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Executive Summary

This deliverabl@.4.1is part of theActivity 2.4¢ Building Scenario Moduleandit contributes
towards the objectives of the products of tM¥§P2- Development of tools to support the
transition to a low-carbon economy in schuis.

The aim of theBuilding Scenario Modul@SM)is to support the decisiomaking process in
schools on the road to an efficient lesarbon economy transition. BSM consists of a
simulation tool, which will be used to report the performance of the ihisiate of schools

and the estimated performanceafter the simulation of proposed low-carbon retrofit
solutions BSM will generategwo reports: anENVIRONMENTAL SCHOOL PERFORMANCE
REPOR®f the initialschool performance and aACTION PLAN REPOW®Ifich wil be the
reference documergfor the ClimACBchools (WP2VP3.

Glossary
Acronym Full name
ASHRAE | American Society of Heating, Refrigerating aneC¥inditioning Engineers
DH Percentage of discomfort hosi(%)
DHW Domestic Hot Water
ED Annual energy demangkWh/m? a)
EER Energy Efficiency Ratio
FEC Final energy consumptiokWh/n? a)
HVAC&R | Heating, VentilatiopAir Conditioningand Refrigeration
IAQ Indoor Air Quality
KPI Key Performance Indicator
LCE Low Carbon Economy
PEC Primary energy assumption(kWh/m? a)
RH Relative Humidity
T Temperature
O&M Operation and Maintenance




Introduction




The objective of the present document is to define the structure and methodologyeof
Building Scenario Module (BSM)nce the structure and methodology adefined withthe
agreement of all ClimACT members, it will be applied into an excel file to check its reliability
and accuracy.

The BSM structure is divided into 4 stages:

T Stage 1.Initial performance assessment of school8SM allow us to define the
"reference baseline" of each schodt generates a ENVIRONMENTAL SCHOOL
PERFORMANCE REP®@RThe initial performanceof schoo$, according to results
obtained in technical praudits and auditsThe data collected from audits are assessed
according to specific methodologies to report environmental -lmavbon economy
impad of schools.

1 Stage 2Selection of lowcarbon retrofit solutions Accading to the initial performance
results of the school and its specific needs and requirements, differenicéoton
retrofit solutions will be selected in this stage, from a portfolio of soluticklk this
information will be compiled iICTION PLAN REPORT.

fStage 3. Simulation of selected lovearbon retrofit solutions. For specific
environmentalareas simulation methodologies are defined to predict the performance
of solutiors after their implementation. Thus, the performance of schools with the
proposed lowcarbon retrofitsolutionscan be simulated and predicted&nvironmental
and economic performance of solutions will be obtainédl. this information will be
compiled inACTION PLAN REPORT.

Thus the BSM tool allowus to generatdwo report of school evaluation

-REPORT. ENVIRONMENTAL SCHOOL PERFORMANCE Wil BB theinitial
performance of the schopWwhich will be the reference to the deliveralie3.2.2
INITIAL BASELINE THEPILOT SCHOQI(30/06/2017).

-REPORT ZACTION PLAN REPGMHIT showthe portfolio of lowcarbon economy
solutions and theesults of simulation afelectedow-carbon retrofit solutionsBSM
report allows us to identify thdest availabldow-carbon retrofit solutions to be
applied at schoolsThese reports will be the ference to the deliverabl& 3.3.2 BEST
AVAILABLE ACTIONS AND SMART CONTROL STR&aTH&IBER.1 REPORT OF
THE IMPLEMENTATION OF ACTION PLANS.




The methodology of BSM is defined according to the criteria of leaders and participants of all
environmentalsectors, which are defined in Table 1.

Tablel ¢ Environmental sectors, leaders and participants

Sector Leader Participants
Energy 1ISQ EDGR, USE
Water 1ISQ IST

Waste 1ISQ IST
Transport IST UniGib

IAQ ULR IST

Green Space IST VIR

Green Procurement IST UniGib

Following sections define thatructure andmethodologyfor each environmental sector



1 BSM- Assessment methodologies




1.1 BSM definition

In BSM Stage 1, the initial performance of schools willdsesse@ccording to a 8iplified
Assessment Methodologyfhe leades and participants of each environmental sector (table
1-energy, water, waste, mobility, IAQ, green spaces and green procurement) are responsible
to define the input/output variables (Task 2.2E.2.2.1) andhe Simplified assessment
methodology (Task 24E.2.41) for eachenvironmental area.

In this stage, BSldllow us to define the "reference baseline" of each schBaure 1 shows
a scheme of the calculation method that will be applied for each envirotaheactor.

Simplifled assessment
methodology
Input It 2 "\ | Output | ¢ |of
values | ioas School /| values | &P |initial KPls
(case study) !
“Callbratlon.
’ | process
Cefntlon of model parameters *, of model
i C :
| Pre-audlts | | On-slte
S measurements

Figurel ¢ Scheme. Definition of calculation method of BSM Stage 1.

¢tKS GNBTFTSNBYyOS olaStAaySe 2F aoOKz2astadunchohf f 0SS R
of:
1 The information and inputs collected in praudits, through the preaudit checkist

(short and longversion): building characteristics, location, equipment, activities,
behaviours, occupation profiles, etc.);

TAnd theinformation collected in audits through the orsite measurement campaign
with regardto 1AQ, Energy, water, waste, etonsite measurements will be used to
calibrate the matematical modelsf each environmental sector, and akeoadd more
information about the initial performance of schools.

The results of the initial performance (it KPI3 will be divided into following
environmental areas: Waste, mobility, green spacageen procurement; IAQ, Energy,
Thermal comfort and Water

The results of the initial performance of schools will be showed following the diagram
showed in Figue 2.



1. Inital performance assessment of school case study Cli m@A CcT

The results of the initial performance of school case study are:

ClimACT Index

W

Green

CEIP Ntra Sra del Patrocinio

Figure2 ¢ Methodology to show the initial performance results.

This diagram has been definedinga similar criteria of those used IBDEWES Ind¢X],
which wagdeveloped to benchmark cities based 7 dimensions, 35 indicators, and close to
20 subindicators. Based on ibwide-ranging scopst allowsrankingschoolghat have weH
rounded and above average performances in mamyironmentaldimensions.

Following sections define the methodology dassess the performance of schools in each
environmental sectar



1.2 Waste

The waste sector will be evaluated through the accounting of waste produced, recycled and
NBdza SR {2 GKS 3INRdzZI ¢l aiasSé Aa OKINIOGSNARIT S

1 KPHW1¢ Annual production of urba solid waste (USW) per studeitn®)
1 KPIW2¢ Annual production of recyclables per studefin®)
1 KPHW3¢ Annual production of reusables per studeiin?)

The final score for the waste is based on the scores calculated for each one of the groups.

1.2.1Waste pioduced
¢KS &a02NB F2NJ 0KS I NP dzLIKRiW1c ArinGal ptdtlBtiBopO SRé A y Of
urban solid waste (USW) per stude(n®/student).
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1.2.2Waste recycled
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1.2.4Final score for waste

z P

¢KS FTAYylLIf a02NB (2 S@FftdzrdS (K a0K22f aQ LISNF;
according to the following equation:
¢ Yoéi Q YOET Q YOET Q

T

"YOET Q



1.3 Transports

¢KS (NI YyALRNI aSOG2N) A& OKINyOaSHARTHORRzZRA vy & KMB
TH I LIzt A0 (NI yaLRNITA VSEBXNRAYAY a0 X NPV dZRNY ¥
(includingKPT40 @ {23 GKS 3INRdzL) a0 MEKPBA L2 NI ¢ Aa OKI NI Ol

T KPIT1. N° of parking spaces for electric caeg school or periphery (up to a 100m
radius) per student.

1 KPIT2. N° of parking spaces for bicycleg school or periphery (up to a 100m radius)
per student.

1 KPIT3. N° of public transports passing daily per hour per studgfit000 m radius)

1 KPHT4. CQ emitted per student The final score for the transports is based on the
scores calculated for each oneth& groups.

1.3.1Parking
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1 KPIT2 - No. of parking spaces for bicyclest school or periphery (up to a 100m
radius)per student
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1.3.2Public transports networking

¢t KS a02NB PwiNlrandpdts ridtw@lday G2 v & KR ND. ofpéblic
transports passing daily per hoyrer student(1000 m radius)
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1.3.3CQ Emissiongrom transports

¢KS a02NB TEQNEmisHossF N\IN® dzil NJay & LI2 NIKRI#4 - O y 4 A RS N&
emitted per student. It is calculated basedon information from the behavior
guestionnairesaccording the following nibodology:

1) Calculation of people equivalent for eaclarisport considering the total nof
answers, the total o. of students and theumber ofanswersNever (099,
Sometimeg40%), Almost alway$80%9, Always(100%) .

0 % M m n pfo T ¢fo 1M p T OEAOOT ERRAET T 1
’ ~ 3 MAOOGEAD O x KOIARROAOOET 11 AEOA

Where:
i = transport mean (motorbike; car; boat; tram; train; subway; bus; bicycle; on foot);
0 %= person equivalent of the transport mean

2) Calculation of th€CQ emissions per transport mean
#/ %l EOCET 1% 0% AARIORABRAROAIKEAp It

Where:
#1 %l E O GRhruabemissions associated to the transport miean
& %= emission factor of the transport mean

Table2 presents the COEmission Factors for each transport mean:

Table2 ¢ CQ emission factors for each transport mean

CQ Emission FactofkgCQ per passenger per km)

Transport Spain France Gibraltar Portugal
Foot 0.000000 0.000000 0.000000 0.000000
Bicycle 0.000000 0.000000 0.000000 0.000000
Bus 0.015440 0.015440 0.015440 0.015440
Subway 0.028242 0.004445 0.072487 0.030415
Train 0.027648 0.011163 0.058298 0.029153
Tram 0.050757 0.008271 0.129522 0.054545
Boat 0.115000 0.115000 0.115000 0.115000
Car 0.146170 0.146170 0.146170 0.146170
Motorcycle 0.093010 0.093010 0.093010 0.093010




3) Calculation of thélotal CQemission per student

B #/ %i EOOET 1T O
.1 @OBAAT 60

+0)

¢ KS {CBiemissiori &core per studentis calculated consideringnaximum emission
100% students travelling by car:

YOET Q =v

1.3.4Final Score for transports

The final score to a@luate the schools performance regarding the transport sector is
calculated according to the following equation:

Final scorgnsports= @ X Score parking + Score Public transports networking + 2 x Sgore CO
emission¥5



1.4 Green spaces

The green spaces®di 2 NJ A4 OKIF NX OGSNAT SR o0& 7¥2@381 3IANER dzLJa"
KPID{ o0X &adzaS 2F OKSYA&ada Ay 3INBEE:= IeNBSH & YI )
aSldzSa i NI A 2yGS6)anday 88 YHAREA 132 yYat £L -GBX)ySO, fthezBraug 3 Yt L
GINBSHeéaWAODOKE NI OGSNRAT SR 6@ T YtLay

KPIGS1. N° of trees per nenovered area

KPIGS2. N° of trees per student

KP{GS3. Green area per narovered area

KPIGS4. Green area per student

KPIGS5Annual usage of chemicals per green area
KPIGS6Annual CO2 sequesdtion per nortcovered area
KPIGS7Annual CO2 emission®er green area

= =4 4 a8 -8 - A

The final score for the green spaces is based on the scores calculated for each one of the
groups.

1.4.1Green areas

¢ KS 3INRdzZL) 6DNBSY ! NBlFaé¢ Aa OKIFNIOGSNAT SR o6& n
1 KPIGSI1- No. of trees per norcovered arean® m?)

. 1 BOAAO

*0) YTRT 6ARGRA

KPIGSZ; No. of trees per student(n®/ student)

‘0 .3 BBOAAO
) TE EOGAATI 00

1 KPIGS3 Green area per noitovered areg%

"OAAIDAA
T T AT OAOBRAA

+0) gpnm

1 KPIGS4Green area per studenfm? student)

.oy _OAADAA
) I GOOAAI 00

The KRGS1 and KR3SXontribute forthS Green Areas a4 O2 NBS SELINBaaSR oé
equation:
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1.4.2Use of chemists in green areas maintenance

¢tKS a02NB T2 dicheriss ingMBndaiehs ndiriteBasce A Yy Of KBRS & (K S
GS - Annual usage of chemicalsepgreen aregKg/n¥).
4 0 131 OEBAOCORIT BAOLOEBEEAAOD

) "OARONA
¢ KS ¢ drerBists in green areas maintenaace 8 O2 NB A& SELINBaaSR oé@
equation

.‘Y'r : 10 +0 ) V]

we ! [ A@o0)

1.4.3CQ sequestration

¢t KS &a02NB Tasdehudskaiodd MPyddLD KBFCSE CQis&gBestration per
non-covered areger year(kgCQ m?a).
1=l EOAAD2 I AXAIOA A 2

TTTAT OAMOAA

Where:SR = sequestration rate [2].

+0)
¢ K €0 gequestration & O02NB Aa SELINBa&aSR o0& (KS F2tft26A4A

+0) v
pgtuv | A@0)

YOET Q

Table3 presensthe CQ sequestration rate attributed to each specie

Table3: CQ sequestration rate attributed to each specie

CO2 sequestration rate per specie
Turfgrass/lawrt 0.78 Citrus limon 1.77 Quercus suber 3.71 Sambucus nigra 6.60
Butia capitata 0.02 Quercus coccifera 1.87 Maclura pomifera 3.71 Erica arborea 6.67
Cordyline sp, 0.02 Ulmus glabra 1.90 Prunus cerasifera 3.87 Laurus nobilis 6.67
Musa paradisiaca 0.02 Thuja occidentalis 1.97 Citrus aurantium 3.90 Rhamnus alaternus 6.67
Yucca aloiftia 0.09 Koelreuteria paniculata 2.07 Euonymus japonica 3.90 Robinia pseudoacacia 6.67
Chamaerops humilis  0.10 Tilia euchlora 2.15 Parkinsonia aculeata 3.97 Jacaranda mimosifolia 6.90
Phoenix reclinata 0.18 Cistus albidus 2.20 Calocedrus decurrens  4.20 Melia azedarach 7.01
Phoenix canariensis  0.19 Arbutus unedo 2.23 Acacia retinodes 4.21 Tipuana tipu 7.43
Washingtonia robusta 0.23 Prunus domestica 2.25 Catalpa bignonioides 4.23 Tilia europaea 7.67
Washingtonia filifera  0.28 Prunus dulcis 2.34 Yucca guzmalensis 4.35 Quercus cerrioides 7.81
Bupleurum fruticosum 0.39 Quercus ilex 2.40 Cedrus deodara 4.58 Casuarina sp, 7.93
Magnolia macrophylla 0.50 Alnus glutinosa 2.43 Eriobotrya japonica 4.58 Acacia saligna 8.23
Juniperus communis 0.56 Olea europaea 2.46 Pinus pinaster 4.61 Gleditsia triacanthos 8.65
Crataegus monogyna 0.58 Taxus baccata 2.49 Cedrus atlantica 4.72 Acer platanoides 8.72
Juniperus oxycedrus 0.60 Ginkgo biloba 2.51 Fraxinus ornus 4.77 Tilia platyphyllos 8.85



Juglans nigra 0.78 Punicagranatum 2.52 Schinus molle 4.98 Tilia tomentosa 9.49
Bougainvillea glabra 0.81 Pistacia lentiscus 2.61 Coriaria myrtifolia 5.02 Morus alba 9.64
Juniperus phoenica  0.81 Ficus carica 2.69 Pinus pinea 5.03 Populus canadensis 9.90
Schinus polygamus  0.81 Pyacantha angustifolia 2.71 Acer negundo 5.18 Salix alba 9.93
Ligustrum japonicum 0.84 Pinus halepensis 2.74 Quercus pubescens 5.29 Platanus acerifolia 10.82
Albizia julibrissin 0.87 Mespilus germanica 2.86 Bauhinia forficata 5.37 Casuarina cunninghamiane 11.07
Viburnum tinus 0.92 Nerium oleander 2.98 Magnolia grandiflora 5.41 Broussonetia papyrifera  11.38
Spartium junceum 0.97 Pittosporum tobira 3.01 Ulmus pumila 5.42 Phytolacca dioica 12.59
Prunus americana 0.98 Ficus elastica 3.04 Casuarina equisetfia 5.55 Aloe arborescens 12.81
Rosmarinus officinalis 1.15 Phillyrea latifolia 3.06 Populus simonii 5.59 Cocculus laurifolius 13.11
Rhamnus sp, 1.31 Ligustrum vulgare 3.07 Erythrina cristagalli 5.61 Phoenix dactylifera 15.72
Buxus sempervirens 1.36 Ceratonia siliqua 3.10 Sophora japonica 5.65 Populus alba 21.81
Ligustrum ovalifolium 1.43 Abies alba 3.18 Ulmus minor 5.72 Populus alba 21.81
Ficus benjamina 1.44 Wisteria sinensis 3.18 Corynocarpus laevigatus 5.73 Celtis australis 33.06
Pyrus communis 1.46 Brugmansia Spp, 3.35 Acer pseudoplatanus 5.75 Pinus radiata 36.43
Crataegus laevigata 1.52 Acacia dealbata 3.42 Brachychiton populneum 5.76 Eucalyptus camaldulensis 52.89
Ailanthus altissima 1.53 Ligustrum lucidum 3.42 Prunus cerasifera 5.80 Eucalypus globulus 71.89
Prunus avium 1.57 Cercis siliquastrum 3.46 Celtis occidentalis 5.99 Values irkg CQftree and year
Cupressus macrocarp: 1.60 Fraxinus angustifolia  3.50 Fraxinus excelsior 6.01 except

Elaeagnus angtiiolia  1.69 Firmiana simplex 3.57 Tamarix gallica 6.14 kg C@seq/n? andyear

1.4.4CQ emissionsfrom green spaces maintenance

¢tKS a02NB TBBhisSi¢hS from hBedzsgacés maintenahce A y Of KBRS & (K S
GS7- AnnualCQemissionsper green aregkgCQ@ m?a).

#1 1 AOOOR®ATxAOADY% Al AAOBRKEOU

+0) 71 AT OAGHA

Where:FE = factor emission [1].

¢ K £QeémissionsCQemissions from green spaces maintenahced O2 NS A a SELINB & &
following equation:

Yoei Q V]

Table 4 presens the CQ emission factors associated with petrol, water and energy
consumption for green spaces maintenance.

Table4: CQ emission factors associated with petrol, water and energy consumption for green spaces maintenance

Country Water (kgCQ) Energy (kg Petrol
Tap water Rain water  Well water CQ/kWh) (kgCQ/)
Portugal 1.74E04 1.76E04 4.20E01
Spain 1.64E04 1.46E04 3.96E01
France 4.94E05 7.28E06 2.89E05 5.95E02 2.87
Gilbraltar  6.35E03 1.00E+00

'da™y



1.4.5Final Score for green spaces

The firal score to evaluate the schopkrformance regarding the green spaces sector is
calculated according to the following eation:

Final scorgeen spaces
A CHE HIHHAHT CHHE CHD ICEM CHT §CRTTRE ACES THL T THTL T I HHE CREHE L i T T

1.5 Green procurement

The greenprocurement sector is charactézed by six groups: & S |j dzA Leffickeyfcig

(including KRDt M0 = & LJF LIS NJ dzaPRRé A@X YAMADR XY F-8BYRIE 0 Ay Of
GSABARGAY I OSNIAFACPHGANY & VA FFONgeR ANS SYt LINE O dzN.
KPIGP), | Y R & & diftliidingSKRBRE).{ 23 G(KS 3INBdZLJ 43INBSY LINI
characterized by 6 KPlIs:

KPIGP1Equipment efficiency. Equipment with A+ or higher Energy Label in school
KPIGP2. Quantity of recycled paper used in school

KPIGP5. Food with biological certifita

KPIGP4. Ecdalriving certification

KPIGP3. Training in green procurement

KPIGP6. Local suppliers

= =4 4 4 -8 -8

The final score for the green procurement is based on the scores calculated for each one of
the groups.

1.5.1Equipment efficiency
¢t KS a02NB TFgipdedt&KBT HOR SzL.D SBIGR iy EdfipmBrSeificigndy .S
Equipment with A+ or higher Energy Label in school
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1.5.2Paper used
¢KS a02NB F2N (§KS 3INKBGP2QuUinttyDNacyttadpapér usey Of dzR S a
in school
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417 ONOAT IOEADEQ
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1.5.3Biological food
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1.5.4Ecodriving certification
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1.5.5Training in green procurement
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1.5.6Suppliers
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1.5.7Final Score for green procurement

The final score to evaluate the schools performanggrding the green procurement sector
is calculated according to the following equation:

Final scorgreen procuremen= 1 X Score equipmenguantification + 0.75x Score papeuse+1
x Scorebiological food+ 05 x Score ecadriving certification + 0.75x Score trainingn
green procurement+ 1 x Score suppliers



1.6 IAQ

Indoor Air Quality ector is characterized tree groups:d @Sy G A t EZah®KPE3), 0 Yt L
othermal comfore  6BEf)tarkddair pollutantg  6EB)t ILwill be assessed through the
audtsd {23 UIKE AHBR @K 68KALI SNAT SR o é

1 KPHAQZ1L. Class 0: Percentage of CO2 during occupancy period < 1000%ppm

1 KPHAQ?2. Class 1: Percentage of CO2 during occupancy period ranging between
1000- 1700 ppm(%)

1 KPHAQS3. Class 2: PercentagéCO2 during ocquancy period ranging > 1700 ppm
(%)

T KPHAQA4. Percentage of temperature between 20°C and 26°C during the occupancy
period (%)

1 KPHIAQS. Percentage of number of air pollutants exceeding the guide(#g

The final score for théAQis based on the scores calculated for each one of the groups.

1.6.1Ventilation

Ventilation will be assessed following the criteria developed by the French National
Observatory of IAQ to assess IAQ (actually stuffiness) in schools: The ICONE index.

The ICONEinle F2NJ aL!vé A& OKINIOGSNAT SR 6@ o YtLAY

1 KPHAQL. Class (Percentage ofCQ concentration during the occupancy period
ranging< 1000ppm.

1 KPHAQ?2. Class 1Percentage ofCQ concentration during the occupancy period
ranging betweenl000- 1700 ppm

1 KPHAQ3. Class 2Percentage ofCQ concentration during the occupancy period
ranging> 1700 ppm.

The ICONE index first considers 3 classes of IAQ, namely, X000 ppm (class 0), 1000 <

CQ <1700 ppm (class 1) and £©01700 ppm (class 2). €@as originallyjused as a marker

of perceived air quality (odors). Therefore, the ICONE index considers a Fgglendaw
SELINBaaAy3d GKIFIG GKS LISNOSAGSR 2R2NJ AyidSyarde
a logarithmic way:

N =alog,(c,f, +¢ f, +c,f,) (1)

With 0, f1 and 2 being the percentage of measurements where the CO2 concentrations are
in class 0, 1 and 2 during the occupancy period, respectively. Therefore:

fo+f,+f,=1 @)



Then, by defining a scale ranging from 0 to 5 for IAQ (N = ICOMg,iadd making the
following assumptions:

ICONE = 0 if all concentrations are in class 0 (below 1000 ppm);
ICONE =5 if all concentrations are in class 2 (above 1700 ppm);

An ICONE value of 2.5 either corresponds to 100% of values in class1 or 1/3otrations

in class 2 and 2/3 in class 1 (which means that class 2 weights 3 times more than class 1).

Thus, Equation (1) and Equation (2) return the following final expression of the ICONE index:

8

YOET Q aEP Q 00 3)

That way the ICONE index ranges from 0 (best air quality, all concentrations are below 1000
ppm) to 5 (worst indoor air quality; all measured concentrations are over 1700 ppm during
the occupancy period).

1.6.2Thermal comfot

Thermal comfort sector is characterized KRHAQ4. Percentage of temperature between
20°C and 26°C during the occupancy period. (¥#ghows the percentage of comfort period
related to the dry bulb temperature evolution along thealuated periodlt is defined as the
percentage of time in which temperatures lie in the range from 20°C to 26°C during the
occupancy period, corresponding to a ck2ssomfort according to the EN 15251 standard.

+0) 0AOCAAT EACHAA CRAKIOIOAI TOMA TITAADT BAOE A
The final score for the thermal comfort is basegifollows: he percentage is multiplied by 5
in order that the index range from 0 (worst performance, all temperatures are below 20°C or
above 26°C during occupancy) to 5 (best performanlidéemperatures are between 20°C
and 26°C). Therefore, Sceygor iS given by:

Y(I)E i Q + 0))| 1QU

1.6.3Air pollutants

Air pollutanss characterized bi{PHAQS. Percentage of number of air pollutants exceeding
the guideline (%)
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1.6.4Final Score fofAQ

The final score fotAQ sector ofa school building will be obtained from the result of all
groups: ventilation, thermal comfort and air pollutantdt is calculated according to the
following equation:

o mmO «F v
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Final scoreo=



1.7 Energy

Energy consumptionestor is characterized bipur groups:d SY SNH& O2 y &EtzY LG A2 Y €

and KRB HO Y GNBYSgl 6%0S0 =S yoiSINWAS NI andRES)) énd GQY t 9

emissbnsassociated to energy consumption (KB). It will be assessed through the annual

energy consumption of the schools [kYgid { 23X (GKS 3ANRdzL) aSySNHe& ¢

KPls:

KPE1.Annual final energy consumption per useful ared//h/m?)
KPIE2.Annual final energy consumption per studenk{vh/student)
KPIE3.Percentage of renewable energy productiofof

KPIE4. Annual energy cost per useful area K 2

KPIES. Annual energy cost per student(k & (0 zR Sy (i

= =4 -4 —a -—a -8

(kgCQ/student)

The final score for the energy is based on the scores calculated for each one of the groups.

1.7.1Energy consumtion

KPIES. Annual CQ emissions per students (associated to energy consumption)

A

¢KS 302NB TFT2N) (KS 3INPdzL) & RRFER Nabaal fidaRefieigyzy LIG A 2 v é

consumption per useful aregkWh/m?) and the KPFE2 Annual final energy consumption
per student KWh/student).
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Where:

i = type of electricity (provide by the grid; onsite produced);

&= type of fuel (diesel; LPG; natural gas);
& #=conversion factor to kWh of fu@[9].
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Where:

i = type of electricity (provide by the grid; onsite produced);
&= type of fuel (diesel; LPG; natural gas);

& #=conversion factor to kWh of fug¢[9].
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1.7.2Renewable energy
¢KS a02NB FT2N GKS 3INERdzZLI KPRPefEmdgsd df @nedaplé NH & ¢ A )
energy production (%)
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Where:

i = type of electricity (provide by the grid; onsite produced);
&= type of fuel (diesel; LPG; natural gas);

& #=converson factor to kWh of fuej [9].
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1.7.3Energy cost

¢KS 202NB F2NJ GKS 3 NPAdrudl énérof Soster uséid &l ¢ Q) Ot dzR & 2
and theKPIE5. Annual energy cost per studertt k & 0 dzR Sy (i
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1.7.4CQ emissions
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students (associated to energy consumptioigCQ/student).
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Where:

i =type of fuel (diesel; LPG; natural gas);

&# AT 1 OAEOEDE DE £OAO]

& %= emission factor associated to electrical energy consumption [10].
& %= emission factor associated to fugLo].

REP = Renewable electrical production

GL = Grid losses

¢ K SO, énfissions score is expressed by the following equation:

. I A@ 0, + 0, 0]
YOET Q _ /‘),X __ o
[ A0y | EW Oy T@OU

Primary energy factors and g@mission coefficients for each country and region are

reported in Anexe 1.



1.7.5Final Score for energy

The final score for the energy sector of a school building will be obtained from the result of
all groups: energy consumption, renewable energy, energy cosCanemissions derived
from energy consumption of heatingpoling and lighting. It is calculated according to the

following equation:

Final SCOl'Ghergy—
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1.8 Water

The water sector will be evaluated through the watef lia | yR (GKS 3INBdzZ) a
characterized by 4 KPIs:

KPHO1Water consumptionper useful aregmsim 2)
KPIH.O2 Water consumptiorper student(ms/student)
KPHH,O3 Water cosper useful arego7 #)
KPIH.O4 Water cosper student(or 660A AT O

=A =4 =4 =4

1.8.1Water consumption

¢KS a02NB T2N (0KS 3INE dzLhekBt HADBSWEeCcanguingigiLIi A 2 y ¢ A
per useful area (rffm2) and theKP} H,O2 Water consumption per student (fistudent).
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1.8.2Water cost

The score forthe group ¢ I G S NJ O 2 & KPHH.®3NatkrdzRtfed usefukatead/m?)
and theKPtH,O4 Water cost per studen{e/student).
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1.8.3Final score forvater
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2 BSM- Low-carbon retrofit solutions




2.1 Selection of low-carbon retrofit solutions

In BSM stage 2, once we hatle initial performance results of the schodbllowing the
specific needs and requirementsf schoo] we will selectdifferent low-carbon retrofit
soluions. Theportfolio of low-carbon retrofit solutims is defined and characterisedtask

3.3.

For eactsolution, it is defined a cost ratio and a target that should achieve schools.

2.2 Estimatedperformanceof low-carbonsolutions

The performance of schools with the proposed loarbon retrofit solutionscan be
simulated and predictetbr some specific environmental aredsllowing the methodologies
defined in Amexel for Energysimulationand Annexe 2 fofAQsimulation Environmental

performance of solutionsan be obtained

I 1
Input |

Input 3
values Input 4

Pre-audits

)

methodology

School
(case study)

Deflnltlon of model parameters

Calibrated simplified assessment

+ Low-carbon D OUtpUt

retrofil values

solutlon 1

E.q.

Qutput 1
Qutput 2

or
final KPIs

Qutput 3
Qutput 4

LC 1: New windows to Improve energy performance

LC 2; New heating system

Porfolio of
Low-carbon retroflt solutlons
for schools

sLow=carbon retrofit solutlon 1
sLow=carbon retroflt solutlon 2
-Low-carbon retroflt solution 3
~Low-carbon retroflt solutlon 4
sLowscarbon retroflt solutlon 5
sLows=carbon retrofit solutlon 6
sLow=carbon retrofit solutlon 7

Figure6 - Scheme. Definition of calculation methofdr low-carbon retrofit solutions

In both mettodologies, thaesults ofinitial schoolperformanceshould be calibrated to
ensure that estimategberformanceof low-carbon retrofit soluions isasaccurateas
possible Calibration methods are detailed in next secti




2.2.1Calibration process

Theinitial school performancés evaluated by mans of an orsite measurement campaign
in all schoolsin which Indoor Air Qualitgnd Energy consumptias measured.

This information will be implemented into tremulation toolwith the aim of alibrating the
mathematic models of calculation methodgles in specific environmental sectors
Following sections define the calibration processsielected environmental areas

2.2.1.1 Energy consumption for heating and cooling

The calibration of energy consumption of a specific school will be developed by means of
energy bills. Once the input data of school buildings have been introduced, uncertain
operating conditions are modified to calibrate the energy model according to real energy bill
values. Next figure shows an example of the calibration process &omaual energy
consumption by sourcand montlyelectricity consumpon in a case study.

ACCURACY OF THE ENERGY MODEL (CALIBRATION)

Comparison of energy consumption by source (kWh) Comparison of monthly electricity consumption (kWh)
Simulated energy corresponds to heating and cooling, lighting and Simulated electricity corresponds to heating and cooling, lighting and
hot water. Remaining not simulated consumption is due to other hot water. Remaining not simulated electricity is due to other
consumption sectors. consumption sectors.
FEC (kWh) FEC (kWh)
0 20000 40000 60000 80000 100000 0 2000 4000 6000 8000 10000
Flectriclty  E— Jan
Feb
Diesel oil &
Mar
GLP Apr
Natural gas E. May
Biomass Jun
 —————
Pellets Jul —_— ]
—
M Real consumption FEC/a Sep
———
M Baseline {consumption not simulated) FEC/a Oct
M Simulated FEC/a Nov
— ]
Dec
. 0, ————— ——
Percentage of energy simulated: 33 A M Real Electricity bill [JOther consumption sector
[ Hot water consumption Bl Lighting consumption
W HVAC consumption

Figure 6¢ Example of alibration process oenergyconsumption fora case study

In colours (red, orange, blue and yellow) are illustratéd results ofsimulated energy
consumptionfor heating and cooling, lighitng and twater. Remaing energyomsumption
not simulated is represented as baseliime other consumption sectors.

For the specific case of the comparison of nidykelectricity consumptionJune and August

are months with a nearly zero occupation and April is considered as the reference month
with nearly zero energy consumption related to heating and cooling due to the fact that April
presents the minimum energy demando,30 calibrate real FEC related to heating and
cooling with simulated FEC results, a reference baseline is fi¥@®@tkwh, which discounts
energy consumption derived from other useppliances and other).

From this fast calibrationhe annualaccuracyof the model predicting energy bill is situated
around 8085%. This value could be improved following an iterativelealining procedure.



2.2.1.2 1AQ

The calibration of IAQ of a specific school will be developed by means of real monitoring data.



3 Annexes




3.1 Annexe 1¢ Energy assessment methodolodgr
simulation

Schools buildings can be defined with different geometries, sizes and levels of compactness,
but they arecommonlystructuredin the same modular basis amndth similarconceptual
design Aiming to achieve an easier energy assessnaérgchool buildings and involve
technician as well as schamimmunities in an effective lowarbon energy transitiora novel
energy assessent methodologyhas been developedt allows modelling and evaluating
energy performance of school buildings with a reduced numbenmit data, and adjusted
to the specific characteristics of schools. It is conceived @seafriendly methodology It
allowscalculating thendoor thermal comfortalong the yearenergy demand, final energy
consumption primary energy consumption and relat€ emissions. The methodology
which is illustrated in Fig. 1s dividedinto three modules building geometry mdelling
module energy assessmennoduleand energy ratingnodule

Weather database Local and renewable energy sources
il hotunsnihdindl - Sttt
1

Hourly weather data

: Simplified Hourly Method - ISO 13790:2008 T
1 5R-1C Network N

4:—;* f1(X1,yz,Za,...)

Ventilation for buildings Input data o
- 3 :

EN 15242:2007

| L
[ a

Thermal performance

ffffffffff

SO 13789:2007

il |
[ 4
Ground heat transfer (=)
a " ®
[ e TR BN

ASHRAE

I

I
Euid tal | 1| Reference |<—  Case
» E-") 7a7rrle[173737 o building | study

v |

@ +1© Climatic Design Information
I I

| I

. Conversion to vertical E
. radiation values H Energy
e <4 rating

a

_ }"5*’9’”5 ________ B Methods for expressing energy
1 EN 15193:2008 I : performance - EN 15217:2012
O . ey T S oo 0T S s P H
BUILDING GEOMETRY BUILDING ENERGY
MODELLING MODULE e e RATING MODULE

Figure 1 Assessment methodology structure

Mathematic model integrates International and European standards about thermal
performance of buildings, ASHRAE procedures and simplifiedlatéon models derived from
school building configurations.



3.1.1Building geometry modelling

A simplified methodology for school building geometry modelling is developed considering
the configuration of pilot case studies. Mathematical model is dividemfour steps which
are illustrated in Figur@.

\ 1. Real case study ] 2. Input data for bullding modelling

‘\{sﬂgfff 7%
-ty
—~

| 3.Equivalent parameters for conditionedarea | | 4. Final 30 modelling for simulation |

Condltloned area
(m?) - Af

Figure2. Mathematical model for building modelling
Input data, which are showed in step 1 and step 2, are: building orientation, gross aea (m
per sector (administrative, teaching, canteen, commpaces and other spaces), maximum

external dimensions (length X, width Y and height Z), clearance height, and maximum

dimensions of opened and closed courtyards &, d. and a values). Total facade length
per orientation is calculated according to BEcand 2.

VEHQD 0 QEBD op O (1)
V&NV wQM» op dp (2)

In step 3, as a function of conditioned sectors (for example: administrative, teaching and
canteen), final conditioned usable area)(i& calculated, takg a relationship between gross



and usable area of 0.825. This fixed value has been obtaiske average othe observed
parameters in the 9 school buildings under stuafich range from 0.80 to 0.85.

In step 4, an equivalent conditioned fagcade léndéd and @ ) per orientation for
conditioned areds calculated accomdg to Eg. 3and 4. It applies the relationship between
real perimeter and total gross area to the finavalue.
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Once envelope surfaces and conditidngsable area have been evaluated, an opening ratio
is applied per facade orientation. This value should be defined byusers.

This modelling method allows considering the compactness ratiduwlding (indoor
volume/envelope surface), which highlfexdts the energy efficiency performance. From this
modelling, all required geometric variables (linear and surface parameters) for energy
assessment are obtained. However, it assumes direct heat exchange between conditioned
area and outdoor space, withoutonsidering thermal damping due t@djoining
unconditioned spaces.

3.1.2Energy assessment methodology

Energy assessment model evaluates heating and cooling energy performance (demand and
O2yadzYLIiA2yovd LG A& 0 eah8dRdetdilyd iniSO33790200@]LX A FA SR
This method consists of explicit hourly operating schedules and explicit hourly climate data.

The model is a simplifition of a dynamic simulation, with the following intention: same level

of transparency, reproducibility and robustness; clearly specified, limited set of equations,
enabling traceability of the calculation process; reduction of input data; unambiguous
cakulation procedure; and with main advantage that the hourly timiervals enable direct

input of hourly patterns.

The mathematic procedure is based on an equivalent resistaapacitance () model,
which is illustrated in Fig. 3.



Figure 3. Mathenatic model 5R1C (reprinted frorf2]).

The heating and cooling demand is calculated by heating and cooling power needs per hour
oul / I ymR>beirtg positive for heating and negative for cooling. The model makes a
distinction between the internal air temperature and mean internal surface temperature,
and it includeseat capacities dbuildingand airin the rooms. It enables its use foretmal
comfort checks and it increases the accuracy by considering the radiative and convective
parts of solar, lighting and internal heat gains. Furthermore, it uses an hourly time step and
all building and system input data can be modified per hour.

Folowing sections define the mathematic model 5R1C (five resistances and one capacitance)
and provide the fixed values and assumptions implemented for the specific case of school
buildings.

3.1.2.1 Ventilation heat transfer model (ventilation and infiltration)

Hed transfer of ventilation (ki W/m? K) is calculated according to Eqg. 5. It is based on total
air flow due to leakage and ventilation airflowd@ = | Y R & dzLJLJ & o). A NJ G S Y LIS NI

O HoBon 033B ® ;A § (5)

where:

A &: heat capacity of air per volume (0.33 WH)

@  : adjustment factor for supply air temperature different to outdoor conditions.
N :airflow rate through the conditioned space ¥mper hour).

Airflow rateis obtained as the sum of fresh airflow derived of mechanical supply, infiltration
and natural ventilation (window opening periods), following the procedure defined in EN
15242:20073]. So, input data are: leakage airflows$Qm3/h per n? at 4P3, mechanical
















































