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Disclaimer
The opinions expressed in this document refl ect
Commi ssionds opinions. The Eur ope aay beGmaademitisesi on

information this docungentains.

Executive Summary

Most of the current sport faditifitsopevere built between the 1960s and theah@Bfisthse timeenergy

efficiency was generally not a design consideration. Additionally, in the last few decades there have been r
changes in the usistadiumand football buildings. These fashitielsbe renovated and maintaiméght

of new eduser requirements and energy techn@ogiestly, renovationhebuildingectoare lagging,

with an estimated renovation rate of less than 1% of building stdbkipespadmildingsepresent both

significant opportunities ana&ogalor improved energy usage

Currently, energy efficiency renovations and, in particular, RES installations in sport buildings are becoming
common and more required by the building naanthgers excelleand successfekamples have been
developed. Deliverabla#t to support energy efficiency renovations in footbadiftaliitiipggrom large

stadiums to small training cemnesuraging good practices and providing technical solutions based on the
expernces of specialists involved in energy efficiency. It provides a comprehensiveTauthr@Eicaessible
Cataloguéor football buildingsllecting suitable solutidreadyecognised as effective and largely used for
several building typologies érsm, commercial and indusaraiphance energy efficieny, reduce GHG
emissions and produce renewable ensitgy on

Designarand building managens use this report to select strategies and tectimmwiiesave energy

over thdifetime ahefootbalbuildingand ensure approprigeovatioplansThe deliverable is structured
starting from the understanding of football madirfeaturesmd typical energy conspumptiaving to the
identification of the main ai@asiprovermgs and then ending with a synthesis of recommended solutions
collected within dedicated ande@esad technical she@tse solutions have been analydedthe technical

and economyming of viewwhile als@roviding some qualitative information about the potential links and
adapability with crowdfunding scheartdser developmersgecifically on the Candidate Buildithds

carried out in next WP4 actiwities ask4.2
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List of acronymand abbreviations

BMS: Building Management System
CCHP: Combined cooling heat and power
CHP: Combined heat and power

DHW: Domestic Hot Water

DoA: Description of Actions

EE: Energy efficiency

EEB: Energgfficient Building

EED: Energy EfficieDongctive

EPBD: Energy Performance Buildings Directive
D: Deliverable

HVAC: Heating Ventilation Air Conditioning
IAQ: Indoor Air Quality

IEQ: Indoor Environment Quality

KPI: Key Performance Indicator

LED: Light Emitting Diode

MEP: Mechanical Electricailfthg

nZEB: Nearly Zétoergy Buildings

PV: Photovoltaic

RES: Renewable Energy Source

SHGC: Solar heat gain coefficient

TLCI: Television Lighting Consistency Index
VT: Visible transmittance

WP: Work Packaged
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1 Introduction

Deliverable 4.1 documents all the activities carried tagkwtinn the first six months of GREENFOOT
projectThe éllowing paragraphs provide a brief description of the&lsbweeablend of the target group
thatthe documeist addressed to.

1.1 Description of the deliverable content and purpose

The purposetbis deliverable is to synthesize knowledge regarding best practise and important factors for ene
efficiency (EE) renovations and renewable energR&siraestgllations in sport builthingsneral, there

isa wide range of solutifamsbuilding energy efficiency retrofit. Thigegpiféigs a summary of the most
suitable EE actions and REScaie used for the development of engineesifigr @ach candidate building
(activities linkedt&sk 4.2).

Since there is a wide variety of buildings under the dagdnitffmotifall buildinggether withwide variety

of needs and areas of improvements, to set the basis for the analysis and to identify the most suitable intervel
a concise overview of the building main features
carried ouThreemain building typologies have been identified taking into consideration the three candida
buildings types gelected within tBbescription of Actibf and extending the analysis to other relevant

case studies. An importanthéiskbeen made with the studies carried out in the framework of the European
Commission founded project SPORTE2.

Then for each sport/football building type, a wide range of applicable energy efficiency remxation solutions
beenanalysed together withir potential impackbe objective is to provide anteesyd Technical
CataloguéAppendix 1) collectinget o$uitable solutions for each building category, completed with technical
features, detailed information, analysis under the gindtbbivienergy savings an@asdptabilityith
crowdfunding schemes. Streagthdarriers were summarized in order to facilitate informetkiagision

during the development of plans for the candidateTihéldilgstion and integretioa pfdsoped solutions

within each candidate building renovation plan will be deeply evaluated in task 4.2.

To strengthen the linkages with sport assaaidtimirsg work closer to the real needs of trendedfttire

project, the complete version of the Technical Catalogue has been shared among relevant stakeholders witt
GREENFOOT project in ordmlliect their feedback on the solutions préppesohinauestionnaire
documented within Apjpe@has beersharedamondhe maistakeholdsinvolveth GREENFOOT project.

The feedbagetll l2 used to addrabe preliminary stémsthe development oftttevities of Task 4.2.

To conclude the work done within T4.1, general consideré@@msgravided in order to extend the utility of
theTechnicalatalogut® building managers across Europe.

1.2 Target group and link to other activities

The main target group of this deliverable is made up of planners, designers, building n@hagers and any
stakeholders waeedirectly involvedthe technical aspects of renovation pfdoesisall buildind@sisk 4.1

is directly related to Task 4.2igimogides technical solutions and general recommendatoibs éojukra
development engineering plans for each candidate building. Substantially this document provides develope
and designers a technical basis for the identification of the suitable solutions that can be applied in each can
buildingn order to improve energyeefficFrom the technical side, this documentaselés@ant starting

point in theeplication strategy and the potential applicability of GREENFOOT concept téodiffatent sport
facilities in various EU countries.
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2 Analysis of the current sportiloling stock

Buildings cause a significant amount of greenhouse gas emissions, maihptC®r i ng oher pl an
European sport building stock accounts for approfinvitidyn buildings represer@fig of the overall

building stock wehihe overall energy consumptd@% of the building s€lcfosimilar analysis can take

place with respect to, EQissions. Football faciliwgk about 4800 facilitiesepresent up to 30% of the

entire Europeaportouilding stock. The gepn made with available stlitsia and taken from the EU

funded project SPORTE2 highlights the EU dimension of the Sport and Recreation Building Stock and fo
facilities in particular.

£

INDOOR: 20,000
OUTCOOR: 30,000

1.500.000 NDOOR: 30,000
EUROPEAN OUTDODOR: 500.000
SPORT

?LZL FACILITIES z&

INCOOR: 3.000 INDOOR: 15.000
OUTDOOR: 40.000 OUTDDOR: 450,000,

Figure2-1: EU dimension of the Sport and Recreation Building? Stock

Most of the current sport facilities were built between the 1960s and the 1980s sadexgthefficteney
was generally not a design considérh@edacilities must be renovated and maintained.

A recent survey conducted on football managers within the Life TAGQKItHgirwdet 90% of football
clubs and stadiums already started to implement certain environmental practices (elaledidogtibose
reduction of energy consumption) bim pterinentation lewedsy greaths showbyFigure2-2.

Reducing the environmental imp

derived by engrgonsumption - 14.1% 25.9% 10.6% 22.4% -

(stadium lighting, etc)

m Not implemented at all mVerylow Low Moderate High Very high  m Extremely high

Figure2-2: Result of Life TACKLE survey

From the same survey, it appears that 30% of the respondents (football managers) follow improvements frorn
stadiums or football clttEnceit ismporntto have early efficielnbs andxamples able to show the way

forward to other clubsfaatball buildimganagers

Up to nowgnly a small percentage of buildingbdenadeeplyrenovatednd the sector represents both
significant opportunities and chall€ugemntly, renovations in the building sector lag behind with an estimated
renovation rate of less than 1% of building stock G&BENFOOT has the stated goal to boost this annual

1 SPORTE2 DiMarket Analysis. 2013.

2SPORTE2 D1.1 Performance criteria and Requd@b3ents

3 The environmental management of professional footedilevegtsf football managers,i20id TACKLE project
available avww.lifetackle.eu

4 EC Energy Efficiency Directive, Article 5 https://ec.europa.eu/energy/Stateyefrattidmildingenovation_en
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replication rate up to 1% per year in the case of Europealdisg@tséistudies, best practices and EU
funded projects highlight that energy consumption in these buildings can be redncedry cgs88%

Football buildings and related sport fapdifast of a complex and heterogeneous secialty espapared

to the residential building stadkvary enormously in size and In gseeral, they include indoor and outdoor
spaces and some of the internal spaces share characteristics with offices] cwhasteatial building
categoriesA football centre may consist of a single unit or, as in case of a large integrated complex, a s
encompassing several buildings, outdoor spaces and parking areas, providing a set dhdiappurtacilities

sport practice including dry fiomess facilitiesd in some cases also swimming pools

Football buildings can be classified as:

& Competitive sports buildings: in which official and competitive activities can take place.

% Exercise sports buildings: in which regulated actiiitesgemtfor competition, can take place as
preparatory and training activities.

< Complementary sports buil(sgsffices, commercial areas, guest houses or evenwioieis):
supporand complementagjivitiesan take place.

Often competitisports buildings as football stadium can be shared between more than one club and are us
with less frequency, whilecnarpetitive sports buildings for training are used nipesfting on the type

of football buildings there are difiegeitements, needts priorities basedtos actual building conditions,

the user needs and commercial consideratmaection provides a description of the most common football
building types with an analysis of the spaces and the relateckmain fea

2.1 Main buildindgypologiesand energ

In general, football buildings and related sport facilities are unique by their physical nature (characteristics)
energy consumption profiles, the usage patterns (long periods of low usd paddtermfshagh use),
ownership (public and private) and comfort requidadigatgally, a whole host of factorss emcte

renovation project to be unique.

Achieving energy savings in buildings is a complex prodagshé&kedecgy demand rezguat first to
understand the key characteristics of Istiildinges and syste®isice there are a wide varidoottfall
buildings, the process of mapping bualddtgsilities into maypologiesepresents the first step for the
definitioand the targetinfsuitable EE solutidfeotball buildings vary in size and structure, from small local
centes to large stadisimith a capacity for tens of thousands ofpacpleuilding poses different challenges

in terms of energy efficiemcl aatailemade solution is almost always ndedew with the purpose of
GREENFOQ4dnd with the first selection of candidate btlildiagsain football building typologies have been
identifiednd analysed

% Footballtadiurs, as competitive ggdsuildings.
<2 Sport and training ces)tas exercise sports buildings.
2 Clubs headquagess complementary sports buildings.

Each typology is characterized by differentwhéeiigvegreat influence on the energy behavior of the
building. Thequirements of each buildingtbgethewith its related faciljtiesy depending on the activity
carried oand on the number of practitioners or occupants iAdgitierallljootball buildings must comply
with specific natioaatllocalregulationsandhealth and hygiene regulafi@ggiirements such as minimum

5EU funded project SPORTEZ2
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temperature, humidity, ventilation rates and lightinghiebetsin hawe strongnfluence on the energy
demand.

To identify areas with the greatest savings potemtésk dadignergy experts need to know where energy is
being used and which processes consume the mdsbkmengy.paragraphs provide a quick ovehgew of
main football building types features and energy uses.

2.1.1 Football sadiuns

Modern stadiums extremely different fider versionis terms of size and comfort for spectators and teams,
the services offered to the public, environmental sustainabilitfFanthedfatian scen&wioexampléhe

average age of professional football stadiums@3d pbad and in recent years, the avaragef the
facilitiesis a vis their capahig decreased in all categ@tedium use rangesm 58% of Serie A to about
20% in the Lega Bfa@apcity on gameday

The range, number and size of stadium facilities and temporary arrangements available inside the building d
on the competition category for which the stadium is intended-twr bestasexn host an official stage of

one othe two European competitions, Champions League or Europa League, the stadiums must have spe
minimum requiremektEFA currently classifies the studiums in four categmiesy to UEFA Stadium
Infrastructure Regulafidesed othe level ahtype of competition that will take Faelbeategoryequirs

aspecific set of standards and regulatiofigfftbegin addition to the fulfillment of certain structural and design
criteria. The following table summarises the charactehistiogvandm requirements of each UEFA category.

Table2-1: UEFA stadium categories

Criteria Category 1 Category 2 Category 3 Categoryt
100 to 108 long, 64 to 68wide

Field of play 105m long, 681 wide

Min sizeo f re

d ; N/A 20 square metres
ressing room
800 K(lux) 1200&(lux) horiz.| 1400&(lux) horiz.
horizlllumuniformi]  Illum. uniformity|  lllum. uniformity
y ratios U1>0.4 an| ratios Ulh >04an| ratiodJ1h >0.5 ant
Minimurfioodlightin U2h >0.5 U2h >0.6 U2h 8.7

to suit broadcast -
350E(lux) vertical 750E/(lux) vertica| 1000E(lux) vertica

illuminance uniforn illuminance uniforn illuminance uniforn
ratios Ulh >0.35 g ratios Ulh >0.4 ar ratios Ulh >0.4 ar

U2h >0.45 U2h >0.45 uU2h >0.5
Spectator standing Yes No
allowed
Min Seaingcapacity 200 2500 4500 8000
Turnstlles and eleg No lturnstile per 660 seats
ticket control syste
Min total VIP seats 50 75 100 100
VIPparking 20 50 100 150

6 Gli Stadi italiani nel panorama eutdpeitor Deloitte, 2020 available at:
http://www.legaseriea.it/uploads/default/attachments/documentazione/documentazione_m/1502/files/allegati/1702/gli_s
aliani_nel_panorama_europeo_pov_monitor_deloitte.pdf

7 GUIDA UEFA AGLI STADI DI QUALITA, Edition 2011, UEFA

8 UEFA Stadium InfrastmécRegulations Edition 2018, UEFA
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VIP hospitality are: Yes | Yes Yes Yes
Closestircuit telev. N/A Yes
system (CCTV)

yes, with equipped cofeomitors
Control room N/A Yes connected to CCTV system and disp|

live data from ETCS

Minimum media
working area

10 working positio

20 working positio

30 working positions

Photographers'
working area

N

/A

15 working positio, 20 working positio

Minimum media
seating

10, 5 with desks

20, 10 with desks

30, 15 with desks 60, 30 with desks

Minimum space
formain

2m x2m for 1

4m x2mfor 2 cameras

6m x2m for at lea:

zone

cameralatform camera 3 cameras
category 3 +
1 platform on the
» 2 platformsr x2m| OPposite stand fro
gi(tj;g?nqzl camera NIA for 1 camera each main camera pla
the 16m lines and 2 platforms2
x2m behind eack
goaffor 1 camera
each
Min. nof
commentary 1 3 5 10
positions
o . 2, at least 1 with |
Min. n°® of TV studi 1 2 view of the pitch
_l\/lm. poslnatch_ N/A 4, each 4 by 3 metres
Interview positions
't\,’“” outside 300n? A400rT? 600n? 1,000
roadcastan area
Min n° of seats in
press conference N/A 20 30 50
room
o ) large enough for i
Min. size for mixed N/A

least 50 media
representatives

Depending on the size of the building, the following facilities are likely to be present in a stadium:

~

-
)

' Playing field with seating for players and coaching staff.

9 Spectatorsd areas: bowl, bleachers, VI
& Pitchside advertising, photographers, TV cameras and security staff spaces.
' Player and referee facilities (as dressing roorg, avaas).
% Media facilities (flash interview areas, conference room, broadcast compound).
“ Commercial areas (club shopsafioidokeverage facilities).
2 Security and emergency services.
% Medical and first aid facilities.
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& Toilets and circulation spaces.

< Administration facilities/offices.

<2 Support facilities and technical rooms.

¥ Circulation spaces.

¥ Parking: VIP, players, matctalsficid delegate and public parking areas.

2.1.1.1 Typical energy uses and consumption

Under the energy aspect, stadiums are vernyntaresige buildingsccording to the data presented by
Smulders and Imtech Building Service about Europigdirasppadiures, more tha@®istadiums exploit up
to 40 TWh/year, which are ngenigrated from conventional fossil Aue®dern medigined stadium
(55,000 spectators) reaches an energy use of 10,000 wNdiyeguals6®0 tCO2/yeamn agragél
During a 9inute matchstadium with a capacitp 80880000 spectatatanconsumes up to 25,000 kwh.
The power used in those 90 minutes could keep mdaz#mavarage Europkameslectrifiefbr an
entire year.

The increment of 8tadium 6 ener gy demand is al so duédeedp ext e
contemporary stadiums do not open only on match day, but also host mustuthe Hediesdarsports

stores, which promote the home mahdrestaurants and playgroundstorgesupporterdloweverni

general, most of the foatbadiumsregardless of size, are characterized by an intermittent use of the premises
and of a variable number of people using them over thedgyamdthranging between time intervals without

use and time intervals with the magapanityPrecisely for this reason, verytb&esmerggystems and
infrastructuseof stadiunageoversizedndrun aappropriatevels only for periods of nuaiose.

Often, stadiums are used by more than a sport club but only fully used one day every other week for approxi
half of the year (during the season when the football matches are active). In some cases, stadiums also h
rangeother sportirand cultural events throughout the year.

other

Broadcast equipment 7%
11%

Lighting, scoreboard,

advertising screen
38%

Heating, cooli
23%

Kitchens, refrigerators
21%

Lighting, scoreboard, advertising sckahens, refrigerat@rkleating, coolimgBroadcast equipm@&ther

Figure2-3: Estimated stadium energy consumption

9Green Stadi um: As Green as Gr ass. Smul der s, Gr aus,
Utrecht, The Netherlands, 2012.

10Towards Zero Energy Stadium: The Case Study of Dacia ArendyirMadinig Gtaccia, Nicolini, Marseglia, Petrozzi,
2018
11 https://selectra.co.uk/energy/news/worclip@ditiestadiunenergyse
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In general, energy consumigtiture to:

& Lighting, scoreboards and advertising screens, abfcthie38%al

% Heating, cooling and mechanical ventilation, which accoahtHert@@to

& Consumption of commercial areas (e.g. kitchen, refrigerators), fof Himotdtal %

<& Broadcasting equipment (powerful satellite transmitters, countless HD caosgasilaedipog

suites);11%of the total

& Others (e.g. maintaining & cleaning service, etc..), foohthmutotéb
In addition the morstandard energy consunservices listed abhdkiere are a few specific services which
can have a cadsrable impact on energy consumption such as:

2 Undesoil heating.

% Pumps for the irrigation system.

& Artificial lighting for grass growth.

2.1.2 Sportand trainingentres

Training centres are the places where professioqabfessamnal teams train perfgrfitness activities.
There is a wide variety of training facilities, from small aneatéotraiemg ground of main football
associationand of courssize and facilities offered vary gi@atigrally, a sport and training centre is
characterised:by

% Qutdoor spaces consisting in one or more playing fields, with natural grass or synthetic pitches, wh
players play and train

& Inhdoor spaces which host a whole range of ser\
and fist aid facilitigsonditioning and therapy rooms, amsbiaftly placed in the immediate vicinity of
the playing areas.
< Administriae unitffices, pport facilities, equipment deposits and technical rooms.
& Parking areas.

Larger cergsalso hostdditiondhcilitis suctasrecreational spaces, fithess and rehabilitatjawgymang

pools and hydrotherapy afeas kitches, dining roosnmeeting rooms, press s laundtacilities

There are also training centith gest houseshere playecainlive Many of these are for youth developemtn

where young players atend school in the morning and train in the afternoon.

2.1.2.1 Typical energy uses and consumption

In a typicaport and football training cexgneported in the spants leisure sector overviewguidergy

costs are second only to labour costs, accounting for as much asop@tatofgosas Unlike stadism

the use of sport and training centres is more constant throughout the week and the yesstigireergy consu
strictly dependent on facilities included in the centres and can vary greatly between a small amateur centre
highclass football team training centre.

12, CTV006 Sports and leisure introducing energy saving opportunities for business; OKrl200Gragailable at:
http://www.carbontrust.co.uk/Publications/pages/publicationdetail.aspx?id=CTV006
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Figure2-4 gives an overview of a typical ermstireakdown within a sport fagilfiya poolThere are a
number of commeervicesvheraypicallgnergy is wasted not used efficientigating, ventilation and air
conditioninighting and electrical equipment.

39%

12%

16%

1%

. A/C and ventilation . Other . Heating and hot water . Pumps . Lighting
Figure2-4: Energycostof a typical sport centweith a podP

The HVAC systems for heating, cooling, ventilation and domestic hot water (DHW) produdtioggeaccounts for ¢
proportion of energy use in sports céh&reslated energy cost accounts for up to 50% of the total energy costs
of the centragith a pool (up to 67% considering also the electrical consumption of circHatititigeumps)

may have centsad units or smaller individuafamiite different parts of the building/chigptags also

a relevant item for energy cosds) &ccount for up to 20% of total energy costs in dry sport centres and around
10% in centres with a fR@maining energy costs are due to equipment and other facilities that can be presen
in the football centre as electronic gym equipment and irrigation systems.

2.1.3 Club headquartsr

Club headquartengconsideredsbuildingf o usi ng t he cdadrirdstative at@itergie me nt
addition to the offices, there are dedicated commercial areas with mercharidiiulstogdacilities

fan club areand a museuim whicho collect trophies, prizes and team sinifeually there arecdsrge

spaces dedicatedmedia and communicatioavifarence rooms and interviews Sirasthese buildings

represent the image of a football club and the power oftibg tganmore often targeted with aesthetic
renovatiorsnda particulanterest is reserved to the prestigious international LEED (Leadership in Energy anc
Environmental Design) and BREBuUiMi{g Research Establishment Environmental Assessment Method)
sustainability certifications.

2.1.3.1 Typical energy uses and consumption

Clubs headquarters are typical office buildings with usage patterns, energy demands similaxotcsumption
any other commercial and effigeturesvith atablausepatterrihroughout the week and the year.
As shown in

13 CTV006Sports and leisure introducing energy saving opportunities for business;, @4y 1200 rust
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Figure2-5, the most consistent energy use is represented by space heating mdocddlitngf the total
energy uses (40% when mechanical ventilation is also included)obépemiimate context and on the
building characteristics electricity use for cooling can be significant. Anatgeohglbotrncity is due to
lighting. Consumption dependdfice type, utilisation of daylight, illuminance levelohndendsenerally,
computers and other electronic devices account for up to 8%.

Adjustment to
SEDs*
. 5%

Space Cooling
15%

Refrigeration
7%

Water Heating
4%

Space Heating
16%

Ventilation
9%

Electronics
o 4%
Lighting Computers
20% . A%
Cooking
Other 1%
15%
*State Energy Database System (SEDS) is an energy adjustment that EIA uses to relieve discrepancies between da
sourcesEnergy in this case is attributablectantineercial sector, but not to specific end uses.

Figure2-5: Energy cost of a typicatommercial building (including officés)

14U.S. Department of Energy (DOE), Energy Efficiency and Restgw#BIERE) (2012) 2011 Buildings Energy Data
Book
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3 Areas of improvements

As confirmed by the analysis of the current buildsppgtbakdings are highly enargnsive structures

due to their structural characteristics and use. Apart from statistics and estimations, it is a fact that stadiums, a
andfootbaltraning centred all types consume massive amounts ofadergy be extrec@nsumers,

especially with regards to electricity (lighting, cooling, pumps, specific equipment and hospitality needs d
match days, etc.).

Reducing existing building energy consumption consists of two synergistic approaches:

¥ Reduce the need for energy through implementationefficercgymeasures
& Offset theemaining building energy needs through use of renewable energy systems

In general, to develop advanced erergijtting plans and to tailor suitable interventions, a detailed assessment
of the energy performance of the buildings is of primary importance in order to identify the weak points an
most promising aspects t@hewed and improved.

This chapter, based on previous endlpenchmarks and relevant energy uses and consumption in football
buildingsprovides an overview of the areas of improvements on which building owners, energy managers
designers shoubdis for the energy renovation of football buildings emphasizing the opportunities to increase
and implement crowdfunding schemes.

The most relevant areas of improvements dizsenmbn reported and divided@itieimatic groups:

i Technologi¢e exploRES(renewable energy sources)
' Improvement of tightingystem.

2 Modernisationld¥AC systems, plant and equipment
& Implementation of BR&lfling Management System
' Renovation of thailding envelope

& Upgrade of electrical equipmdrepatifiethnologs.

3.1 Renewable energy sources

In football buildingsergy sources are mostly traditional afuekyssicoming frameelectrial grid Fossil

fuels are a finite resource and big contributors to climathithemgwablenergycan beobtained from

natural resources such as sunandgéotlermal heat, which are naturally replenished. It is therefore sensible

to lower the football buildings consumption and find more sustainable energy sources. Consisient with trends
the building sector, there is an increasing interest to exploit renewable energy sources in sport facilities
especially in retrofit scendtieserally, football faciliidsbihigh electrical consumption and the use of RES

as photovoltaic solar panels agenawation systems to generate emergyof the most pramnmgares of
improvement.

Additionallyfootball facilities are in many cases well postured to adomdRigtedele to the great

availability of large outdoor surfaces and iresitsdolar thermal collectorsgimatovoltaigystemsmaking
thesdancreasingly popular among the forms of energy that are being used to powerSpamtakmeitities.
exampleasthe Johan Cruijff Arena (Amsterdam), the Ashton Gate Stadium (Bristol) and the Kaohsiung Natic
Stadium (Taiwa@monstrate the efficacy of the adoption of RES in terms of energy andTtmst savings.
following array of solutions barseédnewable energies can be implemented and tailoresiahfathttygiée

and sportsuildings.
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3.1.1 Photovoltaic systems

Photovoltaic systems (PV systems) use solar panels to convert sunlight Pitpatesitriaitstalled in
football buildirigsos provide a simple and environménéalily means of generating eledtriaifipotball
buildinga small PV system may provide energy to aesingéeor device (e.darapin outdoor areas or
parkingyhile large grodnnected PV systemns provide the energy needed by rantfiplensisteslectrical
servicesThe use of PV systems stétl alsaviththe intermittent use of most of the football, fudities
stadiumsyith occupancy ranging between time intervals withatimesatendals with the maximunnuse
particular, through intelligent demand side managemsgmssible to:

<2 Dedicate energy to the facility when needed.
% Store energy, through efficient areffeasive energy storage systems.

' Exchange energytiwihe grid whérisnot needeon siteln this case the energy produced BY th
array can be sold baxtk the main electricityigeaeet metering agreement.

Allowing a structure such as a stadium, extremeiytemsivgy during a sporéiment, to become more
autonomous from an energy point of view would make the power grid of the whole disgrantorthng stable
these peaks in consumptithile solar panels are still an expensive option in the short term, the economic
benefits will ealisesver a period of timaditionallynany countries now have grants and subsidies that
make them a viable and even attractive propositionrayearterenlo

3.1.2 Solar thermal panels

Solar thermal technology allows the production of heat through sunlight and the conversion of solar radiat
thermal (heat) energy. In football facilities trsasfesfoengy can be used to provide the heatingatimge
of the water used in baths and changing Solanshermal systema ba efficiently used for different
applicaties:

< Domestic hot water (DHW) heating

< Space heating: solar thermal systems can contribute to the heating of internaspates hstwell
water heating. This use is best applied ftoondeating systems as they work at lower tesperature

£ Swimming pools: the heating of the pools is one -etladlisistd applications of solar water heating.
In someasescollectoefficiencies of greater than 75% can be achieved.

It is advisableitoplemera solar thermal system for all those facilities where there is a high demand of domesti
hot water (e.g. for changing rooms in stadiums and training centres) and latgeréniiphat @ energy
bills. Tissystem is also recommended for swimming pooiheedpglicable

3.1.3 Biomasgheating system

Biomasss a term that covdifferentypes of organic materialshas trees, construction wagdcultural

foresturban and industrial residmelswaste (e.g. corn husks, rice hulls, peanut shells, grass clippings, leaves,
crops, sewage sludge and mahate)an be processed and burned to produceidnérgy effect on the
environment than fossil fBasiaskeating systerfts thermal applicatigeserate heat fromo main forms
ofbiomasswoody materials and gas or liquid biofuel.

This type of energy production has a limitedragféect on the environment because the carbon in biomass is
part of & natural carbon cycle, while the carbon in fossil fuels is not, and permanently adds carbon to
environment when burned fét fogllemeirtga biomass heating system in a football building simply means to

15http://www.esru.strath.ac.uk/EandE/Web -@&i0Aass_feasibility/overview/carbon.html
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replace the existing fossil fuel boilameithbiomass boiler and connect it to the system. Biomass may offer a
few advantages in terms of energy cost reduction:

It can be significantly cheaper.

It can generate significant annual payments for heat generated and used from national incenti
dedcated to RES.

The types of facilities for which biomass is usually a good investment include those football buildings whet
water use results in high load for all sgagonst for stadiurii®) provide heating to football facilities, the use
of hyrid systems linking biomass with solar thermsissystesitered ideal.

3.1.4 Geothermal systems

Geothermal systems take advantage of the thermal energy generated and stored3esite theaEaetht.

pumps are the common application to expleitrge@nergy by utilising the constant temperature of the earth

as an exchange medium for heat, irrespective of seasarialtbleaatgeospheric temperadtueg represent

one of the most ceffective heating and cooling systems avadlathiernh@aystems are capable of heating

and cooling spaces by transferring heat from or into the heatreméhtarg@eat is removed from the heat
exchanger and pumped into the indoor air delivery system; in summer, heat is removed froamthe indoor air s
into the heat exchandeplemeimg geothermal heat pumps in football buildings can be an opportunity to
renovate the HVAC systems exploiting renewable resources, increasing the efficiency of the heating and c
systems and reduce the energy costs.

3.1.5 Micro wind turbines

Wind is a majorusoe of energy in many pEr&Surope, and wind turbine technology is adapitiing

Depending on the wind resource availability, a small wind energy system can lower the electricity consumptic
thereforenay be viable to install a series ofvimdatlirbines in fv@ximitgfa stadiunor a training centoe
producelectricity for internal use, or to feed into the loitedrgrid & surpl@enerally small wind turbines

can be walhtegrated with urtbandscapesnd with PV systemepresemigan iconic technology to promote

energy efficiency and a new image of sustporéble

3.2 Lighting

Having good lighting levels in contexts where a sport is practiced at a congoetifigttive pesel is
extremely importabghting systenwd football buildinggist meet requirements in terms of illuminance,
uniformity, glare control and chromatic properties of the sources used. These may vary based on the level
competition. In Europe, EN 12193 defines the rediaréhmenatdifferent competition classes.

Additionallf, o compl y wi t h d&iRtidd woadeditpw mationsshodtingr minimisiggh
flickering) it is needed to set up an ad hoc lighting system able to assure an unifotrtebgh 20§ Gelud) (a

and a brilliant colour rendering (CRI 86, Taw&ls-8@) whole field in order to avoid any shadow on the football
playersTo achievedketarges, in a mediusized stadium, up to 300 floodlights mesdeelSinceenergy

consumpmn for lighting is a considerable part of footballbbogd@ygsostéts improvement represents a
strategic key aspéldtere are many simple ways to reduce the energy consumption and costs associated wi
lighting without compromising caiméorost important ones are:

0 Convertingxistingighting systexto LED witHighEfficiency LED Light
0 Partializing thgstento allow multiple scena@agfor the playgroudidr 4 scenarios can be set for
different purpose: training sessions, naaidhekevision footage
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Introducing an automéigtting management system including the actual monitoring of lighting levels,
occupancy and daylight sensors

Of course, the amount of energy and cost savings will be higher thetmabardegplaesd and if hours of
use or costofelectricity are higharcase of stadiums, powishdlightandoutdoor lightinged to light up

the entire stadium structure on matchanggfresquent and dsave an intrusive impact on the immediate
neidibourhogd i . e ¢ I Singelitdse lightslhéva & maopadt on the area aroundstheéium,
contingencies need to be put in place to limit visual contarmmiaitivizaisduption to the local community.
The deep renovation of the liglystems offers many benefits such as:

—
[ ¢
-

Massive reduction in energyert converting 2000Wattmetal halide which actually consumes an
additional 15% for the fixture ballast and accounts for a total of 11B0Wattsporm LED light
reducsenergy consumption up to 750 Watt per fixture. This means about 65% energy saving per fixtt

Cut down on regular maintenance spenreplacementa metal halide suffers significant lumen
degradation quickly. It is not uncommon for a metabhalttiftoflits initial lumens within the first
7500 hours of life,tloe halflife of the bulbAt some point, as the bulb gets older, its effectiveness
becomes limited, and it should be replaced, and that is frequently well before the bylb had comple
failed. It does not make sense to light a football field with metal halide bulltbriwag@itbe0%
lifespanEven though the lights aré@sjithe field is diBest practice is to replace the diial

life which makes maintainingigta and training centre lighting systems a chore. The replacement of
bulbs in a stadium or training centre is not easy aaslichesge of offices or traditional building (the
lights are generally mounted high). Therefore, it may make seresstamiupgréghts to LED to
eliminate this cogtiye expendituteED lighting systems normally maintain 70% of their initial lumens
even after 100,000 hours of use.

Obtain higher quality of lightheColouRendering Index (CRI) is a quality sadighbkource, a

range between 0 and 100, with 100 being the best score. With LED light, it is rare for the CRI to be b
70, compared to HRylessure Sodium Lighting HPS, whose score is lesgvittabhEBD.lights on

the playing field everythimgess sharper and brigh&aoloursappear as they should and are not
discolourely the light source itself. In the case of the HPS light, it is necessary to compensate the po
guality with more quantity.

Table3-1 summarises the benefits ofigiBcomparto conventional technologies:

Table3-1: Comparison between LED lights and conventigtailologies

Item

Benefits of LED lights compared to conventional technologies

Servicdife

Lifespan of LEQHtsis 4 or5 times high#ranother technologid$eyalso lose the
lumen efficiency much slower over time when compared to MH HID techr
better performasder a much longer lifespan. This translates into lower maint
material replacement costs, as wedbagdste for disposal

Energy #iciency

LEDfixturesffer excellent light performance with low power. Replacing taomye
withmodern LEBoodlights and langps leatb upo 35%nergy savings.

Costs

LED systems generally cost morettiemsolutionbut they offer a better retu
investmerduring the Igpanof the systethanks to energy saviagdthe reduction
maintenance costs aedd ofeplacemén

Color

LED lights offer higheelevision Lighting Consistency |Adé€X)(han othe
technologie€olor rendering is especially important in sports facilities that
footage and broadcasts.
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Unlike other technologies, LED solutions emit 100% of the luminous flux
switching on. Thagn't take time to warm up

HID and other technologies emit omnidirectiahalligmd to illuminate beyon
specific area, even with spothghitsh means that much of the light emitted is
and wasted. The LEDdjgint the o#ln handarevery localizeavhere 200% of th
emitted light can be specifically directed towards the area to be illuminated.
Thedirectional lighting capglafitED liglstnaturally helps to minimize light pa
Light pllution | Additionally, the useefliective visozanfurther reduce light scattering and its n
impact on the environment around sports facilities.

In addition to minimizing light pollution, LED solutiosigniigaindgss energy to
operate than other technologies. As a result, they create fewer greenhouse

Operating times

Focus

Environment

3.3 HVAC systems, plants and equi

The wide variety of football buildisgtypsize is also reflected in a large number of HVAC systems serving
them.Since mst of the current sport facilities were built between the 1960s andfthe tH@R0sIVAC
systems are outdatétieir replacemeavith more efficient systemhemodernisatiorsf some equipment

offers a big opportunity to reduce energy consumptionTrel redstbishment of an HVAC system should
always be completed by interventions on the building envelopes.

Typicallyin small football buildings (bothdra@itres and more often club headsjuatieral gas boilers

are used for hot water production and heating.ddmandsting boilers can be replaced with

' New condensing boilers

0 High efficiency heat pumps
Both systems canused in connection with solar thermal sybteimsaprovide preheating and hot water
to shower facilitiBecause of the volumes of water utilised in spothtaeitiéegy savings could be relevant.

In generalbig andmediunsized stadiwntraning centreand large clubeadquartersan implement
additionally to iige condensing boilers and heat pumps &dlowing production systems:

1 Cogeneratimystemsa(k.aCombinetHeat andPowersystemCHPRble to generaamultaneously
boh electricity and hématheating purposgdDHW production.

2 Trigeneratiosystemsa(k.aCombinedCooling Heat andPowersystems, CCHRble to generate
simultaneolyselectricitand heat fdreatingcoolingor DHW productidmigeneratiodiffers from
cogeneration in that the waste heat is used for both heating and cooling, typically in an absorption ch
CCHP systems can attain higher overall efficiencies than cagdinaditimmal plants

HVAC systems must also guaranteetadbguaal comfort and air quality fefrelguent change otair

involve an excessive waste of energy, which may be limited by the installation of an Air Handling Unit (AHU
a heat recovery systesmich could achieve constant temperatwestadthumidity with heat reageery

90%.

The creation of thermal zwitbsseparated regulatalmvs to define spatial requirements zoning the internal
spaces of a building into diffareats where it will be possible to set differencdtaditiperatures, air
changesetg. A good rule for zoning a building is that perimeter spaces should be zoned separately to core spa
This is becauséthe effect of facades and so the external aamditieat the perimeter adifisrentlhan

the internal areas. Moreover, for perimeter spaces, spaces with different orientations and substantially dif
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facade types (e.g. an opaque wall and a glazing wall) should be zonediseparaehjexted to solar
gain differently and/atiffierent times.

3.4 BuildingAutomation

In generamost of the football buildings, regardless of size, are characterized by an intermittent use of the prerr
and of a variable number of people using them over the day, with occupancy ranging between time intervals v
use and time intervals witinthémum use. This feature of intermittency may decrease the energy efficiency of
the facility. It is also the case that the energy infrastructure may be oversized or run at levels only appropric
periods of maximum wBetrently, most of footballlibgs are not yet equipped with building automation
systemsalthoughin some casebgyare energyitensive buildings

The adoption g@opriate arsinartuilding automation systémparticular in large football buildings with
extensive HVAC aldctrical systentsad to major improvements and energy skwviagstiis welknow

thata Building Management SysBig can play a major role for reducing overall energy consumption
optimizing eatses of energand reducing operativeraaithtenance costhile maintainingmfortsafety

and securitfhrough a building automation system, it is poseifitertand contoaildingdVAC systems,

indoor and outdoor lighting as well as security, fire alarms, and basically évarytheigcalieal in the
buildingWhere storage systems are installed it will be possible to define how to manage thermal energy
electricity to balance the energy peaks. Renewable enempnbgsteamstored and connected to the server
through ahdard protocaddlowing to:

% Verify the hourly production

% Plan maintenanaetions when the production data exceed the efficiency threshold: an alarm will be ser
automatically to the energy manager or electrician for timely interventions.

2 Introduce daraplananagemeptotocandintegration with the grid.
3.4.1 Smart meteringnd controllers

Football facilitiase unique buildings for energy consumiffitianide composition of functional dieas.
adoption of an appropriate andeg@hedneteringnd contraystenis essentidab support the building
management system to meet energy efficiency goals and assess ereogytdagisgsecific featuias
football buildinfsg. very large spaces, very high energy peaks concentratedditinmagititarvals, very
large variation in occupant numbers, need of particularly healthy ajrsgealfig, #t@jt metering systems
and data handling solutayesequired Modern independent sensors and wireless sensor talibwodogy
deep monitoring withhfrequengyand areble to provide automatic and instant distribution of tailored and
preprocessed information

3.5 Building envelope

The lnilding envelgpeonsidered as the boundary between the conditioned interigrasfcatheilolindoors,

plays a key role in determining levels of comfort, natural lighting grashdénightenmuch energy is

requiredor heating and cooltEgergyperformance lodilding envelgererelevanespecially in the case of

club hedguarters, as they are comparable to typical officevbnéddinthe comfort of the occupants over long
periods is critical and can even improve working efficiency and wollderesgeneoally, the performances

of the building envelopes asyslwlevant wie¢here are heated or cooled internal spaces

Energy loss through the building envelope is highly variable and depends on numerous factors such as bu
age and type, climate, construction technique, orientation, geographical location and occupant behaviour. F
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reason, the solutions to irrgrexformance are also varied and highly dependent on the spegifierabse.
approach implies that to improve energy performance in winter, solar gains should be maximised, and the
losses minimised mainly using thermal insulation. Simgladynichen, internal and external gains should be
minimised to not overcharge the cooling system using thermal mass, efficient glazing, insulation, shading, ref
surfaces and natural ventilation. Both needs should be carefully balancedtoasedexstbétae building.
Followinga quick overviewtlsé most common soluttorrenovatbuilding envelopasd improve energy
efficiency:

& Continuous external insulation, feaftsexternal flogmsith the correctamd minimisatiofithernia

bridgeso reduce heat losses in cold climates.

% Installation of higerformance windows (e.ee lplasses) withw thermal transmittaaperopriate
solar heat gain coefficients (SHGERadidg devices to reduce glare and unwanted solar heat gain

2 Installation of higrefledvemembrane on the ratsot climaten,order to reduce heat island effects
and the cooling demand

% Installation of green vegetative roofs able to reduce heating and cooling costs and air pollution.

A higkperformancenvelope provides cost savings for heating and cooling, protection from wind and moistur
occupant comfamd durability

3.6 Electrical equipment and speciéiclinologies

Specific technologie®l equipmentith relevant energy consumption, could be present in stadiums or training
centresTheimreplacementith new advanceghnologiesffes challengeandopportunities to improve the

s y s temeng$ efficiency. In geneharenpossible, any featurexjoipment that require extensive or costly
maintenance shouldaweidedSevere weather conditions or failure to undertake adequate maintenance could
make it necessary to use technologies such as undersoil heating and artificial lighting athgsgstinggass

are extremely energy intensive and reariéskenin which to investigate opportunities and solutions for energy
improvement afidanciadavings

3.6.1 Soil heating systems

For professional and international stadiums, a very high standard of playing surface ighesgiired. Under
circumstances itimportant to eliminate risks of gbaging conditions eMentcancellatiomarticularly
associated with paaather cortidins, e.g. heakginfalls oriceand sndaw.c or di ng t o t he FI
recommendations and requirefémtsold climates, the playing field should be equipped with an underground
heating system to prevent it from freezing in extreme vidmter leothditfirst and second Bundesliga (DFB)

in Germany, undersoil heating is already staqpdavent the pitch from freezing a few solutions are available:

@ Installation ahundersoil heatiggstem

2 Use of a heated pitch cover consilsilager of plastic sheeting that conceals a system of ventilators
producing warm dinis solution prosaiso the pitch in the event of heavy rain or snow fall.

<& Adopt fully covered stadiimtkis casedditionartificial lightingay bexeeded.
3.6.2 Artficial lightingfor grass growth

In order to guarantee a playable field with adequate grass growth throughoevehendeas@mtain
climatic conditions where the amount of natural light and ventilatiogréssgroeahartificial ligimgis

16 Football Stadiums, Technical recommendations and reqtfisshtients2611, FIFA
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needed. Sinceertain wavelengtbf light(406500 nm and 6680 nm wavelengttan enhance the
photosynthesis of the plaatspting a systeapable of emitteafeam of homogeneousuliigtint theabove
spectrumepresent@smart solutidoincreasthe parameters of grass grawdteinvigorate the root system
Lighting systems to help promote grass growth have been available for a nanabéredf gaatsination

with hardware and control systems can support their efficient use.
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4 Technical EE and RES solutions Catalogue

There are several solutions available on the meakdidiesily implementedncrease energy performance

andthe thermal comfort fobtbalbuilding To synthesize knowledge regarding best paadtieks/ant

technical solutions to be adopted to improve energy efficiency and RES installation in football buildings, a dec
Technicalatalogue (Appendix 1) has been developed in order to provaead wasyo be used for the
development ofgémeering planBhe purpose is to provide a wide range of seligges energy efficiency

options an@chnical featutesinform the development of detailedpfasiwr each GREENFOOT candidate
buildingsTask 4.2)and then @l other @ball buildings interested in energy rendv&tiohallenge is to

enhance energy efficiency in football buildings, redmiss©@s, produce cost savings and provide good
examples for the whep®rtscommunitand beyorithis section introduces BREENFOOT Catalogue
structure and general design considerations.

4.1 Structure of th@echnical @talogue

The TechnicBE and RES soluti@aaloguirfootball buildingSppendix bas been develapeased on
the initial analysis of the cufwetibalbuilding stocnd the identificatiorit®fveak points and ardais
improvement3 he findings are basednéormationollectedrom literature reviés@mRINA Consulting
expertise as engineering fiom thexperiences of the partiversived in GREENFQO&Hfromrelevant
existingxamples.
The Technical Catalogoensist of acollection a0 sheets documentiggecific design solutiamsl
technologid¢e guide the desigduring the development of renovatioamuldasilitasmninformed decision
makingprocesg-or the catalogsikeuctureg pragmatic approaels beeproposed and the technical solutions
have beeprganisedccording to the follovdragategoriesvhichrefer tahe main areas of improvements
identified in chapBer

% Renewable Enepurces and Smart Grid

& Lighting

% HVAC systems, plants and equipment

% Buitling Management System.

% Building envelope.

% Electrical equipment and specific technologies.

Each category starts with a brief introithetitiding general description of mpaiposeand best practie
Opportunitiesd guidelinés reducenergy usaare briefly describadhile technical detaild be reported
withinsubsequenttedicated sheetsach category contains a bundiffesEnt solutigreach with its own
technical detil'he information for each technical solution is structured as follows:

' General descriptionith an explanation of main fun@tlatsis jtand what does it consistaofa
the football building typcdioafit can be appliesl

& Technicafeaturesand design parametehatare the main technical considerations?
2 Conditions for implementatidihat ossite conditions should be considered?
¥ Strengths and barrierd/hatrethebenefitand limstof the soluti@n

2 Performancgand potential impactg/hatare the impacts of the solutiorirboilnder the point of
viewof energwnd cossavingsand of adaptability with crowdfusalieghesPerformances and
potential impacts dependent on geograptiimatend socialonditionand therefore require more
accurate evaluations on the specifg d48en this documengemeralized approdds been
adopte@nd general information pFdvid
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9 Relevant example§f exemplary for the technil@mccessful implementations of the solution
proposed are provided as reference.

To be effective, the sheets integrapeaisonamformation about duaptability with crowdfunding schemes
as introduced in the following paragraph.

4.1.1 Adaptability with crowdfunding schemes

Crowdfunding is a process by which several peo,j
(Afundingd), even wisonetinmeeeivingdrewarthio exchathgeéwaid conloln e y
be of a financial nature, such aguty participationaarinterest rate;r@n financial in the case of more
tangibldenefits)n factit is a method of collecting contributions in small amowitdseaiclby a multitude of
individuals that shi#@amphasis on the attractiveness of ideas rather than on ineestmentThe
appropriateness of each solution for crowdfunding is evaluated based on the best practice examples and
presented in GREE OOTo6s Del i verable 2. 1.

Withinthetechnical sheeaibtheCataloguproposed in Appendifol each solutiorgraliminargvaluation of
thepotentidmpact®n the adaptability with crowdfuraditieen provid€dr the purpose of this report, the
preliminary assessmanfocuged specifically on the business proposition of financial solutions (or just
crowdlending) while a medepth analysis of the other options will be carried out ask2aBtwhére ¢h

technical solutions highlighted will be combined with the results of the sliodcald@elin D

Since crowdfunding adaptability is due to a complex set of conditions associatsdciagtatifienant
contextsio explore how much a solatanfit with crowdfunding scherdedicateshatrixshown iTable

41, has been developed taking into actaspectscapable of positively or negatively influencing the
adaptability with crowdfunding

¥ The return of investment: for which 3 levels haeatifesthlebs than 3 years, from 3 to 10 years and
over 10 years.

2 The visibility and image return for club and fans: with high, mediysand low

2 The carboimotprinteduction: with high, medium and low impact.

2 The experience improvement for famseasidwith high, medium and low {mpgatiiring the match
or the use of the building)

Tabled-1: Matrix for the adaptability with crowdfunding schemes

Return of Visibility and image returj Carbon footprint reduction| Experiencémprovement for
investment forclub and fans fansand users

i low
< 3years 2
from3 to 10 year 1
>10 years 0

Crossinghe level(high, medium, low) of each aspect with the return of anpastiaestore is associated
using &cale from 0 tp4trepresents a solution which gestificrowdfunding and O a solution wdsobtdo
fitwellwith crowdfundigldingll thepartial scesforeach aspeftisibility and image return, carbon footprint
reduction, experience improvement) a total score is obtdiopthdbatse scorealculated as aboitas
possible to classfich of the solution proposed in the Cataloguliffertnt levelEadaptability:

2 High leve(score between 8 and tt®) solution proposed/éitg weikith a crowdfundaggproach

% Medium leve{score between 4 andtB§ solution proposedsiitmewhatvith a crowdfunding
approach, some improvement could be evaluated
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& Low levelscore between 0 andti@ solution proposedgditsrlywith a crowdfundiagproach,
tailored expedients and measures are tteedleance the adaptability with crowdfunding.

More detailon crowdfunding schemik bedeeplyevaluated within Wia8ks with a focus on financial
infrastructure (Task 3.1), regulatory barriers | BemkiBv2stment opporturitiesery tests{Task 3.3)
and within the seeimnomic assessments in WP2 (Tagk3}.1

4.2 General considerations

To getreliable renovation scenarios, it is imporagalyse and understand the peculiarities and the real
behaviour of each case with a foche oequirements, the objectives, the current and further needs and the
priorities of the specific football building. These may vary depending on the actual state of the building
commercial considerations and expected cost savings. As eachlifuptisaitsbaiwn special case, the
identification of a solubioset of solutiomsist start from an analytical analysis of thetatecdttteart of

the buildingndits needs, and must involve energy expsseswthe energy performainite building and

evaluate all the energy related information such as:

% Thermephysical characteristics of the envaop@ergy performance of windowsrder to
characterise the energy flows of walls, roofs and slabs.

I Space use and features to idéwtifywgeneous thermal zavidssimilathermal loads, ventilation
rates and set point temperatures.

4 HVAGystemancluding equipment and operating schedules.

2 Characterisation of all the energy sources utilised at the facilitgn@vehldangrergyusces
possibly installed

& Lighting configurations and all the relevant electrieat.equipm

Due to the different nature of the football buildings, not all the solutions proposed are suitable for all the buil
A suitable data collection on sitessantial prequisite to develop reliath@nced enerptrofitting plans

and to tailor suitable interveniibaslear understanding of the actual state of the building allows to identify and
define the parameters of what is feasible. Bésidese should also be established between the proposed
technical solutions, the real needs and the finariogetwadityvith the type of energy contract in place with the
energy suppliers.

All the technical solutions, to be implemented and adopted in a renovation project, must also be compliant v
the design, construction, health and safety national and/or local requirements. Additionally, all the compe
structures, with referetactine activity levelust be complaint with technical and approval requirements of the
international and national football associations (e lEG@dtaIl building renovations should provide also
good levels of comfiitorporating the latesht®logical advantemaximise the commercial potential by
incorporating a broad range of facilities and usages.
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5 Conclusions and future works

The document provides technical information and best pradticglefoerbation of EE solutions and RES
technologies in footbaldl sportbuilding In particular, it will serve as a basis for the development of the
engineering plans for GREENFOOT Candidate Basklihgy.(

The analysis on the football building stoddtbaedhere is a wide variety of bsié&tinlg withsi own

features, peculiaritieeather and site conditamd needswvhichall have great influence on the energy
consumptioBtarting from the analysis of most promising areas of imgpuolhearibatexploitation of RES,

the improvement of lighting and HVAC sifstémplementation of Building Automation systems and advanced
specific technologies and equipment, as well as the renovation of the builthegdetivelapde has
introduced rangeof suitablEEsolutionend RES technologiehich aranalysed anmbllectedavithn the

Technical Catalogue (Appendilajge part of the solutions proposed are swetdiiefaotball building
typologgs they can be scalable to building features and needs from larger stadiums to small training centres

In order to provide an gasgad and immediate toglthe Technical Catalogue hasdsganised through

20 technical sheeateluding a genedsscription of the function performed, technicande@dsign

parameters, condsitor implementation, strengths and barriers, energy perfodcastesavings as well

as preliminary information on the adaptability with crowdfundifrgrsstrameslutionslevant examples

have been provided in ordgveécguidance andieaestigated in the following GREENFOOT technical activities.
For each area of improvement and thematic group of the Technical Catalogue, general comstaerations have
provided in order to extend the utility of the document to buildihgpmeorageiSurope andlmotiitonly

tothe development of the renovation scenari@REEN-OOT Candidate Buildings

The analysis performed and the data collected establish a startmeQREENSFOOT project under the
technical and engineering point aindefit in a wider context in order to meet Work Package 4 objectives and
support other further GREENF&®IifiesThe implementation of EE solution and RES technologies depends
of course on the dimension of the interventions.

In generahé¢re are two predominant perspectives on the relative importance of the building envelope and hee
and cooling epoient. The passive design approach supports high levels of energy efficiency in building envel
components, with any remaining need for heating or cooling met by basic, efficient mechanical equipment
smart technology approach promotes high diceggyeih mechanical equipment because it is routinely
replacedand installing it is easier than retrofitting old, inefficient building envelopes. Either approach can
appropriate. The balance between advanced envelopes and advanced equipeestiatdietedothe

specific building ciolesing product availability, cost, climatic conditions and energy prices

Moreimle pt h analysis on the Candidate Buildingsd n
improvements will beriedrout within the subseqU&asi 4.2in which suitable renovation scenarios and
engineering plans will be develbpel@velop suitable renovation plans able to reduce energy consumption and
increase cost savings, detailed energy audits will he aeedeck the stateheart of each Candidate

Building and to evaluate in detail all the potentiddathpadetheenergetic and economic pointiew

To conclude the task activitiesfinal draft of the Technical Catalogue has kegbramsloag relevant
stakeholders within the GREENFOOT project, including the 3 footbalhFédker&iinarfeFh, the
European Football for Development Network (EFDN) and the European Crowdfundinig Nedewottx (ECN),
communicate tfengeof lutiongo define the renovation scepandsollect their feedback on the solutions
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propose. Appendix 2 show theestionnaire and the feedbaltdctedo farNo adjustments and additional
implementations of the Technical Catalogue has been required at this point of GREENFOOT project. Nevertt
this preliminary survey wilhtlededhn thefirst stepsf Task 4.2The resultsillhelp to complete théahi

analysis and to start the development of the activities on the Candidate Buildings.

The Technic@latalogue can be easily updated with new solutions throughout the GREENFOOT project
adjustments and implementations are Weddigdnallyo energy efficiency measuee®vation projects of

existing football buildings should take into account a series of &iteedetatiemhance flexibility and facilitate
functions and activities that can make the venture more economitibuglalohmst of the geometric

aspects are fixed, there are a few functional space layoutshtancsadieconclude with the further steps

for the implementation of the solutionss themial sequence of steps which are suoadbrised tii

Figures-1 and which will be implemented in the following workflow of the WP4.

Identificationon site reconnaissance, desk studies, data analysis

Prefeasibility studyon site surveys, preliminary design and computations

Feasibility studyone site surveys, economic analysis, cost estimates, design d

Detailed desigmomputation, modelling, bills of quantities

Tender documentatiobidding documents, contracts models

Tendering/Bidding periocbntractual and administrdtieamentation package

Mobilization of financingommitments of lenders and financing agreements

Implementatiorconstruction, commissioning

) LK 4

Figure5-1: Complete workflow for the implementation of EE and RES solutions in Candidate Buildings
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7 APPENDIXdTechnical Catalogue

Comprehensive sheets, informing about technical spenifpzatisarel savings opportunitegetbeen
provided and divided Gritategories:

0 C.1i Renewable Energy Sources

& C.2i Lighting.

& C.3i HVAC systems, plants and equipment.

& C.41 Building\utomation

& C.5i Building envelope.

& C.6i Electrical equipment and specific technologies.

List of EEand RES solutions

Ref.
Code

Category Category 2

C.1.17 Photovoltaic systems (PV)

C.1.2 Solar thermal panels

C.1 | Renewable Energy Sources| C.1.3 Biomass heating systems

C.1.4 Geothermal systems

C.1.5 Small wind turbines

C.2.17i LED technology for floodlighting
C.2 | Lighting C.2.2 LED technology for internal lighting
C.2.3 Lighting controls

C.3.1 High efficiency Heat Pumps

C.3.2 High efficiency Condensing Boiler
C.3.3 Highefficiency Air Handling Units (AHU)
C.3.4 Cogeneration systems

C.3.5 Trigeneration systems

C.4 | Buildindautomation CA4.171 Building Management Systems

C.5.17 Thermal insulation

C.5.2 Highperformance windows

C.5.3 Cool roofs

C.5.4 Green roofs

Electrical equipment and sp¢ C.6.1i Under soil heating
technologies C.6.2 Atrtificial light for grass growth

HVAC systems, plants and
equipment

C3

C.5 | Building envelope

C.6
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C.1- Renewable Energy Sources

An improvement opportunity to optimizethe BREyce wut i | ity costs and buil d
implementation of RES thatsadlewtricity production forceel§umptiorale into the gradd the exploitation

of thermal heat collected both from solar radiation and thbeyumendf renewable energy systems for
meeting football buildings energy needs is also a means for demonstrating leadership in environme
sustainability and resource conservation, increasing the relsailgieofraral and thermal energlyesyp

addressing energy security issues, and other benefits.

For every type of football building, the biggest economic benefit of renewable energy technologies is repres
by the generation of electricity that can be used directly, storedifmsdefeotddo the grid. The following
technical sheets have been provided:

& C.1.1 Photovoltaic systems (PV)
& C.1.2 Solar thermal panels.

0 C.1.3 Biomass heating systems.
& C.1.4 Geothermal systems

0 C.1.5 Small wind turbines.

Before selecting appropriate renewable energy technologies to apply to an existing football building retro
project, it is important to first consider a number of factors, including:

< Available renewable energy resources at or near the building site.

' Available area fdirgj of the renewable energy technology

2 Cost of energy purchased from the electrical or thermal energy provider. for the building
“  Available incentives for offsetting the installation cost of the renewable.energy system
' Local regulations affecting reteenargy systems

& Desire to preserve or alter existing architectural features

<2 Characteristics of the energy profiles to be offset by the renewable energy installation.
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Renewable Energy Sources (R

Cl1 Photovoltaic SystesnPV)

| SO OaBRE W
-y 4y b AN \

i. General description

Main function Photovoltaic systems (PV) are made of PV coodigéag of masplar cells which convert ¢
light into electricity. PV technology can be used on a variety of scales, from an integra
single lamp/device, to a batfeyated solar system or even a large grid connected solar
with capdty of several MW.

PV systems can be usepriipal or ancillary source of electrical power

Applicable to %

o
5
| 5]

Stadiums
Training centres
Club headquarters

ii. Technical features and design parameters

Technical Several types of Ba¢hnologies have been developed and can be classified as follows:

features &

-
Lo

Main &
components

Mono or muklgrystalline silicon celisnay be mounted into framed panels or framele
suitable for roof or fagade integration. For commercial PV panels highest aed affati
20% for mono crystalline cells and 18% for multi crystalline cells

Thinfilm cells minor amount of material required in creating the active material of ¢
most thifilm solar cells are sandwiched between two panes of glass to make a frar
and therefore they are approximately twice as heavy as cryatgiinelsilitbe majority
thinfilm panels have 2%%olower conversion efficiencies than silicon. Cadmium tellui
copper indium gallium selenide (CIGS) and amorphouSi3idicothfae tHilm technologie

Concentrating photovoltaiedhnology (CPMtiliseoptical devices, such as lenses or it
to concentrate direct solar radiation onto very small, highly efficetdnmadtar cel
Commercial CPV modules with-bitised cells offer efficiency in the range 0230886 to

Organic photovoltaic (OPVMses organic semiconductors and are potentifctiostfo
photovoltaic applications. The main disadvantages associated with organic phota
low efficiency, low stability and low strength conmumagaahito photovoltaic cells. Current
markebnly has a few manufacturers

PV modugetoconvert sunlight directly into electricity

Solar cablegoconnect solar modules and other electrical componBivsyisiéne
Supporstructurdn mount or install the PV modules and other component
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Design
parameters

& Batteriego store electricity and provide energy od.deman

& Invertersrequired to convert the DC power produced by the PV module into AG |
connected or used as 230 V system

& Controllersomanage the energy storage to the battery and deliver power to the loa

Relevant key elements for PV system design are

i Demand of electricity of the building.
i Availability of spaces on which to install the PV systefroareting materials.

-
SIS I

»
e

 Location and irradiance levels.

-
)

i Orientation and angle of inclination of the panels

iii. Conditions for implementation

Site conditions

Recommende
applications ar
best practices

Maintenance

iv. Strengths

Itisnecessaryo identify approprisitesfor installing the PV modules with@ltzatiyg. General
roof tops offer suitable opportunities to place the systems (also for their low visual ir
exposure is coincident with the south direction as this orientation offepsoithechigtyeftr
azimuth of O degrees.

& Rooftop solar PV systemstegrated with football buildithgzr mounted on top of the rc
nearby on auxiliary structures

& Small PV modulesombined with single efficient lamps (mostly LEDs), chéege ame
efficient batteries. Only a few watts essential services can be provided, such as lig|

¥ Battery backup inverterspeial inverters design to draw energy from a battery, m
battery charge via a charge controller and export exgésslemetiity grid.

It isadvisable to have a system connected to the grid and equipped with batteries to st
The advantage is that the energy produced during the operating hours of the PV sys
simultaneously storedon site tomaximiseselfconsumption. The residual energy that cal
stored in batteries carséetinto the grid and can be enhanced thresitghexchange contra
Additionally, with the grid connection, the supply of energy is alwal{svgumeiratiteeevent tt
the PV system fails to produce energy).

& Cleaning of the parieldsual control done regularly
& Checkupf cables and fixafiarisual control done regularly
v. Barriers

& Saving of fossil fuels eadbon footprint reduction ¢ Inefficient financial support in a few cases.

i Consolidated technology. & Relatively low prices of electricity in some ¢

& Technology
building

convenient with long-bagk periods.

& Easy mintenance of PV system 2 Complex regtday framework to  obt

i Most commercial PV modules are capable of p
electricity for at least 20 years. Good qualityanee
expected to have a life period ugBt\Rears.

administrative authorizations and to sell ener;
grid. For a direct sale of electricity, it is compi
be registered as an electricity supplier and tl
paying all taxes on the electricity sold.

vi. Performancand potential impacts

Energy
production

The performance of PV systems depends on many factors: size (installed capacity),
technology, irradiation at the site, cleanliness of the surface, system configuration.

An installed capacfylkWp fypically-8 individual modules with a total surface of appran
generate more than 2000 kwWh annually. In moderate, cloudy climates, the modules me
or less of this output (e.g.-1600 kWh annually in North Italy).
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Cost savings/ The cost saving of a PV system depends on the electricity price and on the amot

Payback time produced (linked to solar irradiation, technology efficiency and system configuratior
availability of financingntiges. For these reasons, the return of investment (ROI) must |
specifically for each case.

Average cost per kWp installed:

& With battery banks: 2300 0 0 U

& Without battery bankss0@ 0 0 0 U

Typical payback times PBT (without energy siteat® aye betwee8 fears.

Adaptability wi- Level of adaptabilitygh(total score 10)
crowdfunding

schemes Return of Visibility and image Carbon footprint Experiencémprovements
investment return for club and fang reduction for fans and users
high medium low

< 3years
3 to 10 years
> 10 years

vii. Relevant examples
Johan Cruijff =~ The stadium hosts around 15 league home gaasemas well as international ties, Europ

ArenA encounters and a range okporting events throughout the year.
(Amsterdar¥)
Peak shaving to e
leﬁgrg; ci‘:\l?ugmgtieol:n ZIGGO DWE
= s
En Gribd’ services for : '7\'300 ’
o st v X -~ :
s i £ "*’{v & S s it gy
VL. e \ 4 ’» .

3 MW power and ﬁ " -
= 2.8MWh capacity - ¥
[, ! A’
- Batteries from 148 NissanLeaf . 1
electricvehicles |
- Storing enough energy to

charge 500,000 iPhones or

supply 7,000 Amsterdam mmmm | Increase self-consumption
. Sl

of solar power produced

households for one hour
« Saving 116,683 tons of CO? R | on the roof

« System lifetime: 10+ years Load Management

(/ Boar(kc;u:npo:uvi'ers‘igr?w - of car charging in the car

= {!unjn:evef\lslffA 2 Qﬂ .p;rk an}:i VQZGgextet:s»on
https:/www.johancruijffarena.nl/eohsvéaurzaamheid/
More than 4,200 solar pajablsut LMWppave been installed the rooh 2014 tsupply gree
energy to the Afemproviding about 930 MWh/year (10% of current electricity consu
117000 tons of G®avingThe ArenA is also equipped with the largest European enel

systenusingsecond lifand new electyiehicle batteries installedcanamercial building. Batte
from 148 new and used Nissan LEAF cars provide 3 MW of storage with a capacity of

The battery, charged to 100%, can be called on to provide full power to the ArenAnfpau
major event with maximum energy intake or three hours if dispensable consumers (e.g
are disconnected.

For the energy storage sydtegne isan intelligent hard and software solution that man
battery in multiple use cddaked to the PV interventiompl&n200 electric vehicle chargee:
been installed

17 https://www.johamigffarena.nl/en/ceas/duurzaamheid/
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Bentegodi
Stadium,
(Verondp

A sophisticated management systlmceshe differences in energy supply and dehms
system can provide backup during a power failure and reduckdidselugenerators. Stor
capacity outside the stadium means the battery contributes to a more stable Dutch ele

A returmon investment is expected within 1q{dweate the complex storage systkh@ugh thi
is said to be a consémeestimate

Bentegodtadiuns a sports facility in Veratiea total of 241 seatft is the eighth Italian stac
for capacity

"(&’\ B =N -7
-

https://www.stadi.online/steetitegodierona/

Between July and December 2009, a photovoltaic system was installed on the roof
with a value of approximately 4 million euro and a nominal power of approximately 1
panels for a power of 999 kils) becoming the firstrsitadium in Italy and the largest photc
system in Italy on a sports facility, thanks to the installagi8rsofat anels; with the proc
from the energy produced, the maintenance costs of the sports facility are amply cove

18 hitps://www.comune.verona.it/ngcontent.cfm?a_id=48635
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Cl1l.2 Solar thermal panels

https://www.cordivari.it/Sistemi_termici_solari_integrati/Sistemi_termici_solari_per_acqua_calda_sar

i. General description

Main function

Applicable to

Solar thermal collectmiect heat by absorbing sunlight. The thermal energy produced fi
thermal collectors is gathered and storeéhsulaédid tanks and used both for domestic h
(DHW) production or in larger combined systems to assist spaagireeadinis.req

Solar thermal collectors can be used on a variety of scales to meet specific building re

o
[ Sel
i¥,
[be]

—
¥
L oe)

Stadiums
Training centres
Club headquarters.

ii. Technical features and design parameters

Technical
features

Main
components

Design
parameters

There are twoain types of solar thermal panels:

%]

[5e]

Flatplate collectorsomposed of a dark absorbing surface, a transparent cover, a he
backing and a fluid trexispoitieat from the absorber to a taateFhe absorber can be m
of different matesjatamely polymers, copper, aluminum or steel. Copper is the mo:
but ités also a better, more durabl e

since materials such as silicon are much moteléneetehan metal

Evacu#ed (or vacuum) tube collectarade up of several glass tubes through which th
fluid flows. This system is more efficient-fHateffetnelespecially in cold climates bt
efficiency in warm weather duo to the risk of overheating.

Solar thermal collectors: to collect heat form sunlight.

Support structure: to mount or install the solar thermal panels modules and other ¢
Pipes where transfer fluid flows: to transfer heat from the panels to dedicated tank
Insuatedbuffetank: to store the heated water.

Controllers: to managenteted water and the systems

Relevant key elements for solar thermal system design are:

%]
o
%]

[5e]

Demand of domestic hot water (and space heating, if comtingdingt the
Location and irradiance levels.

Availability of spaces on which to install the panels and roof covering materials
Orientation, angle of inclination of the panels
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iii. Conditions for implementation

Site conditions

Recommendec
applications

Maintenance
best practices

iv. Strendts

(2%

4

Firstit is needed to identify appropriate areas for installing the solar thermal panels with
Generally, roof tops offer suitable opportunities to place the systems (also for their lo
Optimum exposure is betweesouthwvest ad soutleast directieras this orientation offers
highest productivity for an azimuth of O degrees.

% Rooftop solar systemintegrated with football building: either mounted on top of
nearby on auxiliary strestur

It is advisable to have a solar thermal system for all those facilities where there is a
domestic hot water (e.g. for changing rooms in stadiums and traianhveleetecis has a la
impact on energy bills

For heatingurposes, the system can be successfully appliedldomuineaing systems.

The system is recommended for swimming pool heataqgphchbtée.g. in larggaining
centres)l'he heating of the pools is one of tlestaddished applicatiorsolzr water heating.
some cases, collector efficiencies of greater than 75% can be achieved.

% Cleaning of the parielésual control done regularly

¥ Chechkup obipes and fixatignvisual control done regularly

v. Barriers

i Saving of fossil fuels and carbon footprint reduc # Relatively low DHmand that make the invest

& Consolidated and cheap technology. less convenient with longopay periods.

& Technology scalabtzording to the real needs ¢

building

& Easy raintenance tifesystem

-
e

' Expected lifespan up to 25 years.

vi. Performance and potential impacts

Energy
production

Cost savings
Payback time

Adaptability wi
crowdfunding
schemes

The performance of a solar thermal system depends on many factors: size (installed ca
of thaechnology, irradiation at the site, cleanliness of the surface, system configuratio
A small (domestic) solar thermal installation produces between 1000kWh and 2500kV
The potential savings offered by solar thermal sysiffioslate calculate exactly and depe
a large range of factors. These include:

% Initial system cost (depending on size, quality of parts and installation).

*

' The energy soutbat they are replacing (gas, electricity, etc.)

-
1_-? Lo

The efficiency of the etyst and the solar resource

-
!If

. Availability of financing incentives

1-?

' The cost of the fuel used for backup water heating system, if present and the ener.
The return of investment (ROI) must be evaluated specifically for each case.

Level of adaptabiliediun{total score between 5 and 8)

Return of Visibility and image Carbon footprint Experiencémprovements
investment return for club and fang reduction for fans and users
high medium low

< 3years
3to 10 years
> 10 years

*return of investment to be evaluated on the specific case, it can vary.
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vii. Relevant examples

Allianz Stadium The stadiurhas been inaugurated on September2@®1ds a capacity of just over 41

(Torina

spectatorsThe new built stadium incorpa@dtasced environmentally sustainable techtwo
ensure a low environmental inpastiuce energy consumption freranewable energy sour
reducing waste astimisinthe resources available.

'ﬂt\\‘-— Loe SRR Y

https://meR4.it/2020/10/14/lalkstazliundiHorinda-casadellgjuventus/
The DHW productiosuppogd by twgolarthermalystems dedi cated t o
rooms and restaurant kitchens, which cové0gtmbidHW demanthe flat type coltarst are
composed by 8 modules each systelocated on the rooftop of the two service blocks rc

9https://docplayer.it/1924&38mpiantilellguventustadium.html
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Renewable Energy Sources (R

Cl1.3 Biomassheating systes

https://industriale.viessmann.it/guidéigui@atbiomassa

i. Generatlescription

Main function

Applicable to

Biomass heating systems use organic materials such as woody materials and gas or
generate heat for heating purposes or DHW production. Biomass plants can be sizec
the specific football building.

% Stadiums

& Training centres

% Club headquarters.

ii. Technical features and design parameters

Technical
features

Main
components

Design
parameters

Severatonfiguratiomébiomass systems are available

% As part of an integrated/hybrid heating systieisiconfiguratialiows for the use of a bion
boiler alongside a traditional boiler to be implemented in greatest plants. The traditi
act as a backup.

% With another renewable heating systhis configuration allows to go fossil fuel free.

i/ As a standalme heating systenoften biomass boilers are used as a standalone sys
can create enough heat all year round, without any production drop in winter (frequ
the other renewable sources).

% Fuel store: it can be autaaibtifed by delivery truck. Fuel store can be a converted b
shipping container and should large enough so that only 3 or 4 fills per year are re

-
3
-/

2 Biomass boiler

@ Buffer tanks: they store hot water that is distributed around ¢lairg stysiem.

The boiler boosts tank temperature rather than starting from cold water, making the w
more efficient.

Relevant key elementdimmass heatingsteradesign are:

% Demand of thermal energy dilttting.

& Availability of spaces to install the biomass boiler and to store the biomass.

% Resource assessment, planning and procurement. It is important to research cos
of biomass fuel in the area or region.
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iii. Conditions fdmplementation

Site conditions

Recommendec
applications ar
best practices

Maintenance
iv. Strengths

The first condition for the implementation of a biomass heating system is the availabi
the installation of the boiler, the buffer tanks and the fuel store.

The ype ofystem best suited to a particular application depends on many factors, incluc
and cost of each type of biomass (e.g. chip, pellet or logs), competing fuel cost, therma
load, building size and type, space ayaitgigliation and maintenance staff availability
emission regulatiombe types of facilities for which biomass is usually a good investt
those football buildingeere hot water use results in high load for all seasons.

For buildings training centres with more tha@01€gm in a moderately cold climate, a
fuelled with wood chips will be prbleably most economical, assuming that there is a st
chip supply

For buildings or training centres with lessG@&sdr@ in a moderately cold climate, a woc
system might be the best option. For large systems it is advisable to have pellets deli
bagged). These systems usually use pellet silo or bunker to store large quantitieestijby
the pellets can be automatically conveyed from the silo to the pellet stove, furnace or

Sourcénttps://www.wbdg.org/resources/bibeasss

% Regular and consisting maintenance interventions
v. Barriers

& Cheapefuel and running costs compared to sti < Complexity of determining available biomass re

boilers.

building.

i Carbon neutral heating.
2 Consolidated technology.
i Technology scalable according to the real nee *

biomass fuel could be not alsifathe region.

-
(%)

Needs to fuel store.
Capital costs higher than the costs fduébgsdnts

Maintenance of biomass boilers requires
interventions rather than fiosdiboilers

-
Fen}

L2M

vi. Performance and potential impacts

Energy
production

Cost savings/
Payback time

Adaptabilityith
crowdfunding
schemes

The performance of biomass heating systems depends on many factors: size (ingtelleg
ofbiomass fuel used and system configiratimoal biomass system operating has a net ¢
of about 707%. Best performing boilers anthsysbeld arrive up to 90% net efficiency.

The cost saving of biomass heating systems depend on the biomass fuel costs and th
that they are replacing. Additionally, to evaluate the return of investméma () syste
costs and the availability of financial incentives must be taken into account and eve
case. Typical fuel cost savings are

& Wood pellets:-20% saving on fuel cost
% Wood chips: up to 50% saving on fuel cost

Level of adaptabilidedium/Lowtotal score betwekands)

Return of Visibility and image Carbon footprint Experiencémprovements
investment return for club and fansg reduction for fans and users
high medium low

< 3years
3 to 10 years
> 10 years

*return of investment to be evaluated on the specific case, it can vary.

20https://lwww.treco.co.uk/news/articlisthibatasheating
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vii. Relevant examples
Pride Park With a capacity of 33,597, it is thiadfitht football ground in England and #aegeGthstadiul
Stadium (Derb! in the United Kingdom

County)

https://www.bdfutbol.com/en/e/e2007.html

The installation of a biomass boiler at the PigtiedRarkof Derby County Football Ghb aé
thefirst example of caroewitral heating at a professional football club. The 600 kW STL
Hoval met the base heating loads of the stadsopported by existingfyasl boile(separate
Hoval SfRlus boilerusing natural gae meet peakdds.Payments under the Renewable
Incentive exceed £600 000 through the period of the grant.

Al at Moor Park training grdthm reference training centtdDekW Hoval BioLyt wosltet
boilehas beemtegrated with setlaermal heatibg provide heating loads and DHW.
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Cl.4 Geothermal systems

Open loop GSHP Vertical GSHP field

4-50 m 40-250 m
Horizontal GSHP Vertical GSHP District heating
1-2m 40-250 m 0.3-2km
j Su—
T variab [!' 8

—— —1020'c=1020°C -}
= \ |

-4

i. General description

Main function  Geothermal systems exploit the heat retained within the ground to produce both hea
For larger volumes, dedicated heat pumps can be combined in parallel or connected
to fit théuilding needs.

Applicable to % Stadiums
& Training centres
% Club headquarters.

ii. Technical features and design parameters

Technical There are two main types of geothermal systems:

features @ Shallow geothermal systernan be used to provide heating, cooling and hot we
temperatures available underground of less than 25°C. These systems are ssitald
systems and can be used in almost any geographical location.

& Deep geothermal systerman be used provide heating and hot water as well as €
power using temperatures available underground greater than 25°C and up to
systems are suitable for meidilengescales uses but can be applied in more particular
than shallogeothermal systems.

Main % Geothermal heat pump
components ¢ | jquid heat exchange medium (Horizontal or vertical open/closed loops)

—

' Hot and cold buffer tank

Design Relevant key elements for geothermal systems design are:

parameters & Demand of heatingpling and hot water of the building.
% Soil composition and groundwater level
% Borehole thermal resistance, depth and spacing

iii. Conditions for implementation

Site conditions Availability of space for the installation of geothermal prolpesnilislimgl authorizations
needed.

Recommendec It is advisable to implement shallow geothermalusystemultiple heat pumps connec
applications parallel between hot and cold buffer tanks. If heating and cooling loads are balanced
not require the ground loop to add or take away ertbegyesith Gin increasin efficiency
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Maintenance

best practices
iv. Strengths

However, most of the time there is an imbalance in the heating/cooling loads and the ¢
fluid is routed to the ground loop field to absorb or reject energy as required to balanc

Because there is both a hot and cold bufféngasystem allows both heating and cooling
place at the same time. In laeygresdifferent thermal zones with different activities |
present: certain parts of the building (for example the north side) could require headirig
(such as the south side) could require cooling.

i

Shallow geothermal systems
@ Horizontal geothermal boreholes (closed-loop)-z = 2-5m, T = 8-12°C
@ Geothermal baskets (closed-loop)-z = 2-10m, T = 8-12°C
@ Groundwater capture systems (open-loop)-z = 5-20 m, T = 8-12°C
@ Energy geostructures (closed-loop)-z = 10-50 m, T = 10-12°C

@ Energy piles @ Energy tunnels @ Energy walls

@ Vertical geothermal borehole (closed-loop)-z = 50-300 m, T = 10-20°C
@ Vertical geothermal boreholes field (closed-loop)-z = 50-300 m, T = 10-20°C

Checkupf refrigerant levels, electrical connéatismal control done regularly

v. Barriers

& Saving of fossil fuels and carbon faettuirtton & High capital costs compared to other systems

% Notdependemtn sun or weather conditions i Not always allowed (drilling permission)

& Technology scalahtzording to the real needs ¢ ' Geothermal potential is scarcely known wi

building

awareness of its potential: limited qualifieerd

& Easy maintenance of the system. and contractors

' Expected lifespan upltgears$or the heat pumps ¢

up to 50 for the underground infrastructure

i Freetiermal energy except the electricity const
of the heat pumps

vi. Performance and potential impacts

Energy
production

Cost savings/
Payback time

Most of the geothermal heat pumps have Coefficient of Performances 3CUORsrodahs tt
while a fossil fuel furnace has an efficiency of@@¥ta7/@eotherrhaht pump has an efficie
of about 36460%. The energy production of a geothermal systems depends on many
loops and heat pump, efficiency and system configuration.

The cost saving due to the implementation of a geothermal system is linked to the am
of electricity/fuel saved that would be produced with the existing traditional systen
investment (ROI) must be evaluated specifically for each case.

The payback period of a typical geothermal heat pump system is between 5 and 10 y:

Adaptability wi Level of adaptabiliyediunm(total scoré

crowdfunding
schemes

Return of Visibility and image Carbon footprint Experiencémprovements
investment return for club and fang reduction for fans and users

< 3years
3 to 10 years
> 10 years

Deiverabl®4.1 Summary of best practices in EE anst&B8dns sports buildings Page440f87



<> GREENFSST

Cc.1
Cl5 Smalwindturbines

Horizontal axis wind turbine Verticahxis wind turbine

i. General description

Mairfunction ~ Small or micwdnd turbines are small wind turbines used for the microgeneration of elec
for small scale interventsniitable for urban context.

Applicable to ¥ Stadiums
“ Training centres

ii. Technical features and degigmameters

Technical There are two main typesnafilvind turbines

features @ Horizontal axis wind turbinBave a horizontal shaft with the turbine rotor placed on
the turbine tower. A wind sensor with servomotor keeps the axis of the turbine alor
wind.

& Vertical axis wind turbinese verticglaligned rotating shaft. Because of the vertical
do not have to align with the wind path and therefore they are more suitable where
wind significantly varies.

Main % Small wind turbine
components ¢ Sypport structure
% Generator coected to the electrical plant.

Design Relevant key elemdntssmall wind turbidesign are:

parameters % Wind direction, frequency and average speed.
% Availability of spaces on which to indtabbihes

iii. Conditions for implementation

Siteconditions Itis needed teerify the wind conditions of the site. Proper wind speed, direction and fr
be carefully evaluated.

Recommendec Small wind turbines are suitable for urban applications. Thitle spquieeand cdre well

applications integrated with tliban environment

Horizontal axis wind turbines have a higher efficiency in the conversion of wind into ele
with vertical axis and require an averagpeeitd about 6m/s.

Vertical axis wind turbiresdot require a specific orientation and are suitable for urban w
which are usually turbulent, with variable wind directiomtadvilork.witiinds from 3 m/s L
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Maintenance
best practices

iv. Strengths

Regular easy maintenance of the equipreedéd n

v. Barriers

& Saving of fossil fuels and carbon footprint reduc # Site conditions.

it Relativelyheap technology. & Lowavailability of wind (frequency or speed).
£ Can be wadlitegrated in urban context
i Easy mintenance tifesystem

i Expected lifespan upQyears.

vi. Performance and potential impacts

Energy
production

Cost  saving:
Payback time

Adaptability wi
crowdfunding
schemes

In general, a system up to 20kW, can producefrmmndaiiyVh to 1.8 MWh for each kW of t
powerThe performancesofall wind turbinesairse depends greatly on the wind conditiol
site.

The cost savimdue to the implementationsafal wind turbisgstem is linked to the amou
electrigit produced and used within the sport buithdingeturn of investment (ROI) mt
evaluated specifically for each case.

Level of adaptabilitygh/Mediunttotal scoreetween 7 andl 9

Return of Visibility and image Carbon footprint Experiencémprovementg
investment return for club and fang reduction for fans and users
high low

< 3years
3to 10 years
> 10years

*return of investment to be evaluated on the specific case, it can vary

vii. Relevant examples

Lincoln Financi
Field
(Philadelphia)

Lincoln Financial Field is an American footbathstidipresent a good example of implems
of small wind turbines in football buildings as stadiums aedtir@sning

https://inhabitat.comitiéwindturbinesurnphiladelphi@agleshomefieldintenflsgreenesstadium/

Fourteen micro windbines are located in two sets of seven at opposing ends of tt
connected to the stadiumds grid, reduc
into the grid at nighte fourteen wind turbines are a standard comnaejceacmturbine i
approximately 15 feet tall and features aaxeéstidasign. Together, the turbines and sola
will annually produce about six times the amount of power used during all Eagles hom
to their strategic placeméeat,new energyoducing equipmeiain o t interfe
experience on game day.
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C.2Lighting

Lightingepresentsneof the main consumption areas for many football buildings. LED fixtures, both for extern:
and internal applications, hawemeus cost saving potential reducing energy usage, waste and maintenance
costs. Additionally, LED lights have a variety of benefits beyond Wds seplagstghting installations,

every football facility is different, from large stadialinsdmisg centres, indoor halls to outdoor complexes
Every venugenerally requires an individual lighting solution that must be carefully evaluated and designed.

0 Pitch: precision LED lighting instaleitiofisxible controls
7 Seating: balandéghting to maximise visibility for spectators
< Indoor areas: controls and seasorecommendedavoid energy waksdadfit useneeds
% Outdoor areas: adequate lighting to provide safety
The following technical sheets have been provided:
0 C.2.11 LEDtechnology for floodlighting.
0 C.2.2 LED technology for internal lighting.
& C.2.3 Lighting controls.

C.2 Lighting
C2.1 LED technology for floodlighting

i. General description
Main function  Pitch and boughtingf a stadiuor a trainingentre

Applicable to ¥ Stadiums
& Training centres
ii. Technical features and design parameters

Technical An LED or a Light Emitting Djoie semiconductor device that emits light dioe

features electroluminescence effdD floodlights are highly energy efficient and have a higher lu
output than any other conventional lighting shsigenvakiety of different L&EBsvailable ¢
the meket with different lighting parameters and design satiitityp®ith its own datasheet |
specifications.

In terms of light quality, results are excellent, with temperatures 380K d@&@OK(for all
the LED lamps, from warm to cooldightolourendering of up to 90 @Rty high quality)
generalthe key features of LED are:

% Low power consumption
% Small size
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& Fast switching

% Physicallybust

0 Long lasting

LED floodlights can be equipped ptithlegquipmento minimize dispersion of light and
avoiding direct upward light.

NO DIRECT UPWARD LIGHT

&40° 50° 60° & CB Peak intensities

Design To achieve desired results in accordanseamdtirdsprecise calculations and measure
parameters should be made for versindhorizontal camera illuminance, for grid points and glare rat
and limiting angles.

Relevant key elementgitch and bowl lightilegign:

% Identification of the different configurations/uses of the facility (e.g. UEFA category,
concert, maintenance, emergency, etc.).

% FIFA and UEFA lighting requirements
% TV broadcastquirements
iii. Conditions for implementation
Site conditions No specific site conditions are required.
Recommendec It is advisable to install modulafladelightdan can be used even in dual or triple config
applications withdifferent power outputs and light distributions.
@ llluminance levels must be configured for each camera position.
& Artificial light sources should simulate natural daylight

-
(5]

 Colourendering greater than 80 and TLCI rating should be above 80.

-
!If

: Implement@ntinuous LED light level adaptation.
1 Flicker factor under 6% is highly recommended.
Adequatelighting control technologies ensure-téwnmg installation performance eaxy
maintenance

Maintenance  Low maintenance is required.

best practices

iv. Strengths v. Barriers
& Londifespan & Higher capital ctisan conventional lighting
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& Excellent light performance with low(ipigivenerg
efficiency and high color rendering)

& Light pollution reduction

& Lowmaintenanand replacement

vi. Performance and potential impacts

Energy In generalLED bulbs require a lot less power to light up a space delivering the same ot

performance  Epergy saviagan vary widely, depending on how often a light is used, how brigetihed
be. UsuallyED light bulbs yield considerable energy saving every year.

Brightness L l [ 40

X

~mmmmmmm
e

Cost  savings Cossavings can vary widely, dependéngi@y savingadon the actuebst of energihe returr
Payback time of investment (R@l) the implementation of LED floodliggttbe evaluated specifically for
case.

Adaptability wi Level of adaptabilitygh(total scoreetwee® andl1)
crowdfunding

schemes Return of Visibility and image Carbon footprint Experiencémprovements
investment return for club and fang reduction for fans and users
high low

< 3years
3 to 10 years
> 10 years

*return of investment to be evaluated on the specific camw, it can

vii. Relevant examples

Griffin ParkUK Brentforéootball Club is a professional football club playing in the Football League Ct
(Brentford
Football Club

www.thornlighting.com

% Four2kW LED floodlights were installed on the four existing 40m masts
% 92LEDfloodlights with a symmetric distribution provide the bulk of the illumination
% 8LEDfloodlights provide asymmetric lighting with a low tilting angle to illuminate thi

The floodlights were selected on the basis of providing the beshsoligltinéy design asj
as well as the geometry of the stadium. An average ly06kiekdielen achieved.
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Lighting

C.2.2 LED technology for internal lighting

o
iees
] ' ' “lll

:t ?M Mm, -

3
3
L4 a i

i. General description

Main function

Applicable to

Artificial lighting for intespates of the football buildings
% Stadiums

& Training centres

% Club headguarters.

ii. Technical features and design parameters

Technical
features

Design
parameters

An LED or a Light Emitting Djoe semiconductor device that emits light dhe
electroluminescence effect. liliisare highly energy efficient and have a higher lumer
output than any other conventional lighting system. A huge variety of different LEDs ar:
market with different lighting parameters gndsdieions, each type with its own datash
specifications.

LED lighting systems can be equipped with controls and sensors.

To achieve desired results in accordance with starefatd$esign of internal lighting shc
caried out by specialists.

Relevant key elements for lighting desitprnal spaces:are

% Identification of lighting level required by the specific use odiideaspanging to tasks
human factors and considering the availability of daylighting.

% Considerations on surfaces characteristics and glare control measures.
& Lifespan of the lamp and the percentage of lumen depreciation

% Color of the lamps, taking into account CCT (correlated Color Temperature) a
Rendering Index) index

iii. @nditions for implementation

Site condition:

Recommende
applications

Maintenance
best practices

No specific site conditions are required.

Itis advisable to ingtedper control systems using smart swathes, daylight controls and m
able to avoid the use of lights when not needed.

L

L2

+ llluminance levels must be configured fepaaeheeds.

s

[

+ Artificial light sources should simulate natural daylight

S

(%

' Colourendering greater than 80 and TLCI rating should be above 80.
Adequatkghtingontrol technologies ensuretéonginstallation performance and easy maini

Low maintenance is required.

iv. Strengths v. Barriers
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& Londifespan

& Excellent light performance with low powe

energy efficienagd high color rendering)
i Low maintenance and replacement
vi. Performance and potential impacts

& Higher capital cost

Energy In general, LED bulbs require a lot less power to light up a space delivering the same ¢

performance Enperggaving can vary widely, depending on how often a light is used, how bright that |i

Cost saving costsavings can vary widely, dependiageagy savingsidon the actuabst of energ¥he
Payback following image shows potesatidihgs achievalpéplacing a traditionalatt bulb by a-¥att
timé? LED used 3 hours/day. Savings vary across the Europe depending on the electricity pric

The return of investment (ROthe replacing of LED lighist be evaluatsgecifically for ea

case.
P How many € could you save using
i a LED lightbulb for a year *?
S ® o
SRS
N9V A0 &
oY (PP AV 4
Wb 9o
AP I A o -
AN A /\')«\ 2 o g
PP > o
AR o /\%
S 5 & -
S SN H
HE S B E LLEL El:L LELEE D LB:h Dl
S HEHEENEEEHEEHEENEEEREHEEHEHE HE
by B4 B4 Y B B K K o B x =H K K SHS ° =
SEEREINEELEREEIBEEREEEREEEEEIIEER
* Savings when replacing a traditional 60-Watt bulb by a LED 10-Watt (used 3 hours per day).
The electricity costs refer to a household with annual electricity consumption between 2500 and 5000 kwh.
Data refer to the first half of 2017 and include taxes.
Source: Eurostat, Electricity prices http://europa.eu//gm37UV eo.europa.eu/eurostat-
Adaptability  Level of adaptabilitygh(total scoreetween 9 and)11
with
crowdfunding | Return of Visibility and image Carbon footprint Experiencémprovements
schemes investment rgturn forclub and fans reduqtlon for fans and users
high medium low

< 3years
3 to 10 years
> 10 years

*return of investment to be evaluated on the specific case, it can vary.

vii. Relevant examples

Riverside
StadiumUK
Middlesbrougt
FC

-
L

www.thornlighting.com

The Riverside Stadium is a football stadium in MiddI
Englandhas a capacityof 34,742 To comply wil
requirements of TV broadceassgsificant refurbishnuogr
the lighting system was needed. The design had to b
flexible and energy efficient.

A variety of LED luminaires have been inste
Middlesbrough FC to elevateatfigyf to Premier Lea(
standards foll owing the
League The new lightingduce energy consumption ¢
providemuch betteolorendering.

21 https://ec.europa.eu/eurostat/web/preuhosttahews{DDN201801 10
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C.2 Lighting
C.23  Lighting controls

Energy

Occupancy

Temperature

Daylight / Security

i. General description
Main function Lightingontrols to automaticalnage lights save energy.

Applicable to # Stadiums
& Training centres
% Club headquarters.
ii. Technical features and design parameters
Technical The most common types of lighting controls include:

features % Dimmer controlshich provide variable indoor lighting, reducing their wattage andao
full artificial lighting level is not needed. LED bulbs amilifixbe&esigned for dimming.

Occupancysensorscontrolsdetect indoor activity within a certaifitaggrovide convenie
by turning lights on automatically when someone enterglaaveranergy by turning ligr
soon after the last occupant has left the room.

-
bal

-
[eS)

Timercortrols can be used to turn on and off lights at specific times.

)

L

Daylight sensorsead available light and send a signal to the control system.

Design Relevant key elements for liglaimtgpl systedesign of internal spaces are:
parameters & |dentification sfaces and relevant lighting levels required
% Consideratiospace usage, frequency of use, type of users
% Analysis of the internal geometry of spaces and daylight levels.
iii. Conditions for implementation
Site condition: No specific site conditions are required.
Recommende Specific guidelines have been developed for the proper installation and layout of each ¢
applications  and installers should follow the detailed instructions of the manufactures.
At frst it is needed to identify where lighting wilhtmds effectively save energy
Maintenance Low maintenance is required.
best practices
iv. Strengths v. Barriers
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i Low maintenance and replacement & Wiringnore difficult and expensive
& Increase energy savings of LED lights
vi. Performance and potential impacts

Energy According to the Lawrence Berkeley National Laboratory, common lighting control strat
performance lighting energy consumption by an average 2% to 28%

Cost savings Dimmers are inexpensive and increase the service life of lightbulds significantly.
Payback time  cossavings can vary dependinthe actuabst of energyhich is different in each EU counti

Adaptability  Level ohdaptabilitiHigh(total scoreetween 8 and)10

with

crowdfunding | Return of Visibility and image Carbon footprint Experiencémprovements

schemes investment return for club and fang reduction for fans and users
high medium low

< 3years
3 to 10 years
> 10 years

*return of investment to be evaluated on the specific case, it can vary.

22 A MetaAnalysis of Energy Savings from Lighting Controls in Commerci20 BiliHirey Analysis Department
Lawrence Berkeley National Laboratory Berkeley
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C.3 HVAC systems, plants and equipment

Heating and cooling followed also by ventilation and domes{iDHdjwadierction represent a consisten
areaof improvemeior any building#e introduction of mandatory minimum energy pestandardsdn

minimum levels of renewables in buitdiohgsarbonise heating and cooling are pushing the designers and
building owners to implement very highly efficient HVAC systems.

A complete renovation of the HVAC,sgthernase of large andwqaex buildingsn represent a huge and
expensive intervention that should be evaluated Marefolgr, HVAC systems installed in the existing
buildings are often difficult to retrdfan entire system renovaiime the components are spineadgh

the whole building in different sparesequiredeep refurbishment. Nevertheless, single equipment can be
replaced more easily with good reseitasroénergy efficiency improvenmméxample HVAC generators.

The selection of typd aapacitgf HVAC generatanast be carefully evaluated considering the heating and
cooling systems, their operating temperatures, the insulation provided to the building envelope and the avalil
of a suitable heat source.

The following technibalets have been provided:

& C3.171 High efficiency Heat Pumps

2 C3.27 High efficiency Condensing Boiler

0 C23.31 High efficiency Air Handling Units (AHU)

2 C.3471 Cogeneration systems

& C.351 Trigeneration systems
Detailed design of HVAC systems atmhiggnents depend on particular buildgdocaseharacteristics
and national co¢laad therefore must be evaleatedully for each case. In general, to make correct sizing of
a new HVAC system, the characteristics and the main parameteentsf stticaild be correctly calculated

and assessed (e.g. maximal airflow of ventilation units, maximum capacity of heating and cooling equipment,
and pipes diameters, etc.).

C3 HVAC systems, plants and equipir
C3.1 High efficiency Heat pumps

i. General description

Main function Heat pumps can be used to provide space heating, cooling and DHW qgmeduttigrate
systemHeat pumps use electrixityas (less frequentpperate and transfer heat from an e
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Applicable to

source to thaternal environmamid represean excellent solution in refurbishment of
building systems.

% Stadiums

% Training centres

% Club headquarters.

ii. Technical features and design parameters

Technical
features

Design
parameters

There are a variety of heat pdagending on the heat source:

% AirSource Heat Pumpstract heat from outside air

% GrouneSource Heat Pump: extract heat from the ground

¥ WatetSource Heat Pump: extract heat from water (e.g. aquifer, pond)

The heat extrted is then transferred to inside air or water. Outdoor air is the most conr
refurbishment as drilling is often prevented by the existing buildings and infrastructure
ventilation system is provided, then a suitable sbertteecaatover on the exhausted air
The 6llowing parameters should be carefully evaluated to size heat poangecttpacity

% Heating and cooling building demand as a function of the outdoor temperature.

% Design loads (winter amehmer loads) of the building.

-
» i,‘

 Availability and external conditions of the heat source.

I-“

 Heating and cooling distributing devices characteristics

-
(oS

+ Assumed trend and amount of DHW demand

iii. Conditions for implementation

Site conditions

Recommendec
applications

iv. Strengths

-
.

Availability and properties of theduzeag for the heat pumps

The selection of the most appropriate hesasiponhg consider the available sources. Electi
pumps and the related efficiencies are particulartyteghsitiemperature difference betwe
heat source and the thermal useful effect.

The optimal temperature range for conventional air source heat pumps opetthrHea
pumps begin to lose efficiency once temperatures dip to Atdargkatbhe most efficient he
option once temperatures f&lt@and below

When outdoor temperatures reach the point where heat pumps are no longer able to ¢
many systems utilize backup heating systenirsg énbtadkup héag system (e.g. conden:
boilers) is a smart option that eveftiogent, constant heating also in colder periods.

A DWH storage must be provided as the heat pump does not allow the instantaneous
v. Barriers

% Lowerunning costprovision of heating, hot wate ' High capital costs

cooling with less energy consumption % |ssues imerycoldclimates thagn reduce efficier

-
(2%

systems

e

¥

Less maintenance required than combustion and damage the system

i Averagédfespan up 20 years

vi. Performance and potential impacts

Energy
performance

Performance of heat pumps are expressed with:

% Coefficient of Performance (@DRgating: typically, between 3 and 5.

% Energy Efficiency R&EER for coolintypically, between 3 and 5.

For comparison, other forms of heat generation have the following efficiencies:
% Condensing gas/oil bdll&:0.96efficiency
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& Conventional gas/oil bdl@r:0.8efficiency
Cost  savings Heat pumps prices aseally high, taking into account the installation of the entire systt
Payback time  the costs will vary for different heat.pumps

The payback period of tybeazt pumps are:

% Betweer2 and7 yeardorairsourcéneat pung

% Between 5 and 10 ydarswvatesource and geothermal heat pumps.

Adaptability wi Level of adaptabilitygh/Mediunttotal scoreetween 5 anjl 8
crowdfunding

schemes Return of Visibilityand image Carbon footprint Experiencémprovements
investment return for club and fang reduction for fans and users
high i low

< 3years
3to 10 years
> 10 years

*return of investment to be evaluated on the specific case, it can vary.
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C3 HVAC systems, plants and equipn
C32 High efficiency Condensing boiler

=

- .‘ﬂ

i. General description
Mairfunction ~ Condensing boiler can be used to provide space heating and DHW production.

Applicable to ¥ Stadiums
& Training centres
% Club headquarters.
ii. Technical features and design parameters

Technical Condensing boilers have higher thedfitiahcy compared to traditional boilers, which 1

features energy savings and a reduction of fuel consumption. A condensing boiler will general
from the boiler flue gas by swfasondensation of watgroucontained in the exhaust pipe,
recovering its latent heatlanshllowing energy saving and a better thermal efficiency.

The rarket offerswaide variety oficices of condensing boilers: from the smallest suitabl
buildings and limigedvices to the largest suitable for large football buildings and demar
(clubs headquarter, stadiums, treémitigs

Modulating condensing boilers are usually the bestmgstioefficiently the heating demanc
building.

Design To correctlsizethe capacity of the boiler, an accurate heat load evaluation is strongl
parameters function of the outdoor temperature. The buildinfpdéewtinty and DWW the characterist
of the distributing system mustddged

iii. Conditions for implementation
Site conditions Dedicated space for the installation of the boiler (and the storage if present) is heedec
Recommendec Heating systems should operate in a way that the return temperature to the boiler is Ic

applications order to allow the condensation ofvwaptarr Without condensation of flue gases, the
combustion efficiency that a gas or propane lauilgecars about 88%.

Common errors that must be avoided are:

% Oversizing the boiler for the heat load: when thewsitizaé# spends most of the hee
season cycling on and off rather than ramping the system temperature and firing ri
in response to outdoor temperature changes with nearly continuous burns.

% Oversizing the boiler for the radiatiomi(@adors b keep the boiler from excessive ¢

on calls for heat from the zones, there has to be sufficient radiation on each zc
minimum fire output of the boiler, at condensing temperatures.
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Maintenance
best practices

iv. Strength

boilers

Small condensing boilers can be installed for changing room of soeadtrésiaririgHW
production replacing traditional or electrical boilers where present.

Condensing boilers require routine maintenance.

v. Barriers

& Increased energy efficiency compared to tre i Existing distributing and emitting systems riba

allow suitable retuatav temperatgréor condensir

& Welknown technology
i Easy replacement of a traditional boiler with

condensing boiler

& Average lifespan up t@3%years

vi. Performance and potential impacts

Energy
performance

Cost  savings
Payback time

Adaptability wi
crowdfunding
schemes

Condensing boilers can ensure a 96% efficiency rate. Generally conventional boilers-c
80% efficiencyhe lower the temperatdithe water entering the condenser (approximate
the more efficient the gas cooling process will be ensuring the maximization of the en
the boiler.

The cost saving is linked to the amount of fugitkesgbct to existing system and to the |
the fuel in the specific country. The initial capital cost of the condeasiegiépdading on tt
size (capacity) required to be instliedeturn givestment (ROI) must be evaluated spe
for each case.

The payback period sfrmiimedium condensing balbetween 5 andlykears.
Level of adaptabilidedium/Lowtotal scoreetweed and b

Return of Visibility and image Carbon footprint Experiencémprovementg
investment return for club and fang reduction for fans and users
medium

< 3years
3 to 10 years
> 10 years

*return of investment to be evaluated on the specific case, it can vary.
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C3 HVAC systems, plants and equipn
C33 High efficiency Air Handling Units (AHU)

i. General description

Main function  Air Handling Units (AH&te used to-cendition and circulate air as part of heating, ventil
conditioning systems. The basic function is to take in outsidditdm gecording to the desi
needsand supply it as fresh air to internal building spdeegsdrpoovide acceptable indo
quality.

Applicable to ¢ Stadiums
& Training centres
% Club headquarters.

ii. Technical features and design parameters

Technical AHUsconnect to ductwork that distributes the conditioned air through the building and

features AHUA heat/cooling recovery exchanger is normally fitted to the AHU for energy saving
capacitylhere are different types of AHUs fovaseus applications, from small to larger t
(e.g. Variable Air Volume (VASHrmtant Air Volume (CAV), single duct or dual duct terr
etc.) that can be connected to different terminal devices suchNarfaallyoiisidse designe
for outdoor use, typically placed on roofs.

Design The design of an AHU within an HVAC system is dependent on:
parameters % Specific building and system requirements.

-
LS

+ Maximum and minimum airflow required.

-
Fas)

' Indoor air quality (IAQ) and thesmé&dnt requirements.

-
LS

' Energy use.
iii. Conditions for implementation

Site conditions The lhilding must already haweechanical ventilation sydtepiemeimgan AHU with all e
ducts can be extremely difficult and not feasible.

Recommendec It is advisable to have a good mechanical ventilation in particular forslarge ibualtlithgs
applications spaces where a good quality of air cltamgpede adequately provided by natural ven
Appropriate location for intake d&ignfesources of pollution, must be found.

To increase the energy efficiency of the whole HVAC system is it advisable to impleme

ventilation system able to recover the residual hedteat@mppescoollthe fresh air entering
theAHU.

Maintenance  One of the most important components of AHU is the filter that perform the function
best practices and other undesirable components of air to make it clean and fresh. Filters should be cl
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iv. Strengths

& Better air quality

i Improved comfort

v. Barriers

HVAC systems

building

vi. Performance and potential impacts

Energy
performance

2 Integrationom always feasible in existing building

& Lack of available space for new inswilatiexisting

' Many existing buildings are not designed f
installatiaof air ducts

Replacing existing old AHUs with new and more efficient AsHheprp@deng.edesaving

can be increasbg implementing a suitable heat recovery system used to reduce the
cooling demands of the football budldaigecovery systems typically recover a3t @Che
heat in exhaust air.

Cost savings Cost savings and paybadak timmst be carefully evaluated considering the whole HVAC :
specifically for each case.

Payback time

Adaptability wi Level of adaptabilihedium/Lowytotal scoreetwee2 and8)

crowdfunding
schemes

Return of
investment

Visibility and image
return for club and fang

Carbon footprint
reduction

Experiencémprovementg
for fans and users

< 3years
3to 10 years

> 10 years

*return of investment to be evaluated on thecapecitican vary.
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C3 HVAC systems, plants and equipn
C34 Cogeneration systems (CHEombined Heéand Power systems)
Fuel E(); Ch:yes "tyh fza)t 'Er(\:givneer;\ e(a1t)

Storage

g <

|Electricity

Inverter

Engine /

FlyWheel/alternator
Stores kinetic enertgy
Produces electricity

Hot Water

Hot Water

Heat Resérve

http://me1065.wikidot.com/sgaéfcogeneratiencludingutomotivapplications
i. General description
Main function In a cogeneration system, @furing turbine drives a generator to produce electrical |
heat produced from fhratess is captured and used (up to 90%) to produce heat and |
this way both electrical power and heat can be provided simultaneously to the football
Applicable to ¥ Stadiums
% Large scaledining centres
% Large scaldubheadquarters.

ii. Technical features and design parameters

Technical Cogeneration is not a single technology, but ardieregmpteystem that can be adapted

features needs of the energy end &mall scale CHP plants are an excellent example of det
energyThere adifferent typef cogeneration plants suitable for football buildinmgydepena
movers

i Gas engines: usddsmalscaleapplication®00 kWi 5 MW)

% Micro turbén used at smaller scalek{(80 0.5 M\

Additionally, steam turbines are used fecédegepplications (> SMMtable not only for sir
football building but also for the meigidourhood

Design In theoptimundesign ad cogeneration system, monthly heat and electricity load profiles ¢

parameters Demands of heating and electricity are covered in varying rates with different ce
cogeneration systérhe design of CHP systems will depend on the individoal lapgdicatal
the cogeneration system capacity selection is made according to the electricifiyr Itze
selected cogeneration capacities technical and economic calculations are made.

Among other considerations the following parametbes @hmittered:
% Electrical and thermal load capacities of poséipleations
% Load variations, monthly, daily and diurnal.
% Flow temperatures in the supply network related to pipe diameter required.
iii. Conditions for implementation
Site conditions A cogeneration facility should be located at or near the building or facility using the
that transport distanamiisimisedt is also important to consider noise levels and accessi

Recommendec Balance betwebowmuch electrical power should be produced and how much hot wat
applications availablenust be carefully evaluated and desigoeter to be economically viable, it is ess
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exploit every possibilitpioimisingost by a fully logical approabhirbthe area of generation
in the transport and distribution of heat.

Cogeneration systems generate electricity and the heat is-praedtl(bglution suitable
football buildings where electricity disthiyhetr than heating and harwamand). Micro C
systems can be also driven iyléeend and deliver electricity apradyct (solution suitable
clubs headquarters where heating demand could be relevant).

Maintenance  Higher maintenance sagst foreseen natr than other traditional systems. Most cogenerat
best practices contain mechanical rotating equipment which requires periodic maintenance.

iv. Strengths v. Barriers
& Primary energy costs reduction up & 60% & High capital costs
& Carbon emission reduction up t&766% & Complex system

i Increasing reliability for the facility and the grid # Higher maintenance gost

@ Increasing fuel efficiency

& Lifespan around 20 years

vi. Performance and potential impacts

Energy The overall efficiency of producing both heat and power using cogenerat@Poi&dyipix
performance  compared &8% forconventional separate production of power)@Ad heat

Cost  savings Costs vary depending on the ratio of cogesystaiorio meet the energy n€esieerally, capit
Payback time costs are higher than other systeémgle paybatypically range from 2 to 10 years

Adaptability wi Level of adaptabilitygh/Mediunttotal scoreetween 7 andl 9
crowdfunding

schemes Return of Visibility and image Carbon footprint Experiencémprovementg
investment return for club and fang reduction for fans and users

<3 years
3 to 10 years
> 10 years

*returrof investment to be evaluated on the specific case, it can vary.

vii. Relevant examples

Continassa, Continassa arisan example ofrainingentreserved from an energy point of view by the int

Juventus of different high efficiency systems, district heating, cogeneration and heat pumps.

training centre technologies will be available: natural gas cogeneration plant for the combined pramdli
and thermal energy; heat pumps for the production of chilled water; heat exchanger
district heating

https://www.calcioweb.eu/2016/11/juv@mtinasskavorvillage/10055773/

23 Cogeneration feasibility gufseggtember 2014 Office of Environment and Heritage aN@idble at

www.environment.nsw.gov.au
24KTH Industrial Engineering and Management, Stbtkhewlmner of Sci enc
with application of optimizationo, 201

»
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C3 HVAC systems, plants and equipn
C35 Trigeneration system({€CHP- CombinedCoolingHed and Power systems)

Elements of a trigeneration system (using absorption technology)

Absorption
Heat i
= chiller Chilled water
Fuel Electricity CHW
Supply
CHP heat

Heat |eem— i
load Tg‘;'a‘{p Boilers

https://powerline.net.in/2019/02/0 kel s/

Source: GIZ

i. General description

Main function In atrigeneration system, a-fwehing turbine drives a generator to produce electridalige
cogeneratiome heat produced from that process ferusetineating (and hot water produc
and cooling.

Applicable to ¥ Stadiums
& Large scaledining centres
% Large scale club headquarters.

ii. Technical features and design parameters

Technical Like cogeneration systems, also CCHP systems integrate different energy systems
features chillerhat converts the waste heatimlled water for coolg¢inked to the combined heal
power (CHP) plant.

Design In addition to the design parameters that need to be evaluated for CHRoptagedesidio,
parameters systermdemand for coolimgstalsobeanalysedaccoding with monthly and daily load varia

iii. Conditions for implementation

Site conditions As required for cogeneration systems gaseration systems should be located at or 1
building or facility using the produced heat so that transportrdistaisesltss also importe
to consider noise levels and accessibility.

Recommendec Same as cogenerasgatems
applications

Maintenance  Higher maintenance costs are foreseen rather than other traditional systems. Most co
best practices contain mechanical rotating equijpvhett requires periodic routine maintenance.

iv. Strengths v. Barriers
& Primary energy costs reduction & High capital costs
i Carbon emission reduction & Complex system

& Increaimg reliability for the facility and the grid ¥ Higher maintenance costs
& Increamgfuel efficiency £ Low awareness of the benefits
& Lifespan around 20 years
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vi. Performance and potential impacts

Energy The overall efficiency of producing both heat and power using cogeneration is typic
performance  compared to 58% for conventional separate production of powancogdratit)g in a coo
mode, the CCHP system efficiency could be @p to 66%

Plant auxiliaries 2%

Power (net) 41.4%

Total efficiency
Chilling mode 66.9%

Heating mode 85%

Fuel consumption 100%

Cost savings/ Costs vary depending on the ratigesferation system to meet the energy needs. Genera
Payback time = costs are higher than other syskecen be assumed that, as for cogeneration systelm
paybacks typically range from 2 to 143 years

Adaptability wi Level of adaptabilitygh/Mediunttotal scoreetween 7 andl 9
crowdfunding
schemes

2 |

< 3years

3to 10 years 1|

> 10 years
*return of investment to be evaluated oadifie spse, it can vary.

25KTH Industrial Engineering and Management, Stbtadtelnof Sciec e T he s i s -gertgiation$ystems on o f
with application of optimizationodé, 2016, Javier Gal va
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C.4 Buildinghutomation

ABuilding Management Systems (BMS) is one of the most gowerfilditoglengineering services, which

is primarily used to monitor and contronedettamical systems, extra low voltage systems, elevators, lighting
etc. Building management system also ensures efficient utilization of resources, emapygvefliciency,
comfort and safédythe usex A BMS includes subsystems for maitegangus components, including:

& System for commercial accounting of heat consumption.

% Automatic equipmfamheatingnd cooling supplstems

& Water supply and plugnsiystes

& Automatic equipmentigbitringindelectric power supply system

¥ Smoke removfite alarm systemdother emergency warning systems
& Securityurglar signaling system

% Access monitoring and control system

& Other low current systems

Typically, systems | inked t o aaduldw8% iflighing is mctudet. 4 0 %
The potential energy and costs semaydsthereforeonsiderahle

C4 Building Automatiol
C41 Buildingmanagement system (BMS)

Our solutions in
a nut shell

[~F Access control
Intelligent Building

Management System

Video control

A * Ik h\

D
i I Lighting Control &
) : :
iy o0 Monitor control Automation

{

»
> -’15)
g re

End to End
Network Connectivity

) . Solutions Yy
http://www.microtechbd.netdotasiosnd.php

|
\

L
>

i. General description

Main function = Building management sys{&WS) also known as building automatiors égét8hrefers to
computebased control system installbdildings to monitor and regulate the building's
and mechanical equipment such as powes, siggtengheating, cooliagd ventilation

Applicable to ¥ Stadiums
& Training centres
& Club headquarters.

ii. Technical features and degigmameters

Technical BMS systems ar e f-lbaset eohtrbllergetwortkinstalledda nmomtor ar
features a buildingy technical systems and services such as air conditioning, ventilation, lighting
Morespecificallythey link the functionality of individual pieces of building equipment
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operate as one integrated system. Current generation BMS systems are ba
communications protocols and are WEB enabled allowing integratidroof aygligue syst
vendors and access from anywhere in tha ®&bt&lhas a thdeeel circuit:

@ Upper level (management levd$patching and administration as well as work with ¢
and statistical functions. At this level cooperationgeztoaeel (operators, dispatcher
andthesystem is performed, which is implemented by means of computer device:
systems

2 Middle level(automation level)automated management of functional processe:
components of this lemeiman controllers, signal irquuput units, and various swit
equipment

2 Low level (field levelpvel of terminals with input/output functions. This level includ

actuating mechanisms, cabling between devicemaididdevels.

BMS inclus the following components:

“ Indoor and outdoor sensais measure temperature, relative humidity, air quality,, r
CQand luminance

% Direct digital controllers (DDGvitches, diaphragms, valves and actiddassed for
building automation can be grouped in three categories: programmable logic cor
system/network controllers and terminal unit controllers to control simple devices.

¢ Decision unit a real time decision support unit inchbelestion with the sensors,
incorporation of expertianmdt el | i gent system techniq
controllers through a communication network

' Databas®f the building energy characteristics and the knowledge datahbhsssehids
information is recorded

The output values from the field sensors and different switch states are monitored t
ports (Digital/Analog) of DDC ovedefipred time interval. Any change in the values/stat
immediateleported to the DDC. The direct digital control analyses these changes in
through the pyeritten PID (Proportional Integral Derivative) program in the DDC and re
action would be initiated through Analog/Digital outpDDgortSE also have communic
ports like Ethernet, RS 485 through which DDC can communicate wjhrotiaavibas fi
monitoring and controls through protocols like BACnet, MODBUS, LB WOIKs ORC e
BMS software also will havaghgal user interface (GUI) installed in a computer throug
user can monitor and control the systems rblowtahays, almost all the equipment and ¢
used in the building engineering industry comes with communication porfsotertaidfne
contacts, to enable the user to interface with BMS, to remotely monitor and control the

Design One of the most important aspects to be considered while designing a BM&desfead
parameters selection dlfie equipmentlwit careful evaluation of the equipment data sheet and the d¢

iii. Conditions for implementation

Site conditions Centralization of control and building utilities macagdmertanged in different ways dep
on the quantityezfuipment and its functional use.

Recommendec ' All thecoolers andehtpumps will habeilintemperature sensors for monitoring the tem
applications and hence it is not necessary to add additional temperature sensors

% Status of pumps also teazen from mechanical side by installing DP Switches acr
rathethan relyingn electrical starteas starter will always stiomistatus when swigclon
but sometiméisepump may not be really running due to some mechanical failure

% Instead of integrating the Main Fire Alarm Panel fully into BMS, it is better to assign
one for supervisory monitoring and one for fire alarm monitorenglammhgy$iem. E
monitoring the status of these control relays, BigiSaopsdacome to know the main 2 s
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Apart from the integration of the above parameters/points, the BMS software should |
depict and process the data in a facility management perspective. Some of the s}
required are

% Report energy consumption values from utility meters oro# Haily.cut

' Report trends parameters and status in HVAC Systems, Hot Water Systems, Ambit
etc.

-
Lo

Trip/Fault and Stop status of equipment to be popped up wothst&M@ith an Audic
Visual Alarm.

& Automatic printing of alarms and events through a printer attached to BMS Workst
%/ Preventive maintenance schedule alarms based on the operating hours of the equ
The &ove functionalities in the software wouldtenddddity management team to analy
energy usage patgevariation of parameters at different operating canditatlasy f@roper
planningndefficient utilization of energy and res&fiieets/e use of BMS depends on the ac
of hformation available from the system and hence proper commissioning and validati
is very much crucial for the proper functioning and operational data analysis.

iv. Strengths v. Barriers

&2 Efficient utilization of resources & Initial costs

i Reduction ehergy consumption and operating ¢ ¥ Incompatible communication with existing equij

& Improvement of internal thermal comfort.

& Reduction of maintenance .costs

i Real time omitoring buildipgrformance

& Flexible and user friendly.

vi. Performance and potential impacts

Energy The main objective for uBBBS in the building is energy saving and energy efficiency.
performance

Cost savings Sometimes the cost of installation in a building with normal fundhian thaigherunt of finar

Payback time = savings from energy savihigereupon, an overall analysis of the costs and other factors
type and function of building, size and dimensions of the building and the number ¢
system) should be dbeéore installation.

In case of large office buildings (sindilar thbaslquarters) BMS can reduce up to 50%
consumption with a typical payback time of 257 years.

Adaptability wi Level of adaptabilitygh(total scor&d)
crowdfunding

schemes Return of Visibility and image Carbon footprint Experiencémprovements
investment return for club and fang reduction for fans and users

< 3years
3 to 10 years
> 10 years

26 Effect bBuilding Management System on Energy Saving, January 2014 A. Kamali, G. Khakzar, S. A. HajiAbadi,
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C.5 Building envelope

A complete renovation of a football maitditagt from an adequate renovation of the building envelope in order
to reduce the energy demand of the building for both heating Eimel goalitygand energy performance of
building envelops are the most important factors that affect theisresl @y taaging and cooling equipment.

A general approach implies that to improve energy performance in winter, solar gains should be maximised
thermal losses minimigednly using thermal insula@ionilarlyJuring summenternal and external gains

should be minimised to not overcharge the coolingisgdteenmal mass, efficient glazing, insulation, shading
reflective surfaces and natural ventibatiibmeeds should be carefully balanced based on the astual needs
the buildinguilding enveimprovementsraaproveot only energy performance butcalspant comfort

through more stable temperatures and better control of lighting (e.g. glare reduction)

The following technical sheets have been provided:

.
[2S)

+ Cb5.17 Thermal insulation

.
[2S)

+ C.5.2 Highperformance windows
" C.5.3 Cool roofs
+ C.5.4 Green roofs

-
L85

.
[2S)

C5 Building envelopt

C51 Thermal insulation

} Umwumuulu:zmwm ..

i. General description
Main function Thermal insulation reduces heat gain/loss thiouwigdingesnvelope.

Applicable to ¢ Stadiumgonditioned zones).
% Training centrésonditioned zones).
% Club headquarters.

ii. Technical features and design parameters

Technical Proper insulation reduces heat loss in cold weather, keeps out excess heat in hot wi

features maintain a comfortable indoor envirohhezatare several common typesuddtiarfiberglass
mineral wodalellulosgyolyurethane foam, expandgdtpeene (EPS), rigid foam baaddspray
foamare just some exampldse type and the thickness of insulation needed varies cc
according the climate zone in which the building is located.

High performance insulation productsmeaeteriskoy low thermal conductivity coefficients
0,03 W/mK).

Deiverabl®4.1 Summary of best practices in EE anst&B8dns sports buildings Page680f87



GREEN

D —

Design In most countries building codes include requireguanétie minimum acceptable insi
parameters levels for building envelopesong other considerationsfabh@wvingparamters should b
consideretb achieve the minimum levels required

& Climatic parameters.

I-“

 Material properties ofélestingnvelope.

(a5

: Existing thermal bridges and possibilities to solve them.

-
LS

Use of the internal spaces.

-
fes

Thermal performances of the insulatip thermal conductivity, heat capacity, densi
material, etc)

iii. Conditions for implementation

Site conditions Generally, thermal insulation is applicable to a wide range of buildings and no specit
required. Just fustorical buildsexternal insulaticennobe permitted

Recommendec The insulation must be continuous in order to avoid or limit therEwebralgasulation

applications recommended to achieve higgrdormance®gducing thermal bridgéth little risk of moist
problemsdnternal insulation must be installed yaneflulinust not create a situation whe
moisture levels in the wall camfieen correctly installed with air sealing, each type of ins
deliver comfomiclower energgsts.

Complete insulation of walls, roofs and ground slabs is recommended in cold climate
climate may be more efficient to isolate only walls together with the implementation of

The installation of therimsililation requsrdetailed design, good workmanship and apg
product selection in order to avoid and minimize thermal bridges and air leakage.

To reduce carbon footprint, it is suggested to choose insulation materials with higl
recyted materials and select products with responsible sourcing certification over <
without certification. Good options fisieadty insulatiomclude stone mineral wool, cellt
fiberglass, hemp and aerogel. To select the rigbhmatdatli is important amalysénow a
material responds to moisture, weatketstfire safety regulations and which thidkmessesdeax
to meet the national standards.

Maintenance  Maintenance costs for thermal insptatioicts is low and not even required for many cas:
best practices

iv. Strengths v. Barriers
i Heat losses reduction. i External insulation not always allowed for h
& Demand for heating and cooling reduction. building

% Improvement of internal thermal comfort.
vi. Performance and potential impacts

Energy Thermal insulation is an efficient solution to reduce energy consumption by preventing

performance  through the building envelope. The energy performances achievalite ddipestitarditions,
onthe stat®ftheartof the envelope and on the thermal characteristics and thickness ¢
insulation product. The energy savings achievable vary over a vefy.gidi®na2@86 to 799
andthereforenust be evaluated for dadlding.

Cost  savings With adequate thermal insulation of the building eneedgpegstsan be dramatically redu
Payback time  Since there is a widageof energy savings potential also payback periods can vary de
energy performances and on fuel/electricity costs. Typical paatebehvtiesssl and 5 yéar

27 Determination of the Themnsalation for the Model Building Approach and the Global Effects in Turkey, August 2014,
Cenk Onan, Department of Mechanical Engineering; Yildiz Technical University, Besiktas, Turkey
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Adaptability wi Level of adaptabilitygh(total scoreetwee® and12?

crowdfunding
schemes Return of Visibility and image Carbon footprint Experiencémprovements
investment return for club and fang reduction for fans and users
medium low

< 3years
3 to 10 years
> 10 years

*return of investment to be evaluated on the specific case, it can vary.
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Building envelopt

C52 Highperformance windows

Vsil Ligny

Light transmission 60%
s°/er[.,~' =

Solar factor (g value) 40%

Ug 1.1 WimK

Heay
Glass Coaling ey
0 © © O Glasssurface

>

https://www.specifiedby.com/gugtdsafisunguahighperformaneseutrab0-40

i. General description

Main function

Applicable to

High performance windows have the main function to improve thermal insulation of th
ensuring appropriate levedtfral lighting and ventilation.

% Stadiumgconditioned zones).

& Training centrésonditioned zones).

% Clubheadquarters.

ii. Technical features and design parameters

Technical
features

Design
parameters

Therds a wide rangehighperformance winddxased on different type of frames (alusieglr
PVC hardvoodand softwoddames)glasginsulatedyithlowe coatingsrsolar controbatings
etc), glazing (double or triple) and cavity fill (argon, krypton, xenon, vacuum).

LowEmissivity (LoviE) glasss specially treated with a transparent coating. The coating r
back into the buildingréby reducing the heat loss through the windoglakimg contribute
the reluction of the heating demand of the building.

Solar control glasgs a higiperformance coated product that reflects and radiates aw
degree of tehlowingwaylilstto passthtrough la wihdow or facade. The it
stays bright and much cooler than if normal glass v@akausedtrol glass incorporates in'
layers of special matetlzshave the dual effect of allowing sunhghitémepelling solar he
This technology is particularly beneficial in warmer southern climates where it can he
|l oad on a buildingds air-r conditioning
comfortable working environrmeaddition, solar control glass units are typically double
therefore combine both-E@md solar control properties, to maximize insulation in cooler
solar control properties in summer.

Other innovations such as tlipegi ng products can offer
insulating properties while the usei@fialass can increase light transmittance and frest
gain. These technologies offer additional benefits in terms of energy efficiency.

Similar to the opaque elements of the envefopfewingarameters should be considered 1
selection of appropriate windows:

% Climatic parameters.

-
fes

' Facade orientation and presence of external shading.

-
I-“

' Inclination of the sun's tAyoughout the year.

(a5

: Existing thermal bridges and possibilities to solve them.

I-“

 Use of the internal spaces.

iii. Conditions for implementation
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Site conditions Nospecific conditions are requoedhistorical buildinigs replacement of windmwsd require
more careful design in order to comply with Cultural Heritage requirements

Recommendec Appropriate choices of windows and shading devices are essential to balance the heat

applications light. It is recommended to choose windows and shading devidasduksedentation balan
the thermal transmittanceajUe) with the solaat gain coefficient (SHGC) and the
transmittance (VIR) general, highvdlue are recommended for-fagades while high SHGC
recommended for sefattades.

Maintenance Low maintenance is requiredifmowshut a pperinstallation iseeded in order to avoic
best practices leakag@and moisture and guarantedrsghation levels.

iv. Strengths v. Barriers
& Long lifespan-2B years. & Payback timesn be long.
& Solution relatively easily to install. i Relatively high capital costs

& Demand for heating and cooling reduction.
& Improvemenf internal thermal comfort.
vi. Performance and potential impacts

Energy Energy performance of windows is highly dependent upon the design of the whole !
performance  coatingspacers, internal g8glective and leveoatings are abledduce energy loss by as n
as 30% to 50 comparison withgieglass osimple insulated window.

Cost  savings Windows manufactured witke mwselectiveoatingsypically cost about 10% to 15% mor

Payback time regular windowSalculating the return on investment of upgrading complete windows i
depends on the type of glazing initially in place, the energy source and its prices, the €
enegy-efficiency of other components of the building envelope, etc. It must also tak
potential financial incentives or fiscal reb@thsare often granted when choosing best pe
glazing. Generally, the payback period of replatétg wordpws can range between 3 to ¢
and the situation varies between c@éntries

Adaptability wii Level of adaptabilitygh(total scor@)

crowdfunding

schemes Return of Visibility and image Carbon footprint Experiencémprovementq
investment return for club and fang reduction for fans and users
high medium i i low

< 3years
3 to 10 years
> 10 years

*return of investment to be evaluated on the specific case, it can vary.

28Energy saving glazing solutions and a low carbon 2etbhGhags for Europe
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C5 Building envelopt
C53 Cool roofs

| energy that is the relative ability of
f reflected by the roof the roof surface to

Solar Reflectance:
T the fraction of solar Thermal Emittance:

The sun’s

radiation radiate absorbed heat

2

Some heat is absorbed by the roof
and transferred to the building below

http://www.buildup.eu/sites/default/files/content/Cool%20Roofs_EN_1.pdf
i. General description
Main function A Cool Roofagoofingystem ablereflect soldreatandkeeproofsurfacesoolundethesun

Applicable to ¢ Stadiums
0 Training centres
% Club headquarters.
ii. Technical features and design parameters

Technical Cool roofs are characterized by reflective and emissive materigletseldrtoadiation ba
features into the atmosphere. As the roof stays cooler, the amount of heat transferred to the i
the building is redukedping a cooler and more constant temperature in the interior.

The high solar reflectance andhaghal emittance of cool roof materials help roofs to a
heat and stay up te338C cooler than conventional materials during peak summer wea

Numerous roofing materials are rated with relatigelgrhéflectance artlermakemittance
values, including materials for low and steep sloped roofs (white, exdtadicpletdd
Design Suitable materialsdool roofs should have the following properties:

parameters % High thermal emittance (describe how efficiently a suitselé lmpelsitting thermal radia
usually between 0.80 and 0.95.

% High Solar Reflectance Index (SRI), usually higher than 0.65 for low sloped roof ar
sloped roofs.

iii. Conditions for implementation
Site conditions No specific sitenditions are needed for the implementation of cool roofs.

Recommendec When correctly installed with air sealing, each type of insulation can deliver comfort ¢
applications bills. To get the biggest savings, the easiest place taiaddsnsually in the attic

Maintenance  Low maintenance is required
best practices

iv. Strengths v. Barriers
& Energy savings and reduced energy costs. & Materials antbloursiot always allowed for histc
& Heat island effect reduction building

2 Improvement of occupant comfort and health.

»
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' Reduction of ranfintenance.
& Reduction of air pollutiah@HG emissions.
vi. Performance and potential impacts

Energy Cool roofs can generateaiditioning savings and peak deethrations of -B0% (measured
performance  daily summéme use®

Cost  savings Typical payback time forrasiglential buildings range between 0.6 to 3% years.
Payback time

Adaptability wi Level of adaptabiliygh(total scoreetween 9 and)11
crowdfunding

schemes Return of Visibility and image Carbon footprint Experiencémprovementg
investment return for club and fang reduction for fans and users
high medium low

< 3years
31to 10 years
> 10 years

*return of investment to be evaluated on the specific case, it can vary.

29 Cool roofs in Europe available at http://www.buildup.eu/sites/default/files/content/Cool%20Roofs_EN_1.pdf
30Costs and Benefits of Cool Roofs and Shade Trees in Kansas City HetpgrGR2048,and Ronpevinson, Heat
Island Group, Energy Technologies Area, Lawrence Berkeley National Laboratory, Berkeley, CA
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C5 Building envelopt
C54  Green roofs

N fhce \ precipitation

runoff

climate regulation

habitat provision

carbon sequestration

water storage

SourceNature4Citid35.1 NBS Technical Handbook
i. General description

Main function Green roofs, also known as vegetated roofs, incorporate plants into the roof assembly
value, reducing storm watgoff, cool the building interior and the surrounding area, pro\
for birds and insect

Applicable to ¥ Stadiums
% Training centres
% Club headquarters.
ii. Technical features and design parameters

Technical Several types of green roofs with varying coverings, complexity and scopes can be
features rooftops.

@ Intensive Green Roabmplex and hgayreening systemften established on roofs tha
accessible for public or recreation purposes and also for regular maintenan
Appropriate plants for intensive green roofs are mainly trees, shrubs and perenni
media of intensigreen roofs needs to be relatively deep and nutrient rich to support
plants or bigger trees.

2 Extensive Green Rodfasic, light weight systems, charactevizedgetation surface °
covers the buildings surfegéensive green vegetat often established on roofs that ¢
accessible or with limited access for public or recreation purposes (but annual mi
partially characterized by steep slopes. Appropriate plants for extensive green
growing, rapidlyrepding and shalmwting plants/hardy perennials (succulents ¢
sedums, herbs, wildflowers, grasses, mosses) that are able to survive with mi
uptakes and without additional nutrient supply. The selected plants for extessare
generally well adapted to alpine environments/climate and tolerate different climate
drought) and temperature fluctuations.

Design Implemeirtga green roof on an existing building needs to be carefullyrdatbatstiucture

parameters andseismigoint (e.g. evaluate the loadbearing capacity of the building and the nee
modifications). Besides the following parameters should be taken into account for chc
plants (trees, shrubs and perennials:

& Weather data
& Slope gradient of the roof
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% Weight of the whole system
& Water requirement and growing medium of the species
' Water retention capacity

iii. Conditions for implementation

Site conditions Structures need to hamedequate loadbearing capgmtycrete structure are required).
need to be flat or relativelharldtoften an irrigation system is required for dry\Viesittas
conditions and rainfall in particular should be talspzdet the growth of plants with low &
imigation needs.

Recommendec To protect the roof covering, it is recommendedrnadpgliatprotective cover under the ti

applications Depending on the climate zone inthwbgrieen roof is located, it is recommended to ¢
irrigatiosystemTo enhandke ecology of the #ite also recommended to detadty appropria
native speciessistant to climatic agentgpatahtial periods of draught

Maintenance  Green roof maintenasaeucial, especially in the first 5 years after establishment.

best practices ¢ |ntensive green roofscraracterized by a higher installation, mainteaaagement effc
(regular irrigation and fertilization) which leads to higbempeoststo extensive greefs

4 Extensivgreenroof arecharacterized by minimum maintenance and managemer
irrigation, fertilization) after establishment of the system. The insta
management/maintenance of extensive green roofs is lesstlexpehsipé intensive

systems
iv. Strengths v. Barriers
& Energy reductioncfiease of thermal insulaimh ' Inadequate roofs and structures
reduction of cooling loads) & High capital costs
% Storm water runoff reduction # High maintenance costs
% Heat island effect reduction & Limited space for rooting

& Increase of natural habitats for birds and insect
2 Improvemenf air quality
vi. Performance and potential impacts

Energy Positive effects building energy performasseciated with green radsdue to the increast

performance  thermal insulatiandevapotranspiration, which lead to a reduction of the roof tampéna
reduction of tiseolingoads To evaluate the energy savingsieeded an accurate assessm
the building.

Cost savings/ Green roofepreserdn expensive EE solution especially considering the mainter@apial
Payback time costs can vary widely depending on the type of roof and plants to be instathey. aenenad
between 180 0 0 / sk times Hawe yolbe evaluated on the specific building.

Adaptability wi Level of adaptabilitygh/Mediunttotal scoreetween 5 andl 9
crowdfunding

schemes Return of Visibility and image Carbon footprint Experiencémprovements
investment return for club and fang reduction for fans and users
medium low

< 3years
3 to 10 years
> 10 years

*return of investment to be evaluated on the specific case, it can vary.

vii. Relevant examples

Deiverabl®4.1 Summary of best practices in EE anst&B8dns sports buildings Pager6of87



S

GREENF&GT

Barclays Centr Barclays Center is a multpose indoor arena in the New York City borough afiBraoigege!

New York

roof of about 12000 m

£
N

https://www.westonsolutions.com/solutions/infrastpuotiements/greengrid/greegrgedroofsystem
oniconiesportsarenany/

The proedt eat ures custom |InstaGreen Sedum
technology to accommada steep slope of the roof. The slope of the project varies fr
to 51 degrees at the steepest section. The green plant is especially hardy and do
elaborate irrigation system. (There are four hose bibs on the roof mstroughssiafation
The Barclays6 green roof hel ps to abc
environmental benefits such as stormwater.retention
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C.6 Electrical equipment and special technologies

Withirsportduilding, there are also specific technologies with a very high constimept@chAblogies
and systems represerfteld in which to investigate opportunities and solutions for energy improvement an
financiadavingsThe following technical sheets dengiovided:

Pe

‘¥ C.6.1i Undessoil heating
& C.6.2 Artificial light for grass growing

-

C6 Electrical equipment and special technologies
C6.1  Undersoil heating

Grass

Topsoil

Heating cable

Stabilising infill

Shockpad
[ S PSS }

SourceSport Field HeatinDEVI Application manual
i. General description

Main functiol Undessoil heatingeeps the ground temperature at appropriate level and helps to maintail
of pitch during the whole seasoiihgany elements from bad weather, such as snow and
building uand froze the fieftldiionally, temperature maintenance of the soil around the ¢
ensures grass growth and prolongs the field ushgehth8 per year.

Applicable tc # Stadiums
% Training centres
ii. Technical features and design parameters

Technical Undessoil heating system can utilize electric coils or a hydronic system that circulates
features possibly antifreeze through a piping systam.be provided either by a piped water sy
electrically heated flat cables or heating mats.

% Electric undesoil heatinguses electricity to heat the filddting cables mresembled int
heating matere puinto the ground photovoltaic systémcombination with battery stoeag
power thelectrieindessoil heatingystemNormally, ¢hrecommended output for heatityral
grass field is-800 W/sqifvith maximum limit of 120 W/sgm depending on the geograp
for system and 25 W/m for bles

2 Hydronicunder soil heatingnvolves installing pipes underneath the plégosgasitt pumpir
hot water through thBoilers are needed to heaivtite(40°) Piping is plagacross the field
specific intervals and daftien the hydronic field heating system is turned on, the hot
pipes will keep turf andadmie freezing in most weather conditions.

The heating elements installed just below the grass root zone together with temperature
controlled by a thermostat. Temperature sensors make sure that temperatures of the
steady ceding a reliable frost protection.

31Sport Field HeatinBEVI Application manual
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Design Thefollowingparameters should be considered for the selection and design of appropri
parameters heating:
% Climatic parameters and area conditions (e.g. permanently shadetgjed or not

S

(%

' Fieldype (artificial or natural) and size.

"

: Power supply availability.

e

S

[es)

 Drainage system.

For medium weather conditions in order
Watt is needed. Otherwise the heat exchange coafficieent23 WHt-K) should be usedtier
calculatiorThe possible temperature difference between the surfacefanthétallagt 100 W/
can be determined as follow: 100 W/m2 /23 W/(m?2-K) = 4°C. In means tvadUures Witeming
ofthe pitch surfa¢el®°C) under conditions of minimum air temperat8f€up to

The heating system and the field should be split in zones with dedicated thermostat
sensors. Minimum 4 zones are recommended.

T0e m
1 34
section 1 section 2 section 3 section 4
34 heating sets 34 heating sets 34 heating sets 34 heating sets
4915 % 34 167 KW 4915% 34167 KW 4915 w34 167 KW 4315x34 167 KW
E
o
temperature
Sansor
heating cable T L r T
——

SourceSport Field HeatinDEVI Applicatioamoal
iii. Conditions for implementation
Site It is not recommended to install heating elements (electric under soil heating cables) at te
conditions -5 °C. At low temperatures, heating elements can beaochégtfidient
Recommend ' The heating cables should be instafs€dc25 (up till 35 cm) below the surface to avo
ed damageDistance between the wires depends on the required W/mz2, and typice2ly ésra
applications & An adequate drainage system ischéeis water means less heating needs.

% In order to keep the soil warm angtheoaiea should be covered with plastic or a simila
when it is not in use.

e To limit energy consumption, it is essential to adopt intelligent control systems thabhie
heating only as long as it is necessary tothesadifromfreezing.

% A photovoltaic system in combination with battery stpoager taekectricundessoil heatin
systemeverat nightwithout expensive external power.

Maintenance For the hydronic system, glycol has to be replaced after 2 years (approximately 8000 lite
best practice the field sizep case of electrical undersoil headingenands lowerA regular check is howe
needed.

iv. Strengths v. Barriers

@ Reduingfinancial logsused by postponing matche: = Highinst#latiorcosts
to poor weather conditions @ High operational cost
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2 Redumgrisk of injuries for players

@ Inline with internatio
recommendations and requirements)

-
*

[

i Reliable system

In case of electrical undersoil heating also:

& Optimatombinationith PV systems to reduce ope!

costs

& No antifreeze agents are necessary

vi. Performance and potential impacts

Energy
performance

Cost savings
Payback tim

Adaptability
with
crowdfunding
schemes

To limit energy consumption, it is essential to adopt intelligent control systems thasdik
heating only as long as it is necessary toquiétfrerzing.

In case ddinelectriheatingsystema good opportunity to improve energy efficiency is to ¢
electricity produced by a photovoltaic system.

Undersoil heatingperating cosise highly dependent on weather cerditi@xternal temperatu
andcam ange f r om 1 0.0A0 optinozatidnloDtile existing ender sbibhgating s
therefore highly recommeriest. savings and paybaclstimst be carefullyatuated.

Level of adaptabilidedium(total scoreetween 4 anfl 5

Return of Visibility and image Carbon footprint Experiencémprovementq
investment return for club and fang reduction for fans and users

< 3years
3to 10 years
> 10 years

*return of investment to be evaluated on the specific case, it can vary.

vii. Relevant examples

Anfield
Stadium
(Liverpool)

Anfield is a football stadium in Liverpool, Merseyside, which has a seating capacity of !
the seventh largest football stadium in England

https://www.liverpoolfc.com/news/stadiumyipi@sindfactsanfielepitchrenovaticanderway

A new undersoil heating system has been puttmhglgcaid growth and prevent the groun
freezing during the winter months. As part of thi liealEngosystem, over 19 miles of pipel
been put in place to ensure optimum conditions for maintenance and grass growth. Eight
sensors have been installed to help monitor the best growing environme@er #2Qaibn
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Royal
Sporting Clu
Anderlecht
Stadim

(Anderlecht)

of artificial grafisrehave beestitched into the layers of Bandath the pitch, which will be com
of 9%borganic grass aB#bartificial grass fibres.

RSCA Stadium is located widihin&rid in Anderlecht and can host up to 21.500 spectators

- \' \ !

i | AL T e

The RSC Anderlecht pitch is a semi synthetic field constructiédsit@88¥ .on 90% sand

reinforced with 40 million PE fibers.

The electrical system was chosen as

% Thecables could be instaitedretrofit with a special machitieut damaging more thanfz
the PE fibers and the fieldplegsmble after 4 weeks.

2 Thepower supply was alreahilable, thus saving the apgtoval and operation of a 72
gasfired boiler.

e Thecontrol of the heating cabkes included in the existingdeh@ol SMART EYE for irrig:
and draining
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Ch Electrical equipment and special technolo
Ch.1  Artificial lights for grassrgwth

https://www.stagiagazine.com/newsHighting/alliarendirstto-useledlightso-growturf.html#prettyPhoto
i. General description
Main function Improve the growth of natural and-syitedtic grass in football stadiums and playgr

generalThe system also provides a turf heating that favors the melting obsmopnaqupits
during the coldest periods.

Applicable to ¢ Stadiums
% Training centres.
ii. Technical features and design parameters

Technical HighPhotosynthetic light modules are structures equipped with partiapksvléaofEngtting
features homogeneous light with spectrum between 400 andhi€i®nsnuseful to improve the n
photosynthesis process of the turf and maintain constaesyitalpeaticular for periods ¢
sunlight irradiance (late winter, autumn, early spring).
The benefits of adopting anldasBd system allows groundskeepers to adjust the colot
encourage photosynthg@gfscallyrgss uses red and Higkt for photosynthgsis

Generally, multipteobilerows of luminaries are placed on closeable supports to be
neededThe lighting fixtures add both light and heat to facilitate grass growth wiigimt raaott
temperature are not sefftci

Design A general rule of thumb is that 1% more light will produce a similar percentage inci

parameters resulting in a 1% higher $eld

iii. Conditions for implementation

Site conditions No particular site conditionsegréredThe lamps are fixes on recloseable supports which
system very flexible.

Recommendec Recommended for those clinzetteé building configurations where natural sunlight and te
applications are not sufficient to guarantee an adequatgayréss

Maintenance  The system requires veryraimtenance
best practices

iv. Strengths v. Barriers
B Improvement and maintenance of turf B Highoperating cost that can reduced using a PV
& Easy positioning, use and storage to provide freectricity

B Speed up germination and recovery of the gras

32https://recreationalsystemsint.com/proespristaisids/staditgrassgromighting
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