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ROBERTO LOLLINI
(Scientific Coordinator)

The new wave of environmental sensibility among
Europeans and the linked multiple benefits of the
retail sector make its renovation rate the highest
among the building typologies in the EU. Energy
efficiency, sustainability considerations, the need
for an environmental certification for new shopping
centres are all drivers for renovation, also leading to
ensuring a high real-estate market value.

Shopping centres have a meaningful urban and
social impact. The related sustainability targets
influence not only facility management and
operational costs, but also customer experience,
fundamental for retailers. Besides their standard
functions, shopping centres are places for leisure
and thus require to be aesthetically attractive and
comfortable, without neglecting high quality
engineering systems. In order to counteract the
development of e-trade, shopping centres need
an excellent architecture to attract clients, and high
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indoor environmental quality, ensured by efficient
HVAC, refrigeration and lighting systems, while
using renewable sources as much as possible.

Being the building type with the highest renovation
rate and because of their constant modernisation,
shopping centres offer the best opportunities to
perform deep energy retrofitting, coordinating
different stakeholders thanks to reliable drivers
and viable targets.

THESE GUIDELINES WERE
CONCEIVED TO BE A

SOURCE OF INSPIRATION
FOR FACILITY MANAGERS

These guidelines were conceived to be a source of AN D D ES | G N ERS

inspiration for facility managers and designers,and a
guide from the early stages of renovation, providing
technology solutions and effective methodological
approaches. The solution-sets and methodologies
were developed within the CommONEnergy
research activities. The project’s strategic vision
considers the economic, social and environmental
impact of shopping centres. It shapes the
meaningful role they can play in the future smart
grid, linking buildings to the infrastructures, as a hub
able to produce, consume and distribute energy.

These guidelines are also a tribute to the memory of
Raphael Bointner, our colleague from TU Wien. He
was an enthusiastic contributor, an out-of-the-box
thinker, and a fair counterpart in negotiations. The
CommONEnergy project and the present guidelines
started with the EU building stock analysis he chaired,
and continued with the practical tools for energy
economics analysis he inspired. Thank you, Raphael!

In the name of the whole CommONEnergy team,
| would like to thank all contributors, and wish all
readers enlightening insights while going through
our shopping centre renovation guidelines.

ENJOY!

The project CommONEnergy (2013-
2017) focuses on transforming
shopping centres into energy efficient
and high-indoor-environmental-
quality buildings, by developing smart
renovation strategies and solutions,
supporting their implementation, and
assessing their environmental and
social impact.
CommONEnergy in numbers:
» 3 demo cases, 8 reference buildings
& 23 partners from across Europe
« 25 technologies developed and
installed in 4 years
» Up to 75% reduction of energy
demand, leading to costs reduction
» Atarget payback time up to 7 years




Special architectural conditions and needs are
common in almost all shopping centres. The
main retrofit drivers are: (i) improve the indoor
envionmental quality and functionality, to
enhance the customers experience; (ji) reduce the
energy consumption; (iii) optimize the building
operation and relative maintenance costs and (iv)
improve the overall sustainability level reducing the
environmental, social, and economic impact.

Shopping centres vary in their functions, typologies,
forms and size, as well as the (shopping) trip purpose.
To consider the shopping centre building stock as
one segment with its own boundaries and trends,
the EU FP7 CommONEnergy project set a shopping
centre definition':

"A shopping centre is a formation of one or more retail
buildings comprising units and communal’ areas,
which are planned and managed as a single entity
related in its location, size and type of shops to the
trade area that it serves.”

EXECUTIVE SUMMARY

The European wholesale and retail sector is the big
marketplace of Europe, contributing with around
11% of the EU's GDP? Therefore, sustainability of the
retail sector may significantly contribute to reaching
the EU long-term environmental and energy goals.
Within the retail sector, shopping centres are of
particular interest due to: their structural complexity
and multi-stakeholders’ decisional process, their high
energy savings and carbon emissions reduction
potential, as well as theirimportance and influence in
shopping tendencies and lifestyle.

A shopping centre is a building, or a complex of
buildings, designed and built to contain many
interconnected activities in different areas. Next to
public spaces, there are areas related to work spaces,
with different use and location and according to the
shopping centre type. They have different opening
hours and entrances than the shopping centre.

Today, in addition to the mere commercial
function, a shopping centre responds to several
customer needs: it exhibits recreational attractions

and modern amenities, and is more commonly
visited for eating-out motives than for buying daily
needs. The retail tenant mix and atmosphere have
the highest relative importance®, together with
convenience, refreshments and location.

The majority of European shopping centres are
already built, but there is still a huge potential
for energy savings due to the practice of regular
retrofitting and redesign. This state of constant
change* offers regular opportunities to improve
the technical systems, such as lighting, ventilation,
the building envelope and monitoring systems,
and more.

Every retrofitting involves a careful analysis of
the building peculiarities. The use of building
energy simulations can help evaluate the balance
between gains and losses, and the energy uses,
as well as test design options and solution-sets:
i.e. external wall insulation combined with natural
ventilation, day-lighting and lighting controls, etc.

A SHOPPING CENTRE IS A FORMATION OF ONE OR MORE RETAIL BUILDINGS
COMPRISING UNITS AND '"COMMUNAL AREAS, WHICH ARE PLANNED AND
MANAGED AS A SINGLE ENTITY RELATED IN ITS LOCATION, SIZE AND TYPE OF
SHOPS TO THE TRADE AREA THAT IT SERVES.

Bointner et al. (2014). “Shopping malls features in EU28 + Norway"

http://ec.europa.eu/commission_2010-2014/president/news/archives/2014/03/pdf/services_en.pdf

3 Teller, C. (2008). Shopping Streets versus Shopping Malls - Determinants of Agglomeration Format Attractiveness from the Consumers' Point of View. International Review of Retail, Distribution and Consumer Research. 18 (4),

pp. 381-403.

4 Woods, R, Mellegérd, S., Schlanbusch, R.D,, Haase, M, Skeie, K.S,, De Ferrari, A, Cambronero Vazquez, M.V, Ampenberger, A, Bointner, R. (2015). Shopping mall inefficiencies. http://www.commonenergyproject.eu/uploads/
deliverable/file/2/WP2_D2.2_20150130_P07_Shopping_malls_inefficiencies_NotPrintable.pdf
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A plan adaptation to a new specific layout can also
be complicated, due to the masonry walls. When
the outer surfaces are mostly made of steel and
glass, a major part of the intervention involves
the envelope energy efficiency: the glass surfaces
produce significant solar gains and thermal losses
and therefore entail a high-energy consumption.

The proper design of cooling/heating systems
linked to effective control strategies, implemented
in the so-called Building Management System (BMS),
delivers excellent efficiency results. The inclusion of
any adjustable shields/shielding or protections to
counteract effects of glare or irradiation or otherwise
window opening for natural ventilation can be
valuable supports.

Taking these aspects into consideration, along
with the other drivers, has the potential to
achieve significant energy reductions and Indoor
Environmental Quality (IEQ) improvement®.

Three different types of drivers have been
identified: direct, indirect, and potential®. The direct
drivers for energy use reductions in shopping
centres should be analysed in collaboration with
potential and indirect drivers, which may either
support or hinder efforts to achieve the desired
energy reductions, depending on the conditions
or context provided. The potential and indirect
drivers are specific for shopping centres and driven
primarily by retail and stakeholder requirements.
Their influence provides background for direct
drivers and means that actions taken are specific

Figure 2.1 - Introducing the four stakeholder groups

OWNERS & MANAGERS

to shopping centres. However, there is more than
one side to direct drivers, and they may not always
have a positive effect on energy savings. This,
because if the consequences are not correctly
understood, they might in some cases function as
barriers to energy savings.

Lack of knowledge among stakeholders is a barrier
to energy use reductions. Increasing knowledge will
potentially function as a driver for implementing
actions to achieve energy use reductions. On the
other hand, increasing knowledge about energy
use in shopping centres on all stakeholder levels is
a potential driver for energy efficient upgrades. User
awareness and motivation must be seen as a driver
for energy use reductions. Costs associated with
retrofitting may be seen both as drivers and barriers.

SMALL
RETAILERS CUSTOMERS
REAL ESTATE
COMPANIES MANAGEMENT Categorized by:
(Investors, Owners, Specific COMPANIES MEDIUM » Gender
professionals) (Administration) RETAILERS . A:qe .
« Life-style habits
« Socio-economic
background
PROPERTY FACILITIES LARGE « Culture
COMPANIES « Other
(Developers, Contractors, etc.) C(F?Cmypogeggoﬁ)s RETAILERS
COMMUNITY
MUNICIPALITY CUSTOMERS
OTHER SERVICES WORKERS

978-91-7597-081-3.- 178 pp. [Doctoral thesis]

file/3/WP2_D2.3_20150131_P07_Typical_functional_patterns_and_socio_cultural_context_NotPrintable.pdf
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Stensson, S. (2014). Energy Efficiency in Shopping Malls - Some Aspects Based on a Case Study. Goteborg: Chalmers University of Technology (Doktorsavhandlingar vid Chalmers tekniska hogskola. Ny serie, nr: 3762). ISBN:

Haase, M., Skeie, K.S., Woods, R, Mellegard, S., Schlanbusch, R.D, Homolka, S., Gantner, J. EU CommONEnergy — Typical functional patterns and socio-cultural context. http://www.commonenergyproject.eu/uploads/deliverable/



SUSTAINABLE SOLUTIONS
REQUIRE THE INCLUSION
OF SOCIO-CULTURAL
ACTIONS

Sustainable solutions require the inclusion of
socio-cultural actions. Owners and managers
are interested in reducing energy use, but both
customers and tenants have limited knowledge
about energy use in shopping centres. Customer
needs and interests are at the centre of attention
in shopping centres, and as customers seem not so

interested/aware by the topic, there is a danger that
other stakeholders will not focus on energy savings.

The number of shopping centres continues to
grow and the Gross Leasable Area (GLA) in existing
shopping centres is expanding too. Customers will
continue to focus on commodities and location
if they are not encouraged by those who own
and run shopping centres and stores to shop
more sustainably. Shopping centres have thus a
responsibility to encourage sustainable customer
satisfaction.

The EU-funded FP7 project CommONEnergy defined
metrics interms of Key Performance Indicators (KPIs),
to determine a project progress in achieving its
strategic and operational goals, and tools to handle
them. KPIs are a set of quantifiable measures that
can be used to gauge the performance over time.

Metrics and tools are used in Integrated Design
Processes (IDP) to select the best retrofitting
actions.

The IDP approach involves: as a first step, the
analysis of the current building energy behaviour,
the identification of inefficiencies and a proposal of
solutions that could be suitable for each building;
in a second phase, the assessment analysis of
consumption for the living comfort and for other
functions, with investment pay-back evaluations.

The retrofitting intervention strategy is hardly
configurable with quantity indicators, so it is based
on a qualitative level that can identify the applicable
potential for each solution item of passive and
active efficient proposals. Such indicators assess the
quality of the action according to specific standards;
they can be divided into four categories:

009

ENERGY INNOVATION ACCESSIBILITY COSTS
or how the action affects the compared to current in the sense of integration possibilities, the economic investment
energy efficiency and practices in use due to the building codes restrictions, level compared to
energy savings historical characteristics, etc. market costs

When assessing energy performance, comfort
quality and economic feasibility of shopping centres
retrofit or new design, a comprehensive approach is
needed.

Improvements on the equipment performance
or reduction of the building loads, in fact, also
influence other parts of the entire shopping centre
system. In this sense, during the design process,
these interactions cannot be neglected to avoid
accounting twice for the same effect or disregarding
other phenomena. In complex systems such

as shopping centres, theoretical modelling and
dynamic energy simulations can help assess energy
efficiency improvement, system functionality and
comfort quality of the overall building or of parts
of it. With dynamic simulations, in fact, it is possible
to account for the different parts that constitute a
shopping centre such as the envelope and different
use zones, natural and mechanical ventilation,
lighting, refrigeration, Heating Ventilation and
Air Conditioning (HVAC) systems as well as their
interconnections.

Moreover, once the model of the whole system is
developed, the control strategies for managing the
shopping centre can be implemented and tested.
Numerical models and energy dynamic simulations
can also have a role during the operational phase.
In fact, measured system performance and energy
consumption can be used for calibrating the
numerical models first and individuating potential
malfunctioning and deviation from the expected
functioning of the overall shopping centre system
afterwards.

Re-conceptualize shopping centres | 9



CommONEnergy partners developed a structured modelling approach and the so-called Integrative Modelling Environment (IME). The IME enables to easily
define a comprehensive numerical model, where the different parts of a shopping centre are available.. In the IME, the whole building system is divided into base
blocks (see Figure 2 2) that represent the building and its sub-systems (HVAC, refrigeration, lighting, storage systems).

Figure 2.2 - Modular structure of the Integrative Modelling Environment (IME). Source: EU FP7 project CommONEnergy.

REFRIGERATED
CABINETS

REFRIGERATION
* PACKS

COLD ROOMS

SHOPPING
CENTRE
A parametric definition of the component features and the modular structure of the model layout: eases the development of a shopping centre system model,
allows the optimization of the components size and the simulation of different scenarios and solution-sets, facilitates sensitivity analysis, uncertainty analysis,
multi-objective optimization and model calibration.
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Another design support tool developed in the project is the Virtual IDP library’, an online repository conceived to provide designers, owners and managers with
relevant information to start a shopping centre retrofitting process. The tool collects information about shopping centres'archetypes and specific technology features,
as well as climate, social and urban contexts connected to the reduction of energy needs and increase of energy efficiency and comfort in shopping centres.

COMMONENERGY PRODUCED SEVERAL TECHNOLOGY MEASURES ENABLING THE AGGREGATION IN COST-EFFECTIVE SOLUTION-SETS.

DI

Facade functions integration, able to support modularity, flexible to integrate many energy-efficient strategies, adaptable
to different climate conditions and indoor environment needs of the building to be retrofitted. The facade system has a
structural core that behaves similarly to a curtain wall, but allows flexibility when incorporating strategies or technologies.

Multifunctional coating, based on formulating an additive suitable to be integrated to any aqueous-based paint (for almost
every substrate, excluding glass and laminated surfaces). Thus, the final user can pick from a list of properties those suitable
for the climate conditions of the application area, and just add the formulation in the desired commercial coating product.
The possible characteristics that the final user can choose from are: (i) thermal behaviour enhancement; (i) Infrared (IR)
reflective or IR absorbing; (iii) anti-bacterial / anti-moulding and (iv) self-cleaning / Volatile Organic Compound (VOCQ)
elimination (v) hydrophilicity / hydrophobicity.

Greenery integration, meaning direct use of vegetation to improve the building thermal performance. The vegetation
placed on the facade may partly stop the absorption of solar irradiation on the wall surface. In general, greenery can affect
the radiative and convective heat transfer characteristics of the facade.

Natural ventilation and ventilative cooling. Ventilative cooling can be defined as “the use of natural or mechanical ventilation
strategies to cool indoor spaces. This effective use of outside air reduces the energy consumption of cooling systems while
maintaining thermal comfort. The most common technique is the use of increased ventilation airflow rates and night
ventilation, but other strategies may be considered as well” Beyond the consistent energy savings and the power-peak
shaving, natural ventilation improves the thermal comfort sensation. Direct interview with customers, combined with field
measurement of the environmental parameters, were studied in order to define the most comfortable conditions:a number
of at least 80% of people in comfort®® can be reached with an operative temperature'® of up to 28 °C'". This evidence opens
room for a cooling set-point refinement that can potentially be modulated depending on outdoor climatic conditions, and
highlights possibilities to apply ventilative cooling strategies still guarantying customer expectations and will.

Thermal & Acoustic panels for improving acoustic environment, incorporate two different functionalities: acoustic absorption
and thermal insulation. Although there are no specific standards in this subject matter, there is a growing interest to
acoustic in shopping centres since the echoing in common areas can create discomfort and unpleasant psychological
effects. Sound-absorbing material may have a very wide surface to be effective and for this reason, during the retrofitting
of parametric walls, it is financially interesting to select thermal-insulating finishing material, showing at the same time a
sound-absorbing property.

Lighting systems enabling enhancement of indoor environmental quality and energy savings. Both criteria can be defined at
different levels, starting from passive but very useful measures like increased harvesting of daylight. Room illumination by
harvesting daylight should always be the means of choice due to a valuable connection to the natural environment with
its ideal light spectrum and a high energy saving potential. Thus, we recommend exploiting daylight more often in shops
and shopping centres as currently done. Developed during CommONEnergy, the following are available: (i) modular roof
structure; (i) cylindrical light-tube with highly-reflective material connecting outdoor and indoor environment, (iii) General

o ® o~
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http://www.commonenergyproject.eu/malls.html

ENISO 15251. (2008). Indoor Environmental input parameters for design and assessent of energy performance of buildings addressing indoor air quality, thermal environment, lighting and acustics.
ASHRAE Standard 55. (2013). Thermal Environmental Conditions for Human Occupancy. Atlanta.

The operative temperature represents the temperature experience by the costumers which is influenced by both their convective and radiant thermal exchange with the environment (EN 1SO 7730, 2005).
Belleri, A. (2017). Ventilative Cooling. http://www.commonenergyproject.eu/uploads/deliverable/file/8/WP3_D3.3_20170109_P01_Ventilative_cooling_NotPrintable.pdf
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Retail Lighting (GRL), a luminaire for general lighting in the common centre area, (iv) projector/mirror-system for glass-
covered multi-stores galleries, (v) wallwasher with high-lumen output for precise illumination of vertical surfaces in shops,
(vi) integrated artificial light for light-tubes in shops. A lighting perception study was additionally performed to match
luminaire and lighting solutions with an improved customers’ experience. Energy savings in lighting can often only be
reached with a suitable control. Because of that, we developed the idea of the so-called “Green Lighting Box" which offers
a turn-key ready control solution for shops that implements high-quality lighting scenes for retail applications, energy-
saving strategies and monitoring possibilities.

® Optimization of refrigeration cabinets area: technologies and layout. Energy performance of refrigerated display cabinets must
be averaged over time to represent the yearly ecological and economic impact. Off-design conditions account for most
of the time due to ambient temperature and humidity that are variable in time and space. Opening rate, food loading,
and light dimming can also be very different from one cabinet to the other and influence the real thermal loads. By using
modern control equipment, adaptation to store condition can be achieved inside the cabinets with two technologies:
(i) water loop and (i) variable speed fans. Radiant systems, installed on the ceiling or under the floor, are alternative
technologies with respect to pure convective HVAC solution for supermarkets. Radiant systems work together with a
primary air convective inlet, which ensures the required hygienic ventilation rates. Two reference scenarios, representing
common zone layouts in most food stores, were investigated by means of Computational Fluid Dynamics (CFD) technique:
(i) Low Temperature (LT) and (i) Normal Temperature (NT) cabinet zones. The optimization of thermal zoning meets several
needs like energy saving, thermal comfort for customers, and avoidance of mist formation on glass doors of closed display
cabinets. CFD simulations can be performed to assess the impact of different HVAC configurations on thermal comfort. For
what concerns mist formation, the air ventilation system can supply direct fresh air towards the cabinets through different
diffusers (square, vortex, and linear). Their impact can be evaluated both in terms of mist removal potential and in terms of
thermal comfort impact on the occupied space.

® Use of Carbon dioxide (CO,) heat pump in different climate conditions. Carbon dioxide operating according to a transcritical

cycle is regarded as an energy-efficient option for water heat pumps: the gas cooling process fits well the warming up

of a finite stream of water, resulting in a quite large temperature lift in water without significant penalization in COP.

Energy savings can be achieved not only making the display cabinets and the Commercial Refrigeration Units (CRU) more

efficient but also promoting a synergy with the HVAC system in order to reduce the energy need by means of peak-shaving

and energy-recovery procedures. Among the different levels and solutions for integration'?, those involving CO, are the

CO most viable for the replacement of Hydro-Chlorofluorocarbons (HFCs) refrigerants in commercial refrigeration in terms of

reduction of the environmental impact. In commercial refrigeration, where two evaporating temperatures are involved i.e.

the Low Temperature (LT) to supply the equipment for frozen food and the Medium Temperature (MT) for chilled food,

the "booster” configuration with a mid-pressure receiver is considered the baseline to achieve better efficiency in CO,-only

systems. Due to the extreme variability of operating conditions and shopping centres thermal load requirements, the

energy savings for each specific case and climate should be estimated through the dynamic simulation of the integrated
systems.

® Apply demand-response approach for refrigeration. Demand/Response (D/R) is a program created to motivate end-use
customers to reduce their energy usage at critical periods (highest costs or reduced grid reliability). An advanced weather
forecasting system can be used to manage refrigeration loads to reduce demand in such critical periods. It is based on the
presence of a thermal storage system that can supply the refrigeration during D/R events.

12 Cortella G, D'Agaro P. (2015). Chapter 10: Integration of air conditioning, refrigeration and energy generation in supermarkets, “Sustainable Retail Refrigeration”. Ed. J. A. Evans and A. M. Foster, John Wiley & Sons. Chichester,
(UK).
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® Intelligent Building Energy Management System (iBEMS). Building Management Systems (BMS) provide effective control

algorithms that allow improving building functioning, mainly thanks to the inter-communication of different systems
using protocols. An evolution of the BMS are the BEMS (Building Energy Management System) which integrate the energy
consumption data in the building management system and correlate the parameters affecting the energy performance.
Beyond CommONEnergy, an iBEMS (Intelligent Building Energy Management System) was developed, including the
following features: (i) use of open communication protocols for data exchange; (ii) tailorable control algorithms that can
manage the interactions among different sub-systems; (iii) advanced graphical environment to effectively transform
monitored data in clear and useful information and (iv) reporting tool.

Continuous commissioning (CC) platform, to characterize the operational performance of the building considering comfort,
energy and economic aspects. Such performances are compared with the predicted ones in the design phase and with
benchmarks. Moreover, the long-term energy and comfort records are used by the energy or facility manager to: fault
detection, system optimization, calculate the actual energy saving or to improve comfort.

RES integration in the shopping centre. The electricity grid is transforming from a centralized passive system to a decentralized
and active network, characterized by an increasing diffusion of Renewable Energy Generation (RES) and active loads, such
as Energy Storage System (ESS) and Electrical Vehicle (EV). The increase of energy prices, combined with the need to reduce
CO, emissions, encourage the penetration of RES not only at the utility scale but also at the building level. In this context,
the shopping centre exhibits favourable characteristics for RES installations. The location of the shopping centres and the
weather conditions impact on variable renewable generators such as wind turbine and photovoltaic (PV) systems.

TO EASILY SURF AMONG POSSIBLE RETROFITTING SOLUTIONS, WE DEVELOPED THE
SHOPPING CENTRE ASSESSMENT TOOL"” AIMED AT ROUGH ENERGY-ECONOMIC
EVALUATIONS OF SHOPPING CENTRES RETROFITTING IN THE VERY EARLY STAGE OF
THE DECISION PROCESS.

While the method of Life Cycle Working Environment Social Hotspots Database (LCWE-SoHo) can be coupled with standard sustainability assessment and
certification, and can be used to assess the whole life-cycle-related social and cultural risks of the shopping centre retrofitting process value chain. It gives
insights into the risks related to Labour Laws and Decent Work, Health and Safety, Human Rights and Governance that workers employed within the Life Cycles

of the retrofitting measures face.

3 http://commonenergyproject.eu/eco_assessment_tool.html
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Non-residential buildings cover a significant part
of the EU building stock, and, among them, the
wholesale and retail sector presents the highest
specific energy demand, contributing to the
widespread perception of shopping centres as
being an “icon of the consumerist society”.

Considering their impact on the modern society
(particularly at a local level), as well as their urban
visibility allowing to reach many stakeholders, the
EU-funded RTD project EU FP7 CommONEnergy was
developed to give practical support to transform
them into lighthouses of energy efficient systems
and sustainable architecture. With a focus on existing
shopping centres to be renovated, and on buildings
with a different original function redesigned to
become shopping centres, the objective of the
project is to enhance their overall sustainability,
while changing people’s perception towards them,
and enhancing the customers' experience in terms
of indoor environmental quality.

The peculiarities of shopping centres are numerous,
directly influencing the retrofitting process:
shorter ownership duration, continuous re-styling
flux, need of standard pre-manufactured parts,
large spaces and volumes, complex layout and

management, peculiar energy end-uses mainly
driven by marketing aspects, various involved
stakeholders (owner, manager, tenants, customers,
community) having different perspectives.

Considering these elements, several solutions-sets
for deep systemic retrofitting, as well as support
toolsand methodsforenergy-economicevaluation,
lean construction and operational management,
continuous commissioning, environmental and
socio-cultural impact assessment, as well as
health and comfort analysis were developed in
CommONEnergy. The availability of such support
tools and methods ensures the widest replication
of the investigated and demonstrated cases.

The present guidelines include the most
promising CommONEnergy achievements, and
are thought as a source of inspiration for shopping
centre owners and facility managers, as well as for
design teams handling the retrofitting process, in
particular when it is targeted to energy efficiency
enhancement, and improvement of the indoor
environment quality. The results can also be useful
to other building types, such as hotels, airports and
train stations, and much more.

In the case of shopping centres, the set of cost-
optimal retrofitting solutions is quite huge, ranging
from adaptive envelope to coupling of thermal
system (refrigeration, air-conditioning, and hot
water), also through suitable heat exchangers to
exploit rejected heat.

A comprehensive and interdisciplinary set of
needed skills and expertise arises from the variety
and complexity of technology solutions and
possible performance assessment approaches. E.g.
indoor environmental quality in the refrigeration
cabinets zone depend on their layout and physical
configuration as well as from the ventilation and air
conditioning settings.

Energy savings are not the main driver when
addressing the building retrofitting, the chase for
even better customers experience and marketing
analysis being in general the main factors currently
feeding the stream of constant transformation..

We identified the main inefficiencies of shopping
centres, as far as energy, comfort, operational
(maintenance) and logistics are concerned and
defined shopping centres’ typical functional
patterns, the influence of stakeholders on energy
figures and their interaction with the social context.

THE PRESENT GUIDELINES INCLUDE THE MOST PROMISING COMMONENERGY
ACHIEVEMENTS, AND ARE THOUGHT AS A SOURCE OF INSPIRATION FOR SHOPPING
CENTRE OWNERS AND FACILITY MANAGERS, AS WELL AS FOR DESIGN TEAMS
HANDLING THE RETROFITTING PROCESS.
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The following resulting trends were identified following a specific context analysis:

The physical structure Energy Two possible Green retail and green Awareness and knowledge
(architecture, building, retrofitting must opposing evolutions: building value are (needing reliable data to be
mechanical and electrical be approached smaller size and becoming more widely turned into information) are
systems) of a shopping considering the location, moving back appealing, mainly the first and cheapest actions
centre is in state of state of constant towards the city centre connected to organic in retrofitting activities, noticing
constant transformation transformation vs adding leisure and food and sustainable that a participative retrofitting

due to the changing (with possible pleasure functions, architecture, potentially process is the main way to engage
requirements of the retail exploitable co- then increasing size attracting new kind of stakeholders, trying to face the
marketing; benefits); and complexity; customers; energy and comfort challenges.

Based on the shopping centres deep retrofitting drivers, it has been possible to populate an open access Integrated Design Process (IDP) library as
repository of shopping centres retrofitting solution-sets and specific measures (e.g.):

Modular Greenery Multifunctional Lighting Layer with a wall-like Energy Artificial lighting systems
multifunctional integration smart coating concepts surface was coupled generation and conceived and developed
climate-adaptive in building materials for the to a thermal insulation distribution with for shopping centres;
fagade system to be envelope to pursue shopping panel, with a double optimised overall a lighting perception
widely customised to modify different centres main action of diffraction architecture study was additionally
and replicated the heat goals with an areas (atrium and absorption of (components performed to match
in different exchange easy-to-apply and corridor, the sound wave to and layout), luminaire and lighting
climatic, urban dynamics; product; gallery and improve the indoor control strategies solutions development
and management shop areas); acoustic environment; and using natural  with an improved
contexts; refrigerants; customers'experience.
l 44_\h
| :
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To manage the complexity of the shopping centre retrofitting design phase, it is important to work in an Integrative Modelling Environment (IME) including
numerical models of all technology solutions used in shopping centres. The IME simplifies the definition of an overall numerical model of the shopping centre
to support the design-team decision-process (integrative design process); assessing the building behaviour and systems performance; analysing possible
indoor comfort conditions; developing and testing a comprehensive set of control rules and finally defining cost-effective facility-management strategies.

To manage the complexity in the operational phase, a smart building management system is needed, specifically tailored for shopping centres, including
functional concepts for infrastructural connection (energy grids, electrical mobility and energy storage systems). Continuous commissioning supports the
performance assessment (comfort, energy, economics) in the operational phase, enabling the characterisation of shopping centres in a synthetic way.

Finally, in a retrofitting process, it is important to consider the environmental and social impact to satisfy both the need of developers for a third-party certification
of the building quality and the life cycle sustainability of the investment in retrofitting, including benefits for all stakeholders, from owners to community.

COMMONENERGY

SYSTEMIC Continuous
RETROFITTING APPROACH i Procurement Implementation = commissioning
FORESEES THE and validation
FOLLOWING STEPS:

These guidelines aim at supporting shopping centres retrofitting process by using integrative modelling environment, optimized technology solutions and
methodologies for technical-economic and social analysis, to (i) couple physics in modelling and simulation; (i) implement combined technology systems
to improve energy efficiency and indoor environmental quality and (jii) develop optimal control strategies, continuously adjusted through a commissioning
process following the building life cycle.
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EU BUILDING STOCK ANALYSIS

[t has been a long way from medieval markets, middle-
eastern bazars and 18th century arcades to modern

R N T R AT sl BUILDINGS COMPRISING UNITS AND‘COMMUNAL AREAS, WHICH ARE
a definition and categorization criteria of shopping PLANNED AND MANAGED AS A SINGLE ENTITY RELATED IN ITS LOCATION,
Sl = el and sodial context. SIZE AND TYPE OF SHOPS TO THE TRADE AREA THAT IT SERVES".

Shopping centres vary, among other criteria, in their THE CENTRE HAS:
functions, typologies, forms and size as well as the
(shopping) trip purpose. To be able to consider the
shopping centre building stock as one segment
with its features and boundaries, a CommONEnergy
Shopping centre definition was set':

» A RETAIL COMPLEX CONTAINING SEVERAL STORES OR UNITS AND
« A MINIMUM GROSS LEASABLE AREA (GLA) OF 5,000 m? EXCEPT SOME SPECIFIC TYPES
OF SHOPPING CENTRES, E.G. MARKET HALLS

Figure 4.1 - Gross Leasable Area of Shopping centres larger than 5000 m? in the EU-28 and Norway. Source: Bointner et al,, 2014.
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4 Bointner,R, Toleikyte, A, Woods, R, Atanasiu, B, De Ferrari, A, Farinea, C. and Noris, F. (2014). Shopping malls features in EU-28 + Norway. http://www.commonenergyproject.eu/uploads/deliverable/file/1/WP2_D2.1_20141130_
P0O5_Shopping_malls_features_in_EU-28_and_Norway_NPpdf
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Quantitative evaluations of shopping centres were complemented by qualitative assessments. Today, there is more than 112 million m* shopping centre gross
leasable area in EU28, including Norway (of shopping centres larger than 5.000 m?). The average GLA per 1000 capita in EU28 + Norway and Switzerland is 224
m? whereas Central and Eastern European countries are below average. These markets are not mature yet, which can also be demonstrated by a relatively young
shopping centre building stock in these countries. There, more new construction of shopping centres will occur'’®. The shopping centre building stock in Western
Europe is much older and offers opportunities for energy-efficient retrofitting and re-development. The shopping centre retrofitting rate is 4.4 % - very high
compared with a retrofitting rate of 1 to 1.5 % in the residential sector®.

Figure 4.2 - Total energy consumption of the EU28 shopping centre building stock subdivided by energy carrier. Source: Bointner et al,, 2014.
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Countries with a large floor area also have a high energy consumption, whereas the specific energy consumption per square meter for the European average
is estimated to be 272 kWh/m”a. The final energy estimate and the specific energy consumption are based on 119.2 million m? shopping centre GLA in EU28 +
Norway and Switzerland. Moreover, this sample includes shopping centres smaller than 5.000 m?. The predominant energy carriers in the service sector as well as
in shopping centres are electricity and natural gas.

15 1CSC. (2008). The Importance of Shopping Centres to the European Economy. http://student.icsc.org/srch/rsrch/wp/FINAL_Mar08_Complete%20WITH%20new%20cover%20and%20charts%20and%20tables.pdf
16 Bointner, R, Toleikyte, A, Woods, R, Atanasiu, B, De Ferrari, A, Farinea, C. and Noris, F. (2014). Shopping malls features in EU-28 + Norway. http//www.commonenergyproject.eu/uploads/deliverable/file/1/WP2_D2.1_20141130_
P0O5_Shopping_malls_features_in_EU-28_and_Norway_NPpdf
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Figure 4.3 - Average Sales Growth 2000-2012 and GLA per Capita in the EU28, Norway and Switzerland. The area of bubbles indicates the total
annual energy consumption, blue lines indicate the mean values. Source: Bointner et al, 2014.
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These data collections and calculations served as basis for selecting ten reference shopping centres'’ that were modelled and evaluated within the activities of
the project. The selection was done according to six predefined criteria in order to be representative of the European stock for different technology concepts and
functions, as well as covering the main climatic zones.

SHOPPING
MARKET CENTRE BUILDING OPENING

THE SIX CLIMATE
CRITERIA ARE: CONDITION

SATURATION TYPOLOGY TYPOLOGY YEAR

Following these criteria, shopping centres from seven European countries were selected. The project team was then able to identify inefficiencies and develop
systemic solutions that were virtually tested (simulated): 3 of them are the demo cases that were retrofitted during the project.

7 http://www.commonenergyproject.eu/reference_buildings.html
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4.1 EUSHOPPING CENTRE BUILDING STOCK SCENARIOS

The European wholesale and retail sector is the big marketplace of Europe, contributing with around 11% of the EU's GDP'®. Therefore, sustainability of the retail
sector may significantly contribute to reach the long-term environmental and energy goals of the EU. Within the retail sector, shopping centres are of particular
interest due to their structural complexity and multi-stakeholder decisional process, to their high potential of energy savings and carbon emissions reduction,
as well as to their importance and influence in shopping tendencies and lifestyle. In this part of CommONEnergy, the current and future energy demand in the
European shopping centre building stock was calculated to 2030. A number of policy scenarios on the future total energy demand were derived showing the

impact of the most important drivers such as retrofitting rates and implemented energy-efficiency solutions.

METHODOLOGY

Total final current and future energy demand in the shopping centre’s building stock is calculated using a bottom-up approach. The shopping centres are
categorized based on the building period, building size and types of shops in the building. For each category, the specific energy demand for space heating and
cooling, lighting, ventilation, refrigeration and appliances is calculated. Four different scenarios considering technologic, economic and legal changes between

2015 and 2030 were built.

=

=

SCENARIO SCENARIO SCENARIO
A STATUS QUO SCENARIO INCLUDES POLICIES INCLUDES POLICIES INCLUDES AN EXTERNAL
INCLUDING MODERATE ADDRESSING MORE ADDRESSING HIGHER FRAMEWORK CONDITION
ENERGY EFFICIENCY AMBITIOUS MEASURES ENERGY EFFICIENCY LIKE TAKING NEW SHOPPING
MEASURES FOR AND CONTROL INTHE 2ND SCENARIO CENTRE DEVELOPMENTS INTO
LIGHTING, APPLIANCES, SYSTEMS FOR AND ADDITIONALLY THERE ACCOUNT CONSIDERING
REFRIGERATION, LIGHTING, APPLIANCES, IS A RETROFITTING RATE