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1. INTRODUCTION  

1.1 Project objectives and D1.1 aims 

In short, the project goal is to excite the sport facility community about energy efficiency and 
to develop ICT related energy consultancy services, hardware, and software to reduce energy 
consumption and emissions production by 30% in these facilities with a 5 year return on 
investment.  To do this, the project will develop an integrated, modular, and scalable ICT 
system to manage energy consumption, generation, and exchange locally and within the larger 
context of the smart grid/neighbourhood (Figure 1).  The core of the system and approach are 
four scalable modules that can be purchased and employed separately or integrated depending 
on client needs. These modules are SportE2 How (smart metering to determine where energy 
is being consumed), SportE2 When (integrated control systems that enable the actuation of 
energy sourcing and consumption), SportE2 Why (intelligent and optimal decision making 
given smart metering data and control capabilities), and SportE2 Where (a multi-facility 
management portal). The project will make use of a full scale building laboratory 
environment (Kubik) located at Tecnalia for system integration and testing. The project will 
then implement the SportE2 modules in three full-scale pilots representative of sport facilities 
at large and able to implement the smart grid concept through the availability of RET and 
cogeneration devices. 

 
Figure 1 - SportE2 solution overview 

This report “Deliverable 1.1” is due at month six of SportE2 project and deals with the 
analysis of Performance Criteria and Requirements.  It establishes the baseline for the project. 

At the macro level, this deliverable includes energy considerations for sport facilities, 
examples of best practices in the field, green design considerations, definition of energy 
consuming devices and areas in sport facilities, the identification of energy pricing schemes, 
contracts, and incentives relevant to Sport Facilities and the standards and regulations that 
govern them.  

At the project level, the deliverable will include operational considerations for the SportE2 
pilot facilities (FIDA in Italy, Self Energy in Portugal and EMTE in Spain) and in particular 
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performance criteria for HVAC, lighting, and swimming pools.  Particular attention is given 
to how this consortium defines the energy audit, performance indicators to be developed, and 
how energy savings will be assessed.   

The pilots and these requirements are then reflected in the 4 modules that will be developed. 

• SportE2 How: Smart Metering 

• SportE2 Why: Integrated Control 

• SportE2 When: Optimal Decision Making 

• SportE2 Where: Multi-Facility Management 

Lastly, the facility characterisics of the Kubik laboratory building are provided and the initial 
optimisation scenarios are detailed.    

1.2 Definition of the 4 modules  

The SportE2 project is structured to develop 4 scalable modules that provide different 
products and services adaptable to client needs. For each module, a short description of scope 
and objectives is defined as follows: 

SportE2 how module: Design and installation of smart metering solutions proceeded by ICT-
focused energy audit consulting services. Equipment and protocol specifications. Algorithms 
and methods to optimise the position and number of sensors. The collection of data, 
construction of databases, and development of visual interfaces that enable remote monitoring 
and encourage demand side management. This module makes all other modules possible by 
producing High Quality Data Sets. 

SportE2 when module: Design and installation of integrated control and energy management 
systems that adapt to existing facility needs potentially integrating with existing systems. 
Considering and connecting power generation (RET and co-generation), energy supply from 
the grid, energy exchange with the grid, and energy demand, this module will establish the 
hardware, software, and GUI that enables the control and management of lighting, heating 
and cooling, indoor air quality and ventilation, co-generation, and renewable energy 
production. Control is manual or determined by set points. 

SportE2 why module: Energy Optimisation System. Leveraging smart metering data and 
making use of an integrated control system this module will help the user manually control in 
a more optimal way or will execute control actions automatically. 

SportE2 where module: Multi-facility energy indicators system. Inspired by partners SELF 
and EMTE that manage together 19 facilities, this module will collect, analyse, and display 
energy demands, consumptions, production, and grid exchange across multiple facilities (e.g. 
[kWh/m2] or [TEP/m2], [€/m2], [kg of CO2/m2]) for stakeholders that own or operate more 
than one structure. 



SportE2 D 1.1  11-03-2011 Page 6 of 115 

SportE2: D 1.1 Performance Criteria and Requirements                         6 
www.sporte2.eu   

2. SPORT FACILITIES IN THE ENERGY EFFICIENCY CONTEXT  

2.1 Aspects related to the sport facility sector at large 

2.1.1 Project Motivation: The need for SportE2, the justification of public 
funding, and the opportunities it presents  

A projection made with available statistic data[1] highlights the EU dimension of the Sport and 
Recreation Building Stock is around 1 million and half buildings and it represents about the 
8% of the overall EU-48 Buildings Sector. Of these, about the 85% are buildings located in 
the EU-27 zone, while a consistent 68% is in the EU-15 zone (Figure 2). 

INDOOR: 40.000
OUTDOOR: 30.000

INDOOR: 30.000
OUTDOOR: 500.000

INDOOR: 3.000
OUTDOOR: 40.000

INDOOR: 15.000
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EUROPEAN 

SPORT 
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Figure 2 - EU dimension of the Sport and Recreation Building Stock. 

Most Sport and Recreation buildings were built between the 1960s and the 1980s. At this 
time, energy efficiency was generally not a design consideration. These facilities must be 
renovated and maintained. It should be expected that energy consuming devices that are 30+ 
years old are no longer operating at the level of efficiency they had when new or as efficient 
as comparable replacement technologies available on the market today. In addition, the 
building stock has a growth rate averaging between 0,5% - 1,1% on yearly base consistent 
with data showing that more and more people are participating in fitness, wellness, and 
sporting activities. Both new structures and renovated structures are being subjected to more 
stringent rules with respect to energy efficiency. 

The Sport and Recreation Building Stock shares characteristics with office, industrial and 
commercial building categories. In addition, they have the following unique properties: 

• buildings vary enormously in size: a centre may consist of a single unit (i.e. swimming 
pool, gym, playground, etc.) or a site encompassing several buildings (large integrated 
complexes, i.e. swimming pool and gym and playground, etc.), providing facilities for 
sport practice including dry ports, swimming and leisure pools, fitness facilities, ice-
rink, and a set of different indoor rooms which support the sport facility 

• buildings include indoor and outdoor spaces, with a large availability of outdoor 
surface, 

• many buildings are publically owned.  Public establishments are often directly or 
indirectly are under the local government (municipality), 

                                                 
1] data have been collected by EUROSTAT databases, EU countries sector studies and EU co-funded projects. 
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• there is a lack of technical and statistical data on the Measured Energy Performance of 
such facilities and in most European Countries there is a lack of energy benchmarks 
availability[2]. 

• hours of use and number of users range and vary from exceptionally high (games and 
matches) to exceptionally low (business working hours).   

Consistent with trends across the building sector, there is an increasing interest to exploit 
renewable energy systems (RES) in sport facilities. Several recent examples, that can serve as 
references to achieve renovated net-energy or energy-positive Sport and Recreation Facilities, 
include UK's Sheffield Stadium, Barcelona's RCD Espanyol football club, and Italy's 
Bentegodi Stadium in Verona. Although important achievements, considering the amount of 
sport facilities in Europe, there is much work to be done and especially for common 
“everyday” facilities. 

2.1.1.1 Sport Facilities as a high impact sector for energy efficiency measures  
Approximately 40% of the overall energy consumption in Europe is in Buildings[3] and 
according to SMART2020[4] the worldwide energy consumption in buildings will grow by 
45% from 2002 to 2025. Within this sector, studies in the UK have estimated that Sport and 
Recreation Buildings can account for up to 10% of annual energy consumption and represent 
8% of the building stock in some counties and regions[5].  Statistics at the European level have 
to be extrapolated or estimated as a database of this nature does not yet exist.  Case Studies[6], 
Best Practises, and EU funded projects[7] highlight that energy consumption in these buildings 
can be reduced by up 30% or more.  Considering that in the EU-27 Buildings Stock the 2008s 
overall energy consumption[8] have been of about 1,768 [Mio TOE], there is the potential to 
reduce energy consumption of about 21 [Mio TOE] on a yearly base in the EU Sport Facility 
Building Stock using these ratios.   

A similar analysis can take place with respect to CO2 emissions.  Buildings are considered the 
largest source of CO2 emissions in EU and they contribute with about 2,040 [Mio Ton CO2 
equivalent] on the overall EU-27 GHG production.  Considering the potential target to reduce 
by up 30% or more, as a consequence, the optimal management of energy generation, grid 
exchange and energy consumptions in Sport and Recreation Building Stock can reduce GHG 
emissions of about 61 [Mio Ton CO2 equivalent]. 
Apart from statistics and estimations, it is a fact that stadiums, arenas, and sport facilities of 
all types consume massive amounts of energy. The heating of large open spaces, the 
ventilation requirements, lighting, and the heating of pools are the primary energy drivers.  
The recently completed Dallas Cowboys Stadium provides a striking example with utility 

                                                 
2] In UK exists the “Energy use in sports and recreation buildings (ECG078)” downloadable from 
www.carbontrust.co.uk. 
3 Energy - Yearly statistics 2006 (EUROSTAT). Available at: 
http://epp.eurostat.ec.europa.eu/portal/page/portal/product_details/publication?p_product_code=KS-PC-08-001  
4]SMART 2020: Enabling the low carbon economy in the information age. 
5 EnerInTown project Available at http://www.enerintown.org/project_results/ener_in_town_guide 
6]Mainly the ECON78, Action Energy Consuption Guide 78 – “Energy use in sports and recreation buildings”.. 
7Together with EPLabel, the EC ENERinTOWN Project (Jan. 2006 – Jul. 2008), supported by the Intelligent 
Energy for Europe (EIE) SAVE Programme of the EC. 
8EUROSTAT DataBase. 
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bills of $200,000 USD per month[9].  This equates to 2,036,560 kWh per month, or roughly 
24,439,918 kWh per year. This is equivalent to the same amount of energy as the city of Santa 
Monica, CA (Pop. 88,000) uses per year.  The statistic is more striking when it is considered 
that the stadium is only fully used one day every other week for approximately half of the 
year (during the season when the sport is active).   

 
Figure 3 - Dallas Cowboy’s new stadium 

However, within this challenge lies opportunity.  Sport facilities are organised.  They are part 
of an identifiable sector, dedicated associations and publications exist, and by its very nature 
the Sport community accepts work and self improvement.  The social aspects also present a 
unique and far reaching opportunity.  Millions of athletes, spectators, and individuals train in 
or pass through these facilities.  Youth activities (dance, yoga, athletics, etc) are also 
prominent.  As such, there is the opportunity to encourage and inspire energy efficient 
behaviours at large and to influence future generations (Figure 4).   

 
Figure 4 - SportE2 aim to influence future generation about energy efficiency issue 

                                                 
9 Glubiak, Owens, EETimes article available at http://www.eetimes.com/electronics-blogs/green-supplyline-
blog/4030352/Cowboys-new-stadium-a-reminder-of-how-to-waste-energy accessed 18 Feb 2010. 
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2.1.1.2 Technologies and Operational Costs  
There is also the challenge and opportunity to improve the energy savings technologies 
(software and hardware) available and appropriate for energy savings in sport facilities.  
Building Management Systems (BMS) are mainly targeted for office, industrial, commercial 
and residential categories, but are not efficiently adopted in Sport and Recreation buildings.  
In sport facilities, energy systems are often manually operated or not adequately controlled 
resulting in energy waste. ICTs and integrated control systems, where they exist, are usually 
implemented with drawbacks such as: 

• poor level of infrastructure for distributed generation and RES,  
• fixed, non-adaptive control algorithms , 
• a low level of adaptation to the emerging technologies of building energy plants, 
• poor level of demand response management, based on real time consumptions, and low 

level of adaptation to different behaviours: (a) hours of use, (b) occupancy profiles, (c) 
indoor comfort and (d) climate conditions, 

• poor level of integration of operational platforms to manage the overall energy 
consumption, and ready-to-run automated energy saving solutions, with advices on 
changes to be implemented and on benefits expected, 

• needs of significant commissioning effort, 
• there is not a clear understanding of the energy consumption and demand profiles across 

components, sub-systems, systems, and globally for sport facilities.   

Therefore, a dedicated effort to develop, adapt, or improve ICT technologies specifically to 
the needs of sport facilities is appropriate and timely.  

The broader goal of retrofits, renovations, behaviour changes, and technology improvements 
is ultimately the reduction of operational costs.  Worldwide, all building managers have faced 
tremendous pressure to reduce their operating costs and become more profitable.  Case 
Studies and Best Practises[10] have demonstrated that energy costs in a typical Sport Facility 
are second only to that of labour, accounting for up to one-third or more of the total running 
costs.  The key element to optimize operational costs in Sport Facilities is to engage facility 
managers and stakeholders in energy efficiency measures.  This is facilitated by providing 
them with the appropriate tools for the task.  ICT enabled energy audits, smart metering 
campaigns, and intelligent building management systems are the appropriate tools and hold 
enormous potential.   

2.1.1.3 RES and Smart Grid Aspects  
In Sport and Recreation Buildings, energy sources are mostly traditional (e.g. fossil fuel-
based).  However, since many of these buildings are public and because regulations are 
becoming more stringent to include the concept of net zero buildings, renewable energy 
technologies, biofuels, and co-generation strategies are becoming more prevalent.   
Sport facilities are in many cases well postured to adopt RES technologies.  The availability 
of large open spaces and large outdoor surfaces is one of the main factors that is facilitating 
RES to power sports facilities, making them increasingly popular among the forms of energy 
that are being used, and particularly solar thermal collectors, PV and cogeneration plants.  
As RES systems are considered, it must be noted that sport facilities are characterized by an 
intermittent use of the premises and of a variable number of people using them over the day, 
with occupancy ranging between time intervals without use and time intervals with the 

                                                 
10defined by “Guide 51 – Energy efficiency in sports and recreation buildings: a guide for owners and energy 
managers” 
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maximum use.  This feature of intermittency may decrease the energy efficiency of the 
facility and subsequently of specific energy infrastructure or RES.  It is also the case that the 
energy infrastructure may be oversized or run at levels only appropriate for periods of 
maximum use.  It must also be considered that RES behaviour can be intermittent too (solar, 
wind).  As such, an optimal use of RES that dedicates energy to the facility when needed and 
that exchanges energy with the grid when appropriate requires an intelligent and dedicated 
management strategy.  
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2.1.2 Sport Facility Energy Infrastructures 

In a typical sports centre, as reported in the sports and leisure sector overview guide[11], 
energy costs are second only to labour costs, accounting for as much as 30% of total running 
costs — a higher figure than in most other sectors.  Anyone involved in the running of sports 
and leisure centres can find the advice in this publication useful, particularly general 
managers and energy managers. Focusing on low and no-cost measures which are likely to 
have the quickest payback, this overview demonstrates the best energy saving opportunities 
for the sector and helps with:  

• Assessing the potential for energy savings and indicating key areas for improvement; 

• Raising awareness of energy conservation amongst staff and motivating them to 
reduce waste; 

• Appraising the overall performance of a sports and leisure centre. 

 
Figure 5 - Typical figures of energy consumption within sport facilities:                                                         

with pool (left) and without pool (right)[24] 

To identify areas with the greatest savings potential, managers need to know where energy is 
being used and which processes consume the most energy.  Figure 5 gives an overview of a 
typical energy breakdown within a sport facility with or without pool. There are a number of 
common areas within the sports and leisure sector where energy is commonly wasted: 
heating, ventilation and air conditioning, lighting, swimming pools and electrical equipment.  

Heating and hot water: Heating that includes space heating and Domestic Hot Water (DHW) 
production, accounts for a large proportion of energy use in leisure centres. Typically, natural 
gas boilers are used for hot water production and heating demands (natural gas is less 
expensive than electricity). If solar thermal systems are present, they most often are used as a 
heat exchanger to provide hot water to shower facilities. Because of the volumes of water 
utilised in sport facilities and the nature of scheduled activities, this is a deliberate area where 
optimisation will be investigated.  

                                                 
11 CTV006 - Sports and leisure Introducing energy saving opportunities for business, Carbon Trust - UK, 2006 
available at:  http://www.carbontrust.co.uk/Publications/pages/publicationdetail.aspx?id=CTV006 
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Figure 6 - Hot water tank and natural gas boiler for small shower facility (Fidia) 

HVAC: Heating, ventilation, and air conditioning are required for comfort and by regulation.  
Typically, large Air Handling Units (AHU) are employed to ensure that comfort temperature 
and Indoor Air Quality (IAQ) in general are maintained with the required air changes per 
hour. As with any large facility or building, hundreds of meters or even kilometres of 
ductwork are present to channel conditioned air where it needs to go. Facilities may have 
centralised units or smaller individual units positioned at different parts of the facility (often 
on the roof). HVAC may be combined into one unit, or separate heating and air conditioning 
units may be present. Ventilation is a specific and stringent requirement in pool areas due to 
chloride treatment of the water. Humidity in pool areas also requires management. Some 
facilities may “overpressure” to regulate airflow in and out of the facility during winter or 
summer (e.g. overpressuring ensures that air flows outward when a door is opened and also 
doesn't allow unwanted outdoor air infiltrations).    

 
Figure 7 - Large open space (EMTE) and ductwork (Fidia) 

Lighting: Lighting can account for up to 20% of total energy costs in dry leisure centres and 
around 10% in centres with a swimming pool. There are many simple and inexpensive ways 
to reduce the energy consumption and costs associated with lighting without compromising 
staff and customer comfort. In the case of stadiums and arenas, powerful outdoor lighting 
must be considered. 

Swimming pools: Swimming pools consume massive amounts of energy. In sport facilities 
that have pools, up to 65% of the energy consumed in these centres will be used for pool 
heating and ventilation. A facility visit and view of the infrastructure associated with pools is 
an eye opening experience. Water must be heated, treated (ozone, chloride, ultraviolet, and 
sand treatments), and pumped across large distances. Circulation must be constant and 
volume exchanges are regulated. The air in pool areas will always be humid and requires 
specific treatment. Evaporation and heat loss from the pool system is dependent on external 
air temperature, humidity, thermal characteristics of the pool materials, and losses in water 
transport and storage. Optimal pool operation can lead to meaningful energy savings.   
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Figure 8 - Olympic pool, water treatment, pumping station, distribution station (Santa Maria de Lamas) 

Electrical equipment. Annual electricity spent by UK leisure centres accounts for 
approximately 25-30% of their total energy use. As electricity is typically four to five times 
more expensive than gas, this can represent as much as 60% of the total energy cost. 
Electricity is also responsible for more than twice the carbon emissions of gas so reducing 
consumption has both cost and environmental benefits. 
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2.1.3 Trends, Relevant Studies, and Best Practice Examples 

This section gives an overview of current trends, relevant studies and best practice examples 
with respect to energy efficient sport facilities. Green design considerations, smart metering, 
building management systems, and the integration of renewables are described and are very 
important approaches to be followed for refurbishments and design of new facilities. However 
what is clear is that once the building is handed over to the facility manager for the expected 
operation, best practice energy management, rigorous monitoring and control of building and 
system performance need to be established in accordance to the relevant references reported 
in subsection 2.1.3.3.  This will be the main contribution of SportE2.  

2.1.3.1 Green Design 
Sport and recreation organisations have traditionally been constructed to meet functional 
requirements and not sustainability requirements[12]. This is common for the building sector at 
large which accounts for one-sixth of the world's fresh water withdrawals, one-quarter of its 
wood harvest, and two-fifths of its material and energy flows[13]. For this reason, over the past 
few decades, the concepts of green design and sustainability have evolved as a mechanism to 
deal with limited resources and reduce the impact on the environment[14]. Architects, 
engineers, and consultants have begun practicing social responsibility by incorporating green 
design concepts and technologies for their client’s projects.  As for any building and 
especially for structures that consume large amounts of energy, sport and recreation 
professionals can benefit by gaining an understanding of the potential benefits of green design 
and sustainability 12. 

A “green” or “sustainable” facility is a structure designed, built, renovated, or operated in an 
ecologically and resource-efficient manner[15]. These buildings often account for energy-
efficient practices to accomplish long-term cost savings. Sustainability has also been defined 
as a “holistic approach to protecting the environment by incorporating design practices and 
materials that use energy most efficiently” [16]. Green buildings are also designed to improve 
occupant comfort, protect occupant health, utilise resources more efficiently, and reduce 
environmental impacts[17].  According to Dick[15] green building practices account for several 
solutions among different aspects such as: siting, energy efficiency, water efficiency, 
materials efficiency and also  occupant health and safety. 

Siting considerations during design focus on selecting a site well suited to take advantage of 
public transportation. Protect and retain existing landscaping and natural features is also 
important and as the selection of plants that have low water and pesticide needs, and generate 
minimum plant trimmings in order to save water and time[15]. 

                                                 
12 Gibson et Al. Green design and sustainability in sport and recreation facilities. The SMART Journal, 
spring/summer 2008. 
13 D.M Roodman and N. Lenssen, A Building Revolution: How Ecology and Health Concerns are Transforming 
Construction, Worldwatch Paper 124, p. 5, Worldwatch Institute, Washington, DC. (1995) 
14 Kessenides, D. Green is the new black. Inc. Magazine, 27(6), 65-66 (2005). 
15 Dick, G. Green building basics. Retrieved from http://www.ciwmb.ca.gov/GreenBuilding/Basics.htm. (2007) 
16 Fried, G. Managing sport facilities. Human Kinetics, Champaign, IL. (2005). 
17 Environmental Building News. Building green on a budget. Retrieved from (1999):    
www.ebuild.com/ArchivesFeatures/Low_Cost/Low_Cost.html#General. 
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Energy efficiency practices include passive design strategies regarding building shape and 
orientation, passive solar design, and the use of natural lighting. High-efficiency lighting 
systems with advanced lighting controls such as motion sensors and dimmers are also very 
important when artificial lighting is required. Building thermal requirements focus on 
thermally efficient building envelope in conjunction with a properly sized and energy-
efficient Heating Ventilation and Air Conditioning (HVAC) system[15]. Building envelope 
design, including thermal mass activation and insulation level of the both opaque (U value) 
and glazed components (U value, g factor and emissivity) and thermal bridges correction is 
most important. Other energy efficiency measures include the minimisation of electric loads 
from lighting, equipment, and appliances and also the employment of advanced technologies 
such as building automation systems and renewable Energy Sources (RES) systems such as 
geothermal, biomass, cogeneration, wind turbine and photo voltaic. Energy efficiency is the 
core of green design in terms of energy impact and represents the main focus of SportE2, 
especially in relation to building automation, energy management and RES production 
integration in facilities with highly variable and occupant driven energy usage. 

Materials efficiency requires the selection of sustainable construction materials and products 
by evaluating several characteristics such as reused and recycled content, zero or low off 
gassing of harmful air emissions, zero or low toxicity, sustainably harvested materials, high 
recyclability, durability, longevity, and local production. Such products promote resource 
conservation and efficiency. Reuse and recycle construction and demolition materials.  For 
example, using inert demolition materials as a base course for a parking lot keeps materials 
out of landfills and costs less[15].  

Water efficiency measures mainly include the design of dual plumbing to use recycled water 
for toilet flushing or a gray water system that recovers rainwater or other non potable water 
for site irrigation. It is also important to use recirculating systems for centralized hot water 
distribution and also to minimise wastewater by using ultra low-flush toilets, low-flow shower 
heads, and other water conserving fixtures. Where irrigation is required, it is recommended to 
meter it separately from building usage and also to employ state-of-the-art irrigation 
controllers and self-closing nozzles on hoses[15]. 

In terms of occupant health and safety, recent studies reveal that buildings with good overall 
environmental quality can reduce the rate of respiratory disease, allergy, asthma, sick building 
symptoms, and enhance worker performance[15]. Poor indoor air quality can be caused by the 
off-gassing of chemicals found in many building materials and cleaning/maintenance 
products. The building products industry has responded to these indoor pollution problems by 
developing alternative paint, finish, and adhesive products that do not contain volatile 
compounds. These occupant friendly materials are now commonly at costs comparable to 
conventional products[14]. The potential financial benefits of improving indoor environments 
in productive buildings, exceed costs by a factor of 8 and 14[18]. Providing adequate 
ventilation and a high-efficiency, in-duct filtration system is also important. Heating and 
cooling systems that ensure adequate ventilation and proper filtration can have a dramatic and 
positive impact on indoor air quality[15]. 

Building operation and maintenance. Green building measures cannot achieve their goals 
unless they work as intended. Building commissioning includes testing and adjusting the 
mechanical, electrical, and plumbing systems to ensure that all equipment meets design 
criteria. It also includes instructing the staff on the operation and maintenance of 
equipment[15]. Continuous Commissioning (CC) has emerged as the preferred method of 

                                                 
18 William Fisk and Arthur Rosenfeld, Potential Nationwide Improvements in Productivity and Health From 
Better Indoor Environments, Lawrence Berkeley National Laboratory. (1998) 
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ensuring that building systems are installed and operated to provide the performance 
envisioned by the designer[19]. CC is defined as an ongoing process to resolve operating 
problems, improve comfort, optimise energy use, and identify retrofits for existing central 
plant facilities and buildings. ICT play an important role in this field and for this reason will 
be largely employed in SportE2. 

Green building approach in building design and operation requires standard assessment. 
Currently, the three systems that have emerged to bring about standardization within the green 
movement are (Figure 9): the Building Research Establishment Environmental Assessment 
Method (BREEAM), the Leadership in Energy and Environmental Design (LEED) and the 
Green Star - Environmental rating system for buildings. 

           
Figure 9 - Green building standardisation: BREEAM, LEED and Green Star 

BREEAM is the earliest building rating system for environmental performance assessment. 
This standard was developed by the British Research Establishment (BRE) in 1990. Since that 
time, BREEAM has evolved from a design checklist to a comprehensive assessment tool to be 
used in various stages of a building’s life cycle[20].  

Perhaps the best-known group in green construction is the U.S. Green Building Council 
(USGBC), a non-profit group that developed the LEED point rating system for commercial 
projects. Many consider the LEED certification as the US national benchmark for green 
construction. The success of LEED has created demands for adapting the rating system for 
existing buildings, commercial interiors, and residential buildings. LEED has also been 
adopted by federal agencies, states, and local jurisdictions in the U.S. and Canada mandated 
to implement green building programs[21]. Staring, one of the SportE2 project partners is 
member of the Italian USGBC association. 

Green Star is the most followed voluntary building environmental assessment scheme in 
Australia[22]. Green Star focuses on buildings in hot climates where cooling systems and solar 
shading have an high impact on energy performance. Green Star has also been adopted in 
New Zealand and South Africa[23]. Green Star is similar to LEED and BREEAM. It uses the 
credit rating system based on a number of points allocated to the credits in order to determine 
the total scoring and hence the level of certification. The score is determined for each 
category based on the percentage of points achieved versus the points available for that 
category. The credits cover the following aspect of the building and process: management, 
indoor environmental quality, energy, transport, water, materials, land use & ecology, 
emissions, and innovation[22].  

                                                 
19 M. Liu, D. Claridge, W.D. Turner, Continuous Commissioning of Building Energy Systems, Journal of Solar 
Energy Engineering. 125 p275. (2003) 
20 Gowri, K. Green building rating systems: An overview. ASHRAE Journal, 46(11), 56-60. (2004) 
21 Yost, P. Green building programs—An overview. Building Standards, March-April, 12-16. (2002) 
22 Comparison of energy performance assessment between LEED, BREAM and Green Star, Ya Roderick, David 
McEwan, Craig Wheatley and Carlos Alonso, IBPSA Conference. (2009) 
23 Green Building Council Australia (GBCA) website, http://www.gbca.org.au/green-star/rating-tools/ (2008) 
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With respect to the establishment of a European standard, the ongoing FP7 project 
OpenHouse[24] is a direct investigation of the different methodologies and standards related to 
sustainable development.  The project is motivated by the fact that each of these existing 
methods (LEED, BREEAM and Green Star) differ significantly in their assessment method 
and a computational simulation of the same building using each method led to the building 
receiving a high energy rating score in the Green Star scheme, a low energy rating in the 
BREEAM scheme, and it failed to be certified in the LEED scheme. Such disparity results in 
a lack of confidence in the process and calls for better standardisation. Although such efforts 
are important, they are out the scope of SportE2 with respect to research and development.  
They are not however out of scope with respect to bringing energy consulting services to sport 
facilities as future clients. 

Given this context, green building measures have been adopted by an increasing number of 
recreation and sport facilities worldwide. The following section provides two examples as 
best practice case studies: 

• the design of a small size green sport hall delivered by the SportE2 project partner 
Staring;  

• the design of Shanghai Oriental Sports Centre from ARUP one of the largest 
worldwide engineering firm working on sport facilities design. 

2.1.3.1.1 Design of a small size green sport hall (consortium partner STARING) 
The Study of Architecture and Engineering STARING deals with the design of civil 
engineering, industrial and public, interior design furniture, design mechanical and electrical 
installations, tests, reports and geological reports. Staring study has specialized in designing 
sports buildings, solving problems in the field of sports projects with particular attention to 
containing energy costs; experience in facilities for both competitive and recreational 
activities, specializing in particular in the areas of sports centers, multipurpose centers, 
swimming pools and skating rinks. Our designs are sensitive to environmental sustainability 
for residential and public buildings and we are members of the Green Building Consortium 
Italy. 

The small size green sport hall building in L'Aquila is designed using environmental 
sustainability principles. Solar gains are maximised, thermal losses are minimised, and 
renewable/energy efficient technologies are employed. 

 
Figure 10 - Small size green sport hall design in L'Aquila (Italy) 

                                                 
24 Available at http://www.openhouse-fp7.eu/ - (2010) 
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The building is purposely oriented to the south.  Overhangs and vegetation are used to provide 
shading.  The opaque vertical components have an external insulation composite system in 
EPS with a transmittance of at least 0.165 W/m2K, while the roof and floor have a 
transmittance equal to 0.240 W/m2K. 

The windows are made of PVC frames with double glazed with values of overall 
transmittance less than 1.70 W/m2K. The heating / cooling system and DHW production 
consists of a geothermal heat pump combined with photovoltaic solar panels to produce 
electricity which covers the entire power consumption necessary for the operation of heat 
pumps. Furthermore, to ensure a high comfortable interior, the building is equipped with a 
forced ventilation system with heat recovery. 

The overall energy requirements for winter air-conditioning of that building is 4 kWh/m3 per 
year, under a building built according to traditional criteria, for which it could be supposed a 
consumption of more than 40 KWh/m3 per year.  Control systems and smart metering are not 
present.  In fact, this will be new knowledge we will be able to the design and retrofit of such 
centres in the future. 

2.1.3.1.2 Design of Shanghai Oriental Sports Centre (ARUP) 
ARUP is a leading design firm with respect to energy efficient sport facilities having 
experience with arenas, stadiums, velodromes, aquatics centres, indoor ice rinks, world-class 
sporting precincts and community leisure venues.  ARUP works internationally and offers a 
suite of building design, engineering and business consulting services.  They are noted for the 
completion of China’s National Aquatics Center (or 'Water Cube'), Munich’s Allianz Arena, 
Olympic venue’s that include China’s National Stadium or 'Bird’s Nest' for Beijing 2008 and 
venues for Salt Lake City, Sydney and Turin) as well as the Commonwealth Games, to the 
FIFA World Cup and the Asian Games. 

Arup’s innovations in sports buildings have included the design of retractable roofs for 
stadiums such as Toyota Stadium in Japan and Miller Park in Milwaukee, USA, to ensure 
spectator comfort and greater usability for non-sporting events. The firm’s skills in parametric 
modeling have pushed ahead the possibilities of sports geometry, as shown in the design of 
Melbourne, Australia’s AAMI Park Stadium. Sports buildings, such as the Lawn Tennis 
Association Headquarters at Roehampton, UK, require both floodlighting and mechanical 
heating, ventilation and cooling. The embodied and operational energy demands can be 
substantial. As designers, Arup can help to minimise these by creating buildings from locally-
available or recyclable materials, optimising water recycling and maximising the effectiveness 
of passive measures to reduce energy use. 

 
Figure 11 - Shanghai Oriental Sports Centre 

Shanghai Oriental Sports Centre (Figure 11) is a venue planned for the 14th FINA World 
Swimming Championships in 2011. Together with public service infrastructure and related 
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developments, it aims to be a leisure and cultural centre for the region in the future[25]. The 
complex will be made up of a gymnasium with a capacity of 18,000 seats, a 5,000-seat 
natatorium, outdoor diving pool and press centre. Arup’s scope of work includes developing a 
preliminary design for the project to include mechanical and electrical, building physics and 
fire engineering. There are a number of constraints and technical challenges for Arup’s 
engineers, including creating energy efficient and cost effective systems and energy saving 
strategies.  

Systems will include use of artificial lake water as a water source for pool water heating, an 
under-seat air conditioning system in spectator zones, natural ventilation design, and 
substantial use of natural light and innovative shading devices. Another challenge is to design 
the gymnasium to be sufficiently flexible to serve as a multi-function hall for a wide range of 
sports, culture and leisure activities. The project, completed in December 2010, will be the 
host of the FINA World Swimming Championships in July 2011. 

2.1.3.2 Smart metering and Building Management Systems 
Metering of heating and electricity consumption is one base for assessing energy efficiency. 
Today, reading of data may still require visiting on site and the use of data is nearly 
exclusively limited to billing purposes. Rapid development of ICT is opening new 
possibilities for real-time generation and distribution of monitoring data and building related 
information. Modern independent sensors and wireless sensor technology are allowing deeper 
monitoring with increased frequency and to enable an automatic and instant distribution of 
receiver tailored and pre-processed information (raw data, consumption trends, deviation 
alarms, etc.). Devices such as mobile phones or new net-book generation can serve as ambient 
interfaces providing energy monitoring information. Smart meters can perform triggered 
measurement and record of electricity, water, or gas consumption at different levels within the 
facility (sub-metering) and allow for remote access to the consumption data (e.g. using Power 
Line, GSM, or standard communication protocols). 

Although the general specifications and basic tools are available, dedicated smart metering 
systems for Sport and Recreation facilities are still missing. This is witnessed by almost all 
smart metering applications focusing on residential and offices building. The specific features 
(e.g. very large spaces, very high energy peaks concentrated during limited time intervals, 
very large variation in occupant numbers, need of particularly healthy air quality, etc.) of 
Sport and Recreation Facilities require on the contrary dedicated and specific smart metering 
concepts and data handling solutions. 

Moving from the concept of metering to systems that use building data to implement controls, 
it is well know that BMS can play a major role for reducing overall energy consumption and 
for optimizing end-uses of energy, while maintaining well-being, safety and security and 
comfort. Today, there is a wide range of BMS existing on the market, which usually perform 
at building level integrated monitoring and networked control of HVAC, lighting, safety and 
security systems, with simple easy to use user interfaces and, in some cases, with a 
geographically scattered remote control. Their application is almost restricted in the offices, 
residential, commercial and industrial buildings. Sport and Recreation Buildings, are not yet 
commonplace for BMS systems although: 

• they are energy-intensive accounting for a notable percentage of the total European 
Building sector; 

                                                 
25 Available at: http://www.arup.com/Projects/Shanghai_Oriental_Sports_Centre.aspx 
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• there is a growing interest towards the retrofitting of energy plants and for RES 
installation (solar systems, photovoltaic, cogeneration and micro-generation in 
general), which introduces a new way for energy generation and supply, by a simple 
integration with the grid; 

• the building stock is aging; 

• more people are using sport facilities introducing higher energy consumptions. 

Given this background, it is fair to state that the sector is a promising potential market for 
BMS and best practice examples of BMS for sport facilities are beginning to emerge.  In the 
following section, a best practice example of BMS employment in a sport facility in Ireland is 
provided.  In addition, it is noted that the Extebarri sport centre in Bilbao, that is one of the 3 
pilots of the SportE2 project, utilises a building management system that is better described in 
the pilots section of this document. 

2.1.3.2.1 Jackie Skelly Fitness, Ireland - BMS example 
Established in 1992 Jackie Skelly Fitness[26] is Ireland's leading and fastest growing fitness 
and leisure group. The first club, a four-storey city centre fitness facility located on Clarendon 
St., Dublin 2 in the heart of Dublin city's most prestigious shopping and business district, was 
opened in 1993. Continuing its position at the forefront of the Irish fitness industry, Jackie 
Skelly Fitness offers the most extensive range of facilities, programmes and classes in Ireland. 
The group remains committed to providing its members with the best equipment, facilities, 
services and trainers on the market with an emphasis on delivering ongoing support, 
encouragement and friendliness to help members achieve their fitness goals in a great club 
atmosphere. Controlling the environment at all the Jackie Skelly facilities is the Cylon 
Building Energy Management System[27]. The system has been installed and is maintained by 
a team of engineers from TR Control Systems. TR Control Systems have kept the Software 
interface screens consistent across all the facilities, allowing for a uniform look and feel from 
one building to the next.  

 
Figure 12 - Cylon BMS at Jackie Skelly Fitness in Ireland 

At Jackie Skelly, the Cylon BEMS controls the time schedules for turning on and off plants 
such as the swimming pool, jacuzzi and hot water for showers. Temperature and ventilation 
throughout the gymnasium, pool hall, changing rooms and office areas are also controlled by 
the BEMS. Embedded WebLink is used as the front end for staff to access the BEMS through 
easy to use web graphics. TR Controls have designed the time schedules at all the fitness 
centres to use the opening times as the main trigger for starting up the system. If these times 
are modified for any reason, the system will automatically change in line with this, 
minimising the risk of unintentional human error. With accurate statistics from plant timers on 

                                                 
26 Available at: http://www.energiefitness.ie/ 
27 Available at: http://www.cylon.com/ 
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the amount of time it takes for the pool to heat to the desired temperature, hot water for the 
showers and jacuzzi to reach the correct temperature, they can then set the time schedules to 
run a macro in the BEMS to carry out a synchronised set of commands such as – starting to 
heat the pool 20 minutes prior to opening time. This method of optimising the timing 
maximises the energy efficiency in the buildings.  Graphical user interfaces, system 
functionalities, and operation are similar across different facilities of this chain so that staff 
training is minimised and confidence in the system is maximised.  The group uses this system 
to promote their image and commitment to energy efficiency. 

2.1.3.3 Retrofit, Integration of Renewables, and Grid Exchange 
There is an increasing interest and frequency of sport facilities employing renewable energy 
systems (RES) especially in retrofit scenarios.  Several recent examples include UK's 
Sheffield Wednesday, Barcelona's RCD Espanyol football club, and Italy's Bentegodi 
Stadium in Verona[28]. 

Sheffield Wednesday, the second tier English football club, have announced plans to upgrade 
their Hillsborough Stadium with the ambition (at the time) to host England's bid for the 2018 
World Cup. The proposals have been sent to Sheffield City Council for approval and will cost 
an estimated UK£22 million. Changes include plans to turn the stadium into a 'green stadium', 
through "rainwater harvesting and solar cell technology". 

The UK£22 million cost will be covered by the club's existing business plan, with funding to 
come from "a combination of increased club revenue streams and government grants." The 
initial part of the project, required to meet Fifa's requirements for a World Cup venue, will 
cost UK£9.8 million. Presumably, this decision was made in light of the announcement from 
the UK government on the "clean energy cash-back" scheme, which creates an incentive for 
solar installations in the country. 

 

Figure 13 - Sheffield Wednesday stadium design in Sheffield (UK) 

Barcelona's RCD Espanyol football club, which hosted the first game in its new, 40,000-
seater purpose-built stadium in Cornellà-El Prat on August 2nd 2009, has also incorporated 
solar PV installations into the new-build. Trina Solar supplied the club with 500KW of PV 
modules for a construction of a rooftop PV installation in the new Stadium. Further to this, 
Trina Solar will be the official sponsor of the rear part of the T-shirt of the football team for 
three football seasons. 

                                                 
28 Available at: http://international.pv-tech.org/editors_blog/sports_stadiums_world-
wide_put_players_in_a_renewable_spotlight 
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Figure 14 - RCD Espanyol stadium design in Barcelona (Spain) 

The Bentegodi Stadium in Verona is the latest to announce the use of PV in its stadium. The 
juwi Group is building a 1MW PV plant on the roof of the stadium, which will generate 
around one million kW/h of CO2-free electricity, corresponding to the annual demand of at 
least 300 households. The PV plant at the soccer stadium is to be connected to the grid yet 
this year and is already the second large-scale project for the Italian juwi subsidiary juwi 
Energie Rinnovabili Srl in Verona. 

 

 
Figure 15 - Bentegodi stadium in Verona (Italy) 

Sports facilities internationally and of different types are exhibiting similar trends. In Pocono, 
Pennsylvania (USA), Pocono Raceway switched on its 40,000-panel, 3 MW solar array in 
July. The installation covers 25 acres of space and provides enough electricity to meet all the 
needs of the raceway. The system is currently the world's largest at a sports arena and Pocono 
is the first U.S. sports facility to be powered 100 percent by renewable energy[29]. 

                                                 
29 Available at: http://apps1.eere.energy.gov/solar/newsletter/detail.cfm/articleId=64 - (2010) 
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Figure 16 - Pocono Raceway installed a 3 MW PV system. 

Switching sports, American Football’s Gillette Stadium in Foxborough, Massachusetts (home 
of the New England Patriots) receives 30 percent of its power from a 525 kW solar array.  The 
system includes more than 2,500 panels produced by Marlborough, Massachusetts, 
manufacturer Evergreen Solar[29]. Recent plans announced by the Philadelphia Eagles football 
team at Lincoln Financial Stadium provide an indication of what is required to take one of 
these major sport facilities off the grid.  To meet the energy demands of the stadium, they plan 
to install 2,500 solar panels, 80 small wind turbines, and an onsite dual-fuel cogeneration 
plant that will be powered by both biodiesel and natural gas. The breakdown will be around 
70/15/15, with the plant accounting for 70 percent of the energy produced and wind and solar 
accounting for the other 30 percent. The conversion is expected to be completed by 
September 2011[30]. 

The influence of sport leagues and associations are important.  Five major league sports 
organizations are following suit. Major League Baseball, the National Football League, the 
National Basketball Association, the National Hockey League, and Major League Soccer 
recently delivered a letter encouraging their teams and facilities to begin using solar power[29]. 
The leagues also distributed a comprehensive solar development guide produced by the 
Natural Resources Defense Council and Bonneville Environmental Foundation that outlines 
steps necessary for each stadium to add on-site solar power generation[29]. In practical terms to 
this project, SportE2 has established a strong connection with Euroleague who is now a 
“friend of SportE2.” It should also be noted that these “best practice” examples are generally 
pushing for the installation and use of renewables. What is not being mentioned is the 
intelligent use of renewable energies, grid exchange, and optimisation with the infrastructure 
activities.  This indicates a future need and market for what SportE2 is developing. 

                                                 
30 Article availabel at http://www.goodcleantech.com/2010/11/philadelphia_eagles_to_make_st.php accessed 20 
Feb, 2011. 
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Figure 17 - Lincoln Financial Field 

The “best practice” examples have also focused on large arenas/stadiums because they are 
sensational.  However, the “war” will be won through the actions of the millions of smaller 
facilities around the world.  It should also be noted that smaller facilities are not absent from 
such actions/initiatives. Among many that could be mentioned, the following initiatives are 
highlighted: 

• The Low Energy Use at Vastervik Sports Centre (Sweden)[31], which include a 
swimming pool and bowling alley and where an efficient ventilation system with a 
dehumidifier plus heat exchanger and heat-recovery plant were installed to reduce the 
need to introduce cold air. A post project evaluation demonstrated a lower operating 
costs due to the efficient heat recovery and a reduced energy use (electricity and 
district heating) for the plant at around 830 MWh/year. 

• The ENEFCOMPLEX[ project (Bulgaria), within an overall goal to improve the 
energy efficiency at Country level, demonstrates at Dobrotista Sports Complex 
through the installation of a solar system for heating, that running costs for energy 
have been reduced of about 30% with a saved CO2 emissions of about 40 tons/yr. It 
was also calculated a payback period of 2 years.  

• The Heat recovery at Cascades Leisure Centre, Craigavon (Northen Ireland)[32], 
which include a swimming pool with water slides and diving boards, a 
children’s/learner pool, a Jacuzzi and a sauna) and where an extract air heat-recovery 
system have been installed, including inverter control of the supply and extract fans, 
variable diffusers for supply air,, air-to-air plate heat exchangers, variable recirculation 
dumpers, and modulating control of heater batteries. This refurbishment project 
demonstrated the heat recovery system can save around 56% of the annual gas oil and 
electricity consumptions (comparing the 2.392 MWh post project evaluation with 
4.271 MWH before the project started) with a CO2 emission reduction of  538 
Tons/yr. 

These aforementioned examples and best practises of Sport Facilities are a demonstration that 
improving the energy management is possible to reach significant levels of energy efficiency. 
They prove the attractive interest - internationally and particularly at EU level - for the 
integration of RES and energy efficiency retrofitting measures. However, There still exists a 
gap however for the integrated control and management of sport facility energy 
infrastructures.  SportE2 will concentrate and focus its efforts on this gap. 

                                                 
31www.vastervik.se/lokala/investeringsprogram 
32www.dfpni.gov.uk/content_-_psec-newpage-11g. 
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2.1.3.4 Relevant references in literature 

2.1.3.4.1 European Commission policy 
The European Commission has a policy for developing EU strategies to promote ICTs for 
Energy Efficiency and Resource Conservation in Buildings whilst positively contributing to a 
sustainable Growth and Climatic Changes, matching among the other the objective of the 
Millennium Development Goals (MDG). The following documents are relevant for the 
SportE2 project development. 

Ad-Hoc Advisory Group Report - ICT for Energy Efficiency, DG-Information Society and 
Media[33], aware of the issues and opportunities faced by the European Union in transforming 
to a low carbon economy and society. 

Public consultation[34] on "Information and Communication Technologies for a Low Carbon 
Society”, ICT for Sustainable Growth, Sept. 2009. 

i2010 initiative, for the information society and media, which promotes the positive 
contribution that information and communication technologies (ICT) can make to the 
economy, society and personal quality of life[35]. 

Through these, and many others, the European Commission is encouraging efforts in research, 
development, demonstration and validation of results, aimed at a more efficient and optimal 
management of energy systems, on the way in which energy consumption may be reduced 
whilst maintaining indoor comfort, safety and security conditions (for people, building 
structures and goods) and technological solutions always maintained closed to the state-of-
the-art. 

Worldwide, in Europe particularly with ManagEnergy [36], there is a growing sensibility to 
brings together the worlds of sport with environment to share knowledge and advance 
practices related to sport relationships with communities and with the environment, as well as 
to promote sustainable concepts and natural resources conservation. The major Authorities 
managing the Sport at EU Country level, such as International and National Olympic 
Committees and National Sport Federations have signed agreements with Ministries of 
Environment, Development and Infrastructures, on how sport is embracing the challenge of 
reducing its environmental footprint for social and economic benefits, recognising that 

“in Sport Facilities there are significant consumption of electricity and heat. It is 
important, therefore, promote the spread in this area of energy efficiency and use 
of renewable sources, not only for the benefits on the environment resulting from 
these technological choices, but also for the social value that may ensue. The 
Olympic training centres, in fact, represents a good heritage in terms of visibility 
to spread in the other sports facilities, public and private, best practices of energy 
saving and environmental sustainability”. 

                                                 
33http://ec.europa.eu/information_society/activities/sustainable_growth/docs/consultations/advisory_group_repor
ts/ad-hoc_advisory_group_report.pdf. 
34http://ec.europa.eu/information_society/activities/sustainable_growth/index_en.htm. 
35http://ec.europa.eu/information_society/eeurope/i2010/index_en.htm. 
36 ManagEnergy is an initiative of the European Commission Directorate-General for Energy and Transport, 
which aims to support the work of actors working on energy efficiency and renewable energies at the local and 
regional level. The main tools are training, workshops and online events. Additionally information is provided 
on case studies, good practice, European legislation and programmes. 
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SportE2 is therefore an instrument for this community to achieve its objectives.  The impact of 
this background is that we will contact and conduct outreach to ManagEnergy. This will begin 
with sending them the project Brochure and including them in the project’s “Plan for 
Disseminating the Knowledge.”  

2.1.3.4.2 EPlabel project 
The EPLabel project[37], funded within the SAVE programme (IEE), addresses the 
requirement of the European Buildings Directive for Public Buildings over 1,000 m2 to 
display an Energy Certificate. This project investigates different building typologies and 
among them the sports facilities providing some statistical data and benchmarked energy 
results from the participating counties (Belgium, Denmark, Finland, France, Germany, 
Greece, Ireland, Netherlands, Norway, Sweden and UK). A very important source of 
benchmarks utilised within the EPLabael project for sport facilities is the Energy efficiency in 
sports and recreation buildings: a guide for owners and energy managers (Guide 51). This 
guide classifies Sport Facilities according to their energy performances and CO2 emissions as 
reported in Table 1[38]. 

Table 1 – Energy Performance Classification Criteria for sport facilities. 

Energy [kWh/m2] CO2 emission [kg of CO2/m2] 
Type of facility Energy Source 

Good Fair Poor Good Fair Poor 
Fossil fuels < 215 215 ÷ 325 > 325 < 41 41 ÷ 62 > 62 

Without a pool 
Electricity < 75 75 ÷ 85 > 85 < 47 47 ÷ 54 > 54 
Fossil fuels < 360 360 ÷ 540 > 540 < 68 68 ÷ 100 > 100 

With a pool 
Electricity < 150 150 ÷ 205 > 205 < 95 95 ÷ 130 > 130 
Fossil fuels < 775 775 ÷ 1120 > 1120 < 150 150 ÷ 210 > 210 

Pool only 
Electricity < 165 165 ÷ 235 > 235 < 100 100 ÷ 150 > 150 

2.1.3.4.3 Ener-in-Town project  
The Ener-in-Town project, also EU funded within the SAVE programme (IEE), ran from 
January 2006 to June 2008 and aimed to address three key barriers in municipal energy 
management:  

• Lack of knowledge in energy management techniques  

• Lack of energy consumption data  

• Experience in implementation of low cost energy saving measures  

The project focused then on the training of municipal energy managers. Training material on 
energy management in the public sector is currently available on the project website[39]. In 
addition to this, case studies were developed to aid the energy managers understanding of 
energy saving techniques. The energy monitoring part of the project tried to establish low cost 
measures of monitoring energy consumption in municipal buildings using existing networks. 

                                                 
37www.eplabel.org, supported by the Intelligent Energy for Europe (EIE) SAVE programme of the European 
Commission (Jan. 2005 – Feb. 2007). 
38defined by “Guide 51 – Energy efficiency in sports and recreation buildings: a guide for owners and energy 
managers” 
39 Available at http://www.enerintown.org/project_results/ener_in_town_guide 
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This proved a significant challenge. Significant savings were achieved in the project, 
particularly in sport facilities (Figure 18). 

 
Figure 18 - Average energy savings achieved in the Ener-in-Town project 

After the initial phase of energy profile’s identification, to evaluate energy saving 
opportunities in buildings, a set of measures was finally proposed to the energy managers 
depending on the type of the building[40]. It is worthy to be mentioned despite some of the 
proposed energy saving measures were out of the scope of the project due to several factors 
(i.e. budget, technical complexity, etc.), energy managers in many cases showed great interest 
in keeping them to their agenda for future consideration and evaluation. This development can 
be considered as an indirect success factor in the sense of showing that the creation of 
capacity may entail future benefits that surpass the duration of a single project and trigger a 
cultural shift to be disseminated further following to the completion the present initiative. 

The energy saving measures implemented in sport facilities were the following: 

• Pool cover; 

• CHP unit; 

• Optimization in lighting usage; 

• Optimization in pumping system usage; 

• RES system for DHW; 

• Cleaning of luminaries; 

• Energy saving awareness campaign; 

• Power factor correction system; 

• Movement sensors and clock switches for lighting and air conditioning control. 

As a result of this implementation, the top 3 of most effective measures in swimming pools 
and sports centre were: the pool cover, the optimization of the lighting usage and the adoption 
of RES systems for Domestic Hot Water needs (solar thermal). 

2.1.3.4.4 Energy use in sports and recreation buildings (ECG078) 
The Energy Consumption Guide (ECG) number 78[41] incorporates a range of benchmarks 
against which the actual performance of sports centres can be compared. The benchmarks are 

                                                 
40 Available at: http://www.enerintown.org/download.ashx?f=EnerInTown_Report.pdf 
41 ECG078 - Energy use in sports and recreation buildings, BRECSU - UK, 2001 available at: 
http://www.carbontrust.co.uk/Publications/pages/publicationdetail.aspx?id=ECG078 
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derived from data collected from over 200 sports centres across the UK. The two core 
benchmarks are typical and good practice. Typical represents the average energy performance 
of the sample surveyed, whereas good practice indicates what is achievable using widely 
available and well-proven energy-efficient features and management practices. 

The Guide describes a number of approaches for comparing performance, depending on the 
available data and level of sophistication required. The simplest of these requires only 
straightforward information, while the more complex approaches refine the procedure to 
match an individual sports building and its facilities more closely. Whichever benchmarking 
approach is used, this is the first step and then it is worth considering some of the energy-
saving measures also outlined in the guide. 

 
Figure 19 - Typical sports centre buildings - 7 reference types 

Although the benchmark values cannot be employed directly across Europe (they are highly 
dependent) on the climate, this guide is very useful as seven typical sports centre buildings are 
identified with the collaboration and assistance of Sport England. These types are described 
and utilised as ‘reference types’ in this Guide (Figure 19). The seven reference types range 
from a local dry sports centre to a regional leisure centre. All reference types, with the 
exception of the type 6 sports ground changing facility, include a reception area and a typical 
number of staff offices. 

The methodology described in ECG-78 is based upon a flexible and modular approach that 
allows one to generate the benchmarks for facilities with different aggregation of functional 
areas and their typical activities (Figure 20). 
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Figure 20 - Energy and CO2 benchmarks for different functional areas within sport facilities in UK 

SportE2 will leverage and build upon this specific aspect of the background by following the 
same modular approach that develops solutions based on a functional areas and compositions 
of those functional areas. 

 

2.1.3.4.5 Energy efficient design of sports centres (GPG211) 
The Good Practice Guide 211[42] focuses on energy efficient design of sports centres. This 
guide brings together the information available on energy efficiency in the sports and leisure 
sector. Designers can use it to select strategies and technologies which will save energy 
during the lifetime of the building, and ensure that appropriate environmental standards are 
achieved. This guide first examines the main facilities within sports centres. Adherence to the 
guide’s suggested energy efficiency options and design factors (Figure 21) could itself 
represent opportunities to reduce energy use. The sports activities are cross-referenced to a 
second section in the guide, which looks at appropriate energy saving technologies. 

                                                 
42 GPG211 - Energy efficient design of sports centres, BRECSU - UK, 1996 available at: 
http://www.carbontrust.co.uk/Publications/pages/publicationdetail.aspx?id=GPG211 
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Figure 21 - Sport Facilities - design factors in relation to environmental conditions in different functional 

areas[25] 
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2.1.4 Standards and regulations related to the operation of Sport Facilities 

With regard to the environmental parameters of the project of sports facilities, there isn’t an 
international law that provides for limits to be respected, but we must refer to the individual 
national laws or regulations of the individual sports federations. In some cases, facilities 
which host international competitions, are displayed on uniform international standards. One 
example is pool covers for Olympic sized swimming pools. In facilities where official 
competitions are held, fixed pool covers cannot be present. “Fixed” typically refers to the 
mounting device and roll of the material that would be on the side of the pool when the cover 
is not in use. 

To date in most EU countries, the design and construction of sports facilities from the 
perspective of energy savings is not subject to specific legislation.  However, the general 
regulation on the energy performance of buildings (eg Directive 2002/91) is typically taken as 
a base document.  In sport related events and activities, it is essential to maintain optimal 
standards for indoor environmental parameters and to ensure the comfort of the users. 
Thermal comfort is defined by the American Society of Heating Ventilation and Air-
Conditioning Engineers ASHRAE as that particular state of mind which expresses satisfaction 
with the environment. The parameters that mostly affect user thermal comfort are: air 
temperature, air humidity, ventilation, level of activity and clothing level. 

Thermal comfort may also be influenced by other factors related to temperature, such as: 

• High vertical temperature difference 

• High asymmetry of the mean radiant temperature 

• Floor temperatures 

• Air Drafts 

All of these situations, which may occur locally, can create a discomfort perceived by users 
even in an environment with a proper microclimate. It is therefore important not to overlook 
these aspects in design, assessment, and operation. Good practices generally involve heating 
at low temperatures, ensuring an even distribution of ventilation devices, maintenance of 
existing facilities, air tightness, and other measures. 

Swimming pools also require deliberate attention and treatment. Regulations and operational 
guidelines in each country must be considered. Different water treatments include ozone, 
sand, ultraviolet, and chloride. Temperatures are generally regulated to about 28ºC. 
Acceptable temperature fluctuations may be specified and it may vary for the size, user, and 
activity of the pool (children’s pool vs. competition for example). EN 15288-1:2009 "Pools - 
Part 1: Safety requirements for design” specifies the safety requirements for design, planning, 
construction and operation of swimming pools and supplies information about the risks 
associated with the design features, which should ensure a safe environment. EN 15288-
2:2009 "Pools - Part 2: Safety requirements for the management" specifies the safety 
requirements for operation and management pools. 

For all environments, but even more for the swimming facilities, an assessment of air quality 
should be considered. This includes chemical aspects, CO2 levels, pollutants, temperature, and 
humidity. For this purpose it makes use of the ventilation whose essential function is to place 
in the environments fresh air (outside and taken properly filtered) in order to renew the 
contaminated air and maintain good conditions in terms of quality and temperature. A 
frequent change of air, however, involves an excessive waste of energy, which may be limited 



SportE2 D 1.1  11-03-2011 Page 32 of 115 

SportE2: D 1.1 Performance Criteria and Requirements                         32 
www.sporte2.eu   

by the installation of an Air Handling Unit (AHU) with a heat recovery system which could 
achieve constant temperature and constant humidity with heat recovery to more than 90%. 

The main pollutants that can be found within indoor facilities because of inadequate 
ventilation are: 

• Chemical pollutants from internal sources, e.g. organic compounds emitted by flying 
adhesives, carpeting, upholstery, cleaning products, carbon monoxide, nitrogen oxides 
and chlorine; 

• Chemical contaminants from external sources: the exhaust of cars and various types of 
contaminants that penetrate inside buildings through windows and cracks; 

• Biological contaminants: Bacteria, molds, pollens, viruses can easily proliferate in the 
ducts of air conditioning and ventilation and in areas with high percentages of 
moisture. 

 

For the latter the risk is high especially with regard to swimming pools, which are 
characterized by a high tendency to saturation in terms of humidity. The mandated water 
temperature and nature of pool activities (splashing, people jumping in and out) directly lead 
to constant evaporation. For this reason, constant air exchange is mandated.  

Directives can also be found related to the construction materials present, noise levels, 
accessibility aspects, building sustainability, and so on. In bringing energy efficiency 
consulting services to the client, a deliberate approach must be considered and followed. It is 
not likely that the consultant will want to become the informer or enforcer of all directives 
and regulations. This may deter energy efficiency measures. However, it is also not likely that 
the consultant would choose to ignore gross problems if identified. Good judgement and 
communication with the facility stakeholders is required.  

For SportE2 we have decided to begin with a closer look to several of the most pertinent 
regulations and parameters that effect the project’s pilot activities (Italy, Spain and 
Portugal)[43]. Later in the project as we look to replication in different countries, this list will 
be considered for expansion. 

                                                 
43 Available at: 

• Norme coni per l'impiantistica sportiva: 
http://scuoladellosport.coni.it/fileadmin/documenti/Normativa_Sport/ImpiantiSportivi/Norme_Coni_Im
piantistica_sportiva.pdf 

• http://www.csd.gob.es/csd/instalaciones/politicas-publicas-de-ordenacion/actuaciones-en-el-ambito-
tecnico/1normasNIDE/02nide1/03NormProyCamPq/salas-y-pabellones/7-condiciones-de-diseno-
caracteristicas-y-funcionalidad-de-salas-y-pabellones/ 

• UNE-EN 12193 

• DECRETO 32/2003, de 18 de febrero, por el que se aprueba el reglamento sanitario de piscinas de uso 
colectivo (specific decree for swimming pools in Basque Country) 

• Decreto Lei 79/2006, de 6 de Abril – Regulamento dos Sistemas Energéticos de Climatização em 
Edifícios 

• EN 12193 

• Regulamento Geral do Ruído 

• Directiva 23/93 CNQ - This Directive aims to fix, in general, the provisions safety, hygiene and 
sanitary, technical and functional, which must be observed in pools and facilities dedicated to 
recreational water for public use 
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Indoor plant: Is the area dedicated to development of sports (gym, fitness room, etc). The 
requirements are indicative as they may vary depending on the activity carried on in sports 
and the number of practitioners 

 
Table 2 - Environmental requirements - Indoor plant 

 ITALY SPAIN PORTUGAL 

Air Temperature 16-20 °C 16-18ºC sport 
courtsfor big places 
(like indoor football 
room) and 20-23ºC 
for small places (like 
gym) 

20 ºC (Winter) 25 ºC 
(Summer) 

Relative Humidity 50 % 40-60% 50% 

Air Changes 30 m^3/Hr/person 43,2 m3/Hr/person 35 m^3/Hr/person 

Maximun Air Speed 0.15 m/s 0,15 m/s 0.2 m/s 

Lighting 500 lux average 200 lux 200 lux 

Swimming pool: environment where there are pools. Particular attention must address the 
condition of the water in the tank which must be not less than the air temperature. In 
particular, it is important to remember that 70% of the heat supplied to water of a swimming 
pool is lost through evaporation (Source program Respect - Reduce Swimming Pool Energy 
Costs). 

Table 3 - Environmental requirements - Swimming pool 

 ITALY SPAIN PORTUGAL 

Air Temperature 24-30 °C +- 2ºC Pool water 
temp 

20 ºC (Winter) 25 ºC 
(Summer) 

Relative Humidity < 70 % 55-70% 50% 

Air Changes 20 m^3/hr/m^2 of 
swimming pool 

8m3/Hr/m2 10m3/Hr/m2 

Maximun Air Speed ≤ 0,10 m/s ≤ 0,2 m/s 0.2 m/s 

Lighting  ≥ 150 lux ≥ 300 lux 300 lux 

Temperature Water 
Pool 

24-30 °C 24-28ºC 26-28ºC 
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Changing room: the environment in the service of athletes / instructors usually placed in the 
immediate vicinity of the playing area. The requirements of temperature, humidity, ventilation 
and lighting to comply may result from specific legislation or health and hygiene regulations 
common to residential buildings. The temperature of the environment with regard to the 
changing rooms to service pools, for comfort of users, it is optimal to have an increase of 
about 2 ° C above the changing rooms for other sports. 

 
Table 4 - Environmental requirements - Changing room 

 ITALY SPAIN PORTUGAL 

Air Temperature 18-22 °C 20-22ºC 20 ºC (Winter) 25 ºC 
(Summer) 

Relative Humidity 50 % - 50 % 

Air Changes 5 vol/Hr 8 vol/Hr = 
30m3/Hr/person 

10m3/Hr/m2 

Maximun Air Speed 0.15 m/s < 0,2 m/s 0.2 m/s 

Lighting 150 lux average 150 lux average 150 lux 

 

Locations for the public: They are a series of environments, not directly related to sports, to 
serve the public such as bars, offices, corridors, etc. 

Table 5 - Environmental requirements - Locations for the public 

 ITALY SPAIN PORTUGAL 

Air Temperature 20° C 18ºC minimum 20 ºC (Winter) 25 ºC 
(Summer) 

Relative Humidity 50 % - 50 % 

Air Changes ≥ 0.5 vol/hr 30m3/Hr/person 35 m^3/Hr/person or 
5m3/Hr/m2 

Maximun Air Speed ≥ 0.15 m/s - 0.2 m/s 

Lighting ≥ 200 lux ≥ 100 lux ≥ 100 lux 
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2.1.5 Energy contracts and incentives common to sport facilities  

2.1.5.1 Energy contracts  

2.1.5.1.1 Energy contracting 
The common type of energy contracts on sport facilities is the standard fuel supply contract, 
for primary energy supply (like natural gas) or final energy supply (like electricity or district 
heating), and maintenance contract. However those types of contracts doesn’t imply any 
outsourcing of risks or provision of guaranties for the overall system performance. 

Actually the energy service contracts approach shifts the focus away from the sale of primary, 
secondary or final energy carriers like electricity or fuel towards the desired benefits and 
services derived from the use of the energy, e.g. the lowest cost of keeping a room warm or 
air-conditioned. The knowledge and experience of an energy service provider (like an ESCO 
– Energy Service Company) is used to provide the energy service requirement at least cost to 
the end user. 

Figure 22 gives an overview of classical energy supply contract (Utility) and the two basic 
energy service contracts models (Energy Supply Contracting and Energy Performance 
Contracting) and indicates typical measures: 

 
Figure 22 - Energy added value chain, two basic Energy-Contracting models and typical efficiency 

measures [44] 

Energy service contracting is widely promoted as an instrument to overcome obstacles against 
the implementation of energy efficiency investments. Especially for the public sector this 
model of Public-Private-Partnership is considered to be one of the most effective tools to 
enhance energy efficiency in buildings and has been successfully implemented in many EU-
27 Member States.  

                                                 
44  “Comparison and Evaluation of Financing Options for Energy Performance Contracting Projects”, Graz 
Energy Agency Ltd. and EC-Project partners, 2007 
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On the Portuguese pilot of SportE2 project, there is an energy service contract, more precisely 
there is an energy performance contract, between an ESCO (SELF ENERGY) and the owner 
of the sport facility (Colégio Liceal de Santa Maria de Lamas), with a reduce energy costs 
guarantee and with shared savings between the ESCO and the owner.  

The European Comission promotes the concept of energy services within its directive on 
“Energy End-use Efficiency and Energy Services” (Directive 2006/32/EC of 5 April 2006), in 
which it defines:  

- Energy-Contracting as “the physical benefit, utility or good derived from a combination of 
energy with energy efficient technology and/or with action, which may include the operations, 
maintenance and control necessary to deliver the service, which is delivered on the basis of a 
contract and in normal circumstances has proven to lead to verifiable and measurable or 
estimable energy efficiency improvement and/or primary energy savings”.  

- Energy Service Company (ESCO) as “a company that delivers energy services, energy 
efficiency programmes and other energy efficiency measures in a user-s facility, and accepts 
some degree of technical and sometimes financial risk in so doing. The payment for the 
services delivered is based (either wholly or in part) on meeting quality performance 
standards and/or energy efficiency improvements”.  

 

2.1.5.1.2 Energy performance contracting (EPC) 
According to the Graz Energy Agency report [43] energy performance contracting is a service 
package that can be arranged specifically to the needs of the building owner, as a modular 
system. This means the client defines what components he wants to outsource and what 
componentes he carries out himself.  

 
Figure 23 – Energy-performance contracting with success guaranties [43] 

For example, financing can be provided either by the ESCO or the sport facility owner. This 
means the contracting package in no way automatically includes externan financing [43]. A 
good example is provided by the SportE2 portuguese pilot, where the financing was assured 
by the owner of the sport facility not by the ESCO (SELF ENERGY). Other tasks, such as 
ordinary operational and maintenance management, can be taken over by the sport facility 
owner himself just as well. On the SportE2 portugues pilot there are some tasks assured by the 
sport facility owner and others by SELF ENERGY (like co-generation operation and 
maintenance management).  
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Figure 23 summarizes the central elements of an energy service package and Figure 24 shows 
the EPC typical business model.  

 
Figure 24 – Business model of Energy Performance Contracting [43] 

According to the Graz Energy Agency report [43], key features of an Energy Performance 
Contract are the followings: 

• An Energy Service Company (ESCO) plans and realizes energy efficiency measures 
and is responsible for their operation and maintenance throughout the contract term; 

• The ESCO has to guarantee energy cost savings compared to a present state energy 
cost baseline; 

• The energy investment are (partly) paid back out of the future energy cost savings; 
• The client continues to pay the same energy costs as before (or even a smaller amount, 

depending on the type of contract). After termination of the contract, the entire savings 
will benefit the client; 

• The ESCO remuneration is the contracting rate and depends on the savings achieved. 
In case of underperformance the ESCO has to cover the short fall. Additional savings 
are shared between building owner and ESCO.  

Finally, Graz Energy Agency report [43] defines Energy Performance Contract (EPC) as: 
• A comprehensive energy service package aiming at the guaranteed improvement of 

energy and cost efficiency of buildings or production processes. An external Energy 
Service Company (ESCO) carries out an individual selectable cluster of services 
(planning, building, operation & maintenance, (pre)financing, user motivation...) and 
takes over technical and economical performance risks and guarantees. Most projects 
include third party financing. The services are predominantly paid out of future saved 
energy costs.  

2.1.5.2 Energy incentives common to sport facilities 

2.1.5.2.1 Incentives to electricity generated from renewable sources (RES-electricity)  
On table 2 we have an overview of the renewable electricity (RES-E) incentives that are in 
place in the EU-27 Member States. These incentives are also available to sport facilities and 
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can be differentiated in six categories: Feed-in tariff, Premium, Quota obligation, Investment 
grants, Tax exemptions and Fiscal incentives.  

 
Table 6 –Overview of RES-E incentives in the EU-27 [45] 

Countries Feed-in-
Tariff 

Premiu
m 

Quota 
obligation 

Investment 
grants 

Tax 
exemptions 

Fiscal 
incentives 

Austria X      

Belgium X  X X X  

Bulgaria X     X 

Cyprus X   X   

Czech 
Republic X X  X   

Denmark  X     

Estonia X X    X 

Finland    X X  

France X      

Germany X     X 

Greece X   X X  

Hungary X   X   

Ireland X      

Italy X  X    
Lithuania X   X   

Luxembourg X   X   
Latvia X   X X  

Malta X   X  X 

Netherlands  X   X X 

Poland   X  X X 

Portugal X      

Romania   X    

Slovakia X    X  

Slovenia X X    X 
Spain X X   X  

Sweden   X  X  

United 
Kingdom X  X  X  

 
 
 

                                                 
45  “Financing Renewable Energy in the European Energy Market”, Ecofys, 2011 
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 Figure 25 – Main RES-E incentives in the EU-27 [43] 
 
 
 
Table 7 give an overview of characteristics and advantages of main incentives for renewable 
electricity (RES-E)  
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Table 7 – Description and Advantages of RES-E incentives [44] 

RES-E 
Incentives 

Description 

Feed-in tariff Feed-in tariff systems have been historically and currently still are the main instruments of 
support in the EU.  Most countries use a differentiation according to technology, which 
facilitates the development of a range of technologies due to the different level of tariffs they 
receive 

Feed-in tariff advantages: long-term certainty of receiving a fixed level support, which lowers 
investment risks considerably; the costs of capital for RES investments observed in countries 
with established tariff systems have proven to be significantly lower; By guaranteeing the 
price and providing a secure demand, feed-in tariffs reduce both the price and market risks, 
and create certainty for the investor regarding the rate of return of a project. The lower cost 
for the investor result lower average support cost for society 

Premium Premium systems provide a secure additional return for producers, while exposing them to the 
electricity price risk. Compared to feed-in tariffs, premiums provide less certainty for 
investors and hence, imply higher risk premiums and total costs of capital. There are different 
design options for premium systems. Premiums that are linked to electricity price 
developments, e.g. limited by cap and floor prices, provide higher certainty and less risk of 
over-compenstation than fixed premiums. 

In premium systems, the renewable electricity producer participates in the wholesale 
electricity market. The advantage of premiums is therefore that producers of renewables are 
stimulated to adjust their production according to the price signals on the market (i.e. 
electricity demand), at least if they have fuel costs. This can be beneficial for power system 
operation. For a detailed evaluation of feed-in premiums against market compatibility and 
further evaluation criteria (long-term competitiveness, governance etc.). 

Quota 
obligation 

Governments impose minimum shares of renewable electricity on suppliers (or consumers 
and producers) that increase over time. If obligations are not met, financial penalties are to be 
paid. Penalties are recycled back to suppliers in proportion to how much renewable electricity 
they have supplied. Obligations are combined with renewable obligation certificates (ROCs) 
that can be traded. Hence, ROCs provide support in addition to the electricity price and used 
as proof of compliance. A ROC represents the value of renewable electricity and facilitates 
trade in the green property of electricity. Quota obligations with certificates expose producers 
to market signals, which can be beneficial from a power system operation perspective 

Another related advantage of quota obligations compared to feed-in tariff and premium 
systems, is the fact that support is automatically phased out once the technology manages to 
compete. Tradable certificates represent the value of the renewable electricity at a certain 
time. When the costs of renewable technologies come down through learning, this is 
represented by the adjustment of the price of certificates. On the other hand, this might be a 
challenge for plants already in operation that did not profit from this technological learning. 
Furthermore, certificate prices are volatile to other market influences. 

Investment 
grants 

Investments grants for RES-E are available in several Member States and are often devised to 
stimulate the take-up of less mature technologies such as photovoltaics. 

Tax 
exemptions 

Tax incentives or exemptions are often complementary to other types of renewable energy 
incentive programmes. They are powerful and highly flexible policy tools that can be targeted 
to encourage specific renewable energy technologies and to impact selected renewable energy 
market participants, especially when used in combination with other policy instruments 

Fiscal 
incentives 

Fiscal incentives, includes soft – or low-interest loans that are loans with a rate below the 
market rate of interest. Soft loans may also provide other concessions to borrowers, including 
longer repayment periods or interest holidays.  

 

2.1.5.2.2 Feed-in tariffs for RES-Electricity 
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In most EU member states, sport facilities now have the possibility of selling the electricity 
generated from renewable sources to the electricity utilities. Prices paid for 'self-produced' 
electricity is commonly called a feed-in tariff.  

On table 3 it’s possible to compare feed-in tariffs in euros per kilowatt-hour (€/kWh) in the 
EU-27, for three of the main renewable sources: windpower ‘on-shore”, solar photovoltaic 
(solar PV) and biomass. 

Based on table 3 information it’s possible to observe the following feed-in tariffs variations: 
• Windpower ‘on-shore’: 0.035 €/kWh (Denmark) to 0.31 €/kWh (United Kingdom); 
• Solar PV: 0,097 €/kWh (Hungary) to 0,583 €/kWh (Netherlands) 
• Biomass: 0,038 €/kWh (Poland) to 0,3 €/kWh (Italy).  

Table 8 – Feed-in tariffs for RES-Electricity in EU member states, prices valid for April 1st 2010 [46] 

Member state Windpower 'On-shore' Solar PV Biomass 

Austria 0.073 0.29 - 0.46 0.06 -0.16 
Belgium n/a n/a n/a 
Bulgaria 0.07 - 0.09 0.34 - 0.38 0.08 - 0.10 
Cyprus 0.166 0.34 0.135 

Czech Republic 0.108 0.455 0.077 - 0.103 
Denmark 0.035 n/a 0.039 
Estonia 0.051 0.051 0.051 
Finland n/a n/a n/a 
France 0.082 n/a 0.125 

Germany 0.05 - 0.09 0.29 - 0.55 0.08 - 0.12 
Greece 0.07 - 0.09 0.55 0.07 - 0.08 

Hungary n/a 0.097 n/a 
Ireland 0.059 n/a 0.072 
Italy 0.3 0.36 - 0.44 0.2 - 0.3 

Latvia 0.11 n/a n/a 
Lithuania 0.10 n/a 0.08 

Luxembourg 0.08 - 0.10 0.28 - 0.56 0.103 - 0.128 
Malta n/a n/a n/a 

Netherlands 0.118 0.459 - 0.583 0.115 - 0.177 
Poland n/a n/a 0.038 

Portugal 0.074 0.31 - 0.45 0.1 - 0.11 
Romania n/a n/a n/a 
Slovakia 0.05- 0.09 0.27 0.072 - 0.10 
Slovenia 0.087 - 0.094 0.267 - 0.414 0.074 - 0.224 

Spain 0.073 0.32 - 0.34 0.107 - 0.158 
Sweden n/a n/a n/a 

United Kingdom 0.31 0.42 0.12 

                                                 
46 Europe’s Energy Portal, http://www.energy.eu/  
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2.1.5.2.3 Incentives to RES heat and cooling 
Comparing to incentives for RES-Electricity, European and Member States’ policies have 
provided relatively few incentives for the application of RES heat and cooling (RES-H&C) in 
the past. In recent years, these options are receiving more attention from policy makers [43]. 
Table 4 gives an overview of the main renewable heat and cooling incentives used in the EU-
27 Member States.  

Table 9 – Overview of main RES-H&C incentives in the EU-27 [43] 

Countries Investment grants Tax exemptions Financial incentives 

Austria X X  

Belgium X X  

Bulgaria X  X 

Cyprus X   

Czech Republic X   

Denmark  X  

Estonia X  X 

Finland X   

France X X X 

Germany X  X 

Greece X X  

Hungary X   

Ireland X   

Italy  X  
Lithuania X X  

Luxembourg X   
Latvia X   

Malta X   

Netherlands X X  

Poland X   

Portugal X  X 

Romania    

Slovakia X   

Slovenia X   
Spain    

Sweden X X  

United Kingdom X X  

The combination of these incentives varies largely from country to country and from 
technology to technology. The main support comes in the form of investment grants and tax 
exemption, available in quite some Member States for most RES-H&C technologies [43].  
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Financial incentives such as soft loans are less commonly available. RES based district 
heating receives relatively little attention from Member States, with the exception of countries 
like Austria, Finland, Hungary and Lithuania are exceptions [43].  
 

2.1.5.2.4 Incentives to Combined Heat and Power (CHP) 

The EU Directive 2004/008/EC requests Member States to identify their respective potentials 
for high-efficiency combined heat and power (CHP), to remove barriers to its expansion and 
to establish promotional schemes.  

When looking at the type of incentives used to promote CHP the following categories can be 
identified [47]: Feed-in tariffs, Fiscal incentives, Investment incentives, Obligation to consider 
heat use. These incentives are described on table 6. 

Table 10 – Description of CHP incentives [45] 

RES-E 
Incentives 

Description 

Feed-in tariff Feed-in tariffs are the most common support mechanisms for combined heat and power 
(CHP) installations and they reward the amount of electricity supplied to the grid. Usually, 
these mechanisms are structured in a similar way as feed-in tariffs for RES electricity: fixed 
tariffs for electricity from qualified CHP plants, a bonus on top of the market price for 
electricity or minimum purchase prices. However, support is often solely provided to small-
scale CHP units, especially in Central and Eastern European countries, for example the Czech 
Republic, Hungary and Latvia. As a result, larger plants are discriminated against and the 
market is distorted. Also, for new plants, the size is often not determined by actual market 
conditions and heat loads. While being effective in the electricity market, feed-in tariffs 
cannot be applied as such to the heat market due to its complexity and to additional practical 
measures required by the distributed local nature of the heat market.  

Placing an obligation on the operator of a district heating grid is likely to severely hamper the 
competitiveness of district heating compared with individual heating technologies. An 
analysis carried out by the International Energy Agency (IEA) shows that, as an alternative, 
renewable heat certificates could be used to promote long-term structural changes as, for 
example, higher compensation could be set for certificates based on RES heat fed into DH 

Fiscal 
incentives 

Fiscal incentives include discounts or exemptions from taxes such as energy and 
environmental taxes or value added tax. A wide range of tax incentives exist. This type of 
mechanism can increase the competitiveness of the technology for which it is used. It is used 
in countries such as the Netherlands for CHP, and Finland and Sweden for CHP and RES-
based CHP. In Sweden, Finland and Denmark, systems for energy tax and environmental tax 
ensure a good market position for district heating systems. 

Investment 
incentives 

Investment incentives like capital grants and tax discounts/rebates are provided for certain 
CHP investments or to the developers or owners of renewable heating installations. For CHP, 
this type of support is used in Denmark, Finland, Sweden, the UK, etc.Purchasing obligation 
or guaranteed purchase of qualified CHP electricity is the mechanism through which CHP 
plants receive priority dispatch by system operators. The definition of qualified CHP is 
country-specific and includes criteria related to capacity and/or efficiency. This type of 
support scheme exists in countries such as Austria, Denmark, France, Germany and Italy. It is 
also used in most Central and Eastern European countries such as the Czech Republic, 

                                                 
47 http://www.powergenworldwide.com/index/display/articledisplay/314976/articles/cogeneration-and-on-site-
power-production/volume-8/issue-6/features/chp-support-mechanisms-in-different-countries-from-feed-in-
tariffs-to-investment-incentives.html  
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Hungary, Poland and Slovakia. 

Obligation to 
consider heat 
use 

For district heating, heat mapping and zoning has proven to be an effective instrument in 
several EU-15 countries to ensure that the most environmentally effective energy 
infrastructure is chosen from the outset when a new area of housing is being built. On the 
contrary, in many Central and Eastern European countries, district heating has to compete 
directly with natural gas systems which have been built in parallel. In these cases, unfair price 
regulation is likely to have disastrous effects. 

The status of the CHP or RES market has a large influence on the level of support required. 
Furthermore, the structure of the national industry plays an important role in the development 
of these sectors. The infrastructure of district heating can enable the use of different 
technologies. Until now, the possibilities provided by this infrastructure as regards the 
expansion of both renewable and energy efficient technologies have received little attention 
from policy makers and are not consistently integrated in policy measures. Few countries 
cover district heating with specific laws, and even then support schemes are not necessarily 
foreseen. Denmark has had a district heating law since 1997, while Germany addresses 
district heating through secondary legislation. Croatia (new heat law with secondary 
legislation under consideration), Estonia, Hungary (new DH law) and Lithuania have 
developed heat laws. In Romania, a district heating law is under preparation while the 
strategy for the sector has been approved through secondary legislation. 

On another study from International Energy Agency [48], incentives to CHP are divided on the 
following categories: 

• Financial and fiscal support (examples: investment grants, accelerated depreciation, 
feed-in tariffs, fuel tax excemption, R&D support), 

• Utility supply obligations, 
• Local infraestruture and heat planning, 
• Climate change mitigation (emissions trading), 
• Interconnection measures,  
• Capacity building. 

                                                 
48 “Cogeneration and district heating – Sustainable energy technologies for today and tomorrow”, International 
Energy Agency, 2009 
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2.2 Aspects specific to the SportE2 project  

2.2.1 Approach & Methodology 

SportE2 will develop a client-centric approach that begins with a client interview or energy 
audit. This interview or audit will serve to analyse the sport facility structure and its systems 
operation in order to help facility managers in considering available technologies and best 
practices that could be adopted and result in initial energy savings (Figure 26). It will be the 
role of later work on business modelling to determine how this initial step becomes valued 
and which will also depend on the stakeholders involved. One desired and probable outcome 
of the audit is the definition of what level of SportE2 best fits the sport facility’s requirements. 

 
Figure 26 - SportE2 initial approach 

The second step consists of implementing the SportE2 solution. SportE2 aims to manage and 
optimise the triple dimensions of energy flows (generation, grid exchange, and consumption) 
in Sport and Recreation Buildings by developing a new scalable and modular BMS based on 
smart metering, integrated control, optimal decision making, and multi-facility management. 
The SportE2 modules are intended to be applicable to both new and existing structures and 
answer the fundamental questions of how, where, when and why energy is produced, used and 
grid exchanged.  

The core of SportE2 is the When module that is focused on the development of mathematical 
energy optimisation models that are capable of capturing and predicting the dynamic 
behaviour of building operation. These mathematical models will be developed and enhanced 
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using high resolution data sets that can be obtained from both whole building energy 
simulation models and smart metering technologies. These models can provide quick 
response in terms of performance prediction that is the key requirement for dynamic building 
and system optimal operation. This innovative methodology is structured in three layers 
(Figure 27), the decision making layer and other two supporting layers: the sensing layer and 
the controlling. The sensing layer objective is to focus on the required smart metering network 
to support the proposed methodology. The controlling layer objective is to focus on the 
systems control side (actuation) in order to implement the decision driven by the sensed 
parameters and the energy optimisation models that are the core of this research work 
(decision making layer).  

 
Figure 27 - The core of SportE2 - Optimisation methodology 

As shown in Figure 27, the decision making layer will take inputs form the facility manager 
in form of optimisation scenarios. The facility manager specifies the optimisation scenarios 
that he wishes to achieve such as minimise zonal energy consumption while maintaining 
environmental temperature set points, or maximise the energy sold to the grid. These 
optimisation scenarios then act as inputs to the decision making layer whereby the 
mathematical models within this layer perform the optimisation routines. These scenarios are 
currently under development and will be documented in D4.1. 

Practical Matters! SportE2 is the development of commercial product and services but within 
the scope of European Project. As such, work is broken into periods, task, deliverables, and 
controlled by project milestones. To support program goals and to be comparable with other 
projects under the same funding scheme, common guidelines are present. Key activities and 
their timing are shown in Figure 28. 
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Figure 28 - SportE2 development 

 It is important to note that  

• Independent energy audits are conducted before and after 

• Pre control monitoring takes place for a minimum of 6 months 

• Control / Energy Savings Initiatives are enacted for a minimum of 12 months 

In addition it is required that certain measurements are recorded and that certain calculations 
are conducted. These include total energy consumptions, CO2 emission quantification, % 
renewable power generated, and peak power characterisation.  

 

2.2.2 Performance Indicators 

Performance indicators enable the characterisation and communication of facility 
performance. They also allow benchmarking and the comparison of energy profiles at a point 
in time, between points in time, or amongst like facilities.  As such, they are at the heart of a 
performance monitoring system, influence what data is collected or measured, and enable or 
facilitate decisions and energy management actions.  The most basic indicators are cost (€), 
total energy quantities (kWh or m3), cost or energy per area or volume (kWh/m2) and cost or 
energy per facility user (kWh/user).  Smart or sub metering then enable the characterisation of 
quantities per device, by type energy consumed, and the timing of this consumption.  Using 
this, ratios can be calculated with the end goal of effecting decisions and behaviours by 
identifying the highest impact and lowest cost changes and investments.  Other common 
indicators include CO2 equivalents, % energy generated by renewables, information related to 
the energy profile and peak, and indicators that relate to energy saved and comparison 
metrics.   

Although performance indicators are client specific, most clients will be interested in a 
common set of baseline indicators.  Therefore, the strategy in SportE2 will be the following: 

• Define and provide a standard set or baseline of common indicators 

• Code an options window that enables the toggling of additional indicators 

• Provide the definition and explanation of all possible indicators in the literature and 
help menu supporting the SportE2 modules 

We are also aware that it can be helpful to think about and to organise performance indicators 
in line with the “Four Pillars of Sustainable Development” as shown in Table 11. This may be 
clever with respect to marketing but it is not yet certain if it is market driven. Development 
within the project and working with the pilots will help get this right. 
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Table 11 – Performance indicator and main objectives 

Performance 
indicators 

Objectives SportE2 aims 

Technical Characterisation and evaluation of 
consumptions and energy flows.  

Identification of energy 
profiles:  consumption for 
energy sources (lighting, 
HVAC, services, Other) 

Environmental Analysis of pollution, emissions, 
waste, and air quality  

Identification of pollution 
emissions 

Assessment of air quality 

Identification of energy 
consumption related to: 
Electricity, Gas, Biomass, 
Thermal energy from solar 
panels 

Economic Characterisation and evaluation of 
costs, benefits, and return on 
investment  

 

Identification of energy costs 

Return on investments for the 
adoption of ICT solutions 

Identification of action 
specific costs and returns 

Social  Evaluation of the social aspects and 
related impacts  

 

Identification of users profile 
and behaviours  

Comfort achieved within the 
different functional area  

The analysis of the above mentioned indicators should allow the definition of sport facility 
profile and energy area where is necessary to directly invest for the optimization of energy 
efficiency. Selecting appropriate and useful performance indicators is a fairly straightforward 
process, but requires careful thought, iterative refining, collaboration, and consensus building. 

The development and selection of the performance indicators will be part of both system 
design and user operation. Fundamental to the quality and effectiveness of the indicators is 
access to or the measurement of accurate and high quality data.  SportE2 steps and actions 
with respect to performance indicators can be organised as follows:  

• Initial Visit/Audit: Begin the discussion with the client.  Collect data. 

• System Design: Continue the relationship with the client.  Use a facility survey.  
Select and support indicators appropriate for client needs. 

• Operation: Calculation and assessment of the indicators.  Are the indicators accurate?  
Does the client use them?  Does the client understand them?  

• Refinement: Coaching on indicators and system use or indicator refinement which 
may include new sensor placement or new algorithms. 

Further details on performance indicators are provided in Section XX and will be 
developed/refined over the course of the project.  
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2.2.3 How SportE2 defines the energy audit 

Since the term “Energy Audit” is not always employed with the same meaning, it is relevant 
to have a definition that can be used in this project. A simple and effective definition is 
provided by the project research project “BESS - Benchmarking and Energy management 
Schemes in SMEs” supported by the Intelligent Energy Europe Programme [49] 

“An energy audit quantifies trends of current energy use, equivalent greenhouse gas 
emissions and related costs and recommends energy efficiency improvements.” 

Most will likely readily agree on this basic definition of the energy audit.  What differs is how 
to achieve it. Some argue for sensor measurements. Others rely on site visits and inspections. 
Others may conduct the entire process remotely by studying past bills and facility related 
documents. Content of the audit is also open to interpretation. Some suggest air quality is 
relevant. Others argue for a deep analysis of the materials of the materials present. Building 
simulations and predictions over time could be conducted.  

Given this background, SportE2 establishes the following intent and boundary conditions for 
the energy audit: 

• The minimum guidelines as established in each country must be respected.  Typically, 
this is covered in the country’s adaptation of EBPD. 

• The audit establishes a relationship with the client. It is ok and preferable that each 
audit becomes suited to the needs of the facility and client. 

• SportE2 emphasises the development of ICT solutions and in particular the four 
SportE2 modules. As such, the audit pays particular attention to areas where ICT can 
have its greatest impact.  

This highlights the observation that energy audits can meet the minimum country 
requirements and have different purposes. For example, one may conduct an energy audit 
with particular emphasis on the retrofit of the building envelope, the inclusion of RET, or on 
measures to improve the operational and life cycle costs of the building. SportE2 will focus on 
operational costs and the best use of renewable energy technologies. The outcomes and goals 
of the SportE2 auditing procedure are:  

• The development of a long term relationship with the client. 

• Characterisation of all energy sources utilised at the facility. 

• Identification of the type of energy contract in place with the energy suppliers. 

• Identification of the functional areas present at the facility in question. 

• A characterisation of the energy flows at the facility. 

• Recommendations for energy efficiency improvements. 

• Recommendation for the next step or appropriate modules of SportE2. 

Client and facility needs have an impact on the outcome and goals listed above. In particular, 
the characterisation of energy flows will vary depending on the type/depth of the energy audit 
conducted and the amount of information/resources available for the audit. In this regard, we 
define three levels of energy audits. 

 

                                                 
49 Available at: http://www.bess-project.info/ 
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Level 1 – Simple Audit 
A simple audit is a remote investigation of the facility. Investigation is made using past 
energy invoices, facility survey information, equipment inventories, and usual occupation of 
the facility.  

Level 2 – Basic Audit 
The basic audit involves a facility visit and expert evaluation of the facility. Energy 
consuming devices are identified, counted, and inspected. Through this survey it is possible to 
better characterise energy flows and potential saving measures. The expert conducting the 
audit also has a better probability of identifying energy faults. 

Level 3 – Advanced Audit 
The advanced audit involves the use of measuring equipment for particular areas of concern.  
Measuring flow rates of an HVAC system, the energy provided by renewables, or the 
consumption of a particular device are examples. In some facilities, such data is already 
available.  In others, such data is not available. Table 12 shows the main differences between 
these three types of Energy Audits.   

Table 12 - Main differences between the three types of Energy Audits defined in SportE2 

 Simple Audit Basic Audit Advanced Audit 
Collecting Data     
Data Analysis    

Energy Efficiency 
Measures    

Facility visit X   
Measuring Data X X  

Providing an energy audit may be a process. For example, the client relationship may begin 
with a simple audit. Seeing value, the client may then choose to become more involved and 
request a basic audit. During that audit, a particular piece of equipment, process, functional 
area, or system may be identified for measurements. It is not necessary to conduct everything 
at one moment or to fix a label on each action. What is important is a logical process, that is 
value added, that is based on mutual respect, which leads to energy savings actions. 

The description of the types of energy audits highlighted another parameter or variable to the 
process which is the scope. The scope of an energy audit may vary and include an entire 
building or plant, a particular system or process of interest, or one or several devices of 
concern. The work undertaken to meet the audit goals and outcomes can include: 

• Sourcing: By device, sub-system, functional area, process, or facility, what energy 
source is consumed? 

• Timing & Duration: When is this energy source consumed?  For how long?  

• Aggregation: What is the total consumption of processes or systems of interest (e.g. 
lighting, heating, cooling, etc.) 

• Calculation: What percentages are present with respect to total energy or performance 
indicators of interest? 

• Recommendations: What energy savings measures should be implemented?  

• Economics: What are the estimated the potential energy savings, indicative budget 
costs and payback periods for each recommended action?  
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• Management Strategies: Identifying and recommending what energy management 
strategies could be appropriate for the facility of interest.  

• The initial design of the SportE2 modules appropriate for the facility of interest. 

An audit should conclude with a report delivered to the client. Depending on the type and 
scope of audit conducted, the following elements may be included:  

• The recommended SportE2 plan. 

• An executive summary with recommendations in a priority order, and estimates of 
their implementation costs and payback periods.  

• Relevant plant and process data.  

• Equipment data with measurements or estimates of the energy consumption for 
individual plant items.  

• Actual energy consumption records.  

• Energy use analysis in a graphical format.  

• Details of energy efficiency recommendations.  

• A comparison of actual consumption with analysis of estimated results from 
recommended actions.  

• Strategic recommendations to include energy management strategies and review 
process.  

There is the potential for confusion in how SportE2 is organised and how it relates to the 
energy auditing process. For this reason, it is summarised here. An independent energy audit 
will be obtained at each pilot before and after SportE2 activities. This will serve to provide 
credibility to the final results obtained. Part of the SportE2 approach is complementary to the 
energy auditing process. A user survey will always be conducted which has some overlap 
with the simple audit. Facility visits are an inherent part of the project. We will utilise sub and 
smart metering to detail facility energy flows with the aim of understanding, controlling, and 
optimising.  This could be thought of as similar to an advanced audit. One way to view this is 
that during the project, we are developing the process that will be replicable, efficient, and 
effective at large once the project is complete.   

 

2.2.4 Pilot Surveys 

A pilot survey for facility managers has been developed in order to get an initial 
understanding of the considered sport facility, its energy flows, and potential areas to be 
addressed in the design of the SportE2 solution. Results for each pilot are reported in Section 
3. As the project matures, we will reflect on these questions and adapt them to a final result 
for market replication. Our initial observation working through this process is the following: 
facility managers and stakeholders have detailed knowledge about facility operation and 
excellent recommendations concerning what needs to be done at their facilities. Interacting 
with and involving these key individuals is critical. For our initial survey, the following 18 
questions were utilised: 
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1. General features of the structure: (when the structure was built, the structure was 
design since the beginning to be a sport facility centre? Does the facility have a 
building energy rating certificate?) 

2. What does the overall energy picture look like? 

3. Total Energy consumption data and energy consumption per each typologies of 
facilities (swimming pool, fitness centre, tennis courts, volleyball, playground etc.) 
and systems that consume that energy (ventilation, heating, lighting, cooling, hot 
water, acoustic protection, energy for equipment (runners and other).,etc 

4. Do you know anything about the type of HVAC system in place in the facility? Do 
you also know about its operation schedule? 

5. Do you have any renewable energy source in the facility? Do you know anything 
about its operation schedule? 

6. Active People – A detailed survey of sports participation levels for the specific sport 
hall ascertaining the number of users and types and levels of activities. How many 
people? Are these predictable patterns (e.g. aerobics class Tuesday night from 8 to 9 
pm?) Is there a formal way to monitor this parameter (e.g. badges or signing in) or is 
there any database/booking system of the different sport halls/courts?  

7. Additional costs for the management of the facility cleaning, health and safety, 
insurance, security, child protection etc...is possible to reduce the overall costs by 
adopting some ICT solutions?  

8. Within the analysed sport facilities, is there any energy efficient policies / energy 
conservation measure that has been put in place? Which one? Is it possible to measure 
and verify the associated energy impact? 

9. Do you have sub or smart metering in place – or do you receive one bulk energy bill? 

10. Do you sell energy generated by your renewable energy systems? 

11. Do you monitory air quality?  Would you like to? 

12. Do you receive any complaint from customers in terms of comfort conditions in the 
facility? If so, are they associated to specific area of the building, type of activity or 
type of user? 

13. Do you already have an idea of what you would like to improve with energy 
efficiency? Example of problematic issue that facilities’ managers want to address 
with the project  

14. Is possible to create awareness among customers in order to apply ICT system able to 
reduce the overall energy consumptions? What is the age of the customers on average 
(e.g. children, teenagers, adults, elderly)? Can this be associated to a specific pattern 
(e.g. elderly in the mornings)?  

15. For your energy supply, which kind of contract do you have? Do you have flat rate 
tariffs or any rewards for peak shaving activities?  

16. Do you have an idea on the possible savings that the structure could achieve? 

17. How many months could be a reasonable payback period?  

18. Is there any lack of incentives to implement energy efficiency devices and encourage 
efficiency among customers that could be improved? 
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2.2.5 How SportE2 will assess energy savings 

This section is included for completeness and to answer questions common to this type of 
discussion and project. SportE2 is focused upon “ICT” technologies (the employment of 
sensors, software, algorithms, and building management systems).  However, we actively 
support any energy savings measure at our pilot facility (e.g. such as the replacement of old 
windows or the installation of solar panels, etc.). Our goal is 30% energy savings.  Therefore, 
what constitutes this 30% energy savings and how is it assessed? 

We expect that energy savings will be the result of: 

• ICT 
• ICT-enabled retrofit actions 
• Changes in user behaviours 
• The adoption of management programs 
• Non ICT-enabled retrofit actions 

SportE2 will “take credit” for all except non ICT-enabled retrofit actions. An ICT-enabled 
retrofit is one where data or measurements directly lead to the decision for retrofit. For 
example, measurements on a solar thermal system that show that it is no longer operating 
properly and its subsequent replacement will be considered “ICT enabled.” If instead, the 
replacement of the solar thermal equipment was part of a previously scheduled retrofit action 
(for example), then SportE2 would not “take credit” for the associated energy savings in 
reporting its results. 

To the best of our ability, the percent savings across all of these categories will be captured, 
documented, and explained. Then, the reader can make use of the information as it best makes 
sense for him/her. 

In terms of an assessment methodology, we are aware of the International Performance 
Measurement & Verification Protocol[50] (IPMVP).   IPMVP is a document produced by 
the US Department of Energy that provides guidelines on how to assess the results of energy 
efficiency, water efficiency, and renewable energy projects. This is needed because it is 
necessary to “normalise” certain data. For example, if the average temperature was 35º C one 
summer and 30º C the next summer, this makes a difference on cooling demand that is not the 
result of retrofit measures. In addition, to compare results across different studies, common 
practices such as the length of time analyzed should be adopted. 

SportE2 will assess and adapt the spirit or guidelines of IPMVP to the project assessment 
methodology. By this, we intend that we want a standardised approach, we want to be 
comparable with other projects worldwide, and we want to have the credibility of following a 
known and reputable standard. However, it is not yet clear if the EU will develop its own 
standard in the upcoming near term future or if parts of IPMVP are not well suited for what 
we intend to do.  This work will mature with the progression of the project.  

 

2.2.6 Comfort considerations 

This section is also included for completeness and questions regarding comfort are common 
to energy efficiency projects. It is clear that the “best solution” for energy savings would be to 
turn off all lights, heating in the winter, and cooling in the summer. This is of course not 

                                                 
50 Available at http://www.nrel.gov/docs/fy02osti/31505.pdf accessed 26 February, 2011. 
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reasonable and for this reason we are identifying the standards that define operational 
parameters for each pilot country (Section 2.1.4). 

Beyond standards, our pilot owners and managers have already told us that they are very 
aware of and sensitive to client complaints. Users of swimming pools are very vocal about 
cold pool water or a lack of hot water for shower facilities. Although standards may allow 
certain operational conditions, managers may reject them.  

We are also aware that different users will always define comfort differently. It will depend 
on individual preference, activity type, clothing worn, season, etc. For this reason, interaction 
with the facility and the consideration of facility scheduling and activity are part of the 
SportE2 analysis.  

Lastly, partner UNIVPM is a measurement expert. In the area of office buildings, the Fanger 
model is a method recognised by ASHRAE[51], that is available to assess and predict comfort 
in office buildings based on the predicted mean vote (PMV) of the users and also the 
percentage of people dissatisfied (PPD). Although mainly developed for office buildings, it 
may be possible to adapt and employ these methods in sport facilities. Partner UNIVPM will 
develop this research in the project and the final SportE2 solution will employ the approach if 
it is proves useful. 

                                                 
51 ANSI/ASHRAE 55-2004 Standard 55-2004 -- Thermal Environmental Conditions for Human Occupancy 
(ANSI Approved) 
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3. DEVELOPMENT AND DOCUMENTATION OF THE 
PERFORMANCE CRITERIA FOR THE 4 SPORTE2 MODULES:  

This section describes in detail the four scalable modules under development within SportE2 
(Figure 29). At the end of the project, these modules will be purchased and employed 
separately or integrated depending on client needs. These modules are SportE2 How (smart 
metering to determine where energy is being consumed), SportE2 When (integrated control 
systems that enable the actuation of energy sourcing and consumption), SportE2 Why 
(intelligent and optimal decision making given smart metering data and control capabilities), 
and SportE2 Where (a multi-facility management portal). 

SportE2

WHERE

SportE2 WHY

SportE2 WHEN

SportE2 HOW

EXCHANGE

GENERATION CONSUMPTION

 
Figure 29 - SportE2 modules overview 

3.1 SportE2 How module: Smart Metering 

SportE2 HOW
 

Energy monitoring is the basis for effective and target oriented energy management, 
providing useful information about energy usage profiles, seasonal changes and possible 
defects. Conducted review shows that a broad range of tools and services for energy 
management exist on the market. The spectrum of tools extends from simple automated meter 
reading processing to load profiling, analysis reporting and visualization.  

Following the recommendation of the European Energy Services Directive[52], SportE2 How 
module will increase energy efficiency behaviour for: 

• Increasing awareness of energy consumption; 

• Promoting remote meter reading; 

                                                 
52 According to the European Directive 2006/32/EC concerning Energy end-use efficiency and energy services 
(ESD) (Article 13) “…. final customers should be provided with meters that accurately reflect the final 
customers’ actual energy consumption and provide information on actual time of use.” 
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• Encouraging use of Demand Side Management; 

• Collecting High Quality Data Sets (HQDS) related to local energy production, 
demand-side and energy consumption optimisations. 

The needed monitored variables will be identified with definition of ranges, gradients in time 
and space, user requirements, reference to International Standards, considering both the stand-
alone use of the How module and the integration in the whole SportE2 system. This double 
aim will require the definition of an information flow which will also led to the identification 
of the communication and transmission technologies to be adopted. 

The integration of RES into Sport Facilities will be considered by developing a dedicated type 
of analysis to design a proper smart metering system and to optimize the energy chains 
extending from the generation sites (both large and small scale) to the consumption points, 
through the possibility of selling/buying energy within the network. Moreover, the How 
module will consider quantities and variables for both indoor and outdoor facilities.  

Commercially available technologies will be reviewed with the aim to define the best smart 
meter solutions for the identified quantities in the different facilities. This will lead to a 
preliminary specification of local reading technologies and potential architectures that can be 
applied in sport facilities. By using marketable products with a complete meter interface, 
embedded bus-wired or wireless standard communication protocols and real-time back-end 
data processing, the design phase will takes into account each smart metering technology 
layer: application, transportation, communication and will explore a mix of solutions available 
on the market: for example, wireless, with power line communications, IP protocols, other 
types of network technologies such as GSM/GPRS, WiMax, meshed WiFi networks, use of 
existing broadband (DSL) connections, 870MHz unlicensed radio, Zigbee. The use of 
commercially available devices will guarantee limited development costs and very low-risks 
that this project outcome will not be fulfilled within the project time scheduling. 

Finally the optimization of the smart metering network will be performed. In order to 
minimize cost and maximize performances, dedicated lumped parameter energy models of the 
investigated sport and recreation facilities will be developed to support innovative algorithms 
implementation for optimal sensor positioning. Based on Genetic Algorithms (GA) 
techniques, complex multi-objective problems will be solved in order to minimize sensor 
number and to provide the maximum covered area and amount of information.  

Data will be collected and processed using standard codes and best-practices so that a solid 
methodology for energy generation and resources consumption evaluations will be provided 
together with the production of High Quality Data Set (HQDS) of measurement. The 
automatic energy data collection, reducing the physical visits to the facilities and removing 
any need for physical interaction with energy plants, will further allows to add specific actions 
for a better planning of the use of the resources in the Facility. 

SportE2 smart metering system has to follows the modular structure of sport facilities 
composed by different functional areas described in Section 2 (gym, court, swimming pool, 
changing rooms, etc), energy source/usage (grid, RES, HVAC, etc) and comfort requirements. 
This issue can be obtained designing a library of scalable subsystems, one for each area and 
energy source/usage, able to communicate with each other (based on the same communication 
protocol). In this way the smart metering system design can be seen as an “graphical object 
programming” where every subsystem is an object block, the complete system is a 
composition of these blocks and connections between blocks are information exchanges. Each 
subsystem block, functional area and energy ones, requires parameters input ( e.g., pool area 
[m2], air volume [m3]) and optimization algorithms give out, for all the variables to be 
monitored,  number of sensors and their optimal disposition. Consider a simple example of 
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facility including swimming pool, changing room and cogenerator; smart metering scheme 
should be as in Figure 30. 
  Energy Source/Generation  Energy Usage  Functional Area 

 
Figure 30 - Example of modular concept of smart metering system 

Building this library requires for each subsystem the knowledge of all variables to be 
monitored (see Table 13) and so a list of the possible sensors capable to measure them. For all 
sensor type technical characteristics like accuracy, power supplying, connections, 
communication protocol are required, in order to be implemented into the block and to be 
useful for optimization algorithms. The concept of scalability is applied to functional 
subsystem/block, with the use of specific parameter as m2 of area, so that they are adjustable 
for all cases (different dimension of facility). 

Table 13 - Measured variables wrapped in subsystem 

ENERGY SOURCE/GENERATION 

Electricity [kWhE]  
Thermal energy [kWhT] (derived from system parameters, i.e. hot water temperature) 
Gas [Nm3] 
Water [m3] 

ENERGY USAGE 

Thermal energy [kWhT] (derived from functional parameters for each system, i.e. pool backwashing 
flow meter and temperature) 
Electricity [kWhE] 
Water [m3] 

FUNCTIONAL AREA 

Air Temperature [°C] CO2 [ppm] 
Outside Temperature [°C] Water Temperature [°C] 
Relative Humidity [%] Illuminance [lux] 
Ventilation Rate [ac/h] Chlorine [ppm] 
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Work package 2 in the project, will address all these issues focusing also on sensor 
positioning optimisation, communication protocols and wireless networks. 

3.2 SportE2 When module: Optimal Decision Making  

SportE2 WHEN
 

For the purpose of controlling the three levels of energy flows (generation /supply, grid 
exchange and consumption) in Sport and Recreation Buildings, and further for optimization, 
SportE2 why will develop an Energy Management System for the smart grid management and 
energy functions of sub-systems: lighting (artificial and natural); heating and cooling; indoor 
air quality and ventilation, water conservation, renewable energy production, safety and 
security. 

With respect to the reference architecture, SportE2 why will provide extensions to the basic 
capabilities that are already provided by existing BMS and it will specifically tuned for Sport 
Facilities Energy needs.  

A set of standardized software interfaces will be provided, through which the values of the 
parameters that are monitored from the sensors as well as the actions to be enforced to the 
actuators will be communicated to and from the agents. A generic approach will be taken to 
allow new kinds of sensors and actuators to be incorporated, to the flexible configurations of 
an agent representing several sensors and actuators, and to push-pull modes of information 
exchange with higher level agents. Processed information will be then communicated to 
higher level control system, which will maintain a global situational awareness regarding the 
energy consumption of the building and implement the optimization in a distributed way.  

SportE2 why will employ a family of powerful algorithms for addressing the end-use and 
global energy consumptions. The inputs to the algorithms will be the values of a set of well 
defined parameters representing the building state, which will be monitored through the smart 
meters and a set of sensors and that will be defined during the preliminary phase. 

SportE2 why design will be focused on the concepts of independence and autonomy of control 
and management, with respect to: 

• functional areas: single unit (swimming pool or gym, etc) and large integrated units 
(swimming pool and gym, etc); 

• energy plants: production (traditional and/or renewable), HVAC, water, pumps, 
electricity network, artificial lights, etc.; 

• different use of indoor/outdoor spaces; 

• scheduled events and plan for use of the facility, without any interference among 
them. 

Considered the availability of many methods and automation & control products already 
adopted in the large-scale for industrial, offices, hospitals, commercial and residential 
buildings, the SportE2 why component aims at filling the lacks of standardization for Energy 
Management of Sport and Recreation facilities. To achieve this requirement, research in the 
ICT for Energy Efficiency domain is required. The aim of the project is to develop the 
SportE2 module and then test it as a product in the pilots in order to be ready for the market at 
the end of the project. 
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3.3 SportE2 Why module: Optimal Decision Making 

SportE2 WHY
 

 This project’s component that is the core of the proposed SportE2 solution, consists of an 
energy optimisation system with predictive capabilities to characterize when energy will be 
used and to provide quick responses to all possible energy generation and supply, energy 
savings and optimal use of resources, both in the context of isolated buildings or networked 
integrated with neighbourhoods.  

The needs addressed here are the rational use of energy, so that generation is intensified in the 
area and time of highest demand, grid exchange is shifted in most favourable hours and 
consumptions are optimized to minimize energy waste.  

Under an ideal scenario, the demand diagram would fit exactly the supply diagram, and the 
building would be energy neutral or energy positive at all times. The ideal scenario is very 
unlikely to happen, but several parameters can often be adjusted to approach it. Examples of 
such parameters are HVAC and other equipments that are available to achieve the set 
temperature and humidity, the time-of-day (TOD) in which water pumps are made to work, 
the circulation rate of water in the solar thermal panels, the light intensity inside the venue, 
the energy mix (electricity, natural gas, LPG, liquid fuel). 

Such a problem of adjusting parameters leads to optimize a specified energy function, usually 
in a non-linear context, even when dependencies can be analytically defined or the energy 
function has a not-well-known mathematical solution. Even when the dependency of the 
objective function on the parameters can be analytically defined, the problem very rarely has a 
known mathematical solution. Most often, however, that dependency is only partially 
understood. 

The most successful approach for energy optimization is by using of evolutionary algorithms 
(EA). The goal of EA is not that of finding an exact mathematical solution, but rather one 
solution that is very close to being optimal, and which, in any case, is far better than a random 
setting of the relevant parameters. The most traditional sort of EA is the Genetic Algorithm 
(GA), in which a whole population of possible solutions is made to evolve, through selective 
mating, random changes, and population renewal, until it further and further improves the 
overall energy function. Those early efforts with GA have seen a tremendous evolution in the 
last 20 years, with the introduction of newer and more sophisticated forms of EA, such as 
Artifical Neural Networks (ANN), Artificial Life (AL), Simulated Annealing (SA), othr forms 
of heuristic search. The goal of the SportE2 when module is to leverage the new body of 
knowledge in handling complex optimization problems through EA to optimize energy 
efficiency through the control of a multitude of available parameters. 

SportE2 when will be based on the common control architecture developed in the previous 
modules, in order to have control over all available parameters (valves, switches, variable 
panels, thermostats, etc.), which will allow the central decision system to operate or, at least, 
influence those parameters. The common architecture will be further complemented with a 
common language for defining the constraints of the system (minimum and maximum 
comfort and security levels that must be kept at all times) that will help the optimization 
system to define its strategy, 
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SportE2 when will then define a common objective function for the sports venue that 
measures the efficiency index of the energy equipment (e.g. total monthly energy  bill, total 
monthly carbon emissions, total comfort levels, or a mix of all those values). That objective 
function will work both as a benchmark for the SportE2 project to evaluate itself, and as the 
main ingredient of the EA, whose purpose is to optimize the chosen objective function. 

Finally, SportE2 when will consider a number of EA that, according to existing literature, lead 
themselves to the optimization of the objective function, such as which was defined. Finally 
the kernel decision system will be equipped with the input vector of available parameters, and 
it will produce the output vector of actuation parameters, which will be the result of its 
internal optimization through the EA. 

At first, the system will be tried on rough simulations based on known heuristics of the 
relationship between the actuation parameters, the sensor data, and the effects on the objective 
function. Once the EA is thought to be optimized enough, it will be tried on the true pilots, 
where it will be able to control the actuators, under the strictest of security constraints. 

Data on the evolution of the Objective function under the supervision of the EA will be 
gathered, in order to assess the success of the proposed system in optimizing the operation of 
the sports facilities, and all associated local generation and energy efficiency equipment 

3.4 SportE2 Where module: Multi-Facility Management 

SportE2

WHERE
 

SportE2 where module: Multi-facility energy indicators system. Inspired by partners SELF 
and EMTE that manage together 19 facilities, this module will collect, analyse, and display 
energy demands, consumptions, production, and grid exchange across multiple facilities (e.g. 
[kWh/m2] or [TEP/m2], [€/m2], [kg of CO2/m2]). 

This project’s component which was inspired by partners SELF and EMTE that manage 
together 19 facilities, will be a multi-facility energy indicators platform targeted to sport and 
recreation facilities. It will be developed as web platform able to calculate a set of energy 
indicators (e.g. [kWh/m2] or [TEP/m2], [€/m2], [kg of CO2/m2], [KWh/person]) to allow an 
homogeneous comparison of energy consumption, overall and disaggregated for end use (i.e. 
specific heating, cooling, lighting, etc…), and to classify the energy performances of each 
building according to benchmarks. 

SportE2 where outputs will allow: 

• to evaluate the overall energy behaviour in short medium or long term; 

• to evaluate the benefits provided on energy generation by the renewables; 

• to highlight the not optimized and/or not benchmarked energy behaviour; 

Through this service, Energy and Facility Managers owning different Sport Facilities or 
building stocks will be supported in the definition of their priority list of actions for 
improving energy efficiency, together with the optimal management of trading costs and 
general financial plans with respect to the specific economic parameters. 

For the purpose of this project all the three pilots will be connected to the SportE2 module and 
will be utilised to test this product. 
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4. OPERATIONAL CONSIDERATIONS FOR THE SPORTE2 
PILOT FACILITIES:  

The section provides an introduction and first look at the pilot facilities. It is intended to 
provide a general description, the results of the owner/manager survey, highlights and 
conclusions of the energy audits, and the initial pilot plan for SportE2.  In implementing this 
general structure, we have recognised that this information comes in many different formats 
and ways.  Capturing best practices and continuing to develop this process and methodology 
(e.g. the collection and organisation of the relevant data to bring value to the client) will be 
further developed in later parts of the project with the goal of bringing a streamlined and 
efficient solution to the market at large.  Within the project however, this information 
provides market driven focus and direction to the development of the four SportE2 modules, 
helps begin dissemination about the pilots, and begins the detailed pilot planning process. 

The project benefits from the fact that the three pilots are unique and have different needs. 
They are “everyday” facilities, do not have “deep pockets,” are already involved in energy 
savings measures.   

Fidia Sport (Italy) is privately owned and managed and has no ICT systems in place.   

The "Complexo deportivo Santa Maria de Lamas" (Portugal) is instead part of a school, 
accessible to the public (because of the costs of running the structure), and is co-managed by 
an ESCO (partner Self Energy). This pilot is noteworthy because it has an Olympic pool and a 
co-generation system in the final stages of being connected to the grid. Several sub-systems 
have ICT in place, but none of the sub-systems are connected and all controls are enacted 
manually and based on the experience of the facility manager.  

Lastly, the "Polideportivo Municipal de Extebarri" (Spain) is a public facility managed by an 
energy management company (partner EMTE Sport) who in total manage 17 sport facilities. 
This pilot has a centralised building management system already in place that connects many 
of the facility sub systems. Here, the challenge is to build optimisation control algorithms on 
top of an existing system.  

Across these pilots, a large cross section of sport facilities is represented. Missing is a 
signature stadium or arena. Partner ISA in fact has its office in a stadium located in Coimbra, 
Portugal. If project resources allow, certain aspects of this facility may be considered at a later 
stage in the project for a fourth pilot.  Figures about the energy consumption in the pilots are 
shown in Table 14. 
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Table 14 - Energy consumption at the three pilots 

 FIDIA Sport Italy 
S. MARIA DE LAMAS 

Portugal 
EXTEBARRI 

Spain 

Defining 
Characteristics 

Privately owned 
complex of several 

structures 

Facility with Olympic 
Pool co-managed by 

an ESCO 

Municipal facility with 
contracted energy 

management 
company 

Facility Size [m2] 5.740 10.671 14.383 

Appx. User Base 
[users/day] 

400 790 400 

Annual Electricity 
Consumption 
[kWh] 

169.721 791.205 538.671 

Annual Gas 
Consumption [m3] 

14.242 195.043 123 812 

Annual Biomass 
Consumption [Kg] 

105.555 - - 

Total Annual 
Energy Cost [€] 

52.257 243.091 114.631 

Energy Cost 
Indicator [€/m2] 

9.10 22.78 7.97 

CO2 Equivalent 
[kgCO2/year] 

114.281 1.039.739 564.089 
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4.1 Pilot 1 - Complexo desportivo Santa Maria de Lamas - Portugal 

4.1.1 Description and Facility Characteristics 

4.1.1.1 The facility, its HVAC and renewable sources 
 

 
COMPLEXO DESPORTIVO SANTA 
MARIA DE LAMAS 

Pilot Place Santa Maria de Lamas, 
Portugal 

Pilot Owner Casa do Povo e Colégio 
Liceal de Santa Maria de 
Lamas 

Pilot 
Responsible 

SelfEnergy 

Website http://complexo.colegiod
elamas.com/ 

 
Sport 
Facilities 
Description 

Olympic Pool (indoor) – size: 50m x 25m, depth: 1,20 to 1,80, Capacity: 1650m3 

Learning Pool (indoor) – size: 20m x 6 m, depth: 1,1m, Capacity: 132 m3 

2 Gyms (indoor) with one provided of electric equipment (electric bicycles, etc…) 

Energy 
Consumption 

Water Heating for pools and showers 

Air Heating for large environments 

Electric Energy for indoor/outdoor lighting and electric equipment 

Energy 
Generation 

2 boilers fuelled with natural gas (1070KW each) 

Co-Generation System fuelled with natural gas (130KW) 

Solar Thermal Panels with total area of 32m2 (annual production of 22500 KWh) 

Energy 
Exchange 

According to the Portuguese legislation applied to these specific case (Co-
Generation Production and Selling) it has been determined that it can be injected 
to the electric grid a total of 50 % of the total annual electric production. The 
others 50 % are for the consumption of the installation in study. 
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Additional details... 
The facility has a solar thermal system that provides an important contribution to the hot 
water production system.  It consists of 30 m2 of solar collectors (12 panels), storage tank, 
heat exchanger, control and command system and other components (Figure 31).  The hot 
water tank used as a heat exchanger is 2000 litres and is directly connected to the shower 
facilities.  The system is rated to provide 16 MWh of power per year.   

 
Figure 31 - Solar Panels at the complexo desportivo Santa Maria de Lamas 

The facility also has a new combined heating and power (CHP) unit.  This unit burns natural 
gas to simultaneously produce electricity and heat (recovered as a by-product of electricity 
generation).  The system was designed to cover about 40% of the facility’s electrical needs.  
This is because regulation states that 50% of the produced electricity must be used on site.  
SELF plans to reduce the operational energy consumption from its current level (through 
SportE2) and as such this design factor estimate was 40%.  A case study related to the lessons 
learned in installing this system and challenges associated with connecting to the grid will be 
provided during the course of the project.  Relevant statistics are: 
 
Nominal Power:   125 kW 
Electrical Efficiency   33% 
Load Factor    95% 
Estimated Annual Electrical Production  1.062 GWh 
Estimated Annual Thermal Production  1.431 GWh 
Natural Gas Consumption   3.2 GWh 
 
How this CHP system fits into the energy sourcing needs of the entire structure is shown in 
Figure 32 along with a picture of the CHP system itself.   
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Figure 32 - CHP at the complexo desportivo Santa Maria de Lamas 

 

4.1.1.2 Type of Energy Contract(s) in Place 

Electricity 
Electricity is provided by the power company is EDP (Energias de Portugal) which falls 
within the free market.  Rates depend on the season, amount of contracted power, and time of 
consumption as shown in the following table.  

Table 15 - Electricity prices at Pilot 1 

Rates and 
Schedules for 

2010 

P1 

 “Peak hour” 

P2 

“Full hour” 

P3 

“Empty hour” 

P4 

“extra empty hour” 

Winter 9:30h – 11:30h and 
19h-21h 

8h-9:30h; 11:30h-19h 
and 21h-22h 22h-2h and 6h-8h 2h-6h 

Energy prices 0.1158 €/kWh 0.0874 €/kWh 0.0544€/kWh 0,0510 

Summer 10:30h – 12:30h and 
20h-22h 

9h-10:30h; 12:30h-20h 
and 22h-23h 23h-2h and 6h-9h 2h-6h 

Energy prices 0.1221 €/kWh 0.0877 €/kWh 0.0575€/kWh 0,0534 

Contracted power 311 kW 

 

Time windows and price schedules have changed in the recent past years associated with 
tariff negotiations through ESCO partner SELF.  In 2008, the facility utilized a schedule 
based on three time windows and “medium” use.  In 2009, this was changed to the four time 
window schedule shown above.  The facility remains “medium” use.  What will change in 
2011 is that the CHP system will begin to work removing potentially all purchased electrical 
power.   

Natural Gas 

Natural gas is provided by Lusitania Gas, the gas distributer for that region. The contract has a 
fixed term for each day of service available plus the rate for the amount of natural gas 
consumed (monthly amount).  The fixed term is reviewed annually. 

Table 16 - Gas prices at Pilot 1 

 Rates 

Fixed term 4.9417 €/day 

Energy price  0.04481€/kWh 
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Water 
The water for the sport facility is provided by a private well.  Therefore, the energy costs are 
those associated with pumping and treatment.  These costs have not been characterised or 
investigated and are a candidate for sub or smart metering. 

 

4.1.2 Results of the pilot survey  

The questionnaire is included in Annex A of this report.  A summary of key information from 
these responses is as follows: 

The facility became operational in 1999.  Initially open only to the school, operational costs 
led the opening of the structure to the general public on a fee basis.  Important energy 
characteristics are as follows: 

• Thermal Energy:  Water storage tanks about 30%, 55% to the Air Treatment Units, 
and 15% to the shower facilities. 

• Electrical Energy: About 70% for water treatment, 20% for Air treatment units, and 
10% for lighting and other equipment.   

No air conditioning (cooling) is present.  The air treatment units are for heating and 
ventilation only.  They are old and require maintenance or deep retrofit.  This equipment 
however does have a heat recovery capability from the exhaust air.  The ATU’s run 
continuously except on Sunday when the facility is closed.  They stop Saturday at 2100 and 
restart Sunday at 2300. 

An automated system to track user access is present and utilised.  €80,000 is spent per annum 
on water treatment inspections.  This could potentially be automated.  Many subsystems have 
been purchased or renovated over time.  Many of these have on board sensors, controllers, 
and data logging functions.  Currently, these systems and set points are adjusted by physically 
going to each controller location and adjusting the settings when appropriate (if not 
automatic).   

  

4.1.3 Energy Audit Results 

In this particular case, SELF (an ESCO) recently completed an energy audit of Santa Maria 
De Lamas in order to offer its services to the facility and to fix its contractual terms.  
Important results from this survey are summarized in the following.  During Spring 2011, the 
new CHP system will begin operation.  At this time, a new energy audit will be conducted 
that includes the CHP plant. 

The Sport facility in question belongs to a larger school complex called “Colégio Liceal de 
Santa Maria de Lamas.”  In its entirety, the school complex consists of seven buildings which 
were constructed during the 1990s.  The schools first focus on energy retrofitting measures 
and relationship with the ESCO Self Energy is focusing on the Sport complex because of its 
massive energy consumption.  It was this cost that led the school to open the facility to the 
general public.  In the following figure, the sport facility is shown in relationship to the rest of 
the complex.  It is the blue building on the far left side of the figure.   
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Figure 33 - Santa Maria De Lamas Sport Facility (far left building) and associated school complex 

 

This analysis was based on the electricity bill for the period August 2007 to July 2009 and 
natural gas over the period August 2007 to May 2009 for the entire complex of buildings.  To 
determine what part of these consumptions are utilized specifically by the sport facility, 
several measurements were taken, energy auditing measures were undertaken, and 
extrapolation was needed.  Smart and sub metering during the project will be a great asset in 
this regard. The building has three floors, which are divided into different following 
functional areas, the total area of the building is 10.671 m2 (Table 17). 

Table 17 - Functional areas and total area at the complexo desportivo Santa Maria de Lamas 

Basement 
Floor Area type Area [m²] 

Basement 
Exhibition gallery, Tehcnical áreas, Swimming pool 

tank, Swimming poool 50 x 25 m tank, garage, 
Boiler room, Access áreas, Showers,Teachers room. 

3.642 

Ground 
floor 

Reception/Secretariat, Learning swimming pool, 
Swimming pool 50 x 25, Small gym, Squash, 

Showers, Health office 
3.444 

1st floor Bar, sports hall benches, Rooms, Teachers room, 
Sanitary installations 3.585 

Total Useful Area (m2) 10.671 

The facility runs from Monday to Saturday on the following timetable: 

- Monday to Friday: 9:00 to 22:00 
- Saturday: 9:00 to 13:00 and 14:30 to 20:00 

A graphical distribution of the average daily usage is provided below.  An automated system 
is in place at the front desk that logs entry and exit data as well as activity type.   On the 
graph, number of users is placed on the abscissa and time period of the day is placed on the 
ordinate.  
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Figure 34- Occupancy at Pilot 1 

From this graphic, it is evident that the facility has peak traffic concentrated in the evening 
hours from 17:00 until 21:00 h.  A study of pool usage from August 2007 to July 2009 
showed: 

Average Daily Use:      790 persons 
Average Monthly Use: 22,000 persons 

4.1.3.1 Electrical consumption 
The complex secondary school of the College of Santa Maria de Lamas possess a transformer, 
with the building of pools supplied at medium voltage (MV). 

In this analysis we used only the actual values obtained through the invoices for the years 
mentioned, which refer to the school complex.  

Next, we present the graph containing the values of energy consumed during peak hours (P1), 
full hour (P2), empty hour (P3) and “extra empty hour (P4) only from 2009. 

 
  

Figure 35 - Breakdown of energy consumption at Pilot 1 

The following graphic shows the evolution of the Contracted Power during a year. 

 



SportE2 D 1.1  11-03-2011 Page 69 of 115 

SportE2: D 1.1 Performance Criteria and Requirements                         69 
www.sporte2.eu   

 

Figure 36 - Values of Peak Power and Contractor for the year 2008 at Pilot 1 

 
   

Figure 37 - Values of Peak Power and Contractor for the year 2008 at Pilot 1 

 

As mentioned above, the values of electricity consumption considered so far corresponds to 
the total consumption of the College Lycée de Santa Maria de Lamas.  

In this energy diagnosis, it is intended only account for which the total consumption of 
electricity in the building of swimming pools. To this end, was mounted on the Framework of 
Electricity of that building a network analyzer, with several objectives, including collecting 
data on electricity consumption per each phase. 

Thus, the method used to determine the final value of electricity consumption in the sport 
facility were: 

1. Determine what the total amount of electricity from the College for the last year, by 
analysis of invoices; 

2. Using data from the network analyzer, which define the energy (electricity) consumed 
during the measurement period - the sum of active power in three phases; 
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3. By one estimate, determine the total annual consumption; 

4. After given the previous value, which check in your "weight" in percentage terms in global 
consumption determined in Section 1. 

 
Table 18 - Electricity breakdown between school and sport centre at Pilot 1 

Electricity Consumption  Electricity (kWh)  Percentage (%) 

For the School Complex (Complexo do Colégio Liceal)  1.201.391  100 

For the Sport Facility  791.205  65,86 

4.1.3.2 Gas Consumption 
The analysis of consumption of natural gas was made based on invoices for the years 2008 
and 2009 (up to May). The bill is related to the month before. The complex closes every 
August, therefore, September reflects that. 

 

Figure 38 - Consumption of Natural Gas for the year 2008 at Pilot 1 

 
 

Figure 39 - Cost of Natural Gas for the year 2008 at Pilot 1 
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4.1.3.3 Total energy consumption and cost 
Table 19 - Consumption overall from August 2008 to July 2009 at Pilot 1 

Year 
Natural Gas 

Consumption 
(kWh) 

Electricity 
Consumption 

(kWh) 

Natural Gas 
Costs Electricity Costs 

2008/2009 2.304.919 1.201.391 101.981€ 108.496€ 

It should be noted that invoices are allocated to the entire complex of the College Lycée de 
Santa Maria de Lamas, which is included with the building of swimming pools. 

It is presented comparative tables of costs for the years 2008 and 2009 (electricity is related to 
the school complex that includes the sport facility) 

. 
Table 20 - Comparison of costs of electricity and natural gas for the years 2008 and 2009 at Pilot 1 

 
Table 21 - Comparison of costs of electricity and natural gas for the years 2008 at Pilot 1 

Diferenças entre 2008 e 2009  (€) Electricidade Gás Natural Total (Electricidade + Gás Natural) 

Valor MENSAL  + 1.805,35 + 5.331,74  + 7.137,09 

Valor ANUAL  + 21.664,16  + 63.980,87 + 85.645,04 

 

The Energy Efficiency Index is a value that reflects, as a barometer, the level of efficiency 
that occurs in a particular sector or group of customers. 

To determine this index, in a very simplified way, there is a calculation tool used in Excel. 

Next, we present a table containing the values entered in this tool and the result of the same 
after the introduction of their values, regarding the sport facility only. 

Table 22 - Data considered for calculating the Energy Efficiency Index Pilot 1 

Usefull Area (m2) 10.671 

Total Electricity Consumption (kWh) 791.205 

Total Gas Consumption  (m3) 195.043,00 

 

Year Costs (€) Electricity Natural Gas Total (Electricity + Natural Gas)

Average Monthly Consumption (€) 8.868,32 7.820,73 16.689,05 
2008 

Annual Consumption (€) 106.419,89 93.848,72 200.268,61 

Average Monthly Consumption (€) 10.673,67 13.152,47 23.826,14 
2009 

Annual Consumption (€) 128.084,06 157.829,59 285.913,64 
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A+ I EEnom=<IEEref  ‐ 0, 75S  
A IEEref  ‐  0, 75S  <IEEnom  =<  I EEref  ‐  0, 5S   
B IEEref  ‐  0, 5S  <I EEnom  =<  I EEref ‐  0,25S  
B‐ I EEref  ‐ 0,25S  <IEEnom =<  IEEref   
C  IEEref<I EEnom=<I EEref+0, 5S  
D IEEref  +  0,5S<IEEnom=<IEEref+S  
E  IEEref  + S<I EEnom=<IEEref+1,5S   
F I EEref  +  1,5S<IEEnom=<IEEref+2S  
G IEEref  +  2S<IEEnom

 
Figure 40 - Calculating the Energy Efficiency Index (EEI) for Pilot 1 

The threshold of global consumption for this specific type is 35.0 kgep/m2ano (IEEref) 
(Annex X, DL 79/2006 of 4 April), and considering the electricity consumption of the Sport 
Facility represents 67% of the entire school complex, the facility would be in the B level. 
Howerver, the value presented is a simplified calculation. According to the Portuguese law,  
the classification of the building can only be obtained using dynamic simulation with user 
profiles defined in DL79/2006. 

It is an indicator environmental / atmospheric considering the emission of CO2. It then 
presents a table containing the value of this indicator for the building in question. 

Table 23 - Carbon intensity data and considered in its determination. 

Total GHG emissions (kgCO2/year) 1.039.739,51 

Total Energy Consumption (toe / year) 525,89 

Carbon intensity (kgCO2/tep) 1.977,10 

 

4.1.4 Initial Plan for SportE2 

To date, SELF has considered the sport facility as a black box and has concentrated on 
aggregate supply and demand issues.  The result of this work has been the design and 
installation of the CHP system.   
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With SportE2, SELF now wants to turn to the inside of the structure and its operation.  
Through the survey, site visit, and knowledge of the facility, the following plan initial plan for 
SportE2 is envisioned.     

Appropriate Modules and what they will do: 

SportE2 How (Smart Metering) 

• Metering of the pool area in support of optimisation efforts.  This will include 
temperature, humidity, and air flow rates 

• Metering of the air handling units.  How are these performing with respect to 
efficiency, benchmarked across similar equipment, and benchmarked against each 
other? 

• Energy Flows.  Energy flows that are not already provided by sub-systems will need 
to be determined and metered.  This requires further analysis. 

• It will be interesting to better understand water pumping schedules across the different 
types of water usage the facility employs. 

SportE2 When (Integrated Control) 

• Installation of a centralised control station.  This is the main aspect needed for this 
facility.  Currently, the technical manager moves from process to process checking 
and adjusting set points.  No data is conveniently aggregated.  This facility has a good 
awareness of efficient energy management and a dedicated person for this work (aided 
by an ESCO!).  However, they do not have the correct tool to do the job.  The size and 
energy costs of this facility fully justify an integrated control system. 

SportE2 Why (Optimisation) 

• Olympic Pool:  As the main power consumer of the complex, optimisation must look 
to the operation of this functional area.  Factors that effect evaporation and pool heat 
loss will be investigated.  Temperature and flow rates will be studied.  Occupancy and 
weather will be investigated.  Ventilation rates in the pool area will be examined. 

• Solar Thermal System:  The logic structure and set points of the solar thermal system 
may not be well suited for the occupancy characteristics of the structure.  It may be the 
case that the system is programmed to shut down when no showers are taken.  Given 
that showers are taken mostly at night in this facility, the system may not be 
contributing in the best way possible during the hours of peak sunlight. 

• Air Treatment Units:  How are these operating with respect to required flow rates and 
the occupancy of the structure?  They currently run approximately 6 days per week 
(shut down Sunday).  They are either on or off.  Is there a more optimal manner of 
operation? 

• When is water being pumped from the well?  Is there storage and can this load be 
shifted to the P4 (low rate) hours if not already the case? 

• Interconnected Systems and Set Points:  Once an integrated control system is in place, 
how can this interact with the processes in the facility?  How can set points be trained 
to account for optimal settings based on predicted weather or predicted occupancy?   

• CHP:  The price of natural gas and the feed in tariff in Portugal depends on many 
factors.  The regulation states that 50% of the produced power can be sold to the grid.  
Is there an optimal time and manner in which to sell this 50% to the grid?  How does 
that relate to facility demand and occupancy? 
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4.2 Pilot 2 - Centro sportivo Fidia - Italy 

4.2.1 Description and Facility Characteristics 

4.2.1.1 The facility, its HVAC and renewables sources 

CENTRO SPORTIVO FIDIA ROMA 

Pilot Place Cesano, Roma, Italy 

Pilot Owner Associazione Sportiva 
Fidia Srl 

 

Pilot 
Responsible 

Fidia Sport  

Website http://www.fidiaroma.it/  
Sport 
Facilities 
Description 

Pool (indoor) – size: 25m x 16m, depth: 1,60m to 2,10m, Capacity: 760m3 

Learning Pool (indoor) – size: 16m x 4 m, depth: 1m, Capacity: 64 m3 

1 Gym (indoor) provided of electric equipment (electric bicycles, etc…) 

1 Volleyball court (indoor) – size: 40m x 28m x 8m, Volume: 8960m3   

2 Tennis/Five-a-side courts (outdoor, with changing rooms) – size: 30m x 20m  

Energy 
Consumption 

Water Heating for pools and showers 

Air Heating for large environments 

Electric Energy for indoor/outdoor lighting and electric equipment 

Energy 
Generation 

Biomass Co-Generation System (35KW) 

Solar Thermal Panels with a total area 40m2 (annual production of 25000KWh) 

Co-Generation Diesel plant (60KW) 

Energy 
Exchange 

The Co-Generation Diesel plant was selling energy on the grid in the past. 
Actually this ability is not used for economic and contractual reason but it is 
possible to re-activate this energy exchange as soon the Italian regulation will 
return convenient.   

 



SportE2 D 1.1  11-03-2011 Page 75 of 115 

SportE2: D 1.1 Performance Criteria and Requirements                         75 
www.sporte2.eu   

 

Additional details 
A.S. FIDIA began as a football playfield in 1983 and quickly turned into a sports centre with 
the construction of a tensioned membrane structure and the restyling of the pre-existing  
buildings into a reception area, service area, and weight room. Over the years, different 
buildings and functional areas have been added to the facility.  The following figure shows 
the current layout of FIDIA Sport today. 

Gym
Weight

FITNESS 
B

Bar
Office

FITNESS 
A

(changing
room)

Volley
Stadium

Pools

Tennis-
Soccer

Tennis-
Soccer

Parking area

Parking 
area

 
Figure 41- Functional area of FIDIA Sport Facility 

The structure is not equipped with the building energy certificate.  It is however, compliant 
with standards for the electrical and mechanical energy infrastructure.   

The overall electricity consumption per year are estimated around 150.000 kWh. Primary 
energy consumers at this facility include the swimming pool, air ventilation, heating, cooling, 
and lighting.  With respect to renewable energy sources, the facility has a biomass boiler, 
solar thermal panels, and a co-generation plant.  The co-generation plant was taken out of 
service in 2007 because its use became non economical due to changes in energy sourcing 
rates.   The following table summarizes the general building and plant data of the facility.   

 
Table 24 - FIDIA Building Data. 

Indoor Surface Outdoor Surface Total Volume Heated Surface Heated Volume 
FIDIA Sport Facility 

[m2] [m2] [m3] [m2] [m3] 

SPORT CENTRE 2.289,9 3.450,0 12.006,1 2.289,9 12.006,1 
Gym weights 235,5  706,5 235,5 706,5 
Bar/Office 70,0  210,0 70,0 210,0 
FITNESS A 181,0  593,0 181,0 593,0 
Volleyball Stadium 1.036,2  6.910,6 1.036,2 6.910,6 
Pools 767,2  3.586,0 767,2 3.586,0 
Multiuse Courts: tennis/football  1.600,0    
Parking  1.850,0    
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4.2.1.2 Type of utility contracts in place 

Electricity 
The electricity provider for FIDIA is AceaElectrabel for an overall supply of contract 50 
[kW]. According to the rules issued by the Italian Authority for Electricity and Gas (AEEG), 
electricity consumptions are billed on the base of three time windows catalogued as described 
in the table below: 
 

Hour 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 

Mon F3 F3 F3 F3 F3 F3 F3 F2 F1 F1 F1 F1 F1 F1 F1 F1 F1 F1 F1 F2 F2 F2 F2 F3 

Tues F3 F3 F3 F3 F3 F3 F3 F2 F1 F1 F1 F1 F1 F1 F1 F1 F1 F1 F1 F2 F2 F2 F2 F3 

Wed F3 F3 F3 F3 F3 F3 F3 F2 F1 F1 F1 F1 F1 F1 F1 F1 F1 F1 F1 F2 F2 F2 F2 F3 

Thu F3 F3 F3 F3 F3 F3 F3 F2 F1 F1 F1 F1 F1 F1 F1 F1 F1 F1 F1 F2 F2 F2 F2 F3 

Fri F3 F3 F3 F3 F3 F3 F3 F2 F1 F1 F1 F1 F1 F1 F1 F1 F1 F1 F1 F2 F2 F2 F2 F3 

Sat F3 F3 F3 F3 F3 F3 F3 F2 F2 F2 F2 F2 F2 F2 F2 F2 F2 F2 F2 F2 F2 F2 F2 F3 

Sun F3 F3 F3 F3 F3 F3 F3 F3 F3 F3 F3 F3 F3 F3 F3 F3 F3 F3 F3 F3 F3 F3 F3 F3 

Figure 42 - Electricity tariff distribution at Fidia 

The price being paid by Fidia Sport per kWh for these time windows during the year 2010 
are: 
 F1 (Peak):   0,109617 
 F2 (Off Peak): 0,089990 
 F3 (Night):  0,068640 

Natural Gas  
The natural Gas is provided to FIDIA by ENI SpA. The average gross tariff for the years 2009 
and 2010 was 1,399 €/Sm3. 

Biomass 
Fidia uses a biomass co-generation system for the heating needs of the swimming pool (water 
and air).  This biomass system runs on hazelnut shells that enjoy a well organised local supply 
distribution system.  It is estimated that the cost of using biomass is approximately 20% of 
what it would be using natural gas for the same purposes.  The delivery truck comes about 
every two weeks and dumps the shells into an underground silo located next to the swimming 
pool and co-located burner system. The average gross tariff for the years 2009 and 2010 was 
0,102 €/Kg. 

The below figure shows the underground silo filled with shells and the furnace that uses them. 

 
Figure 43 - Biomass boiler at Fidia 
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Water 
There is a well installed at FIDIA that covers all the demand, therefore there is no cost 
associated to water consumption except for the electricity associated with pumping. 

 

4.2.2 Results of the pilot survey 

The questionnaire is included in Annex A of this report.  A summary of key information from 
these responses is as follows: 

Currently is not possible to directly split the energy consumption data among the different 
functional area and end uses.  We do not have sub metering and no ICT systems are in place.  
However, we are aware of our main energy consuming processes and they are pool heating, 
space heating, and lighting.  

Average occupancy profiles are listed in Table 25 divided according to workdays, Saturday, 
Sunday, daytime and evening time. 

Table 25 - FIDIA occupancy profiles 

Occupancy Profiles Week-days Saturday Sunday 
People during day evening day evening day evening 

Gym weights 37 50 18 0 5 0 

Bar/Office 35 70 10 10 5 0 

Fitness A 15 120 6 0 0 0 

Volleyball 0 15 20 0 0 0 

Pools 18 100 0 50 15 0 

Outdoor: playground 0 45 0 0 0 0 

 

Over time, we have implemented various energy savings measures.  These have included the 
use of renewable energy sources, timed showers, coin operated hair dryers, and the use of a 
pool cover.  Measures that directly affect user comfort have typically been meet with user 
dislike and then gradual acceptance. 

We are interested in SportE2 to reduce our operating costs, which would in turn allow us to 
offer better services to our customers. 

 

4.2.3 Energy Audit Results 

4.2.3.1 Electrical consumption 

The table below summarizes the absolute and percentage values of electrical powers 

 
Table 26 - Installed electrical power at Fidia 

Parameter unit FIDIA Gym Office Fitness Volley Pool Outdoor 

Contract [kW] 50,00       

Max Used (global) [kW] 62,70       

Installed (global) [kW] 55,45 2,16 4,05 0,94 4,27 16,63 9,60 

Lighting [kW]  22,35 1,46 0,40 0,94 3,56 6,39 9,60 
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HVAC [kW] 15,30 0,70 3,65   0,71 10,24  

Services [kW] 17,80       

Max Used vs. Contract [%] 125,4       

Installed vs. Max used [%] 88,4 3,4 6,5 1,5 6,8 26,5 15,3 

Lighting vs. Max used [%]  35,6 2,3 0,6 1,5 5,7 10,2 15,3 

HVAC vs. Max used [%] 24,4 1,1 5,8 0,0 1,1 16,3 0,0 

Services vs. Max used [%] 28,4       

 

Below are reported the annual electricity consumptions for the reference period with the 
typical year behaviour. 

Table 27 - Annual electricity consumptions at Pilot 2 

Year Unit Global Electricity Consumption Monthly Consumption 

[A] Jan-09 ÷ Dec-09 [kWh] 172159  14.347 

[B] Jan-09 ÷ Dec-10 [kWh] 167.284 13.940 

Typical Year [kWh] 169.721 14.143 

[%] -2,83 -2,83 
saving: [B] vs [A] 

[kWh] -4.875 -406 

 

The typical annual electricity consumption of FIDIA Sport Facility is 169.721 [kWh], with an 
average monthly consumption of 14.143 [kWh]. Comparison of [B] 2010 vs [A] 2009, 
highlights savings of 2,83% or 4.875 [kWh] on annual basis. 

The values for end-uses of electricity consumptions are summarised below. These breakdown 
values have been simulated according to a detailed procedure and the results are report in the 
following table.  

Table 28 - End-uses of electricity consumptions 

  2009 2010 

  Bill Lighting HVAC Services Other Bill Lighting HVAC Services Other 

Jan [kWh] 17.196 2.702 6.553 3.690 4.252 17.286 2.642 6.717 3.695 4.231 

Feb [kWh] 16.7623 2.679 6.313 3.582 4.189 16.263 3.073 7.240 4.108 1.843 

Mar [kWh] 16.020 2.609 7.924 3.489 1.997 17.340 3.145 9.166 4.125 904 

Apr [kWh] 14.507 2.575 7.046 3.298 1.588 14.947 2.361 7.647 3.335 1.605 

May [kWh] 14.826 2.370 7.023 3.284 2.149 14.440 2.166 6.156 3.329 2.789 

Jun [kWh] 13.2934 2.151 5.041 2.856 3.245 13.631 1.917 4.492 2.545 4.677 

Jul [kWh] 14.343 2.413 5.541 3.164 3.225 14.157 1.946 4.631 2.618 4.963 

Aug [kWh] 2.740 28 118 83 2.511 2.128 17 71 50 1.990 

Sep [kWh] 12.590 1.642 6.279 3.876 793 10.664 1.187 4.539 2.802 2.136 

Oct [kWh] 16.155 2.832 8.571 3.811 942 14.597 2.467 7.913 3.414 803 

Nov [kWh] 16.684 3.014 6.722 3.921 3.026 14.790 2.899 6.747 3.848 1.296 

Dec [kWh] 17.041 2.797 6.323 3.635 4.286 17.041 2.924 6.333 3.726 4.057 

  172.159 27.811 73.454 38.690 32.204 167.284 26.742 71.654 37.595 31.293 
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The following table is related to the slip of energy consumption among the different end uses 
needed with Fidia sport centre. 

 
Table 29 - End-uses of electricity consumptions distributed for Functional areas 

 Global (2010) Light HVAC Services Other 

Sport Facility [kWh] 167.284 26.742 71.654 37.595 31.293 

Gym Weight [kWh] 72.904 1.868 2.149 37.595 5.878 

Bar/office [kWh] 2.204 984 1.220 0 1.747 

Fitness A [kWh] 629 629 0 0 4.518 

Volley  [kWh] 4.014 3.791 223 0 0 

Pool [kWh] 80.198 12.136 68.062 0 19.150 

Outdoor Playground [kWh] 7.336 7.644 0 0 0 

 

The following table is related to the monthly energy consumption for functional area 
 

Table 30 - Electricity consumptions for functional area 

  SPORT FACILITY 

  Sport Facility Gym Office Fitness A Volley Pool Outdoor Services Others 

Jan [kWh] 17.286 469 167 62 396 7.547 719 3.695 4.231 

Feb [kWh] 16.263 526 186 72 464 8.222 843 4.108 1.843 

Mar [kWh] 17.340 474 186 74 476 10.235 866 4.125 904 

Apr [kWh] 14.947 297 117 55 341 8.556 641 3.335 1.605 

May [kWh] 14.440 251 169 51 303 6.954 594 3.329 2.789 

Jun [kWh] 13.631 221 421 45 267 4.929 526 2.545 4.677 

Jul [kWh] 14.157 226 431 46 270 5.072 532 2.618 4.963 

Aug [kWh] 2.128 3 0 0 4 77 4 50 1.990 

Sep [kWh] 10.664 188 30 29 239 4.906 334 2.802 2.136 

Oct [kWh] 14.597 387 154 58 371 8.738 673 3.414 803 

Nov [kWh] 14.790 493 174 68 438 7.677 796 3.848 1.296 

Dec [kWh] 17.041 481 168 69 445 7.285 809 3.726 4.057 

Year [kWh] 167.284 4.016 2.204 629 4.014 80.198 7.336 37.595 31.293 

 

The graphical and numerical analysis of specific electricity consumptions allow to highlight: 
• regarding end-uses: a prevailing electricity consumption for HVAC (71.654 kWh or 

42,67%), while lighting is the smallest end-use (27.811 kWh or 15,99%). 
• regarding functional areas: the Pool (80.198 kWh or 59,4%) and  Gym Weight (43.6 

kWh or 43,6%) have the major role in electricity consumptions. 
• regarding end-uses and functional areas: the Pool has the highest electricity 

consumption for HVAC as well as for lighting. 
Figures below show energy flows and percentage distribution by functional areas of 
electricity consumed in 2010. 
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Figure 44 – Distribution of global electric consumption. 

4.2.3.2 Gas and Biomass consumption 
Within this section are reported the annual gas consumption in the reference years with the 
specific gas consumption indicator for unit of heated volume for FIDIA sport centre. 
 

Table 31 – Annual Gas Consumptions at Pilot 2 

Year 
Gas Consumption 

[m3] 

Consumption Indicator 

[m3/m3] 

2009 15.170 1,70 

2010 9.577 1,00 

Reference Year 12.374 1,35 
 

Typically FIDIA has - for heating all the Sport Facilities but not the pool - an annual gas 
consumption of 12.374 [m3] with a specific consumption indicator of 1,35 [m3/m3]. Figure 
below shows the monthly trend. 
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Figure 45 - Monthly gas consumptions at Fidia 

The table below contains the annual hazelnut skill consumption in the reference years with the 
specific biomass consumption indicator for unit of heated volume. 

Table 32– Annual Biomass Consumptions. at Pilot 2 

Year 
Hazelnut Skills Consumption 

[Kg] 

Consumption Indicator 

[Kg/m3] 

2009 89.230 24,88 

2010 121.880 33,98 

Reference Year 105.555 29,43 

Typically FIDIA has - for heating the pool - an annual biomass consumption of 105.555 [Kg] 
of hazelnut skills, with a specific consumption indicator of 29,43 [kg/m3] for unit of heated 
volume. 
Figure 46 shows the monthly trend. 
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Figure 46 - Monthly biomass (hazelnut skills) consumptions at Fidia 

 

The assessment of thermal energy within the building requires the calculation of specific heat 
consumption, equivalent to the annual consumption of primary energy for space heating per 
unit of heated volume. The following information has been analysed: 
- the annual gas consumption during the heating season 2009÷2010, with quotas of thermal 

energy produced by the solar panels, 
- the equivalent annual consumption of primary energy related to the climatic conditions of 

the locality, 
- the specific heat consumption, equivalent to annual consumption of primary energy per 

unit of heated volume. 
Table 33: Primary Thermal Energy annual consumptions for space heating at Pilot 2 

nr. 
Panel 

unit surface 
[m2] total surface [m2] reference kWh/year/m

2 
kWh/heating/

m2 Solar 
Collectors 

6 2,00 12 1.047 12.564 5.714 

Gas Thermal Energy Consumption Specific Heat Consumption 
HEATING 

[Sm3] Boiler [kWhth] 
Solar Collectors 

[kWhth] 
 

[kWhth] [kWh/m3] 

Sport 
Facility 13.240 100.751 5.714 106.466 12,64 

Gym Weight 7.583 40.797 2.674 43.471 61,53 

Bar/office 1.040 12.332 795 13.127 62,51 

Fitness A 2.936 34.825 2.245 37.069 62,51 

Volley Ball 1.682 12.798 0 12.798 1,85 

Pool  83.089 0 83.089 23,17 
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Figure 47depicts thermal energy flows among FIDIA’s functional Areas for space heating: 
 

FITNESS 
A

(changing
room)

Volley
Stadium

Pools

Tennis-
Soccer

Tennis-
Soccer

12,02%

40,83%

Gym
Weight

FITNESS 
B

100%
 Biomass [kWhth]

83.089

Gas
consumption 

13.240 [Sm3 ]

40,49%

Hazelnut Shells 
Consumption
90.857 [Kg]

46,80%

34,82%

34,57%

39,29%

Bar
Office

12,33%

12,24%
13,91%

12,70%

 
Figure 47 - Energy Flows of annual thermal energy consumptions for space heating at Pilot 2 

The specific heat consumptions (thermal consumption indicator) for FIDIA Sport facility 
during the heating season 2009-2010 is 12.64 [kWh/m3], ranging from a minimum value of 
1.85 [kWh/m3] for the Volley ball functional area to a peak of 62.51 [kWh/m3] both for 
Bar/Office and Fitness A; Gym Weight has 61.53 [kWh/m3], while the reference value for the 
Pool is 23.17 [kWh/m3]. 

Figure 488 shows the annual specific thermal consumptions for the FIDIA Sport Facility and 
for each functional area. 
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Figure 48 -  Annual specific thermal consumptions at Pilot 2 

. 

Sanitary Hot Water (SHW) 
Table 34 shows the annual consumption of gas for Sanitary Hot Water (SHW) with quotas of 
thermal energy produced by boilers and with solar panels. 

 
Table 34: Annual Thermal Energy consumptions for Sanitary Hot Water at Pilot 2. 

nr. Panel unit surface 
[m2] 

Collectors surface  
[m2] kWh/year/m2 kWh/SHW/m2 

Solar Collectors 
6 2,00 12 12.564 6.850 

Gas  Volume Thermal Energy Sanitary Hot 
Water [m3] [m3] Boiler 

[kWhth] 
Solar Collectors 

[kWhth] 
Boiler + Solar Collector 

[kWhth] 

Sport Facility 1.327 1.509,5 10.099 6.850 16.949 

Gym Weight 871 706,5 6.626 3.206 9.832 

Bar/office 119 210,0 908 953 1.861 

Fitness A 337 593,0 2.565 2.691 5.256 

Volley Ball 0 0 0 0 0 

Pool -  3.586,0 13.440 0 13.440 

The figures below show the annual thermal consumptions and energy flows for Sanitary Hot 
Water related to FIDIA Sport Facility and to each functional area. 
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Figure 49 - Annual thermal consumptions for Sanitary Hot Water at Pilot2 
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Figure 50 - Energy Flows of annual thermal energy consumptions for Sanitary Hot Water at Pilot 2 
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4.2.3.3 Total energy consumption and cost 
The total cost of electricity service, as recommended by the AEEG Authority[53], is divided 
into components that correspond to the cost of the services necessary to ensure the provision, 
the general costs of the electricity network and taxes legally owed. 

Energy Service: include all activities carried out by the Utility to purchase and resell 
electricity to the customer (energy prices). The cost of delivered energy (generation costs) are 
divided by time zones and correspond to the prices established in the supply contract plus any 
indexation.  

Among the costs of the sale of service shall include those corresponding to the losses in the 
network, equal to a fixed percentage specified in the contract cost of generation (AEEG 
228/01 and subsequent amendments), due to the fact that a percentage of 'energy provided by 
the Supplier is lost to the grid. 

Network Services: include all activities of distribution, transport and measurement, and the 
following pricing components. These costs are covered by tariffs applied uniformly to the 
entire country, and are established and updated annually by Authority. 

Global System Services Charges: the general system charges are fixed by law and are paid by 
all customers. They are intended to cover various items, such as promoting energy production 
from renewable and assimilated, the financing of special tariff schemes, the funding of 
research and development, nuclear decommissioning and compensation measures planning. 
Tax: levied on the supply of electricity. 

The following table shows the annual global costs and relatives for each services, according to 
the organizational model for the electric service that meets the indications of the Authority. 

Table 35: Costs distribution for the overall electricity service. at Pilot 2 

Year Unit Global Energy Services Network Services Taxes 

[A] Jan-09 ÷ Dec-09 [€] 32.104,1 18.344,19 57,14% 5.947,15 18,52% 7.812,77 24,34% 

[B] Jan-09 ÷ Dec-10 [€] 28.191,44 15.219,53 53,99% 6.162,35 21,86% 6.809,55 24,15% 

Typical: Jan ÷ Dec [€] 30.147,77 16.781,86 55,67% 6.054,75 20,08% 7.311,16 24,25% 

[€] -3.913 -3.125  215  -1003  
Saving: [B] vs [A] 

[%] -12,19 -17,03  3,62  -12,84  

For the typical year FIDIA Sport Facility has: 
 Global costs of € 30.147,77, 
 Specific costs for Energy services of € 16.781,86, which represents 55,67% of global 

costs; 
 Specific costs for Network services of € 6.054,75, which represents 20,08% of global 

costs. 
 Specific costs for Taxes of € 7.311,16, which represents 24,25% of global costs. 

 
 
 

Table 36 shows the net (only energy) and gross (sum of all cost items) tariffs for the 
examined period. 

                                                 
[53] Authority for Electric Energy and Gas (http://www.autorita.energia.it/it/costi_ele.htm#rete). 
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Table 36 Net and Gross Tariffs for the global Electricity Supply at Pilot 2 

Electricity Consumption Global Costs Net Tariff Gross tariff 
Year 

[kWh] [ € ] [€/kWh] [€/kWh] 

[A] Jan-09 ÷ Dec-09 171.642 31.954,96 0,093152 0,170739 

[B] Jan-09 ÷ Dec-10 167.284 28.191,44 0,091047 0,171421 

Typical Year 169.463 30.070,20 0,092099 0,171080 

-2,54 % -11,78 % -2,26 % 0,40 % 
Saving: [B] vs [A] 

-4.358 kWh - 3.764 € -0,002106 €/kWh 0,000681 €/kWh 

Figure 51 shows the graphical trend of the Net and Gross Tariffs. 

 
Figure 51 - Net and Gross Tariffs for the overall Electricity Supply at Pilot 2. 

Electricity Cost Indicators 
Table 37 summarizes the electricity cost indicators for the 2 reference years. 

Table 37 - Electricity Cost indicators at Pilot 2 

Year 2009 Cost for Electricity Supply [€] Cost per unit of surface [€/m2] Cost per user[€/user] 

Global 31.955 14,0 79,9 

Lighting 5.162 2,3 12,9 

HVAC 13.634 6,0 34,1 

Services 7.181 3,1 18,0 

Other 5.977 2,6 14,9 

Year 2010 Cost for Electricity Supply [€] Cost per unit of surface [€/m2] Cost per user[€/user] 

Global 28.191 12,3 70,5 

Lighting 4.507 2,0 11,3 

HVAC 12.075 5,3 30,2 

Services 6.336 2,8 15,8 

Other 5.274 2,3 13,2 
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Considering costs of 2010 both the indicators show: 
 a global costs of 14,0 [€/m2] or of 79,9 [€/user], 
 a specific cost for lighting of 2,3 [€/m2] or of 12,9 [€/user], 
 a specific cost for HVAC of 6,0 [€/m2] or of 34,1 [€/user], 
 a specific cost for services of 3,1 [€/m2] or of 18,0 [€/user], 
  a specific cost for others (minor equipment) of 2,6 [€/m2] or of 14,9 [€/user]. 

 

Table 38 shows the annual global costs of gas and biomass for the reference years, with  
averaged tariffs and economic indicators. 

Table 38 – Annual Costs of gas and Biomass at Pilot 2 

Year Energy 
Source Cost  Net Tariff Gross tariff Cost Indicator for unit of 

Heated Volume 

Gas 14.316 [€] 1,39 [€/m3] 1,67 [€/m3] 1,70 [€/m3] 
2009 

Biomass 8.872 [€] 0,093333 [€/kg] 0,102667 [€/kg] 2,47 [€/kg] 

Gas 8.457 € 0,94 [€/m3] 1,13 [€/m3] 1,00 [€/m3] 
2010 

Biomass 12.576 [€] 0,072222 [€/kg] 0,102188 [€/kg] 3,51 [€/kg] 

Gas 11.386 € 1,17 [€/m3] 1,40 [€/m3] 1,35 [€/m3] 
Typical Year 

Biomass 10.724 [€] 0,082778 [€/kg] 0,102428 [€/kg] 2,99 [€/m3] 

Typically FIDIA has: 
• for heating, an annual global cost of 22.111 [€], with a specific cost indicator of 4,34 

[€/m3] for unit of heated volume. 
• for gas supply, an annual cost of 11.386 [€], with an average gross tariff of 1,40 [€/m3] 

and a specific cost indicator of 1,35 [€/m3] for unit of heated volume. 
• for biomass, an annual cost of 10.724 [€], with an average gross tariff of 0,102428 

[€/kg] and a specific cost indicator of 2,99 [€/m3] for unit of heated volume. 

 

4.2.4 Initial Plan for SportE2 

FIDIA has no sub or smart metering in place.  In addition there is no BMS or integrated 
control system in place.  Energy management actions are taken based on user experience and 
the collective expertise of facility managers (owners in this case).  Because the facility 
consists of several independent but co-located buildings, wireless communications will be a 
deliberate consideration.   

Provided this, the SportE2 How, Why, and When modules are appropriate.   Specific attention 
will be given to this facility to cost of the developed system.  This is because this is the 
smallest facility in the project and the one with the least energy costs (although they are still 
significant).  As such, we need to understand what integrated control and optimisation can be 
brought to the facility at a price point the facility would be willing to accept.  This may also 
provide the incentive to develop clever business models from the lessons learned at this 
facility.   

Through the survey, site visit, and knowledge of the facility, the following plan initial plan for 
SportE2 is envisioned.     
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Appropriate Modules and what they will do: 

SportE2 How (Smart Metering) 

• Energy Flows.  Energy flows that are not already provided by sub-systems will need 
to be determined and metered. This requires further analysis. 

• Metering the energy flows and environmental parameters (include temperature, 
humidity, and air quality) by subsystem and functional areas as identified in the audit.  
Priority will be given to the most energy consuming processes, areas, and parameters. 

• The pool area will be a main focus and will include a detailed metering of the air 
handling unit servicing the pool hall, the pumping stations, the water heating units, 
and water treatment system.  We will also consider the close interaction between water 
and air temperature in relation to comfort and energy with the goal of developing 
optimisation schemes.  

• The data recorded by the smart meters will be aggregated and will be utilised to 
increase the awareness about the actual performance of the facility (energy and 
comfort). This will be achieved through a sport facility specific data aggregation and 
analysis tool with a user friendly GUI. 

SportE2 Why (Integrated Control) 

• Installation of a centralised control station.  Currently, only and on/off control is in 
place (without operating set points) for some of the subsystems (e.g. AHU in the pool 
hall and its relative heating coil). The technical staff moves from system to system: 
switching on and off the system components, checking the operation and adjusting it 
manually according to the needs. 

• Facility experience and knowledge will be incorporated into the control system.  In 
practical terms, an alert should be provided when a system is operating outside of 
intended set points. 

SportE2 When (Optimisation) 

• Swimming Pool: As the main power consumer of the complex, optimisation must look 
to the operation of this functional area. Factors that affect evaporation and pool heat 
loss will be investigated. Temperature and flow rates will be studied. Occupancy and 
weather will be investigated. Ventilation rates in the pool area will be examined. 

• Air Handling Unit: How is this operating with respect to required flow rates and the 
occupancy of the structure? It is currently running constantly for ventilation purposes 
during that whole operational season (from September to July). The heating coil is 
manually controlled during the heating season.  Is there a more optimal manner of 
operation? 

• Solar Thermal System: The solar thermal system is old and its pump is running 
continuously.  Metering will be conducted to benchmark this system and to determine 
if it can be utilised in a more optimal manner. 

• Interconnected Systems and Set Points: Once an integrated control system is in place, 
how can this interact with the processes in the facility?  How can set points be trained 
to account for optimal settings based on predicted weather, occupancy, or pricing 
schemes?  



SportE2 D 1.1  11-03-2011 Page 90 of 115 

SportE2: D 1.1 Performance Criteria and Requirements                         90 
www.sporte2.eu   

4.3 Pilot 3 - Polideportivo municipal de Etxebarri - Spain 

4.3.1 Description and Facility Characteristics 

4.3.1.1 The facility, its HVAC and renewables sources 

 
POLIDEPORTIVO MUNICIPAL DE 
ETXEBARRI 

Pilot Place Etxebarri (Bizkaia), Spain 

Pilot Owner Ayuntamiento de Etxebarri 

Pilot 
Responsible 

EMTESPORT, S.L. 

Website www.piscinasetxebarri.com  
Sport 
Facilities 
Description 

Adult Pool (indoor) – size: 25m x 12,5m, depth: 1,65 to 2,10, Capacity: 578 m3 

Children Pool (indoor) – size: 12,5m x 6 m, depth: 0,98 to 1,1m, Capacity: 75 m3 

Multisport Court (indoor) (Basketball, Football, Rhythm Gimnastic, Handball…) 

Stands with more than 1.400 seats 

Weight room, indoor Cycling room and 5 Multipurpose room 

Paddel courts (2 indoor) and Tennis courts with bleachers (2 courts) 

Football court with bleachers 

Indoor rock climbing, Yoga room, Sauna, Solarium 

Summer garden (3.000 m2) with access to the swiming-pool during the summer. 

Energy 
Consumption 

Water Heating for pools and showers 

Air Heating for large environments 

Electric Energy for indoor/outdoor lighting and electric equipment 

Energy 
Generation 

2 boilers fuelled with natural gas (645.000 KW total) 

Solar Thermal Panels with total area of 300m2 (175.500 KWh/year - average) 

Solar Photovoltaic Panels with total area of 45 m2 (annual production of 5000 
KWh), this project is now in process of connection to the electric grid. 

Energy 
Exchange 

Currently, no energy is fed to the electric grid. 
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Additional details... 
This facility is equipped with a Metasys® Building Management System (BMS) by Jonson 
Controls that manages the operation of the boilers, the solar panels system, the HVAC 
systems and also the pool water heating and circulation. 
 

 

Figure 52 - BMS interface screenshots at Pilot 3 

The system for collecting solar energy (Solar Thermal Panels) is activated by a differential 
temperature control by comparing the temperature of the panels and the pool temperature or 
the shower (SHW) tank temperature. The system launches the corresponding pump if the 
temperature of the panels is higher than 6 degrees to the temperature of the pool or the SHW. 
The system stop the pump when the temperature differential low 2 degrees.   

A recent improvement in the pool water system, that was stimulated by the SporE2 project, 
was the introduction of an heat exchanger between the outlet pipe of the exhaust water from 
the pool and the inlet pipe with fresh water from the mains. An integration with the solar 
panels and the hot water storage thank and the scheduling of the water turnover cycle during 
the day time allows to heat the fresh water without using the boiler for most of the time. 

4.3.1.2 Type of utility contracts in place 

Electricity 

The power company is Naturgas Energía and the contract falls within the free market. The 
electricity bill is composed of a component corresponding to the contracted power and energy 
consumed, which is divided into three time periods. 

Table 39 - Electricity tariffs details at Pilot 3 

 P1 P2 P3 

Winter 18-22 h 8-18h  and 22-24h 0-8h 

Summer 9-13h 8-9h and 13-24h 0-8h 

Contracted power 220 kW 220 kW 220 kW 

Energy prices 0.132236 €/kWh 0.101659 €/kWh 0.067516€/kWh 

The electricity produced by the PV panels is entirely sold to the grid at the price of 0.32 
€/kWh taking advantage of the incentives of the government. The Solar Photovoltaic Panels 
have a total area of 45 m2 and an annual production of 5000 KWh, that correspond to a 1,600 
Euro per year income. 

Natural Gas 
The supply of natural gas to the building is under contract with Naturgas Energía the same 
supplier of electricity. The price of natural gas supply is made individually for each delivery 
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point, at a price of energy and a transport component. The price consists of a fixed term and 
variable one, depending on consumption. The fixed component is reviewed annually. 

 
Table 40 - Gas tariffs details at Pilot 3 

 Constant rate 

Daily contractual amount 2,700kWh/day 

Yearly contractual amount 600,000kWh/year 

Energy price (fixed daily rate) 2.19469315€/day 

Energy prices (consumption based rate) 0.03772000 €/kWh 

Discounts 2 % 

Water 
Water is supplied by Consorcio de aguas Bilbao Bizkaia.  This consortium is also responsible 
for the primary network management, drinking water and sanitation of sewage also. It consists 
of seventy-one municipalities, in addition to the Provincial Council of Bizkaia and the Basque 
Government, subject to maintaining cooperation agreements with various local authorities. 
The rates for 2011 correspond to 0.3786 €/m3 plus a fixed fee 6.7331 € every 90 days, which 
depends on the size of the counter. 

 

4.3.2 Results of the pilot survey 

The questionnaire is included in Annex A of this report.  A summary of key information, 
which completes the pilot description section, from these responses is as follows: 

Etxebarri Sports Center has been designed from the beginning for holding indoor sport 
activities in Etxebarri. The structure has had 2 expansion processes; the first structure 
(swimming pools, and multipurpose rooms) was opened initially as main facilities. Some 
years later in 2005 the first extension was made with the construction of the Indoor Multisport 
Court and the gym. In 2009 the last extension was carried out, finishing the work begun in 
2005, making a one entry access to the installation and renovating the rooms above the pool. 

 
Figure 53 - Aerial view of Etxebarri Multisport Centre 

The management and maintenance of the facilities have been assigned by the city council to 
EMTESPORT, a company specialized in management of sport buildings.  

In relation to the operating schedules, the multisport centre remains open almost all over the 
year, except for a two week shutdown during which the facility is maintained.   The opening 
hours are the following:  
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• Monday to Saturday: from 9 AM to 22.20 PM 

• Sunday: from 9 AM to 14.00 PM 

The building holds many areas, and each area has its own schedule, so the opening hours 
between different areas can be very different. Different hours of use can be differentiated 
depending on the users' age. Even if this pattern has not to be taken strictly, the following 
patterns can be a good way to know a user’s profile and using hours and also the total 
monthly occupancy throughout the year. 

Table 41 - Daily user profiling options 

Profile Time tables 

Child 17:30 - 19:30 

Youth 18:00 - 22:00 

Adult 18:00- 22:00 

Senior 09:00 - 13:30 

 
Table 42- movement detected in the entrance doors during 2010 

Month 

January 

February 

M
arch 

A
pril 

M
ay 

June 

July 

A
ugust 

Septem
ber 

O
ctober 

N
ovem

ber 

D
ecem

ber 

Entrances 4.401 5.416 3.316 4.061 4.856 4.439 6.791 4.059 7.574 14.467 13.819 9.669 

Total 82.868 

 

4.3.3 Energy Audit Results 

4.3.3.1 Electrical consumption 
The following table shows the electric energy consumption evolution over last years 

Table 43 - Electric Energy Consumption Evolution at Pilot 3 

Electric Energy Consumption Evolution 

 2008 2009 2010 

Total 495.019 kWh 526.125 kWh 538.671 kWh 
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Figure 54 - Total electricity consumption at Pilot 3 

 
As we can see in the table and graph above, electric energy consumption has increased 
reasonably these last two years (2009 and 2010). 

Here are shown the electric costs evolution 

 
Table 44 - Electricity Cost Evolution at Pilot 3 

Electricity Cost Evolution 

 2008 2009 2010 

Total 57.451 € 61.678 € 65.734 € 

 

According of the equipments installed and running hours, a break down electric energy 
consumptions by equipments has been estimated. 

 
Figure 55 - Electricity consumption breakdown at Pilot 3 
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4.3.3.2 Gas consumption 
Here are shown the gas consumption and cost evolution during these last three years. 

Table 45 - Gas Consumption Evolution at Pilot 3 

Gas Consumption Evolution, m3 

 2008 2009 2010 

Total 112.316 117.673 123.812 

 

 
Figure 56 - Monthly gas consumption for the last 3 years at Pilot 3 

The graphs and tables above, gas consumption has increased these last years and especially in 
period between January and September. According of the equipments installed and running 
hours, we have estimated the gas energy consumptions by equipments. 

 
Figure 57 - Gas consumption breakdown at Pilot 3 
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4.3.3.3 Total energy consumption and cost 
Most of the energy consumed comes from thermal energy consumers. The table below shows 
the total energy distribution in 2010. 

Table 46 - Total energy consumption at Pilot 3 

  Energy 
consumption, 
kwh/year 

% over total 
energy 
consumption 

Total Electric Energy, 2010, kwh/year 538.671 29% 

Total Gas Energy, 2010, kwh/year 1.296.312 71% 

Total Energy consumption 2010, kwh/year 1.834.982 100% 

 

 
Figure 58 - Overall energy breakdown at Pilot 3 

Thermal energy represents more than 70% of the total energy consumption of the building, 
electric energy representing over 29%. Despite having a bigger consumption in thermal 
energy, thermal energy costs are lower than electricity ones, due to the high prices for 
electricity.  

 
Table 47 - Total energy cost at Pilot 3 

  Energy cost % over Total 
Energy cost 

Total Electricity costs 2010, €/year 65.734 € 57% 

Total Gas costs 2010, €/year 48.897 € 43% 

Total Energy costs 2010, €/year 114.631 € 100% 

 

An energy ratio per square meter gives a good idea on how much a building is a strong energy 
consumer. This ratio depends on if we consider both outdoor and indoor surface or just the 
indoor one. Etxebarri sport centre has the following surfaces and energy ratio: 
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Table 48 - Energy Usage Intensity at Pilot 3 

Surfaces and energy ratio 

Indoor Surface, m2 12.154 

Outdoor surface, m2 2.229 

Total Surface 14.383 

Energy ratio, kWh/m2 year 
(total suface) 

128 

 

4.3.4 Initial Plan for SportE2 

To date, EMTE has always looked at the sport facility in terms of overall gas electricity and 
water consumption. Since the start of the SportE2 project EMTE has already implemented an 
energy conservation measure on the pool water piping layout with the installation as 
described. With SportE2, EMTE wants to turn to the inside of the structure and its operation. 
Through the survey, site visit, and knowledge of the facility, the following initial plan for 
SportE2 is envisioned.     

Appropriate Modules and what they will do: 

SportE2 How (Smart Metering) 

• Metering of the pool area in support of optimisation efforts. This will include 
temperature, humidity, and air flow rates 

• Metering of the air handling units. How are these performing with respect to 
efficiency, benchmarked across similar equipment, and benchmarked against each 
other? 

• Energy Flows. Energy flows that are not already provided by sub-systems will need to 
be determined and metered. Sub metering per functional areas will also be deployed.  

• Development of an interface to directly collect data from the current system in place to 
monitor occupancy and book spaces, room and courts. 

 

SportE2 Why (Integrated Control) 

• Integration of the present Jonson Control BMS with the SportE2 Why module will be 
the first challenge. 

• Extension of the automation capabilities of the BMS in order control over parts of the 
system that are currently manually operated (e.g. the lighting). 

 

SportE2 When (Optimisation) 

• Swimming Pool: As the main power consumer of the complex, optimisation must look 
to the operation of this functional area. Factors that effect evaporation and pool heat 
loss will be investigated. Temperature and flow rates will be studied. Occupancy and 
weather will be investigated. Ventilation rates in the pool area will be examined. 

• Air Handling Units:  How are these operating with respect to required flow rates and 
the occupancy of the structure?  They currently run approximately 6 days per week 
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(shut down Sunday).  They are either on or off.  Is there a more optimal manner of 
operation? 

• Currently, the technical manager changes set points utilising the Jonson Control 
Metasys GUI. This is done manually done according to expected building usage and 
occupancy profiles. No account is taken of system efficiency and optimal start up 
times and its dependency on external weather conditions. 

• Free cooling is extensively utilised in this facility optimal start up time of the HVAC 
in the gym area will consider also the possibility night pre-cooling.  

• Interconnected Systems and Set Points:  Once an integrated control system is in place, 
how can this interact with the processes in the facility?  How can set points be trained 
to account for optimal settings based on predicted weather or predicted occupancy?   

• The PV system is in the process of being connected to the grid.  In the meantime, it is 
desirable to investigate when this energy can be best utilised by the facility. 

SportE2 Where (Multi-Facility Management) 

• This module will be installed at the Polideportivo municipal de Etxebarri and will 
connect the Spanish Pilot with the other two pilots in Italy and Portugal in order to 
compare the different performances of each facility.  
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5. SPORTE2 TESTING FACILITY: KUBIK  

5.1 General 

The KUBIK building provides the means to test the integration of the modules SportE2 how, 
SportE2 why, SportE2 when in order to have a complete ICT energy management system able 
to drastically reduce energy consumptions and CO2 emissions. Furthermore the results of 
work in KUBIK will be the basis to define, develop and test the SportE2 where: Multi-Facility 
Energy Indicator System. 

KUBIK is a distinctive and unique world-class experimental R+D+i installation designed for 
the development of new concepts, products and services for the improvement of building 
energy efficiency. The SportE2 modules, smart meters, and controllers can be installed 
parallel to the KUBIK BMS. This will allow the validation of sensors and system 
performance as well as a characterisation of energy efficiency improvement when controls are 
implemented against various scenarios. 

The use of KUBIK to asses a parallel Building Management System to its internal sensors and 
control systems will be an interesting and innovative use of the facility. This experimental 
campaign will not only assess the integration and performance of the SportE2 modules, but it 
will also provide an example/case study of how ICT and BMS solutions can be tested and 
validated in general. 

 
Figure 60. Current thermal envelope of KUBIK 

KUBIK is a laboratory building that allows performing tests in controlled but realistic 
situations (although constrained to the geometry and use patterns of KUBIK). The main 
distinctive feature of KUBIK is its capacity to create realistic scenarios for the investigation 
of energy efficiency resulting from the interaction of constructive solutions, the intelligent 
management of air-conditioning and lighting systems and renewable energy supplies. 
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The infrastructure is a building enclosing a maximum of 500 m2 distributed over a basement, 
a ground floor and a further two levels. The supply of energy is based on the combination of 
conventional and renewable energies (geothermic, solar and wind power). Finally, the 
building is equipped with a monitoring and control system that provides the necessary 
information for the development of R+D+i activities. It has an independent control system 
and over 400 sensors that check temperature, humidity, energy statistics, and user comfort 
parameters over time. 

The installation of SportE2 how, SportE2 why, SportE2 when modules in KUBIK will provide 
a first opportunity to check them under real use conditions and detect some useful 
improvements. KUBIK living laboratory can be configured (both from an architectural point 
of view and from installations point of view) to achieve an adequate degree of approximation 
to the use conditions present in sport buildings. However, due to the singularities of some of 
the uses existing in sport buildings there might be some features of the real conditions of use 
that will not be possible to exactly reproduce (due to the geometric characteristic, use 
patterns, etc ) but those will not, in any case, reduce the interest of the first testing and 
improvement phase in KUBIK.  

 

5.2 Systems to be used in SportE2 

KUBIK building incorporates all the necessary elements to reproduce the desired conditions 
of use, as well as the temporal variations of the internal solicitations.  

• Adjustable sensible and latent internal gains due to occupancy and equipment. 

• Adjustable lighting levels and use of natural lighting features, as well as presence 
detection strategies. 

• Adjustable interior temperature sent-point profiles 

• Adjustable supply of external air for ventilation. 

• Adjustable an flexible installations (HVAC, etc): 

•  A wide range of demand satisfaction systems (hydronic system, air system, chillers, 
boilers, air handling units, Canadian well, etc). 

• Presence of cogeneration and other distributed generation systems of renewable origin 
(aero-generator and photovoltaic system).   

• Possibility to adjust supply temperatures of water and air for heating, cooling and 
ventilation purposes (According to exterior air temperatures or to system design 
criteria ) 

• Possibility of artificially simulating heating loads in order to reasonably reproduce the 
typical demand composition of this kind of buildings (with heating need playing the 
clearly prevailing role). The system includes a heating rejection devise coupled with 
the CHP unit, that enables the system to generate electricity even in absence of heating 
demand for the thermal conditioning of the building 

KUBIK is equipped with a comprehensive metering and monitoring system, that enables the 
measurement of all the parameters related with the comfort conditions of testing zones as well 
as all the values of the working parameters of the different systems: 

• Comfort conditions: Interior air dry bulb temperature, mean radiant temperature, 
operative temperature, relative humidity, etc. 
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• Installation status: (Energy delivered by heat and cool generators, electric 
consumption of chillers, gas consumption of the heat generators, water temperature in 
all the relevant points of thermally treated water and air distribution loops, water and 
air flow meters necessary to carry out complete energy balances of the  HVAC system, 
lightning system consumption, etc) 

Finally, KUBIK has been equipped with a complete weather station that will make possible to 
register the temporal variation of the external solicitations during the testing of the SportE2 
system: 

• Direct solar irradiation 

• Diffuse solar irradiation 

• Global solar irradiation 

• Exterior air dry bulb temperature 

• Wind velocity. 

• Relative humidity 

In the next, paragraphs a description of the main installation of KUBIK that may be used in 
the testing of SportE2 system is included. 

 

5.2.1 KUBIK Monitoring and control system 

The monitoring and control system in KUBIK is integrated in an intelligent energy system 
(IES) which optimizes the energy consumption of the building satisfying each measurement 
room needs. IES manages the HVAC system (heat and electricity demand and production 
equipments), the lighting system and the supply from renewable energy equipments. 

 

Figure 61. Intelligent management system 

The monitoring system is in charge of data gathering and management task and providing 
comprehensive information necessary for the test analysis along. It collects data from: 

• test measurement system 

• building automation system 

• HVAC control system 

• External meteorological conditions. 

As already mentioned, it is equipped with over 400 sensors that records conditions inside and 
outside the experimental facility, being possible to have access via the Internet to taken 
measurements. The test measurement system includes the following sensors displayed in the 
next figure. 
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Figure 62. Sensor types 

In this context, the chosen measuring and control system in KUBIK is based on a PLC 
platform with Windows Embedded technology. The new control trends compile in one body 
the reliability of a traditional PLC platform with the flexibility and easy to upgrade 
capabilities provided by a Windows platform. The PLC layer of the control system is in 
charge of gathering data from the sensors and writing commands into the remote actuators, 
not only this but the PLC layer processes update the central database with the sensor and 
actuator values. 

On the other hand, the Windows layer hosts the developments done in order to test different 
energy efficiency strategies. The Windows layer is built on top of the PLC layer and takes 
advantage of it to acquire real time process data. The Windows layer is dedicated to energy 
efficiency developments from a holistic approach, taking into account not only the potential 
energy demand reduction but considering, too, the storage and generation capabilities 
deployed in the KUBIK. 

The picture below shows the functional layer stack and the mapping between these layers and 
the functionalities that they host. 
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Figure 63. Functional layer stack 

 

The concept behind the control system deployment in KUBIK is described in the picture 
below, as shown, the system is able to run independently multiple simultaneous tests in one 
test end and provide centralized information for different profiled users 

 

 

Figure 64. Measuring and control system concept 

 

5.2.2 KUBIK HVAC system description. 

Since the building has been conceived to enable the possibility of modifying over time the 
thermal envelope and its internal zoning, the HVAC system is optimized to support this 
feature. This feature will facilitate the definition of realistic test scenario for SportE2 testing 
process. The system is enabled to satisfy thermal loads which may vary (especially for the 
cooling regime) within a wide range (25-50 kW), depending on the instantaneous 
configuration of the building.   
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Each of the 3 floors of KUBIK can be divided into a maximum of 6 thermal zones, and if 
necessary, those zones can be provided with independent temperature set points and measured 
energy supply. As described later, the distribution of the measurement elements and of energy 
diffusers makes possible to change the testing room zoning without the need to reform the 
installation (beyond minor adjustments in hydraulic connections and valve states). 

 

Figure 59: Current thermal zoning and diffusion elements (Floor 1) 

The HVAC installation of KUBIK consists of a hydronic system and a variable air volume 
system (VAV). Both, have independent distribution, measurement and diffusion subsystems 
but are supplied by the same generation subsystem. 

The generation sub-system is enabled to generate hot water and cool water simultaneously by 
means of the corresponding generators, so that the facility, if necessary, is capable of 
satisfying heating and cooling demands at the same time. 

The heat generation system is formed by a micro-CHP equipment, that acts as the main 
heating generator, and a condensing boiler (40 kWt) that is the support element necessary to 
cope with thermal loads exceeding the capacity of the micro-CHP. In both cases, natural gas 
is the used fuel. 
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Figure 60: Hot water generator (CHP and condensing boiler) 

  

Figure 61: Cool water generators (chillers) 

The installation includes a devise to reject the heat generated by the micro-CHP, to cope with 
situations where there is no heating demand, and the heating storage capacity of the tank has 
already been used. This makes possible, to continue generating electricity, no matter the 
heating demand, providing greater adaptability to the conditions of use of the building. 

The cool water generation system is formed by 2 air-condensed chillers, connected in parallel 
with the distribution system of cool water. The nominal power of each of these chillers is of 
22 kWt, and its operating sequence responds to the cooling demand of the building. Thus, the 
cool water generating sub-system is enabled to adapt to highly variable cooling loads, with 
adequate performances. 

The water distribution sub-system (4 pipe system) consists of the corresponding pumps, 
actuators, valves and water circuits (hot and cold) necessary to transport the thermally treated 
water to floors. There, the terminal units (fancoils, etc) that form the diffusion sub-system, 
can make use of it to satisfy the heating or cooling demands. 

The metering sub-system of the hydronic system, is based on water MCU-s (measurement and 
control unit), that in a single compact element,  integrate all the components necessary to 
accurately measure the energy delivered to each testing room (flow meter, pump, supply and 
return water temperature sensors). 

The MCU-s are connected to water distribution circuits, so that depending on the thermal 
loads of each testing room, the MCU-s provide their terminal units with the required energy 
(heating or cooling). The metering sub-system includes 6 water MCU-s per floor, and 
therefore, it is possible to generate up to 6 thermal zones per floor. Furthermore, the location 
of the fancoils makes possible to maximize the system's ability to adapt to changing thermal 
zoning on floors, simply by properly configuring the connections between fancoils and water 
MCU-s. 
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Figure 68. Water MCU-s of F1 

For his part, the variable air volume system will be responsible of introducing the required 
outside air (ventilation), necessary to reproduce real use conditions. The main component of 
the system is a variable flow air handling unit (maximum flow of 2500 m3 / h) which delivers 
the pre-treated air to the floors through the corresponding distribution duct sub-system. 

 

Figure 69. Air distribution system 

The air handling unit is dimensioned to carry out the ventilation of the whole building or 
alternatively to reproduce on a single floor, the use conditions of a building conditioned by a 
variable air volume system. 

This system includes its own measurement sub-system to accurately measure the energy 
delivery associated to the ventilation of each zone. It  is formed by air MCU-s, that in a single 
compact element integrate all the components necessary to supply and meter the flow and the 
temperature of the supplied air to each testing room (supply flow temperature sensor, return 
flow temperature sensor, flow meter, fan, etc ).  
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Air MCU-s supply the diffusers, placed in the testing rooms that discharge the air. The 
location of diffusers is optimized to maximize the capacity of the air system to accommodate 
changes in the thermal zoning of the different floors. 
 

5.2.3 Lighting system in KUBIK 

Lighting System in KUBIK is very flexible. Every cell in KUBIK has lighting elements that 
can be controlled independently (on/off or dimming). In this way, cells in KUBIK can be 
easily configured in different ways the test and can be used to implement strategies for 
making use of solar light. 

The installed light elements are: 

• Luminaries with different power (2X36 W, 2X34 W, etc.) 

• Active shadow systems area also installed in KUBIK. These systems facilitate to 
implement strategies for controlling of the solar  to control  

 

5.2.4 Renewable energy generation systems 

KUBIK infrastructure is an experimental platform that incorporates energy generation based 
on renewable sources for supplying the experimental building: wind turbines, photovoltaic 
panels and geothermal power, solar collectors, passive systems. The main characteristics of 
the different energy distributed generation installations available in KUBIK are described in 
the next paragraphs. 

Micro-generator – CHP. This system uses gas, and it is not a renewable energy system but it 
is part of the distributed generation system in KUBIK. This installation provides a high level 
of flexibility to the energy generation process in KUBIK.  

The CHP provides energy into the low voltage distribution network in KUBIK and it is 
consumed in the building. The electric power is 5,5 kW and the thermal power is12,5 kW   

Canadian Well. It is a heat exchanger with the ground. Its principle is to make passive use of 
geothermal energy. The Canadian well consists of passing a proportion of fresh air through 
pipes buried in the ground, before it enters the building. The soil in depth is warmer than the 
outside temperature in winter, so the cold air is preheated as it passes through the pipes. On 
the contrary, as the soil is colder than the outside temperature in Summer, the well makes use 
of the relative coolness of the ground to moderate the temperature of the air input into the 
building in Summer. 

Some other energy generation Systems are installed some meters away from the KUBIK 
building but connected to it through the micro-grid.  In this way, electricity produced by other 
RES are injected into the micro-grid :  

• Photovoltaic panels. The peak power  is  5,5 kWe 

• Wind turbines. The peak power  is  6 kWe 

This energy generated can be consumed in KUBIK. The micro-grid can also inject the energy 
generated in KUBIK into the general electric network. The photovoltaic panels and wind 
turbines are not installed physically in the building but some meters away, but from the 
electrical and functionality point of view they are part of KUBIK.  
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5.3 SportE2 test scenarios 

The SportE2 how, SportE2 why and the SportE2 when modules will be tested separately and 
then as a combined system in the KUBIK laboratory environment. The testing procedure will 
be defined, and the testing of each particular module performed based on the features of the 
module.  Then, the testing of the integrated system will be performed.  

This is a new approach to testing practices as the KUBIK laboratory building allows to 
perform the tests in controlled situations, but under real conditions. The SPORTE system will 
be linked to the KUBIK’s experimental database. The test results will validate the 
software/hardware infrastructure and the viability of its application to the real test-sites. 

In the definition of the testing scenarios in KUBIK, it is essential to take into account that 
sport buildings include different uses (swimming pools, sports courts, gymnasiums, shower 
zones, etc,) with different characteristics (temperature setpoints, internal gains, etc). Activities 
to analyze the peculiarities of the sport buildings are the first step in the testing process of 
SportE2 modules and the integrated system. 

This analysis will facilitate the detailed identification of use or set of uses that will be most 
representative of a sport building and that will generate a coherent energy demand. This study 
will lead to the definition of an adequate deployment of the SportE2 modules over KUBIK 
and the definition and adequate configuration of the building and its installation so that the 
testing of the SportE2 modules can be satisfactorily performed in an compatible way with the 
other testing activities of KUBIK.  

Furthermore, it is important to select the most appropriate moments of the year to perform the 
test and its duration. The testing process will be performed in different weather conditions in 
the year. The testing will be carried out in two weather scenarios, in heating season and in 
cooling season in order to evaluate all the features of the SportE2 system in winter and 
summer conditions. 

The features and capabilities of KUBIK will make possible to validate the software/hardware 
infrastructure and the viability of its application to the real test-sites, as well as testing control 
and optimization algorithms. 

Sporte2 test scenarios in KUBIK will be used to perform simulated and on-site test of the 
SportE2 modules (separately and integrated). The activities of the testing process will include 
the definition of the software interface with the experimental data base and the integration 
SportE2 how, why and when modules in one single energy management system 

From a high level point of view the functionality of the SportE2 system to be tested can be 
summarize as: 

1. Monitoring of variables that characterize the state of the equipment consuming and 
producing energy. It may be useful also to complete these measures by monitoring 
other variables that can be controlled by the test building equipment (temperature, 
humidity, lighting levels, CO2 levels, etc. This is mainly the testing of SportE2 how 
module 

2. Control of consuming and producing energy equipment. This is the testing of SportE2 
when module 

3. Optimization strategies to manage consuming and producing energy equipment from 
energetic and economic point of view. This is the testing of SportE2 why module 

 The testing process in KUBIK will be defined as a first test to find problems and calibrate the 
different modules developed in SportE2 that are in charge of monitoring, control an 
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optimisation of energy management. This process will take place in conditions that are quite 
near to the real ones. Although some geometric restrictions are foreseen, this will not cause 
any problem as the testing process will be completed in the pilots installation.  

Three test scenarios will be performed to test the functionality of the developments in SportE2 

5.3.1 Testing scenario for smart metering. Testing the module of smart 
metering (SportE2 how).  

This scenario is defined to validate the monitoring process of SportE2 system. First activity is 
to identify the variables to be monitored in the scenario. Some of them are the following: 

• Heating produced by the boiler. 

• Cold produced by  the chiller 

• Electricity produced by the CHP 

• Gas consumption of heating generators: boiler  and CHP   

• Electricity consumed by the chiller. 

• Electricity consumed by  lighting system 

• Temperature, humidity, lighting levels etc. 

The currently identified elements and test activities to be considered for in this scenario in 
KUBIK are the following: 

• Boiler and CHP. The consume of gas of the boiler and the CHP will be measured. The 
heat water generation in the chiller and the electricity produced by the CHP will be 
also monitored. 

• Chiller. The monitoring process will include the electricity consumed by the chiller 
and the cold water production. 

• Thermal zones. The testing process will include the monitoring of inside conditions 
(temperature, humidity,..)  in thermal zones  in KUBIK . The thermal zone will 
reproduce the comfort conditions for some of the most typical uses in the sport 
facilities. Lighting consume may be also monitorized. 

The metering elements of the module will be installed in all the relevant points of the 
installations of KUBIK, in parallel with the already existing metering system installed in 
KUBIK.  

The testing process will be based on the comparison between the values generated by the 
metering system of KUBIK and those generated by the SportE2 how module.  This 
comparison will allow to evaluate the performance of the second, and if necessary the 
development of the corresponding improvements. All the metering and monitoring system of 
KUBIK has been designed in order to get the maximum accuracy of the metered values, so 
those will constitute a reliable reference for comparison. 

Some other results obtained in the project will be also used to define the final testing scenario. 
The criteria defined in the project to minimize the number of monitoring  elements  to avoid 
duplicities and redundant information process  in a facility  will be also be considered to detail 
the monitoring elements in KUBIK for the comparison of data. In this way it will be 
investigated if the information provided by the proposed monitoring elements is enough or 
some more elements are necessary. 
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5.3.2 Testing scenario for the control and management of installations. Testing 
the control module (SportE2 when)  

SportE2 when will be tested to evaluate its capacity to adequately control all the systems of 
KUBIK. The focus of this process will be specially lighting, HVAC and generation systems. 
To check the interoperability of the module it will be necessary to develop a specific 
procedure.  This procedure includes all the testing required to check that all the control 
sequences of the governed systems are supported, correctly transmitted and executed by all 
systems of KUBIK (similar to commissioning procedures).   

Additionally, comfort conditions of the testing zones will be monitored to verify that the 
control module is able to correctly manage all the system, so that they can provide the 
required comfort condition when they are necessary. 

The control and management elements developed in the project will be installed in KUBIK to 
verify that the SportE2 system is able to control in a correct way the following systems: 

• HVAC system  

• Lighting system 

• Inner conditions of the room  

• Energy generating systems  

The first activities in this testing scenario will focus defining tests to verify that that the 
SportE2 when module controls individual systems correctly. Tests will be performed to verify 
that : 

• The SportE2 system is correctly implemented to control  boilers, chillers, and CHP 

• The SportE2 system is correctly implemented to switch on or switch  off the lights  
when it has to be done or may be to move the sun-blinds.  

• The SportE2 system is correctly implemented to manage the energy dissemination 
elements (fancoils) in the testing cells 

• The SportE2 system can fix the comfort conditions in the testing cell… 

When the previously described tests have been completed successfully, the next step is to 
implement a more general test so as to replicate the standard functionality of the SportE2 
system in a controlled situation. The objective is to check that the SportE2 when module 
system can manage all the considered installations to keep the testing zone replicating   one 
realistic scenario of the use of the sport facilities. This test will need more time to be 
implemented and is therefore scheduled to last for one week.  

 

5.3.3 Testing scenario for the validation of the optimization strategies. Testing 
the optimization module (SportE2 why)  

This test scenario will facilitate to check and quantify the energy consumption reduction 
achieved with the implementation of the optimization strategies for energy consuming and 
energy generation systems. An adequate testing protocol will be developed in order to check 
the most relevant strategies. Potential strategies to analyze are the following: 

• Adjustment of the supply temperatures of heating and cooling fluids (water and air), 
according to the evolution of external temperatures. 
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• Adjustment of internal temperature set points according to external air temperature. 

• Optimization of HVAC system working periods (starting hour and hour to shut down 
the system). 

• Generation optimization according to energy efficiency and economic criteria 

The testing scenario is defined to replicate the optimization strategies defined in the SportE2 
why module so as to validate their functionality. The testing scenario will include all the 
components that define the behaviour of the facilities from the energetic point of view. 

• A room with some inner conditions. A thermal zone in KUBIK. with some fixed 
comfort conditions. 

• Thermal and electric loads designed with the HVAC and ligthing systems  in KUBIK. 

• Energy generation equipment  

The integration of the different modules SportE2 how, SportE2 why and the SportE2 when 
modules will produce a complete energy management system.  The necessity of integration 
must be considered by module developers during the development process so they must 
implement interfaces between modules. In this way, the modules will be able to communicate 
and be integrated in a BMS. This is a previous step to the validation tests as the test scenarios 
are defined as to be performed as an incremental process : Before performing  the second 
scenario, it is necessary to have results of the first one and  the second scenario should be  
previously performed to perform the third one. 

The system interoperability is also implicit in all the test process and it may be tested in 
KUBIK as test building where there is already a control system in place. The existing legacy 
system controls the lighting, HVAC and CHP systems of the KUBIK building, and provides a 
perfect opportunity to test the interoperability of the SPORTE modules. This activity is very 
important because all the particular SportE2 modules have to be able to work both 
independently and as a system. 

As the initial input for the integration of modules, the partners involved in the project 
contribute with complementary knowledge and experiences. They will provide their expertise 
as prototype functionalities and capabilities become available on how to best deploy such 
systems in the global context for different types of sport facilities. Compatibility of hardware, 
software, protocols, data communication, and data storage will be synchronized/validated. 

Standard building energy management systems, typically use proprietary protocols and 
hardware from particular vendors. In contrast, the SPORTE architecture is modular and based 
on open-standards. This makes it more versatile and allows an easier adaptation to different 
building and installation types so it facilitates test process in KUBIK. 

5.4 Restrictions of the testing process 

Some restrictions are identified to perform a complete testing of all the capabilities of the 
SPORTE system in KUBIK, under real use conditions corresponding to those present in sport 
and recreational buildings. These restrictions were foreseen when defining the structure of the 
project work. They will not affect the objectives of the project as the testing process in 
KUBIK is completed with the set up of the integrated modules in three Pilot installations that 
allows the SportE2 project to demonstrate and validate system performance for Sport 
Facilities of different sizes and characteristics.  

Some potential restrictions are geometrical limitations when configuring the testing scenarios 
in KUBIK, due to the singularities of some of the uses present in the sport and recreational 
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buildings. In these sense, we must mention that it will not be possible to enable testing zones 
with the heights present for example in swimming pool and sports courts.   Some other 
limitations could be related the HVAC system. The test will be based on the existing system 
in KUBIK with minor adjustments. This will not be a real restriction as there is no common 
general model for sports facilities. The potential limitations of the first testing process will, if 
confirmed, not suppose any problem as they would be studied in the full scale pilot buildings 
validation stage. 
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6. CONCLUSION 
 

This document establishes a baseline for the SportE2 project and captures the experience and 
expertise of this particular consortium.  The organisation and structure of the deliverable is 
deliberate and progresses from macro-level observations on the world of sport facilities to the 
energy audit conclusions associated with each of our project pilot facilities.  Interwoven into 
this progression is the treatment of energy infrastructure, energy measurements, and the 
parameters that affect them with respect to sport facilities.  Another important aspect of this 
document is the first definition of performance indicators, how we define the energy audit, 
regulations to take note of, what will be considered as energy savings, a baseline 
measurement protocol and acknowledgement of comfort.  Lastly, the document provides a 
documentation of the four SportE2 modules and the testing laboratory KUBIK that will be 
utilised to integrate them. 

 

In this regard, the deliverable has also been utilised to coordinate project activities.  The 
approach, methodology, and indicators link module development.  The documentation of the 
capabilities of Kubik also provides a baseline and focus for integration to the module 
developers.  Finally, a concerted effort was made to complete energy audits at the pilots to 
provide focus and concrete data/examples for the module development.  This process has also 
begun to stimulate market analysis, business models, and replication plan activities.   

 

Three macro level conclusions from this document are: 

 
• The world of sport is an ideal candidate for targeted energy reduction measures.  The 

community is open to such ideas and the facilities that support sport are massive 
energy consumers. 

• Following the trend of the building sector at large, new facilities are not the main 
challenge.  Typically, new facilities are being designed with energy performance as a 
design parameter.  Better envelopes, green design principles, and the use of renewable 
energy technologies are becoming more common.  Instead, it is the retrofit of existing 
structures that will be the main challenge.  Here, optimising the use of the existing 
energy infrastructure and identifying the highest impact retrofit actions are where 
focus is needed.  However, even for new facilities, building management systems 
designed for and tuned to the needs of sport facilities are lacking. 

• Integrated building management systems adapted for the needs of sport facilities is a 
high impact market segment in terms of energy savings and business opportunity.  
Equally important is the placement of such a system into a holistic client-centric 
approach that adapts to the needs and budget of any particular facility.  We have 
responded to that need through the identification of four scalable modules to be 
developed in the SportE2 project.  These will entail smart metering, integrated control, 
optimal decision making, and multi facility management.   
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These conclusions can be obtained directly from the report.  More interesting however, are 
several lessons learned and observations developed through the preparation of this document 
that will now help guide project development.  Several of these are captured and summarised 
as follows:     

 
• What needs to be done becomes clear through energy audits, site visits, and interaction 

with people on site.  In many cases, it is not a deep study or leap beyond the state of 
the art that is needed, but an approach that forces a dedicated treatment of the problem.  

• Standardisation efforts are still developing in the field of energy efficiency.  
Professionals do not yet agree on what exactly constitutes an energy audit, how to 
perform it, how to assess energy savings, how to treat comfort, and how to assign 
value to such services.  It is therefore important to document these issues and provide 
examples. 

• Regulations and standards governing sport facilities are not standardised at the 
European Level. 

• HVAC and pool areas dominate the energy consumption of sport facilities.  Although 
all areas are important, optimisation efforts will need to take a deep look here. 

• The Santa Maria de Lamas pilot has had a long and difficult process to connect to the 
grid.  It is not automatic.  It requires infrastructure investment, approvals, and 
negotiated contracts.  This will be investigated further and placed into a case study 
during the project.      

• We are noticing that energy audits may have different focuses.  These can include the 
intent to meet the EPBD certification requirement, an assessment of the building 
envelope, an assessment of the energy infrastructure, an assessment of building 
operation, or any combination of these.  In the replication plan of this project, we will 
need to make a “SportE2 focused” energy audit template.  It will need to guide the 
audit to provide the information needed to select and shape the appropriate SportE2 
modules.  Utility access points, control points, and infrastructure diagrams are 
something we did not document in enough detail during our first facility visits.      

• We struggled to describe the pilot facilities in a standardised way (energy sourcing, 
use, functional area, and infrastructure).  The work from this deliverable will form the 
baseline for a more standardised presentation in WP6 (pilots) and WP7 (replication).  

• In this same regard, there is not a clear common methodology or applicable rating 
scheme we can apply across the pilots using country adaptations of EBPD.  We need 
to investigate this further. 

• Saving energy at large facilities will likely be an incremental process.  Owners and 
facility managers will likely want to test the waters with one concept, see results, 
dedicate more funds, take the next step, and so on.  The analysis and identification of 
simple, high impact initial investments and projects will be critical in convincing them 
to take the next steps.  With respect to our ICT system, simple and effective 
performance indicators and user interfaces will be important. 

• Building users are not employees (like in office buildings) but customers, therefore 
their preferences may result in being conflicting with possible energy conservation 
measures, which may lead to customer dissatisfaction (e.g. pool water temperature). 

• Facility managers don't have neither the technical expertise nor the time to analyse 
performance data; they need simple interfaces, therefore measured data need to be pre-
processed and aggregated in form of useful information.   
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