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Executive summary 
 
The present deliverable explores the potential non-technological barriers, related to the 

legislative and normative framework, which might hamper the uptake of the innovative 

solutions developed within CommONEnergy Project.  

In particular, the main goals of the present document are: 

 assessment of the existing and potential non-technical barriers, with focus on 

standardization and compliance with building codes, for the different solutions developed 

within the Project and possible solutions to overcome the barriers; 

 development of a position paper aimed at overcoming the legislative gaps for specific 

new technologies and solutions developed within the Project. This includes a pre-

standardization action as well: in case the technologic solutions cannot be qualified 

through the existing normative framework, the position paper underlines the peculiarity of 

the solution itself and possible alternative approaches for assessment and application in 

practice.   

The prescriptions of the building codes (i.e. the benchmarks of performance to respect, the 

materials and the systems to adopt) have been analyzed, as key drivers for shopping 

centers‘ retrofitting. The Energy Performance in Buildings Directive (EPBD) (2010/31/EU), 

setting the energy efficiency requirements in case of new construction and in some cases 

also for refurbishment of existing buildings, and national specific building codes have been 

investigated. 

Additionally, since the interventions could also be driven by environmental (or sustainability) 

certifications, an overview of the existing rating schemes and their relative metrics has been 

drafted. The analysis of the gaps in such systems that may not valorize the potential benefits 

of innovative solutions can be useful in the view of pre-standardization action, to provide 

recommendations for facilitating the diffusion of good practices.  

In order to address the relations with the standardization framework in terms of sustainability 

assessment and certification schemes (e.g. LEED, BREEAM etc.), the related 

interdependencies between the technologic solutions developed in CommONEnergy and the 

existing assessment methodologies have been evaluated. 

The analyzed technologies are the following: 

 ventilative cooling; 

 thermal zoning optimization; 

 modular multifunctional climate adaptive façade system; 
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 green integration; 

 smart coatings; 

 daylight strategies; 

 thermo-acoustic envelope components; 

 iBEMS; 

 smart integration in energy grid; 

 electrical energy storage; 

 refrigeration system; 

 artificial lighting;  

 Building Integrated Electric Mobility System. 

Technology by technology, an investigation of the potential issues has carried out, by means 

of consultations with developers. Developers were asked to outline the main features of the 

proposed technologies with reference to the most relevant regulatory context. In addition, 

questions were particularly aimed at identifying possible barriers related to relevant 

European/national legislation and standards and at assessing the potential of valorization of 

the proposed technologies in green building policies. Technical standards related to the 

specific technologies were also considered.  

Such screening analysis has allowed highlighting the major non-technical barriers 

encountered and encounterable, related to the legislative/regulatory framework both at the 

EU level and at national level, for the implementation of each technological solution, After the 

first screening phase, a further assessment has been developed with reference to specific 

requirements in order to explore in more depth the most relevant topics. .  

As outcome of this analysis, a position paper has been developed, including a set of policy 

recommendations from CommONEnergy’s perspective, both on cross-cutting topics and on 

issues regarding the individual proposed solutions. The main findings are here below 

summarized in comprehensive terms: 

 as a general consideration that may apply to all technologies, it has been concluded that 

building codes should not only set minimum requirements for compliance, but they should 

also stimulate the adoption of best practice by rewarding the implementation of high 

performance solutions. Incentives and other financing tools should therefore be 

established to support the uptake of new technologies and high-efficiency solutions and 

equipment. The recognition of best practice might build on established green building 

certification systems; nevertheless, these schemes need continuous improvement, since 

there still are some important gaps hampering the full valorization of innovative 



 

 

 

Deliverable D5.10 – Position paper on standardization 

6 

technologies;  

 calculation tools and simulation methods should be able to cope with the complexities 

introduced by advanced and dynamic technologies. The performance of innovative 

technologies needs to be assessed in a reliable and comparable way, through 

standardized measurement and verification protocols, providing consistent framework 

and benchmarks. In relation to this, it is also important to acknowledge the most recent 

research updates for more refined and suitable performance indicators describing 

advanced building components and to implement such indicators in certification 

schemes, technical standards, national requirements and local building codes; 

 currently, shopping centers are considered in building codes within broader categories 

(e.g. non-residential buildings, commercial buildings) without further specifications: 

policymakers and local decision-makers should assess the specific needs and draw 

appropriate indications and guidelines targeted at shopping malls to include in national 

and local regulations. In particular, to address complexities of the decision making 

process for commercial buildings, specific tools should be put in place;  

 finally, policymakers should develop strategies for commercial prosumers, in order to 

create favorable conditions for the generalized uptake of RES in shopping malls, 

including: planning new energy market structures, developing policies for remuneration of 

excess generation, introducing new regulations for grid access and network charges.  
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1 Structure of the document 

The present document includes the following sections: 

 Introduction – Outlining the scope of the document and the implemented methodology; 

 Scope of EU building codes and normative instruments for energy efficiency – Describing 

the application of EPBD Directive and the main certification systems; 

 Analysis of potential legislative and normative barriers – Including the outcome of 

consultations with Partners developers of the main technologies identified in WP3 and 

WP4, and the analysis of the main encountered regulatory barriers; 

 Position Paper – Summarizing the final views and recommendations from 

CommONEnergy’s perspective. 
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2 Introduction 

2.1 Scope of the document  

The goal of task 5.8 is to study non-technical barriers, dealing with normative and legislative 

framework, both at National and European level, which might hamper the application of 

solutions developed within CommONEnergy Project. 

More in detail, the main objectives of this document are: 

 assessment of the existing and potential non-technical barriers, with focus on 

standardization and compliance with building codes, for the different solutions developed 

within the Project and possible solutions to overcome the barriers; 

 development of a position paper aimed at overcoming the legislative gaps for specific 

new technologies and solutions developed within the Project. This includes a pre-

standardization action as well: in case the technologic solutions cannot be qualified 

through the existing normative framework, the position paper underlines the peculiarity of 

the solution itself and possible alternative approaches for assessment and application in 

practice.   

The objective of the Position Paper is to summarize the perspective gained by 

CommONEnergy project and to provide recommendations for EU policy strategy. 

2.2 Methodology 

The work for task 5.8 has been carried out by D’Appolonia in cooperation with Partners 

responsible for the technological solutions developed in WP3 (passive solutions) and WP4 

(active solutions), according to the approach here below described.   

1. Analysis of the building codes prescriptions 

2. Analysis of environmental certification schemes as potential drivers for implementation 

3. Screening phase: consultations with technology developers 

4. Investigation of the proposed technological solutions 

5. Analysis of specific barriers for each technological solution 

6. Development of policy recommendations, summarized in a position paper 

Figure 2.1 Multi-stage process of Task 5.8 
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In Figure 2.1 the multi-stage process followed in the development of Task 5.8 is summarized. 

Firstly the prescriptions of the building codes (i.e. the benchmarks of performance to respect, 

the materials and the systems to adopt) have been analyzed, as they will be the key driver 

for the choices for retrofitting shopping centers. The Energy Performance in Buildings 

Directive (EPBD) (2010/31/EU), setting the energy efficiency requirements in case of new 

construction and in some cases also for refurbishment of existing buildings, have been 

investigated. 

Since the interventions could also be driven by environmental (or sustainability) certifications, 

an overview of the existing rating scheme and their relative metrics has been drafted. In 

order to address the relations with the standardization framework in terms of sustainability 

assessment and certification schemes (e.g. DGNB, BREEAM, HQE, LEED, etc.), the related 

interdependencies between the technologic solutions developed and the existing 

assessment methodologies were evaluated by using the generalized definition of OPEN 

HOUSE indicators, in coherence with the definitions described in D2.3. 

Successively, the reference persons for each technological sector were contacted and 

interviewed. They were asked to outline the main features of the proposed technologies with 

reference to the most relevant regulatory context. Technical standards related to the specific 

technologies were also considered. Such screening analysis was aimed to highlight potential 

non-technical barriers to the implementation of CommONEnergy solutions, related to the 

legislative/regulatory framework, both at the EU level and at national level. 

In particular, the following questions were posed to each technology developer, in order to 

identify possible barriers related to relevant European/national legislation and standards and 

to assess the potential of valorization of such technologies in green building policies: 

1) Which technical standards (ISO, EN, national standards...) are used to evaluate the 

performance of your technology, particularly after the installation? 

2) Which legislative instruments are considered to act as potential barrier of your technology, 

particularly after the installation? 

3) Which related topics have been found of major interest as potential barrier in your 

perspective? 

4) Can the technology be specifically useful to achieve score in green building certifications 

(e.g. LEED, BREEAM, etc.)? If so, which are the relevant criteria? 

5) Please provide, as a self-assessment (high-medium-low), an evaluation of the valorization 

of your technology through such certification schemes in their current form? 

6) Which criteria can be modified or added in such certification schemes, in your perspective, 

for the future enhancement of their valorization? 
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After the screening phase, aimed to investigate the major issues encountered and 

encounterable with respect to each technological solution, a further assessment has been 

developed with reference to specific requirements in order to explore in more depth the main 

barriers found.  

As a conclusion of the work, two categories of policy recommendations have been developed 

(General recommendations and Specific recommendations for each technology), 

incorporating the feedback received by CommONEnergy Partners in the consultation 

process. These are included in the position paper presented at the end of the deliverable. 
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3 Scope of EU building codes and normative instruments 
for energy efficiency 

3.1 The effects of EPBD Directive 

3.1.1 Overview of Requirements 

In response to the Energy Performance in Buildings Directive (EPBD) (2010/31/EU), as 

reported and highlighted in D2.1, most EU countries have adopted specific building codes 

prescribing the energy efficiency requirements in case of new construction, and in some 

cases also for refurbishment of existing buildings. 

In particular, the following main demands for EU members are stated within the EPBD: 

 to introduce minimum energy performance requirements for buildings, building elements 

and technical building systems; 

 to set these requirements based on a cost-optimal methodology taking into account the 

lifetime costs of the building; 

 to construct only nearly Zero-Energy Buildings from 2020 onwards.  

Owing to the absence of specific regulations concerning shopping malls, here an overview of 

the existing building codes and other energy performance policies is provided with a 

particular focus on commercial buildings or wholesale and retail trade. 

It can be generally pointed out, in coherence with what underlined by Buildings Performance 

Institute Europe (BPIE, 2001), that a large variation in the energy performance regulations of 

the different countries is noticeable. On one side, performance levels are different; on the 

other side, the unit to measure the performance is also different, i.e. primary energy, 

delivered energy, various energy frames and even CO2 emissions are used. Thus, the setting 

of building code requirements normally refers to either a percentage improvement 

requirement based on a reference building of similar features (i.e. same type, size, shape 

and orientation) or to an absolute value, generally expressed in kWh/m2y. 

It is interesting to note that in Europe, for wholesale and retail trade, only 11 Member States 

set specific requirements, which are largely discrepant, and nevertheless they cannot be 

compared due to different energy performance methodology. In Table 3.1 an overview of the 

requirements in the Member States where the demo-cases of CommONEnergy project are 

located is summarized..  
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Table 3.1: Overview of building codes in the demo-cases countries 

Country 
Building Codes‘ 
Features 

Requirement for new 
buildings - wholesale 
and retail trade sector  

Requirements for existing 
buildings 

Italy 

Advanced energy 
efficiency regulations 
(Decree 59/2009 and 
National Guidelines for 
the energy certification) 
as general framework for 
energy performance 
requirements of non-
residential buildings.  

General: regulation 
based on a set limit for 
heating, DHW, cooling 
and lighting; only class 
A+ to C buildings 
comply with 
requirements for new 
buildings.  

Energy performance 
requirements are based on 
single components, with the 
same requirements as for the 
new buildings. Moreover, 
minimum energy efficiency 
requirements for boilers are 
identified. 

Norway 

Advanced building code 
(Planning and Building 
Act) sharpened every 5 
year with tighter 
constraints. 

Overall Net energy 
demand limit: 210 
kWh/m2y. 

Building regulation 
requirements such as for new 
buildings only apply when the 
purpose or use of the building 
is changed at renovation or in 
case of major renovations. The 
requirements are either for the 
renovated zone or for the 
whole building (option of the 
designer). 

Spain 

Application of minimum 
requirements on energy 
performance and 
minimum photovoltaic 
contribution to electric 
power for non-residential 
buildings (Basic 
Document on Energy 
Saving). 

General: the energy 
efficiency classification 
indexes are expressed 
in CO2 global emission; 
the value of nominal 
electric power (PV) to 
be installed depends on 
the climatic zone and 
the specific building 
area. 

Existing buildings over 1000 m2 
must comply with the same 
minimum performance 
requirements as new buildings 
if more than 25% of the 
envelope is renovated. 
Moreover, additional energy 
efficiency requirements are 
identified for building elements, 
heating and lighting systems, 
minimum solar-thermal 
contribution and, in certain 
cases, also for minimum solar 
photovoltaic contribution. 
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The analysis of the implementation of EPBD across Europe shows large differences in the 

country-specific approach not only as concerns new buildings, but also renovation works of 

existing buildings. The Directive globally asks for energy efficiency standards in case of 

major renovation. Here, one of the main related provisions is in Article 7 of recast EPBD 

stipulating the implementation of energy saving measures in the case of a major upgrade of 

a building, where “major upgrade” is defined as affecting 25% of the building area, or in case 

the total cost is 25% or more of the value of the building.  

It can be noted that in some States two different approaches are existing in parallel, i.e. a 

whole building based and a single elements based approach, whereas in other States the 

former approach is used as a supplementary, or as an alternative demand. Besides, in 

general, neither for new building or renovation of existing building case specific requirements 

for shopping malls are found. 

3.1.2 Findings from public consultation on the EPBD 

The European Commission launched a public consultation on the opinion about the current 

EPBD, run from 30th of June to 31st of October 2015, and evaluated in qualitative and 

quantitative manner1. This review provides a window of opportunity to address the barriers 

related to the applications of the legislative framework in terms of building codes and 

relations with the energy market. 

From the analysis of the outcomes, the EPBD has been stated to have set a good framework 

for improving energy performance in buildings and to have raised awareness on energy 

consumption in buildings giving it a more prominent role in energy policy and its necessary 

contribution to 2030 and 2050 energy and climate targets. Nevertheless, it has been stated 

by several respondents that the EPBD has been successful in improving energy 

performance for new buildings while it does not incentivize energy efficiency 

renovations. 

The respondents have stressed that the impact of the Energy Performance Coefficients 

(EPCs) on the rate and depth of renovation is very limited and cannot be used as a 

benchmark for asset value or a driver for renovation. It has been also stated that EPCs 

could be designed as individual renovation roadmaps, covering the entire life cycle of 

a building, and should be linked to improved access to finance. 

With regard to the insufficient take-up of the financing available for energy efficiency in 

buildings, the following list of barriers has been mentioned: 

                                                

1 https://ec.europa.eu/energy/en/consultations/public-consultation-evaluation-energy-performance-
buildings-directive. 
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 complexity of the renovation decision-making process as such, requiring insight and 

decisions not only of financial nature but also of technical, organizational and legal 

nature;  

 insufficient awareness of the benefits of efficient buildings, owing to a lack of information 

and advertising;  

 not properly addressed split incentives (landlord/tenant issue); 

 complexity of financing tools, lacking of adequate promotion and information, and 

therefore difficult to understand for non-professionals.  

3.2 The environmental certifications 

The analysis of the framework of applicable environmental certifications is here presented in 

the perspective of showing the potential of rating systems to overcome non-technological 

barriers.  

Such kind of instruments are conceived to measure and report sustainability of construction 

activities and buildings. On one side, they allow designers to confirm, validate and quantify 

sustainable design improvements, on the other side they can be a strong support for 

regulators and politicians to make informed decisions on policies that actually improve 

sustainable performance. Therefore, the analysis of the gaps in such systems that may not 

valorize the potential benefits of innovative solutions can be fruitful, in the view of pre-

standardization action, to provide recommendations for facilitating the diffusion of good 

practices. 

Currently, among the most popular certification systems addressing sustainability, LEED, 

BREEAM, DGNB and HQE can be mentioned. These tools have played an important role in 

commercialization and in the diffusion of sustainable design principles. They can be judged 

as extremely similar in terms of metrics, even though credits, weighting systems, categories, 

etc. may be significantly different. Most of these tools do not address all three aspects of 

sustainability equally. Generally, higher emphasis is placed on environmental impacts, 

ignoring the importance of the social and economic aspects, and/or all three aspects are not 

valued equally. Some overlap can be found among all aspects, and economics usually find 

their way into designs (Marjaba and Chidiac, 2016). 

Such certification rating systems are surely valuable, nevertheless there are important gaps 

related to the need to make these systems practical to increase their adoption, and 

subsequently their impact and reach. For this reason, they are being continuously improved 

to close these gaps. 
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Three systems, namely OPEN HOUSE, LEED and BREEAM were critically reviewed and a 

brief summary is given below. Table 3.2 shows a comparative analysis of the three systems 

with respect to their treatment of all three aspects of sustainability. 

3.2.1 Open House 

As already described in Deliverable D 2.3, the OPEN HOUSE sustainability assessment tool 

is a common European methodology developed in the framework of the EU FP7 research 

project “OPEN HOUSE21”. This tool aims to assess the sustainability of new buildings based 

on existing building certification schemes like the German certification scheme DGNB, 

BREEAM from UK, HQE from France, LEED from US and existing European standards (e.g. 

EN ISO 13790, 2008; EN 16627, 2013; EN15978, 2011). 

The OPEN HOUSE method includes a set of sustainability indicators (30 for the “core 

system” and 56 for the “full system”), developed by comparing existing international and 

European assessment methodologies and systems and analyzing existing standards 

concerning the sustainable built environment. These are organized under the following 

categories: Environmental Quality, Social-Functional Indicators, Economic Indicators, 

Technical Characteristics, Process Quality, and Location. 

The complete list of Open House credits is reported in Appendix A. 

3.2.2 LEED 

LEED is a rating system developed by USGBC (U.S. Green Building Council) at the end of 

90s, recognizing state-of-the-art strategies and practices for green buildings. It was originally 

designed for the American market, but has spread worldwide: currently, more than 72,000 

projects are participating in LEED across 150+ countries and territories. 

To receive LEED (Leadership in Energy and Environmental Design) certification, building 

projects satisfy prerequisites and earn points to achieve different levels of certification 

(Certified – Silver – Gold – Platinum). The LEED protocol is a score system, and points are 

being given to 43 different credits. The credits are divided in to seven main categories: 

Energy and Atmosphere (EA), Water Efficiency (WE), Sustainable Sites (SS), Materials and 

Resources (MR), Indoor Environment Quality (IEQ), Innovation & Design (ID), and Regional 

Priority (RP). 

The complete list of LEED credits is reported in Appendix B. 

3.2.3 BREEAM 

BREEAM (Building Research Establishment Environmental Assessment Method) is the first 

certification system to assess the sustainability of the buildings, developed in the United 

Kingdom by BRE at the end of 1980s, was introduced to the market in 1990.  
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Originally designed as a national system for office and residential buildings, BREEAM is now 

used worldwide for a range of different building types. Several adaptation versions of 

BREEAM exist, e.g. HK-BEAM (a Hong Kong private sector initiative) or BREEAM-NOR 

(Norway's leading tool for environmental classification of buildings). According to BREEAM 

website, in 2016 there were more than 548,900 BREEAM certified developments globally, 

and almost 2,250,400 buildings registered for assessment since it was first launched in 1990. 

BREEAM rating system is a credit-based system similar to LEED. It addresses 10 different 

sustainability categories, including various credits and weights: Management, Health and 

Wellbeing, Energy, Transport, Water, Materials, Waste, Land Use and Ecology, Pollution, 

Innovation. 

The complete list of BREEAM credits is reported in Appendix C. 

Table 3.2: Comparative table of the main features of the three schemes analyzed 

  Open House  LEED BREEAM 

Assessment 
Method 

- Leadership in Energy And 
Environmental Design 

BRE Environmental Method 

Version - BD+C V4  International Refurbishment 
and Fit-Out 2015 - Non-
Residential Buildings 

Certification 
Body 

- USGBC BRE  

Launch 2010 1998 1990 

Number of 
categories 

6 8 10 

Main 
Categories 

 Environmental 
Quality 

 Social-Functional 
Indicators 

 Economic Indicators 
 Technical 

Characteristics 

 Process Quality 
 Location 

 Energy and 
Atmosphere (EA) 

 Water Efficiency (WE) 
 Sustainable Sites (SS) 
 Materials and 

Resources (MR) 

 Indoor Environment 
Quality (IEQ) 

 Innovation & Design 
(ID) 

 Regional Priority (RP) 

 Management 

 Health and Wellbeing 
 Energy 
 Transport 
 Water 
 Materials 

 Waste 
 Land Use and Ecology 
 Pollution 
 Innovation 

Number of 
Credits 

56 66 52 



 

 

 

Deliverable D5.10 – Position paper on standardization 

17 

Certification 
levels 

%  score Certified 
Silver 
Gold 
Platinum 

Unclassified 
Pass 
Good 
Very Good 
Excellent 
Outstanding 
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4 Analysis of potential legislative and normative barriers  

In this section, technological solutions developed in WP3 and WP4 of CommONEnergy are 

analyzed. For each one, an overview of the technology is provided, summarizing its key 

features. Interdependencies with sustainability indicators are then explored, in order to 

assess the potential of valorization of each technology in some green building certifications 

schemes (OPEN HOUSE, LEED, BREEAM) in their current form. Potential non-technical 

barriers are then identified, through consultations with technology developers and further 

analysis. 

The analyzed technologies are the following: 

 ventilative cooling; 

 thermal zoning optimization; 

 modular multifunctional climate adaptive façade system; 

 green integration; 

 smart coatings; 

 daylight strategies; 

 thermo-acoustic envelope components; 

 iBEMS; 

 smart integration in energy grid; 

 electrical energy storage; 

 refrigeration system; 

 artificial lighting;  

 Building Integrated Electric Mobility System. 

4.1 Ventilative cooling 

4.1.1 Overview of ventilative cooling solutions 

Specific ventilative cooling solutions for the demo cases have been studied by EURAC in 

collaboration with other CommONEnergy partners, as here below described: 

 automated openings/louvers for natural ventilation are integrated in the concept of the 

modular multifunctional façade system developed by Acciona, in collaboration also with 

Bartenbach Lichtlabor and Durlum (Task 3.3 – D3.4); 
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 automated skylight openings for enhanced stack ventilation are foreseen using skylight 

openings for smoke evacuation. 

Since the opening and the air inlet of the wind catcher need to be automated, the iBEMS 

system developed by Schneider (Task 4.2 – D4.3) integrates the control strategies related to 

the ventilative cooling solutions. 

4.1.2 Interdependencies with sustainability indicators 

Ventilative cooling systems should allow gaining score in several sectors of green building 

certification systems; particularly as regards the parameters related to energy use and indoor 

comfort. Following the Open House sustainability indicators system, the most relevant 

categories are the following: Indoor Air Quality (2.4) Thermal Comfort (2.3), Operation 

Comfort (2.8). Due to the lower energy consumption for summer cooling, another relevant 

indicator could be Non-Renewable Primary Energy Demand (1.9).  

On the other hand, the system shall be properly designed in order to avoid negative impacts 

on the above-mentioned parameters (e.g. not sufficient ventilation or draft problems), and to 

overcome potential barriers that might affect the following performance indicators: Personal 

Safety and Security of Users (2.2) and Fire Protection (4.1).  

However, in practice, certification schemes in their current form do not always consider the 

cooling effect of increased natural ventilation rates, and in general the potential of 

valorization of ventilative cooling technology through such certification schemes is still quite 

low. For example, under the LEED protocol, the application of the technology proposed in 

CommONEnergy Project might give access to credits for improved indoor air quality, 

occupant comfort, well-being and productivity (Minimum Indoor Air Quality Performance, 

Enhanced Indoor Air Quality Strategies), but no credits for reduced energy demand for 

cooling. 

In the following Table 4.1 a summary of interdependencies with Open House, LEED and 

BREEAM indicators is provided. 

Table 4.1: Ventilative Cooling interdependencies with sustainability indicators 

VENTILATIVE COOLING 

OPEN HOUSE LEED v4 BREEAM 2015 

1.9 Non-Renewable Primary 
Energy Demand (PEnr) 

EA Minimum Energy 
Performance 

ENE-01 Reduction of energy use and 
carbon emissions 

    EA Optimize Energy 
Performance 

    

2.3 Thermal Comfort EQ Thermal Comfort HEA-04 Thermal comfort 

2.4 Indoor Air Quality EQ Minimum Indoor Air Quality 
Performance 

HEA-02 Indoor air quality 

    EQ Enhanced Indoor Air Quality 
Strategies 
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VENTILATIVE COOLING 

OPEN HOUSE LEED v4 BREEAM 2015 

2.8 Operation Comfort       

5.2 Integrated Planning IP Integrative process MAN-01 Sustainable procurement 
(Integrated design process 
credit) 

    IN Innovation   Innovation 

4.1.3 Potential non-technical barriers to ventilative cooling identified  

Within the consultations with EURAC, some possible regulatory issues were highlighted and 

discussed. 

As regards technical standards, the main norms applicable to ventilative cooling are EN 

16798-7 (Ventilation for buildings - Calculation methods for the determination of air flow rates 

in buildings including infiltration), EN 15251 and CIBSE Applications Manual 10:2005.  

However, no standard to evaluate performance after installation is available yet and the full 

implementation of ventilative cooling in national and local building codes is still far from being 

reached.  

Aspects influencing ventilative cooling in national regulations are complex; however, it is 

possible to identify five main categories of requirements, namely: 

 energy consumption for cooling and ventilation– aspects related to energy performance 

calculations;  

 building parameters influencing ventilative cooling – such as windows size, solar shading 

or thermal mass; ventilation requirements – both regarding ventilation amounts and 

ventilation openings and positions; 

 control logics – temperature/humidity or CO2 concentration based control logics for 

possible ventilative cooling strategies (i.e. night ventilation, daytime ventilation with 

modulated opening factors tec..) are not taken into account in the energy performance 

calculations recommended by the EU standards; 

 requirements related to safety – such as fire safety requirements, burglary regulations, 

health and hygiene regulations, etc. Smoke compartmentation requirements, for 

example, can be in contradiction with ventilative cooling. Also acoustic regulations may 

constitute a barrier, since high noise levels of the outdoor environment may result in the 

impossibility of opening the windows;   

 temperature, air velocity and humidity requirements – the requirement for a limit for air 

velocity, for example, might obstacle ventilative cooling, as this solution may cause 

higher air velocities. (As regards norms and guidelines regulating air velocity 

requirements, see also paragraph 4.2.3).  
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These topics were further investigated through the state-of-the-art analysis of ventilative 

cooling produced by the International Energy Agency (Kolokotroni & Heiselberg, 2015). In 

the framework of the Energy in Buildings and Communities (EBC) Program, the IEA has 

established a specific line of research, developed in Annex 62, specifically aimed at making 

ventilative cooling an attractive and energy-efficient cooling solution both for new and 

renovated buildings.   

As regards safety issues, the adoption of ventilative cooling in commercial buildings is still an 

uncommon option, and not all countries have an adequate normative framework. The 

provision of best practice standards and guidelines could help regulating the relationship 

between ventilative cooling and safety problems (such as: fire compartmentation, intrusion). 

For example, common standard requirements for anti-intrusion measures (burglary and 

insect-proof devices) could be set, and guidelines could be drafted for the proper design of 

ventilation, in order to facilitate smoke evacuation in case of fire. 

Nevertheless, since energy performance regulations are playing an increasing role as key 

market drivers, these constitute the main focus of the analysis. Some relevant constraints are 

here highlighted, due to the fact that ventilative cooling is still poorly rewarded in national 

building codes. For this analysis, a broad investigation of the regulation framework in 

different European countries, expanding the scope over the set of case studies of 

CommONEnergy project, is here addressed. As pointed out within D2.1 and Section 3 of this 

document, evident differences in approach are revealed in the various Member States. As 

regards energy consumption in buildings, EU countries are generally required to comply with 

the EPBD directive, but the implementation in national regulations varies. In particular, some 

European countries already take into account at least one form of ventilative cooling in their 

Energy Performance regulation for residential and/or non-residential buildings, while for other 

countries the process of national implementation is expected but not yet realized.  

The attempts made in the direction of embedding ventilative cooling in national regulations 

include (Kapsalaki & Carrié, 2015):  

 assessments of overheating risks – EP regulations some countries such as Belgium, 

Denmark and Finland have penalties on the calculated energy use depending on the 

overheating risk;  

 use of dynamic hourly simulation tools – in some countries (such as France, Finland and 

UK) summer comfort calculations are made on an hourly time-step; 

 specific requirements – countries such as Belgium and Denmark have specific 

requirements set on natural ventilative cooling systems, such as burglary resistance and 

controllability;  

 benefits of automated systems – in some countries (e.g. Finland, France, Greece) the 
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contribution of automated ventilative cooling systems is taken into account in national 

regulations. 

The calculation of energy consumption for cooling is not required in all countries, thus 

making the energy benefit deriving from ventilative cooling invisible in national regulations. In 

some countries, (such as The Netherlands, Belgium, Denmark, Norway) the energy 

performance certificate requires a total energy demand calculation over a year, regardless of 

the separate contributions coming respectively from heating and cooling (e.g. Norway: 

overall Net energy demand limit 210 kWh/m2y). This means that energy demand for cooling 

can be compensated by other means (reduced heating, sustainable energy production), thus 

diminishing the weight of ventilative cooling in calculations.  

Another issue is related to the calculation time-step required by existing building energy 

performance regulations. For most countries the calculation method is monthly, with some 

exceptions, such as France (hourly), Finland (hourly method for summer comfort calculation) 

and the UK (monthly, but an hourly method of dynamic simulation can be used for complex 

buildings). Ventilation systems characterized by a strong dynamic behavior (such as 

ventilative cooling) require calculation procedures and values which are not easily embedded 

into a monthly calculation system. This method requires an estimate of average monthly 

values for the efficiency of ventilative cooling; regulations (such as EN-ISO 13790) provide a 

method to calculate these monthly values, but this is a quite complex and time consuming 

task; in some cases (such as Dutch regulations), tables providing monthly values are already 

given. Whether, and how, all ventilative cooling possible options can be expressed as 

monthly values is however an issue that requires further investigation. On the other hand, the 

widespread adoption of hourly calculations may lead to more accurate results, but at the cost 

of significantly increasing the calculation time and the complexity of the energy performance 

calculation. The risk is also to mislead inexperienced users, due to the larger amount of 

parameters that are required.  

In conclusion, it might be stated that, even though significant work has already been done to 

accurately implement the effects of ventilative cooling in energy performance regulations, 

from the analysis of the regulatory framework, it appears that some aspects may be source 

of possible barriers: 

 ventilative cooling options are not considered in some countries’ regulations; 

 the specific evaluation of energy demand for summer cooling is not required in all 

countries, thus making the benefits of ventilative cooling invisible or easily compensated 

by winter savings; monthly calculation time steps, required by many countries’ energy 

performance regulations, do not reflect the dynamic behavior of ventilative cooling 

strategies 

 the benefits of automated systems are not considered in most of the countries’ 
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regulations; 

 there is a lack of design guidelines and control algorithms. 

4.2 Thermal zoning optimization 

4.2.1 Overview of thermal zoning optimization solutions 

In Deliverable 3.2, developed by EPTA and UNIUD, the interaction between refrigerated 

cabinets with closed doors and three kinds of HVAC terminals is analyzed in two reference 

scenarios (LT-Low Temperature and NT-Normal Temperature cabinet zone). 

The HVAC terminals modeled are:  

 full-air system;  

 radiating floor with primary air supply;  

 radiating ceiling and primary air supply.  

The main goal of the developed solutions is the optimization of thermal zoning and 

ventilation, focusing in particular on the interaction of chilled cabinets with cooling and 

heating units. The studied technologies allow solutions that go beyond standards for 

optimized comfort conditions and energy saving of the whole building. Closed chilled and 

frozen food display cabinets, replacing anti-cold aisle solutions, as well as different air vent 

system are therefore analyzed. 

The use of closed cabinets entails lower energy consumption, but also a higher risk of 

condensation effects: therefore, increased attention should be paid to humidity control in 

HVAC design. Some possible solutions have therefore been investigated to reduce the risk 

of mist formation by promoting air movement on the proximity of glass surfaces, through the 

use and proper adjustment of specific air vent diffusers. In particular, ceiling circular and 

linear supply diffusers are considered. 

4.2.2 Interdependencies with sustainability indicators 

When evaluating building sustainability, thermal zoning optimization strategies come into 

play in energy use calculations. At the same time, the system has to be designed properly in 

order to fulfil indicators dealing with indoor thermal comfort. In the Open House assessment 

system, the relevant indicators for this technology are the following: Non-Renewable Primary 

Energy Demand (1.9), Thermal Comfort (2.3) and Operation Comfort (2.8). 

In the following  

Table 4.2 a summary of interdependencies with Open House, LEED and BREEAM indicators 

is provided. 
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Table 4.2: Thermal Zoning Optimization interdependencies with sustainability indicators 

THERMAL ZONING OPTIMIZATION 

OPEN HOUSE LEED v4 BREEAM 2015 

1.9 Non-Renewable Primary 
Energy Demand (PEnr) 

  Minimum Energy Performance ENE-01 Reduction of energy use and 
carbon emissions 

      Optimize Energy Performance     

2.3 Thermal Comfort   Thermal Comfort HEA-04 Thermal comfort 

2.8 Operation Comfort         

      Innovation INN Innovation 

 

4.2.3 Potential non-technical barriers to thermal zoning optimization identified  

On the basis of the consultation with EPTA and UNIUD, some possible regulatory issues are 

here highlighted. The proposed technologies should comply with regulations on thermal 

comfort, such as EN 15251 and EN ISO 7730, particularly on issues regarding local thermal 

discomfort due to: air velocity within occupied spaces (draughts), vertical air temperature 

difference, radiant temperature asymmetry.  

The proposed solution to prevent mist formation on refrigerated cabinets by promoting air 

movement in proximity of the doors has to take into account EN ISO 7730 requirements. The 

standard sets maximum values of local mean air velocity (m/s) permitted as a function of 

local air temperature and turbulence intensity. In addition, for the Italian case, UNI 10339 

standard prescribes specific ventilation rates and air velocities depending on building use: for 

commercial buildings, the maximum allowed air velocity in areas occupied by customers is 

0.15 m/s in winter and 0.2 m/s in summer. 

CFD simulations on air velocity fields have been performed to verify the compliance to 

regulatory requirements. From the simulations carried out by UNIUD, the following 

considerations emerged: 

 the area in which air speed exceeds the value admitted by the norm is limited to 15 cm 

near to the cabinets’ doors; 

 the norm states that the model applies to draught discomfort calculated at neck level, 

while the discomfort in the area near cabinets’ doors affects (for a short period of time) 

the hand and arm of the customer who opens the door; 

 when opening the refrigerated cabinets, air comes out at -20°C and the customer inserts 

his hand in a space at this temperature (temporary thermal discomfort is already 

present); 

 the problem is comparable to the situation of opening or closing a window, when under 
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the window there is a fan coil blowing hot (or cold) air. 

From these observations it can be concluded that the above described potential conflicts with 

the standard prescriptions are limited in space and time and comparable to other common 

situations recurring in conditioned environments, and therefore are not considered 

significant. 

Nevertheless, if the resulting thermal conditions are considered inacceptable for the 

customers’ comfort, this issue could be overcome through technical solutions (air speed and 

direction adjustments, etc.). It is also worth to point out that the proposed solution plans to 

keep the electrical anti-condensation heaters on cabinets’ doors, since it does not totally 

guarantee against the risk of condensation. Thus, in any moment it is possible to withdraw 

the application of the technology, in order to return within comfort parameters in the zone 

near cabinets’ doors. 

However, it is interesting to point out that many scientific papers have argued that the energy 

cost of maintaining such standardized ‘comfort’ conditions in buildings around the world is 

unsustainable in the long run and that a lower-carbon society requires new ways of 

conceptualizing and realizing conditions of comfort (Shove et al., 2008). There is an 

emerging school of thought demanding a shift away from universalizing codes and standards 

(e.g. American Society of Heating, Refrigerating and Air-Conditioning Engineers toward more 

flexible and ‘adaptive’ strategies in engineering and design (e.g. De Dear and Brager, 1998; 

Nicol and Roaf, 2012). These theories move from the consideration that the definition of 

comfort is not set in stone; and that comfort experienced by users depends not only on the 

technical provision of comfort conditions, but it also intersects with psychological and social 

realms.  

Adaptive thermal comfort theories consider people as subjects playing an active role in the 

maintenance and performance of buildings, rather than passive recipients of a predetermined 

thermal environment; the focus is thus on the notion of “agency” of building users (as 

interaction and control) and on the realization of thermal comfort through an ongoing process 

of “interactive adaptivity”. 

A revision of the current concepts on thermal comfort regulatory framework might therefore 

be proposed in the light of these considerations. Some current practices – such as green 

building, integrated design processes, post-occupancy evaluation, performance assessment, 

and increasing levels of user control and system complexity – provide a new context for 

rethinking the notion of comfort in a broader and more holistic way, taking into account 

dynamic, integrated, and participatory aspects (Cole, 2008). 
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4.3 Modular multifunctional climate adaptive façade system 

4.3.1 Overview of modular façade solution 

The Modular Multifunction Climate Adaptive façade system developed by Acciona is a 

general replicable concept, adjustable for different cases and contexts. The proposed system 

consists of a modular frame made of mullion and transom with flexibility on their location, 

enabling easy integration of several technologies studied within the project. The integration 

of different passive solutions enables the achievement of energy savings and improvements 

in terms of thermal comfort. 

The façade features an anchorage system that allows double screen installation, and easily 

adapts to multiple designs, thus allowing different geometric, aesthetic and energy solutions.  

The system has been studied in detail for Valladolid demo case, focusing on integration with 

three specific technologies: windows with remote control for natural ventilation, shaped 

lamella system integrated on outdoor part, and glazing system. 

4.3.2 Interdependencies with sustainability indicators 

The proposed smart façade system can be potentially useful to achieve score in several 

green building criteria related to building envelope performance. It should however be 

pointed out that the impact that this kind of façade may have on energy efficiency and indoor 

comfort should not be compared to a traditional wall system, but to the performance of a 

standard glazed façade. Such kind of façades are increasingly common in shopping malls, 

due to a series of different positive values for the tertiary sector, such as: increased visibility, 

market value it may have to sell products and to be attractive for the sellers, etc. Given these 

specific market demands and values, typical of the retail sector, one of the main challenges 

for façade systems is managing to decrease energy demand while still retaining the largest 

amount of glazed surfaces. This can be achieved through careful façade design and 

integration of different systems (e.g.: proper selection of glass characteristic, considering 

climate and façade orientation needs, integration of RES, ventilation and shading systems, 

etc.). 

The integration of shading systems, ventilation and special glazing results in a decrease of 

summer energy consumption, while the control of thermal transmittance reduces the heating 

demand in winter. This affects the building’s energy performance in the Non-Renewable 

Primary Energy Demand (1.9) Open House criterion.  

Parameters regarding indoor comfort are also involved, such as: Thermal Comfort (Open 

House 2.3), Indoor Air Quality (2.4) (due to the embedded ventilation system), Operation 

Comfort (2.8). Since the project of a multifunctional building envelope requires the 
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contribution of specific knowledge from different design sectors, the credit for Integrated 

Planning (5.2) is also likely to be achieved. 

The Open House system includes a specific indicator for Quality of the building shell (4.6). 

Nevertheless, specific credits for smart and innovative building façades are hard to find in 

green building certification schemes, and therefore the valorization of this technology through 

such certification schemes is still low. This is due to the lack of an established assessment 

strategy for the evaluation of adaptive façades and to the limited applicability of current 

building energy standards and codes for such smart façade systems.   

In the following Table 4.3 a summary of interdependencies with Open House, LEED and 

BREEAM indicators is provided. 

Table 4.3: Modular multifunctional climate adaptive façade system interdependencies with sustainability indicators 

MODULAR MULTIFUNCTIONAL CLIMATE ADAPTIVE FACADE SYSTEM 

OPEN HOUSE LEED v4 BREEAM 2015 

1.9 Non-Renewable Primary 
Energy Demand (PEnr) 

EA Minimum Energy 
Performance 

ENE-01 Reduction of energy use and 
carbon emissions 

    EA Optimize Energy 
Performance 

    

2.3 Thermal Comfort EQ Thermal Comfort HEA-04 Thermal comfort 

2.4 Indoor Air Quality EQ Minimum Indoor Air Quality 
Performance 

HEA-02 Indoor air quality 

    EQ Enhanced Indoor Air Quality 
Strategies 

    

    EQ Enhanced Indoor Air Quality 
Strategies 

    

2.7 Visual Comfort EQ Daylight HEA-01 Visual comfort 

2.8 Operation Comfort         

4.6 Quality of the building shell       

5.2 Integrated Planning IP Integrative process MAN-01 Sustainable procurement 
(Integrated design process 
credit) 

    IN Innovation INN Innovation 

4.3.3 Potential non-technical barriers to modular façade identified 

Based on the consultation with Acciona, the following discussion topics have emerged. 

Regarding compliance with regulatory requirements, any constructive or finishing element in 

a real building environment should conform to National and European requirements 

regarding safety (e.g. fire, waterproof, wind, acoustics, seismic…), health, durability, 

protection of the environment, economic aspects, and other important aspects in the public 

interest.  

The Construction Products Regulation (CPR) (European Parliament, 2011) lays down 

harmonized rules for the marketing of construction products in the EU. In order to place a 
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construction product on the market, if that product is covered by a harmonized standard, the 

manufacturer must complete a declaration of performance and affix CE marking to the 

product. In particular, the CPR contains seven basic requirements for construction works: 

BWR1: Mechanical resistance and stability; BWR2: Safety in case of fire; BWR3: Hygiene, 

health and the environment; BWR4: Safety and accessibility in use; BWR5: Protection 

against noise; BWR6: Energy economy and heat retention; BWR7: Sustainable use of 

natural resources. These requirements are linked to the specific and different national laws, 

and vary between the European Countries. In some cases, also the specific testing must be 

executed.  

However, as regards the evaluation of energy performance of advanced building 

components such as multifunctional façades, the research for suitable performance 

indicators is still ongoing and far from implementation in codes and national requirements.  

Although smart façades have a large potential, as demonstrated by many scientific papers 

and prototypes, they still have a low uptake in real applications. One of the barriers to the 

implementation of the technology is certainly given by the high pay-back time, due to the high 

costs of the façade system materials and for the execution of the construction profiles. Above 

all, a fundamental barrier is given by the high degree of uncertainty due to the lack of a full 

understanding of the possible benefits and risks, and the inability to measure them in a 

consistent and reliable way. 

Performance evaluation of multi-functional adaptive façades is a complex task, since they 

interact dynamically with the external environment, the installations, and the users. Adaptive 

façades are characterized by a highly non-steady state behavior, and their properties may 

change over time; this presents big challenges to manufacturers, designers and certification 

bodies.  

Performance claims for smart façades need to be supported by standardized measurement 

protocols, providing consistent framework and benchmarks for measuring, computing, and 

reporting the performance of the proposed design. The main protocols used for 

measurement and verification of building performances are: International Performance 

Measurement and Verification Protocol 1 and 2 and ASHRAE Guideline 14 (Measurement of 

Energy and Demand Savings). However, a specific measurement and verification protocol 

for adaptive facades is not yet available: there is a lack of protocols and benchmarks on 

performance of adaptive facades during the operational phase in real applications, and the 

number of well-documented case studies is very limited. More in detail, the main challenges 

are related to the following issues (Attia et al., 2015): 

 the novelty of the technology results in a lack of mature available knowledge regarding 

standardized design, construction, operation and assessment of adaptive facades. 

Moreover, most adaptive façade systems are custom-made and unique, and thus 



 

 

 

Deliverable D5.10 – Position paper on standardization 

29 

generate difficulty in defining benchmarking data; 

 the conventional static metrics commonly used for the evaluation of building envelopes 

(e.g. U-value, g-value, etc.) are not suitable to describe intrinsically dynamic systems, 

such as adaptive façades, in a complete and comprehensive way. Current assessment 

methodologies and simulation tools are mostly unable to cope with time-varying 

properties; 

 the performance of dynamic systems such as adaptive facades is highly influenced by 

the effectiveness of the operation strategy (manual, automated or hybrid). User 

interaction, overrule options, understanding of the systems and other human factors play 

a major role in operating adaptive facades; 

 the dynamic behavior in response to changing boundary conditions (either external, such 

as climate, or internal, such as occupants’ requirements) or flexible priorities (e.g., 

minimizing energy demand, maximizing daylight use, etc.) results in complex and largely 

unpredictable interactions with other building subsystems. 

For this reason, there is still a lack of clear definitions for façade systems products, thus a 

difficulty to find the correct standard that could be used to define characteristics and 

requirements.  

Research dedicated to finding more suitable performance assessment methodologies for 

dynamic building envelopes is still ongoing; TUD COST Action TU1403 - Adaptive Façades 

Network is the European platform linking academics who are working on the topic. 

Specifically, the latest research focuses on some critical issues that have been identified and 

still need to be solved (Luible, et al., 2015): 

 the lack of parameters and synthetic metrics to assess adaptive facades performance; 

 the lack of experimental techniques to analyze component behavior in the lab and on 

site; 

 the lack of holistic methods and simulation tools able to account for the interaction of the 

adaptive façade with the building and users. 

In order to compare the performance of some typologies of adaptive façades, a number of 

performance indicators have been proposed, such as: the dynamic insulation efficiency2, the 

                                                

2 This parameter defines the capability of a double-skin façade of reducing the entering heat fluxes, by means of 

the air gap ventilation. The dynamic insulation efficiency represents the quota of the heat flux that is removed by 

the air flowing in the air gap (which would enter the indoor environment in the case of a simple glass façade) 
compared to the total heat flux that enters through the outdoor facing surface of the outer glass pane (Corgnati et 
al, 2007) 
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pre-heating efficiency3, the btr factor4. These values are meant to be calculated in the 

operational phase of the façade and can be used to predict the interaction of the façade with 

HVAC systems. However, these indicators alone are not suitable to describe the energy 

performance of an adaptive building envelope in a comprehensive way, as either they are too 

specific or they influence different end use energy consumptions in different ways. Indeed, 

the study on a more holistic approach to the problem is still in progress. 

4.4 Green integration 

4.4.1 Overview of green integration solutions 

Different solutions for the integration of vegetation in shopping malls are investigated, such 

as: 

 vegetated surroundings; 

 vegetated roof; 

 vegetated wall. 

Particular attention is paid to the “vegetated wall” – climbing plants on the wiring - option. The 

integration of greenery aims both at affecting the building envelope heat balance, due to its 

insulation and shading features, and at mitigating the urban heat island effect, as a climate 

protection issue. Also it is an easy, low cost retrofitting procedure.  

4.4.2 Interdependencies with sustainability indicators 

The integration of vegetated elements in buildings has effects on mitigation of urban heat 

island effect, on the building envelope heat balance, and on biodiversity preservation. Those 

belong to different categories of indicators: urbanistic (aiming to urban and rural environment 

preservation) and architectural (aiming to building physics and possibly power reduction 

solutions both at the source and at the end of pipe). Following the Open House classification, 

relevant credits are: Non-Renewable Primary Energy Demand (1.9), Thermal Comfort (2.3), 

Operation Comfort (2.8), Quality of the building shell (4.6) and Biodiversity and Depletion of 

Habitats (1.7). 

Moreover, the LEED certification has a specific credit for Heat Island Reduction, while in the 

Open House system this effect might be considered under the Global Warming Potential 

indicator (1.1). 

                                                

3 The pre-heating efficiency assesses the capacity of the façade to pre-heat the ventilation air flow rate during the 

cold season (Corgnati et al, 2007) 

4 This parameter defines the capability of the façade of reducing the temperature difference between the outdoor 

and the indoor environment, by means of a closed cavity, such as a greenhouse or a double skin façade (ISO 
13789: 2007) 
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In the following Table 4.3 a summary of interdependencies with Open House, LEED and 

BREEAM indicators is provided. 

Table 4.4: Green Integration interdependencies with sustainability indicators 

GREEN INTEGRATION 

OPEN HOUSE LEED v4 BREEAM 2015 

1.1 Global Warming Potential 
(GWP) 

SS Heat Island Reduction     

1.9 Non-Renewable Primary 
Energy Demand (PEnr) 

EA Minimum Energy Performance ENE-01 Reduction of energy use 
and carbon emissions 

  EA Optimize Energy Performance   

2.3 Thermal Comfort EQ Thermal Comfort HEA-04 Thermal comfort 

2.8 Operation Comfort       

4.6 Quality of the building shell         

1.7 Biodiversity and Depletion 
of Habitats 

SS Site Development—Protect or 
Restore Habitat 

LE-04 Enhancing site ecology 

      LE-05 Long term impact on 
biodiversity 

    IN Innovation INN Innovation 

4.4.3 Potential non-technical barriers to green integration identified 

On the basis of the consultation with CIM-mes it was highlighted that, although the interest in 

vegetated roof and façade systems is growing, some barriers to design and construction of 

such systems persist. The available design tools and data are weakly quantifying the full 

season impact of green envelop impact on the energy performance of building and mostly 

case to case research results are available. On the other side, design standards evolve at a 

faster pace than building codes and therefore innovative designs may encounter some 

issues in the process of building permitting.  For this reason, it is crucial to supplement 

existing building codes with provisions for innovation in order to support the effective 

introduction of technological improvements, such as the issue of updated design guidelines – 

e. g. dealing with natural vegetation impact on building performance. 

National and local building codes generally cover matters such as structural aspects (i.e. 

load bearing capacity), fire resistance, access and egress, services and equipment, energy 

efficiency and issues related to health and safety. Not all countries, however, have specific 

building code requirements related to green roofs and walls. One of the countries that have a 

more mature regulation on the topic is Germany, holding a long history of policies to support 

green roof development. The German FLL (Landscape Research, Development and 

Construction Society) has been working on standards for green roof technology for over 30 

years: the first version of guidelines for planning, construction and maintenance of green 

roofs is dated 1982 and has been regularly updated, the latest time in 2010. Since 1998, the 



 

 

 

Deliverable D5.10 – Position paper on standardization 

32 

German construction law with § 9 (1) no.25a (The German Federal Building Code) has been 

setting requirements for green roofs, which are widely used in Germany. 

Even if no specific provisions for green roofs or walls are formulated in national and local 

building codes, some elements of the codes can nevertheless be relevant. Aspects in local 

laws that may affect green roofs, walls and façades are related to: overgrown vegetation on a 

public front, management of waste (e.g. pruned foliage), fire risk, poor quality drainage 

issues and occupation of public land during construction or maintenance phases.   

More in detail, considerations that may act as a barrier at the moment of issuing a building 

permit would be: 

 considerations related to vegetation protruding onto public space. Building owners and 

managers are responsible for the maintenance of vegetation by the side of a public right 

of way and to ensure that it does not invade public land; 

 compliance with structural requirements, in case additional loads are proposed for a 

building refurbishment, i.e. planted areas, retained water, additional structures, etc; 

 applicable fire regulations. Green roofs and walls may constitute a fire hazard, especially 

in case these dry out (such as might happen in a drought if no irrigation is provided); 

 issues related to access and egress to/from the area, especially in case of emergency, 

safe movement for users in and around the area, including ramps, stairs and balustrades 

(e.g. possible obstructions related to uncontrolled growth of vegetation); 

 waterproofing and drainage of the existing structure and of the new vegetated surfaces to 

ensure the full safety and functionality of the building (e.g. issues related to health of 

building users, quality of the merchandise, etc); 

 possible issues related to deterioration of construction elements, e.g. anti-root layers are 

required to roofing contractors for the protection of waterproofing membranes;  

 potential alterations to safety measures within the building, e.g. coverage of signals or 

emergency lighting, etc; 

 energy efficiency requirements: green roofs or façades need to prove that they meet the 

performance requirements, but in most cases there is no standard approach to do so. It 

would be the applicant’s responsibility to provide the building survey or with evidence that 

the proposed building design is compliant with the relevant performance requirements. 

However most of them are easy to solve with good engineering practice. The important 

barrier is the traditional using of greenery for decoration of building rather than the “insulation 

material” and wastewater/rainwater subsystem. Green solution separation from mentioned 

factors create popular but only partially true image of greenery high maintenance costs. 
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Performance assessment is an open issue, especially as regards vertical greenery systems. 

As pointed out in a recent study (Pérez et al., 2014), unlike other building systems, such as 

green roofs, for green vertical systems there is no established standardization that 

determines its design and its variations. The challenge of covering large vertical building 

surfaces with plants is faced in various ways by different types of construction systems, but 

different designs also mean different thermal behaviors. This fact hinders the comparison 

among research results and makes it necessary to take into account the types of green 

systems when discussing these results.  

To get full information of the green solutions, the mentioned factors, such as diversity of 

technical solutions and complexity of maintenance costs, have to be complemented with 

further ‘environmental’ coefficients, such as solar irradiation and precipitation rate, which 

strongly influence plant growth rate and overall vitality. Such complex situation results in a 

need of driving simulations and estimations for green solutions for each individual 

installation. Considering the lack of detailed vegetation data combined with dedicated 

software, it is fair to say that the process of impact estimation is dedicated to specialized 

professionals and burdened with calculation errors. This, in turn, has made the green 

infrastructure calculations difficult, expensive and not popular among stakeholders. 

Another potential non-technical barrier is related to the fact that vegetated roofs and façades 

typically have higher direct maintenance costs; this may act as a barrier in all building 

applications, but even greater in shopping malls, due to split responsibilities between owners 

and tenants, and the repartition of costs and benefits among them. While building owners 

pay for green façade construction and maintenance, the benefits related to reduced 

consumption are mostly realized by tenants. As pointed out also in CommONEnergy 

deliverable D2.5, in shopping malls one of the needs of the owners is to keep maintenance 

costs low, while tenants are interested in low rental costs and electricity bills. When the 

tenants are not the owner, which is the case of most shopping centers, there must be a more 

balanced repartition of costs and benefits between the parts. This may be realized through 

the establishment of Green Leases. 

To encourage the integration of vegetation in buildings, indirect policy tools may be used. A 

good example is the polish attempt. Here, the ratio of green space within a built area is 

described by a Biologically Active Area factor (e.g. in the Polish law for building permit: 

Regulation of the Minister of Infrastructure of 12 April 2002 on the technical conditions to be 

met by buildings and their location (Journal of Law 2002 No 75,690)). In general 

understanding, this factor constrains a predefined share of green (land) area in the building 

land. The green wall or roof could be used to negotiate the achievement of the required ratio 

of biologically active area within the building land. 
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4.5 Smart coatings 

4.5.1 Overview of smart coating solutions 

The development of a new generation of multipurpose coating materials is led by AMS, 

featuring reflective, thermal, anti-molding and self-cleaning properties. The technology aims 

at reducing shopping centers’ energy consumption, mitigating the effects of heat island 

phenomenon in urban areas and reducing envelope maintenance costs. 

Several combinations of commercial nanoparticles were tested and evaluated; the four most 

effective formulations were chosen for integration into a common market base paint (i.e. Kraft 

white base paint) as an additive to it. 

4.5.2 Interdependencies with sustainability indicators 

The potential of valorization of the technology in green building certification schemes is still 

quite low. Due to the reflective and thermal properties of smart coatings, their contribution 

can marginally result in criteria dealing with Non-Renewable Primary Energy Demand (Open 

House 1.9), Thermal Comfort (2.3), Operation Comfort (2.8).  

Due to its properties of reflectivity, smart coatings may also be beneficial to counteract urban 

heat island effect, by increasing the overall albedo of external surfaces. The LEED 

certification awards a credit for Heat Island Reduction, in the Open House system, instead, 

this effect might be considered under the more general Global Warming Potential indicator 

(1.1). 

Some properties of the nano-coating technologies (anti-bacterial, anti-mold features etc.) 

might be considered in future developments of criteria related to the Indoor Air Quality (Open 

House 2.4) indicator, but this topic also presents some barriers (possible exposure to 

dangerous particles for human health). 

In the following Table 4.5 a summary of interdependencies with Open House, LEED and 

BREEAM indicators is provided. 

Table 4.5: Smart Coatings interdependencies with sustainability indicators 

SMART COATINGS 

OPEN HOUSE LEED v4 BREEAM 2015 

1.1 Global Warming Potential 
(GWP) 

SS Heat Island Reduction   

1.9 Non-Renewable Primary 
Energy Demand (PEnr) 

EA Minimum Energy 
Performance 

ENE-01 Reduction of energy use and 
carbon emissions 

    EA Optimize Energy Performance     

2.3 Thermal Comfort EQ Thermal Comfort HEA-04 Thermal comfort 

2.8 Operation Comfort         

2.4 Indoor Air Quality EQ Minimum Indoor Air Quality 
Performance 

HEA-02 Indoor air quality 

https://en.wikipedia.org/wiki/Albedo
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  EQ Enhanced Indoor Air Quality 
Strategies 

  

    IN Innovation INN Innovation 

4.5.3 Potential non-technical barriers to smart coating identified  

The analysis performed with AMS highlighted some possible issues with health and safety 

regulations. Potential exposures to engineered nanoparticles (ENPs) through contact with 

consumer products or air, water, and food sources may represent a potential threat to human 

health 

Although the use of ENPs is predicted to lead to the development of new products in many 

sectors, concerns have been raised regarding potential risks that may result from exposure 

during the product life-cycle (i.e., manufacture, use or misuse, and disposal) (U.S. 

Government Accountability Office, 2010) (Hansen, 2009). The current proliferating and 

diverse use of ENPs in consumer products and fuel additives, for example, is expected to 

increase emissions of NPs to the environment (Mueller & Nowack, 2008). Actual ENP 

emissions versus NP emissions from natural and incidental sources are not known. 

Realistic exposure assessment is hampered by the paucity of knowledge regarding the 

source and fate of NPs in the environment, and the lack of analytical methods capable of 

quantifying NPs in environmental matrices; however, existing data regarding particulates and 

ultrafine particles, mineral fibres, and metal fumes may provide insights into potential risks of 

NPs. 

Analytical methods to detect and quantify concentrations of ENPs in the environment are still 

under development (Scown, et al., 2010). Consequently, little is known about the actual 

concentrations of ENPs in air, soils or water, or their transport and fate in environmental 

matrices (Cassee, et al., 2011). Current obstacles to the development of reliable analytical 

methods are detection limits that are not sufficiently low to detect environmentally relevant 

concentrations of ENPs and a high background of NPs derived from natural and incidental 

sources (Baun, et al., 2009). There is also lack of clarity regarding relevant exposure metrics 

(such as shape, surface area, or agglomeration state). It is unlikely that exposure 

assessments, based solely on the concentration or mass of a material in a particular 

environmental medium, will always adequately characterize the relevant attributes of ENPs 

(Abbott & Maynard, 2010). 

Once in the environment, ENPs may undergo diverse physical, chemical, and biological 

transformations (e.g., deposition, adsorption, agglomeration, aggregation, and 

oxidation/reduction reactions), potentially altering biological impact and fate (Klaine, et al., 

2008). Certain local environmental factors (e.g., pH, salinity, microbes, and natural organic 

matter) may affect the reactivity, mobility, and toxicity of ENPs (Scown, et al., 2010). The 

environmental release of ENPs may potentially result in the contamination of drinking water 
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and uptake into the human food chain. In addition, bio-persistence in the environment must 

be considered (Helland, et al., 2008). Possible routes of human exposure to ENPs include 

inhalation, ingestion, and dermal uptake.  

There is no conclusive evidence linking exposure to NPs from air, water, or food sources or 

from the use and disposal of consumer products to negative impacts on human health. 

Toxicology studies on animal models and animal and human cell lines are available and toxic 

effects have been identified; however, the relevance and implications of these findings for 

human populations are still not clear. Epidemiologic studies, with realistic exposures to NPs, 

are lacking. 

Due to these uncertainties, the development of legislation applicable to the smart nano-

coating technology proposed is still underway. Recent regulatory initiatives include the 

development of: working definitions for nanomaterials, including their behavior (e.g., 

aggregation/agglomeration); labelling requirements for products containing NPs; collecting 

existing data and product information for current ENP manufacturers and users, as well as 

other testing; and addressing data gaps in the field of toxicology and exposure assessment. 

The scientific community is facing the challenge of developing new risk assessment 

methodologies capable of identifying exposure characteristics and adverse health effects of 

NPs. 

4.6 Daylight strategies 

4.6.1 Overview of daylight strategies 

For the main atrium and indoor mall corridors, the concept developed by BLL-DURLUM 

foresees the implementation of a “modular roof structure” which allows the integration of 

different roof elements, according to the specific building demand.  

The “modular roof structure” is designed to combine different components, including: 

 Sun Shading Grid (Micro Sun Shield Louver): an element that almost fully reflects direct 

incident sunlight, but is permeable to the diffuse component of the sky, thus generating 

uniform distribution of daylight and prevent the building from high thermal loads; 

 Sun Harvesting Grid: functioning as a filter to exploit the direct sun light and redirect part 

of the solar radiation to the task area while critical areas are protected; 

 Artificial Light Element with Photovoltaic (Solar Protection Grid): combining opacity 

against excessive solar radiation, solar radiation harvesting on top by means of a PV 

element, integration of a mirror for artificial lighting at the under sight of the element. 

The aim is to achieve a good daylight impression in the atria, avoid direct sunlight on critical 

surfaces for a longer period and restrict the daylight factor to a maximum of 5 to 10% 
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(resulting in illuminance values of up to 1,000 lx for an overcast sky in summer) for enhanced 

visual perception. Besides these visual parameters thermal comfort will be improved. 

For daylight harvesting in shops which have an access to the roof, light tubes are also 

proposed. Light tubes consist of cylindrical tubes with highly reflective material, introducing 

daylight in interior spaces. Light is induced evenly via a glass dome into the tube and 

transmitted to the room, and provides daylight effectively despite of great room height to the 

task area.  This system is highly adaptable according to the specific building, as the structure 

and their components are adaptable to different building requirements like adding a fresnel 

element can reduce glare and defines angle of reflection Integration with natural ventilation 

and artificial lighting is also investigated. 

4.6.2 Interdependencies with sustainability indicators 

The use of the proposed technologies allows reaching the best possible evaluation in green 

building certification schemes, both in quality/comfort and energy-efficiency categories, since 

it provides exceptional and innovative performance.  

First of all, an effective daylighting strategy, controlling the harvesting of natural light within 

appropriate levels and combining it with control systems that reduce electric lighting, can 

radically reduce energy consumption. Therefore, the proposed technologies contribute to the 

achievement of requirements classified under the Non-Renewable Primary Energy Demand 

(1.9) indicator in the Open House system. 

Specifically, the LEED prerequisite Minimum energy performance is satisfied, since the 

developed technology (together with Artificial Lighting solutions described in §4.12) provides 

substantially uniform illumination with a limited maximum lighting power allowance according 

to ASHRAE 90 Standard. As regards the Optimize energy performance credit, a reduced 

lighting power density can be achieved (e.g. 35% below ASHRAE 90 standards results in 5 

rating points).  

Moreover, since the Modular Roof solution developed integrates PV as one element to 

increase self-supply of the building (ideally used directly at nearby consumers like drives or 

control units), credits for Renewable energy production can be obtained. 

Other relevant parameters are those related to the quality of indoor environment, and 

particularly visual quality, i.e.: Visual Comfort (2.7), Operation Comfort (2.8). The proposed 

integration of daylight strategies in innovative building envelope elements can also be 

relevant for the Quality of the building shell (4.6) Open House indicator. 

The LEED system, in particular, has a dedicated credit for Daylight, demanding the provision 

of manual or automatic glare-control devices for all regularly occupied spaces, plus the 

demonstration of spatial daylight autonomy or the achievement of required illuminance levels 

for daylit floor area. The daylight technologies proposed in CommONEnergy project are 
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effective to attain this credit: the use of electrical lighting is significantly reduced, building 

occupants achieve a connection with the outdoors, their circadian rhythms are reinforced.  

Another relevant LEED credit is Quality views. It rewards the provision to building occupants 

of a visual connection to the outdoor environment through a direct line of sight to the 

outdoors. The modular roof developed can provide project-specific layout of different 

elements in a way to give building occupants a connection to the natural building 

environment. 

The strategy is also eligible to gain credits for Integrative process, since it supports high 

performance through an early analysis of the interrelationships among systems. After the 

analysis of parameters involved, the Modular Roof can actually create project-specific and 

balanced integrative behavior: shading (thermal behavior), active solar technology (energy 

generation by integrated PV), passive solar technology (solar harvesting grid: connect to 

outdoors but prevent glare), integration of artificial light (provide energy-efficient electrical 

lighting). 

Finally, as regards credits for Innovation, the lighting concept of “zoning with perceived 

brightness” achieves significant, measurable environmental performance using a strategy not 

addressed in the LEED green building rating system 

In the following Table 4.6 a summary of interdependencies with Open House, LEED and 

BREEAM indicators is provided. 

Table 4.6: Daylight Strategies interdependencies with sustainability indicators 

DAYLIGHT STRATEGIES 

OPEN HOUSE LEED v4 BREEAM 2015 

1.9 Non-Renewable Primary 
Energy Demand (PEnr) 

EA Minimum Energy 
Performance 

ENE-01 Reduction of energy use and 
carbon emissions 

    EA Optimize Energy 
Performance 

    

1.10 Total Primary Energy 
Demand and Percentage of 
Renewable Primary Energy 
(Petot) 

EA Renewable Energy 
Production 

  

2.7 Visual Comfort EQ Daylight HEA-01 Visual comfort 

2.8 Operation Comfort       

    EQ Quality Views     

4.6 Quality of the building shell       

5.2 Integrated Planning IP Integrative process MAN-01 Sustainable procurement 
(Integrated design process 
credit) 

    IN Innovation INN Innovation 
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4.6.3 Potential non-technical barriers to daylight strategies identified  

As pointed out in CommONEnergy D2.2 and D3.7, the use of daylight as preferred lighting 

source not only improves energy saving, but also provides psychological, physiological and 

biological benefits for the occupants; however, daylight utilization in retail environment is still 

low. At the moment, no explicit requirements for daylight exist for shopping malls, therefore 

shops in retail centers and mall shops often lack an adequate natural lighting source. For 

example, in Italy (e.g. Modena demo case) requirements for daylighting are set at local level 

(municipal building codes); but these are general provisions more related to health and 

hygiene of all types of buildings (in terms of access to natural light and ventilation) than 

targeted at energy efficiency. No particular legislative instruments are considered to act as 

barrier for the implementation of the proposed solution; however, a review of the current 

legislation, requiring specific levels of daylighting for commercial buildings, in view of 

potential energy savings, could be beneficial for the spread of the technologies developed. 

The implementation of daylight requirements in shopping malls should take into account 

some common reference standards, such EN 14501 for thermal and visual comfort and DIN 

5034 for daylight harvesting in interior rooms. 

In addition, some broader issues emerged from the consultation with BLL and DURLUM as 

potential issues hampering a wider deployment of the technology, namely: 

 integrative solutions for energy efficiency are difficult to reach in a shopping center due to 

divided responsibilities: center management for common areas, shop tenants for shop 

areas; 

 costs: some shop types/retail branches, e.g. supermarkets or small shops do not invest 

much in quality technology, e.g. high quality luminaires or monitoring systems; 

 energy efficiency is of minor importance, measures related to this may never reduce 

turnover. Some energy-saving technologies - like daylight harvesting – show evidence 

that turnover can be increased but difficult to evaluate. On the other hand, light tubes 

may generate increased thermal dispersions, due to the creation of thermal bridges with 

opposite effects on winter/summer seasons. 

The proposed strategies already have a high degree of valorization in green building 

certification schemes in their current form; nevertheless, other criteria can be added in such 

protocols to further enhance the valorization of the proposed technology, for example: 

 quality/comfort criteria for artificial lighting and daylighting (especially when rating 

advanced systems or application specific systems) become quite complex and cannot be 

sufficiently covered by conventional parameters as horizontal illuminance. A perception 

study carried out by BLL and DURLUM showed that vertical illuminance (measured at the 

observer’s eye when looking into the room) plays an important role. There is much 
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research for these refined parameters at the moment, but they are mostly not manifested 

in the certification schemes; 

 direct and quick quantitative evaluation of the impact of a quality change (e.g. comfort) on 

energy demand is not well identifiable in the existing certification schemes in their current 

form. It should be introduced some metric indicating quality of light / energy consumption 

rather than only amount of light / energy consumption. 

4.7 Thermo-acoustic envelope components 

4.7.1 Overview of thermo-acoustic envelope solutions  

Task 3.9, developed by D’Appolonia, is dedicated to develop a new concept of thermo-

acoustic elements dedicated to shopping malls (or more in general to commercial buildings) 

incorporating two different functionalities: acoustic absorption and good thermal behavior. 

The solution exploits “Isobel” material, a flexible sheet with high versatility characteristics 

suitable for building applications, for example for ensuring the renovation of internal walls 

damaged by cracks, fissure, partial peeling or flaking of paint or plaster, providing also a 

good thermal insulation of the building and acoustic absorption. The combination with an 

additional layer fully dedicated to sound absorption is also considered. After a research, the 

R&D group has selected a company selling a special acoustic absorbent material of 1cm to 

5cm thickness, the “Artolis Acoustic ®”. 

4.7.2 Interdependencies with sustainability indicators 

Due to thermal/acoustic insulation and sound absorption properties of the technology, the 

relevant indicators in the Open House classification are Non-Renewable Primary Energy 

Demand (1.9), Thermal Comfort (2.3), Acoustic Comfort (2.6), Operation Comfort (2.8). 

Characteristics of sound insulation might affect Noise from Building and Site (2.12), Noise 

protection criteria as well (4.5). 

In particular, LEED has two specific credits for Minimum acoustic performance and Acoustic 

performance. These credits are mostly intended for buildings with particular acoustic 

requirements (such as schools, hospitality, healthcare centers), but are also applicable to 

new construction in general, including shopping malls. The requirements are given in terms 

of sound transmission between adjacent spaces and from the exterior, admitted 

reverberation time, background noise levels and sound reinforcement. The acoustic solutions 

provided by CommONEnergy may relate to the first two criteria. 

The BREEAM category for Acoustic Performance, instead, foresees one credit for indoor 

ambient noise and sound insulation, one credit for reverberation times and up to four credits 

for meeting more restrictive acoustic performance standards and testing requirements. 
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In the following Table 4.7 a summary of interdependencies with Open House, LEED and 

BREEAM indicators is provided. 

Table 4.7: Thermo-acoustic Envelope Components interdependencies with sustainability indicators 

THERMO-ACOUSTIC ENVELOPE COMPONENTS 

OPEN HOUSE LEED v4 BREEAM 2015 

1.9 Non-Renewable Primary 
Energy Demand (PEnr) 

EA Minimum Energy 
Performance 

ENE-01 Reduction of energy use and 
carbon emissions 

    EA Optimize Energy 
Performance 

    

2.3 Thermal Comfort EQ Thermal Comfort HEA-04 Thermal comfort 

2.6 Acoustic comfort EQ Minimum Acoustic 
Performance 

HEA-05 Acoustic performance 

    EQ Acoustic Performance     

2.8 Operation Comfort       

2.12 Noise from Building and 
Site 

EQ Acoustic Performance POL-05 Reduction of noise pollution 

4.5 Noise Protection EQ Acoustic Performance   

4.6 Quality of the building shell         

    IN Innovation INN Innovation 

4.7.3 Potential non-technical barriers to thermo-acoustic envelope components identified  

The principal non-technical barriers related to thermo-acoustic internal components are 

related to the adoption of standards and regulations concerning noise absorption. The 

reference norm for acoustic absorption is UNI EN ISO 354: “Measurement of sound 

absorption in a reverberation room”. A thermo-acoustic wall paper must also comply with the 

typical requirements for wall finishing products (e.g. fire resistance and flammability 

requirements).  

Within task 3.9, a survey regarding the applicability of UNI EN ISO 354 in the US and the 

European countries was made by interviewing the CommonEnergy partners having relevant 

expertise in this field. This search was integrated by analyzing the tender specifications for 

construction of shopping malls that have been published in the last years. The result of this 

survey showed that the UK or the USA tend to apply TSE and ISO standards, Noise Control 

Regulation, Environmental impact and evaluation regulations inside the terms of reference of 

tenders to contractors while the other European countries (usually) do not require them. In 

general, it can be observed that the main focus in selecting passive components is towards 

the achievement of the required transmittance U level, while the reverberation time tends to 

be corrected (at high cost) afterwards once that the spaces have been allocated to the users 

and furnished. 
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4.8 iBEMS 

4.8.1 Overview of iBEMS technology 

Within CommONEnergy project an iBEMS (intelligent Building Energy Management System) 

specifically designed for shopping centres was conceived. Such technology recommends or 

automatically implements energy saving control strategies both at sub-system (e.g. HVAC, 

electric, hydraulic) and device level, thus allowing the passive and active technology 

solutions, developed within the project as independent systems/subsystems (HVAC, lighting, 

refrigeration, energy use, etc.), to be conveniently combined in solution-sets, according to 

energy needs and profiles of the target shopping center buildings.  

A dedicated concept architecture for shopping malls has been developed; the iBEMS 

architecture and the relative physical layouts on building systems side (HVAC, lighting, 

refrigeration, …) has been proposed, as well as that on electrical grid (RES production and 

storage) and building external services side (such as electrical mobility). The system 

architecture foresees at least one central Automation Server to which different subsystems 

can be connected, like: 

 lighting system solution both artificial and daylight systems; 

 refrigeration system; 

 HVAC system; 

 energy storage solutions: (i) Solar thermal (ii) Hydrogen “batteries” and (iii) Electrical 

batteries; 

 electrical micro-grid; 

 electrical mobility. 

4.8.2 Interdependencies with sustainability indicators 

The iBEMS integrated approach allows the management of all building systems through a 

single user interface; therefore, it is relevant for the attainment of credits in green building 

certification schemes related to the Integrated Planning (5.2) Open House Indicator. 

Besides the general credits for reduction of energy consumption, the proposed technology 

enables the achievement of some specific credits for the monitoring and management of 

energy demand, such as BREEAM’s Energy Monitoring or LEED’s Building-Level Energy 

Metering, Advanced Energy Metering and Demand Response. 

In the following  

Table 4.8 a summary of interdependencies with Open House, LEED and BREEAM indicators 

is provided. 
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Table 4.8: iBEMS interdependencies with sustainability indicators 

IBEMS 

OPEN HOUSE LEED v4 BREEAM 2015 

1.9 Non-Renewable Primary 
Energy Demand (PEnr) 

EA Minimum Energy 
Performance 

ENE-01 Reduction of energy use and 
carbon emissions 

    EA Optimize Energy 
Performance 

    

  EA Building-Level Energy 
Metering 

ENE-02 Energy monitoring 

  EA Advanced Energy Metering   

  EA Demand Response   

5.2 Integrated Planning IP Integrative process MAN-01 Sustainable procurement 
(Integrated design process 
credit) 

    IN Innovation INN Innovation 

4.8.3 Potential non-technical barriers to iBEMS identified  

The iBEMS developed by Schneider is a tool for the central management of systems in 

shopping malls used for overviewing and verifying the performance of the other systems. The 

iBEMS is used for collecting measurements and for applying control rules to the active 

systems (e.g. artificial lights, refrigeration, etc.). As emerged by the consultation with 

Schneider developers, the EN 15232 is the technical standard which describes how the 

iBEMS should work for application in buildings. 

The standard EN 15232 (“Energy performance of buildings – Impact of Building Automation, 

Controls and Building Management”) is the starting point for the implementation of active 

systems for energy efficiency in buildings. The standard describes methods for evaluating 

the influence of building automation and technical building management on the energy 

consumption of buildings. In particular, this standard introduces a classification of control 

devices of buildings technical equipment in four efficiency classes (from A to D) and two 

calculation methods (one detailed and one simplified) to estimate the impact of automation 

and control systems on buildings energy performance.  

The efficiency classes established by the standard are: 

 class D "Non-energy-efficient BACS": includes traditional technical systems lacking 

automation and control, not efficient from the energy point of view; 

 class C " Standard BACS" (benchmark): corresponds to plants with traditional Building 

Automation and Control Systems (BACS) achieving minimum performance levels 

compared to their real potential; 

 class B (Advanced BACS and some TBM functions): includes systems with advanced 

Building Automation and Control Systems also having some specific Technical Home and 
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Building Management (TBM) functions for centralized and coordinated management of 

individual systems; 

 class A (High-energy performance BACS and TBM): corresponds to BACS and TBM 

systems featuring levels of accuracy and completeness of the automatic control such as 

to ensure the highest energy performance of the system. This might include: control of 

heating and lighting at room level, total interconnection between heating and cooling; 

demand or presence-dependent air-conditioning and ventilation controls at room level, 

variable set-point with load-dependent compensation for supply temperature, humidity 

control for room; automatic daylight and lighting controls; blind control integrated with 

lighting and HVAC systems. 

These classes apply to both domestic and non-domestic buildings. The standard delegates 

public authorities to: 

 define minimum requirements for BAC and TBM functions for new buildings, as well as 

for renovation 

 define inspection procedures to check is the level of BAC and TBM functions is 

appropriate; 

 define calculation methods which take into account the impact of BAC and TBM functions 

on the energy performance of buildings 

However, no minimum performance levels for active control systems are currently required 

by law for shopping malls: very few national building codes (an exception is provided by the 

UK building regulations) reference the EN 15232 standard. 

The definition of calculation methods for energy performance taking into account BAC and 

TBM functions still has to be developed as well. To this purpose, in order to avoid normative 

overlapping, it is necessary to keep separated the aspects of passive energy efficiency (e.g. 

consumption of a generator, as it functioned continuously) and aspects of active energy 

efficiency (e.g. automation functions, designed to make the generator function only when 

required). 

4.9 Smart integration in energy grid 

4.9.1 Overview of smart integration in energy grid solutions 

The activity focuses on the investigation of different general scenarios – electrical and 

thermal – suitable for application in shopping centers.  

The proposed electric scenarios include: 

 scenarios based on Micro-grid using PV – Wind turbine – Storage (Micro-grid with/without 
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RES participation, Micro-grid as stand-alone system with RES participation); 

 scenarios based on Electric Vehicle – PV – Storage. 

Some thermal scenarios, based mainly on heating with storage and refrigeration are also 

assessed. Moreover, the integration of electrical and thermal scenarios (with or without RES 

participation) is evaluated, including: 

 scenarios based on cogeneration;  

 scenarios based on trigeneration. 

4.9.2 Interdependencies with sustainability indicators 

Strategies for smart integration in the energy grid may allow achieving credits in green 

building certification schemes in categories related to reduction of energy demand and 

production of energy from renewable energy sources. The related indicators are those 

identified in the Open House system as Non-Renewable Primary Energy Demand (1.9) and 

Total Primary Energy Demand and Percentage of Renewable Primary Energy (1.10). In 

addition, smart grid solutions allow the attainment of some specific credits for the monitoring 

and management of energy demand, such as BREEAM’s Energy Monitoring or LEED’s 

Building-Level Energy Metering, Advanced Energy Metering and Demand Response. 

Another relevant indicator is Integrated Planning.  

In the following Table 4.9 a summary of interdependencies with Open House, LEED and 

BREEAM indicators is provided. 

Table 4.9: Smart Integration in Energy Grid interdependencies with sustainability indicators 

SMART INTEGRATION IN ENERGY GRID 

OPEN HOUSE LEED v4 BREEAM 2015 

1.9 Non-Renewable Primary 
Energy Demand (PEnr) 

EA Minimum Energy 
Performance 

ENE-01 Reduction of energy use and 
carbon emissions 

    EA Optimize Energy 
Performance 

    

1.10 Total Primary Energy 
Demand and Percentage of 
Renewable Primary Energy 
(Petot) 

EA Renewable Energy 
Production 

  

    EA Building-Level Energy 
Metering 

ENE-02 Energy monitoring 

    EA Advanced Energy Metering     

    EA Demand Response     

5.2 Integrated Planning IP Integrative process MAN-01 Sustainable procurement 
(Integrated design process 
credit) 

    IN Innovation INN Innovation 
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4.9.3 Potential non-technical barriers to smart integration in energy grid identified  

A detailed analysis of interaction with local energy grids in different EU countries has been 

presented in deliverable D2.4, investigating shopping center interaction, key aspects of the 

national electrical grids, potentials between the shopping centers and the electrical grid, 

typical energy profiles and consumptions of shopping malls, and factors that could influence 

the interaction, such as climatic, urban, and energy production/distribution context.  

In the present section, the focus is on regulatory and legislative issues, since national 

regulatory frameworks, together with the existence and typology of incentive schemes, are 

essential boundary conditions to catalyze or hamper the development of renewable energy 

market.  

Almost every EU country has adopted a national scheme to regulate electricity self-

consumption. From the analysis of the different national schemes in EU countries, different 

approaches emerge on how prosumers' excess electricity is remunerated: 

 Self-consumption and Feed-in Tariff/premium approach - Under this scheme, designed to 

accelerate investment in renewable energy technologies, the prosumer receives 

compensation above retail price for non-consumed electricity injected into the grid. In 

order to promote direct consumption, only electricity self-consumed above a given rate 

(e.g. 30%) can receive premium tariff. This approach works as a bridge to grid parity, but 

market development needs to be closely monitored, in order to avoid overcompensation 

risk; 

 Net metering approach – Under this scheme, excess electricity fed into the grid can be 

used at a later time: in practice, the grid itself works as a storage system for the 

prosumers. The electricity exported is valued at the same price than the electricity bought 

from the grid; this means that, in most cases, the remuneration (made at retail price) 

exceeds the value of that generation to the electricity system. This system has proven 

effective to jump-start distributed energy markets, but it does not take into account the 

variation of the real value of electricity over time. Under net billing approach, conversely, 

the value of the excess electricity fed into the grid is calculated. This value can be used 

as a credit for future withdrawals, or is paid to the prosumer; 

 Self-consumption and market value approach – In this case, the electricity that is not self-

consumed is rewarded at market price (this implies, for example, lower tariffs for energy 

fed in during certain parts of the day). This scheme incentivizes on-site consumption and 

is regarded as the most sustainable approach by the EC Best Practice guidelines. 

As regards the contribution to the financial sustainability of the electric grid system, another 

topic under discussion is whether, and to which extent, prosumers shall contribute to grid 

costs and other system charges. In many cases, self-consumed electricity is exempted from 
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such charges; this can be regarded as reasonable, as this energy remains within the 

customer’s premise and is not released into the public network. Nevertheless, it has to be 

considered that Distributed System Operators' (DSO) costs depend heavily on peak capacity 

(i.e. the maximum amount of electricity installed that distribution grids need to deal with), 

rather than on the variations in the distributed volumes of electricity. In case of large-scale 

deployment of self-consumption, these costs may not decrease unless the generated 

electricity is self-consumed during peak hours: this might therefore affect the remuneration of 

DSOs and consequently the electricity tariffs of consumers. 

Electric energy tariffs are usually structured into one, or a combination, of the following 

components: 

 capacity-based (€/kW) – depending on the peak load (consumers with high peak loads 

pay the highest network costs); 

 volumetric (€/kWh) – depending on the amount of electricity consumed. The price per 

kWh may be fixed, directly/inversely proportional to consumption levels, or dependent on 

the time of use; 

 flat (€/point of delivery). 

Most EU countries currently charge grid costs in the volumetric tariff, but an increasing 

tendency in charging them in the capacity component of the tariff is arising. This reflects the 

fact that grid costs are mainly capacity-driven. 

Annex 1 of EU Commission Staff working document “Best Practice On Renewable Energy 

Self-Consumption” (European Commission, 2015), presents a summary table of national 

schemes for self-consumption of renewable energy. 

Table 4.10: Self-consumption schemes (European Commission, 2015): 

Member 
State  

Remuneration for self-consumed or surplus 
electricity sold to the grid  

Grid and system cost contribution  

Austria  Private purchase agreement (PPA)  >25 MWh/y pay 1.5 € cent/kWh on SC electricity  

Croatia  PV system <300 kWp, 80% at the FiT rate  Exempted  

Denmark  FiT (0.08 €/kWh)  < 50kW: no taxes or PSO charge  

> 50kW: no RES surcharge  

Cyprus  PV system< 500kWp, 5 MW yearly cap (under 
revision), no compensation  

Fixed Network charges:  

H. Voltage 1.31 € cent/kWh  

M. Voltage 1.63 € cent/kWh  

L. Voltage 2.01 € cent/kWh  

RES levy 0.5 € cent/kWh  

Public service obligation 0.134€cent/kWh  

Germany  < 90% production: applicable FIT or FIP rate  

> 90% production, either:  

a) average spot market price for solar energy (4-5 
€ct/kWh)  

b) income from electricity sale (market or PPA) plus 
management premium of 1.2 €ct/kWh (decreasing to 
0.7 €ct /kWh by 2015)  

Before 01/08/2014 : exempted 

After 01/08/2014 : exempted if < 10 kWp and < 10 
MWh/year  

If >10 kWp or > 10 MWh/y : subject to reduced RES-
surcharge:  

30% by end 2015  

35% by end 2016:  
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PV system > 100 kWp (from 2016): market price  40% by end 2017  

Finland  Private purchase agreement (PPA)  <100 kVA or 800,000 kWh, exempted from electricity 
tax, electricity transfer fee, and VAT  

- fixed part of the grid charge applies  

France  Under discussion  

Italy  <20 MWe: private purchase agreement (PPA)  < 20kW, exempted from grid and system costs  

20-200kW partially exempted  

>200kW exempted only from system costs  

Latvia  Regulation still to be adopted  

Malta  Private purchase agreement (PPA)  Exempted  

Portugal  Average Iberian electricity market price minus 10%  If SC systems capacity <1% of total power capacity 
(TPC): SC exempted  

>1% and <3%, SC pays 30% grid fees, >3%, SC pays 
50% grid fees  

Spain  Up to 100 kWp, regulation still to be adopted  

Slovakia  Household with voltage level <0.4/0.23kV, 
connection capacity<16 A  

No compensation for excess power  

Regulations still to be adopted  

United 
Kingdom  

PV and wind systems < 50 kWp: generation tariff + 
export premium of 4.77p £/kWh for up to 50% of 
excess power fed into the grid  

> 50 kWp and < 5 MWp : Feed-in-tariff  

Exempted  

 

Table 4.11: Net metering schemes (European Commission, 2015) 

Member State  Eligibility requirements  Netting 
period  

Electricity compensation  Capacity cap  

Belgium  RES systems connection  

<10 kVA (5 kVA in Brussels) 
~ +/-12 kWp  

Yearly  All categories of PV owners.  N/A  

Cyprus  Household and municipal PV 
systems < 3 kW  

Yearly  - Retail price  

- Subsidy of 900 Euro/kW for 
vulnerable consumers  

10 MW per year  

Denmark  Non-commercial RES 
systems <6 kW  

Hourly  Retail price  N/A  

Greece  PV systems <20 kWp  Yearly  Retail price  N/A  

Italy  RES systems:  

<200kW (after 31/12/2007)  

<500kW (after 1/01/2015)  

Yearly  Net-billing system: remuneration 
based on time-of-use price  

N/A  

Hungary  Household and commercial 
RES systems <50 kW, 
connection size <3x63A  

Negotiated 
with DSO 
(monthly, half-
yearly or 
yearly)  

Retail price, which is free from 
system charges.  

N/A  

Latvia  Household RES systems <11 
kW, with installation <400V 
and <16A per connection  

Yearly  Retail price  N/A  

Netherlands  Connection size  

<3x80A  

Yearly  Retail price  N/A  
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Member State  Eligibility requirements  Netting 
period  

Electricity compensation  Capacity cap  

Poland  RES systems <40kW  Half-yearly  < 10 kW : Feed-in tariffs (15 years): 
~ €0.18 per kWh per below 3 kW; 
€0.11 per kWh for below 10 kW 
projects.  

> 10 kW and < 40 kW: 100% of the 
average sales price of electric 
energy on the competitive market in 
the preceding quarter  

300 MW for 
systems <3kW; 
500 MW for 
systems <10 kW  

Sweden  RES systems connection size 
<100A  

Yearly  Tax reduction: 0.60 SEK (~6 €cent) 
per kWh of RES reduction, but at 
least an equal amount of electricity 
should be bought from the grid. Tax 
reduction for delivery up to 30 
MWh/y  

For up to 30,000 
kWh, or 18,000 
SEK per year  

 

The European Best Practice on Renewable Energy Self-Consumption points out that 

preference should be given to self-consumption schemes over net metering schemes. 

Shopping malls present a favorable energy profile for self-use, since solar energy generation 

happens mainly during the demand peak for shopping malls. Some factors typical of the 

commercial sector (e.g. higher self-consumption ratio, lower PV system installed costs 

compared to residential installations) may act as economic drivers to improve the 

attractiveness of a PV investment for commercial prosumers. However, often these drivers 

are counterbalanced by other aspects (e.g. lower electricity rates and higher expectations for 

return of investment). Even when favorable market conditions are met, shopping malls 

encounter significant barriers related to internal decision-making processes and other 

behavioral barriers (e.g., lack of information on available technology, high levels of risk 

aversion regarding future changes in energy prices, limited strategic importance attached by 

stakeholders to energy management). 

A recent report released by IEA-RETD focuses on commercial prosumers and analyses 

economic, behavioral, and technological drivers as well as national conditions that are either 

supporting or hampering the growth of prosumers in the commercial building sector (IEA-

RETD, 2016). According to this study, due to the lack of supportive policies and regulations, 

there are not yet the ideal conditions for commercial prosumer growth to occur on a market-

driven or unsubsidized way. The slow emergence of commercial prosumers can be attributed 

to unattractive economics and/or to the presence of more attractive alternatives to onsite 

consumption (e.g. feed-in tariff payments set above the retail rate). Therefore, policy makers, 

regulators, and utilities need to develop strategies to better anticipate, integrate, and plan for 

a growing number of commercial prosumers. These might include developing new market 

structures for excess generation, as well as new regulations governing grid access and 

network charges.  

The development of unambiguous legal definitions of prosumers, the harmonization of grid 

connection procedures and the introduction of clear rules to regulate electricity injected into 
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the grid, are important strategies for encouraging both commercial and residential 

prosumers. However, the size and specificity of the commercial sector requires focused 

policy interventions, targeting specific barriers to RES adoption in retail buildings. Targeted 

interventions to support the growth of commercial prosumers could include: 

 development of policies to remunerate excess generation specifically targeted at 

commercial RES projects, only in the case not all the produced energy is used internally. 

For countries where commercial retail prices of energy are high, remuneration of 

electricity injections could be below the full retail rate, and would therefore differ from 

traditional net metering, in order to avoid excess compensation and encourage efficient 

use. In countries where commercial retail rates are low, rates offered for electricity fed 

into the grid should be planned as slight premium to the commercial retail rate paid, in 

order to drive adoption. 

 development of programs and instruments specifically aimed at supporting decision 

making in shopping centers, taking into account the complexities of internal decision 

making related to energy issues. Factors such as building ownership type, ownership 

strategy, lease type, lease duration, and property management strategy, among others, 

can each have bearing on RES investment decisions. 

The Spanish regulatory framework – Valladolid case study 

During the consultation phase with ACCIONA, a regulatory barrier that is likely to obstacle 

the shift to renewable energy sources and self-consumption models in Valladolid demo case 

was highlighted, related to the new Spanish Self-Consumption Law (Real Decreto 900/2015, 

approved on 9/10/2015). Due to the present-day importance of the topic, and to the 

relevance of Spanish legislation for one of the CommONEnergy demo sites, a further 

investigation of the topic was carried out.  

This law regulates the administrative, economic and technical conditions for electricity supply 

based on self-consumption and production with self-consumption. RD 900/2015 comes to 

specifically cover the legal vacuum existing in this matter and is having serious 

consequences for the photovoltaic sector and potential consumers, to the extent that it will be 

most probably shortly repealed. Although self-consumption was already actually allowed, it 

was not quite specifically regulated, mentions included in previous laws and norms were 

scarce and ambiguous, and overall of a technical character5. 

                                                

5 The main changes introduced in the Spanish legislation during the last years regarding or affecting self-

consumptions have been the following: 

- Real Decree 1699/2011 of 7 December: first specific law of self-consumption, while pending of the 
further power sector reform. Installation of batteries is not permitted. 

- Real Decree-law 1/2012 of 27 January: announcing the elimination of premiums for renewable 
technologies. Until then, there was a quota system, reducing the premium quantity in successive calls. 
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Here below a summary of the main features of RD 900/2015 that generated a generalized 

criticism among associations in the field of renewable energy, is depicted: 

 the law applies to any facility covered by a self-consumption modality, with the exception 

of isolated facilities (i.e. not connected to the grid) and energy generation units used 

exclusively in the event of power failure;  

 the law does not provide a net metering or net billing scheme, and it does not recognize 

the figure of prosumer. Instead, two self-consumption modalities are established:  

o Type 1 – with max. 100kW power capacity installed, Type 1 is legally considered 

as a mere consumer. The RD prohibits PV systems up to 100 kW from selling 

electricity; instead, their owners are required to donate the extra electricity to the 

grid for free, 

o Type 2 – refers to a consumer in a single facility or supply point, which is 

associated to one or several production facilities. Systems over 100 kW must 

register in order to sell electricity in the spot market for the excess power they 

generate. Type 2 has two distinct legal personalities: consumer and producer. 

The producer must become an entrepreneur and it is legally considered like any 

other type of producer, considering in this case PV self-consumption as an 

economic activity for which they have to tribute like any other entrepreneur;  

 both types of self-consumers are subject to a backup charge divided in two parts: a fixed 

part on the installed capacity (€/kW) on one hand; and a variable part on the electricity 

self-consumed (€/kWh) on the other hand. Exceptions are only applied to self-consumers 

with power not exceeding 10 kW, facilities outside of the mainland and cogeneration up 

to year 2020; 

 for PV systems up to 100 kW the owner of the installation must be the owner of the 

contract with the electricity company, while community ownership is prohibited altogether 

for all sizes of self-consumption systems. The use of a power generation facility by 

different consumers is forbidden: under no circumstances may a generator be connected 

to an interior grid comprising several consumers, thus preventing the installations in 

                                                                                                                                                   

- Law 15/2012 of 28 December: a generation tax is applied, of 7% for photovoltaics technologies. 

- Throughout 2013 a draft version of the future law of self-consumption, establishing an electric toll for the 
energy generation, is leaked. It is the precedent of the current legislation. The mere threat of the 
obligation to pay paralyzes the photovoltaics sector, already quite slowed down. 

- Ministerial Order 1491/2013 of 3 August, by means of which the relative weight of the contracted power 
term in the electricity bill is increased, discourages investments in renewable energies and energy saving 
measures. 

- Real Decree 413/2014 of 6 June: premiums for existing renewable energy systems are retroactively 
reduced. 
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many typologies of buildings (including shopping malls) and hampering the diffusion of 

the technology in urban areas; 

 batteries are permitted, but an electric toll for the energy generation is finally established, 

with the complaints of the sector and the consumers; 

 the law is retroactive; thus, all existing self-consumption PV installations need to comply 

with the new regulations. Consumers wishing to be covered by any of the self-

consumption modalities must either request a new connection or modify the existing 

connection, and sign an access agreement or modify an existing one; 

 self-consumers will have a period of 6 months to register in the Electricity Self 

Consumption Administrative Register. A fine system with important penalties is 

envisaged for anybody failing to register a self-consumption facility. 

This set of duties has been called “sun tax” by its detractors. In fact, it represented a clear 

barrier to the implementation a new energy models based on renewable energies. 

In Graz Economics Paper GEP 2015-07 (Lopez Prol & Steininger, 2015), a profitability 

analysis is carried out in order to assess the impact of the new regulation in Spain on the 

profitability of potential investors of different segments (residential, commercial and 

industrial). The paper demonstrates that the current regulation will hinder the diffusion of PV 

grid-connected systems for self-consumption applications, as it makes them economically 

infeasible for all segments. 

This can be further verified by means of quick numerical simulations. Three different cases 

are analyzed in the following table. As an example of the current regulatory framework in 

Spain, investment costs, savings, charges and payback times are calculated for three 

common scenarios, depending on the different tariffs contracted for different sectors 

(residential, small-medium size enterprise, industrial installation). 

Table 4.12: Simulation of investment costs, savings, charges and payback times for three scenarios 

 Scenario 1 Scenario 2 Scenario 3 

 Installation of 2.5 kWp single-
family house (tariff 2.0A of 
RD900/2015) 

Installation of 20 kWp for a 
small or medium-sized 
enterprise (tariff 3.0A of 
RD900/2015) 

Installation of 150 kWp for an 
industrial building (tariff 6.1A 
of RD900/2015) 

Total cost 8,750 € (4,500 € without batteries) 32,000 €. 225,000 € 

Yearly power 
generation 

3,564 kWh 28,509 kWh 213,814 kWh 

Energy 
consumption 
saving 

493 €/year 2,950 €/year 15,682 €/year 

Charges - 645 €/year 2,630 €/year 

PBT 17 years 

Considering that the lifetime of the 
batteries is around 5-7 years, 
benefits would not be practically 
not-existent. 

14 years 17+ years 
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 Scenario 1 Scenario 2 Scenario 3 

Comments In other countries there is a net 
energy balance in such a way that 
the surplus energy can be injected 
into the grid and used when needed 
by the consumer in the absence of 
abusive taxes on the generation 
activity. However, according to the 
RD 900/2015, there was no 
retribution for the injected power 
with less than 10 kW installed. Thus, 
batteries would be needed to 
capitalize the investment; while, the 
consumer would be free of 
generation toll (self-consumer Type 
1), because the contracted power 
would be lower than 10 kW. 

 

Anyway, it would be impossible to 
design a grid connected self-
consumption system economically 
viable with this regulatory 
framework. 

In this case there is convergence 
between consumption and 
production hours, in such a way 
that a batteries system is not 
necessary. 

The return on investment would 
be 14 years. Before the 
establishment of the return toll it 
had has just 11 years. 

In this case, the price of energy is 
lower, so the return on 
investment would be more than 
17 years. Before the 
establishment of the return toll it 
had has around 14 years. 

In this scenario (self-consumption 
Type 2) it would be possible to 
sell the surplus generated energy 
to the electricity companies, but 
the economic conditions are 
worst compared with the previous 
legislation, having difficulty to 
return the initial investment in a 
short time. 

 

From a critical point of view, the Spanish government seems to support last century’s energy 

model, characterized by big energy companies dominating the electricity market, and 

excluding new actors participating in the electricity market, particularly final consumers. 

Nevertheless, relevant politic changes are taking place in Spain, with possible new 

government of an opposite political signal. Old and new political parties with possibilities for 

government have already signed an agreement on the basis of which the current law could 

be repealed, with the support of the industry, consumers and other stakeholders. 

4.10 Electrical energy storage 

4.10.1 Overview of electrical energy storage solutions 

As regards energy storage, a prototype of batteries with management control system has 

been developed by EURAC to be integrated in the iBEMS. 

Two different technologies have been studied: batteries (with the contribution of Nilar) and 

hydrogen storage (developed by ITM Power).  

The battery solution will allow:  

 to collect excess of energy from renewable energy sources when available;  

 to collect cheap energy from AC grid when tariffs are low;  

 to provide energy to applications (such as EV link) when demand arises.   
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4.10.2 Interdependencies with sustainability indicators 

Energy storage systems can earn credits in green building certification schemes in 

categories related to limitation of non-renewable energy consumption and to renewable 

energy use, since they increase the share of self-consumed renewable energy. The related 

indicators are those identified in the Open House system as Non-Renewable Primary Energy 

Demand (1.9) and Total Primary Energy Demand and Percentage of Renewable Primary 

Energy (1.10). 

Version V4 of the LEED certification scheme has introduced a specific credit for Demand 

Response as well, requiring the application of strategies for load shedding or shifting; energy 

storage systems can be helpful to reduce peak demand by learning the building energy 

profile and shifting to stored energy when demand costs are high. 

In the following Table 4.13 a summary of interdependencies with Open House, LEED and 

BREEAM indicators is provided. 

Table 4.13: Electrical Energy Storage interdependencies with sustainability indicators 

ELECTRICAL ENERGY STORAGE 

OPEN HOUSE LEED v4 BREEAM 2015 

1.9 Non-Renewable Primary 
Energy Demand (PEnr) 

EA Minimum Energy 
Performance 

ENE-01 Reduction of energy use 
and carbon emissions 

    EA Optimize Energy 
Performance 

    

1.10 Total Primary Energy 
Demand and Percentage of 
Renewable Primary Energy 
(Petot) 

EA Renewable Energy 
Production 

  

    EA Demand Response     

    IN Innovation INN Innovation 

4.10.3 Potential non-technical barriers to electrical energy storage identified  

On the basis of the consultation with EURAC, the existence of some barriers hampering the 

deployment of storage systems emerged. The development of a pilot stand-alone application 

made it possible to realize the existing obstacles, particularly in the Italian case. According to 

EURAC experience, today the slow diffusion of electrical energy storage systems in Italy is 

mainly due to issues related to three areas of interests: economic, legislative and safety. 

In the Italian case, as regards the economic aspect, the presence of the net metering/net 

billing scheme (“Scambio sul posto”) makes the use of energy storage not advantageous 

from an economic point of view. Indeed, with net-metering, the energy produced by a PV 

system in surplus of the load is fed into the grid and valorized by the GSE (Gestore dei 

Servizi Energetici). On the other side, when the production from PV is not enough to supply 

the load, the missing power can be taken from the grid with limited economic impact. The 
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electrical grid can thus be considered as a “virtual” storage and until the difference between 

the price of the kWh to/from the grid is under a certain value, it is more convenient from an 

economical point of view when the production and the consumption are simultaneous. On the 

contrary, if the production and consumption happens in different time period and the values 

are similar, the energy storage applications become interesting. 

An in-depth analysis of the economic viability of electrochemical storage systems in the 

Italian case has been carried out by ANIE (ANIE, RSE, 2015). 

According to this report, due to the current high market prices and the existing national 

regulatory framework, storage systems turn out to be economically profitable only in some 

specific situations (such as in minor islands not connected to the national grid).  

Another issue is related to technical norms regulating energy storage. From the legislative 

point of view, in Italy the connection of active and passive users to low and medium voltage 

networks is regulated by two standards, i.e. CEI 0-21 and CEI 0-16. The evolution of these 

norms is currently underway; the last releases of both of them were published in December 

2014. Since both the photovoltaic and the storage system can be regarded as active and 

active/passive users respectively, the CEI norms have to be taken into account. In the 

norms, it is well specified that the storage system connected in parallel with the grid are 

required to provide support to the electric network through ancillary services (so called 

“servizi di rete”) in order to maintain grid stability and security.  

From the technical compliance standpoint, this is not an issue for PV systems, because the 

PV inverter can provide the necessary services for the grid or can be updated/upgraded to 

do so. Moreover, some PV inverters compliant with CEI 0-21:12-2014 already come with an 

embedded storage system (mainly Li-based batteries). Technical difficulties arise for the 

installation of storage systems combined with old PV systems and when a different storage 

system (e.g. made by different manufacturer) needs to be connected to a new PV 

installation. In both cases a dedicated inverter needs to be installed for the storage system 

capable of providing grid servicing. In this case, it is necessary to verify the compliance of a 

possible inverter with the current norms. During the Italian demo case implementation 

emerged that there are very few inverters on the market that could comply with the Italian 

norms related to coupling a storage system to the electricity grid.  

There is also an economic issue related to the provision of ancillary services. Even though 

storage systems can contribute to the stability of the electric network through the supply of 

ancillary services, currently the provision of such services is not adequately rewarded in 

many EU countries.  

Many studies have been conducted on the different values and ancillary services that energy 

storage can provide to the electricity grid. These services and the value they create generally 

flow to one of three stakeholder groups: customers, utilities, transmission system operators 
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(Fitzgerald et al., 2015). Energy storage can make customers profit from backup power, 

increased self-consumption (in relation to the topics explored in §4.9), time-of-use bill 

management; while the network benefits from key services for ensuring supply security. 

Among these services there are:  

 Frequency regulation – required for balancing differences between electricity supply and 

demand; 

 Spinning/Non spinning Reserve – able to serve load in less than ten minutes, in response 

to unexpected fluctuations in demand or supply.  Required because demand can vary on 

short timescales and rapid response is needed;  

 Voltage Support – required to ensure reliable and continuous electricity flow across the 

power grid; 

 Black Start – needed to re-start power stations in the event of a grid outage. 

In some Northern European countries (e.g. Denmark) non-programmable renewable energy 

sources connected to the transmission network are enabled to sell ancillary services, such as 

primary, secondary and tertiary control reserve, as well as voltage control. It is evident that, 

in this kind of system, such services are far more rewarded than in other countries where, in 

view of today's market structure, they are still poorly attractive. For example, primary reserve 

control in the German market is partly remunerated, according to the capacity made 

available for the service, up to 4,000 € / MW / week (ANIE, RSE, 2015). 

In other countries, such as Italy, with the current remuneration scheme of ancillary services, 

the revenues generated by batteries are far from cover investment costs, which are still very 

high.  

Therefore, when the contribution of storage systems is considered necessary to the overall 

security of the grid, as the current are by now insufficient, a different remuneration scheme 

should be identified, such a capacity-based remuneration. If storage systems can also be 

functional to the network, for example for the primary reserve service that they can provide, 

the service shall be recognized and remunerated at the right price, defined under market 

conditions. 

Lastly, as regards safety issues, it has to be pointed out that there are not explicit safety 

norms dedicated to the energy storage systems; the ones used also for Uninterruptible 

Power Supply (UPS) or other electrical devices are applied. The possibility to have dedicated 

safety norms shall be further explored. 
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4.11 Refrigeration system 

4.11.1 Overview of refrigeration solutions 

The proposal for refrigeration systems focused on the development of two main concepts:  

 long-term solutions for environmentally friendly refrigeration as a standalone system also 

in warm and hot climate;  

 integration of refrigeration with the most common HVAC system of a shopping center. 

Several concepts have been investigated, the most promising have been prototyped or 

installed in field test for further analysis. 

The following prototypes have been assembled: 

 R744 trans-critical system for small store consisting in an all-in-one solution able to 

actively provide three temperature stage heat recovery plus A/C thermal power;  

 R744 trans-critical heat pump for domestic hot water production on demand. The units 

have been investigated as standalone unit and as coupled with refrigeration system; 

 R744 trans-critical heat pump for heating system. The units have been investigated as 

standalone unit and as coupled with refrigeration system; 

 prototyping of a R744 trans-critical as well as R410A variable speed water loop 

technology. The unit has been investigated both for low temperature and medium 

temperature application. 

The following field tests have been done: 

 R744 trans-critical system with LPT technology has been test directly in real store in 

North of Italy; 

 distributed refrigeration through water loop variable speed technologies has been test 

directly in real store in Center of Italy. 

4.11.2 Interdependency with sustainability indicators 

Besides the overall performance indicators related to energy consumption, green building 

certification schemes recognize some credits specifically related to HVAC&R systems. 

LEED credit Optimize Energy Performance sets specific requirements for retail and for 

refrigeration in particular, taking into account the effect of energy performance improvements 

for refrigeration and requiring the calculation of energy savings with a simulation program 

designed to account for refrigeration equipment. 

Moreover, LEED certification has a prerequisite (Fundamental Refrigerant Management) 

requiring not using chlorofluorocarbon (CFC)-based refrigerants in new HVAC&R systems 
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and a specific credit (Enhanced Refrigerant Management) rewarding the use of refrigerants 

that have an ozone depletion potential (ODP) of zero and a global warming potential (GWP) 

of less than 50.  

BREEAM has a category related to Impact of refrigerants (POL-01), aiming at reducing the 

level of greenhouse gas emissions arising from the leakage of refrigerants from building 

systems. It rewards measures such as: use of refrigerants with ODP=0 and GWP≤10, use of 

systems with low Direct Effect Life Cycle CO2 equivalent emissions (DELC CO2e), installation 

of automated leak detection systems. Furthermore, design options intended to achieve best 

practice energy efficiency of the cold storage equipment are incentivized under the Energy 

efficient cold storage (ENE-05) category. 

Credits for Integrated planning are also likely to be achieved, due to the integration of HVAC 

and Refrigeration proposed. 

In the following Table 4.14 a summary of interdependencies with Open House, LEED and 

BREEAM indicators is provided. 

Table 4.14: Refrigeration System interdependencies with sustainability indicators 

REFRIGERATION SYSTEM 

OPEN HOUSE LEED v4 BREEAM 2015 

1.9 Non-Renewable Primary 
Energy Demand (PEnr) 

EA Minimum Energy 
Performance 

ENE-01 Reduction of energy use and 
carbon emissions 

    EA Optimize Energy 
Performance 

ENE-05 Energy efficient cold storage 

  EA Fundamental Refrigerant 
Management 

POL-01 Impact of refrigerants 

  EA Enhanced Refrigerant 
Management 

  

2.3 Thermal Comfort EQ Thermal Comfort HEA-04 Thermal comfort 

2.8 Operation Comfort       

5.2 Integrated Planning IP Integrative process MAN-01 Sustainable procurement 
(Integrated design process 
credit) 

    IN Innovation INN Innovation 

4.11.3 Potential non-technical barriers to refrigeration solutions identified  

Being a commercial company aiming at short-term exploitation of the developed 

technologies, EPTA has proposed ready-to-market solutions. These compliant with all 

current regulations, including the European standard EN 378 (fundamental set of regulations 

addressing all sorts of topics concerning refrigeration systems), EU and national directives 

and health and safety regulations. In particular, the proposed technologies implement the 

new European F-gas regulation, which came into effect on 1st January 2015 and calls for a 

phase down of HFC consumption starting from 2015.  
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EN ISO 23953 "Refrigerated Display Cabinets - Vocabulary, classification, requirements and 

test conditions" is the basic standard used for energy consumption measurement of 

refrigerated display cabinets for the sale and/or display of food products. 

However, some measures that could be taken at regulatory level to incentivize the uptake of 

high efficiency solutions have been identified during the consultation with EPTA, and in 

particular: 

 the applicability of the proposed water loop system could benefit from a regulation that 

allows evaluation of part load all year round or seasonal energy performance; 

 an approved regulation applicable for ECODESIGN to Commercial Display Cabinet, 

which is absent today, could promote the adoption of high efficiency options. 

ErP Directive "Eco-Design Requirements for Energy Related Products” (2009/125/EC) has 

introduced energy efficiency labeling in the sector of white goods for mass and fully 

industrially produced devices, like refrigerators and dish washers. Each family of products 

(eg televisions, light bulbs, etc.) is covered by a "lot". Refrigerated commercial display 

cabinets have been studied in the framework of ENER Lot 12, but the rules are still being 

drafted due to various delays. An approach to system efficiency has been proposed in 

standard VDMA 24247 series. The German refrigeration industry founded a national working 

group 'Energy efficiency of refrigerating systems' in 2008 for preparing the VDMA 

Specification (VDMA-Einheitsblatt) 24247 'Energy efficiency of refrigerating systems'. VDMA 

24247 is cited in studies for preparation of the legal implementation of the Eco-Design 

Directive. Particularly VDMA24247-4 Part 4: Supermarket refrigeration, commercial 

refrigeration, refrigerated cabinets is the standard dealing with measurement and efficiency. 

Most of the refrigerating systems used in commercial refrigeration are combined individually 

and completed in situ. For this reason, the so-called remote refrigerating systems cannot be 

evaluated by an efficiency label for the individual components; the standard thus proposes a 

key figure for assessment of all remote refrigerating systems of different store formats 

ranging from discount stores to supermarkets or hypermarkets (VDMA, 2011). 

Another issue reported by EPTA regards a lack of common standards for the connection and 

integration of refrigeration systems with other systems on the smart grid. This can be 

considered as a both technical and regulatory barrier, due to the fact that no standard, 

proprietary or open source, has yet prevailed on the market. Reported problems in 

integration HVAC-Refrigeration are mainly due to:  

 lack of standards aligning the technical modalities of exchange between HVAC and 

refrigeration systems; 

 different phasing between building/HVAC design phase and refrigeration systems design 

phase.   
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4.12 Artificial lighting 

4.12.1 Overview of artificial lighting solutions 

At this stage, the four lighting concepts here below are under development, and three of 

them will be finalized as prototype:  

 General Retail Lighting (GRL); 

 Projector/Mirror-System for glass-covered atria; 

 LED Wallwasher with high lumen output; 

 Zoom Spot with flexible light distribution. 

High-tech appliances for lighting are an increasing key trend in retail. The proposed solutions 

include features like detailed monitoring of energy demand broken down to load types or 

lighting management with sophisticated scenarios. The basis for a wider use of high-tech 

solutions in lighting technology are given by the digitalisation of light with LED which enables 

a greater and easier control over lighting features, e.g. dimming. This also responds to 

increased quality requirements in the commercial sector towards experience-orientated 

“event” shopping. 

4.12.2 Interdependencies with sustainability indicators 

The use of the proposed technologies allows achieving high scoring in green building 

certification schemes. Firstly, the proposed technologies contribute to the achievement of 

requirements classified under the Non-Renewable Primary Energy Demand (1.9) indicator in 

the Open House system. As already stated in §4.6, LEED prerequisite Minimum energy 

performance, the developed technology (together with Daylight Strategies4.12) provides 

substantially uniform illumination with a limited maximum lighting power allowance according 

to ASHRAE 90 Standard. Regarding the Optimize energy performance credit, a reduced 

lighting power density can be achieved (e.g. 35% below ASHRAE 90 standards results in 5 

rating points).  

As regards energy metering, LEED prerequisite Building Level Energy Metering is satisfied 

through the collection of local energy management data in order to track building-level 

energy use. Moreover, LEED credit for Advanced energy metering is fulfilled as well, by 

means of the “Green lighting box”; a pre-configured control and monitoring system for shops, 

supporting energy management and identifying opportunities for additional energy savings. 

Besides the general indicators on electric energy consumption, green building schemes 

generally have indicators related to the quality of indoor lighting, defined under the Visual 

Comfort category in the Open House system. 
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LEED has a specific credit (Interior Lighting) focusing on artificial lighting, rewarding its 

quality – in terms of luminance of light fixtures, Color Rendering Index, rated life of the light 

sources, surface reflectance and illuminance levels – and the possibility of individual control. 

The BREEAM system, instead, has a more general category of Visual Comfort (HEA-01) 

taking into account both daylighting, artificial lighting and user control; as regards artificial 

lighting, the relevant requirements are related to illuminance levels, glare control, zoning and 

occupant control of light fixtures.  

The artificial lighting technologies proposed in CommONEnergy project are effective to 

achieve score in the aforementioned criteria. As regards lighting quality, the proposed 

solution has the following features: low luminaire luminance, controlled beam angle, high 

CRI, tunable white for a adaption of light color milieu to strengthen circadian rhythm, high 

rated life, high fraction of direct, precise light. For what concerns lighting control, multi-zone 

lighting control meets group needs and does provide lighting scenes; presentation walls in 

shops are separately operated. 

Finally, as explained in §4.6, the credit for Innovation is also likely to be achieved.  

In the following Table 4.15 a summary of interdependencies with Open House, LEED and 

BREEAM indicators is provided. 

Table 4.15: Artificial Lighting interdependencies with sustainability indicators 

ARTIFICIAL LIGHTING 

OPEN HOUSE LEED v4 BREEAM 2015 

1.8 Light Pollution SS Light Pollution Reduction POL-04 Reduction of night time light 
pollution 

1.9 Non-Renewable Primary 
Energy Demand (PEnr) 

EA Minimum Energy 
Performance 

ENE-01 Reduction of energy use and 
carbon emissions 

    EA Optimize Energy 
Performance 

    

  EA Building-Level Energy 
Metering 

ENE-02 Energy monitoring 

  EA Advanced Energy Metering   

2.7 Visual Comfort EQ Interior Lighting HEA-01 Visual comfort 

2.8 Operation Comfort         

5.2 Integrated Planning IP Integrative process MAN-01 Sustainable procurement 
(Integrated design process 
credit) 

    IN Innovation INN Innovation 

4.12.3 Potential non-technical barriers to artificial lighting solutions identified  

As regards compliance to legislative requirements and technical standards, EN 12464-1 

(“Lighting of indoor workplaces”) is the main technical standard for lighting interior spaces 

and retail zones, setting minimum requirements concerning illuminance, Unified Glare Rating  
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(UGR), Color Rendering Index (CRI), U0 uplight rating and modelling. General requirements 

can be divided into three groups: 300 lx zone for retail, 500 lx zone for cash registry and 500 

lx for packing zone. For each zone is also prescribed a minimum CRI of 80 and a glare 

factor. As it has already been pointed out in CommONEnergy deliverable D 2.2, however, 

minimum requirements for illuminance level, as determined by EN 12464-1, are not very 

relevant in practice. The actual illuminance levels in shopping malls are usually much higher, 

since EN 12464-1 aims at setting requirements for working spaces, and does not consider 

the lighting levels required to support sale activities effectively. 

Some further technical standards are specifically dedicated to artificial lighting. The standard 

DIN 5035 – 6 sets a protocol for the measurement and rating of artificial light sources (in 

laboratory and in field measurements) in terms of compliance with the minimum 

requirements, and EN 60598-1 prescribes general requirements and tests for luminaires. As 

regards the effects of artificial lighting on health and wellness of occupants, the technology 

has to comply with IEC 62471 prescriptions for the photo-biological safety of lamps and lamp 

systems, while DIN SPEC 67600 is the technical standard dealing with biologically effective 

lighting. 

Even though no specific barriers related to legislative instruments emerged, some other 

issues came out from the consultation with BLL/DURLUM developers. As already mentioned 

in §4.6, due to the issue of split responsibilities between center management and shop 

tenants (the former concerned for common areas, the latter for shop areas), the 

implementation of integrative energy efficient solutions for artificial lighting encounters 

several problems. Not all shop types or retail branches are willing to invest money in quality 

technology, such as monitoring solutions or high quality fixture, and therefore the application 

of comprehensive and integrated solutions, requiring a broader agreement among tenants, is 

hampered. 

In addition, the performance of lighting systems should be assessed by means of more 

sophisticated methodologies, in order to distinguish high-quality solutions. As already pointed 

out in §4.6 for daylight strategies, more refined parameters and criteria related to comfort and 

quality could be added in certification schemes and performance assessment methods, in 

order to further reward the implementation of quality artificial lighting. The conventional 

parameters (e.g. horizontal illuminance) are unable to describe the diversity of factors that 

come into play (e.g. according to perception studies carried out by BLL and DURLUM, 

vertical illuminance at the observer’s eye has an important role). Moreover, it should be 

introduced in certification schemes a parameter enabling a more direct evaluation of the 

impact of a quality change, by means of metrics indicating quality of light / energy 

consumption rather than only amount of light / energy consumption. 
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4.13 Building Integrated Electric Mobility System 

4.13.1 Overview of BiEMS technology 

The concept is the development of a “BiEMS - Building integrated Electric Mobility System” 

where the charging solution for electrical vehicles and their integration in the shopping centre 

are developed. The Building Integrated Electric Mobility (B.I.E.M) System is composed of a 

battery storage unit which is connected to the grid, a PV system (panel with an inverter) and 

a system for charging Electrical Vehicles, everything controlled by a common software (Task 

4.2, the iBEMS). 

Also some hydrogen mobility scenarios are developed, namely hydrogen fork-lift trucks 

(consuming nominally 1kg of hydrogen per day each), hydrogen range extender vans 

(consuming 1-1.5kg/day), and the refuelling of customer fuel cell cars (requiring up to 5kg 

each) at small and large scales. In addition, a use case will be considered for a power-to-gas 

plant at the shopping center injecting hydrogen or SNG (Synthetic Natural Gas) into the 

natural gas grid. 

4.13.2 Interdependencies with sustainability indicators 

The LEED and BREEAM protocols have specific credits (respectively Green Vehicles and 

Sustainable Transport Solutions), rewarding the installation of electrical vehicle charging 

equipment in parking spaces surrounding the building.  

In the following Table 4.16 a summary of interdependencies with Open House, LEED and 

BREEAM indicators is provided. 

Table 4.16: Building Integrated Electric Mobility System interdependencies with sustainability indicators 

BUILDING INTEGRATED ELECTRIC MOBILITY SYSTEM 

OPEN HOUSE LEED v4 BREEAM 2015 

1.9 Non-Renewable Primary 
Energy Demand (PEnr) 

EA Minimum Energy 
Performance 

ENE-01 Reduction of energy use and 
carbon emissions 

    EA Optimize Energy 
Performance 

    

1.10 Total Primary Energy 
Demand and Percentage of 
Renewable Primary Energy 
(Petot) 

      

    EA Demand Response     

5.2 Integrated Planning IP Integrative process MAN-01 Sustainable procurement 
(Integrated design process 
credit) 

    LT Green Vehicles TRA-01 Sustainable transport 
solutions 

    IN Innovation INN Innovation 
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4.13.3 Potential non-technical barriers to BiEMS identified  

All the parts of the BIEM (EV-Charger, Battery storage, PV systems) are used for the 

production, storage and distribution of electrical energy; the topic has therefore already been 

partially covered in paragraphs regarding Smart Integration in Energy Grid (§4.9) and 

Electrical Energy Storage (§4.10). From the consultation with Schneider developers, 

although, the following considerations emerged: 

 for the battery storage unit no particular barriers were found;  

 the PV system is used to charge only the battery storage unit and is connected to the 

power grid. For this reason, it is treated differently and it does not affect the stability of the 

power grid;  

 concerning the Electrical Vehicle charging stations, they can only charge the Electrical 

Vehicles and they are seen only as a load. The scenario of power demand response 

developed during the CommONEnergy project has been only evaluated theoretically 

since the legislation in Italy, where the prototypes are installed, does not allow power to 

be provided by the vehicles to the grid. The problem with the Italian legislation (CEI 0-21) 

is that the battery storage system (and in general all the active system) should provide 

grid services. Currently there are few inverters in the market which provide these 

services. This means that "the market" is not ready to this. The problem is not technical 

but it can be seen that it is preferred to use the PV systems to charge storage systems in 

isle mode, rather than providing the energy to the grid. The BIEM Scenarios will be tested 

and simulated in the Bolzano test-lab avoiding this problem; 

 the individual technologies that constitute the BIEMS system (EV-Charger, Battery 

storage, PV systems) are technologies already present on the market, however, there is 

no specific standard for the combination of the systems yet. For the charging stations, the 

reference standard is IEC 61851-1. The rule prescribes an electronic control unit that 

uses a "universal" communication system between the station and the vehicle through a 

PWM (Pulse Width Modulation) circuit, necessary to ensure the safety of the charging 

process, both for users and to avoid damages of the vehicle battery pack. 
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5 Position paper 

The Building Codes EU Framework 

From the analysis of the building codes framework, it can be revealed that large variations 

exist among the European countries in setting and applying the requirements for new 

buildings and renovation of existing buildings. For instance, the whole building approach or 

the single element requirements for consideration of renovation practices are applied with 

different priorities in the different Member States. 

 

The CommONEnergy Perspective 

The experience gained within CommONEnergy project highlighted the need of harmonization 

in the future revision of national building codes, in particular to overcome the variety of 

calculation methods used to measure compliance and major differences in definitions.  

Among the aspects of such challenge, a major issue is represented by the need of allocating 

specific indications to the sector of shopping centers, which are currently considered within 

the wide group of non-residential or commercial buildings, without further specifications.  

It should be also highlighted that a refinement of building energy performance labels or 

certificates is required to provide information to owners, buyers and renters that incorporate 

and valorize the specific benefits emerging from advanced strategies for retrofitting. 

Moreover, the analysis of the potential non-technological barriers for the innovative solutions 

developed within CommONEnergy Project allowed identifying additional needs such as: 

 to afford high initial investment costs; 

 to split incentives between tenants and landlords; 

 to enhance the awareness of efficient technologies; 

 to grow qualified technicians. 

Therefore, in the light of the considerations related to the barriers potentially hampering the 

deployment of innovative solutions within shopping malls, a set of generic recommendations 

can be highlighted, together with a list of specific topics for single proposed solutions. 

General recommendations 

As a general consideration that may apply to all technologies, building codes should not only 

set minimum requirements for compliance, but they should also stimulate the adoption of 

best practice by rewarding the implementation of high performance solutions. Incentives and 

other financing tools should therefore be established to support the uptake of new 
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technologies and high-efficiency solutions and equipment. The recognition of best practice 

might build on established green building certification systems; nevertheless, these schemes 

need continuous improvement, since there still are some important gaps hampering the full 

valorization of innovative technologies.  

Calculation tools and simulation methods should be able to cope with the complexities 

introduced by advanced and dynamic technologies. The performance of innovative 

technologies needs to be assessed in a reliable and comparable way, through standardized 

measurement and verification protocols, providing consistent framework and benchmarks. In 

relation to this, it is also important to acknowledge the most recent research updates for 

more refined and suitable performance indicators describing advanced building components 

and to implement such indicators in certification schemes, technical standards, national 

requirements and local building codes. 

Currently, shopping centers are considered in building codes within broader categories (e.g. 

non-residential buildings, commercial buildings) without further specifications: policymakers 

and local decision-makers should assess the specific needs and draw appropriate indications 

and guidelines targeted at shopping malls to include in national and local regulations. In 

particular, to address complexities of the decision making process for commercial buildings, 

specific tools should be put in place.  

In addition, policymakers are required to develop strategies for commercial prosumers, in 

order to create favorable conditions for the generalized uptake of RES in shopping malls, 

including: planning new energy market structures, developing policies for remuneration of 

excess generation, introducing new regulations for grid access and network charges. 

In the light of these considerations, general recommendations include: 

 provide minimum requirements for compliance in building codes, but also reward the 

adoption of best practice (high performance solutions) in order to maximize the energy 

saving potential of the building; 

 acknowledge research for more refined and suitable performance indicators for advanced 

building components and implement such indicators in building codes and national 

requirements; 

 start a process of harmonization aimed to provide equivalent thresholds among the EU 

countries in the application of EPBD Directive;  

 define incentives and other measures to support the introduction and uptake of new 

technologies and high-efficiency solutions and equipment; 

 promote green leases in order to address the issue of unfair distribution of cost/benefits 

between owners and tenants, thus aligning the financial and energy incentives of building 
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owners and tenants and enabling them to work together for the efficient operation of 

buildings; 

 develop programs that specifically target areas of decision making for commercial 

buildings, so that policymakers and local decision-makers can assess the institutional 

needs of specific commercial entities (e.g. shopping malls) and draw appropriate local 

regulation. For commercial buildings where onsite technical know-how is a serious 

human resource challenge, for example, focused training programs or on-call technical 

assistance for innovative technological solutions can be provided.  

Specific recommendations to overcome non-technical barriers   

In relation to each specific technology developed in CommONEnergy project, the following 

policy recommendations can be suggested. 

Ventilative cooling 

 provide guidelines for the proper design and control of hybrid ventilation systems, in order 

to exploit natural driving forces (wind and stack effect); 

 provide tools to enable the simple and consistent evaluation of the performance of 

automated ventilative cooling systems in standards and regulation, such as the adoption 

of methods of calculation allowing taking into account dynamic aspects and the adoption 

of standards to evaluate performance after installation; 

 define common standard requirements for anti-intrusion measures, such as burglary and 

insect-proof devices. 

Thermal zoning optimization 

 revise the standards addressing thermal comfort by rethinking the notion in a broader and 

more holistic way, i.e. taking into account dynamic, integrated, and participatory aspects, 

in order to avoid the potential occurrence of spot conflicts with the standard prescriptions. 

Modular multi-functional climate-adaptive façade 

 develop a specific measurement and verification protocol for adaptive facades; 

 adopt methods of calculation allowing taking into account dynamic aspects;  

 find more suitable performance indicators for dynamic building envelopes. 

Green integration 

 implement specific building code guidelines and requirements related to green roofs and 

walls (such as German FLL guidelines); 

 implement building permit regulations where green envelope can contribute to enhance 

the bioactive area rate of building land (see Polish regulations for building permit: 
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Regulation of the Minister of Infrastructure of 12 April 2002 on the technical conditions to 

be met by buildings and their location (Journal of Law 2002 No 75,690)); 

 support a balanced sharing of costs and benefits between owners and tenants, in order 

to respond to higher maintenance costs of vegetated roofs and façades, e.g. through the 

establishment of Green Leases. 

Smart coatings 

 acknowledge the most updated evidences from scientific research in order to consider 

and assess the effects of engineered nanoparticles (ENPs) on health and environment, in 

order to develop a clear legislative framework regarding the use of engineered 

nanoparticles (ENPs) in building applications; 

 develop standardized procedures to assess the energy performance of construction 

products containing ENPs. 

Daylight strategies 

 adopt explicit requirements for daylight in shopping malls;  

 introduce parameters to evaluate not only energy saving but also improvements in quality 

change (e.g.: comfort). 

Thermo-acoustic envelope components 

 create specific standards for the evaluation of shopping malls acoustic comfort, in 

particular reverberation in common areas.   

iBEMS 

 introduce minimum performance requirements for active control systems for shopping 

malls (EN 15232 standard classification). 

Smart integration in energy grid 

 encourage practices aimed to make on-site renewable generation accessible to a larger 

number of users, such as joint purchasing programs or leasing models involving third 

parties guarantee;; 

 develop strategies to anticipate, integrate, and plan for a growing number of commercial 

prosumers, e.g. including new market structures for excess generation (where this 

occurs), as well as new regulations governing grid access and network charges. On one 

side, for countries where commercial retail prices of energy are high, remuneration of 

electricity injections could be below the full retail rate, and would therefore differ from 

traditional net metering, in order to avoid excess compensation and encourage efficient 

use. On the other side, for countries where commercial retail rates for energy are low, 

rates offered for electricity fed into the grid should be planned as slight premium to the 
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commercial retail rate paid, in order to drive adoption; 

 encourage the installation of smart meters in order to facilitate understanding and 

possible choice of different electricity market options; 

 encourage demand side flexibility, promoting demand response and distributed energy 

storage. 

Energy storage 

 identify specific remuneration schemes for the provision of ancillary services, such as 

capacity-based remuneration. If storage systems can also be functional to the network, 

for example for the primary reserve service that they can provide, the service shall be 

recognized and remunerated at the right price, defined under market conditions. 

Refrigeration system 

 introduce a regulation that allows evaluation of partial load over a year or seasonal 

energy performance in order to valorize the benefits related to the application of the 

proposed water loop system; 

 introduce a specific Eco-Design regulation applicable to Commercial Display Cabinet, in 

order to promote the choice of high efficiency options; 

 set standards aligning the technical modalities of exchange and phasing between HVAC 

and refrigeration systems. 

Artificial lighting 

 introduce parameters to evaluate not only energy saving but also improvements in quality 

change (e.g. comfort), in coherence with the recommendation proposed for daylight 

strategies. 

BIEMs 

 remove the barriers for the adoption of EV-Charger, Battery storage, PV systems (please 

see above) in order to consequently facilitate the deployment of BIEMs systems; 

 develop guidelines for the correct design of charging stations, since current projects are 

heterogeneous and sometime lack in security;  

 standardize and make fiscally correct the payment process. 
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7 Appendix A – List of Open House Indicators 

OPEN HOUSE INDICATORS 

1. ENVIRONMENTAL QUALITY 

1.1 Global Warming Potential (GWP) 

1.2 Ozone Depletion Potential (ODP) 

1.3 Acidification Potential (AP) 

1.4 Eutrophication Potential (EP) 

1.5 Photochemical Ozone Creation Potential (POCP) 

1.6 Risks from materials 

1.7 Biodiversity and Depletion of Habitats 

1.8 Light Pollution 

1.9 Non-Renewable Primary Energy Demand (PEnr) 

1.10 Total Primary Energy Demand and Percentage of Renewable Primary Energy (Petot) 

1.11 Water and Waste Water 

1.12 Land use 

1.13 Waste 

1.14 Energy efficiency of building equipment (lifts, escalators, etc) 

2. SOCIAL-FUNCTIONAL INDICATORS 

2.1 Barrier-free accessibility 

2.2 Personal Safety and Security of Users 

2.3 Thermal Comfort 

2.4 Indoor Air Quality 

2.5 Water Quality 

2.6 Acoustic comfort 

2.7 Visual Comfort 

2.8 Operation Comfort 

2.9 Service Quality 

2.10 Electro Magnetic Pollution  

2.11 Public Accessibility 

2.12  Noise from Building and Site 

2.13 Quality of the Design and Urban Development of the building and Site 

2.14 Area Efficiency 

2.15 Conversion Feasibility 

2.16 Bicycle Comfort 

2.17 Responsible Material Sourcing 

2.18 Local Material 

3. ECONOMIC INDICATORS 

3.1 Building-related Life Cycle Costs (LCC) 

3.2 Value Stability 
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4. TECHNICAL CHARACTERISTICS 

4.1 Fire Protection 

4.2 Durability of the structure and Robustness 

4.3 Cleaning and maintenance 

4.4 Resistance against hail, storm high water and earthquake 

4.5 Noise Protection 

4.6 Quality of the building shell 

4.7 Ease of Deconstruction, Recycling and Dismantling 

5. PROCESS QUALITY 

5.1 Quality of the Project’s Preparation 

5.2 Integrated Planning 

5.3 Optimization and Complexity of the Approach to Planning 

5.4 Evidence of Sustainability during Bid Invitation and Awarding 

5.5 Construction Site impact/ Construction Process 

5.6 Quality of the Executing Contractors/Pre-Qualification 

5.7 Quality Assurance of Construction Execution 

5.8 Commissioning 

5.9 Monitoring, Use and Operation 

6. LOCATION 

6.1 Risks at the Site 

6.2 Circumstances at the Site 

6.3 Options for Transportation 

6.4 Image and Condition of the Location and Neighborhood 

6.5 Vicinity to amenities 

6.6 Adjacent Media, Infrastructure, Development 
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8 Appendix B – List of LEED BD+C V4 Credits 

LEED BD+C V4 CATEGORIES 

LOCATION&TRANSPORT 

LT LEED for Neighborhood Development Location 

LT Sensitive Land Protection 

LT High Priority Site 

LT Surrounding Density and Diverse Uses 

LT Access to Quality Transit 

LT Bicycle Facilities 

LT Reduced Parking Footprint 

LT Green Vehicles 

SUSTAINABLE SITES 

SS Construction Activity Pollution Prevention 

SS Environmental Site Assessment 

SS Site Assessment 

SS Site Development—Protect or Restore Habitat 

SS Open Space 

SS Rainwater Management 

SS Heat Island Reduction 

SS Light Pollution Reduction 

SS Site Master Plan 

SS Tenant Design and Construction Guidelines 

SS Places of Respite 

SS Direct Exterior Access 

SS Joint Use of Facilities 

WATER EFFICIENCY 

WE Outdoor Water Use Reduction 

WE Indoor Water Use Reduction 

WE Building-Level Water Metering 

WE Outdoor Water Use Reduction 

WE Indoor Water Use Reduction 

WE Cooling Tower Water Use 

WE Water Metering 

ENERGY AND ATMOSPHERE 

EA Fundamental Commissioning and Verification 

EA Minimum Energy Performance 

EA Building-Level Energy Metering 

EA Fundamental Refrigerant Management 

EA Enhanced Commissioning 
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EA Optimize Energy Performance 

EA Advanced Energy Metering 

EA Demand Response 

EA Renewable Energy Production 

EA Enhanced Refrigerant Management 

EA Green Power and Carbon Offsets 

MATERIALS AND RESOURCES 

MR Storage and Collection of Recyclables 

MR Construction and Demolition Waste Management Planning 

MR PBT Source Reduction--Mercury 

MR Building Life-Cycle Impact Reduction 

MR Building Product Disclosure and Optimization-- Environmental Product Declarations 

MR Building Product Disclosure and Optimization—Sourcing of Raw Materials 

MR Building Product Disclosure and Optimization—Material Ingredients 

MR PBT Source Reduction--Mercury 

MR PBT Source Reduction--Lead, Cadmium, and Copper 

MR Furniture and Medical Furnishings 

MR Design for Flexibility 

MR Construction and Demolition Waste Management 

ENVIRONMENTAL QUALITY 

EQ Minimum Indoor Air Quality Performance 

EQ Environmental Tobacco Smoke Control 

EQ Minimum Acoustic Performance 

EQ Enhanced Indoor Air Quality Strategies 

EQ Low-Emitting Materials 

EQ Construction Indoor Air Quality Management Plan 

EQ Indoor Air Quality Assessment 

EQ Thermal Comfort 

EQ Interior Lighting 

EQ Daylight 

EQ Quality Views 

EQ Acoustic Performance 

INNOVATION 

IN Innovation 

IN LEED Accredited Professional 

REGIONAL PRIORITY 

RP Regional Priority 

 

 
 
 
 



 

 

 

Deliverable D5.10 – Position paper on standardization 

79 

9 Appendix C – List of BREEAM Categories 

BREEAM CATEGORIES (International Refurbishment and Fit-Out 2015 - Non-Residential Buildings) 

MANAGEMENT 

MAN-01 Project brief and design 

MAN-02 Life cycle cost and service life planning 

MAN-03 Responsible construction practices 

MAN-04 Commissioning and handover 

MAN-05 Aftercare 

HEALTH AND WELLBEING 

HEA-01 Visual comfort 

HEA-02 Indoor air quality 

HEA-03 Safe containment in laboratories 

HEA-04 Thermal comfort 

HEA-05 Acoustic performance 

HEA-06 Safety and security 

HEA-07 Hazards 

ENERGY   

ENE-01 Reduction of energy use and carbon emissions 

ENE-02 Energy monitoring 

ENE-03 External lighting 

ENE-04 Low carbon design 

ENE-05 Energy efficient cold storage 

ENE-06 Energy efficient transportation systems 

ENE-07 Energy efficient laboratory systems 

ENE-08 Energy efficient equipment 

ENE-09 Drying space 

TRANSPORT 

TRA-01 Sustainable transport solutions 

TRA-02 Proximity to amenities 

TRA-03 Cyclist facilities 

TRA-04 Maximum car parking capacity 

TRA-05 Travel plan 

WATER   

WAT-01 Water consumption 

WAT-02 Water monitoring 

WAT-03 Water leak detection 

WAT-04 Water efficient equipment 

MATERIALS 

MAT-01 Environmental impact of materials 
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MAT-02 Hard landscaping and boundary protection 

MAT-03 Responsible sourcing of materials 

MAT-04 Insulation 

MAT-05 Designing for durability and resilience 

MAT-06 Material efficiency 

WASTE   

WST-01 Project waste management 

WST-02 Recycled aggregates 

WST-03 Operational waste 

WST-04 Speculative finishes 

WST-05 Adaptation to climate change 

WST-06 Functional adaptability 

LAND USE AND ECOLOGY 

LE-01 Site selection 

LE-02 Protection of ecological features 

LE-03 Minimizing impact on existing site ecology 

LE-04 Enhancing site ecology 

LE-05 Long term impact on biodiversity 

POLLUTION 

POL-01 Impact of refrigerants 

POL-02 NOx emissions 

POL-03 Flood risk management and reducing surface water run-off 

POL-04 Reduction of night time light pollution 

POL-05 Reduction of noise pollution 

INNOVATION 

 INN-01 Innovation 

 


