians Research (2016) who expect the global food retail 
market to grow to USD 7 500 billion by 2019 and Persistence Market Research (2014) who expect it to be at 
USD 8 541.9 billion by 2020. 
26 For the purpose of this study, several representative Western and Eastern European countries were taken into 
account: Belgium, Denmark, France, Germany, Greece, Italy, the Netherlands, Norway, Spain, Sweden, Switzerland, 
Turkey, the UK, Czech Republic, Hungary, Poland, Romania, Russia, and Ukraine. 
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In 2012, the value generated by food retail and food services in the European Union equals 
EUR 402 811 million, which is about half the value added of the entire food supply chain [European 
Commission (2015)]. In total, 2.8 million enterprises are engaged in food retail and food services 
[European Commission (2015)]. 

In 2012, the food supply chain as a whole employed more than 47 million people in the European Union 
[European Commission (2015)]. At the level of food retail and food services, 17.3 million people are 
employed, which is about 7.5 % of the total workforce [European Commission (2015)].  

The size of the retail sector in terms of number of employees is thus very important within the 
European labour market. Furthermore, there is also a huge variety of jobs within the sector, regarding 
functions, skill requirements, career opportunities, etc. [OXIRM (2014)]. Occupations range from lower 
skilled shop assistants or drivers to more professional jobs in trade, food technology, and supply chain. 
Lately, there is an increasing requirement for experts in IT and e-commerce, with the rise of information 
technology [OXIRM (2014)]. 

3.1.2.2 European food retail in numbers 
In terms of store formats, a study by Nielsen - Grocery Universe 2014 distinguishes between four types 
of food retail stores, depending on their shop size:  

• hypermarkets with a selling surface over 2500 m2,  
• large supermarkets with 1000-2500 m2,  
• small supermarkets with 400-1000 m2, and  
• superettes and traditional stores with a size below 400 m2 [Nielsen (2014)]27.  

According to their findings, hypermarkets still have the largest share in Europe with 37 % in 2012 
[Nielsen (2014)]. Furthermore, large supermarkets make up for 25 %, small supermarkets for 28 %, and 
the so-called superettes and traditional stores for the remaining 11 % in the whole market [Nielsen 
(2014)].28 

 

Figure 21: Market shares by shop types per country in 2012 [Nielsen (2014), p.60] 

The distributions per country vary considerably, with Southern and Eastern countries accounting for 
more superettes and traditional stores, while France and the United Kingdom show a very large share of 
hypermarkets [Nielsen (2014)]. The detailed graph with the store format by country is depicted in Figure 
21. Not all countries of the European Union are depicted in this study, with Bulgaria, Croatia, Estonia, 
Latvia, Lithuania, Luxembourg, Malta, and Romania missing, while Norway, Switzerland, and Turkey are 

                         
27 Note that these are no standardised definitions. A store that is called hypermarket in one region may only be 
counted as a supermarket in another one. There are also differences with regards to research studies. For instance, in 
EY et al. (2014), supermarkets can be as large as 4 500 m2 while hypermarkets need to be larger, and in Schönberger, 
Martos and Styles (2013), stores up to 3 000 m2 are called supermarkets. [Kauffeld, M. (2007)] calls everything a 
hypermarket that has a size above 1 500 m2. 
28 Discrepancies could occur because the numbers were rounded up. 
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added. However, the present countries provide a sound illustration of the situation in the whole of 
Europe and serve as basis for an extrapolation to the European Union. 

The same study also gives an idea about the number of food retail stores per country in Europe, for 
small and large supermarkets as well as for hypermarkets. The data shows that Norway, Austria, 
Denmark, and Germany have the highest number of stores per million habitants, and that there is a 
large share of small supermarkets in these countries and in all European countries in general [Nielsen 
(2014)]. Solely Finland has a comparatively low number of small supermarkets, which is similar to the 
situation in the United States [Nielsen (2014)]. The illustration in Figure 22 shows the statistics of stores 
per country. 

 

Figure 22: Number of stores per million habitants in 2012 [Nielsen (2014), p.61] 

Deriving from the previous statistics and from various data sources, the total number of supermarkets 
and hypermarkets in the European Union is about 110 000-115 000.29 These numbers do not include 
small corner stores with a size below 400 m2.30 The numbers for several European countries for 2012 can 
be found in Figure 23. 

While overall there is a slight growth in the number of food retail stores in Europe of an estimated 2 000 
stores per year [EY, Cambridge Econometrics Ltd., Arcadia International (2014)], the number of food 
discounters is on a noticeable increasing trend [EY et al. (2014), Nielsen (2014)]. The market share of food 
discounters of any size reached 20 % of the overall market in 2012 [Nielsen (2014)], and this store format 
is popular with people from all levels of income [Klein & Schmitz (2016)]. 

                         
29 The data comes mainly from the Nielsen Grocery Universe 2014 study and is an extrapolation from this data from 
2012, together with growth expectations from various studies [EY et al. (2014)] and with Wikipedia’s list of 
supermarket chains in Europe. Wikipedia’s data is from various sources, mainly those of the respective supermarket 
chains. 
30 When adding small food retail stores to the count, the number of stores in Europe would be much higher. In 
Germany alone, about 60 % of the stores still belong to that category, even though the number has been decreasing 
constantly during the last decades [Kauffeld, M. (2007)]. However, data of small food retail stores is scarcely available 
for many European countries, as many of the shops are individually owned.  
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Figure 23: Number of stores in European Countries in 2012 [Nielsen (2014)] 

Overall, the modern food retail market has been dominating the whole industry during the last decades 
[EY et al. (2014)]. Most European countries witnessed an increasing share of modern retailers, which 
include hypermarkets, supermarkets, and all sorts of food discounters as opposed to traditional small 
shops [EY et al. (2014)]. Between 2000 and 2011, the share of modern food retail has grown from 44 % to 
62 % in the European Union [EY et al. (2014)]. Furthermore, the countries with the lowest initial share 
showed the highest increase, as illustrated in Figure 24. 

 

Figure 24: Share of modern food retail stores in Europe in 2010 and 2011 [EY et al. (2014), p.47] 

Even though slight growth is observed in the European food retail market in terms of store openings, 
the market overall is at a stagnating level due to overcapacity [de Vuijst, Kesteloo, & Hoogenberg 
(2014)]. Consumer expenditures for food items have declined since the early 2000s, and retailers only 
managed to increase their sales because they increasingly started selling non-food items [de Vuijst et 
al. (2014)]. 

The food retail sector in Europe is very concentrated in most countries. An increasing number of stores 
are centrally owned but with a decentralized decision-making. The number of supermarket chains that 
all belong to the same company with centralized decision-making is also on the rise. Table 16 shows the 
number of retailer chains per country [Retail-Index (2015)]. 
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Table 16: Number of food retailers per country in 2015 (Source: Numbers adapted from [Retail-
Index (2015)]) 

Austria 13 Estonia 8 Italy 31 Portugal 14 

Belgium 16 Finland 8 Latvia 10 Romania 10 

Bulgaria 14 France 26 Lithuania 5 Slovakia 17 

Croatia 12 Germany 41 Luxemburg 6 Slovenia 8 

Cyprus 9 Greece 22 Malta 2 Spain 63 

Czech Rep. 10 Hungary 10 Netherlands 28 Sweden 8 

Denmark 8 Ireland 10 Poland 26 UK 27 

    Macedonia 8 Norway 5 

With a largely saturated European grocery market, there is a trend towards more consolidation within 
the industry. Large mergers and acquisitions (i.e. Ahold, Wal-Mart, Carrefour) have already happened 
[Wrigley (2002)], and some believe that the number of retailers will be half by 2025 [Oliver Wyman 
(2015)]. 

In Europe, the 10 top players accounted for 31 % of the total market share in the food retail industry in 
2011 [EY et al. (2014)], which had been on an increasing trend. In most individual countries, the market 
share of the top 3 food retailers is between 30 % and 50 %, and even as high as 70 % in Ireland, Denmark, 
and Sweden [FoodDrinkEurope (2012)]. In Germany as well, the four largest retailers account for about 
85 % of the total food retail industry [tagesschau (2016)]. It is thus apparent that the market is highly 
represented by supermarket chains that own a large number of stores. 

Just like in the United States, the trends in Europe indicate that the traditional format of supermarkets 
and hypermarkets is now on decline with a shrinking average store size [Bain & Company (2016)]. 
According to the forecast study by Bain & Company (2016), several cumulative effects are responsible 
for a drastic decline of supermarkets in terms of market share, numbers of products sold, and retail 
margin. Major factors of influence are the rise of value pricing as well as the growth of the e-commerce 
sector [Bain & Company (2016)]. 

3.1.2.3 Environmental impact of the food retail industry in Europe 
In Europe, like on a global scale, the food industry accounts for up to 30 % of the overall environmental 
burden [Notarnicola et al. (2017)]. Processing and logistics are the second most harmful phase of the 
food supply chain, right after agriculture [Notarnicola et al. (2017)]. In Europe too, the food retail 
industry - as a part of processing and logistics - is considered to be responsible for about 1-2 % of the 
overall emissions. This amount is retrieved from various regional studies [Garnett (2011), Grain (2011), 
Tassou et al. (2011)]. 

The environmental impact of food retail stores is thus usually quantified in terms of GHG emissions 
[Tassou et al. (2011)]. In food retail stores, there are direct emissions through refrigerant leakage or 
indirect emissions through energy consumption or other factors, such as the degeneration of waste 
[Holtry et al. (2009)]. Several of these categories should be addressed by the EU Ecolabel through 
various measures. 

Indirect emissions through energy consumption 
Energy consumption in food retail stores depends on various factors such as the store size, business 
practices, product range or the type of equipment used [Tassou et al. (2011)]. A UK study found that the 
annual energy consumption in food retail stores varies widely, from 700 kWh/m2 to 2900 kWh/m2 
[Tassou et al. (2011)]. Various studies revealed that the energy usage in food retail stores is over 50 % 
higher than in any other type of commercial buildings [Energimyndigheten (2010), Enova (2007)] and 
can even be up to 3 times higher for certain sorts of buildings [Galvez-Martos, Styles, & Schoenberger 
(2013), Tassou et al. (2011)]. 

Overall, food retail stores in the UK account for about 3 % of the nationwide electricity consumption 
[Tassou et al. (2011)]. Similar numbers were found in other European countries such as Denmark, France, 
and Sweden, where the electricity usage of the grocery retail industry ranged between 3 % and 4 % of 
the respective country’s total consumption [Orphelin & Marchio (1997), Reinholdt & Madsen (2010), 
Sjöberg (1997)].  
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The majority of the electricity is used for refrigeration in the store, followed by lighting, and HVAC [EU 
Retail Forum for Sustainability (2009), Tassou et al. (2011)]. In fact, refrigeration systems account for 
between 30 % and 50 % of the total energy usage, depending on the type and size of the store 
[Lundqvist (2000), Kauffeld, M. (2007), Tassou et al. (2011)].  

The demand for frozen food has increased considerably in Europe due to consumers’ preference for 
convenience and because of more severe requirements from EU law with respect to hygiene and safety 
standards. Electricity consumption for maintaining the products frozen throughout the day is thus very 
high [EU Retail Forum for Sustainability (2009)]. 

Customers expect to have a comfortable shopping experience, and heating, air conditioning and 
lighting are crucial for the same. In addition, ventilation systems are usually required for hygienic 
reasons. Depending on store size and opening hours, a considerable amount of energy is thus also used 
in these systems [EU Retail Forum for Sustainability (2009)]. Energy usage for HVAC depends also 
largely on the regional climate. Most of the studies were done in colder climates where air conditioning 
is less required than in Southern European countries for instance. These countries are therefore 
expected to show a larger share of energy consumption for air conditioning. 

Refrigeration and direct emissions 
Direct GHG emissions occur through refrigerant leakage in a store’s HVAC&R equipment. In food retail, 
the need for refrigeration is particularly high and, therefore, the amount of refrigerants used in this 
industry is considerable. Better system design, leakage prevention, and the shift towards 
environmentally friendly refrigerants help to reduce direct emissions. However, while significant 
improvements have been made during the recent years in Europe, the amount of direct emissions 
through refrigerant leakage can still be substantial [Tassou et al. (2011)]. 

Regarding refrigerants, the commercial sector has for a long time been using hydrofluorocarbons 
(HFCs) that often have a high Global Warming Potential (GWP). According to several studies, the 
commercial refrigeration sector holds the biggest share of HFC demand amongst the various HVAC&R 
sectors and is responsible for close to one third of the European HFC usage [EPEE (2015), SKM Enviros 
(2012)]. Refrigeration systems in food retail stores are the largest contributors to this HFC usage [SKM 
Enviros (2012)]. The choice of refrigerants largely determines the carbon footprint of food retail stores 
and makes up for 18 % to 30 % of the overall carbon emissions in European stores, if high-GWP 
refrigerants are chosen [Carr-Shand Staafgard, Uren, & Johnson (2009)]. In Europe, the most widely 
used refrigerant in stationary applications in food retail stores is R404A with a GWP of 3922 [Black 
(2014), SKM Enviros (2012)]. However, with the European F-gas Regulation, R404A will anyway need to 
be phased out by January 2020 and new, climate friendly technologies need to come out on top. 

Overall, the refrigeration equipment is thus the major contributor to the environmental burden of the 
food retail industry. When taking all emission factors of the refrigeration process into consideration, it 
accounts for 85 % of the total emissions determined per kg of frozen or chilled food product [Tassou et 
al. (2011)]. This includes both direct and indirect emissions such as energy requirements for refrigeration 
and lighting, leaking refrigerants, etc. 

It is therefore of utmost importance to pay special attention to the refrigeration cycle within the criteria 
for the European Ecolabel and to address all aspects of the systems. There is high potential to optimize 
refrigeration equipment by both reducing direct emissions through refrigerant leakages and by working 
on energy efficiency. These criteria should play an important role amongst the standards and 
requirements for any ecolabel. 

Waste management 
On a global level, the estimated food waste along the food supply chain is between 25 % and 50 % 
[Nellmann et al. (2009)]. Apart from the moral questions and the risk of a future food crisis, the 
environmental impacts of this huge amount of food waste are tremendous. The inefficient use of 
natural resources causes deforestation and land degradation [Nellmann et al. (2009)] while the waste 
disposal to landfill causes pollution and the production of the greenhouse gas methane [Griffin, Sobal, & 
Lyson (2009)]. 

In the EU, there are about 88 million tonnes of food wasted every year which costs the economy around 
EUR 143 billion [Stenmarck, Jensen, Quested, & Moates (2016)]. However, food waste at the level of retail 
stores in Europe accounts for about 5-8 % of the overall food waste, differing from one country to 
another [Lebersorger and Schneider (2014), Stenmarck et al. (2016)].  

Waste also includes many other items, such as plastic shopping bags, plastic gloves, and waste from 
print advertisement or packaging. It is difficult to quantify these in a comprehensive manner in order to 
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understand the overall environmental impact it has in Europe. According to Tassou et al. (2011), the 
impact is relatively low, compared to all the emissions from energy consumption and refrigerant 
leakage. However, with overall 156.9 kg of packaging generated per EU habitant in a year, this type of 
waste is also something that needs to be addressed at all levels and in all stores in order to move 
towards an environmentally friendlier retail sector [Eurostat (2013)]. 

Wastewater management 
In food retail stores, water is used in many more ways than in typical retail outlets. Besides being used 
for sanitary fixtures or landscape irrigation, water is also necessary to cool the condensers in the 
refrigeration system or to clean and prepare the fresh food items [Alliance for Water Efficiency (2016)]. 

There are thus various applications in a food retail store where wastewater is created or where it can be 
used. For instance, food retail stores equipped with so-called evaporative condensers - a type of 
cooling tower for freezing units – usually need about 1.5 million gallons of water per store in a year to 
run the systems [Alliance for Water Efficiency (2016)]. They can account for between 15 and 50 % of a 
building’s water usage, depending on the climate and the size of the store [Alliance for Water Efficiency 
(2016)]. Other appliances, such as lavatories and sanitary units, also use significant amounts of water 
that can be reduced by investing in water-saving technologies [Alliance for Water Efficiency (2016)]. 

3.1.2.4 Transportation 
This analysis focuses on the environmental sustainability of food retail stores and everything around the 
building and the functioning of the retail trade itself. Activity at the distribution centres as well as 
energy consumed during transportation of goods from production sites to the food retail stores would 
rather be incorporated at the level of sustainable product supply. 

However, it is important to consider the transportation during retail distribution to the customers. With 
an increase in various business models that involves product delivery from food retail stores or stocks to 
the end consumer, transportation in the food retail sector represents an increasing share of the overall 
activities. 

A study conducted by YouGov in 2016 found that London’s air quality is worse because of an increase in 
delivery of fresh food from stores and restaurants [Reilly, N. (2016)]. In London, diesel-powered 
refrigerated trucks, equipped with a second diesel engine, used to power large on-board fridges, mostly 
deliver those products. Such trucks are found to emit a disproportionally large amount of pollutants, 
both for their fuel consumption and for their energy usage for refrigeration [Blunden (2016), Reilly 
(2016)].  

After analysing the European food retail industry, its size and importance in the European market, and 
its environmental burden on all levels, it becomes thus apparent that this is a crucial sector to be 
addressed in terms of innovation and sustainability. A European Ecolabel for food retail stores will be 
supportive in incentivising this industry to become more climate-friendly. In order to be 
comprehensive, criteria for all previously discussed aspects (i.e. refrigeration, waste, etc.) need to be 
addressed and implemented within the EU Ecolabel.  

Before proceeding to further analysis regarding the European Ecolabel, it is important to discuss the 
current trends in the food retail market, first. Both consumer and general market environment trends 
are likely to shape and change the food retail in future years. An EU Ecolabel should be responsive to 
issues well into the future and, therefore, possible changes and scenarios of the food retail environment 
need to be taken into account. 
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3.2 Economic and social drivers 

The following chapter sheds light on various additional trends that shape the whole food retail industry, 
from consumer trends resulting in different product ranges to market and economy trends that have an 
impact on the store formats or the technologies they use. The focus is brought to such trends that 
might have an influence on the store design from a building point of view, on energy requirements for 
refrigeration or lighting, on the choice of products (i.e. frozen, ready-made food). However, the 
numerous consumer trends that are rather crucial for determining such aspects as marketing decisions 
or detailed store design go beyond the purpose of the present analysis. 

3.2.1 Consumer trends 

An important factor in shaping today’s retail industry is consumer behaviour. Consumers have a 
significant impact on the industry, as the switching costs in the food retail industry are low [MarketLine 
(2013)]. Various types of consumers with different shopping habits turn towards different store formats. 
However, there is no distinguishable set of categories to be made, as habits overlap. Even though most 
consumers always keep the same shopping pattern [Gijsbrechts, Campo, & Nisol (2008)], the effect of 
cross shopping is highly prevalent [Klein & Schmitz (2016)], and competing retailers of similar or 
different business models will continue to co-exist [Hino (2014)]. Therefore, the following part discusses 
various trends in consumer behaviour that have an influence on how the food retail sector is today and 
will develop in the future. 

3.2.1.1 Demand for customisation 
The grocery market can probably not run on a one-size-fits-all model. Various customer fragments 
follow converging as well as diverging trends and need to be catered to in the food retail store 
landscape. Generally, food retailers have to understand their close customers by store type to have 
them return in the future [PwC (2014)]. 

Current trends indicate that consumer spending is likely to favour customised products for a certain 
range of consumer goods [Conroy, Porter, Nanda, Renner, & Narula (2015)]. As a result, there will be a 
certain amount of customisation of both products and consumers’ shopping experience for various 
retailers to keep their value up [Conroy et al. (2015)]. 

3.2.1.2 Economic situation 
The economic situation is very important when it comes to consumption patterns in any market. During 
recessions, people spend naturally less than in times of prosperity [Eurostat (2009a)]. In fact, the 
income of individual households determines the expenditure patterns [Eurostat (2009a)] and thereby 
the choice between small corner shops or large food discounters.  

On average, consumers in Europe use about 13 % of their total expenditures on grocery shopping [EY et 
al. (2014)]. With a decrease of gross domestic product (GDP) per capita growth in Europe, following the 
2008 economic crisis and an increase in unemployment rates, prices started playing an increasingly - if 
not the most - important role in the European food retail sector [EY et al. (2014)]. In 2013, more than half 
of the consumers in Europe claimed to have switched to cheaper brands in grocery [OXIRM (2014)]. This 
goes in line with the increase of food discounters everywhere in Europe.  

3.2.1.3 Urbanisation 
In 2015, almost 75 % of the European population lived in urban areas [Eurostat (2016a)], which has direct 
as well as indirect effects on the grocery industry. In urban areas, consumers are even more dependent 
on the food retail industry, as their reliance on home-grown food is reduced. 

In urban areas, there is a space constraint for food retail stores to be established. Furthermore, people 
often do their grocery shopping by foot or by using public transport. As a result, there is a tendency 
towards having a higher number of food retail stores that are smaller in size [Child, Kilroy, & Naylor 
(2015)].  

Especially in European cities, there exists the so-called urban paradox. It states that in cities, people 
who have very high discrepancies in income and lifestyle are living close together. In fact, urban areas 
see a comparatively high share of people with an above national average income, whereas the 
unemployment rate is also particularly high compared to rural areas [Eurostat (2016a)]. This results in a 
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demand for various types of stores, offering ranges of products from high-end quality to discount 
products. 

As a result, an EU Ecolabel needs to be applicable for all types of stores, not solely focussing on large 
supermarkets. In that case, criteria are to be adaptable to smaller store formats with less technological 
requirements (and possibilities) as well.  

3.2.1.4 Demographic changes 
The population in the European Union is ageing and, as a result, the elderly will be responsible for an 
increasing share of consumption in the food retail sector [Eurostat (2009a)]. In 2015, people above 65 
years accounted for 18.9 % of the whole population [Eurostat (2016b)]. Senior people are often less 
mobile, and they do prefer to have a convenient shopping experience. Small, nearby corner stores as 
well as home delivery options might be chosen by this consumer segment. While older people are often 
thought to be averse to new technologies, recent studies prove that they are increasingly using the web 
in general and for their purchases. In 2014, 38 % of the European citizens above 65 years used the 
Internet and 23 % made a purchase online [Eurostat (2015)]. This number is only set to increase in the 
near future [Haustein & Mischke (2011)], and convenient shopping habits such as e-commerce could 
therefore be adapted to this consumer segment, too. 

On the other hand, people today also ‘age’ later than before. Senior consumers have increasingly busy 
schedules with social and cultural events, travel more, and keep an active life until later ages [Kasriel-
Alexander (2015)]. Therefore, even though the segment of senior consumers is increasing in Europe, 
their way of behaving stays active and young for longer [Kasriel-Alexander (2015)]. 

During the last decades, there has been a remarkable increase in the number of women in the labour 
market in Europe [Eurostat (2009a)]. This may result in changes in store formats, to cater to an 
increasingly busy set of customers with products that are less time consuming and easy to prepare [EY 
et al. (2014)]. 

The last decades have also seen a change in household composition with a shift from large families to 
smaller families and single households. As a result, the demand for smaller portions of various products 
is increasing [EY et al. (2014)]. 

These shifts in demographics have thus resulted in more convenient grocery shopping and food 
preparation to a certain extent. Having food that is easier to prepare has resulted in a rise of ready-
made meals, chilled, and frozen food products that results in an increase in the requirements for 
refrigeration equipment [Hardwick (2014), The City Cook (2015), Winterman (2013)]. 

3.2.1.5 Health consciousness 
Consumers in Europe have become increasingly health-conscious. A more prominent knowledge about 
various food-related health issues, allergies, obesity, diabetes, etc. leads consumers to opt for products 
that satisfy their specific needs [EY et al. (2014)]. As such, gluten free products, for instance, have 
appeared in the shelves of many stores. 

The rise of health consciousness has an impact on more organic food appearing on supermarket shelves 
[Michaelidou & Hassan (2008), Young (2016)]. 

3.2.1.6 Environmental consciousness 
Consumers are increasingly aware of the huge contribution of the food supply chain on pollution and 
environmental degradation [EY et al. (2014)]. During the last decade, there is thus an increasing number 
of bio or organic product ranges in various stores as well as a recent rise of organic food stores. 

Furthermore, on a global level, 22 % of the consumers attach a lot of importance to products being 
available in recyclable packaging [Nielsen (2012)]. 

In addition, various labels have been implemented to guarantee the environmentally friendly character 
of a product, such as the Dolphin Friendly label on tuna. 

3.2.1.7 Globalisation 
With the globalisation of the last decades, demand for products from remote places is on an upward 
trend. While there are certain products from distant countries that are anyway on every European food 
plan, such as bananas or coffee, some products, which were rare before now, see an increase in sales in 
Europe. Many stores now offer ranges of so-called ethnic foods or world foods, which again gives a 
different shape to the product range in food retail stores [EY et al. (2014)]. 
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3.2.1.8 ‘Buy local’ movement 
As opposed to the trend of globalisation, an increasing part of the population also drives forward the 
movement of buying local. The trend of buying locally grown or produced goods is becoming 
mainstream in both restaurants and the retail sector and is a predictable outcome of the competitive 
global production system [Zepeda & Li (2006)]. It probably got the biggest recognition when the term 
Locavores - defined as someone who tries to eat only food that is grown or produced locally - was 
chosen as the Oxford Word of the Year 2007.  

There are numerous reasons for people to shift to local products, from private motivations of saving 
money to public motivations of protecting the environment [Thilmany, Bond, & Bond (2008)]. In 
developed European countries, a large share of households is economically secure and does not need 
to worry about quantity of food and other goods but can rather focus on product quality. Therefore, 
characteristics such as food safety, health issues (e.g. no pesticides), environmental consciousness, and 
the will to support local or small producers for both economic [Schwartz (2009)] as well as social 
reasons are gaining importance [Bougherara, Grolleau, & Mzoughi (2009)]. 

3.2.1.9 Time saving and convenience 
There is a recent drive for more convenience in shopping and food consumption apart from the 
demographic changes resulting in the same outcomes. Today, consumers are busy with many different 
things and seek to optimize the time spent on procurement, preparation, and disposal of their meals – 
especially on busy days. Many consumers all around the world perceive time as their main motivation 
for taking various choices in life [Kasriel-Alexander (2015)]. This trend calls for various changes in the 
food retail industry, from changes in the product ranges to ready-made food to changes in store 
formats to drive-ins, self-service check-outs or e-commerce platforms [EY et al. (2014)]. In fact, some 
seemingly diverging trends can be observed in Europe today. While there is an increased demand for 
food that is easy to prepare [EY et al. (2014)], the availability of ready-made meals is one of the lowest 
factors in determining a consumer’s grocery shopping choice [Nielsen (2012)]. However, those who opt 
for ready-made meals clearly cite timesaving as the main reason for doing so [Kasriel-Alexander (2015)]. 

From another perspective, consumers find it time-consuming to go to numerous different stores in 
order to get their various food items. It is convenient to be able to get everything at one place which 
resulted in the rise of supermarkets and hypermarkets in the first place and which contributes to their 
popularity until today. 

3.2.1.10 Sharing economy 
The sharing economy is on the rise everywhere around the world and concepts such as Uber, Airbnb, 
and Couchsurfing have paved the way. Concerning food, the market is yet to be explored, and only a 
few start-ups are trying to solve the very difficult task of bringing unused food to where it is needed 
[Kamenetz (2013)]. This is a trend to be observed in future, as it might have an impact of a retailer’s 
waste management. 

In a rather indirect manner, sharing in transportation can have an influence on consumers’ shopping 
behaviour. With low cost alternatives, such as Uber or other short-term car-renting platforms, having a 
car at one’s own disposition becomes much easier, especially within cities. Thereby, shopping further 
away and carrying the purchased items back home becomes much easier again. 

3.2.1.11 The rise of social media 
The uptake of social media has changed all businesses and industries worldwide, including the food 
retail sector. There are different ways for retailers to engage with their public, ranging from paid 
advertisement on social media platforms to updating own Facebook pages and spreading news via 
Twitter. 

Data shows, that it is beneficial for retailers to use social media channels, even if their main business is 
offline [Eliot (2015), Thomas (2012)]. Research from SOS eMarketing reveals that nearly one third of 
online consumers check the Facebook pages of retailers at least every month [Thomas (2012)]. 
Furthermore, it is more likely that the consumers who actively visit certain retailers on Facebook or 
Twitter will also end up shopping there [Thomas (2012)]. Indeed, according to a recent US survey, 66 % 
of the respondents say that they visited a certain retailer because of a post they have seen on social 
media and 58 % reported discovering a new retailer this way [Eliot (2015)].  

Food retailers all over the world have become creative with their social media presence and have tried 
to gain and keep customers through various campaigns. It is a good way to inform customers about 
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promotions and offers or to let them discover new products. Special campaigns that provide prizes to 
customers, recipe-sharing initiatives or communicating in-store events have also proven to be a 
successful technique for customer acquisition and retaining [Eliot (2015), Thomas (2012)]. 

Social media presence can also become challenging for retailers. Nowadays, customers increasingly use 
social media to give feedback to their retailers, both positive and negative. It is therefore important for 
retailers to have trained people dedicated to handle customers online, as it is much easier for 
customers to become widely heard and seen on social platforms [McMullen (2016)]. 

3.2.1.12 Daily vs. weekly shopping as a result of other consumer trends 
When 50 years ago hypermarkets first came up in countries such as the UK, the new way of shopping 
was praised as the modern and convenient shopping experience. People would drive outside of town to 
do their weekly shopping at once in a large store with a huge variety of articles. 

Today, this consumer behaviour has changed considerably. While many people still do a weekly or 
biweekly trip to a hypermarket, there is a drastic increase in more frequent top-up shopping at smaller 
stores. According to a study done by the retail consultancy Verdict, in 2014, people in the UK did 57.1 % 
of their shopping in supermarkets - a number that fell from 62.2 % in 2009 within just 5 years [Wallop 
(2014)]. Mark Price, former Managing Director of Waitrose in the UK emphasized in an interview that 
consumers’ changing shopping habits are crucial, that weekly shopping was a thing of the past, and 
that large retailers are facing huge challenges in adapting to the changing trends [Ruddick (2014)]. In 
fact, large retailers are left with a vast array of properties and hypermarkets while turnovers in this 
industry format are decreasing [Wallop (2014)]. 

The reasons for changing consumer behaviour from weekly to daily shopping trips are various, and all 
result from the trends that were discussed in the previous subchapters. One reason is that the spikes in 
petrol prices have incentivised people to use their cars less frequently. Instead of driving out of town to 
the large supermarkets, they do their shopping locally by walking or using public transport [Wallop 
(2014)]. Moreover, people increasingly mind throwing away food. Recent years have seen a reduction in 
food waste at home, and people tackle this issue by buying smaller quantities of only those products 
they know they will need [Wallop (2014)]. Both these reasons for daily shopping can result from financial 
constraints as well as from consumers caring more for the environment. Furthermore, an increasing 
part of today’s grocery shopping has switched to online which results in fewer weekly trips to large 
supermarkets [Wallop (2014)]. 

3.2.2 Market and economic trends 

Various market and economic trends are influencing the food retail industry in Europe. Many trends and 
developments, at the basis, are driven by consumer behaviour or their reaction to changes in the 
economy. However, some aspects influencing the industry are not primarily consumer-driven, such as 
external space constraints or legislative regulations. 

3.2.2.1 Lack of investment and financial trouble 
The consumer industry in general is a highly competitive one, and the trends predict future financial 
pressures in the market. Recent studies show that globally about 20 % of the companies in the overall 
retail industry already face financial hardship today, which reflects in their annual revenue decline 
[Benson-Armer et al. (2015)]. 

With the deflationary tendencies over the last years in Europe, prices have fallen in many countries and 
hurt the whole food industry. The big supermarket chains in the UK have seen their prices fall and their 
profits decrease [Butler (2015), Ruddick (2014)] while food production giants such as Nestlé have to 
lower their turnover prognosis for 2016, mainly due to such price declines all over Europe [Steiner 
(2016)]. 

Increasing competition for food retailers and the ability for consumers to easily switch supermarkets 
and compare prices have hit the industry and resulted in lower returns for the traditional supermarkets. 
Therefore, various models and formats are coming up to cater to consumers’ needs and changing habits 
and respond to the decline of the traditional food retail markets. Food retailers have to analyse closely 
local demographics and consumer habits in order to respond to the changing environment and survive 
within the industry. 
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3.2.2.2 Rising labour costs 
Labour costs are the most important component of all expenditure in food production, determining 
grocery prices to a large extent [Elitzak (2012)]. Rising labour costs in Europe and many other parts of 
the world where food production takes place can weight hard on the food retail sector. Retailers can 
increase prices and try passing the costs down to the consumers but especially for food discounters, 
this represents a large issue [Sussmann (2011)]. 

Increasing minimum wages in several European countries also have a significant impact on the food 
retail industry’s profits. As previously discussed, the retail sector is very labour intensive. While there are 
a variety of high profile jobs, a considerable amount of employees also shows lower profiles. As a result, 
raising minimum wages will not go unnoticed [Farrell (2015)]. In the UK, for instance, an increase of 1 % 
of the wage costs would cost the country’s biggest retailer Tesco GBP 45 million [Farrell (2015)]. While 
this might result in price increases, it is expected that there will be drastic job cuts all over the sector 
[Farrell (2015), Khomami (2016), Vandevelde & O’Connor (2016)]. 

The retailers that will be mostly affected are the supermarket chains with a large workforce. However, 
some areas of the food retail sector are less hit by increases in minimum wages, such as those stores 
that already operate with higher selling prices [Sussmann (2011)]. For instance, individually owned 
corner stores, bio and fair trade shops or similar, are less likely to be impacted by rising labour costs. 

3.2.2.3 Private and public transport 
In 2011, European consumers named the cost of transportation as the fourth most important factor 
influencing their choice of grocery shopping [Nielsen (2012)]. It is therefore very important how 
accessible a food retail store is for the consumers. 

In urban areas, closeness to the public transport system is very beneficial while car-parking slots are 
often not easy to assure due to space constraints. In the outskirts or in rural areas, proximity as well as 
the available choice of stores and products in one specific location play a major role. Both these factors 
are mainly determined by external forces and are mostly only decided upon while setting up a new 
store. 

3.2.2.4 Space constraints in cities 
As discussed before, in response to consumers increasingly shopping on a daily basis in nearby stores, 
food retailers are spreading out more and opening shops within the cities, at direct reach for everyone. 

In general, there are space constraints when opening a new market in city centres and residential areas 
that of course limits a new store’s size and, thereby, its number of products, product range, 
requirements for refrigeration, and other energy consuming apparel, etc. 

3.2.2.5 Rise of technology leading to online retail 
The technological advancement is shaping every industry and thus has a big influence on the food retail 
sector as well. Especially the growing e-commerce sector is likely to change how consumers shop and 
how retailers have to cater to that demand. It is expected that on a global level, 75 % of all people will 
own a connected mobile device by 2030 [Benson-Armer et al. (2015)], a number that is achieved much 
sooner in Europe. 

As for grocery shopping, the European e-commerce market has been on a stagnant position thus far. 
For many retailers, the margins they need in order to justify the extra costs of home delivery are too 
high compared to what consumers are willing to pay. Therefore, the supply is low, which in turn results 
in low demand [McKinsey (2013)]. In addition, consumers are not ready to compromise on the quality of 
their products and are afraid to lose out if they cannot see and touch what they buy at the store 
[McKinsey (2013)]. 

However, indicators are strong that European consumers would welcome saving time by doing online 
shopping if the supply were right. New research from Bain & Company (2016) reveals that the rise of e-
commerce is one of the major trends in grocery shopping. In some European countries, such as France 
and Spain, one third to half of the consumers who have never bought groceries online before would be 
ready to switch with the right service [McKinsey (2013)]. 

As discussed before, there is digital inclusion amongst all age groups, and senior citizens increasingly 
shop online, too. According to an international online survey done by Euromonitor, online shopping 
patterns are very similar amongst all age groups, with only the 15 to 29-year old segment being an 
exception [Kasriel-Alexander (2015)]. The survey reveals that grocery and other fast moving consumer 
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goods are indeed amongst the product groups that are frequently purchased online, as depicted in 
Figure 25. 

 

Figure 25: Online purchases by age and by product group [Kasriel-Alexander (2015), p. 13] 

3.2.2.6 Regulations impacting the food retail industry 
Numerous regulations affect the functioning of food retail stores, from consumer right protection laws 
to opening hours or food and product safety regulations. Discussing all regulations affecting retailers 
goes beyond the purpose of this analysis and, therefore, certain trends that impact store formats or 
customer behaviour are presented. 

Store opening hours are regulated on a national level and vary considerably from one country to 
another. While in countries such as Denmark, France, and Germany, there are no restrictions to opening 
hours, other countries such as Belgium and the Netherlands only allow stores to open until a certain 
time at night or for a certain number of hours per week [EuroCommerce (2014)]. Shop closing 
regulations have an influence on various factors of food retailing economy. Studies find that 
deregulating store opening hours has an impact on prices, sales volume, and labour [Gradus (1996)]. 
Furthermore, stores that are open at night have more requirements in terms of lighting and cater to 
consumer habits such as after work top-up shopping. However, these regulations are too varied, and 
there is lack of empirical evidence so that actual trends and forecasts cannot be made in connection. 

Food and product safety regulations are important for the retail sector at many levels of their trade 
activities. It determines a store’s product portfolio and how products are processed, packed, and sold at 
a store. In Europe, the European Food and Safety Authority (EFSA) is an EU agency that provides 
scientific advice to the decision-makers that regulate food safety at the European Union level. Their 
subject areas range from animal feed over chemical contaminants to genetically modified organism 
(GMO), food ingredients, and packaging [EFSA (2016)]. The European Commission publishes the 
regulations while each country also has its own additional regulatory body for food and product safety 
issues. Once again, safety regulations can impact the retail trade in various ways. Hygiene 
requirements, for instance, partly determine how food is presented, packaged, and sold in the stores; 
labels on expiry dates have an impact on food waste at both the store and at home; food hygiene 
regulations stipulate the requirements for cooling and freezing temperatures of certain food products. 
Note that there are sometimes various laws regulating certain aspects of retail trade. For instance, in 
the UK, while refrigerated food needs to be stored at a certain temperature according to food hygiene 
regulations, the national health and safety law requires for all workrooms to be at ‘reasonable’ 
temperatures of 16 °C (or 13 °C under certain conditions) [HSE (2016)]. 

Even broader legislations that are not aimed at the retail sector or the food industry specifically can 
have an impact on food retailers and their customers. As such, the EU Competition policy is one that 
puts consumers at the heart and protects short-term consumers interests [Madill & Mexis (2009)]. 
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Issues regarding this policy have already arisen several times in the grocery retail sector in various 
forms. In 2011, the Spanish Council, for instance, found that retailers have a very high bargaining power, 
which might harm suppliers as well as customers [Nicholson & Young (2012)]. However, such large-scale 
processes are difficult to assess and evaluate in detail. In addition, external intervention would be 
difficult, as the outcomes would be very complex and not easily predictable [Nicholson & Young (2012)]. 
As discussed in previous parts, the food retail market is a highly concentrated one in most countries, 
which results in considerable bargaining power. 

Thus, numerous laws and regulations from various bodies and subject areas have an impact on the 
operations and the product range in the food retail industry. An exhaustive discussion of all laws in the 
European countries goes beyond the scope of the present trends analysis. However, it is important to 
examine certain laws when developing the criteria for the EU Ecolabel. For instance, every criteria for 
refrigeration equipment needs to consider the requirements for certain temperature levels, refrigerant 
charge, maintenance requirements, etc. 

3.3 Market penetration of sustainable food retail stores 

After having examined the market of grocery retail in Europe and having discussed several important 
consumer and market trends, the framework is set to proceed to the actual topic of sustainability in the 
food retail sector. Beginning with the existing ecolabels for both products and food retail stores, the 
next part will examine what already exists in certain markets, countries or product categories before 
proceeding to innovations for more sustainability within the sector. 

3.3.1 Ecolabels for food retail stores 

Three national Ecolabels contain the product group “grocery store/shop”:  

(1) The Blue Angel – “Climate-Friendly Grocery Stores in the Food Retail Sector” [RAL gGmbH 
(2013)] 

(2) The Nordic Swan Ecolabel – “Nordic Ecolabelling for Grocery stores” [Nordic Ecolabelling 
(2016a)] 

(3) Good Environmental Choice – “Grocery shops” [Naturskyddsföreningen (2016c)] 

The details on these ecolabelling schemes and the underlying requirements can be found in chapter 2.3. 
In the following paragraphs, an overview of awarded stores is given.  

3.3.1.1 The Blue Angel for “Climate-Friendly Grocery Stores in the Food Retail Sector” 
The Blue Angel for Climate-Friendly Grocery Stores has been awarded to only one grocery store, a 
“tegut... gute Lebensmittel” supermarket in Marburg-Cappel, Germany [RAL gGmbH (2016b)]. Details on 
this best practice example can be found in the SuperSmart reports “Eco-friendly supermarkets - an 
overview” [Karampour, M., Sawalha, S., Arias, J. (2016b)] and “EU Ecolabel for food retail stores” 
[Husevåg, K. and Stavset, O. (2016)].  

3.3.1.2 “Nordic Ecolabelling for Grocery stores” 
The Nordic market is dominated by a small number of large chains. At the moment, there are roughly 
17 450 stores in the Nordic region but all the Nordic countries are seeing a trend towards fewer but 
larger stores. The Nordic market is penetrated relatively well by Nordic Swan ecolabelled grocery stores 
with a total number of 233. [Nordic Ecolabelling (2016b)] The numbers of licences per country are listed 
in Table 17.  
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Table 17: Nordic Swan ecolabelled grocery stores 

Country 
Number of licences 
[Nordic Ecolabelling (2016b)] 

Nordic Swan ecolabelled stores 

Sweden 191 

The Swedish grocery sector is dominated by ICA (with 
ICA Nära, ICA Supermarket, ICA Kvantum, and ICA 
Maxi), with 50 % market share. All the ICA Maxi stores 
(80) are labelled with the Nordic Swan. In addition, six 
ICA Nära, 33 ICA Supermarket and 26 ICA Kvantum 
stores have been awarded. Bergendahls is another 
chain in the Swedish market with most of their City 
Gross stores (41) labelled with the Nordic Swan. [Nordic 
Ecolabelling (2016b), Ecolabelling Sweden (2016d)] 

Finland 0  

Denmark 15 

The Danish grocery sector is dominated by Coop (38 %), 
Dansk Supermarked (32 %), and Dagrofa (14 %). Small 
market shares are held by Reitan Distribution with its 
REMA 1000 stores and Lidl (2.5 %). The Nordic Swan 
ecolabelled stores in Denmark are ten Kiwi stores 
(Dagrofa), three Netto stores (Dansk Supermarked), 
Superbrugsen Hvalsø (Coop), and Irma Islandsbrygge 
(Coop). [Nordic Ecolabelling (2016b), Migros (2013). 
Minergie-Flächen. 31.12.2013. Retrieved 10.01.2017 from 
https://generation-
m.migros.ch/de/versprechen/minergie.html. 
Miljømærkning Danmark (2016)] 

Norway 27 

NorgesGruppen (40 %), Rema 1000 (24 %), and Coop 
(22 %) dominate the Norwegian grocery sector. The 
most Coop Extra stores (26) are Nordic Swan 
ecolabelled. In addition, there is one Nordic Swan 
ecolabelled Coop Mega store. [Nordic Ecolabelling 
(2016b), Svanemerket (2016)] 

Iceland 0  

3.3.1.3 The Good Environmental Choice label for “Grocery shops” 
In Sweden, in addition to the Nordic Swan Ecolabel, there is a second ecolabelling scheme that covers 
the product group “grocery stores”, the Good Environmental Choice label. At the moment, 190 shops 
from the North to the South are awarded with the Good Environmental Choice label for grocery shops. 
All Willys stores (which belong to Axfood, number three in the Swedish market), most Willys hemma 
stores, ICA Torgkassen, Östenssons Starby, and Östenssons Skänninge are now carrying the Good 
Environmental Choice label [Naturskyddsföreningen (2016d), Nordic Ecolabelling (2016b)] 

3.3.2 Other certifications and programmes 

The following constitutes a non-comprehensive overview of labels, certificates, and initiatives targeting 
energy efficiency, carbon footprint reduction, and overall sustainability in the food retail sector in 
Europe. An emphasis is put on holistic schemes that cover next to the building envelope also a set of 
additional environmental criteria of added value for determining a future EU Ecolabel for food retail 
stores.  

3.3.2.1 International & European schemes 
A range of international and European schemes and initiatives addressing the (food) retail sector is 
listed in the following. Besides the discussed, other schemes like “Green Key” for the hospitality sector 
[Green Key (2017)] or “Ecoprofit” for regions and corporate clusters [Ökoprofit (2017)] provide valuable 
additional input for criteria development for the food retail sector.  
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ISO 50001 
ISO is an independent, non-governmental international organisation with a membership of 163 national 
standards bodies. Through its members, it brings together experts to share knowledge and develop 
voluntary, consensus-based, market relevant International Standards that support innovation and 
address challenges [ISO (2017a)]. 

Standard ISO 50001:2011 “Energy Management System” supports organisations in all sectors to use 
energy more efficiently through the development of an energy management system (EnMS). The 
standard builds on the management system model of continual improvement, also used for other well-
known standards such as ISO 9001 or ISO 14001 (see below). ISO 50001:2011 provides a framework of 
requirements to develop a policy for more efficient use of energy, fix objectives to meet the policy, use 
data to better understand, and make decisions about energy use, measure the results, review how well 
the policy works, and continually improve energy management [ISO (2017b)]. 

In 2015, there were close to 12 000 certifications to ISO 50001 in 87 countries, out of which more than 
10 000 were in Europe (85 % of all certifications). Half of all European ISO 50001 certifications are held in 
Germany (5931), followed by the UK, France, Italy, and Spain, in descending order. The broad category of 
“Wholesale & retail trade; repairs of motor vehicles, motorcycles & personal & household goods” 
contains 130 certifications worldwide. No detailed data for the food retail sector in Europe is available 
[ISO (2017c)]. 

First food retailers have adopted ISO 50001 standard, including German retailer tegut who had 122 
stores certified with the ISO standard by October 2015. Germany’s first store to receive the “Blue Angel” 
ecolabel in 2015, a tegut store, had to prove the existence of an audited energy management system as 
a minimum requirement to be awarded with the label [tegut (2017)]. 

ISO 14001 
As another standard developed by ISO, the latest version of the standard for environmental 
management, ISO 14001:2015, and its supporting standards such as ISO 14006:2011, focus on systems to 
manage environmental responsibilities for companies and organisations of all kinds. The other 
standards in the family focus on specific approaches such as audits, communications, labelling, and life 
cycle analysis as well as environmental challenges such as climate change [ISO (2017d)]. 

In 2015, there were close to 320 000 certifications to ISO 14001 in 171 countries around the world, out of 
which close to 120 000 are in Europe (37 % of all certifications). In Europe, most ISO 14001 certifications 
are held in Italy, the UK, Spain, Romania, Germany, and France, in descending order. The broad category 
of “Wholesale & retail trade; repairs of motor vehicles, motorcycles & personal & household goods” 
contains close to 18 000 certifications worldwide. No detailed data for the food retail sector in Europe is 
available [ISO (2017e)]. 

The European EMAS scheme (see below) has incorporated ISO 14001 requirements, in that, it builds but 
significantly expands on the international scheme’s requirements [European Commission (2017a)]. 

Eco-Management and Audit Scheme (EMAS) 
The Eco-Management and Audit Scheme (EMAS) is a voluntary environmental management instrument 
developed in 1993 by the European Commission. It enables organisations to assess, manage, and 
continuously improve their environmental performance. The scheme is globally applicable and open to 
all types of private and public organisations. In order to register with EMAS, organisations must meet 
the requirements of the EU EMAS-Regulation [European Union (2009d)]. Currently, more than 4 600 
organisations and more than 7 900 sites are EMAS registered. Out of those, only 134 belong to the 
category “Wholesale and Retail Trade” (NACE code 46) [European Commission (2017b)]. 

According to the online EMAS Register, 12 organisations with the NACE code 47.1.1 “Retail sale in non-
specialised stores with food, beverages and tobacco predominating” and 47.2 “Retail sale of food, 
beverages and tobacco in specialised stores” had obtained EMAS certification [European Commission 
(2017c)]. However, this also includes specialised stores like bakeries, fishmongers, butcheries, and 
tobacco stores [European Commission (2017d)]. A more thorough analysis suggests that only 8 facilities 
with a broader range of food products in specialised or non-specialised stores are EMAS-certified in the 
EU, among them five Alcampo hypermarkets in Spain [Alcampo (2017)], one Coop hypermarket in Italy 
[Ipercoop (2015)], and two specialized food stores/wholesalers in Germany.  

https://en.wikipedia.org/wiki/European_Commission
https://en.wikipedia.org/wiki/European_Union
https://en.wikipedia.org/wiki/Regulation
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BREEAM 
BREEAM or “Building Research Establishment Environmental Assessment Method” is the world's 
leading sustainability assessment method for masterplanning projects, infrastructure, and buildings. It 
addresses a number of lifecycle stages such as “New Construction”, “Refurbishment” and “In-Use” 
across ten categories: energy, health & wellbeing, innovation, land use, materials, management, 
pollution, transport, waste, and water. Globally, there are more than 554 300 BREEAM certified 
developments in 70 countries, and almost 2 255 000 buildings registered for assessment since it was 
first launched in 1990. It has an 80 % European market share [BREEAM (2017a)]. 

A number of food retail stores in Europe and elsewhere have been certified using BREEAM criteria, 
mostly in the UK [BREEAM (2017b)]. The BREEAM assessment method applied to these covered the 
categories management, energy, transport, and pollution.  

LEED 
LEED or “Leadership in Energy and Environmental Design”, is the most widely used third-party 
verification for green buildings of all types (homes to corporate) and across all lifecycle stages, with 
around 1.85 million square feet being certified daily. More than 79 000 projects participate in LEED 
across 160 countries, comprising over 15 billion square feet [LEED (2017a)]. 

Projects pursuing LEED certification earn points across several areas – covering materials, water and 
energy efficiency, indoor environmental quality, and greenhouse gas emissions - that address 
sustainability issues. Based on the number of points achieved, a project then receives one of four LEED 
rating levels: Certified, Silver, Gold, and Platinum. 

The food retail sector primarily falls into two LEED categories: 1) “Building Design + Construction” (LEED 
BD+C), covering entire buildings newly constructed or going through a major renovation; and 2) “Interior 
Design + Construction”, applying to interior spaces used to conduct the retail sale of consumer product 
goods, including both direct customer service areas (showroom) and preparation or storage areas that 
support customer service [LEED (2017b)]. The scorecard for “LEED BD+C: Retail v3 - LEED 2009” covers 
the following categories with a respective catalogue of criteria for each category: sustainable sites, 
water efficiency, energy & atmosphere, material & resources, indoor environmental quality, innovation, 
regional priority credits.  

While a comprehensive overview of LEED-certified food retail stores in Europe is missing [LEED (2017c)], 
case studies by LIDL in the Czech Republic, or COOP in Italy [LEED (2017d)] testify to the use of LEED by 
food retailers to green their buildings.  

3.3.2.2 National schemes 
A range of national schemes and initiatives in Europe addressing the (food) retail sector is listed in the 
following. Besides the discussed, other schemes like Eco-Lighthouse (Norway) [Eco-Lighthouse (2017)] 
or Be smarter (Belgium) [Be Smarter (2017)] are examples of national initiatives not covering the food 
retail sector specifically but being complementary to EU-wide or international schemes such as EMAS 
or ISO.  

German Sustainable Building Council: DGNB Certification System 
The German Sustainable Building Council (DGNB – Deutsche Gesellschaft für Nachhaltiges Bauen e.V.) 
has 1 200 members representing the entire value chain of the construction and real estate sectors in 
Germany and the world: architects, planners, the construction industry, investors, and scientists. It aims 
to reduce resource consumption, carbon emissions, and waste in buildings.  

The DGNB Certification System was established in 2008. Its aim is the planning and assessment of 
sustainable buildings. In order to ensure the maximum possible amount of quality and transparency, 
around 40 criteria from the six quality sections environmental, economic, sociocultural and functional 
aspects, technology, processes and site are incorporated into the assessment. If these are fulfilled 
excellently, the DGNB Certificate is awarded in platinum (minimum 80 % total performance index), gold 
(minimum 65 %) or silver (minimum 50 %). Certification follows a holistic approach where the DGNB 
System assesses the entire life cycle of the building. This makes it possible to define sustainability goals 
right at the start in the planning phase [DGNB (2017a)]. To date more than 850 projects have been 
certified or registered for certification by the DGNB [DGNB (2017b)].  

For newly built commercial buildings “consumer markets”, DGNB has developed a catalogue of criteria 
covering 34 individual criteria within the six quality sections. This catalogue also covers food retail 
stores, besides shopping centres and commercial offices [DGNB (2017c)]. 
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As the first supermarket, German food retailer REWE obtained DGNB Gold certification for its 1 830 m2 
Green Building in Berlin in 2009, saving 50 % of energy while being CO2-neutral. State-of-the-art 
heating, ventilation, lighting, air-conditioning and refrigeration systems (the latter using natural 
refrigerant CO2), combined with insulation, a photovoltaic roof-top installation, a geothermal energy 
plant, an electric vehicle charging station and daylight architecture, as well as sustainable construction 
materials like wood and cellulose led to the Gold certification. The same store was awarded the first 
place in the category "Store of the Year 2010" in the category “Food” by Handelsverband Deutschland 
(HDE) (Trade Association Germany - Retail) [REWE (2010)]. 

Today, there are at least 34 DGNB pre-certified or certified food retail stores in Germany and Europe. 26 
of those are located in Germany, 7 in Austria, and 1 in Ukraine. So far, 4 were awarded Platinum status, 
23 Gold status, and 7 Silver status. As a significant number of certificates for commercial buildings were 
awarded on a confidential basis, the final number cannot be estimated [DGNB (2017d)]. 

Greenpeace Marktcheck 
Environmental NGO group Greenpeace has developed the holistic “Marktcheck” (market check) system 
to cover the sustainability of products sold within food retail stores, as well as the overall carbon 
footprint of the store building and the food retail chain operating it.  

In 2015, Greenpeace conducted a study for “Energy and Climate Protection” among Austrian food retail 
chains, covering the following criteria:  

• refrigerants (15 %): type of refrigerant (10 %), loss of refrigerant (5 %), 
• energy supply (35 %): electricity mix (20 %), own energy production (5 %), heating mix (10 %), 
• energy efficiency (20 %): LED lighting (5 %), waste heat recovery (5 %), e-mobility (5 %), building 

stock (5 %), 
• targets (20 %): corporate commitment on carbon reduction & efficiency (15 %), political targets 

on renewable energies (5 %), 
• transparency (10 %). 

Food retail chains were awarded points from one to ten per sub-criteria [Greenpeace (2015a)]. The 
weighted results led to a listing of the major eight Austrian food retail chains [Greenpeace (2015b)].  

Minergie 
Minergie is a building standard for new and refurbished buildings of different types in Switzerland. With 
a focus on living comfort, Minergie is built around calculating the specific energy consumption of each 
building and its components. The standard has achieved wide recognition rates in the country, as it 
does not prescribe the design, materials or structural elements of a building and hence leaves flexibility 
for architects, planners, and building operators to achieve its energy consumption requirements 
[Minergie (2017a)]. 

For the retail sector, Minergie sets additional standards for commercial refrigeration systems [Minergie 
(2017b)], covering energy efficiency, lighting, doors, air circulation, and waste heat recovery, to name a 
few. Swiss leading cooperative and food retailer Migros uses the Minergie standard for new building 
envelopes. By end of 2015, a total of 885 000 m2 by Migros were built according to Minergie standards. 
By end-2013, 41 supermarkets were Minergie certified [Migros (2013)]. 
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3.4 Innovations for food retail stores 

Already now, everywhere in Europe, there are large movements towards more sustainability in the food 
retail industry from food retail stores, consumers, and politics. Such changes in actions are pursued for 
either economical or environmental reasons and are necessary in paving the way forward to a 
sustainable future. As discussed in the previous parts, the food retail sector carries a considerable 
carbon footprint and its mere size and environmental impact call for special attention within any 
climate strategy. Therefore, an EU Ecolabel is necessary to assess and evaluate the food retail market 
and mitigate its impact on climate change. 

3.4.1 Key drivers for sustainable practices 

There are various drivers in the society for sustainable food retailing, coming from various stakeholders 
and with different intentions. The following part serves as an overview, categorised by different actors, 
namely consumers, retailers, and regulators. 

3.4.1.1 Consumer habits 
As previously discussed, there are various trends indicating that many consumers are becoming more 
environmentally conscious. Grocery shoppers are increasingly health-conscious and buy more organic 
or local products, which has led to an increase of their supply in the shelves. 

On the other hand, retailers can also drive consumers to behave in a more sustainable way and be 
environmentally conscious. Some retailers are engaging in activities that lead consumers to buy 
ecological products. By providing more information about the products via labels or other 
communication and marketing methods, consumers are made aware of the possibilities to buy 
sustainably. Some European food retailer are even driving their customers to purchase ecological items 
by providing points, discounts or other incentive schemes [Chkanikova & Mont (2011)]. 

The impact that consumers have on businesses is considerable, and managers and retailers have to 
study the market and consumer behaviour to succeed. Sometimes, consumers can also refrain retailers 
from adopting environmental practices. For instance, many retailers are reluctant to ban plastic carry 
bags in food retail stores because they are afraid that convenience is at stake and they would not get 
the required support from their customers [Bosteels (2015)]. 

Beyond the product range, food retailers in Europe also present a better image of themselves through 
environmental awards that they receive for enhanced ecological practices. For instance, the 
Environment and Energy Award recognizes businesses that excel in on-site energy, water, and resource 
management [edie (2016)]. Every year, the German Energy Agency (dena) allocates the Energy 
Efficiency Award to organisations that perform particularly well and increase their investments for 
energy efficiency and climate protection [dena (2016)]31. Such awards, however, are sporadic and an EU 
Ecolabel would represent the appropriate certificate for food retail stores to prove their sustainable 
actions to all external stakeholders. 

3.4.1.2 Management decision by storeowners 
There are three main reasons for which store managers would decide to adopt more sustainable 
practices, namely for environmental reasons, in order to save costs or because external parties 
(customers or regulations) drive them to do so. 

Retailers that want to reduce their negative impact on the environment sometimes even do so at the 
expense of an increase in short-term costs [Wu & Pagell (2011)]. However, in the long term, sustainability 
measures can certainly be beneficial for retailers. Energy efficiency measures that reduce power usage, 
better insulation, heat recovery systems, etc. are all potential ways to reduce energy usage and thereby 
cut costs for the business. In fact, food retail stores in the United States find that they can save on 
average USD 70 000 per year through sustainability measures they currently follow [GSC (2016)]. A trend 
study amongst German organisations revealed that 75 % of all questioned managers have invested in 
climate protection during the last three years [E.ON (2016)]32. For half of them, restoration of the 

                         
31 In 2015, the food retailer LIDL won the first place in the Energy Efficiency Awards [dena (2016)]. 
32 Note that this study was done amongst German organisations of many industries and did not focus on the food 
retail sector alone. 
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heating system and installation of more efficient lighting were the most important measures [E.ON 
(2016)]. 

3.4.1.3 Laws and regulations 
Governments and policy makers can have a lot of influence in driving the market towards adopting 
sustainable practices through the implementation of laws and regulations for the respective industries. 
In the case of aiming at a more sustainable food retail market, the government’s role is to protect 
consumers as well as to thrive towards environmentally friendly solutions within the industry. 

Consumer protection driving sustainable practices 
The European Union has set up principles and regulations regarding food safety after several food 
incidents in the late 1990s, first in form of a White Paper on Food Safety [European Commission (2016r)]. 
In 2002, the European Parliament and the Council adopted the General Food Law Regulation 
(Regulation (EC) No 178/2002) which includes all requirements for food law and the development of 
food from production until distribution at both the EU land national level [European Commission 
(2016r)]. At the same time, the independent agency European Food Safety Authority (EFSA) was set up 
to provide scientific support. 

The General Food Law Regulation was drawn with the aim of protecting consumers and ensuring their 
rights to safe food, transparency of the food supply process, and to make informed choices [European 
Union (2002)]. It traces the requirements for food business operators to only offer safe food and take 
full responsibility for reporting any food that they think could be injurious to human health [European 
Union (2002)]. 

While such regulations are set with the primary goal of consumer protection, in certain ways, they can 
also function as drivers for sustainable practices in the food retail sector. Regulating food and thereby 
controlling certain substances that might be injurious to health increases consumer awareness and 
organic products in food retail. 

Environmental protection 
There are certain laws and requirements in Europe that directly aim at reducing the environmental 
impact of the food retail industry. Regulations addressing several aspects of food retail, such as 
refrigeration systems or waste management have supported developments in both technology and 
general organisation of food retailing. 

This chapter discusses some directives in Europe that need to be taken into consideration for the 
design of any European Ecolabel. 

The European F-gas Regulation 
In April 2014, the EU Regulation No. 517/2014 on fluorinated greenhouse gases (F-gases) was adopted as 
an updated version of the first Regulation in 2006. Its goal is a reduction in F-gas emissions by two 
thirds by 2030. It is the most important law on EU wide level that addresses the phase down of F-gases 
through a combination of measures that reinforce each other. While regulating direct emissions, the 
Regulation also includes measures in terms of training, labelling, certification requirements, leak checks, 
etc. 

One of the main pillars of the Regulation is the phasing down of HFCs in Europe by 79 % by 2030, which 
is particularly important for the food retail industry. As noted before, several HFCs are commonly used 
as refrigerants in commercial applications and are one of the main sources of direct emissions in food 
retail stores. 

The commercial sector recently made noticeable advancements in terms of low-GWP technologies for 
refrigeration systems. This was already done in response to the proposal for the EU F-gas Regulation, 
published in November 2012. As a result, regulations for the commercial sector are particularly 
demanding, requiring a phase out of F-gases with GWP above 150 by 1st January 2022. Solely in primary 
refrigerant circuits of cascade systems, F-gases with GWP of up to 1500 may be used [European Union 
(2014)]. 

In order to adapt to the F-gas Regulation, decision-makers have to choose between three options. They 
can continue using traditional refrigeration systems with high-GWP refrigerants until 2020 and, if it is 
available, use the reclaimed or recycled gas until 2030. However, this option could turn out to be risky if 
stricter regulations for leak detection, service and maintenance of refrigeration units or refrigerant 
recovery come up. Furthermore, prices for such high-GWP refrigerants and equipment using them 
could increase considerably in the near future. Another option is to convert or retrofit existing 
refrigeration systems to technologies using synthetic lower GWP alternatives. However, these new 
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refrigerants might be subject to laws and restrictions at some point, just like chlorofluorocarbons 
(CFCs), hydrochlorofluorocarbons (HCFCs), and HFCs in the past. The last option is to replace traditional 
systems with innovative technologies using natural refrigerants such as CO2, ammonia or hydrocarbons. 
In many European countries, the installation costs for such systems are no longer higher than for 
conventional refrigeration units and savings can be achieved, as those refrigerants are cheaper. Natural 
refrigerant technologies are becoming more sophisticated and economically viable with their growing 
popularity. 
As such, it is evident that the food retail industry cannot be content with business as usual and needs to 
put efforts into optimizing their refrigeration systems in the near future. In order to be future-proof, a 
proposal for an EU Ecolabel definitely needs to go beyond the EU F-gas Regulation for all criteria 
regarding the choice of refrigerants. 

Energy performance and efficiency directives 
On 19 May 2010, the European Parliament and the Council published the Energy Performance of 
Buildings Directive (EPBD) 2010/31/EU, and on 25 October 2012, it published the Energy Efficiency 
Directive 2012/27/EC [European Commission (2016s)]. These are the most important directives in 
Europe in order to reduce the energy usage of buildings.  

The EPBD Directive requires energy performance certificates for all rented or sold buildings [European 
Commission (2016s)]. EU countries have to establish inspection schemes for heating and air 
conditioning systems and have to set minimum energy performance requirements for all new buildings 
or buildings that undergo major renovations or system retrofits. In order to achieve the targets, EU 
countries need to install some national financial measures to support the move towards more energy-
efficient buildings. Moreover, all new buildings have to be near zero energy buildings by end of 2020, 
while for public buildings the target date is end of 2018 [European Commission (2016s)]. 

Laws on distribution of unsold food 
In February 2016, France became the first country to ban food retail stores from throwing away unsold 
food or destroying it so that people cannot take it from the bins anymore [Chrisafis (2016)]. Instead, 
stores are to donate the food to charities or food banks [Chrisafis (2016)]. Italy followed this example 
and passed a similar law in August 2016 [Kirchgaessner (2016)]. Campaigners are now calling for this law 
to be passed at the level of the European Union [Chrisafis (2016)]. Such a law will reduce food waste by 
millions of tonnes annually and increase donations for poorer people. 

Taxes on plastic bags in food retail stores 
In many European countries, taxes on lightweight plastic carry bags have been introduced to reduce 
plastic waste across the industry. Estimations are that about 99 billion plastic bags were used in the EU 
market in 2010, which equals about 200 bags on average per European citizen [EPRS (2014)]. About 90 % 
of these bags are lightweight bags that are often for single usage [EPRS (2014)].  

Some countries are doing relatively well with the taxes imposed on plastic bags. In Belgium, for 
instance, the additional fee for plastic bags has reduced usage and on average, Belgium consumes 98 
plastic bags per citizen [Bosteels (2015)].  

In 2015, the European Parliament adopted the amendment of the Directive 94/62/EC regarding the 
reduction of consumption of lightweight plastic carrier bags. The aim is to reduce the average bags 
consumed per inhabitant to 90 bags by 2019 and to 40 bags by 2025 in each European country [Council 
of the European Union (2015)]. 

While there are certain regulations driving the food retail industry to adopt sustainable measures for 
certain technologies or processes, there are no comprehensive requirements for a more sustainable 
industry at all levels. Many of the environment practices adopted by food retail stores are individual and 
on a voluntary basis. Considering the lack of such laws, an EU Ecolabel for sustainable food retail stores 
is extremely valuable as external driver to transform the industry. With the right amount of promotion 
and raising consumer awareness, the market can work together as a whole and incentivize food 
retailers to adopt environmental practices in response to external expectations. 

3.4.2 Key innovations 

The various drivers for sustainable practices have resulted in many innovative environmental practices 
over time. Some of these innovations are already mainstream while others remain best practice 
examples to date, driven by individual businesses. The environmental impact of the food retail industry 
was previously categorised into indirect emissions related to the building, lighting, etc., direct emissions 
from the refrigeration system, waste management, wastewater treatment, and transportation related 
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emissions. Some innovative measures and technologies can be identified for these categories in many 
parts of Europe. 

3.4.2.1 Building design and reduction of indirect emissions 
There are various measures to make a food retail store building more environmentally friendly and 
thereby cut indirect emissions. Commonly used practices are to use renewable energy, generate own 
renewable energy by installing solar panels or wind turbines, install LED lighting, use new technologies 
such as heat pumps to save energy, etc. [Bio Intelligence Service (2009), REAP (2013)]. However, there 
are no systematic requirements in place for improving the environmental impact of food retail stores 
[Bio Intelligence Service (2009)]. 

European food retailers invest in improving energy efficiency in order to cut costs in the long term [Bio 
Intelligence Service (2009)]. Such activities include energy-efficient lighting with move detection 
systems, doors on refrigeration units, and heat recovery systems [Chkanikova & Mont (2011)]. 

Overall, the design of greener buildings in the food retail industry is on an upcoming trajectory [REAP 
(2013)] but there is no systematic upgrading of all buildings yet and the decision to improve a building 
still depends very much on individual management decisions. An EU Ecolabel would be supportive in 
mainstreaming the drive towards greener buildings and regulate such activities with systematic 
requirements. 

3.4.2.2 Innovation in refrigeration systems 
The refrigeration system is one of the biggest polluters in a food retail store. It contributes to emissions 
indirectly through its energy usage as well as directly through refrigerant leakage. 

Closed refrigerator cabinets and doors 
Closing refrigeration doors seems to be the low hanging fruit of energy savings and cuts in a store’s 
carbon emissions. According to Ligthart (2007), power needs can be reduced up to 20 % with this 
measure which trials by the Co-operative Group UK confirm [Gaved (2014)]. Several other tests and trials 
sometimes resulted in even higher energy savings of up to 50 % [Evans (2014)]. The result in carbon 
emission reductions is considerably higher than the additional environmental impact of manufacturing 
and managing the refrigeration doors, and financial savings can be as high as 60 000 EUR in larger 
supermarkets [Evans (2014)]. 

Food retailers in numerous European countries have already implemented closed refrigerators or rolled 
plans or plan to do so in the coming years. Retailers in France signed a Code of Conduct together with 
the French Ministry of Ecology, Sustainable Development, Transport, and Housing and the French 
Retailers Association to install doors on refrigerators in all new or refurbished stores and reach 75 % of 
all stores by 2020 [Evans (2014)]. In Switzerland, glass doors were already compulsory on 90 % of all 
freezers in a store from 2007 onwards while in and around Amsterdam, 90 % of the low temperature 
and chilled cabinets needed doors by 2009 [Evans (2014)]. 

Switch to natural refrigerants 
Between 1990 and 2012, the only greenhouse gases with increased emissions were HFCs used for 
refrigeration and air conditioning purpose [EEA (2012)]. As previously discussed, food retail stores are a 
major contributor to this GHG increase. However, international directives and in particular the EU F-gas 
Regulation assured the phase down of high-GWP refrigerants and a switch to innovative and 
environmentally friendly technologies. 

Most recent studies show that awareness for direct emissions is increasing drastically within the 
European food retail industry in recent years [Skacanova (2016)]. The EU F-gas Regulation on the phase 
down of hydrofluorocarbons (HFCs) laid out especially strict phase down requirements for the 
commercial refrigeration sector. HFCs are refrigerants with very high GWP. The best substitute for HFCs 
in terms of environmental friendliness are natural refrigerants with near zero GWPs. In commercial 
refrigeration, the natural refrigerant CO2 is the mainstream HFC-substitute for centralized systems 
while some retailers prefer using hydrocarbons (HCs). For decentralized plug-in refrigeration units, HCs 
are the more commonly used refrigerant.  
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A recent study focusing on CO2 transcritical technologies in food retail stores in the European Union 
reveals that about 8 % of the European food retail stores (more than 8732 stores)33 are already equipped 
with these systems [Skacanova (2016)]. The number of CO2 system installations is especially high in 
Switzerland, Germany, the UK, and the Nordic countries. However, there is also a recent rise of the new 
technologies in Southern and Eastern European countries [Skacanova (2016)].34 

3.4.2.3 Innovations in waste management 
In order to prevent food waste, measures should be taken to avoid returns, to transfer best practices, 
and to educate employees and customers. Furthermore, donation of food items to social initiatives 
should be encouraged to a greater extent [Lebersorger & Schneider (2014)]. In fact, today, only about 7 % 
of the food that would otherwise be lost is donated to social initiatives while 38 % of the food retail 
stores have never donated anything [Lebersorger & Schneider (2014)]. 

Recently, stores such as Tesco in the UK have started making a conscious effort to reduce food 
dumping at their stores and to market this proactive behaviour to the public [Tesco (2013)]. This is 
supported through the Retail Agreement on Waste by the Retailers’ Environmental Action Programme 
which consists of an association of numerous major European retailers [REAP (2013)]. 

From case studies in Spain and the UK, Mena, Adenso-Diaz and Yurt (2011) revealed several best 
practices that retailers follow in terms of food waste management at the store level. For instance, some 
retailers have installed automatic central product ordering systems that optimize stock refill. In 
addition, vertical integration between suppliers and retailers helps to manage the inventory more 
appropriately [Mena et al. (2011)]. Furthermore, appropriate management and training of employees to 
handle the products in a better way helps in reducing damage and store level waste as well as ensuring 
correct waste disposal [Mena et al. (2011)]. 

3.4.2.4 Sustainable practices in wastewater management 
In terms of wastewater management, food retail stores can reduce their environmental burden 
considerably by reintegrating the various cycles of water generation and usage. Wastewater should be 
taken from some applications or processes and be used again in any type of process that fits and where 
no potable water is needed [Alliance for Water Efficiency (2016)]. 

The study by Bio Intelligence Service (2009) reveals that, in general, retailers are not very concerned 
about wastewater management. Some retailers such as Delhaize Group, Carrefour, Coop Italy, Tesco, 
Migros, and Kesko monitor their in-store water usage and try to reduce it [Bio Intelligence Service 
(2009)]. Undertaken measures include tap water dimmers and urinal control systems [Chkanikova & 
Mont (2011)]. Moreover, some individual stores install rainwater harvesting systems [Chkanikova & Mont 
(2011)]. 

3.4.2.5 Emission reduction in transport 
In food retail, direct emissions related to the transport and distribution of products to the consumers 
have a negative impact on the environment [Chkanikova & Mont (2011)]. With the rise of e-commerce 
and home delivery, ensuring a green distribution truck fleet becomes important. Moreover, the 
commute of customers to the stores is also of environmental concern, and some retailers address the 
issue of store locations and access by public transport [Bio Intelligence Service (2009)]. 

Regarding the issue of transport, pollution comes from fuel emissions as well as from the refrigeration 
system during food delivery in retailers’ trucks. E-mobility as well as the usage of natural refrigerants for 
refrigerated food delivery are environmental practices that retailers can opt for. The German 
supermarket chain Netto, for instance, has introduced its first delivery truck equipped with a CO2 
mobile refrigeration unit [Carrier (2016)]. 

                         
33 The study takes into account food retail stores in the European Union, Norway, and Switzerland that are bigger 
than 400 m2, as those are the ones that are primarily installing CO2 technologies. There are strong indications that 
the technology will soon penetrate into the small format stores below 400 m2 with a growing number of natural 
refrigerant-based solutions becoming available for this segment.  
34 In Denmark, Norway, and Switzerland, more than 50 % of the supermarkets are already equipped with CO2 
transcritical technologies, while in Sweden it is 33 %, in Finland 20 %, and in the UK 17 %. Germany has CO2 
transcritical installations in 7 % of its stores but in absolute numbers the country is market leader with nearly 2000 
stores [Skacanova (2016)]. 
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3.4.2.6 Other means of using materials and reducing waste 
There are various other ways in which food retailers apply environmental practices and contribute to 
greener business operations.  

Some retailers have policies in place for an environmental procurement of products for their own usage, 
such as cleaning products, recycled paper or IT products [Bio Intelligence Service (2009)]. Moreover, 
some retailers hold trainings for their employees to sensitize them about environmental issues, teach 
them about ecolabels, and train them in responsible usage of resources and energy [Chkanikova & Mont 
(2011)]. Other wasteful products, such as plastic gloves or excessive packaging, represent opportunities 
for food retail stores to reduce their level of pollution. 

Reducing plastic and packaging waste is another means of cutting the carbon footprint of the food 
retail industry. One big move in Europe is, for instance, the reduction of plastic carry bags. In many 
European countries, either non-reusable plastic bags are taxed or large retailers voluntarily ask a fee for 
it, passing the cost on to the polluter [EPRS (2014)].  

Recently, France was the first country to announce a general ban on plastic cutlery by 2020 in order to 
combat climate change [Legifrance (2016)]. This will change the product assortment on shelves and the 
packaging of ready-made food, while the impact will be felt in many food retail and food service related 
businesses. 

Moreover, the choice of the product range also influences the carbon footprint of the food retail 
industry. Using products that are locally, ecologically produced or even already tagged with certain 
ecolabels is a means for food retail stores to show their commitment to reduce their impact on the 
environment. 

Current innovations for more sustainability in the food retail industry reveal several key aspects. There is 
a lack of systematic approaches for all activities, from designing greener buildings to the usage of less 
packaging, plastic, and generally polluting materials and products. In many cases, governmental action 
in form of regulations, bans or incentive schemes proves fruitful and manages to reduce the 
environmental impact throughout – something that food retailers find difficult to achieve on their own 
for fear of financial losses or reduction of competitiveness in the market. An EU Ecolabel is therefore a 
useful tool to organize all environmentally friendly activities of the food retail industry within one 
framework. With the right communication to the industry and to consumers, it functions as an incentive 
for retailers to adopt environmental practices for both buildings and certain retail activities in a 
comprehensive manner.  

3.4.3 Barriers to sustainability 

As noted before, even though there are many drivers towards more sustainability within the food retail 
sector, there is still much potential for improvement to make the whole industry more environmentally 
friendly. There are certain hurdles yet to be overcome, some barriers that are internal to retail trade and 
some external challenges, depending on the nature, societal behaviour or politics. 

3.4.3.1 Internal barriers and management decision 
Internal barriers to sustainability can result from lack of awareness and knowledge or from aspects that 
have little to do with conscious decision-making, such as old infrastructure or high costs. The identified 
internal barriers are presented in the following subchapter together with illustrative examples. 

Awareness and knowledge barriers at the management level 
A study conducted in Spain and the UK by Mena et al. (2011) revealed that a large amount of food waste 
at the supplier to food retail store level of food retail as well as in the food retail store itself was due to 
inappropriate strategies, planning, communication, and training. Especially with fresh food, there is 
accuracy required in forecasting and ordering products, which is not always provided in the food retail 
sector [Mena et al. (2011)]. Furthermore, employees are often not properly trained in stacking and the 
rotation of the product stock, leading to additional waste that could have been avoided [Mena et al. 
(2011)]. 

In terms of technological equipment, several decision-makers are still not aware of the different 
measures to increase the energy efficiency in their stores, even though technological innovations are in 
place [Minetto, Rossetti, & Marinetti (2016)]. Especially in Southern European countries, the awareness 
barrier seems to be of bigger importance [Minetto et al. (2016)]. 



 Page 84 of 186 

 

 

 

The research leading to these results has received funding from the  
European Union/EASME H2020 Programme under Grant Agreement No 696076. 

The same applies for knowledge barriers, being perceived more strongly in Southern Europe [Minetto et 
al. (2016)]. The lack of technical knowledge of managers or other decision-makers can also result in 
fewer environmentally friendly practices. The natural refrigerant CO2, for instance, which is becoming a 
mainstream alternative solution for commercial refrigeration in Europe, is still believed to be unfit for 
warmer ambient temperatures. While it is true that using CO2 as a refrigerant in Southern Europe is 
more challenging, new technological advancements have brought these systems to Spain and Italy, 
removing the so-called CO2 equator [Williams (2016)]. In this case, many decision-makers would have to 
overcome their previous beliefs and start embracing innovative technologies in order to reduce direct 
emissions. 

Social barriers 
Decision-makers and other stakeholders in the food retail industry are often biased towards changes 
and innovations of running their business. They might be unsettled about new technologies, planning 
procedures or the cooperation that are needed in order to implement sustainable practices [Minetto et 
al. (2016)].  

In terms of new refrigeration technologies, stakeholders all over Europe are concerned about long 
return on investment while in Southern Europe there are doubts about new systems’ performances 
[Minetto et al. (2016)]. An important barrier for adopting new technologies to increase the energy 
efficiency is also the lack in well-trained technicians that can understand and handle such innovations 
[Minetto et al. (2016)]. 

Organisational barriers 
The relation of two or more decision-makers involved in the organisational aspects of food retail stores 
has an impact on the adoption of sustainable measures. Stakeholders have different interests that may 
interfere with each other. According to a stakeholder survey in Europe, food retailers did not perceive 
this as a barrier to sustainability while component and system suppliers (of, for instance, refrigeration 
systems) recognized it to be a major challenge to overcome in the industry [Minetto et al. (2016)]. 

A retailer’s format also has an impact on if and how environmental practices are undertaken. As the 
retail industry market overview showed, there are various formats of food retail stores, from large 
chains with centralized decision-making to small, individually owned corner stores. While large retailer 
chains may have more economic means to invest in sustainable measures, they also sometimes lack to 
proximity to what happens at an individual store’s level and what measure could be taken in order to 
reduce emissions. 

The study by Mena et al. (2011) found that in Spain, there was a higher risk of increased food retail store 
waste in Vendor Managed Inventory (VMI)35 systems. In such retail stores, the retailer is not directly 
responsible for the stock management of the stores and therefore pays less attention to waste 
management [Mena et al. (2011)]. 

Environment at lower priority amongst management 
For many retailers, the highest priority in terms of a store’s performance is given to efficiency, costs, 
and the availability of products to ensure customer satisfaction [Mena et al. (2011)]. Reducing waste and 
pollution are generally aligned with business goals [Melnyk, Sroufe, & Calantone (2003), Wu & Pagell 
(2011)]. However, this is not true for all environmental measures and, especially in the short term, 
environmentally friendly business activities might cause costs to rise [Wu & Pagell (2011)]. The 
environmental impact is thus often disregarded compared to other performance indicators. For 
instance, many large retailers only accept products that still have a long life remaining until their expiry 
date, which leads to an increase in waste within the supply chain as suppliers rely on the food retail 
sector to a large extent [Mena et al. (2011)]. In addition, many retailers do not have clear roles and 
responsibilities for waste management, leading to sub-optimal waste management and a likely increase 
in waste at the store level [Mena et al. (2011)].  

The importance that managers and retailers accord to environmental protection also differs from one 
country to another. Mena et al. (2011) found that, generally speaking, managers in the UK were more 
concerned about waste management than their Spanish colleagues. This is possibly due to more 
government-funded campaigns in the UK that helped to raise awareness amongst food retailers and 
consumers about the food waste problem [Mena et al. (2011)]. 

                         
35 In a VMI business model, the supplier of products receives certain information from the buyer and ensures that an 
agreed inventory of the product is always at disposition, usually at the location where the buyer consumes the 
product, such as a store. 
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While being mainstream in other countries, the debate for glass doors on freezer cabinets is still going 
on in the UK. Retailers are afraid that they will lose customers to their competitors if they start 
implementing such measures on their own [Gaved (2014), Pearce (2009)]. While no common agreement 
amongst retail chains has been made to address this issue simultaneously, retail managers call for the 
government to intervene and drive the change [Gaved (2014)]. They argue that the agreement of French 
retailers to fit refrigerators with doors was supported by the French government [Gaved (2014)]. 

The problem of old infrastructure and costs 
Especially in the short term, environmentally friendly practices might cause costs to increase and weigh 
negatively on a business’ financial outcome [Wu & Pagell (2011)]. While there is evidence of organisations 
that pursue such measures at the expense of their own business [Wu & Pagell (2011)], the main drivers 
for each business activity remain costs and performance [Mena et al. (2011)]. 

The reason for glass doors not being a mainstream practice everywhere yet is retailers’ fear of losing 
customers and business. Refurbishing a store to reduce a buildings’ direct and indirect emissions by 
installing LED lights, efficient refrigeration systems with natural refrigerants, etc. is costly at first – even 
if in the long run energy savings make up for it; renewing the delivery fleet with electric trucks is an 
investment. There are enough reasons for a food retailer to refrain from introducing such innovations, 
and governmental support and incentive schemes are useful to drive the change.  

Some of these internal barriers illustrate how management decisions are often not favourable to more 
sustainability in the food retail sector. In order to overcome such barriers, there needs to be better 
access to knowledge and information while sensitisation campaigns and government support can be 
drivers to act more quickly. 

3.4.3.2 External barriers 
Some aspects that hold food retailers back from building more sustainable businesses are external and 
out of control of the respective decision-makers. They can result from laws and regulations or from 
consumer and market behaviour. 

Industry and consumer trends 
Consumer trends have a large influence on the shape of today’s business activities, which can be seen 
in the upcoming of more local, ethnic or green products in the food retail industry. However, if 
consumers pay less attention to certain activities, and regulations are not in place, businesses are less 
inclined to switch to more sustainable practices. For instance, UK retailers are still reluctant to fit all 
their freezer units with doors, as they are afraid that customers are lazy and would not support this 
initiative by buying less or switching to competitors [Gaved (2014), Pearce (2009)]. In general, many 
retailers are concerned that the introduction of glass doors will result in a reduction in sales although 
there are no studies on the influence of glass doors on the supermarket turnover. However, based on 
observations from retailers, no losses in sales were documented after retrofitting of individual 
supermarkets [Kauffeld, M. (2015)]. Furthermore, with glass doors, the air temperature in the aisle in 
front of the cabinets will be higher. The customers hence tend to spend a longer time in front of the 
cabinets, increasing the sales. 

The problem of waste, for instance, is amplified by industry trends of increasing demands for food that 
is fresh, out of season, and free of preservatives [Mena et al. (2011)]. The previously discussed trends of 
healthy and fresh food thus result in more waste, both at the supplier to food retail store and at the 
food retail store level. Unfortunately, managers at the retailer’s level have only limited impact on such 
kind of trends and can only plan their strategy to a certain extent [Mena et al. (2011)]. 

Limited access to necessary infrastructure 
When assessing a food retail store’s ability to become sustainable, external conditions of the store’s 
location, its accessibility to certain infrastructures, and the general environment need to be taken into 
consideration. The same aspects are important to consider for any sustainability measures taking place, 
including the introduction of an EU Ecolabel. 

In terms of energy procurement, for instance, not all countries have renewable energies at their 
disposal in the same way. While countries such as Germany have general electricity providers that 
ensure renewable energy sources, this is not the case everywhere. Similarly, waste disposal is handled 
differently in various countries and waste separation and recycling is not customary to the same extent 
everywhere. 

Legislative barrier 



 Page 86 of 186 

 

 

 

The research leading to these results has received funding from the  
European Union/EASME H2020 Programme under Grant Agreement No 696076. 

As previously discussed, EU legislation and directives affect some major aspects of the food retail 
sector. However, there is a lack of legislature and incentives driving sustainability and considering the 
industry as a whole. Moreover, according to stakeholder opinions, the complexity of the legislative 
framework is an important barrier in all European countries for the adoption of certain directives, and 
they recognize a lack of qualified designers and consultants to implement such measures according to 
the legislation [Minetto et al. (2016)]. 

In certain cases, governmental regulations or standards can also be counter-productive towards more 
sustainability in the food retail industry. An illustrative example is the currently accepted European 
standard for the safe use of hydrocarbons (HCs) as a refrigerant. The standard states that for domestic 
and commercial refrigeration, the charge limit for HC systems is 150 grams in cases when no other 
safety measures are taken, a very low charge only allowing a limited efficiency of the refrigeration unit 
[Colbourne (2012)]. In order to make usage of the full potential of this environmentally friendly 
refrigerant, the standard needs to be changed to make it an acceptable solution for a wider array of 
applications. 

The existence of various internal and external barriers to a sustainable food retail sector thus becomes 
apparent. Lack of knowledge and awareness as well as the deliberate choice of other factors of 
performance above the environmental impact are responsible for the still prevailing large amount of 
pollution in the food retail industry. While there are many pioneers within the sector, coming with 
various innovative measures and technologies to reduce carbon emissions – sometimes even at the 
expense of the company’s own economic benefit [Margolis, Klassen, & Jayaraman (2007)] – there is still 
a long way for these to go mainstream. It is suggested – and food retailers call for it in certain cases – 
that governments intervene and provide support to trigger quick changes, be it through incentive 
schemes or through regulations. 

3.5 Preliminary findings 

From this overview of the food retail market and sustainable practices in the sector, certain aspects can 
be emphasised that motivate the setup of an EU Ecolabel for food retail stores and need to be taken 
into consideration when designing the same. 

While there are certain isolated laws and regulations for environmental practices in place, most 
environmental activities in food retailing are voluntary and do not benefit from external government 
support. Consumers are increasingly concerned about environment and health-related issues and are, 
at the same time, an important driver for the adoption of sustainable practices. The lack of unified laws 
can therefore be compensated by the EU Ecolabel, which provides a framework for environmental 
practices that can be used as credibility prove towards consumers and the entire market of a retailer’s 
sustainable way of operating the store. 

When designing the EU Ecolabel, consumer and market trends need to be taken into consideration. The 
food retail sector in Europe is on a stagnating trend, and the market is very concentrated. As a result, 
many large food retail chains often follow centralized decision-making processes. However, small 
individual corner stores such as organic food stores are also on the rise. Moreover, the size of food retail 
stores is declining and moving away from hypermarkets and large supermarkets. As a result, the criteria 
for an EU Ecolabel need to be applicable for smaller store formats as well. 

The largest polluter in food retail stores is the refrigeration system, both in terms of direct and indirect 
emissions. Refrigeration technology, including heat recovery systems therefore needs to be particularly 
high on the list of criteria for sustainable food retail stores. With on-going innovation in refrigeration 
technology, there is scope for substantial improvement. 

Other energy efficiency measures are amongst the most direct ways to reduce energy usage and 
indirect emissions but often require high initial investment. Refurbishing a store with new lighting 
systems, installing heat pumps or rainwater harvesting devices might be costly at the moment of 
installation but in the long term, those practices help to save energy and thereby cut costs. 

Waste management is still problematic with only few or region-wise legal requirements. Most food 
waste occurs at a household level, which is something that needs to be tackled by authorities 
separately when addressing consumer awareness for environmental practices. However, the estimated 
amount of food waste in food retail stores is still considerable and millions of tonnes can be saved 
annually with the right measures in place. 
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Overall, customer education is an important aspect to consider when driving business towards more 
sustainability in the food retail sector. Costs and performance are usually the key factors for any 
business strategy and performance can only be achieved when competitiveness is assured. Therefore, 
consumers need to understand the value of environmental practices, ask for them, and, most 
importantly, adopt changes in operations or shopping experience. For instance, consumer acceptance 
needs to be assured when stopping the distribution of plastic bags or fitting refrigeration units with 
doors. It is thus crucial for governments and decision-makers to raise consumer awareness and 
promote environmental activities, including the design and attribution of the EU Ecolabel. 

3.6 Limitations of this study 

There are several limitations to this study, which are mainly related to the difficulty of finding 
comprehensive data on the food retail industry. Data on the food retail sector is scattered and for many 
countries not freely available. 

The definition of a supermarket is not determined on a global level, and there are various forms of food 
retail stores in the different countries. Furthermore, the available statistical data often refers to 
numbers that include businesses or sectors other than the food retail sector (i.e. the overall retail sector, 
retail and wholesale, etc.). This leads to some of the presented numbers serving rather as indicative 
figure than as exact statistical data. 
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4 TECHNICAL AND ENVIRONMENTAL ANALYSIS 

The service, which food retail stores provide, is typically associated with significant environmental 
impacts. Focusing on the impacts of its energy systems, this chapter provides some facts highlighting 
the importance of implementing eco-friendly and energy-efficient solutions. 

Firstly, food retail stores consume 3-4 % of the annual electricity production in industrialized countries. 
These numbers have been reported in different countries, including 3 % in Sweden [Sjöberg, A. (1997)], 
4 % in USA [Orphelin, M., Marchio, D. (1997)], 3 % in UK [Tassou, S.A., Ge, Y., Hadawey, A., Marriott, D. 
(2011)], 4 % in France [Orphelin, M., Marchio, D. (1997)], and 4 % in Denmark [Reinholdt, L., Madsen, C. 
(2010). . 

Secondly, food retail stores are energy intensive buildings. They typically have one of the highest 
specific energy consumptions (energy consumption per sales or total area) among commercial 
buildings in European and developed countries around the world, where the majority of the food retail 
market is governed by supermarkets. 

• Sweden: A survey carried out in 2010 compared the specific energy consumption of 130 
buildings in Sweden with “retail” function. This included 50 supermarkets, 30 shopping centres, 
and 50 other types of shops. It has been found that the supermarkets’ average annual specific 
energy consumption is about 400 kWh/m2·a while for other retail buildings, including shopping 
centres, the average is less than 265 kWh/ m2·a [Energimyndigheten (2010)]. 

• Norway: A report on energy use in Norwegian buildings shows that supermarkets’ average 
energy consumption is more than 500 kWh/ m2·a, while it is about 280 kWh/m2.a for other type 
of commercial buildings [Enova (2007)]. In a recent research work, the average specific energy 
consumption is reported to be 300 kWh/m2 for shopping centres, 200-220 kWh/m2 for other 
shop categories, while it is 460 kWh/m2 for Norwegian supermarkets [NVE (2014)]. 

• USA: The U.S. Environmental Protection Agency’s (EPA) ENERGY STAR Portfolio Manager is a 
tool to track and manage energy use in 260.000 commercial buildings across all the 50 states. 
The indicator used in the portfolio manager is called Energy Use Intensity (EUI). It has been 
shown that supermarkets have the highest EUI among all types of commercial buildings in the 
USA with about 600 kWh/m2 annual specific energy consumption [Energy Star (2014)]. 

• UK: Tassou et al. studied the energy performance of several hundreds of stores in the UK (big 
hypermarkets, superstores, supermarkets, and convenience stores) and found that the average 
total energy consumption of a store is about 1000 kWh/m2·a [Tassou, S.A., Ge, Y., Hadawey, A., 
Marriott, D. (2011)]. “This is significantly higher than the final energy demand of other 
commercial buildings, such as offices (100– 200 kWh/m2.a) or hotels (100–300 kWh/m2.a), and 
much higher than that of residential buildings (50–150 kWh/m2.a)” [Galvez-Martos, J.-L., Styles, 
D., Schoenberger, H. (2013)]. 

• Spain: The average specific energy consumption for large supermarkets and hypermarkets is 
reported to be 327 kWh/m2·a while it is in the range of 118-333 kWh/m2·a for shopping malls 
[CIRCE (2014)]. 

It should be noted that the values for supermarkets’ specific energy consumption in UK and Spain 
seems overestimated and slightly underestimated, respectively. The reasons for this are not clear to the 
authors.  

Thirdly, refrigeration systems take a 35-50 % share of total energy use in food retail stores and they are 
typically the largest electricity consuming system in the stores [Lundqvist, P. (2000)]. Figure 26 shows 
some examples of energy use breakdown in food retail stores in different countries. Some charts shown 
in the figure represent the breakdown of total energy use and some others indicate the electricity 
breakdown. The USA chart (Figure 26 (c)) shows the energy use breakdown in five climate zones in the 
USA, zone 1 includes the northern colder states and zone 5 includes the southern warmer states. In 
addition to refrigeration and lighting36, heating, ventilation, and air conditioning (HVAC) systems are the 
other major energy consuming systems in food retail stores. As can be seen in Sweden and USA sample 
cases in Figure 26, the store’s largest share of primary energy use is in the form of electricity. This is the 
case for many European countries, including Norway [NVE (2014)], Spain [CIRCE (2014)], and UK [Spyrou, 

                         
36 The power consumption related to lighting is nowadays much lower, when ordinary lighting is replaced by modern 
LED lights. 
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M.S., Shanks, K., Cook, M.J., Pitcher, J., Lee, R. (2014)]. The share of electricity use in total energy 
consumption is mainly dependent on the heating system in the store.  

(a) Sweden [Lundqvist, P. (2000)] (b) Germany [Kauffeld, M. (2007)] 
Total energy Electricity 

  
(c) USA [NationalGrid (2009)] 

Total energy 

 

Figure 26: Energy use breakdown in food retail stores in (a) Sweden, (b) Germany and (c) the USA 

To sum up, it has been shown that (I) food retail stores have a significant energy consumption, mainly in 
the form of electricity; and (II) the refrigeration system is the largest consumer of this electricity. The 
supply of the needed electricity and heat is usually associated with CO2 emissions to the atmosphere. 
This effect is typically known as “indirect” emission. 

The food retail stores’ high energy use and high electricity consumption of their refrigeration systems is 
not the only environmental impact. In addition, food retail stores typically use high GWP refrigerants. 
The emission of high GWP refrigerants to the atmosphere is known as “direct" emission; this topic is 
discussed in more detail in chapter 4.2.  

The objectives of this chapter are to provide the necessary technical background to understand the 
technical systems in food retail stores, in particular the refrigeration system, as well as to indicate how 
it is possible to reduce the direct and indirect emissions of stores. 
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4.1 Technical analysis of food retail stores 

4.1.1 Location 

Different climatic conditions set different requirements to the technical equipment and building body 
concerning temperature and humidity control inside the store. The heat load for the refrigeration 
equipment is higher in warm climates due to infiltration of warmer air and higher heat transfer into the 
building through the walls, while in cold climates the demand for space heating is higher. Refrigeration 
equipment generally performs better in colder climates due to the lower condenser or gas cooler 
temperatures that reduces the required compressor power. 

High humidity inside the store causes frost formation in the refrigeration equipment, which limits the 
heat transfer, and hence increases the energy consumption. Climates with high humidity may hence 
require dehumidification equipment in their ventilation system (see chapter 4.1.4.3). To make a building 
energy-efficient, it is thus important to consider the climatic boundary conditions, and adapt 
requirements for energy efficiency thereafter. A European EU Ecolabel for food retail stores must be 
applicable for all the various European climates, and must thus take into consideration the different 
climatic requirements.  

4.1.2 Building envelope 

The building envelope – including walls, floor, roof, windows, and doors – defines the heating and 
cooling demand of the building with respect to the ambient climate. It should be designed such that 
the heat load in the hot periods is minimized, and that a pleasant indoor climate is maintained in the 
colder periods. This chapter discusses suitable building materials for food retail stores and the 
prevailing requirements for the building envelope in the different parts of Europe. Novel ideas for 
increased energy efficiency for instance regarding fenestration and doors are included. 

Shape and size 
The size and shape of a store is critical for highest possible energy efficiency and regarding the 
customer experience. To minimize the heat losses or gains, the building should be as compact as 
practically possible. Regarding the size, a too high ceiling increases both the construction costs as well 
as the operation costs due to increased heating and cooling demand, while a too low ceiling creates a 
claustrophobic effect. The height should hence be designed for the minimum practical limit. The same 
applies for floor space that should be designed based on the amount of traffic corresponding to 90 % of 
the busiest day [EPA (2010)]. Aisle widths should be varied based on traffic density. 

Generally, the sunlight is a big heat load for the stores. In some countries, this is a rare problem but still 
creates high peak loads a few days a year. For a stand-alone store, sun shading is a simple but 
important measure to reduce this load. Reflecting walls (white or mirror) could also reduce the load. For 
food retail stores that are a part of a building complex, the placement of the store should be below or 
on the ground level, preventing the sun from reaching down to it. This is usually the case, and such 
stores have generally lower cooling loads than stand-alone stores. Having the food retail store as a part 
of a building complex is advantageous also in the sense that the condenser heat can be utilized to cover 
the heating demand in the other parts of the complex. 

Floor, walls and roof 
Proper insulation is crucial to reduce heat losses from the stores in cold climates in the wintertime as 
well as to reduce overheating of the building in the summertime. A trade-off between space costs and 
investment costs for insulation of walls must be made, as the more space-efficient insulation is, the 
more expensive it is as well. Exemplar values for normative heat transfer coefficients according to the 
newest building standards in the different parts of Europe are given in Table 18. It has to be pointed out 
that many of the values are aimed for commercial buildings in general, not particularly for food retail 
stores. 

For the construction, materials with low CO2 emissions throughout the life cycle should be chosen as far 
as possible. As an example, a new, highly eco-friendly Kiwi supermarket in Elverum, Norway, used near-
produced wood as the main building material [KIWI, M. (2016)]. Apart from the low environmental 
impact, it was pointed out that wooden wall constructions contribute to a good indoor climate and a 
reduced demand for ventilation. 
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Table 18: Exemplar values for normative heat transfer coefficients for walls, roof, and floor 
according to the building regulations in different parts of Europe 

Country 
Heat transfer coefficient [W/m²·K] 

Walls Roof  Floor 

Norway (passive house/low-energy 
building) [Standard Norge (2012)] 

0.10-0.12 / 0.15-0.16 
0.08-0.09 / 0.10-

0.12 
0.08 / 0.10-0.12 

Sweden (for buildings with electric 
heating/heating method other than 
electric heating) [Boverket (2015)] 

0.10 / 0.18 0.08 / 0.13 0.10 / 0.15 

Germany (for building projects from 2016 
[EnEV (2014)] / passive house criteria, 
depending on the climatic zone 
[Passivhaus Institut (2015)] 

0.28 / 0.09-0.50 0.28 / 0.09-0.50 0.28 / 0.09-0.50 

Spain (the value depends on the climatic 
zone) [BOE (2013)] 

0.55-1.35 0.35-1.20 
0.55-1.35 / 0.35-1.2 

(in contact with 
ground/air) 

Macedonia [R. Macedonia (2013)] 0.35 0.2 0.4 

In addition to using materials with low CO2 emissions, reducing, reusing and recycling waste in the 
construction phase is crucial in reducing the emissions of the building project [WRAP (2015)]. This topic 
is discussed in more detail in chapter 4.1.5.1. 

Windows and doors 
To reduce the cooling demand during warm periods, the thermal load from the sun through windows 
should be minimized. Therefore, the window area in food retail stores is generally low. The most 
energy-efficient approach would be to have no windows at all; however, a store without any windows is 
not a very pleasant one. At the same time, utilization of natural light should be maximized in order to 
reduce the electricity demand for lighting. Windows with high transmission of light but low 
transmission of heat should hence be utilized. Table 19 presents values for normative heat transfer 
coefficients for windows and doors in different European countries. 

At REMA 1000 Kroppanmarka in Trondheim, Norway, parts of the north and west-facing walls as well as 
a small part of the roof were covered with translucent daylight panels, so-called Nordic Daylight Panels 
[Aerogel Norge (2016)]. These panels are filled with highly insulating porous silica aerogel (heat transfer 
coefficient 0.59 W/m²·K) and spread the light diffusively into the room, preventing the creation of hot 
spots. The panels have a light transmission of 45 %. Daylight panels are employed also in a Kiwi 
supermarket in Auli, Norway [KIWI, M. (2015)]. 

Table 19: Exemplar values for normative heat transfer coefficients for windows and doors 

Country Heat transfer coefficient 
[W/m²·K] 

Norway (passive house/low-energy building) [Standard Norge (2012)] ≤0.80 / ≤1.2 

Sweden (for buildings with electric heating/heating method other than 
electric heating) [Boverket (2015)] 

1.1 / 1.3 

Germany (for building projects from 2016 [EnEV (2014)] / passive house 
criteria, depending on the climatic zone [Passivhaus Institut (2015)] 

1.5 / 0.45-1.40 

Spain [BOE (2013)] 2.5-5.7 

Macedonia [R. Macedonia (2013)] 1.7 

Infiltration through doors can be reduced by using double doors, i.e. having a vestibule (an entrance 
area) between the outer and the interior door. Adding a vestibule can provide energy savings of up to 
6 % in warm climates [NREL (2012)]. The infiltration can be further reduced by operational changes 
(when and how long the doors are open) and changes in the effective door area. These measures may 
be applied to customer doors or to shipping and receiving doors used by retailers and their product 
distributors. 
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Another energy efficiency measure for entrance doors is using an air curtain, i.e. a controlled stream of 
air across the opening. An air curtain provides energy savings by limiting the transfer of air between 
indoors and outdoors and also the flow of insects, dust, and humidity to the store. It is however 
important that the air curtain is a part of the integrated refrigeration and HVAC system, hence utilizing 
excess heat from the refrigeration system. An air curtain utilizing electric heaters during wintertime will 
have a negative impact on the total energy efficiency of the store. 

4.1.3 Interior design floor plan and interior design 

To minimize thermal losses, the distribution of hot and cold zones within a store matters. Generally, 
products that are sold hot should be placed far away from the refrigerated products. Products that can 
be stored at normal room temperatures but still not too high temperatures (fruit and vegetables) could 
be placed close to the cold room so that the cold leakage is utilized. In this way, a temperature 
gradient, beneficial for the products and energy use is achieved.  

An example of how climatic zones for lower heat losses can be arranged in a shop is shown in Figure 27. 
In this figure, the orange zone contains heated products and holds a generally high temperature all 
year, whereas there is an own room for chilled products displayed in cold cabinets in the light blue 
room. It is a good practice to have a cold storage room and space for inserting more products into the 
cold shelves from the backside of the cabinets for products with highest turnover rate, such as dairy 
products. Fruit and vegetables are placed in front of the cold disks, hence being cooled down by the 
cold air leaking from the disks. The shelves between the hot and cold zones will have an intermediate 
temperature. The entrance and payment area will be influenced, but not controlled, by the outdoor 
temperature. 

 

Figure 27: Example of how different climatic zones can be achieved within a food retail store [Own 
elaboration by SINTEF] 

4.1.4 Technical analysis of the equipment 

The refrigeration system is the largest electricity consuming system in food retail stores, corresponding 
to 35-50 % of the total energy use, as was discussed at the beginning of this chapter. Following the 
refrigeration system, the largest energy consumers are the lighting and ventilation systems (see Figure 
26). This chapter discusses these technical systems and how their energy use and environmental impact 
can be reduced. How food retail stores are suited for power production with integrated renewable 
energy sources to cover entire or part of its energy demand is discussed at the end of the chapter. 

4.1.4.1 Refrigeration system architecture 
The purpose of refrigeration systems in food retail stores is to provide storage and display of perishable 
food prior to sale. Food is stored in walk-in storages/cold rooms before it is transferred to display cases 
in the sales area. There are two principal temperature levels in food retail stores: medium temperature 
(MT) for preservation of chilled food and low temperature (LT) for frozen products. The desired 
temperature levels for MT and LT as well as the typical and ideal evaporation temperatures are given in 
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Table 20. Chilled food is maintained between 1 °C and 14 °C, while frozen food is kept at -12 °C to -18 °C, 
depending on the national and international food safety regulations. Evaporation temperatures vary as 
well, depending on products, display cases, and the chosen refrigeration system [IPCC (2005)]. The 
modern refrigeration solutions are designed to keep the refrigeration temperatures as high as possible, 
i.e. as close as possible to the desired food temperatures in order to minimize the energy consumption. 

Table 20: Temperature levels for refrigeration and AC in food retail stores 

 Desired temperature level [°C] Typical evaporation 
temperature [°C] 

Ideal/achievable evaporation 
temperature [°C] 

Chilled food 1 to 14 –10 to -5 -2 
Frozen food -12 to -18 or lower –35 to -30 -25 

There are typically three types of refrigeration systems in food retail stores, shown in Table 21. The 
classification is related to the size of the store and the quantity and type of fresh and/or frozen food 
products. Needless to say, the numbers in the table are not exact and are dependent on many factors, 
including country, system design evolution, regulations, etc.  

Table 21: Types of refrigeration systems in food retail stores [Kauffeld, M. (2007), Kauffeld, M. 
(2012)] 

Type Application 
Capacity 

[kW] 
Refrigerants* 

Refrigerant 
charge [kg] 

Emission 
Global 

numbers 
[millions] 

Stand-alone 

Shops, stores, 
petrol stations, 
offices, hotels, 

… 

0.1 to2 

R22-R134a-
R404A-

R507A-R290-
R600a-R744 

0.01 Low ~ 50 

Condensing 
unit 

Shops, stores, 
petrol stations, 
offices, hotels, 

… 

>25 
R22-R134a-

R404A-
R507A-R744 

1 to >5 Medium ~ 30 

Centralized 

Grocery 
retailers (food 
discounters, 

supermarkets, 
hypermarkets, 

…) 

20 to >1000 

R22-R134a-
R404A-

R507A-R744–
R290-(R717) 

10 to >3000 High-medium ~ 0.5 

* Environmentally friendly, natural refrigerants are displayed with green text. 

Stand-alone units, also known as “self-contained” or “plug-in” units: A stand-alone unit is usually a 
display case where the refrigeration system is integrated into the cabinet and the condenser heat is 
rejected to the sales area of the food retail store. The function of plug-in equipment is typically to 
display products like ice cream or cold beverages such as beer or soft drinks close to the counter. 
However, in some European food discounters, all low temperature products are kept in stand-alone 
units. 

Plug-in units have the advantage of having a relatively small refrigerant charge and very leak tight 
circuits, since the refrigeration system is assembled when the product leaves the factory. They are a 
tempting option, as the specific investment costs are extremely low as compared to a central 
refrigeration system, and they are also cheap and easy to replace upon failure. The main disadvantage is 
that the heat is released directly to the sales area, which creates an additional heat load to the store and 
hence increases the energy costs. Moreover, non-natural refrigerants are often utilized, even if more 
energy-efficient options with natural working fluids are available. In larger stores, having a centralized 
refrigeration unit, plug-in units should be avoided as far as possible. If still some plug-in units have to be 
installed, those utilizing natural refrigerants (hydrocarbons), available from most suppliers, should be 
chosen. 

Plug-ins utilizing CO2 are also available from ISA [ISA (2016)] and SANDEN/Hauser [R744.com (2015)]. ISA 
has compared plug-in units utilizing R404A, propane, and CO2 and obtained 14 % lower energy 
consumption for the propane unit and 16 % lower for the CO2 unit as compared to the R404A unit 
[Menghini, S. (2016)]. The initial system cost was however 8 % higher for both the propane and CO2 unit 
as compared to the R404A unit. SANDEN reports 21 % reduced energy use and 15 % higher initial costs 
when comparing CO2 plug-in unit with an HFC unit [Gillaux, S. (2016)]. 
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Condensing units: These systems are small-size refrigeration equipment with one or two compressors 
and a condenser installed on the roof or in a small machine room. The typical refrigeration capacity of a 
condensing unit is in the range of 1 to 20 kW. Several display cabinets and/or indoor AC units can be 
connected to these units, which explains their global popularity for small shops and convenience stores.  

HFC refrigerants dominate this market segment, supported by Asian manufacturers. There are however 
no technical barriers which would prevent the use of CO2 as a refrigerant for condensing units. In Japan, 
more than 1000 small supermarkets have been successfully converted from HFCs to CO2 during the 
past years, as described by [Uto, S. (2016)]. Energy savings up to 27 % have been reported by the end-
users. A successful transfer of this technology from Japan to Indonesia has also taken place: 12 pilot 
stores in Indonesia are equipped with the same CO2 technology as in Japan [Uto, S. (2016), Santoso, Y. 
(2016)]. Despite being located close to the equator, energy savings of around 20 % as compared to 
conventional HFC systems used previously and additionally a 15 % higher turnover due to increased 
customer comfort have been reported for the stores in Indonesia [Santoso, Y. (2016)].  

All these new Asian CO2 units are integrated systems, i.e. the AC unit (and space/hot water heating 
where needed) is a part of the refrigeration system. Unfortunately, in the South-East Asian countries, 
the investment costs for the new CO2 units are still relatively high as compared to traditional HFC units, 
which hinders large-scale commissioning of the technology. 

Centralized systems, also known as “multiplex” systems: Centralized systems consist of a central 
refrigeration unit located in a machine room, which takes care of chilling and freezing the foodstuff. In 
an ideal case, the centralized system covers also the AC demand, and condenser heat is recovered for 
different heating purposes. Aspects related to heat recovery are described in chapter 4.1.4.4. 

Centralized systems can be categorized into two groups, based on the dominant refrigerants used: HFC 
systems, which can be considered as conventional solutions, and CO2 systems as the more eco-friendly 
alternative. Despite being non-conventional, the CO2 refrigeration technology is mature and has 
become state-of-the-art. Conventional centralized systems are the largest consumers and emitters of 
HFC refrigerants in the EU. The centralized systems, as direct or indirect systems, are explained below. 

Centralized systems based on HFCs 
Direct systems: The most traditional refrigeration system design in European food retail stores is the 
direct system (Figure 28 (a)). This system comprises two completely separate MT and LT loops. In direct 
systems of medium-large size supermarkets, the refrigerant circulates in long pipe runs between the 
compressors in the machinery room, the display cases in the sales area, and the condensers on the roof. 
This implies very large refrigerant charges. The amount of refrigerant in a centralized direct system is 
typically 4-5 kg/kW of refrigeration capacity [Baxter, V.D. (2003)]. 

Distributed system is another variation of the direct system (Figure 28 (b)). It is called distributed since 
there is no centralized compressor rack but several small compressor racks located in boxes near the 
display cases. In such systems, the suction lines of the compressors are much shorter than in the 
conventional direct system. The discharge line of the compressors is typically connected to a separate 
rooftop air-cooled condenser. The refrigerant circuits in a distributed system are shorter, and the total 
refrigerant charge will be about 75 % of conventional direct (multiplex) systems [Bivens, D., Cage, C. 
(2004)]. 

Direct systems offer better energy efficiency and more stable temperature levels in the refrigerated 
cabinets and are additionally less complex to operate than indirect systems. 

Indirect systems: The initial aim with indirect systems was to decrease the refrigerant charge and 
minimize potential refrigerant leakage. In an indirect system, the refrigeration unit is located in a 
machinery room, separated from the sales area, which also enables the use of flammable or toxic 
refrigerants. One indirect solution with completely separate MT and LT loops is a “completely indirect 
system” (Figure 28 (c)). In this system design, there are two primary and secondary refrigeration cycles 
with different temperature levels. Another configuration of indirect systems is the partially indirect 
system, shown in Figure 28 (d). In this case, the low temperature system has a direct system between 
the compressors and the freezers, and the medium temperature system has an indirect system 
between the cabinets and the chiller. 
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(a) Direct system (b) Distributed system 

  
(c) Completely indirect system (d) Partially indirect system 

  

Figure 28: HFC direct and indirect systems [Arias, J. (2005)] 

Centralized systems based on CO2 
CO2 indirect systems: The first usage of CO2 in food retail stores was as a secondary fluid. CO2 has very 
good heat transfer properties and lower viscosity than conventional secondary fluids. This makes the 
required pumping power considerably lower than in the conventional indirect systems. Corrosion has 
been another problem with some of the secondary fluids, which is no problem in CO2 indirect systems. 
Furthermore, for CO2, refrigerant leakage is no problem as it is a natural refrigerant with a very low 
Global Warming Potential (GWP) and because it is much cheaper than HFCs. An example of a CO2 
indirect system is shown in Figure 29 (a).  

CO2 cascade systems: The second step of CO2 systems were cascade systems. In this configuration, CO2 
can be used in both MT and/or LT levels but the absorbed heat is rejected into an upper cycle. In the 
upper cycle, different types of refrigerants, which may have safety/environmental problems when used 
in the sales area, can be used. These include HFCs (leakage of high GWP refrigerant), ammonia (toxicity), 
and hydrocarbons (flammability). This system solution was the first one that gave the opportunity to 
install system solutions completely based on natural refrigerants. One drawback of cascade systems is 
the "extra", intermediate cascade heat exchanger stage; it decreases the energy efficiency and, 
moreover, the heat exchanger can be expensive. However, CO2 cascade systems can be a good solution 
for warm climates, if the safety regulations permit the use of HCs or NH3 in the high-temperature stage. 
An example of a CO2 cascade system is shown in Figure 29 (b). 
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(a) CO2 indirect (b) NH3-CO2 cascade 
 

 

 
 

Figure 29: Examples of CO2 indirect and cascade systems [Own elaboration by KTH] 

CO2 only systems: Figure 30 presents simplified system layouts for 1st, 2nd, and 3rd generation CO2 
refrigeration systems. The basics and the pros and cons of these systems are given briefly below. A 
more detailed description can be found in the SuperSmart report “How to build a new eco-friendly 
supermarket” [Kauko, H., Kvalsvik, K.H., Hafner, A. (2016)]. 

   

Figure 30: (a) 1st, (b) 2nd and (c) 3rd generation central CO2 refrigeration systems [Own elaboration by 
SINTEF] 

1st generation: Booster system 
The 1st generation, i.e. the CO2 transcritical booster system, is considered as the standard system 
solution for new food retail stores in some European countries, such as Scandinavia. Figure 31 shows the 
status of the number of stores in Europe and in the world using CO2 transcritical booster systems. There 
are over 5 500 stores in Europe and more than 7 200 stores worldwide [Shecco (2016a)]. According to 
the natural refrigerants market analysers at Shecco, the number of stores in Europe has increased to 
8 700 stores as of September 2016.  

The system fits best to cold climates, where the demand for AC is low. In this system, the LT 
cabinets/evaporators are served by a separate, smaller booster compressor, which lifts the pressure to 
the medium temperature level. The discharge gas from the booster is then merged with the gas coming 
from MT evaporators.  

(a) (c) (b) 
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Figure 31: Worldwide map of the stores using CO2 transcritical booster [Shecco (2016a)] 

The general booster system will have a slightly reduced energy efficiency in warm climates, where the 
gas cooler output temperature is high, due to higher expansion losses and increased heat rejection 
losses. Possible solutions to this problem are using a mechanical subcooler after the gas cooler, an 
additional gas cooler with evaporative/wet cooling, or heat rejection to an energy well, providing a 
temperature level below ambient temperature during the warm season.  

Too low gas cooler outlet temperatures are a challenge in cold climates during wintertime. If the 
temperature at the inlet of the high-pressure control valve reduces below 5 °C, the pressure level in the 
separator drops below the level that is required to deliver liquid refrigerant to all the evaporators. This 
problem can be prevented with bypassing, or letting only a small portion of the working fluid through 
the external gas coolers and using only heat recovery (see Figure 30 (a)). Alternatively, a separate, 
significantly smaller gas cooler, dimensioned for winter conditions, may be used.  

2nd generation: Booster system with parallel compression 
The amount of vapour downstream of the high-pressure control valve increases as the external 
temperature rises. The reduced specific cooling capacity leads to an increment in the amount of 
refrigerant, which has to be compressed from medium to high pressure, implying a growth in the 
energy consumption associated with the MT compressors, especially during summertime [Gullo, P., 
Elmegaard, B., Cortella, G. (2016)]. A solution to this challenge is to adopt an auxiliary, parallel 
compressor on the purpose of sucking either a part or the entire amount of vapour from the separator 
and compress it directly to the gas cooler pressure. Such a system solution is called booster system 
with parallel compression, shown in Figure 30 (b).  

Having an auxiliary compressor reduces the losses due to flashing. The auxiliary compressor is only 
operative if there is a sufficiently large amount of flash gas (otherwise the compressor would have a too 
poor operation). If the amount of flash gas is low, e.g. during wintertime, it is throttled via the flash gas 
by-pass valve as in a standard booster system. 

Furthermore, energy-efficient integration of AC is possible with parallel compression. The AC 
evaporator outlet enters directly the separator (see the following chapter). In this case, the AC cooling 
capacity is provided by the auxiliary compressor, determining the pressure level of the separator. 

3rd generation: The ejector system 
The state of the art technology is to replace the high-pressure control valve with ejectors enabling for 
expansion work recovery, as illustrated in Figure 30 (c) and in more detail in Figure 32. This is particularly 
important for CO2 systems to be operated in warm climates, in which case the expansion losses are 
high. However, the ejector configuration can also be applied in cold climate locations. What an ejector 
does is that it partly entrains the low-pressure fluid downstream of the MT evaporators by means of 
high-pressure fluid coming from the gas cooler, accelerated in the motive nozzle of the ejector [Hafner, 
A., Försterling, S., Banasiak, K. (2014)]. The ejectors extend the operation time of parallel compressors by 
increasing the amount of vapour to be compressed by them. Ejectors hence shift a part of the MT 
compressor load to the parallel compressor, which has to overcome a significantly lower pressure lift, 
hence reducing the total power demand. 
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When ejectors are used, some of the liquid from the low-pressure receiver is fed to liquid ejectors and 
vapour to vapour ejectors. The operation principle is as described above for both ejectors but the 
dimensions of the internal flow channels are different. For active control of the discharge pressure at 
varying ambient (heat reclaim) conditions, a multi-ejector solution is necessary, where a number of 
ejectors are connected in parallel. To maintain a certain high side pressure, the requested effective flow 
area of the ejector rack is then varied through on-off operation of the individual ejectors. Other vendors 
have developed large variable capacity ejectors, in which case only one ejector is used to control the 
high side pressure by varying the effective flow area through flow restriction in the nozzle [R744.com 
(2016)]. 

Using ejectors enables to operate the evaporators without any superheat, i.e. in flooded mode. In 
standard DX evaporators, part of the evaporator has to provide superheating of the refrigerant, 
reducing the heat transfer rate. In flooded direct expansion evaporators, the vapour fraction of the 
refrigerant downstream of the MT evaporators can be continuously kept at around 100 %. This leads to 
increased heat transfer rate and better utilization of heat exchanger area, allowing significantly higher 
evaporation temperatures (around -2 °C with optimal design of the display cabinets) and hence 
increased overall system energy efficiency. 

Figure 32 presents also an innovative approach for integrating AC capacity in the circuit, without a 
separate AC compressor. The AC loop is cooled down by evaporating CO2 in natural circulation from the 
separator and is activated with an on/off valve. The evaporated CO2 is returned to the upper part of the 
separator, from where also the parallel compressors get their suction flow. With this approach, control 
and regulation becomes easier as there are only two evaporation pressure levels. The pressure level in 
the receiver (around 40 bar, corresponding to an evaporation temperature of ca. 5 °C) is low enough to 
allow sufficient cooling for the AC loop. The system costs are lower as no extra compressor, condenser, 
control, etc. is required for AC.  

 

Figure 32: Principle scheme for supermarket refrigeration system with ejector [Own elaboration by 
SINTEF] 

4.1.4.2 Refrigeration components: design and operation 
Problems in refrigeration system operation are often due to incorrect dimensioning of its components. 
Underdimensioning will cause problems in delivering the required refrigeration capacity, while 
overdimensioning will deteriorate the system performance significantly. For correct dimensioning, 
computational tools available for supermarket planning and operation should be applied; this topic is 
discussed in SuperSmart report “Computational tools for supermarket planning” [Fidorra, N. (2016)]. 
This chapter presents the key system components and aspects related to their optimal operation.  
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• Compressor 
The compressor is the heart of the refrigeration system, and its correct dimensioning is crucial 
for optimal system performance. To adapt to changes in refrigeration demand, owing to e.g. 
changes in ambient conditions, frequency control/variable speed drive compressors should be 
applied. This may allow energy savings of up to 25 %, improved performance at part load, and 
increased working life compared to on/off control [Bouchareb, M., Gibson, J. P., Lubich, F. 
(2003)] as well as a reduction in the total number of installed compressors.  

• Expansion device 
The expansion device controls the flow of refrigerant from high-pressure to low-pressure level. 
Use of electronic expansion valves instead of thermostatic expansion valves allows an adaptive 
adjustment of the control characteristics during operation. Electronic expansion valves are also 
able to operate with a lower pressure difference, allowing a more radical decrease in 
condensation temperature. In a large Italian supermarket, energy savings of between 20 % 
(summer) and 35 % (winter) were achieved by using electronic expansion valves for the MT and 
LT evaporators, as compared with a similar supermarket using thermostatic expansion valves 
[Bobbo, S., Camporese, R., Fedele, L., Scattolini, M., Lamanna, B. (2005)].  

• Evaporators/condensers 
An evaporation temperature increase by 3 K reduces the energy use by approximately 3 %. 
Higher evaporation temperature can be achieved by increased evaporator area and by using an 
internal heat exchanger (IHX) installed after the evaporator. Increased evaporation temperature 
is facilitated by using flooded direct expansion evaporators, enabled through the use of 
ejectors, as mentioned above. The evaporation temperature should ideally be the highest that 
can be achieved today, -2 °C for MT chillers and -25 °C for LT freezers.  

Defrosting of evaporators is required due to frost formation. Defrosting cycles are usually 
controlled by a timer; however, defrosting is often not necessary at the time pre-set by the 
timer. In new CO2 refrigeration systems using flooded evaporators with elevated evaporation 
temperatures, defrosting once a week is sufficient. Alternatively, defrost on demand can be 
performed by observing the evaporation temperature (the evaporator temperature drops upon 
frost formation) [Kauffeld, M. (2015)]. 

For condensers, condensation temperature/high-side pressure should be lowered as far as 
possible. In CO2 systems, gas cooler outlet temperatures can be lowered by using evaporative 
condenser/gas cooler cooling. Serial arrangement of gas coolers should be applied with respect 
to heat recovery and rejection to different heat sinks (see chapter 4.1.4.4). 

Air-cooled heat exchangers, in particular condensers in the plug-in units, are prone to 
contamination. Periodical cleaning of any heat exchanger surface improves the heat exchange 
and hence reduces the energy consumption by between 2 and 10 % [Carbon Trust (2012)]. 

• Refrigeration cabinets 
Figure 33 illustrates the cooling load for an open multi-deck refrigeration cabinet. There are 
several ways to reduce this cooling load through improved cabinet design, the single most 
important of them being the use of glass doors or lids. Approximately 75 % of the cooling load is 
due to air infiltration. With cabinets covered by a glass door or lid, the refrigeration capacity of 
food retail stores can hence be reduced by up to 40 % [Kauffeld, M., Harnisch, J., Rhiemeier, J.-
M. (2008)]. Reductions in energy use up to 86 % have been reported [Kauffeld, M. (2015)]. In 
addition, the energy consumption for defrosting will be reduced as less ambient air and hence 
less humidity will enter the cabinet. If possible, the glass doors/lids should be coated with a thin 
metal layer to reflect heat (infrared) radiation, further reducing the energy consumption. 

Many retailers are concerned that introduction of glass doors will result in reduction in sales. 
There are no studies on the influence of glass doors on the turnover, however, based on 
observations from retailers, no losses in sales were documented after retrofitting of individual 
stores [Kauffeld, M. (2015)]. Furthermore, with glass doors, the air temperature in the aisle in 
front of the cabinets will be higher. The customers hence tend to spend a longer time in front of 
the cabinets, increasing the sales. 
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Figure 33: Approximate cooling load for an open refrigerated multi-deck cabinet [re-drawn based 
on Kauffeld, M. (2015)] 

Further measures for improved energy efficiency in refrigerated cabinets: 

o High-efficiency fan motors and fan power adjustment: By using energy-saving 
permanent magnet (PM) motors and aerodynamic optimization of the fan blades, the 
energy consumption of the fans can be reduced considerably, by up to 70 % when 
compared to conventional fans [Goetjes, H. (2007)]. 

o Evaporator fan outside the cabinet: This reduces the heat load as only a small part of 
the propeller fan mechanical power is fed to the air to be cooled [Kauffeld, M. (2015)]. 

o Anti-condensate heaters on the display doors: The design of the anti-condensate 
heaters depends on the door characteristics, cabinet configuration, ambient conditions 
(dehumidification by the AC unit), and frequency of the door opening. 

o Use of LEDs for lighting inside the cabinet: LED lights consume approximately half of 
the lighting energy compared with fluorescent tubes while maintaining adequate 
product lighting. This also reduces the heat load into the cabinet. Use of LED lights may 
hence reduce the energy use by a factor of 60-70 % as compared with the use of 
fluorescent lamps [Raghavan, R., Narendran, N. (2002)]. It may also be possible to place 
the lighting outside of the refrigerated zone, or one may install reflectors or light 
conductors [Kauffeld, M. (2015)]. 

o Improvement of insulation materials: Thermal conduction through walls can be 
significantly reduced by improved thermal insulation, such as polyurethane foam 
[Kauffeld, M. (2015)]. 

o Infrared reflecting shades and baldachins: These efficiently reduce the cooling load of 
an open multi-deck cabinet resulting from heat radiation exchange with the 
surrounding air.  

o Use of night covers. Energy savings of 240 % have been reported [Axell, M., Fahlen, P.O. 
(1995), Axell, M., Fahlen, P.O. (1998)]. 

o Improved anti-sweat heaters, edge/rim heating, dew point control: Rim heating for 
chest freezers prevents condensation from ambient air and improves customer 
safety/comfort through increased edge temperature. This creates an additional cooling 
load. By demand-controlled edge heating, a reduction in this cooling load by 5 % is 
possible [Faramarzi, R. (2004)]. 

o Correct product loading of the refrigeration/freezer units: Overfilled open refrigerated 
multi-decks consume up to 6 % more energy, while the temperature of the warmest 
products increases by 6 K [Faramarzi, R. (2004)]. 

o Correct evaporation temperature: As the energy use of the compressor is dependent on 
the lowest evaporation temperature, it is of utmost importance that all cabinets 
connected to the same compressor are designed for the same evaporation 
temperature. 
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4.1.4.3 Heating, ventilation and air conditioning (HVAC) 
Food retail stores have a unique mix of several different thermal zones under one roof. Each of the 
zones have unique thermal and air flow demands. Simultaneously, most of the thermal zones are not 
isolated and interact and affect each other. This makes the design of the HVAC system a complex task. 
The supply of the required air with a proper temperature level and flow rate is not the only complex 
part of the design. The zones that are supplied more with the outdoor fresh air, such as the sales area, 
should be pressurized to force the air to migrate to the zones that produce exhaust gases, such as the 
store’s kitchen or bakery.  

Air handling unit 
The control of the air flow, temperature, and humidity is generally performed with an air handling unit 
(AHU). In today's food retail stores, AHU units designed for office buildings are often used. These use 
normally rotating heat recovery wheels, resulting in unnecessary large fan power consumption due to 
the high pressure losses through the wheel and filters. Auxiliary (electric) heating of the supply air is 
often utilized, rendering heat recovery from the refrigeration system difficult. Furthermore, including 
dehumidification in these systems may be difficult. 

In Kroppanmarka supermarket in Norway, an AHU by Systemair, designed particularly for supermarkets 
was chosen. The system includes the following features, which can be regarded as guidelines for 
energy-efficient AHU units for supermarkets: 

• Heating of supply air by hot water from thermal storage tanks. The water is heated by surplus 
heat from the refrigeration system. 

• Re-use of indoor air based on exhaust air CO2 levels (shop air quality). Outdoor air added only 
according to the demand, reducing the electricity use and supply air humidity. 

• Possibility for dehumidification with a chilled water circuit. 
• Bypass of components not in use (heat recovery wheel and heat exchangers). 
• Free cooling from energy wells (heat rejection). 
• Permanent magnet (PM) electric motor with 90 % efficiency, low vibration and noise.  

In addition, floor heating is used in this supermarket, reducing the required heat supply covered by the 
AHU unit and hence the required air flow rates. 

Dehumidification 
Humidity is of particular concern due to possible condensation problems in the refrigerated cases. 
Using dehumidification in the AC system increases the energy consumption of the AHU; however, the 
water contained in the air is only condensed in the evaporator of the AC unit instead of building up frost 
in the refrigeration units. High humidity in food retail stores has several disadvantages, including: 

• Frost formation on the evaporator coils, leading to less efficient heat transfer process, demand 
for lower evaporation temperatures, and higher compressor power consumption. 

• Higher defrost demand and more defrost cycle tripping, leading to higher energy consumption 
and reduced product quality due to the frequent defrosting cycles. 

• More formation of condensate/ice on the cabinets’ glass lids, higher anti-sweat heating 
demand, and higher energy consumption. Glass lid invisibility can affect the sales as well. 

• More formation of condensate or ice on products, resulting in product quality loss. 

Despite the disadvantages, the majority of food retail stores are not supplied with a dehumidification 
system of any kind. The humidity control is usually done by introducing excess dry outdoor air into the 
store, or the open cabinets/freezers play the role of the dehumidification system. Neither of these 
methods can be considered as energy-efficient solutions. 

To dehumidify the supply air, two primary solutions are available. The first one is to cool the humid air 
below its dew point. This leads to condensation of a part of the water content, which can then be 
removed. For cooling the air, a branch of cold refrigerant/brine stream from the refrigeration system or 
a separate refrigeration system can be used. This dehumidification process is illustrated in Figure 34 (a). 
Dehumidification by condensation can be integrated with the ventilation or refrigeration system.  

The second method is to use water-absorbing materials like silica gel. The most well-known equipment, 
which uses this technique, is called desiccant wheel, shown in Figure 34 (b). Desiccant wheel is the 
major component in a desiccant dehumidification system. It is a slow rotating wheel containing some 
absorbent chemicals, normally silica gel. When moist air passes one portion of the wheel, the moisture 
is absorbed.  
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(a) Dehumidification by  
water vapour condensation [IIHF (2010)]  

(b) Dehumidification by  
Desiccant wheel [IIHF (2010)] 

  

Figure 34: Commercial dehumidification systems (shown for ice rink application) [IIHF (2010)] 

Air conditioning 
Air conditioning (AC) cools and controls the temperature level in food retail stores. The size and type of 
the system is dependent on the store s’ size; it ranges from small units, for example moveable plug-in 
ones, to large stationary central AC systems. Two major categories of AC systems in the food retail 
stores are “packaged systems” where all components are built into a single casing and “split systems” 
where essential components are built into separate casings. Split systems can be ducted or non-
ducted. Some AC systems are reversible; this means, they have the possibility to reverse the cycle flow 
direction and can hence be converted into a heat pump during cold months [Gschrey, B., Zeiger, B. 
(2015)]. 

Stationary air conditioners are also large consumers of HFC refrigerants in Europe, and they will be 
affected by the EU F-gas Regulation. R134a, R410A, and R407C are the dominant refrigerants used in 
European AC systems. A recent trend is to use R32 as a refrigerant with a lower GWP value. 

In addition to the traditional HFC-based AC solutions, natural refrigerant based systems are also 
available in the market. Many good case studies and examples of NH3, hydrocarbon chillers or water can 
be found in http://www.ammonia21.com/, http://www.hydrocarbons21.com/ and 
http://www.r718.com/. Furthermore, there are a few studies of CO2 air conditioners (reversible heat 
pump) [Girotto, S. (2016), Minetto, S., Condotta, M., Rossetti, A., Girotto, S., Del Col, D. (2016)]. 

In food retail stores, the most optimal approach is the integration of AC into the (CO2) refrigeration 
system, as shown in chapter 4.1.4.1 for the CO2 parallel compression and ejector systems (Figure 30 and 
Figure 32). This is a relatively recent technology, and there are still ongoing research works investigating 
efficiency improvements to the integrated system. [Karampour, M., Sawalha, S. (2015)] have found that 
the coefficient of performance (COP) of air conditioning in an integrated CO2 system is higher than in an 
isolated HFC-based AC system for ambient temperatures lower than 25 °C. Ejector technology enables 
to lift the AC COP balance point towards ambient temperatures of 35 °C. Examples and performance 
analysis of commercial systems using this CO2 integrated solution for AC have been presented in 
different studies including [Kallesoe, J. (2013)], [Hafner et al. (2016)], and [Karampour, M., Sawalha, S. 
(2016a)].  

Heating system 
Food retail stores have a rather wide range of heating demands, including space and domestic hot 
water (DHW) heating. In cold climates, space heating is required in the sales area, offices, and back 
rooms for customer and personnel thermal comfort. DHW heating is required for early morning 
preparation of prepared meals and late night cleaning of the store before closing. Another usage of 
heating in cold climate countries is snow melting at the entrance zone or parking area. The most typical 
heating distribution systems and their delivery temperature are shown in Table 22. 

http://www.ammonia21.com/
http://www.hydrocarbons21.com/
http://www.r718.com/
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Table 22: Typical delivery temperatures for various heating distribution systems [BRESEC (2007)] 

Demand Distribution system Delivery temperature [°C] 

Space heating Water: Floor heating 30-45 

Space heating Water: Low temperature 
radiators 

455 

Space heating Water: Conventional radiators 60-90 

Space heating Air: air handling units 30-50 

DHW heating Water 565 

Ground freeze protection/snow 
melting 

Water/secondary fluids 10-20F 

Generally and where needed, the sales area is heated by warm air provided by a centralized air handling 
unit (AHU). This is mainly the case for medium-to-large sized supermarkets. Smaller stand-alone or 
distributed heating systems are used in smaller supermarkets. There are few examples of Nordic 
supermarkets using floor heating but it is not installed in the refrigerated zone of the supermarket. The 
offices and back rooms can be heated by air or hydronic systems including radiators and floor heating. 
Floor heating is the most optimal solution regarding thermal comfort and also the most energy-efficient 
approach as it allows the utilization of low temperature waste heat from the refrigeration system. 

The heating can be provided by boiler/condensing boiler, electric heater or district heating, however, 
the most energy-efficient, cost effective, and environmentally friendly method is to use primarily the 
waste heat rejected by the refrigeration system, discussed in more detail in the following chapter. The 
amount of heat pumped by the refrigeration system can cover a great share of the heating demand, 
sometimes even more than the market needs. An example of proper heat recovery is the “open district 
heating” project running in Stockholm where a number of supermarkets and data centres recover and 
sell their excess heat to the city district heating network [Fortum (2016)]. COOP Rådhuset supermarket 
in Stockholm is one of these supermarkets using a CO2 booster system to provide supermarkets heating 
demand and sell the extra heat [COOP (2016)]. 

The conventional and more eco-friendly systems for space and DHW heating used in food retail stores 
are: 

• Conventional systems: 
o Boiler/condensing boiler, 
o District heating,  
o Electric heating. 

• More eco-friendly options: 
o Refrigeration heat recovery, 
o Heat pumps: ground source, air source, water source, 
o Ventilation exhaust air heat recovery by heat recovery wheel, 
o Co-generation/tri-generation of electricity, heating and cooling,  
o Solar thermal panels (DHW heating). 
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4.1.4.4 Heat recovery 
Heat recovery from the refrigeration system is one of the most efficient ways to increase the total 
efficiency of the refrigeration system and to decrease the costs for purchased heat. CO2 systems are 
particularly well suited for heat recovery owing to the high compressor discharge temperatures and 
gliding temperatures in the heat rejection in the transcritical cycle.  

There are several methods available to reclaim the waste heat, depending on the system design and the 
refrigerant. Some examples of heat recovery systems are shown in Figure 35.  

• Middle layout reference system: No heat is recovered from the refrigeration system, and the 
heat is rejected to the atmosphere. The running mode is called floating condensing as the 
condensation pressure follows the ambient temperature. The heating demand is provided by a 
separate heating system, including boiler/condensing boiler, district heating, electric heater, 
etc.  

• Top-left layout (A): The heat is recovered in the de-superheater. This system is suitable when 
the discharge temperature is relatively high, for example in NH3 or CO2 refrigeration systems. 

• Top-right (B) and bottom-left (C) layouts: These are two heat pump cascade solutions. In the C 
layout, heat is recovered from the condenser and delivered to a heat pump as low-grade heat. 
This way, the refrigeration system is not required to run with high discharge pressures. Solution 
B (heat pump cascade for sub-cooling) is similar to the heat pump cascade but the heat is 
recovered in a sub-cooler after the condenser. This increases the efficiency of the refrigeration 
system simultaneously by decreasing the condenser/gas cooler outlet temperature. 

• Bottom-right layout (D) is a fixed-head pressure heat recovery system. The discharge pressure 
is fixed according to the HVAC system supply temperature demand. There is a 
coolant/secondary fluid which transfers the heat from the condenser to the HVAC system 
[Sawalha, S. (2013)]. 

 

Figure 35: Configurations of heat rejection and heat recovery from a refrigeration system [Sawalha, 
S. (2013)] 

Figure 36 shows an integrated system layout from REMA 1000 Kroppanmarka supermarket in Norway 
[GEMINI (2014)] where heat from the central CO2 refrigeration system (green cycle in Figure 36) is 
recovered at three temperature levels: (1) In the hot storage tanks (red cycle), from where heat is 
supplied primarily to heat ventilation air in the AHU; (2) To the floor heating loop (blue cycle); (3) 
Towards the cold fluid of the energy well loop (purple). The heat stored in the energy wells is utilized for 
heating during cold periods. 
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Figure 36: Integrated refrigeration and HVAC solution for REMA 1000 Kroppanmarka supermarket, 
Trondheim, with CO2 as the refrigerant. The numbers indicate the three stages of heat 
recovery from the gas coolers [Own elaboration by SINTEF] 

4.1.4.5 Operation and maintenance 
A perfectly built food retail store, which is not correctly operated or in which each subsystem is 
managed without interactions with the rest of the system, may have an unnecessarily high energy 
consumption during its operation phase. Operation of a food retail store includes topics such as 
operational schedules of HVAC&R systems, setting different working scenarios, setting different 
temperature set points, scheduling equipment start-up and shutdown, and defining emergency 
procedures. 

Key factors for achieving a system operating at its peak efficiency are proper operation, sufficient 
frequency of system check-up and maintenance as well as the expertise and experience of servicing 
staff. Energy savings and regulatory compliance are dependent on careful and thorough operation and 
maintenance of refrigeration systems and other energy consuming systems in food retail stores. 
Improper operation and maintenance of refrigeration units and other appliances/installations in 
supermarkets can deteriorate the energy performance of the equipment. 

All refrigeration systems are vulnerable to environmental and operational factors such as seasonal 
temperature fluctuations, vibration, dirt, and incorrect use of the refrigeration system. These factors can 
lead to drifting the refrigeration system outside its originally set working range. Good operation and 
maintenance will keep the system working at its optimum. 

This chapter outlines some of the most important issues regarding operation and maintenance. The 
topic is covered in more detail in a dedicated SuperSmart report “Eco-friendly operation and 
maintenance of supermarkets” [Ciconkov, S. and Ciconkov, V. (2016)]. 
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Store Temperature 
The store temperature has a major influence on the energy consumption of the HVAC and refrigeration 
systems. In order to reduce the energy consumption, the store temperature can be reduced in winter 
and increased in summer. In winter, maintaining a low but comfortable store temperature reduces 
energy needed for heating and increases the refrigeration system efficiency. On the other hand, raising 
the store temperature by some degrees in the summer may produce considerable energy savings of the 
HVAC system, although it will increase the energy used by the refrigeration system. A detailed analysis 
should be performed in order to establish the most efficient store temperature in summer. 

A possibility for reducing energy consumption in refrigeration and HVAC systems is using variable space 
temperature set points based on the outdoor temperature. Furthermore, zonal control can be used to 
provide low temperature and humidity close to the refrigerated display cabinets to reduce frost 
formation, and higher temperature and humidity elsewhere for increased thermal comfort. Zonal 
temperature control for heating and cooling is best accomplished with a floor heating system. The food 
retail store is then divided up into multiple zones with different temperature levels in the interest of 
improving energy efficiency and customer comfort.  

Operator responsibilities 
The operator must have sufficient knowledge about the building systems and be involved in decision 
making related to operations in the store. This person needs to develop an efficient operation plan 
including all major interactions in the installed systems. Proper operation should also address simple 
problems that are very often ignored and can lead to rising energy costs or even equipment damage 
over a period of time. In Table 23, a short description of operator responsibilities is given.  

Table 23: Operator responsibilities 

Operator responsibilities Description 

Maintenance plan 
Ensuring the frequency and quality of maintenance work and the 
updating of refrigerant logbooks including any details concerning 
refrigerant charge, additions according to the F-gas Regulation, etc. 

Monitoring system 
Using data from monitoring system and investigating the data trends. 
This analysis can help in identifying any potential problems in the 
system on time. 

Temperature sensors  

Regular recalibration of temperature and humidity sensors of the 
cabinets. Over time, the temperature sensors can be off by several 
degrees. Inaccurate or damaged humidity sensors lead to unnecessary 
operation of electrical heaters or air coolers in the cabinets. 

HVAC&R system integration 
Considering cost-effective ways to operate and integrate the HVAC&R 
system. 

In addition, training the staff on proper operation is very important. All employees must be trained to 
understand how their daily actions affect the operation of the store. For example, filling display cabinets 
with products should be done in a way not to block supply/return grilles. Overstocking can cause poor 
air circulation leading to additional refrigeration load and poor distribution of cold air. This kind of 
awareness training and introduction of working procedures to relevant staff should be done regularly, 
several times in a year, especially in places where staff is changing frequently. 

Monitoring 
Monitoring is taking records of data from various points or processes, information from service and 
maintenance procedures, information from inspections, field results, external reports, etc. The gathered 
data are stored for safety and legislative fulfilments (for example hazard analysis and critical control 
points, HACCP), and afterwards studied and compared in order to determine possible malfunctions, 
components failure or even low performance from key system components. Any activity in the store 
can be monitored, including installation and operation of HVAC&R systems, lighting system, service and 
maintenance operation as well as tests and inspections. Having accurate and comparable data easily 
available can give a very clear picture about performance of the HVAC&R system. There is a wide range 
of monitoring systems available from different companies; a comprehensive overview is given in 
[Ciconkov, S. and Ciconkov, V. (2016)]. 
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Service and maintenance 
Service and maintenance are required to keep the building and its energy consuming systems working 
on peak performance with respect to designed capacities and energy consumption. Maintenance 
typically refers to routines, that is, periodic physical activities conducted to prevent the failure or 
decline of building equipment and assemblies. Service usually means activity that solves breakdowns 
and failure of equipment. Proper implementation of both service and maintenance is the most cost-
effective approach to ensure reliability and energy efficient operation of the systems. This will lead to 
significantly enhanced performance with small initial investments. Service and maintenance routines 
should be established to all major systems in the store [Ciconkov, S. and Ciconkov, V. (2016)]: 

• Refrigeration 
o Visual inspection and testing with appropriate test equipment should be carried out 

regularly according to refrigeration principles, procedures, and safety requirements. 
o Refrigerant charge should be checked frequently as over- and undercharged systems 

have a significantly reduced efficiency. The load on the compressor will increase, 
causing it to run for longer periods of time; suction and head pressures decrease, and 
ultimately there is an inability to maintain required temperatures within refrigerated 
cabinets. Regular inspection is hence needed to identify possible leaks, which should be 
repaired immediately. In the case of HFC systems, refrigerant leakage is a major source 
for direct greenhouse gas emissions (see chapter 4.2.2). 

o Proper door operation and sealing of display cabinets is crucial, since these items are 
exposed to very frequent use. Special focus should be given to function and cleanness 
of door gaskets, and they should be replaced if damaged. 

o Dirty condenser and evaporator coils reduce air flow and hence cooling capabilities. 
Dirty refrigerated display cases are not only unhygienic and inefficient but also cause 
operating faults. They should be inspected regularly and cleaned if necessary. 

• HVAC 
o The main maintenance operations are upgrading and maintenance of the HVAC filters, 

cleaning of heat exchangers, and maintenance of boilers.  
o Air filters reduce the amount of dust that reaches the wet coils, keeping the HVAC 

system clean. Dust on the wet coils and ducts reduces heat transfer and thus the 
efficiency of the coils. Clogged filters reduce the air flow, increasing the fan energy 
consumption. 

• Lighting 
o The lighting systems loose efficiency over time, e.g. due to dirt accumulation on the 

lenses, bulbs or reflectors. This can be avoided by regular maintenance.  
o When replacing fixtures, more efficient equivalents such as T5 or LED lights and high-

frequency electronic control gear should be considered.  
o Lighting controls should be inspected regularly to ensure that lights are off when spaces 

are unoccupied and when enough daylight is available. 
• Building envelope 

o The building itself should be checked at least once a year for maintaining the thermal 
performance. The inspection should notify possible weak spots, confirmed with thermal 
camera to check if insulation is damaged. Improve the insulation by adding new 
insulation with better thermal performance in roof spaces, suspended floors, and cavity 
walls when possible.  

o For doors and windows, loss in energy performance is expected due to wear of seals 
over time. Signs such as doors not closing properly, spots with water marks, and air 
draft noticed by staff are indications of inefficient building envelope. 
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4.1.4.6 Lighting 
Lighting plays an important role in food retail stores, in attracting customers by presenting the products 
in the most appealing way. This is especially important in shop areas where meat, vegetables, and other 
fresh products are sold. Moreover, choice of lighting is extremely important with respect to the energy 
efficiency, as lighting is responsible for up to 27 % of the total electricity consumption in food retail 
stores [Karampour, M., Sawalha, S., Arias, J. (2016b), CIRCE (2014)]. 

At present, the most common technology for lighting is fluorescent tubes. Although these lamps are 
relatively efficient, new models and technologies with increased efficiency are available. Different 
energy efficiency measures for lighting are discussed briefly in the following. 

Replacement of current lighting devices  
LED light technology may reduce electric energy consumption for lighting by up to 66 % when 
compared to conventional fluorescent lamps. Furthermore, LEDs have a negligible heat load and hence 
reduce the energy demand for AC. High-efficiency fluorescent lights are less expensive and less 
efficient than LED lights and reduce the energy consumption up to 35 % when compared to standard 
fluorescents. Even though these are cheaper, LED lamps have a longer operating life: up to 50 000 
hours versus 18 000 hours for fluorescent lamps. LED lights thus provide the best cost-benefits in the 
long-term. In addition, the costs of this technology are still expected to fall the next years [EIA (2015)]. 

Additionally, unlike other systems, start-up in LED lamps occurs instantly at 100 % of its intensity 
without flicker or start-up periods, and LEDs do not degrade by the number of starts, neither, which 
renders them suitable to be used with presence control. However, lighting levels should be analysed 
when substituting conventional lighting with LED lights, since in some cases the light level has been 
reduced after the LEDs were fitted. 

Presence detectors 
Presence detectors can be used to switch on or off the lighting of any space according to the presence 
of people. These systems are not expensive, and they are easy to install and configure. However, their 
profitability is usually limited to certain zones such as toilets, corridors, and intermittent waiting room 
areas with low or medium people traffic. Energy savings of around 20 to 50 % of the typical 
consumption of sporadically used zones can be achieved [Mukhopadhyay, J. (2013)]. 

Daylighting 
The objective of daylighting is to minimize energy consumption for lighting by increasing the utilization 
of daylight without increasing the heat load to the building. This measure has been implemented in 
some supermarkets in Norway, as was already discussed in chapter 4.1.2. The level of artificial lighting in 
the supermarket is in this case adjusted based on the level of available daylight, either through zone 
control or dimming.  

4.1.4.7 Renewable energy 
Food retail stores have a high specific power demand, which peaks in the summertime when the 
cooling load is high. Additionally, food retail stores have usually a large roof area. These factors render 
food retail stores particularly well suited for local power production with solar photovoltaics (PV), and 
this is already practiced in several stores in Europe and Asia [Grovew, S. (2014), Richardson, J. (2015)], 
including Northern countries such as Norway [KIWI, M. (2015)]. Local power generation with renewable 
energy systems is discussed in more detail in the SuperSmart report “How to refurbish a supermarket“ 
[CIRCE (2016)]. 

Sun or wind are however not the only options for local power generation. A number of Sainsbury’s 
stores in the UK are powered by electricity generated using food waste from the stores [J Sainsbury 
(2016)]. The principle is to send zero operational waste to landfill. Any food waste that is unsuitable for 
charitable donations or animal feed is sent to anaerobic digestion and turned into bio-methane gas, 
which is then used to generate electricity. Sainsbury’s is already the UK’s largest retail user of anaerobic 
digestion, generating enough energy to power 2 500 homes each year. 
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4.1.5 Further areas 

4.1.5.1 Waste 
Reducing the amount of food and material waste in food retail stores will reduce their environmental 
impact, e.g. through the possibly reduced demand for food products and material, and reduced 
demand for transportation. Measures for reduction of waste in food retail stores include: 

• Food waste: 
o Prevent food degradation through using correct cabinet temperatures, glass covers for 

the cabinets, and proper operation and maintenance of the cabinets (chapter 4.1.4.2). 
o Reduce prices on food products for which the expiration date is approaching. 
o Sell damaged food products at reduced prices instead of throwing them away. 
o Donate expired food to charity on the day of expiration. 
o Give away food that is inappropriate for human consumption but can be used as animal 

feed.  
o Use food waste to produce fuel for heat and power generation (see previous chapter). 

• Material: 
o Reuse cardboard boxes for product supplies. 
o Sell textile shopping bags. 
o Stop selling or using disposable shopping bags, if possible. 
o Recycle waste produced in the store and provide recycling stations for customers. 
o Avoid using disposable products for cleaning.  
o Train the staff for reducing food and material waste. 

Furthermore, reducing, reusing, and recycling construction waste can help to reduce the costs in the 
construction phase. By asking for good practice from an early stage in the design and planning process, 
clients and contractors can secure these savings and demonstrate corporate responsibility [WRAP 
(2015)]. In a case study for a GPD 3.8 million new build supermarket to be constructed using concrete 
foundations and a steel frame, total potential cost savings of 0.3 % (GPD 10 300), and 65 % reduction in 
the produced carbon emissions was obtained [WRAP (2015)]. In a large (GPD 13 million) ASDA 
supermarket building project finished in 2008 in the UK, Carillion was able to reduce the produced 
construction waste significantly using the Net Waste method by WRAP, yielding cost savings of 
GPD 182 000 [WRAP (2010)]. The main measures were reducing waste of the most valuable materials, 
selecting materials with an ‘above standard’ recycled content, and reusing waste materials on site 
wherever possible. The following key benefits were identified: 

• Less waste leaving site, 
• Decreased over-ordering, 
• Revealing the true cost of waste, 
• Changing behaviour on site, 
• Increasing waste segregation on site. 

4.1.5.2 Transport 
To reduce energy consumption and emissions related to transport in food retail stores, both the 
transport of food and goods as well as the customer transport should be taken into account. Options to 
reduce the impact from transport of food/goods include: 

• Reduce the amount of food and material waste. 
• Increase the share of locally produced food/goods in the store. Display these products clearly to 

increase the sales and awareness. 
• Use energy-efficient vehicles and environmentally friendly fuels (e.g. biofuels) for transport. 
• Use fully loaded trucks and cooperate with other industries and stores to load the truck with 

products in both directions. 
• Use operation research in transport planning. 
• Purchase goods from producers that also strive to reduce transport costs and emissions. 

To reduce emissions related to customer transport, the shop should be placed near settlements, and 
options for environmentally friendly transport to and from the store should be provided. Availability of 
bicycle stands, minimum distance to bus stops, and charging possibilities for electric vehicles are 
among the possible measures. In this context, hypermarkets placed in city outskirts cannot be 
considered as environmentally friendly. 
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4.1.5.3 Electric appliances 
Electric appliances in supermarkets include cooking appliances, such as ovens, and office equipment. 
Cooking appliances are responsible for 0-7 % of the total energy consumption in food retail stores 
[Lundqvist, P. (2000), NationalGrid (2009)], while office equipment consumes typically 0-1 % of the total 
energy consumption [NationalGrid (2009)], although for Germany a share of 11 % of the total electricity 
use has been reported [Kauffeld, M. (2007)] (see Figure 26). 

Regarding office equipment, such as computers and cash registers, and other plug-in devices such as 
deli scales and deli cooking equipment, the most important energy efficiency measure is to shut them 
off when not in use [MGE (2010)]. “Smart” power strips with built-in occupancy sensors are available to 
shut off plug-in devices when no users are present. 

Some of the more cutting-edge technologies commercial kitchens can employ to reduce energy 
consumption include [MGE (2010)]: 

• connectionless steamers, 
• rapid-cook ovens, 
• variable-speed kitchen ventilation hoods, 
• advanced fryers. 
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4.2 Environmental analysis of food retail stores 

The construction sector is one of the most significant contributors to the global environmental climate 
change impact from human activities; it involves around 40 % of the total energy consumption in 
Europe and about 60 % of the raw materials extracted from lithosphere [Zabalza, I., Valero, A., Aranda, 
A. (2011)]. During the use stage of the retail stores buildings, it is estimated, for example in the U.K. that 
they stand for 3 % of total electricity consumption and 1 % of total GHG emissions [Tassou et al. (2011)]. 

The high energy consumption of the refrigeration systems in food retail stores is not the only 
environmental impact that must be considered. In addition, food retail stores typically use high GWP 
refrigerants. In general, the conventional refrigeration system in European food retail stores consists of 
separate direct expansion HFC-based systems for medium and low temperature levels. The dominant 
refrigerant in European food retail stores is R404A with a GWP value of about 3 922 [SKM Enviros (2012)]. 
The amount of refrigerant charge in medium- and large-size supermarkets is in the range of hundreds 
to few thousands of kilograms. Due to the long pipe runs and numerous piping connections, the 
leakage rate is reported to be 3-22 % [IPCC (2005)].  

4.2.1 Applicability of Life Cycle Assessment in food retail stores 

When developing criteria for a new EU Ecolabel product group, the environmental impact of the whole 
product life cycle must be taken into account (see chapter 1.1.2). In order to fulfil this requirement, it is 
underlying to take into account the Life Cycle Assessment (LCA) of food retail stores.  

Standards ISO 14040:2006 and 14044:2006 define LCA general principles and framework but do not 
include a specific methodology to assess it. As buildings are more complex than regular manufactured 
products, specific standards for buildings’ LCA evaluation have been developed, based on ISO 14040 
and 14044 principles. The European Committee for Standardization (CEN), responsible for the 
standardization of methods for the assessment of new and existing construction works has developed 
CEN/TC 350 Sustainability of Construction works. It becomes a compilation of European standards, 
technical specifications, and reports for building environmental performance analysis and provides a 
calculation procedure based on LCA [CEN/TC 350 (2016)] that is divided into six work groups. This 
methodology aims to obtain a quantitative evaluation of the environmental performance as well as 
social and economic assessment of buildings. Within this framework, EN 15643-1, -2, -3, -4, EN 15804, 
and EN 15978 include the analysis standards for the different life cycle levels, as shown in Figure 37. On 
the one hand, building level assessment includes building materials and components’ impacts in its 
inventory. On the other hand, it evaluates the operational use performance of the buildings, water and 
other resources consumption, and waste disposal. 

Due to the importance of all life stages of a building (production, construction, use and maintenance, 
and final disposal), in order to obtain a reliable evaluation of its environmental, economic, and social 
impact, it is necessary to implement global methodologies such as LCA-LCC during the design phase of 
a new or refurbished building. Advanced LCA studies must include all the life cycle stages (see Figure 
38), whereas simplified LCA analysis (focused assessment) may emphasis on stages with the greatest 
impact, enabling the approximation, with default values, of stages with lower impact. 
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Figure 37:  ‘Integrated Building Performance’ Standards [CEN/TC 350 (2016)] 

 

Figure 38: Life cycle stages for retail stores based on the life cycle stages of a building from the 
CEN/TC 350 standard, EN 15643-2 [Own elaboration by CIRCE] 
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When elaborating LCA studies, the system boundaries must be defined and the calculation method 
specified. The quantitative evaluation of the environmental performance is calculated relying on impact 
indicators and covering several life cycle stages. There are four main steps in LCA methodology, as 
detailed in Figure 39. 

 

 

 

 

 

 

 
 
 
 

Figure 39: LCA methodology based on ISO 14040:2006 [Own elaboration by CIRCE] 

Once the objectives and scope have been defined, an accurate inventory must be carried out, 
specifying: raw materials, energy consumption, emissions to air, water, and soil during the life cycle of 
the system; including building’s materials and components (foundations and frame, walls, roofs, heating 
and cooling systems, etc.). Furthermore, this inventory will be classified and evaluated according to the 
impact categories previously selected. Afterwards, the results will be interpreted and analysed in order 
to obtain improvement opportunities. 

When assessing retail stores, where the operational stage has the greatest impact along the whole life 
cycle, due to its intensive energy consumption, it is important to define the building’s service life span 
properly. A study accomplished in UK about service life of UK supermarkets revealed that ‘service life 
can vary from 15 years to over 50 years’ [Richardson, S. (2014)]. This means, design building’s life span 
does not necessary match with real service life and consequently many supermarkets are being 
demolished before reaching design building’s life span. Richardson (2014) remarks that non-technical 
issues such as changing land values and occupant needs should be considered when estimating service 
life. In addition, the selection of the appropriate impact categories and indicators is very important. 
According to retail store features and energy performance, the sum of direct and indirect emissions, 
expressed in CO2 equivalent emissions (kg CO2eq), would be a suitable indicator. When talking about 
stores’ service life, waste disposal and water consumption also have a significant impact.  

Refrigeration and HVAC systems stand for about 60 % of electricity consumption during operational 
stage in food retail stores and can involve, according to [Environmental Investigation Agency (2013)], 
leakage rates between 10 and 25 % of annual refrigerant charge. The IIR Life Cycle Climate Performance 
(LCCP) Working Group has developed a reduced life cycle climate performance assessment method for 
refrigeration equipment that can ease building’s components evaluation [IIR LCCP Working Group 
(2016)]: 

𝐋𝐋𝐋𝐋𝐋𝐋𝐋𝐋 (𝐑𝐑𝐑𝐑𝐑𝐑𝐑𝐑𝐑𝐑𝐑𝐑𝐑𝐑𝐑𝐑𝐑𝐑𝐑𝐑𝐑𝐑𝐑𝐑𝐑𝐑)  =  𝐃𝐃𝐃𝐃𝐃𝐃𝐃𝐃𝐃𝐃𝐃𝐃 𝐃𝐃𝐞𝐞𝐃𝐃𝐞𝐞𝐞𝐞𝐃𝐃𝐞𝐞𝐞𝐞𝐞𝐞 +  𝐑𝐑𝐞𝐞𝐝𝐝𝐃𝐃𝐃𝐃𝐃𝐃𝐃𝐃𝐃𝐃 𝐃𝐃𝐞𝐞𝐃𝐃𝐞𝐞𝐞𝐞𝐃𝐃𝐞𝐞𝐞𝐞𝐞𝐞 (1) 

𝐃𝐃𝐃𝐃𝐃𝐃𝐃𝐃𝐃𝐃𝐃𝐃 𝐃𝐃𝐞𝐞𝐃𝐃𝐞𝐞𝐞𝐞𝐃𝐃𝐞𝐞𝐞𝐞𝐞𝐞 =  𝐑𝐑𝐆𝐆𝐋𝐋 𝐱𝐱 (𝐋𝐋 𝐱𝐱 𝐑𝐑𝐋𝐋𝐑𝐑 +  𝐑𝐑𝐑𝐑𝐋𝐋)  +  𝐑𝐑𝐝𝐝𝐀𝐀.𝐑𝐑𝐆𝐆𝐋𝐋 𝐱𝐱 (𝐋𝐋 𝐱𝐱 𝐑𝐑𝐋𝐋𝐑𝐑 𝐱𝐱 𝐑𝐑𝐑𝐑𝐋𝐋)  (2) 
𝐑𝐑𝐞𝐞𝐝𝐝𝐃𝐃𝐃𝐃𝐃𝐃𝐃𝐃𝐃𝐃 𝐃𝐃𝐞𝐞𝐃𝐃𝐞𝐞𝐞𝐞𝐃𝐃𝐞𝐞𝐞𝐞𝐞𝐞 = 𝐋𝐋 𝐱𝐱 𝐑𝐑𝐑𝐑𝐋𝐋 𝐱𝐱 𝐑𝐑𝐄𝐄 +  𝐑𝐑𝐄𝐄 + 𝐄𝐄𝐄𝐄 𝐱𝐱 𝐞𝐞 

where: 

• GWP  = Global Warming Potential [kg CO2eq/kg] 
• Adp. GWP  = GWP of Atmospheric Degradation Product of the Refrigerant [kg CO2eq/kg] 
• ALR  = Annual Leakage Rate [kg] 
• L  = Average Lifetime of Equipment [yr] 
• EOL  = End of Life Emissions [kg] 
• AEC  = Annual Energy Consumption [kWh] 
• MM  = CO2 Produced/kg of Material [kg CO2eq/kg] 
• EM  = CO2 Produced/kWh of Energy [kg CO2eq/kWh] 
• M  = Mass of Unit/Material [kg] 

OBJECTIVES AND  
SCOPE: 
 
Purpose of the study, 
limits of the system, 
necessary data, etc. 

2 1 

LIFE CYCLE INVENTORY 
ASSESSMENT: 
 
Energy and resources 
flows of the system 
(inputs and outputs) 

IMPACT EVALUATION: 
 
Classification and 
evaluation of results, 
relation to  
environmental  
effects 

3 

INTERPRETATION: 
 
Conclusions and 
recommendations, 
sensitivity analysis, 
relevance of stages, 
alternative scenarios 

4 
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To sum up, LCA studies can give a comprehensive approach for food retail stores’ impact. Resources 
and energy inputs and outputs should be considered throughout the building’s life span. Depending on 
the stages relevance, some might be estimated or simplified but it is mandatory to specify the study’s 
scope, boundaries, objectives, and methodology.Full LCA studies can give at a glance a comprehensive 
approach to food retail stores’ impact. Resources and energy inputs and outputs should be considered 
throughout the building’s life span. Due to the different relevance of the stages, some might be 
estimated or simplified but it is mandatory to specify the study’s scope, limits, objectives, and 
methodology. 

4.2.2 State of the art of environmental assessment in food retail stores 

Following Europe’s decarbonisation directives, such as Directives 2006/40/EC and 2012/27/EU, 
international agreements like the Montreal Protocol, economic issues and consumers’ demands, many 
retailers are aiming to reduce the environmental impact of their stores, both during construction and 
operational stage. In the last years, many supermarkets and hypermarkets have obtained certifications 
such as BREEAM or LEED and have made an effort in order to improve their energy management, 
aiming to reduce their energy consumption and GHG emissions, including refrigerant emissions. 

As example of average electricity intensity in retail stores, Schrock, D. (1989) performed an energy 
consumption study on a grocery store in Texas (USA), in a 40 000 ft2shopping mall, with 35 000 ft2 sales 
area (3 250 m2) which was consuming about 954 kWh/m2·yr (3 100 500 kWh/yr). It had at its disposal a 
refrigeration equipment of 20 R12 compressors for refrigeration and freezer cabinets. During peak 
demand periods, as seen on Figure 40, refrigeration cases and compressors stood for 44.3 % of 
electricity use. By the year 2003, grocery stores in the USA had the average electricity intensity of about 
565 kWh/m2 and a breakdown energy consumption shown in Figure 40, according to [Arias, J. (2005)].  

Over about two decades, there has been a decrease in electricity consumption breakdown. Besides this 
decrease, also direct refrigerant emissions have been minimized. Even though it was not evaluated at 
that time, because it was no matter of concern before the 1990s’. R12 is a CFC refrigerant that has been 
banned in new installations since 1995, and its use has been prohibited as of January 2001 due to its very 
high Ozone Depletion Potential (ODP) and GWP, being 1 37 and 10 900 38, respectively. This type of 
refrigerant was mainly substituted during the 1990s by R404A, an HFC refrigerant blend with no ODP 
and a GWP of 3 922 (though, currently, we are facing a HFC phase down in the period from 2015 to 
2030). In 2002, worldwide commercial refrigeration stood for 37 % of the world’s refrigerant emissions, 
which was about 185 000 tonnes [Arias, J. (2005)]. By the year 2011, the average supermarket in the USA 
with a sales area of 46 000 ft2 had an electricity consumption intensity of 548 kWh/m2, which involved 
the emission of 1 383 tonnes of CO2eq per year, as well as 1 556 tonnes of CO2eq per year of R404A 
leaked [Environmental Protection Agency (2011)]. 

 

Figure 40: Electricity consumption breakdown for grocery stores in USA, years 1989 and 2003 
[Schrock, D. (1989), Arias, J. (2005)] 

                         
37 Ozone Depletion Potential [UNEP (2014)], R11 = 1. 
38 Global Warming Potential (100 year), [Intergovernmental Panel on Climate Change (2007)], CO2 = 1. 
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Lately, in Europe, the impact of refrigeration systems in retail stores has followed similar trends, 
favoring systems that are more efficient and environmentally friendly, e.g. those using natural 
refrigerants. As already explained, the relevance of refrigeration systems does not only rely on end-use 
energy consumption; when looking at comprehensive Life Cycle Assessments, the importance of their 
direct emissions, where leakages and other refrigerant emissions are taken into account, is revealed.  

By the year 2010, the EU 27 zone emitted 15 763 tonnes of refrigerants used for commercial 
refrigeration, which stood for 40 % of total European refrigerant emissions. Overall, HFCs were the most 
used refrigerants but there were still 1 006 tonnes of CFCs released in EU 27 during 2010. Fortunately, it 
is estimated that in the same year 8 500 tonnes of refrigerants were recovered, whereof 30 % of the 
recovered quantities belonged to commercial refrigeration. Nowadays, Europe has more than 2 million 
HFC-free units, and about 30 % market growth rates of transcritical (TC) CO2 refrigeration systems in 
food retail stores [Dusek, J. (2016)].  

Regarding energy consumption, some sources indicate, average European supermarkets have an 
electrical intensity of 330 kWh/m2·yr [Life Zero Store Project (2013)]; whereas other studies reveal that 
for the specific case of British food retail stores the consumption in 2010 stood between 500 kWh/m2 
and up to more than 2 000 kWh/m2 (Figure 41) [Tassou et al. (2011)]. 

 

Figure 41:  Electrical energy intensity of 2570 UK retail food stores with sales area from 80 m2 to 
10 000 m2 [Tassou et al. (2011)] 

Due to the broad typology of food retail stores facilities and performance, LCA case studies are mainly 
focused on operational stage, detecting the most energy-intensive systems (refrigeration and HVAC) in 
order to tackle them. Just some ‘green’ supermarkets, such as ‘Naturata’ supermarket in Luxembourg, 
have considered the construction stage, with the installation of environmentally friendly materials. The 
ambitious project of Eroski in Spain where a Zero emissions building was planned can also be 
highlighted, as described in SuperSmart report “How to build a new eco-friendly supermarket” [Kauko, 
H., Kvalsvik, K.H., Hafner, A. (2016)]. 

On the other hand, environmental impact assessment from an operational energy management point of 
view or following indications to accomplish requirements for any recognition or certification are more 
broadly found. In addition, each country has its own regulations, peculiarities, and requirements. 
Furthermore, food retail stores have significant variation in their energy intensity depending on size, 
location, etc. (Figure 41). It is thus important to keep in mind that there might be a lack of homogeneous 
data and results, when comparing or evaluating different food retail stores. 

Nevertheless, systems and equipment are comprehensively assessed in existing studies. HVAC&R 
system’s LCA usually evaluate the impact over their full life cycle (cradle to grave). These assessments 
cover direct emissions, which include the impact of the release of refrigerants into the atmosphere 
during life span of the system (leakage and losses during final disposal), and indirect emissions from 
manufacture, operational energy consumption, and end of life of the system. Many studies have been 
conducted to improve HVAC&R systems’ performance as well as the environmental impact of 
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refrigerant products. In fact, along the decades, many refrigerants have been forbidden and replaced by 
others with lower ODP and GWP. In Table 24, the notable differences between various types of 
refrigerants in terms of their environmental impacts are shown. It must be noted that the GWP of some 
refrigerants (R404A) is nearly 4.000 times higher than that of CO2 (GWP=1). 

Table 24: GWP and adaptive GWP (quantified effect of refrigerant decomposition in the 
atmosphere and the degradation effects) for various refrigerants [IIR LCCP Working 
Group (2016)] 

Refrigerant 
GWP 

[kg CO2eq/kg] 
Adaptive GWP 
[kg CO2eq/kg] 

CO2 1 0 

HFC-32 677 Not available 

HFO-1234yf <1 3.3 

HFC-134a 1 300 1.6 

HC-290 3 Not available 

HFC-404A 3 943 Not available 

HFC-410A 1 924 Not available 

One of the objectives of this report is to indicate how it is possible to reduce the direct and indirect 
emissions of supermarket refrigeration systems. 

Figure 42 shows two charts that highlight the high HFC demand and consumption in the commercial 
refrigeration sector.  

• Figure 42-a: “The commercial refrigeration sector represented 40 % of refrigerant GHG 
consumption in 2010. The largest part of this consumption (85 %) is due to large refrigeration 
systems in supermarkets, most of which utilize the high GWP refrigerant R404A. The remaining 
consumption is split between small hermetic systems and single condensing unit systems” 
[SKM Enviros (2012)]. This implies that supermarkets are the largest consumers of HFCs in 
Europe, with a share of about one third. 

• Figure 42-b: The commercial refrigeration sector has the largest share of the market for HFC 
refrigerants among eight different refrigeration, heat pump, and air conditioning market sectors 
[EPEE (2015)]. As mentioned before, supermarkets are the largest player in the commercial 
refrigeration sector. 

This high amount of HFC refrigerants consumption and emission in refrigeration systems reflects in the 
total carbon footprint of supermarkets. According to [Carr-Shand, S., Staafgard, L., Uren, S., Johnson, A. 
(2009).], 18-30 % of annual carbon dioxide equivalent emissions in European supermarkets is due to 
their choice of refrigerants. The numbers can be slightly higher or lower than this range for different EU 
supermarkets, depending on various factors including energy use as well as refrigerant/refrigeration 
and transportation choices. 
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(a)  

 

(b) 

 

Figure 42: (a) GHG refrigerant consumption in EU countries [SKM Enviros (2012)] and 
(b) drivers of HFC demand: the 8 main market sectors [EPEE (2015)] 
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As an example, the carbon dioxide equivalent emissions distribution of the two largest Swedish 
supermarket chains are shown in Figure 43 (a) and (b). As illustrated in the figure, the refrigerants are 
responsible for 31 % and 16.5 % of their annual carbon dioxide equivalent emissions, respectively [COOP 
(2015), ICA (2015)]. 

(a) (b) 

 

 

Figure 43: Distribution of carbon emissions of the two largest Swedish supermarket chains, 
(a) ICA [ICA (2015)] and (b) COOP [COOP (2015)] 

According to a report from the European Environment Agency [European Environment Agency (2012)] 
comparing the greenhouse gas emissions in European countries between 1990 and 2012, “HFCs used in 
refrigeration and air conditioning were the only group of (greenhouse) gases for which emissions 
increased since 1990 and accounted for 2.1 % of total EU GHG emissions in 2012. The banning of 
chlorofluorocarbons (CFCs) by the Montreal Protocol, both ozone-depleting substances and potent 
GHGs, led to new substitutes and their replacement with HFCs that are included in the Kyoto Protocol.” 
As mentioned earlier, food retail stores are one of the major contributors to this HFC emission increase. 

In addition, when talking about retail stores, waste disposal and water consumption also have a 
significant impact. There are two main types of solid wastages produced by supermarkets: food and 
packaging. It has been analysed that about 21 % of food waste in the UK comes from distribution, 
retailing, and consumption, generating besides environmental, economic, and social impacts, food 
unavailability, and prices influence [Vidal, J. (2005)]. Retail stores are the main stakeholders, in between 
producers and consumers, becoming a key element from the value chain and responsible for significant 
food losses. The research conducted by [Eriksson, M. (2015)], evaluates six supermarket case studies in 
Sweden with an average food waste of 80 tonnes/yr, leading to a carbon footprint of 130 tonnes 
CO2eq/yr. However, the amount of food waste may vary depending on waste management awareness, 
policies, and national regulations. 

Furthermore, commercial and institutional buildings consume about one fourth of urban areas’ water 
demand. Food retail stores require water for cooling, sanitary uses, product preparation, floors and 
walls cleaning, and landscape irrigation. From five US American supermarket case studies, an average 
water consumption of around 4 000 l/m2·yr was identified, while it is estimated that an eco-efficient 
supermarket should consume less than 3 000 l/m2·yr [DeOreo, W. (2000)]. 
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4.2.3 Assessment methodology for full LCA in food retail stores 

Despite the importance of full LCA studies to evaluate food retail stores’ impact properly, supermarket 
case studies have traditionally focused on energy consumption and refrigerant leakages alone.  

To overcome this drawback and in order to perform a full environmental analysis, it has been necessary 
to merge results from existing studies covering conventional retail stores buildings’ LCA (‘Building 
Reference’ [Van Ooteghem, K. (2010)] in Figure 44/Table 25) with two studies analysing real food retail 
stores' operational energy consumptions (‘Use phase References’ #1 in UK [Braun, M., Altan, H., Beck, S. 
(2014)] and #2 in Germany [BINE Information System (2013), EnOB (2016)], see Figure 44 and Table 25). 
These studies were selected because of their comprehensive assessment, the reliability of the 
information, and the indicators considered. In addition, both examples condider medium size food retail 
stores (between 1 000 and 2 000 m2 sales area) and can thus be regarded as representative examples of 
common food retail stores. The result of merging both Building and Use phase References form two full 
LCA case studies #1 and #2 as included in Table 26. 

Table 25: Summary of the references used for case studies calculations 

Reference Location 
Type of 

assessment 
Stages assessed Surface Use 

‘Building 
Reference’ 

[Van 
Ooteghem, K. 

(2010)] 

CANADA Simulation 

Full LCA: 
• Product Stage 
• Construction Stage 
• (Use Stage)39 
• End of Life Stage 

586 m2 Retail store 

‘Use phase 
Reference #1’ 

[Braun, M., 
Altan, H., Beck, 

S. (2014)] 

UK Real Energy 
Consumption 

Operational Use 1 824 m2 Supermarket 

‘Use phase 
Reference #2’ 

[BINE 
Information 

System (2013), 
EnOB (2016)] 

GERMANY Real Energy 
Consumption 

Operational Use 1 825 m2 Food 
discounter 

Table 26:  Summary of the case studies calculated 

Case study Location 
Type of 

assessment 
References used 

Case Study #1 UK Full LCA 

‘Building Reference’ Typology #1 [Van Ooteghem, K. 
(2010)] 

+ 
‘Use Phase Reference #1’ [Braun, M., Altan, H., Beck, S. 

(2014)] 

Case Study #2 GERMANY Full LCA 

‘Building Reference’ Typology #5 [Van Ooteghem, K. 
(2010)] 

+ 
‘Use Phase Reference #2’ [BINE Information System (2013), 

EnOB (2016)] 
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Figure 44: Summary of methodology and case studies assessed [Own elaboration by CIRCE]39 

 

                         
39 Maintenance, repair, replacement, and refurbishment stages from ’Building Reference’ are taken into account, but not operational use. 
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4.2.3.1 Limits, scope and methodology 
The following methodologies have been used: 

• Regarding the shortage of full LCA studies of supermarkets and the systematization of this type 
of construction, a baseline building with constructive alternatives will be adapted and 
integrated to the rest of the case studies, selecting the typology that fits best. 

• ‘Building Reference’ of a retail store in Canada [Van Ooteghem, K. (2010)] analyses the full life 
cycle of a baseline retail store building following ISO 14044. 

• ‘Use Phase reference #1’ of a supermarket in United Kingdom [Braun, M., Altan, H., Beck, S. 
(2014)] is based on information of final energy consumption of a British supermarket (name of 
the supermarket not specified). 

• ‘Use Phase reference #2’ of a food discounter in Germany [BINE Information System (2013)] 
relies on the assessment of primary energy consumption of an Aldi Süd store. 

• Due to the high energy consumption during operational use in comparison with the rest of the 
life cycle stages and the salience of consumptions non-related to enclosures and climatic 
conditions, it has been possible to relate the ‘Building Reference’ with the ‘Use phase 
References’.  

• Buildings’ materials inventory is carried out from the ‘Building Reference’ of a retail store in 
Canada. 

• Buildings’ equipment and facilities inventory is estimated through Bedec database [iTeC (2016)]. 

• Bedec database does not present impact breakdown throughout the life cycle, so the impact of 
the products obtained from Bedec will be summarized in the manufacture stage, the one with 
the highest impact. 

• The refrigerant charge and leakages as well as the refrigeration equipment manufacturing and 
end of life have been estimated from other examples and commercial solutions. 

• Piping, electrical installation, and other facilities are not included in this assessment. 

• Food waste and water consumption impact are not included in this assessment. 

The following assumptions have been made: 

• Life span: in order to evaluate the different possibilities, each case study has been assessed 
considering a life service span of 15 and 50 years. This way, if life span is under 50 years, 
manufacture, construction, and end of life of the building materials are ‘penalised’ considering 
they are not reused after the demolition. 

• The quantity of the different enclosures is estimated from the information given by each case 
study. It is assumed that manufacture, construction, and end of life impacts are proportional to 
the quantity of material. 

4.2.3.2 ‘Building Reference’: A Retail Store in Canada 
As already explained, a comprehensive study on most common retail stores’ constructive systems and 
their environmental impact has been carried out for a supermarket located in Toronto, Canada [Van 
Ooteghem, K. (2010)]. This assessment simulates and compares a baseline retail building with five 
alternative design strategies that are highly detailed, including in depth information about the assembly 
layers used. This assessment was conducted following the Standard ISO 14044 with ATHENA 
Environmental Impact Estimator for Buildings v.4.0.64 [Athena Sustainable Materials Institute (2016)]. 

The baseline building is a stand-alone single-storey building with a small mezzanine for offices. It has an 
oblong shape with the long dimension aligned along the East-West axis with a gross floor area of 
586 m2 (36.8 m x 15.8 m) and nearly 20 % of window to-wall ratio. It is supposed to have a lifespan of 50 
years. The bearing structure was designed for NBCC 2005 structural loads. This study also simulated the 
energy performance during the use stage, considering a natural gas heating combustion boiler and 
direct expansion coils for cooling, however, these facilities are not included in the production, 
construction, and end of life assessment. Even though the type of construction of regular retail 
buildings and food retail buildings is very similar, there are significant differences between them when 
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analysing their energy profiles. Due to this reason, the operational stage considered in this assessment 
was not taken into account in this report. 

 

Figure 45: Ground floor plan of the baseline retail building [Van Ooteghem, K. (2010)] 

The five alternative designs considered in this study are mainly based on the type of structure and 
enclosures. The most representative constructive systems of stand-alone commercial buildings have 
been chosen. Table 27 specifies the total embodied energy and GWP of the building components after 
50 years for each typology.  

Table 27: Total embodied energy and GWP of building components after 50 years for the five 
typologies analysed for the supermarket in Canada [Van Ooteghem, K. (2010)] 

Canadian case 
studies  

Type of construction 
system 

Total Embodied Energy of 
Building Components 

after 50 years 

Total Embodied GWP of 
Building Components 

after 50 years 

Typology #1 
‘Typical Hot Rolled Steel 
Structure Retail Building’ 

5 247 GJ 322 kg CO2eq 

Typology #2 
‘Typical Heavy Timber 
Structure Retail Building’ 

4 926 GJ 303 kg CO2eq 

Typology #3 
‘Typical Pre-Engineered 
Steel Single-Storey Retail 
Building’ 

2 927 GJ 208 kg CO2eq 

Typology #4 ‘Predominately Steel 
Retail Building’ 

4 396 GJ 306 kg CO2eq 

Typology #5 
‘Predominately Timber 
Retail Building’ 

4 425 GJ 264 kg CO2eq 
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The lowest environmental impact is obtained with Typology #3, which was calculated with a Typical 
Pre-Engineered Steel Single-Storey Retail Building. This fact can be attributed to the high optimization 
of the use of energy and materials on pre-engineered structures, where great amounts of resources and 
time are saved in comparison with traditional systems. 

Figure 46 and Figure 47 show the total embodied primary energy breakdown for the individual building 
components. It is remarkable that roof is the component with the highest impact. This is due to the 
high number of layers and high-impact materials used, such as insulating materials and asphalt-based 
material, together with the large area needed. Van Ooteghem (2010) points out that due to the high 
intensity of roofs, the total embodied energy consumption and GWP emissions would be significantly 
lower if in Typology #5 this enclosure was replaced by a steel roof. 

 

Figure 46: Total embodied primary energy breakdown for the five case studies [Van Ooteghem, K. 
(2010)] 
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Figure 47: Total embodied GWP breakdown for the five case studies [Van Ooteghem, K. (2010)] 

In addition to the buildings’ assessment, the report includes a comprehensive analysis of 220 different 
enclosures and components. This information is easy to utilize in other case studies. Each enclosure has 
a data sheet that describes their features and impacts, including a first section that describes the 
component, specifying the assembly layers, thermal resistance, and global embodied energy and GWP 
(see Figure 48). Then, the primary energy consumption and GWP of the different life cycle stages are 
detailed. In addition, there is a summarizing inventory list, which includes all materials needed after a 
life span of 50 years. Each enclosure impact evaluation is analysed and turned into impact per unit (kg 
CO2eq/unit and GJ/unit), in order to apply them to other case studies in further assessments.  
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Figure 48: Examples of components data sheets [Van Ooteghem, K. (2010)] 
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4.2.3.3 Case Study #1: A supermarket in United Kingdom 

Case Study #1 is based on a supermarket that was opened in North England in 2010, as detailed in Table 
28. Even though the main goal of the study of the British ‘Use Phase Reference’ that assessed this 
supermarket was to develop a multiple regression analysis based on gas and electricity consumption for 
2012, the information included in the report enables the further calculation of environmental impact 
assessment. Due to the lack of building information in the UK study assessed, this supermarket’s LCA 
was developed assuming the Canadian building typology #1 (Baseline building) which is the most 
common commercial building construction. The result will be a comprehensive study in which the 
construction, operational, and end of life stages are included. 

Table 28:  Description of the building 

NAME Supermarket in the UK 

CASE STUDY 

+ ‘Building Reference’ Typology #1 (Typical Hot Rolled Steel Structure Retail 
Building) 
 
+ ‘Use Phase Reference #1’: Energy Consumption of a supermarket in the UK  

LOCATION Close to the city of Hull, UK (Yorkshire and Humber region) 

OPENING YEAR 2010 

STUDIED YEAR 2012 

SIZE [m2] 1 824 m2 

SALES AREA [m2] 1 266 m2 

APROX. HEIGHT 8 m 

SERVICE LIFE 15 – 50 years 

TYPE Supermarket 

IMAGE 

 

REFERENCES 
[Braun, M., Altan, H., Beck, S. (2014)] 
[Van Ooteghem, K. (2010)] 

INDICATORS 
Primary Energy Consumption [kWh/m2 (sales area)·yr] 

Global Warming Potential [kg CO2eq/m2 (sales area)·yr] 

This food retail store sells food and some general merchandise, and includes a small restaurant. It has a 
240 kW condensing gas boiler to heat cold aisles, general heating, and domestic hot tap water. In order 
to refrigerate the cold room and about 30 % of the disks, it utilizes two indirect refrigeration R404A/CO2 
plants with a cooling capacity of 80 kW and 60 kW respectively. In addition, there are three self-
contained freezer cabinets and a freezer room connected to two small freezer units. In 2012, an 
electricity consumption of 460 kWh/m2 and a natural gas consumption of 322 kWh/m2 was reported; 
values that are converted to Primary Energy and GWP through the conversion factors specified in Table 
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29. Despite of the fact that electrical consumption stands for 60 % of final energy consumption, it raises 
up to 80 % in terms of primary energy. As seen in Figure 49, refrigeration packs and shelves cover more 
than half of the primary energy consumption during operational stage. 

Table 29:  Conversion factors (UK) 

Primary Energy Factor (PEF) Electricity UK 2.92 kWhp/kWhf [ECOFYS (2011)] 

EMISSIONS UK  0.609 kg CO2/kWh [IPCC (2007)] 

GAS CONVERSION FACTOR  1.02 kWhp/kWhf 
[Department for Business, Energy 
& Industrial Strategy. UK 
Government. (2010)] 

EMISSIONS UK  0.198 kg CO2/kWh 
[Department for Business, Energy 
& Industrial Strategy. UK 
Government. (2010)] 

Table 30:  Operational stage energy consumption and GWP 

OPERATIONAL STAGE 
Primary Energy 
Consumption 

[kWh/m2 (sales area)·yr] 

Final Energy 
Consumption 

[kWh/m2 (sales area)·yr] 

GWP 
[kg CO2/m2 (sales area)·yr] 

ELECTRICITY 1 343 460 280 

NATURAL GAS 328 322 63.8 

TOTAL 1 672 782 344 

a) b) 

  

Figure 49:  Operational stage a)primary energy consumption and b) GWP breakdown 

Building components assessment: 

Canadian Typology #1, used for the joint assessment of the building impacts along its full life cycle, is 
based on the conventional single-storey retail building’s construction. The frame is a hot-rolled steel 
structure formed by hollow structural steel columns and W-section beams based on a series of braced 
framing. Exterior walls are cold-formed steel studs with Exterior Insulation and Finish System (EIFS). 
There is an open web steel joist roof with metal deck and a mezzanine built with the same system but 
with a concrete topping as floor finishing. Figure 50 and Figure 51 collect and summarize the dataset 
applied to the studied British supermarket, including the materials and facilities inventory per each 
building component. 
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Figure 50:  Embodied primary energy of the building’s components 

 

Figure 51:  Embodied CO2eq emissions of the building’s components 

Figure 52:  Breakdown of a) embodied primary energy and b) GWP of the building stages 
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Figure 52 shows the embodied primary energy breakdown of the building stages, and illustrates that 
manufacturing involves nearly three quarters of the primary energy consumption and stands for more 
than 50 % of CO2eq emissions. Even though, in terms of energy and GWP, end of life stage does not play 
a relevant role, the demolition of a building implies the generation of tonnes of waste that have to be 
treated and stocked. GWP during maintenance has the greatest impact due to refrigerant leakages. 
Regarding the different type of enclosures and components, roofs are the most energy-intensive 
elements (Figure 53), whereas in terms of GWP, foundations and refrigeration systems also have an 
important impact (Figure 54). In this case, the refrigeration system may have a greater contribution due 
to the type of refrigerant (the refrigeration plants work with R404A/CO2). It is plausible that following 
replacements will avoid HFC equipment. 

 
Figure 53:  Embodied primary energy breakdown of the building components (assuming 50 years 

life span) 

 

Figure 54:  Embodied GWP breakdown of the building components (50 years life span) 

Depending on the refrigeration system design, the refrigerant charge needed varies. Centralized DX 
systems are estimated to require 4-5 kg/kW, whereas indirect systems with secondary loops may allow 
reducing refrigerant requirements to around a tenth of the charge [Tassou et al. (2011)]. According to 
this statement, considering an optimized R404A/CO2 indirect system design, this supermarket’s 
facilities would need an R404A charge of 60 kg, and it will be assumed that when the equipment is 
replaced, the system would work with HFC-free cooling facilities. Also, an annual leakage rate of 15 % 
and a 10 % end of life leakage rate are considered in the calculations [IIR LCCP Working Group (2016)], 
although the average share of refrigerant leakages may differ depending on the country, the age of the 
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equipment, piping distribution, and maintenance planning, among others. Due to the life span of this 
type of equipment, around 10 years, LCA calculations will take into account four facility replacements 
with transcritical CO2 systems. 

Refrigeration system assessment: 

As already explained, assuming a refrigeration equipment life span of 10 years and a refrigerant charge 
of 60 kg of R404A, this facility could be responsible for the emission of about 1.8 tonnes CO2eq 
throughout its life span. Manufacturing and refrigerant leakages along 50 years would stand for more 
than 30 % of the building’s embodied CO2eq emissions, owing to the high GWP of R404A refrigerant, 
according to previous calculations (Figure 54). However, the energy consumption is still responsible for 
80 % of the refrigeration system’s CO2eq emissions along the life span of the equipment. As detailed in 
Figure 55, the substitution of the refrigerant when the equipment is upgraded reduces refrigerant direct 
emissions from more than 350 000 kg CO2eq to possibly 90 kg CO2eq. 

 

Figure 55: GWP of the refrigeration system comparison between current equipment and 
foreseeable next equipment (Equipment’s life span: 10 years) 

Table 31:  Case study of a supermarket in UK: LCA summary 

0 250000 500000 750000 1000000 1250000 1500000

Direct emissions
current equipment

Indirect emissions
current equipment

Direct emissions
Forseeable next equipment

Indirect emissions
Forseeable next equipment

GWP [kg CO2eq]

Refrigerant leakage EOL Refrigerant leakage Energy consumption

Equipment manufacturing Equipment EOL Refrigerant Manufacturing

LIFE SPAN: 50 yr 
Primary Energy Consumption 

[kWh/m2 (sales area)·yr] 
GWP 

[kg CO2/m2 (sales area)·yr] 

Manufacture 47.5 11.2 

Construction 1.40 0.165 

Use 1 689 352 

End of Life 0.667 0.381 

TOTAL 1 739 364 

LIFE SPAN: 15 yr 
Primary Energy Consumption 

[kWh/m2 (sales area)·yr] 
GWP 

[kg CO2/m2 (sales area)·yr] 

Manufacture 158 37.3 

Construction 4.66 0.551 

Use 1 731 371 

End of Life 2.22 1.27 

TOTAL 1 896 410 
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Case study results: 

Due to the high energy consumption of supermarkets, the operational stage becomes the phase with 
the highest impact along the life span of the building. However, as explained before, life service of food 
retail stores does not always match with design life span and consequently, buildings’ environmental 
impact intensity may vary. Owing to life service uncertainty as mentioned in section 4.2.1., LCA 
evaluation has been conducted considering two scenarios: a life span of 15 years related to average 
minimum life service and a life span of 50 years corresponding to buildings’ life span. With these two 
scenarios, a supermarket that is demolished before reaching the 50 years lifespan has a higher impact 
per year due to the underutilized resources. As summarized in Table 31 and Figure 56, the operational 
stage energy consumption of this supermarket stands for more than 90 % of the total primary energy 
consumption. The manufacturing of the building materials is responsible for the remaining 10 %. 

 

Figure 56:  Primary energy consumption and GWP of the building considering a life span of 50 years 
and 15 years 
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4.2.3.4 Case study #2: A food discounter in Germany 

The second case study is an Aldi Süd food discounter, located in South-West Germany (seeTable 32). 
The store was built to achieve high efficiency targets, becoming a benchmark in the Aldi Süd 
supermarkets chain whose standard stores have an average primary energy consumption of 
501 kWh/m2·yr. Aldi Süd aims to achieve a primary energy consumption of 357 kWh/m2·yr for this store, 
but for the time being, an energy intensity of 387 kWh/m2·yr has been reported for the year 2012.  

Table 32:  Description of the building 

NAME Food discounter in Germany (Aldi Süd) 

CASE STUDY 
+ ‘Building Reference’ Typology #5 (Predominately Timber Retail Building) 
+ ‘Use Phase Reference #1’: Energy Consumption of Aldi Süd Food Discounter 

LOCATION Rastatt, Germany 

OPENING YEAR 2010 

STUDIED YEAR 2012 

SIZE [m2] 1 825 m2 

SALES AREA [m2] 1 103 m2 

APROX. HEIGHT 5 m 

SERVICE LIFE 15 – 50 years 

TYPE Food discounter 

IMAGE 

 
© Siteco Lighting GmbH                                             Broschüre ALDI SÜD Filiale 2010 

REFERENCES 
[BINE Information System (2013)] 
[EnOB (2016)] 
[Van Ooteghem, K. (2010)] 

Table 33:  Conversion factors (Germany) 

PEF Electricity 
(Germany)  

2.60 kWhp/kWhf [ECOFYS (2011)] 

EMISSIONS Germany  0.673 kg CO2/kWh [IPCC (2007)] 

Table 34:  Operational use energy consumption and GWP 

 
Primary Energy Consumption 

[kWh/m2 (sales area)·yr] 
Final Energy Consumption 

[kWh/m2 (sales area)·yr] 
GWP 

[kg CO2/m2 (sales area)·yr] 

TOTAL 387 149 100 
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The store is a stand-alone single-storey food discounter, built with a timber frame, within an area of 
1 825 m2, a gross volume of 9 209 m3, and an area/volume relation of 0.56/m. In order to reach low 
energy consumption, its design and construction were thoroughly studied. The air tightness was limited 
to n50 < 0.5 and the thermal transmittance for outer walls and roofs was 0.18 W/m2·K and 0.14 W/m2·K, 
respectively. Operational energy consumption is stated in Table 34, supplemented by Figure 57 where 
breakdown is detailed. The breakdown of operational use energy consumption regarding the use is 
detailed in Figure 57, where it can be appreciated: The figure shows that the main consuming facility is 
the compressor pack, which stands for about three quarters of the total consumption. 

The food discounter includes the following energy saving measures:  

• The ventilation system is demand-controlled via CO2 concentration, and heat is recovered 
through rotary heat exchangers.  

• Refrigeration, space cooling, and heating are generated with transcritical CO2 packs, coupled to 
heat exchanger boreholes that are 100 m deep. 

• Store area lighting is controlled according to daylight conditions. 

• Storage areas have presence detectors installed.  

• Luminaires used are T5-HO linear with dimmable electronic ballasts.  

• Energy consumption is monitored and HVAC&R and lighting systems are automatically 
controlled.  

a) b) 

  

Figure 57:  a) Operational primary energy consumption and b) operational GWP breakdown 

Building components assessment: 

Canadian Typology #5 was used to include the impact of the construction in the assessment. This 
typology is based on a timber frame retail store using timber building components wherever this 
material was the best choice. The structure analysed is made up of Douglas-Fir-Larch glulam columns 
and beams. These are put together, comprising a series of braced frames reinforced by cross bracing. 
Exterior walls are assumed to consist of wood studs with exterior rigid insulation and roof structure of 
glulam joists with a 4-ply built-up asphalt covering. Windows consist of a timber frame with two sealed 
viewable glazing panels with 12.7 mm airspace.  

Based on this dataset, the environmental impact of the materials and facilities of the food retail building 
has been estimated. Figure 58, Figure 59, and Figure 60 summarize this inventory, showing the 
embodied primary energy consumption and GWP of the building components in the different stages. 
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Figure 58:  Embodied primary energy of the building’s components 

 

Figure 59:  Embodied GWP of the building’s components 

  

Figure 60:  Breakdown of embodied primary energy and CO2eq emissions during the different 
stages 
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For this case study, manufacturing covers nearly two thirds of embodied energy and stands for about 
75 % of the CO2eq emissions. Even though, in terms of energy and GWP, the end of life stage does not 
play a relevant role, as explained above, the demolition of a building implies the generation of tonnes of 
waste that have to be treated and stocked.  

Regarding the different types of enclosures and components, the roof is the most energy-intensive 
element (Figure 61), whereas in terms of GWP, foundations and windows also have an important impact 
(Figure 62). In this case, due to the low GWP refrigerant used (CO2), the environmental impact of the 
refrigeration system is minor. In fact, the impact of this facility mainly relies on the equipment 
manufacture instead of refrigerant leakages. In addition, the timber frame structure significantly 
reduces the effect of the construction on the environment. 

 

Figure 61:  Embodied primary energy breakdown of the building components (50 years life span) 

 

Figure 62:  Embodied GWP of the building components (50 years life span) 

Refrigeration system assessment: 

Assuming a refrigeration equipment life span of 10 years and a refrigerant charge of 60 kg of CO2, this 
facility would be responsible for the emission of less than a tonne CO2eq throughout its life span. Due to 
the low GWP of the refrigerant, leakages do not have significant environmental impacts (Figure 63). 
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Figure 63: GWP of the refrigeration system (equipment’s life span: 10 years) 

Case studysummary: 

Due to the high energy use of food retail stores, the operational stage becomes the most consuming 
phase along the whole life span of the building. However, as explained before, life service of food retail 
stores does not always match with design life span and consequently, buildings’ environmental impact 
may vary.  

Owing to life service uncertainty, two scenarios have been considered in the LCA evaluation: a life span 
of 15 years related to minimum average life service and a life span of 50 years, corresponding to the 
maximum. With these two scenarios, a food retail store that is demolished before reaching the 50 years 
lifespan implies a higher impact per year due to the resources underuse. 

For the case of the Aldi Süd store, which is a Nearly Zero Energy Buildings (NZEB), it was shown that the 
impact of the manufacturing stage becomes more pronounced, owing to the low energy consumption 
in the operational stage. The Aldi Süd food discounter has been built to not only achieve efficiency 
targets during operational stage but also during the whole life cycle because materials have been 
chosen taking into account their environmental impact. This fact makes the significance of 
manufacturing not so pronounced for this case study. In any case, the impact of manufacturing can still 
be reduced. The high embodied primary energy and GWP of the roof construction keep the 
manufacturing stage’s primary energy consumption and GWP values high, as shown in Table 35 and 
Figure 64. 

Table 35:  Case study of a food discounter in Germany: LCA summary 

LIFE SPAN: 50 yr Primary Energy Consumption 
[kWh/m2 (sales area)·yr] 

GWP 
[kg CO2/m2 (sales area)·yr] 

Manufacture 41.4 9.61 

Construction 1.74 0.187 

Use 407 103 

End of Life 0.314 0.004 

TOTAL 450 113 

LIFE SPAN: 15 yr 
Primary Energy Consumption 

[kWh/m2 (sales area)·yr] 
GWP 

[kg CO2/m2 (sales area)·yr] 

Manufacture 138 32.0 

Construction 5.78 0.622 

Use 454 110 

End of Life 1.05 0.014 

TOTAL 598 143 
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Figure 64:  Primary energy consumption and GWP of the building considering life span 50 years and 
15 years 

4.2.4 Results evaluation of the selected Life Cycle Assessment case studies 

As previously mentioned, Europe is facing a de-carbonisation stage, promoting the construction of 
Nearly Zero Energy Buildings and improving the existing stock through refurbishment and retrofitting. 
Throughout the whole life cycle of buildings, the stage with the highest impact is usually the 
operational stage, especially in intensive energy buildings such as food retail stores. However, as energy 
consumption is reduced, the salience of the manufacturing stage grows. The substitution of synthetic 
refrigerants with natural ones that has been encouraged since the 1990s has significantly reduced the G 
W P related to refrigeration in food retail stores. Leakage rates have been reduced and refrigerants used 
are becoming more environmentally friendly.  

Table 31 and Table 35 condense the case studies outcomes divided into the Life Cycle phases. It can be 
concluded that, besides the differences on the results, use phase becomes the most significant stage in 
both examples, whereasconstruction and EOL phases turn out to be negligible issues according to the 
indicators selected in this study. Figure 65 and Figure 66 show a comparison of the case studies 
analysed and clearly demonstrates the salience of use phase, especially when operational energy 
consumption is high. 
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Figure 65:  Case studies’ primary energy consumption 

 

Figure 66:  Case studies’ GWP evaluation 

The comparison between the two case studies highlights the effort done in Case Study #2 in order to 
reduce the environmental impact in both, manufacturing and use stage. On the one hand, the choice of 
a timber frame structure and environmentally friendly refrigerants enables to reduce the impact from 
manufacturing primary energy consumption and refrigerant leakages.  

In addition, there is a reduction of energy consumption during the use stage as a result of high 
efficiency systems and optimized monitoring and management systems. It has to be kept in mind that 
even though there is only a small difference between manufacture’s environmental impact, the choices 
related to building enclosures have consequences on thermal loads and therefore on energy 
consumption. 

Due to the salience of roofs during manufacturing stage, the preference for Ethylene Propylene Diene 
Monomer (M-class) rubber (EPDM) against asphalt-based waterproofing sheets would enable to reduce 
this stage’s impact between 30 % and 40 %. If the supermarket is integrated in the ground floor of a 
building, the environmental impact of the roof is avoided. 

Owing to the use of natural refrigerants in the case studies, together with a secondary refrigeration 
system, the choice of refrigerants may not seem a major issue. However, in Case Study #1, if the 
systems charge replacement was R404A instead of CO2, direct emissions related to refrigerant leakages 
could rise from 380 000 kg CO2eq up to nearly 2 000 000 kg CO2eq. This would stand for more than 35 % 
of the embodied CO2eq emissions.  

Also the amount of refrigerant charge is a major issue; consequently, if the refrigeration circuit is not 
optimized, the quantity of refrigerant needed could be easily multiplied by 10, and so its environmental 
impact. In this case, if HFC refrigerants were used, the embodied GWP would be nearly as high as the 
environmental impact of the entire energy consumption during operational stage.  
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Table 36 and Table 37 summarize operational phase energy use breakdown of both case studies. As can 
be seen, Case study #1 has four times higher energy consumption and may have three times higher 
environmental impact in terms of t CO2eq. Even though, both case studies may have notable 
differences in terms of annual working time, climatic conditions, and monitoring methodology that 
hinder a deep comparison, in general, important improvements done in the Aldi Süd store should be 
highlighted.  

Table 36:  Operational use energy consumption breakdown for Case Study #1 (United Kingdom) 

CASE STUDY #1: (UNITED KINGDOM) 

 
Primary Energy 
Consumption 

[kWh/m2 (sales area)·yr] 

GWP 
[kg CO2/m2 (sales area)·yr] 

OPERATIONAL USE 
(ELECTRICITY) 

Refrigeration packs 564 118 

Refrigeration shelves 322 67.2 

HVAC 107 22.4 

Lighting and Misc. 349 72.8 

TOTAL 1 343 280 

OPERATIONAL USE 
(GAS) 

Heating and DHW 328 63.8 

TOTAL OPERATIONAL USE 1 672 344 

Table 37:  Operational use energy consumption breakdown for Case Study #2 (Germany) 

CASE STUDY #2: ALDI SÜD (GERMANY) 

 
Primary Energy Consumption 

[kWh/m2 (sales area)·yr] 
GWP 

[kg CO2/m2 (sales area)·yr] 

OPERATIONAL USE 
(ELECTRICITY) 

Compressor pack 290 75.1 

Heat pump 1.00 0.26_ 

Lighting 90.0 23.3 

Ventilation 6.00 1.55 

TOTAL 387 100 

OPERATIONAL USE 
(GAS) 

Heating and DHW - - 

TOTAL OPERATIONAL USE 387 100 

It can be seen that, despite of the differences on energy intensity, in both cases, HVAC&R’s energy 
consumption stands for about three quarter of the total energy consumption (Figure 67 and Figure 68). 
However, in order to develop a consistent analysis on energy consumption, Aldi Süd Case Study #2 may 
be compared to the consumption of Aldi Süd standard branch food discounter, presuming that energy 
intensity has been measured under the same conditions (Figure 69). 



 Page 140 of 186 

 

 

 

The research leading to these results has received funding from the  
European Union/EASME H2020 Programme under Grant Agreement No 696076. 

 

Figure 67:  Case studies’ primary energy consumption operational use evaluation 

 

Figure 68:  Case studies’ GWP operational use evaluation 

 

Figure 69:  Primary energy consumption comparison of Aldi Süd food discounters (Fraunhofer ISE, 
cited in [BINE Information System (2013)]) 
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Daylight dependent regulation on dimmable lighting as well as the installation of high efficiency 
luminaires has allowed reducing lighting primary energy consumption from 118 kWh/m2·yr to 
90 kWh/m2·yr (Figure 69).The consumption of refrigeration and HVAC facilities is reduced by 20 % in 
comparison to Aldi Standard branch, and ventilation over 60 %. This may be a result of heat recovery 
systems in ventilation and compressor packs, combined with the use of boreholes heat exchangers. The 
refrigeration system in Aldi Süd Case Study #2 is a transcritical CO2 cycle with waste heat recovery. CO2 
refrigerants have better heat transfer performance and smaller components as well as much lower GWP 
than HFCs for the same refrigeration load.  

To sum up, despite of the differences between both case studies, it is revealed that due to the energy 
intensity of this type of buildings, use stage becomes the most important phase throughout the whole 
life cycle, standing for more than 90 % of primary energy consumption considering a life service of 50 
years, in both cases. According to these results, it is fundamental to focus on possible improvements on 
efficiency measures, but without forgetting the major role that building enclosures play on HVAC&R 
energy consumption. 

According to the results, a compilation of best practices related to LCA can be drawn and applied to the 
Ecolabel criteria for food retail stores, to be developed within the SuperSmart project (Table 38), where 
higher priority is represented with greater quantity of bars. 

Table 38:  Best practices related to LCA applied to food retail stores 

INSTALLATIONS AND FACILITIES: 

Priority Best Practice 

 Use of natural refrigerants 

 Reduction of refrigerant charge and leakages 

 High efficiency equipment 

 Monitoring and management systems 

 Renewable energy systems 

LIFE SERVICE 

Priority Best Practice 

 Accomplish design building’s life span (min. 50 years) 

BUILDING FEATURES: 

Priority Best Practice 

 Reduce roof surfaces 

 
Avoid stand-alone buildings in order to reduce the surface of outer enclosures and 
dispense with roofs 

 Have preference for non-asphalt-based materials, (such as EPDM) 

 Reduce height of spaces 

 Contribute to natural lighting 

 Environmentally friendly materials 

 Reduce thermal loads from the outside 
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4.2.5 Best environmental management practice in the retail trade sector 

The Commission Decision (EU) 2015/801 of 20 May 2015 on reference document on best environmental 
management practice, sector environmental performance indicators, and benchmarks of excellence for 
the retail trade sector [European Union (2015)] addresses retail trade sector organisations:  

“This sector is characterised within the statistical classification of economic activities established by 
Regulation (EC) No 1893/2006 of the European Parliament and of the Council with NACE code 47 (NACE 
Rev. 2): ‘retail trade, except of motor vehicles and motorcycles’. Retailing of services, e.g. restaurants, 
hairdressers, travel agents are excluded. It covers the whole value chain for the products sold in retail 
stores, as described in the following input/output scheme (Figure 70).” 

 

Figure 70:  Overview of inputs and outputs of the retail trade sector [European Union (2015)] 

The main environmental aspects to be managed by the organisations belonging to the retail trade 
sector are set out in Table 39. For each category, the table shows the aspects covered. These 
environmental aspects were selected as the most relevant for retailers [European Union (2015)]. 
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Table 39: Main environmental aspects to be managed by retail trade organisations [European 
Union (2015)] 

Category Aspects covered 

Energy performance 
Building, Heating, Ventilation and Air Conditioning system (HVAC), 
refrigeration, lighting, appliances, renewable energy, energy monitoring 

Air emissions Refrigerants 

Supply chain 
Business strategies, product prioritisation, improvement mechanisms, choice 
editing, environmental criteria, information and dissemination, 
environmental-labelling (including own-brand products40) 

Transport and logistics 
Monitoring, procurement, decision-making, transport modes, distribution 
network, planning, packaging design 

Waste Food waste, packaging, return systems 

Materials and resources Paper consumption 

Water Rainwater collection and treatment 

Influence on consumers Environmental aspects associated with consumption, e.g. plastic bags 

The environmental aspects selected as most relevant for retailers within EMAS (see [Joint Research 
Centre (2013)]) apply also to food retail stores and can also be considered for the development of 
criteria for the new EU Ecolabel product group “food retail stores”. 

The Joint Research Centre (JRC) of the European Commission has recognized the importance of the 
retail sector as a significant component of the European economy and a strong factor to influence 
Europe’s environmental impact and the actions of suppliers and consumers likewise. It has therefore 
identified “best environmental management practices” (BEMPs), summarized in a 2013 “Sectoral 
Reference Document” (SRD) for the retail trade sector [Joint Research Centre (2013)]. The BEMPs cover 
energy performance, sustainability of retail supply chains, transport and logistics operations, waste, and 
other BEMPs (commercial publications, rainwater collection and reuse, influencing consumer 
environmental behaviour). For each BEMP, key environmental performance indicators (to measure the 
environmental performance in each area) and benchmarks of excellence (an indication of the level of 
environmental performance achieved by the best performers in the sector) are identified. As one 
example, within the area “energy performance”, JRC outlines best practices for [Joint Research Centre 
(2017)]: 

• retrofitting the building envelope for optimal energy performance, 

• design of existing and new heating, ventilation and air conditioning systems, 

• use of integrated design concepts for buildings, 

• integration of refrigeration and HVAC, 

• monitoring of stores in the energy management system, 

• efficient refrigeration, 

• efficient lighting, 

• simple secondary measures for reducing energy consumption,  

• use of alternative energy sources. 

                         
40 Those products manufactured by a company that are sold under another company's (e.g. a retailer's) brand. Own-
brand products are also called private labels. 
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Regarding the product supply chain, BEMP includes as best practices: 

• the integration of sustainability within the organisation strategy and implementation of the 
actions needed for the sustainability integration in the supply chain, 

• the identification of priority products, processes, and suppliers, according scientific and LCA 
criteria, to improve their sustainability, 

• the establishment of environmental criteria for products and their suppliers with priority in the 
chain, by means of identifying higher environmental impacting spots, 

• the exclusion of worst performing products and the requirement of environmental standards 
(third party) for priority products as well as the promotion of certified ecological products, 

• the encouraging of suppliers for accomplishing with the environmental criteria through product 
and supplier audits, 

• the establishment of an information exchange systems and the development of environmental 
standards among suppliers to lead to environmental innovative improvement, 

• the inclusion of awareness campaigns about the sustainable performance of the product supply 
chain. 

For transport and logistics, best practices considered are: 

• the inclusion of environmental criteria for transport and logistics services procurement, 

• report about the transport and logistic efficiency and environmental performance, 

• sourcing and packaging design and decisions based on LCA to improve the transport energy 
efficiency, 

• optimization of the distribution network and operational efficiency, 

• minimize the environmental impact of the road vehicles. 

For waste management, it includes: 

• avoid food waste generation and improve waste management. 

Finally, it includes a reduction of materials consumption as well as water management improvement by 
means of rainwater collection and encouraging consumers’ environmental behaviour by means of 
environmental campaigns. 

In chapter 5, the document includes the “common specific key performance indicators of the retail 
trade sector” and recommendations for the minimum level of monitoring for each of them. In addition, 
benchmarks of excellence for each of the key performance indicators, which could represent the base 
for the development of criteria for an EU Ecolabel for food retail stores, are included. 

The two final outputs of this work were published in 2015: the best practice report (Best Environmental 
Management Practice in the Retail Trade Sector) [Joint Research Centre (2013)] and the concise EMAS 
Sectoral Reference Document (SRD) [European Union (2015)].  

EMAS registered organisations are obliged to take into account their respective SRD when assessing 
and reporting on their environmental performance. The same applies to the EMAS environmental 
verifiers when verifying if an organisation meets the requirements of EMAS. 
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4.3 Social impacts associated with food retail stores 

The global food retail industry has been experiencing steady growth in the last couple of years [Aruvian 
(2016)]. The global food industry grows hand in hand with the market changes: changing customer 
preferences moving towards online shopping, rising global population, and an increase in the 
purchasing power of emerging markets. 

Supermarkets, hypermarkets, and food discounters account for the largest sector in the global food 
retail industry, and the industry value is expected to reach roughly USD 7 500 billion by the end of 2019. 

Supermarkets are an important part of modern economic life, and social concerns surrounding the 
impact of food retail stores on customers, suppliers, employees, and local communities are highly 
debated issues. The social impact associated with food retail stores depends on several impact factors 
and trends of the food retail industry such as: increase in number of shops and commercial sales areas; 
structuration of the retailers; development of private labels; internationalization of the grocery retail 
groups; technological advances. With the globalisation of the supermarkets as well as the huge profits 
and focusing also on non-food areas such as clothing, consumers are becoming more concerned with 
the ethics of supermarkets. As supermarkets have made their fortune by responding to consumer 
demands, they are beginning to respond to the demand for more socially responsible operations. 

4.3.1 Development in the food retail sector 

Nowadays, large food retail stores are an integral part of modern life but this was not the case fifty 
years ago, when shopping for groceries meant multiple trips to the markets or specialist food shops, 
such as greengrocers, butchers or bakeries. The products were usually served by assistants behind the 
counters. Most of the times, the products were not individually wrapped in packages so that the 
assistants had to measure and wrap the goods according to consumer needs. This was time-
consuming, and the number of customers was limited to the number of employees in the stores. 

Even though there had been debates over the origin of supermarkets, the Food Marketing Institute, 
together with the Smithsonian Institution and with funding from H.J. Heinz researched the issue and 
determined that the first “true” supermarket in the United States was opened by a former Kroger 
employee, Michael J. Cullen, on 4 August 1930, inside a 6 000 square-foot (560 m2) former garage in 
Jamaica, Queens, in New York City [fundinguniverse.com [2016]]. 

The UK's first supermarket under the new Premier Supermarkets brand opened in Streatham, South 
London, earning ten times as much per week as the average British general store of the time. Other 
chains caught on and after Galvani lost out to Tesco's Jack Cohen in 1960 to buy the 212 Irwin's chain, 
the sector underwent a large amount of consolidation, resulting in 'the big four' dominant chains in the 
UK of today: Tesco, Asda (owned by Wal-Mart), Sainsbury's, and Morrisons [Londonist.com (2014)]. 

The supermarket sector changed vastly, becoming a success story throughout the years. This was 
enabled by the advantages this kind of stores offer, like saving time and getting many things in one 
place by using self-service. It provides the customer a choice in comparing and choosing brands and 
enables lower prices for products, since the profit of supermarkets is usually based on higher overall 
volume of sales. 

However, the rise of the supermarket sector meant meeting the suppliers demand for lower prices thus 
providing an unmatchable competition to the so-called traditional stores. This kind of environment and 
behaviour led to a situation where small businesses could not compete with supermarket prices and 
were forced to close, thus draining the local economic and social capital. 

As the supermarkets grew larger, the product range expanded to other areas, such as clothing, 
hardware, car spares, medicines, and household goods as well as financial and other services, such as 
photo development. It is clear that the big supermarkets see these goods and services as a key to their 
continuing expansion.  

Recent evolutions in the food retail sector in the EU can be explained by several key trends that have 
been identified as having impact on the development of the sector. Such trends include among other 
things an increase in the number of shops and commercial sales areas: “Hypermarkets (>= 2 500 m2) 
sales areas have increased by more than 46 % between 2000 and 2011 in the EU, with 2 681 additional 
outlets (523 of which opened in the UK); Supermarkets (400 to 2 500 m²) are the leading food shop type 
in Europe with 44 177 m² of food sales area in 2011. Between 2000 and 2011, the total sales area 
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increased by close to 26 %, with 5 326 additional outlets; Discounters have increased their sales areas by 
81 % between 2000 and 2011 across the 27 Member States, with 12 778 additional outlets.” [European 
Commission (2014)] 

The evolution of shop types has had a major impact on the choice of products for consumers, as 
different shop formats have different assortments. For example, hypermarkets typically have the 
broadest assortment among all food retail stores because of their superior shelf space. Supermarkets 
typically are somewhere in the middle, and food discounters have the narrowest assortment. 
Hypermarkets have sufficient sales area to offer a large choice of non-food products and often provide 
additional services, from restaurants and cafés to beauty salons (Tesco) and banking (Asda, Sainsbury). 
The format that has most profoundly changed the landscape of grocery retail is the food discounters 
that have experienced the highest growth in terms of outlets over the past decade. For example, in 
Germany, the food discounters captured more than 33 % of the edible grocery market share in 2012. The 
basic concept behind the discounter format is to provide consumers with highly competitive prices but 
a limited assortment.  

Another trend that has had great impact on the development of the food retail sector is the 
structuration of the retailers. This includes an increase in market share of a few big companies, meaning 
concentration of the food retail industry. An interesting fact is that some EU Member States with the 
lowest modern retail share in 2011 (e.g. Romania, Bulgaria, Latvia, and Slovakia) have experienced the 
greatest growth over the following decade, whilst other EU Member States with a similarly low share in 
2000 (such as Italy and Greece) have not witnessed the same extent of growth over the last decade. 
The increasing market shares of the top ten European retailers, which have further increased whilst 
others faced a decrease or lost their shares, are another part of the so-called structuration. 

A trend impacting the development of the food retail sector is the development of private labels which 
are also referred to as “own brands”, where the retailers contract the manufacturers to produce goods 
which later will be sold as own brands, usually at lower costs than other international or national brands. 
The price, being a major concern with consumers, is obviously the reason why the market share of the 
private labels has increased in grocery sales. “The penetration of private labels is high in Europe, where 
they can exceed 40 % market share in countries such as Switzerland and the UK, compared with an 
average in the US of 18 % market share in 2011.” [European Commission (2014)] 

The internationalization of the grocery retail companies, accompanied with geographical expansion, 
coming in the form of joint ventures, franchising, acquisition of local retailers, etc. in order to find new 
ways of growth is another trend. In Europe, the growth rates in developed Member States seem to be 
stagnant. Therefore, the retailers try to find a way to penetrate other markets to generate potentially 
higher growth in sales. Especially ambitious for expansion are the chains from newer Member States 
from Central and Eastern Europe. However, some Member States are taking policy measures in forms of 
restrictions in order to limit the influence of foreign retailers. 

Technological advances also play a big role in the development of the food retail sector. Some 
technological advances can be found in the stores themselves, like self-service checkout, price-
checking machines, etc., others can be noted outside the stores, e.g. websites for comparing prices 
[European Commission (2014)]. 

4.3.2 Impact on local economy 

The supermarkets’ impact on local communities can be both positive and negative as reported within 
relevant literature, academic sources, and government publications. Briefly, the positive impact would 
be that supermarkets can help improve the local community, and the negative would be that 
supermarkets are opposed by many local residents and drive local businesses away. 
What can be stated in favour of the latter is the domination of the global food retailers, particularly 
supermarkets and hypermarkets, in recent decades that caused the demise of the family-owned 
grocery chains, small independent stores, and open-air farmers markets that formerly served local 
communities. 

Smaller, independent shops struggle to compete with the buying power and aggressive pricing policies 
of these big supermarket chains. The large chains use their buying power to purchase products from 
suppliers at lower prices, something that small stores cannot manage to do. This means that with the 
increase of market share, the supermarket chains have the ultimate power in determining quantity, 
quality, delivery schedules, packaging, returns policy, and, above all, price and payment conditions.  
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Furthermore, Friends of the Earth' study [Friends of the earth (2005)] of local food schemes including 
farm shops, farmers' markets, box schemes, and community supported agriculture found that “on 
average just over 50 % of business turnover was returned to the local economy, usually in the form of 
spending on local produce and inputs, staff wages and money spent at other local shops and 
businesses”. Without widespread local businesses, there will be no money for the local economy. 

While the supermarket chains’ takings transfer as much as 95 % of their takings away from local areas to 
shareholders and distant corporations, only 5 % remain to the local economies.  

As an example, the aforementioned study refers to a fact that in Hove, Brighton, Tesco opened a large 
superstore in 2003, and the company claims that this attracted 30 000 new customers. Yet, local 
traders feel that they are worse off. They have seen falls in takings, and the new store ate up land 
previously used for a car park, while the store’s own parking is only for two hours, giving customers little 
time to shop anywhere other but at Tesco. [Friends of the earth (2005)] 

A study in Fakenham found that little town centre food retailers experienced a 64 % decline in market 
share following the opening of an out-of-town supermarket [Friends of the earth (2005)]. The number 
of convenience food stores fell from 18 to 13, and the number of vacant shops rose by 33 %.  

Supermarket retailers claim that they bring choice, cheap food, and jobs when they open a new store. 
However, by dominating food sales, supermarkets take away choice by closing down existing shops.  

Supermarkets may sell certain items at knock-down prices but fresh, healthy food is often cheaper in 
markets and local shops. Supermarkets may also bring in some employment but they also drive other 
jobs away – with a net loss of 276 per new superstore, according to a study by Friends of the earth 
(2011). 

The impact of the closure of local shops can be widely felt, as they often exist in a network with other 
local businesses. A survey of shopkeepers [Friends of the earth (2005)] around the town of Saxmunden 
in East Suffolk was carried out in 1998 when a new Tesco store was proposed. It found that 67 out of 81 
food retailers in 7 market towns and 19 villages, employing 548 people, predicted they would go out of 
business if the Tesco store opened. The survey reported that this would lead to the loss of a further 295 
related local jobs. Moreover, it is unlikely, that this lost local business will be picked up by supermarkets. 
It has been estimated that, using a definition of local food as coming from within 30 miles of the store, 
it is typical for supermarkets to have only 1-2 % of turnover from local food providers [Friends of the 
earth (2005)]. 

Moreover, they do not tend to have a proactive role in activities that are not seen to be profit making in 
the long term. In these areas, there is unlikely any replacement to local businesses for communities. 
Local economies will suffer as consumer spending goes to national retailers rather than local 
businesses.  

The Department of Environment, Food and Rural Affairs in the UK [DEFRA (2006)] identifies two ways in 
which supermarkets may harm independent shops: firstly, by obtaining better prices from suppliers, 
they may force suppliers to charge higher prices to other customers; and secondly, supermarkets’ buyer 
power may “undermine the viability of the wholesale distribution network serving independent stores”. 
However, despite the contradictory figures [Norberg-Hodge, H., Merrifield, T., Gorelick, S. (2002)], it is 
believed, there is a “small but rapidly growing groundswell of support for local food systems” which 
they claim could be an important opposing current to the globalisation of food systems [Holly 
Waterman (2007)].  

Those thinking that the supermarkets are helping the local community might argue that the 
supermarkets are responding to consumers’ desires and demands in order to remain competitive in a 
highly cost-conscious sector, facing constant competition from international firms. Continued 
innovations in efficiency, logistics, and distribution are expected. Consumers will have recognizable 
brands wherever they go, in terms of both choice of stores and choice of products. The supermarkets 
are developing as a result of the convenience needs of the consumers, such as long working hours, 
wider waiting lines, lower prices, etc. [Holly Waterman (2007)] 

To some extent, one may infer that the supermarkets are reflections of the society. The modern ways of 
living, like time pressure, changes in eating habits, environmental and social conciseness impact on how 
the supermarkets are and what kind of products they offer. 
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4.3.3 Impact on local employment 

There are different views on the impact of supermarkets on local employment. One can suggest that 
supermarket companies are providing jobs for local people. However, there are numbers that indicate 
otherwise. Considering how many new stores have been opened, this should add up to a significant 
increase in national employment. A study comparing retail employment between 1991 and 1995 with 
employment claims made by the supermarkets noted that while grocery retail sales grew in that period 
by 12.3 %, grocery retail employment grew by only 3 % [Friends of the earth (2005)]. In conclusion, while 
the businesses grow, numbers of staff do not grow as fast.  
 
Another way to look at this question is to consider how many people would be employed if grocery 
sales were not dominated by supermarkets but were instead in the hands of smaller food retail stores. 
In 2004, small grocery shops in UK had a total turnover of around GPD 21 billion and employed more 
than 500 000 people. According Friends of the earth (2005), big supermarket chains have much bigger 
sales, yet, they only employ around 770 000 people. Consequently, the supermarket chains control 
more than 80 % of the grocery market but employ only 50 % more staff than small shops.  

Supermarkets have not just reduced employment, they have also affected the quality of life for other 
business owners, for example through extended opening hours. A survey of working conditions for self-
employed retailers in 2003 found that more than half of shopkeepers did not take any holiday at all 
during the year. 67 % said they worked a seven-day week and 68 % were working 12-hour days [Friends 
of the earth (2005)]. 

To conclude, the demise of the local, independent shops on account of the large food retail stores leads 
to a decrease of local employment. The self-employment rate spirals down as well because those who 
rely on local businesses have to move somewhere else to find employment and the livelihood of those 
families will be at stake. 

4.3.4 Social impact on local people and neighbourhood 

Retail has traditionally served as an effective entry point into the labour market, particularly for people 
seeking flexible working hours and conditions. The food retail industry is a huge employer, frequently 
accounting for the largest share of employment in many countries. Figures from the International 
Labour Office labour statistics databases (ILOSTAT) show, for instance, that in 2013, the sector provided 
close to 19.3 million jobs in the 28 Member States of the European Union (EU-28). Women represented 
over 62 % of workers in the sector [International Labour Office (2015)]. 

The specialised food retail sector employed 1.45 million people in the EU-27, equivalent to 8.3 % of the 
retail trade and repair workforce. The share of employees in persons employed was 64.1 %, substantially 
below the retail trade and repair average (79.7 %), and in fact, the fifth lowest rate of all NACE groups 
within the non-financial business economy [Eurostat (2009b)]. 

Over the past few years, there have been changes in the food retail market in Europe, whereas, it is safe 
to say that the 2008 economic crisis had significant impact on consumer purchasing power. In addition, 
changes in household composition, the trend towards an ageing population, increased interest in new 
health issues (food intolerances, allergies, food-related diseases, overweight, and obesity), and 
increased environmental awareness resulted in an increased demand of specific product categories 
(fresh products, organic food, gluten-free products, etc.) [European Commission (2014)]. 

Some consumers now favour locally grown foods rather than global commodities mass produced, thus 
increasing the pressure placed on managers and companies alike to acknowledge their responsibilities 
towards society and to act in ways that benefit society as a whole. This trend can lead to a new battle 
within the supermarket sector, the battle to become a socially responsible supermarket in order to gain 
competitive advantage. Indeed, over recent years, many UK supermarkets have begun to publish 
Corporate Social Responsibility (CSR) reports alongside or within their Annual Reports, indicating that 
supermarkets are becoming more socially responsible. 

Evidence shows recent trends to navigate or move back to local, traditional, independent, and small 
shops due to a number of reasons, e.g. the tendencies for obtaining healthy food that leads to a higher 
request of locally sourced products. Many consumers believe that large food retail stores cannot meet 
the quality like the small shops due to the central distribution of goods. Additionally, it was noted that a 
more ethnical manner of thinking about the purchase of the goods leads to avoidance of the 
supermarkets. Another circumstance that can be taken into account is the “aging population”. Namely, 
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as consumers grow older, they tend to use local shops. Another point is the accessibility which is 
relevant not only for elderly people but also for low income people who are limited with the use of any 
kind of transport to visit the large food retail stores which are usually located away from the high street. 
However, even though there is a tendency and a potential of meeting growing consumer demands, it is 
still believed that the independent, small shops are slowly being wiped out. Furthermore, some 
consumers are attracted by the supermarket offers, embracing clever pricing strategies and promotions 
as well as discounts, etc. [High Street Britain (2015)]. 

An analysis by Holly Waterman (2007) indicates that some supermarkets aim to show that they are 
socially responsible by attempting to improve the local community; for example, Tesco built 
supermarkets in deprived housing estates in order to improve the local community’s provision of food. 
However, despite this positive view, a Channel 4 Dispatches documentary [Dispatches (2007)], 
focussing on Tesco, highlighted how the supermarket frequently went against the wishes of residents, 
councillors, and local businesses by opening new stores using underhand methods and ignoring 
planning restrictions as well as causing noise for residents at all hours and blocking residential roads 
frequently during deliveries [Holly Waterman (2007)]. 

The large-scale development of supermarkets and the loss of local shops is often not a convenience but 
rather causes a forceful dependence on supermarkets. At the same time, the supermarkets are set up 
primarily for affluent car users. Therefore, people without a car will need to make special arrangements 
to do their shopping, including expensive options such as getting a taxi [Friends of the earth (2005)]. 

The takeover of convenience stores by supermarkets has also led to problems, particularly where they 
have been closing ‘in-store’ post offices, leaving local communities without easy access to a post office. 
This hits the elderly and infirm people particularly hard. The impacts can also go beyond the loss of local 
services – ‘just-in-time’ delivery by supermarkets can mean multiple daily visits from supermarket 
trucks in areas not designed to support them. The loss of local, independent shops can cause serious 
problems in terms of access to food, particularly for people with lower incomes or those who do not 
have access to a car. In general terms, if large food retail stores do not find it profitable to offer certain 
products that could otherwise be obtained in the local, independent stores, some consumer needs will 
not be met. 

Many communities will be severely disadvantaged by the loss of their small shops. Such local 
businesses can be a focus for community activity as well as providing employment and vital products 
and services. Many communities will no longer be able to cater for the needs of its residents if the retail 
sector is too heavily disrupted, leaving those affluent enough, both shops and homeowners, to relocate 
to other areas. However, this can be considered as a possibility for independents to have the 
opportunity to survive for example independents that can profitably serve areas not seen as attractive 
to large retailers to survive.  

Moreover, “supermarkets have become not only a monopoly, giving consumers a diminishing choice of 
food outlets, but also a monopsony, giving suppliers little choice of buyers for their produce. They have 
used this power ruthlessly, forcing down prices and increasingly dictating to suppliers what they 
produce, where they produce it and how they package it. The casualty rate for small producers, unable 
to survive on the supermarkets' terms, is almost as great as for small shops.” [Wilby, P. (2011)] 

Supermarkets minimize human contact in the interests of efficiency and convenience, most recently by 
introducing self-service lanes for payment. According to a report by High Street Britain (2015), the 
closing of small shops would mean that “people will not just be disadvantaged in their role as 
consumers but also as members of communities”. The erosion of small shops is viewed as the erosion of 
the ‘social glue’ that binds communities together, entrenching social exclusion in the UK which would 
lead to minimizing or even non-existing interaction of local community members. The report refers to a 
survey that found that some people considered shopping in the small local shops a social occasion, and 
this is understandable due to the important role the small shops had in the community in the past. 
However, some consumers think that multiple shops could also be essential and convenient to their 
manner of living. 
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4.3.5 Social responsibility policy of food retail stores 

The concept of social responsibility does not have a universally accepted definition. Various definitions 
and models have been formulated. The first modern definition of social responsibility was provided by 
Bowen in 1953 [Bowen, H. (1953)]. In his opinion, business persons are responsible for the consequences 
of their actions in a sphere wider than that covered by their profit and loss statements [Pivato, S., 
Misani, N., Tencati, A. (2008)]. 

The concept of Corporate Social Responsibility (CSR) has had a long and diverse history in the literature. 
Although references to CSR occurred a number of times prior to the 1950s, that decade ushered in what 
might be called the “modern era” with respect to CSR definitions. Howard Bowen’s (1953) book “Social 
Responsibilities of the Businessman” stands out during this period. It was proposed that Bowen 
deserves the appellation of the “Father of Corporate Social Responsibility” [Pivato, S., Misani, N., 
Tencati, A. (2008)]. 

Policy makers, citizens, and companies are paying increasing attention to CSR. Among the other 
institutions, the European Commission published a Green Paper [Commission of the European 
Communities (2001)] that defined CSR as “a concept whereby companies integrate social and 
environmental concerns in their business operations and in their interaction with their stakeholders on a 
voluntary basis”.  

The Green Paper invites public authorities at all levels, including international organisations, enterprises, 
social partners, Non Governmental Organisations (NGOs), other stakeholders, and all interested 
individuals to express their views on how to build a partnership for the development of a new 
framework for the promotion of CSR, taking into account the interests of both business and 
stakeholders. 

The social responsibility is not only complying with legal expectations but also investing “more” into 
human capital, the environment, and the relations with stakeholders. Experience has shown that going 
beyond the legal obligations can bring certain benefits in terms of competitiveness and direct impact 
on productivity. Even though for some companies this concept/approach is new, there have been 
indications that it can generate more profit and growth. 

CSR extends beyond the company into the local community and involves a wide range of stakeholders 
in addition to employees and shareholders: business partners and suppliers, customers, public 
authorities, and NGOs representing local communities as well as the environment. CSR is also about the 
integration of companies in their local setting. Companies contribute to their communities, especially to 
local communities, by providing jobs, wages and benefits, and tax revenues. On the other hand, 
companies depend on the health, stability, and prosperity of the communities in which they operate. 

According to the Green Paper [Commission of the European Communities (2001)], surveys have shown 
that consumers want to know if products are produced in a socially responsible manner. For a majority 
of European consumers, a company’s commitment to social responsibility is important when buying a 
product or service.  

Results from a survey conducted [Pivato, S., Misani, N., Tencati, A. (2008)] show that the retailer’s role in 
the CSR field is important and confirm that trust is an important mediator of consumer response. 

The literature on CSR has often stressed that CSR should allow a company to build better relationships 
with a variety of stakeholders. This leads to the prediction that a socially oriented company should 
protect and increase trust, which is crucial to its success in today’s competitive marketplace. [Pivato, S., 
Misani, N., Tencati, A. (2008)] 

The results suggest that trust is a key mediator capable of measuring and explaining the success (or the 
failure) of the CSR policies adopted by a company. These findings support the idea that socially 
oriented companies can achieve competitive advantage in those business areas where trust is crucial in 
determining consumer choices. This would lead to assuring consumers that the company has not 
increased prices or lowered product quality in exchange for a higher level of social responsibility 
[Pivato, S., Misani, N., Tencati, A. (2008)]. 

A recent article states that in the UK, many high street supermarkets such as Tesco and Morrisons have 
their own ‘community champions’ who work with communities in local areas [thenews.coop (2015)]. 
They act as ambassadors, linking each store with its local community. 
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Some have also set up in-store collection points for donations to local food banks (Tesco) and donate 
surplus food to charities (Sainsbury’s, Asda, and Aldi) or convert it into energy through anaerobic 
digestion (Aldi, Sainsbury's). Others (Marks and Spencer) have set up clothes recycling initiatives. 

Most retailers raise money for local charities and donate to local causes; Morrisons, for example, 
donated GPD 18 million worth of gardening equipment to over 21 000 schools through its “Let’s Grow” 
programme [thenews.coop (2015)]. 

Tesco, through their “Bags of help” initiative, ask their customers how they want to spend the money 
raised on projects in their local area [Tesco (2016)]. 

The importance and interest of CSR is recognition of the responsibility that businesses should always 
have shown for environmental and social factors. It seems imperative that the supermarkets show an 
initiative and practical implementation of the CSR and, as a search through the websites reveals, that 
many have reported on CSR.  

CSR focuses on moving a business away from concentrating purely on economic concerns and raises 
the issue of environmental and social concerns, so that a wider range of stakeholders is taken into 
account.  

With the globalisation of the supermarkets as well as the huge profits and focusing on non-food areas 
such as clothing, many believe that consumers are becoming more concerned with the ethics of 
supermarkets. The focus on CSR issues has led to increasing pressure on leading supermarket chains to 
incorporate CSR thinking and goals into their business operations. As supermarkets have made their 
fortune by responding to consumer demands, they are beginning to respond to the demand for more 
socially responsible operations. There are expectations of a high level quality of CSR, otherwise 
companies might be at risk of consumer boycott. 

Clearly, not everyone believes that businesses should act in a socially - and environmentally - conscious 
way. Indeed, although the business case for CSR is widely discussed, some research appears to show 
that CSR can have a negative impact on businesses. Moore, G. (2001) studied the UK supermarket sector 
and found that financial performance deteriorated as social performance improved. Additionally, the 
socially responsible behaviour may lead to a reverse effect, namely, it can happen that consumers can 
be sceptical about companies who engage in socially responsible behaviour, thinking that the only 
concerns for such companies are purely business rather than socially responsible concerns [Holly 
Waterman (2007)]. 

4.4 Preliminary findings on environmental and social impact hotspots of 
food retail stores 

As LCA Case Studies have revealed, the use phase becomes the most impacting stage of food retail 
stores (see chapter 4.2.4). This is due, essentially, to daily energy consumption that depends on diverse 
variables: location, schedules, buildings’ design, installations’ efficiency, refrigerant choice, and energy 
management, among others. Passive measures as well as choosing eco-friendly building materials 
contribute to reduce food retail store’s impact during the complete life cycle. In order to control and 
develop a proper energy management, it is highly recommended to monitor the main consuming 
facilities and establish an efficient management plan. Systems should be able to adapt their working 
loads to occupancy and environmental conditions as well as reduce thermal loads and losses. A way to 
minimize the quantity of the necessary materials and thermal loads would be to prevent the 
construction of stand-alone stores, which have larger surfaces of outer enclosures. The selection of high 
efficiency equipment, especially refrigeration systems, may significantly reduce the annual energy 
consumption and, adequate buildings’ design, is underlying in order to achieve optimal energy 
performance. Normative and market trends regarding refrigerants are easing the reduction of leakages 
and the minimization of the environmental impact of refrigerants, changing from being a major issue to 
become a negligible matter, e.g. in cases where natural refrigerants are used. In addition, it is important 
to avoid building’s demolition before reaching design life span, and the reutilization of the construction 
materials should be fostered when possible.  

As stated in the previous chapters, to summarize the findings of the social impact associated with food 
retail stores, one must take into account the impact factors and trends of the food retail industry such 
as: increase in number of shops and commercial sales areas, structuration of the retailers, development 
of private labels, internationalization of the grocery retail groups, and technological advances. Having 
that in mind, it can be concluded that there are costs and benefits to current trends. 
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Conclusion about the impact on local economy: The large food retail stores impact the small 
independent stores in a manner that is considered harmful through obtaining better prices from 
suppliers. The small/local stores cannot obtain these prices, become uncompetitive, and are often 
forced to shut down their businesses. Since some studies like Friends of the Earth' study [Friends of the 
earth (2005)] show that over 50 % of business turnover was returned to the local economy, and without 
the widespread of local businesses, there would be no money for the local economy. The benefit of 
large food retail stores is the responding to consumers’ desires and demands in order to remain 
competitive as well as continued innovations in efficiencies, logistics, and distribution. 

Conclusion about the impact on the local employment: It can be concluded that, overall, the demise of 
the local independent shops on account of the large food retail shops leads to the decrease of local 
employment, and the livelihoods of families who currently rely on family-owned businesses will be lost. 

Conclusion about the impact on local people and neighbourhood: Despite the positive view that large 
food retail stores aim to show that they are socially responsible by attempting to improve the local 
community, for many people the loss of local shops is not a convenience but rather creates a forceful 
dependence on supermarkets. Some consumer needs would not be met if large food retail stores 
would not find it profitable to offer certain products, otherwise obtained in the local independent 
stores. Many communities will be severely disadvantaged as such local businesses can be a focus for 
community activity as well as providing employment and vital products and services. However, this can 
be considered as a possibility for independents to have the opportunity to survive for example 
independents that can profitably serve areas not seen as attractive to large retailers. 

Conclusion about the social responsibility policy of food retail stores: The importance of and interest in 
CSR are the recognition of the responsibility that businesses should always have for social factors. It 
seems imperative that the retailers show initiative and practically implemented CSR, and that many 
supermarket chains have reported on CSR. [Holly Waterman (2007)].  With the globalisation of the food 
retail sector as well as the huge profits, and focusing also on non-food areas such as clothing, many 
believe that consumers are becoming more concerned with the ethics of retailing. The focus on CSR 
issues has led to increasing pressure on leading retail chains to incorporate CSR thinking and goals into 
their business operations. As food retail stores have made their fortune by responding to consumer 
demands, they are beginning to respond to the demand for more socially responsible operation. 
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5 IMPROVEMENT POTENTIAL AREAS 

5.1 Objective 

The aim of this chapter is to evaluate and prioritize improvement options which could assist the 
development of EU Ecolabel criteria for food retail stores by using findings from the technical and 
environmental analysis (chapter 4) and the market analysis (chapter 3). To identify improvement 
options, the chapter determines best practices and techniques for food retail stores. 

Innovations and best practices have been identified through the analysis of the latest technologies of 
building envelope and energy systems, together with waste and transport management. Operators of 
food retail stores can achieve significant environmental improvements by adopting best practice for 
operations and maintenance of technical services. Social improvements can be achieved through 
preliminary planning of the impact on the local community, its economy and wellbeing. Environmental 
improvements can be further achieved by considering soil consumption and landscape planning. 

The following chapter discusses the innovations, best practices, and best techniques available in the 
market to improve the environmental and social performance of food retail stores. 

5.2 Environmental improvement areas 

5.2.1 Location 

The location of the store is to be considered as an input to the design: the local climatic conditions 
should be taken into account in order to minimize the heat load in the summertime and heat losses in 
the wintertime as well as to maximize the utilization of daylight in the food retail store. The land 
consumption and urbanization is to be minimized, thus contributing to the environmental conservation. 
The location of the store additionally has a large social impact; the potential improvements in this 
regard will be analysed in chapter 5.3. 

5.2.2 Building 

5.2.2.1 Building envelope 
Shape and size 
The size of the shopping area comes from market trend and needs; however, the external surface to 
volume ratio of the building envelope needs to be minimized (see chapter 4.1.2). 

The adoption of a bioclimatic architecture approach might however influence the shape of the building 
and lead to different design according to the specific situation, to seek for the best interaction between 
natural elements and construction. 

Solar radiation control to avoid high peak loads in the summertime and to promote heat gains in the 
wintertime represents a challenge. It is worth reminding that also in South European Countries, heating 
is required also in middle seasons, due to the heat loss provided by centralized refrigerated cabinets 
[Cecchinato, L., Corradi, M., Minetto, S. (2010)]. 

Floor, walls and roof 
A widespread improvement in materials used for floors, walls, and roofs might firstly derive from 
stricter building standards, requiring improved heat transfer properties. 

As a potential development, the adoption of functional materials represent a technical improvement for 
the building envelope. For example, the possibility of controlling the temperature oscillations due to 
solar radiation could be accomplished by phase change materials (PCMs); a positive impact to the air 
quality could be achieved with photocatalytic paintings or coatings. 

The selection of construction materials is in any case to be based on a life cycle approach; to this extent, 
starting from the early design stages, proper attention is to be given to the construction materials' 
selection, to the exact amount of materials required as well as to their characteristics towards future 
recycling and reuse.  



 Page 154 of 186 

 

 

 

The research leading to these results has received funding from the  
European Union/EASME H2020 Programme under Grant Agreement No 696076. 

Windows and doors 
Windows need to meet the requirements of high insulation properties, tightness, and good light 
transmission. A widespread improvement in windows quality can derive from a revision of the 
normatives and standards. 

Light selective windows can be adopted depending on specific requirements, mainly related to location 
and orientation. New smart windows can selectively block visible and near-infrared light, thus 
controlling solar heat and daylight through windows. 

Minimization of air infiltration through doors can be traditionally controlled via double doors or air 
curtains and a wider adoption is to be pursued all over Europe. 

5.2.2.2 Interior design floor plan and interior design 
The interior design, layout, and the arrangement of products is important for sales promotion. 
Marketing studies are applied to support the internal organisation in order to dislocate heavy and bulky 
products, small ones, perishable food, frozen goods and to help customers to safely organize their 
shopping cart and maximize its content. At the same time, energy issues must interact with marketing 
requirements to comply both with energy saving and comfort requirements. The recent shift from 
vertical open display cases to closed ones has, for example, removed the cold corridor issue, i.e. the 
unpleasant cold feeling deriving from cold air out of open cabinets. 

The interaction of interior design and air conditioning system is worth consideration, to avoid hot and 
cold spots as well as unexpected air flows. 

Innovative solutions, like the application of phase change materials in interior furniture (shelves) or 
setups (ceiling, floor), represent possibilities to drive interior design towards energy saving and comfort; 
specific experience for food retails stores is to be gained, starting from experience with other buildings 
[Rodriguez-Ubinas et al. (2012)]. 

5.2.3 Technical analysis of the equipment 

As presented in chapter 4.1.4, refrigeration system layouts have undergone many changes in the last 
decade, mainly pushed by environmental and legislative drivers. In this context, potential improvement 
areas can be clearly identified and future trends highlighted. 

5.2.3.1 Refrigeration system architecture 
One of the major improvements of the energy efficiency of the refrigeration system can be derived by 
increasing the evaporation temperature, while guaranteeing the required performance in terms of food 
safety and quality. The relative increase in COP that can be derived by increasing the evaporation 
temperature is related to the layout of the system and its operating conditions. In literature, it is 
generally quantified as 2-3 % for each degree the evaporation temperature increases. 

Hot and cold thermal storage [Fidorra et al. (2016)] represent a potential way to achieve environmental 
benefits by storing energy when surplus electricity is available or when it is cheap and utilising it when 
required or when energy availability is lower or prices are higher. This area extends to the air 
conditioning system and relates to the utilisation of renewables. 

Stand-alone units: Improvement areas for plug-in cabinets are related to the use of natural refrigerants 
(CO2 and hydrocarbons) and to the refrigerant charge minimization, which is particularly important in 
the case of flammable refrigerants. The present challenge consists in reducing the charge below 
150 grams, to comply with safety standards for flammables. Heat exchangers internal volume limitation 
is the most straightforward way, however, also system architecture, compressor volume, and oil 
content are under investigation [Padilla Fuentes et al. (2015)]. 
The integration of plug-in units into the air conditioning system, to take advantage of the rejected heat, 
is a priority.  

Condensing units: The area of improvement for condensing units lays in switching from synthetic to 
natural refrigerants. In the case of carbon dioxide, high energy efficiency in hot climates implies 
borrowing technical solutions from centralized systems design; in this case, the cost issue might 
become a priority. In the case of hydrocarbons (R290 and R1270), the refrigerant charge is to be 
minimized and safety regulations have to be fulfilled. 

Centralized systems: Centralized systems are widely employed in the food retail sector. Therefore, 
improvements for these systems can heavily impact the environmental performance of the sector. 
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Centralized systems based on HFCs 
Possibilities of technical improvements in systems based on HFC are quite limited due to the ban of 
refrigerants with high GWP (GWP ≥ 150) for centralized refrigeration systems and the phase down 
related to the F-gas Regulation. 

Direct systems: Direct systems’ future depends on the availability of refrigerants with a GWP lower than 
150. At the same time, considering the huge amount of charge involved in these applications and the 
refrigerant inside evaporators located in the shopping area, flammability and safety are issues. To this 
extent, CO2 is now perceived as the best option for direct systems, and improvements related to this 
systems will be presented in the following lines. 

Distributed systems offer the opportunity of reducing the cooling power of single units and reducing 
the charge in each single circuit; however, charge minimization remains an improvement area, together 
with integration of the AC system to fully manage rejected heat. 

Indirect systems: In the case of indirect systems, an improvement area lies in controlling and 
minimizing the temperature difference at the chiller evaporator, not to penalise the COP of the system. 
The weak point of those systems is represented by the LT part that suffers from the lack of suitable 
secondary fluids, except for pumped CO2. 
The huge amount of liquid in indirect systems might fit with cold thermal energy storage (CTES) 
strategies, being the liquid itself an energy storage. 

Centralized systems based on CO2 
CO2 indirect systems: The main improvement to be pursued is related to the pressure increase during 
standstill, in order to avoid uncontrolled blow-off and necessity for refilling.  

CO2 cascade systems: Improvements related to cascade systems require proper sizing and control of 
the CO2 condenser, also at partial load operations. The coupling with a low GWP refrigerant in the high 
pressure stage and the reduction of the temperature difference at all operating conditions between the 
CO2 condenser and the chiller evaporator can lead to good performances also at high ambient 
temperature. 

CO2 only systems: The CO2 transcritical booster configuration, integrating both medium temperature 
and low temperature cycles, has proven to be the most successful solution for food retail stores. The 
standard configuration has been set as the starting point for further improvements, mainly intended to 
efficiently utilize CO2 also in hot climates. Almost all the theoretically possible cycle modifications 
known to overcome cycle inefficiencies (mainly expansion losses) can be applied to these 
configurations. Improvements can focus on intrinsic losses, i.e. desuperheating and expansion 
processes, or components related ones (compression, heat transfer). 

Improvements related to expansion process include subcooling, staged-expansion, and expansion work 
recovery. Subcooling with a dedicated unit, possibly run with hydrocarbons, is a potential improvement 
technique. Staged expansion is typically coupled with staged compression and already implemented in 
parallel compression; it can be extended to economized cycles and Vorhees cycles if specific 
components (compressors) are made commercially available. 

Ejectors in place of expansion valves represent the most innovative solutions presented in the last 
years; in a relatively short time, ejectors have moved from research labs to the field, and they represent 
now an available option for efficient CO2 systems in hot climates. Starting from actual successful 
results, still a lot is to be done in terms of research, design, and application. 

Considering the high expansion losses in CO2 transcritical cycles, expanders have also been proposed 
for expansion work recovery [Fidorra, N. (2016)]. However, there is no commercial application yet. 

5.2.3.2 Refrigeration components: design and operation 
Compressor 
CO2 is considered to be a good fluid in terms of compression processes, mainly thanks to the reduced 
throttling losses of the fluid through suction and discharge valves. 

Improvements in the compression efficiency proportionally reflect on the system efficiency; as a 
consequence, compressor manufacturers are working on improving compressors, both mechanically 
and electrically, to guarantee good performance levels at proper operating conditions and partial loads. 
In particular, higher evaporation levels resulting from overfeeding evaporators require specific fine-
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tuning of compressors design. Partial load efficiency is still an open issue, and scarce data are available 
in the literature. 

Expansion devices 
As described in the previous chapters, evaporator overfeeding is taking over dry expansion, as a way to 
optimally utilize evaporator heat transfer area and avoid maldistribution problems, thus allowing higher 
evaporation temperature. This approach requires a new way of controlling expansion devices, no more 
based on superheat control. In fact, improvements in electronic expansion valves control are focusing 
on moving from superheat to overfed control. When dealing with transcritical cycles (CO2), expansion 
devices can be controlled so that they optimise high pressure; this is particularly important when heat 
recovery is in place. 

When moving to fluids that have high expansion losses, like CO2, expansion work recovery becomes 
almost mandatory; to this purpose, two-phase ejectors are now proposed in place of expansion valves 
in transcritical systems. Ejectors utilised in place of expansion devices can also serve the purpose of 
recirculating excess liquid out of evaporators, when evaporator overfeeding is implemented. 

Evaporators/condensers 
Proper design to optimize circuit design according to the refrigerant are needed. 

Evaporator overfeeding requires management of excess liquid out of the coils that normally impacts 
the circuit design. Evaporator overfeeding implies higher evaporation temperature that, in the case of 
medium temperature applications, can even prevent from frost formation. In any case, uniform 
refrigerant distribution allows more uniform frost formation; intelligent defrost or defrost on demand is 
an improvement area. 

In CO2 systems, gas cooler outlet temperatures can be lowered by using evaporative condenser/gas 
cooler; water saving can be achieved by spraying/evaporating water only for the very last section of the 
gas cooler. Serial arrangement of gas coolers should be applied with respect to heat recovery and 
rejection to different heat sinks. 

Refrigeration cabinets 
As already described in chapter 4.1.4.2, the major improvement areas with regard to display cases are 
related to the possibility of better insulating the cabinet from the external environment, installing doors, 
lids, stripe curtains or simply night blinds/covers and using highly insulating materials (vacuum 
insulated panels) or reflecting devices and utilizing high-efficient components, such as fans or LED 
lighting, controlling anti-sweat or defrost heaters, and installing large and well-managed evaporators. 
When closed cabinets are not accepted by the supermarket operator, improved air curtains are 
necessary. 

When providing specific improved solutions, such as glass doors, basic retrofitting is not assuring 
optimal performances: the solution needs to be evaluated and changes to the initial design needs to be 
applied. For example, the amount of hot air entering the cabinet when opening the doors is to be 
minimized, not to inhibit advantages deriving from doors installation. 

Improvement areas are also related to superconducting shelves [Foster et al. (2014)] and cold thermal 
storage to be locally applied to each cabinet. 

Correct product loading and regular cleaning are required to operate display cases correctly. 

5.2.3.3 Heating, ventilation and air conditioning (HVAC) 
Food retail stores require a complex management of heating, ventilation, and air conditioning, with the 
general purpose of guaranteeing comfort to customers and workers while minimizing the 
environmental impact. The evaluation of the best HVAC solution needs integrated design with the other 
energy systems, such as lighting and refrigeration, and knowledge of requirements of each area of the 
store. The level and the way of integration of different systems is to be evaluated according to the 
specific load profiles of the site and depends on the possibility of directly utilizing cooling or heating 
effect of the operating fluid into the shopping area which is basically related to the quantity of fluid that 
is to be used (in the case of synthetics) or its safety (ammonia and hydrocarbons). No limitations are 
foreseen for CO2. Examples of integration of air conditioning and refrigeration have been widely 
investigated and benefits calculated, such as in [Cecchinato et al. (2012)]. There are now many examples 
of installation adopting it, as described in section 4.1.4.3. 
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Air handling unit (AHU) 
Technical choices for the AHU need to follow the retail stores’ sector specific requirements. In 
particular, heat recovery from the refrigeration system is a must, and humidity control can help the 
overall energy performance of the site, as display cases are extremely sensitive to indoor air humidity 
ratio. 

Improvement areas are represented by partial re-use of indoor air based on exhaust air CO2 levels (shop 
air quality), bypass of components not in use (heat recovery wheel and heat exchangers), free cooling, 
and the use of efficient components, such as permanent magnet (PM) electric motors. 

Dehumidification 
Together with comfort issues, air humidity has a negative impact on display cases, determining 
evaporator frosting and condensate on glass doors or lids, and consequently requiring defrosting and 
anti-sweat energy consuming systems. Air dehumidification can highly improve the overall 
supermarket performance. 

Air conditioning 
Improvements in the air conditioning system imply a switch from high GWP refrigerants to low GWP or 
natural ones. Ammonia or hydrocarbons units can be coupled with a water loop system, which allows 
also for heat recovery from the refrigeration system.  

A recent design approach [Hafner et al. (2016)] integrates the air conditioning unit into the CO2 
refrigeration unit, according to a compact design, which includes parallel compression and ejectors, to 
achieve efficient application also in South European climate. In such a way, the three available levels of 
evaporation temperature (low temperature, medium temperature, and air conditioning) are optimally 
utilized according to a three-stage compression, three stage expansion, and expansion work recovery. 
Efforts need to be concentrated on proper relative sizing of components (compressors, ejectors, and 
heat exchangers) to satisfy full and partial loads at local ambient conditions. 

Heating system 
Food retail stores usually need heating; this is also true in warm climates in mid-seasons, as refrigerated 
cabinets are providing a cooling load all year long. 

Improvements in the heating area go along with improvements in the AHU where air is used as a heat 
transfer medium. However, innovative systems include heat pumps (reversible units in hot climates 
where cooling is also be needed): ground source, air source, water source; ventilation exhaust air heat 
recovery by heat recovery wheel; co-generation/tri-generation of electricity, heating and cooling; solar 
thermal panels (DHW heating). 

The most efficient solution remains with heat recovery from the refrigeration system, which is 
presented in next chapter. 

5.2.3.4 Heat recovery 
CO2 systems are particularly well suited for heat recovery owing to the high compressor discharge 
temperatures and gliding temperatures in the heat rejection in the transcritical cycle.  

Improvements are related to the optimization of the discharge pressure to minimize the energy 
consumption while satisfying both refrigeration and heating demand. There are large benefits that can 
be derived from a real time determination of the best operating conditions, while so far, only a load 
satisfaction logic has typically been implemented. 

The heat recovery temperature has great importance: huge savings can be derived from low 
temperature heating systems, in the case, water is used as heat transfer medium, or direct heating to 
indoor air. 

According to the heating demand (DHW, space heating, additional low temperature heating such as 
snow melting), heat exchangers arrangement and fine-tuning of control logic are required. 

5.2.3.5 Operation and maintenance 
It has been widely experienced that operation and maintenance are crucial for an optimal energy use in 
food retail stores. To this extent, food retail stores’ energy systems are normally equipped with remote 
monitoring and control systems as well as energy management systems, which are intended for 
performance optimization, fault detection, energy monitoring and recording, and to fulfil safety and 
legislative requirements. 
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Store Temperature 
Variable space temperature set points, based on the outdoor temperature as well as zonal control are 
necessary to meet the requirements of the different areas of the store and represent an area of 
improvement for food retail stores’ energy management. For example, low temperature and humidity 
close to the refrigerated display cabinets can reduce frost formation while higher temperature and 
humidity elsewhere increase thermal comfort. Humidity control is also crucial for avoiding 
condensation on glass doors of display cabinets, thus avoiding negative impact on sales. Humidity 
control needs to be integrated with smart control of antisweat heaters. 

Equipment maintenance issues 
Proper maintenance of the HVAC system, including cleaning of air filters, heat exchangers, ducts, etc. is 
crucial for minimizing the energy consumption and for maintaining high hygienic standards. At the 
same time, change of lubricant oil and refrigerant filters, check of life of components such as valves, 
compressors, pumps, electronic components, etc. is necessary to guarantee safe and efficient 
operation of the air conditioning, heating, and refrigeration plants; settings check-up (high and low 
pressure, compressors partialization, fans control, etc.) is essential. 

Refrigerated display cases need to be periodically cleaned and checked with respect to their fittings 
(shelves, honeycombs, fans, etc.) and operations (temperature settings, defrosts, expansion valve 
superheat if needed). During their operation, proper product loading and disposal are crucial to 
guarantee food safety while respecting rated energy consumption. 

Detailed maintenance procedure and availability of trained personnel with clear responsibilities are 
necessary to be set up and respected in order to prevent failures of the system and guarantee safe and 
efficient operations and to minimize refrigerant leakages. 

A fault detection system can help in preventing system failures.  

Operator responsibilities 
The technical level required to technicians to set up and run an adequate operation and maintenance 
plan for food retail stores is increasing day after day. Specific and continuous training is therefore 
necessary to face the most challenging topics, which are more often becoming interdisciplinary. For 
example, monitoring systems, controls set up, integrated management of HVAC&R, supervision, and 
data management need to be acquired by refrigeration technicians; at the same time, full knowledge of 
the F-gas Regulation and required compliance procedure is necessary. 

Monitoring 
Local control and monitoring systems have been gaining popularity, and they are now considered as 
necessary components for efficient and safe management of food retail stores. Remote management 
systems provide full remote access to store data and often allow parameters' set-up at a distance. 
Those operations can also be provided by service companies, which can help in saving local costs, 
freeing up resources, avoiding unnecessary service, and keeping records. All major suppliers provide 
integrated control systems that support the interconnected management of HVAC&R, air quality, 
lighting, etc. The next coming step is related to the integration of the refrigeration systems in food retail 
stores into smart grids, to shape loads according to energy availability, with respect to food safety 
requirements. A prerequisite for this is the inclusion of energy storage in the refrigeration system. 
Finally, the remote availability of data from a large amount of stores can help in benchmarking them, 
foresee service, improve operations, and avoid failures, i.e. achieving a real supervision system, able to 
take decision on its own. 

Service and maintenance 
Considering the importance of service and maintenance to be crucial for properly running the entire 
food retail store, the improvement areas related to this topic lie in the possibility of improving the 
quality of operations, optimize servicing, foresee failures, and efficiently store records thanks to new 
monitoring and supervision systems. 

Lighting 
When replacing current lighting devices, LED lights provide the best cost benefits in the long-term. In 
addition, the costs of this technology are still expected to sink the next years. When replacing 
fluorescent tubes with LED lights, the light level needs to be analysed to meet the illumination 
requirements. 

Presence detectors can be used to switch on or off the lighting of any space according to the presence 
of people, thus modulating the energy consumption related to lighting according to the actual need 
and customer satisfaction. 
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Daylighting represents the best (and most efficient) way to illuminate [Wohlfahrt, M., Schnieders, J. 
(2016)]. It can also increase sells, especially of fresh products where colour is important. An 
improvement area for food retail stores is related to the possibility of maximizing daylighting while 
protecting the building from radiation with selective windows or mobile shadings. 

5.2.3.6 Renewable energy 
Local power production with solar PV, wind or biofuels are suitable for food retail stores and provide 
them with high efficiency standards and energy independence. 

The use of natural refrigerants based, reversible heat pumps represent an improvement area, especially 
in warm and hot climates where air conditioning plays a relevant role. 

5.2.4 Further areas 

5.2.4.1 Waste 
The amount of food and material waste should be reduced as much as possible. Together with 
traditional means to reduce waste, improvement areas are related to a better food management 
system, which prevents food degradation by better preservation of perishables. Humidity control in 
cabinets can represent a challenge for unwrapped food, such as fruit and vegetables. The development 
of specific cabinets for unwrapped meat products is necessary to prevent discoloration and weight loss. 

A provisional system forecasting fresh food sales can help in reducing perishables waste. 

5.2.4.2 Transport 
The promotion of locally produced food/goods in the store can help in reducing the energy 
consumption and the emissions related to transport, while supporting less waste due to an easier and 
possibly on-demand supply.  

The store should be placed near settlements, and options for environmentally friendly transport to and 
from the store are to be provided.  

5.2.4.3 Electric appliances 
The energy used by small electric appliances in food retail stores, such as ovens, hoods, steamers, etc. 
can be reduced by implementing cutting-edge technologies, already available for example for 
professional kitchen appliances, and properly managing them. The integration into smart grid 
management is an improvement area. 

5.3 Social improvement areas 

Many supermarket chains have begun to publish CSR reports, indicating that the companies are 
becoming more socially responsible. Food retail stores contribute to the quality of life in local 
communities, by providing jobs, wages and benefits, and tax revenues. 

5.3.1 Impact on local economy 

Integration of food retail stores into the local economy can be improved in a number of ways.  

The increase in the percentage of locally produced goods can be beneficial regarding both economic 
and environmental aspects, reducing transports’ environmental impact, increasing products’ freshness 
and quality due to shorter required shelf time in the case of perishable foodstuff and offering a wider 
variety of goods. 

Supply plans involving local producers and supermarket chains might represent an improvement area 
for the local economy. 

Partial reinvestment of incomes in the local economy could mitigate the drainage of resident resources 
and help local economy. 

5.3.2 Impact on local employment and wages 

Food retail is a highly cost-driven sector; as a consequence, the working environment, the employment 
conditions, and remuneration of staff need to be carefully monitored. In addition, deregulation of 
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opening hours and closure days have also affected the quality of life of food retail stores’ employees 
and also of other business owners, forcing them to follow rules set by big chains which are often 
unbearable for family-run activities. Quality of life issues, related to sustainable working shifts and days 
off for employees must be conciliated with the necessity of providing a suitable service to the 
community. 

Rules should be set to promote fair competition amongst large supermarket chains and small local 
shops in order to prevent closure of small local shops upon opening of larger stores. 

5.3.3 Social impact on local communities and neighbourhood 

As the opening of new supermarkets impacts on local communities’ life, new sites should comply with 
planning criteria foreseen to meet the community’s needs. Basic requirements include the possibility of 
supplying desired services and products, for instance local products, fresh food, pharmaceutical, 
hygienic, and sanitary products. Furthermore, the services should be available at a walking distance, to 
meet transport sustainability criteria and to be accessible by aged people or people who do not own a 
car. 

Impact and interaction with local traffic, noise, safety, architecture and landscape planning represents 
an important improvement area. Soil consumption is also an aspect to be properly addressed. 

5.4 Preliminary findings on improvement areas 

From the building side, improvements can be obtained by working on the construction materials, with 
an LCA approach, and considering their reuse and recycling from the early stages of the project, and on 
the building design itself, using the basic criteria of bioclimatic architecture. A general deeper and 
widespread knowledge of environmental conditions is needed, instead of consideration of only pure 
peak conditions as it often happens, to optimally integrate the store with surroundings. This choice 
might imply forgetting traditional design approaches for food retail stores, such as those that do not 
promote natural lighting in order to minimize external thermal loads. Phase change materials for 
temperature oscillations control, photocatalytic paintings and coatings for the air quality improvement, 
and selective windows for radiation and lighting represent examples of the adoption of functional 
materials. It is nowadays commonly recognized that the stores should be placed near settlements, thus 
meeting also social requirements related to the impact on local communities and neighbourhood, 
satisfying local service needs and minimizing transport-related pollution and noise. 

The promotion of locally produced food/goods in the store can help in reducing energy consumption 
and emissions related to transport while supporting less waste due to an easier on-demand supply.  

While CO2 as a refrigerant is finding its way as the refrigerant for centralized units in commercial 
refrigeration, improvements can be derived from system and components optimization, with a special 
focus on warm and hot climates where more complex solutions are needed. The technique is focusing 
on elevating evaporation temperature as much as possible and recovery expansion work, which is 
relevant at severely high outdoor temperatures. Display cabinets are to be designed in a way to allow 
high evaporation temperature while guarantying safety and quality for perishable goods. 

Heat recovery should be mandatory and represents the first level of integration of refrigeration and air 
conditioning systems which need to be designed and managed together to minimize energy 
consumption and maximize comfort.  

Maintenance, fault detection, and large data management represent a mandatory path to 
improvements in efficiency and environmental performance. Supervision systems can trace the way to 
the integration of food retail stores into smart grids.  

When coming to social improvements, in addition to considerations about shop location, it is of the 
greatest importance to reverse the actual direction of financial fluxes related to large supermarket 
chains, draining resources from local communities to shareholders. Promoting the local reinvestment as 
well as local employment should be emphasized.  

Food retail is a highly cost-driven sector; therefore the risk for labour exploitation is high. Employment 
conditions remuneration and quality of life of staff need to be carefully monitored.  
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7 APPENDIX 

7.1 Appendix A: First Stakeholder Questionnaire: Product Group Scope 
and Criteria 

In the following, the questionnaire that was used to obtain the stakeholder feedback (see chapter 2.4) is 
presented: 

Introduction 

The European project SuperSmart aims to support the introduction of the EU Ecolabel for food retail 
stores. The EU Ecolabel can encourage supermarket stakeholders to implement environmentally 
friendly and eco-efficient technologies and thus reduce the environmental impact of food retail stores. 

This questionnaire is intended to promote the “Development of the EU Ecolabel for Food Retail Stores”. 
The objective of this questionnaire is to obtain your views on what should be considered within the 
scope of the new EU Ecolabel and which criteria should be taken into account. 

Stakeholder involvement in this project is very important. This questionnaire is the first opportunity for 
stakeholders to input into the process. Stakeholders are invited to contribute to the development of the 
new EU Ecolabel in terms of definition, scope and criteria of assessment. 

Following this questionnaire, a proposal on the scope for the EU Ecolabel will be developed. We will 
then complete a market and a technical analysis. The technical analysis will take a life cycle approach to 
assessing food retail stores on economic, social and environmental criteria. This will further inform and 
validate criteria development. 

Later in the process, drafts of the proposed EU Ecolabel criteria and supporting technical reports 
(including market and technical analysis) will be prepared. These drafts will be discussed at the 
SuperSmart Labelling Board assemblies planned to take place during 2016 and 2017. Meetings will be 
open to all registered stakeholders. 

In order to be kept up-to-date, stakeholders are invited to use the official project website: 
http://www.supersmart-supermarket.org. 

Key documents produced during the project will be posted here for public access and comment. 

 

 

  

Please give back your completed questionnaires to one of the SuperSmart partners or at the 
SuperSmart booth during the conference.  
 
All information will be treated confidentially and will only be used as background information in order 
to propose a coherent and realistic product group scope. 
 
Thank you for taking the time to complete this questionnaire! 

http://www.supersmart-supermarket.org/
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Your Company or Organisation details 

Please provide your contact details in the table below. 

Detail Please provide your details below 

 Title  
* Name  
* Company/Organisation  
* Organisation type Operator:  

  - food retail chain  
  - single food store  
  - other (please specify)  
  Manufacturer:  

  
- refrigeration, heating, ventilation and air 

conditioning systems 
 

  - lighting  
  - electrical equipment  
  - other (please specify)  
  Consultant / contractor / service provider  
  University / research institute  
  Association  
  Planner / architect  
  Environmental officer  
  Ecolabelling schemes organisation  
  Organisation awarded with Ecolabelling schemes  
  Government / Public administration  
  Non-governmental organisation  
  Industry (umbrella organisation)  
  Consumer (umbrella organisation)  
  Other (please specify)  
 Job Title/Position  
 Address  
 Postal Code  
* Country  
 Telephone Number  
* Email  
 Web  

* Please provide these details at a minimum. 

Questionnaire structure 

Section 1 will introduce preliminary analysis relating to product group definition, scope, and criteria. 

Section 2 will ask for feedback on the proposed scope and definition, and will capture your initial views 
on criteria for the EU Ecolabel for food retail stores. 
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1. Preliminary Analysis 

A preliminary analysis of the existing definitions and scope for the product group is summarized here in 
order to help identify the type of approaches being taken. 

Product Group Definition and Scope 
The product group “Food Retail Stores” is yet to be defined. No clear product definition is available. 
Examples of definitions and scope taken from other existing initiatives are listed below and have been 
taken into consideration.  

Example 1 (taken from Nordic Ecolabel41): 
Grocery stores in which groceries account for more than 50% of turnover on an annual basis. The 
grocery store may be a single store, part of a larger chain or an internet store. Wholesalers are also in 
the scope. 

In this context, groceries are defined as goods that are expected to be consumed or used within a 
limited period, e.g. foodstuffs, sanitary products, household articles and cleaning agents. 

Example 2 (taken from the Blue Angel42): 
Grocery stores in the food retail sector include all store formats in the retail trade (self-service food 
stores and markets, food discounters, supermarkets, convenience stores, self-service warehouses, 
hypermarkets) whose product range consists primarily of food. The grocery stores must generate at 
least 50% of their turnover through the sale of food. 

Summary on scope definitions: 
A review of the available criteria for food retail stores, used in other initiatives, shows that in general the 
following services are inside the scope of food retail stores: 

• food retail stores with at least 50% of turnover for groceries. 

Services that are normally considered out of scope in other initiatives include: 

• food retail stores with less than 50% of turnover for groceries; 

• cash-and-carry beverage stores, service station shops, cafeterias, caterers, hospitals, 
nursing homes, restaurants and hotels, butcher shops and franchise outlets for meat 
products, bakeries and franchise bakery outlets, specialty food retailers and kiosks. 

Relevant existing criteria and its use within food retail stores 
Besides products that might be sold in food retail stores (e.g. paper products, cleaning products), there 
is no other product group covered by EU Ecolabel criteria43 which is associated with food retail stores 
and should be taken into account, yet. 

In 2011, a study on the feasibility of developing EU Ecolabel criteria for food and feed products 
commissioned by the European Commission has been published44. Based on the feasibility study and 
the opinion of the European Union Ecolabelling Board (EUEB)45 the European Commission is not 
intending to develop EU Ecolabel criteria for food and feed products at this time.  

The Nordic Ecolabel includes criteria for ecolabelled products as well as for organic food. The Blue 
Angel does not make any requirements. 

                         
41 Criteria for Nordic Ecolabelling of Grocery stores, Version 2.3: http://www.nordic-
ecolabel.org/Templates/Pages/CriteriaPages/CriteriaGetFile.aspx?fileID=270. 
42 Criteria for the Blue Angel “Climate-Friendly Grocery Stores in the Food Retail Sector”: https://www.blauer-
engel.de/sites/default/files/raluz-downloads/vergabegrundlagen_en/e-UZ-179.zip. 
43 Product groups of the EU Ecolabel: http://ec.europa.eu/environment/ecolabel/products-groups-and-
criteria.html. 
44 Final report of the feasibility study: 
http://ec.europa.eu/environment/ecolabel/documents/Ecolabel_for_food_final_report.pdf. 
45 Opinion of the EUEB: http://ec.europa.eu/environment/ecolabel/documents/EUEB_position_on_food_final.pdf. 

http://www.nordic-ecolabel.org/Templates/Pages/CriteriaPages/CriteriaGetFile.aspx?fileID=270
http://www.nordic-ecolabel.org/Templates/Pages/CriteriaPages/CriteriaGetFile.aspx?fileID=270
https://www.blauer-engel.de/sites/default/files/raluz-downloads/vergabegrundlagen_en/e-UZ-179.zip
https://www.blauer-engel.de/sites/default/files/raluz-downloads/vergabegrundlagen_en/e-UZ-179.zip
http://ec.europa.eu/environment/ecolabel/products-groups-and-criteria.html
http://ec.europa.eu/environment/ecolabel/products-groups-and-criteria.html
http://ec.europa.eu/environment/ecolabel/documents/Ecolabel_for_food_final_report.pdf
http://ec.europa.eu/environment/ecolabel/documents/EUEB_position_on_food_final.pdf
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We would like your feedback on the relevance of criteria for ecolabelled products and food sold in food 
retail stores for the development of the EU Ecolabel for food retail stores. 

Nevertheless, there will be criteria concerning other items relevant for the food retail sector. For 
example, the energy consumption and the refrigerants used in the refrigeration and air conditioning 
systems. 

A set of criteria will be developed for the EU Ecolabel for food retail stores drawing on existing 
definitions and category scope. The questionnaire below aims to capture your feedback on different 
possible requirements.  
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2. Questionnaire: Development of criteria for the EU Ecolabel for Food 
Retail Stores 

This questionnaire will ask for your feedback relating to a) the definition of food retail stores, b) the 
physical scope of food retail stores, c) the boundaries for food retail stores, and d) the legislation, 
industry guidance, and standards used for food retail stores. 

FOOD RETAIL STORES DEFINITION YES NO 
COMMENTS 

(please also specify the reasoning for 
disagreement) 

2.1 Do you agree with the following 
definition for this product group? 
 
Food retail stores include all store formats in 
the retail trade with at least 50% of annual 
turnover for groceries, except those 
specifically excluded. 

   

FOOD RETAIL STORES 
SCOPE (PHYSICAL) 

YES NO 
COMMENTS 

(please also specify the reasoning for 
disagreement) 

2.2 Do you agree that the services listed 
should be part of the scope? 

   

self-service food stores and markets    
food discounters    
supermarkets    
convenience stores    
self-service warehouses    
hypermarkets    
Any other type? 
 
 
Why? 

   

2.3 Would you consider these types of 
services to be in scope? 

   

traditional shops     
wholesalers    
web shops    
kiosks    
specialty food retailers    
butcher shops    
franchise outlets for meat products    
bakeries    
franchise bakery outlets    
cash-and-carry beverage stores    
service station shops    
cafeterias    
caterers    
hospitals    
nursing homes    
restaurants and hotels    
Any other type? 
 
 
Why? 

   

There are a number of environmental criteria to be addressed for the EU Ecolabel for food retail stores. 
Please give a feedback regarding their potential inclusion. 
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FOOD RETAIL STORES BOUNDARIES YES NO 
COMMENTS 

(please also specify the reasoning for 
disagreement) 

2.4 Should energy consumption (e.g. for the 
building, for refrigeration and for lighting) 
be considered? 

   

2.5 Should the operation of an energy or 
environmental management system be 
considered? 

   

2.6 Should the use of renewable energies 
(for instance photovoltaic) be considered? 

   

2.7 Should requirements on sustainable 
building and construction products with 
environmental product declaration be 
considered? 

   

2.8 Should the choice of natural refrigerants 
be considered? 

   

2.9 Should the utilization of waste heat to 
internal and/or external purposes be 
considered? 

   

2.10 Should the integrated energy 
management of HVAC&R systems be 
considered? 

   

2.11 Should the use of energy saving display 
cabinets (glass doors, night blinds, LED 
lighting, double air curtains, etc.) be 
considered? 

   

2.12 Should waste (and wastewater) 
management be considered? 

   

2.13 Should requirements on transport and 
distribution of goods be considered (e.g. 
fuel consumption and efficiency)? 

   

2.14 Should water consumption be 
considered? 

   

2.15 Should chemical use (e.g. for cleaning 
of the store) be considered for inclusion? 

   

2.16 Should ecolabelled products and 
organic food sold in food retail stores be 
considered? 

   

2.17 Should the location and accessibility of 
the food retail store be considered? 

   

2.18 Should requirements on HVAC&R 
maintenance as regular practice be 
considered? 

   

2.19 Should requirements on employment 
practices (e.g. training) be considered? 

   

2.20 Do you identify any other area 
important to consider? 

Please specify the reasoning. 
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The following section aims to obtain feedback from operators of food retail stores. Please provide 
information accordingly to your activity. 

FEEDBACK ON LEGISLATION, INDUSTRY 
GUIDANCE, AND STANDARDS USED FOR 

FOOD RETAIL STORES 
YES NO 

COMMENTS 

(please also specify the reasoning for 
disagreement) 

2.21 Are there any important voluntary or 
mandatory standards and regulations that 
you follow? 

 

If yes, please indicate which. 

   

2.22 Is your organisation awarded with any 
existing Ecolabel scheme for grocery stores 
(e.g. Nordic Swan, Blue Angel)? 

   

2.23 Do you sell products awarded with the 
EU Ecolabel? 

 

If yes, please indicate which products and to 
what extent. 

   

2.24 Do you operate an energy 
management system in accordance with 
DIN EN ISO 50001? 

   

2.25 Do you operate an environmental 
management system in accordance with 
ISO 14001? 

   

2.26 Do you operate an environmental 
management system in accordance with 
EMAS? 

   

2.27 Does the F-gas Regulation (Regulation 
(EU) No 517/2014) affect your business? 

 

If yes, please indicate how. 

   

2.28 Does the Directive on the Energy 
Performance of Buildings (Directive 
2010/31/EU) affect your business? 

 

If yes, please indicate how. 

   

2.29 Does the Ecodesign Directive (Directive 
2009/125/EC) and its implementing 
measures (e.g. Regulation (EU) 2015/1095), 
respectively, affect your business? 

 

If yes, please indicate how. 

   

2.30 Does any other European Regulation or 
Directive affect your business? 

 

If yes, please indicate how. 

   

 



SuperSmart is funded by the European Union, under the Horizon 2020 
Innovation Framework Programme, project number 696076. 
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