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This deliverable 2.4.1 is part of the Activity 2.4 ς Building Scenario Module, and it contributes 

towards the objectives of the products of the WP2 - Development of tools to support the 

transition to a low-carbon economy in schools. 

The aim of the Building Scenario Module (BSM) is to support the decision-making process in 
schools on the road to an efficient low-carbon economy transition. BSM consists of a 
simulation tool, which will be used to report the performance of the initial state of schools 
and the estimated performance after the simulation of proposed low-carbon retrofit 
solutions. BSM will generate two reports: an ENVIRONMENTAL SCHOOL PERFORMANCE 
REPORT of the initial school performance and an ACTION PLAN REPORT, which will be the 
reference documents for the ClimACT schools (WP2-WP3).  
 
 

Glossary 

Acronym Full name 

ASHRAE 

DH 

DHW 

ED 

EER 

FEC 

HVAC&R 

IAQ 

KPI 

LCE 

PEC 

RH 

T 

O&M 

American Society of Heating, Refrigerating and Air-Conditioning Engineers 

Percentage of discomfort hours (%) 

Domestic Hot Water 

Annual energy demand (kWh/m2 a) 

Energy Efficiency Ratio 

Final energy consumption (kWh/m2 a) 

Heating, Ventilation, Air Conditioning and Refrigeration  

Indoor Air Quality 

Key Performance Indicator 

Low Carbon Economy 

Primary energy consumption (kWh/m2 a) 

Relative Humidity 

Temperature 

Operation and Maintenance 

 

 

  

Executive Summary  



 
6 

  

Introduction  



 
7 

The objective of the present document is to define the structure and methodology of the 

Building Scenario Module (BSM). Once the structure and methodology are defined with the 

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:  
 

¶ Stage 1. Initial performance assessment of schools. BSM allows us to define the 
"reference baseline" of each school. It generates an ENVIRONMENTAL SCHOOL 
PERFORMANCE REPORT of the initial performance of schools, according to results 
obtained in technical pre-audits and audits. The data collected from audits are assessed 
according to specific methodologies to report environmental low-carbon economy 
impact of schools.  

 

¶ Stage 2. Selection of low-carbon retrofit solutions. According to the initial performance 
results of the school and its specific needs and requirements, different low-carbon 
retrofit solutions will be selected in this stage, from a portfolio of solutions. All this 
information will be compiled in ACTION PLAN REPORT. 

 

¶ Stage 3. Simulation of selected low-carbon retrofit solutions. For specific 
environmental areas, simulation methodologies are defined to predict the performance 
of solutions after their implementation.  Thus, the performance of schools with the 
proposed low-carbon retrofit solutions can be simulated and predicted. Environmental 
and economic performance of solutions will be obtained. All this information will be 
compiled in ACTION PLAN REPORT. 

 
Thus, the BSM tool allows us to generate two report of school evaluation.  

 

-REPORT 1. ENVIRONMENTAL SCHOOL PERFORMANCE REPORT will show the initial 
performance of the school, which will be the reference to the deliverable E 3.2.2. 
INITIAL BASELINE OF THE PILOT SCHOOL ς (30/06/2017). 
 
-REPORT 2. ACTION PLAN REPORT will show the portfolio of low-carbon economy 
solutions and the results of simulation of selected low-carbon retrofit solutions. BSM 
report allows us to identify the best available low-carbon retrofit solutions to be 
applied at schools. These reports will be the reference to the deliverable E 3.3.2 BEST 
AVAILABLE ACTIONS AND SMART CONTROL STRATEGIES and E. 3.4.1 REPORT OF 
THE IMPLEMENTATION OF ACTION PLANS.  
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The methodology of BSM is defined according to the criteria of leaders and participants of all 

environmental sectors, which are defined in Table 1.  

Table 1 ς Environmental sectors, leaders and participants 

Sector Leader Participants 

Energy ISQ EDGR, USE 

Water ISQ IST 

Waste ISQ IST 

Transport IST UniGib 

IAQ ULR IST 

Green Space IST VLR 

Green Procurement IST UniGib 

 

Following sections define the structure and methodology for each environmental sector.  
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1 BSM - Assessment methodologies  



 
10 

1.1 BSM definition 

In BSM Stage 1, the initial performance of schools will be assessed according to a Simplified 

Assessment Methodology. The leaders 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 2.2. - E.2.2.1) and the Simplified assessment 

methodology (Task 2.4 ς E.2.4.1) for each environmental area.  

In this stage, BSM allow us to define the "reference baseline" of each school. Figure 1 shows 

a scheme of the calculation method that will be applied for each environmental sector.  

 

Figure 1 ς Scheme. Definition of calculation method of BSM Stage 1. 

¢ƘŜ άǊŜŦŜǊŜƴŎŜ ōŀǎŜƭƛƴŜέ ƻŦ ǎŎƘƻƻƭǎ ǿƛƭƭ ōŜ ŘŜŦƛƴŜŘ ōȅ ƳŜŀƴǎ ƻŦ ŘƛŦŦŜǊŜƴǘ YtLǎ as a function 
of: 
 

¶ The information and inputs collected in pre-audits, through the pre-audit check-list 
(short- and long-version): building characteristics, location, equipment, activities, 
behaviours, occupation profiles, etc.); 
 

¶ And the information collected in audits, through the on-site measurement campaign 
with regard to IAQ, Energy, water, waste, etc. On-site measurements will be used to 
calibrate the matematical models of each environmental sector, and also to add more 
information about the initial performance of schools.  

 
The results of the initial performance (initial KPIs) will be divided into following 

environmental areas: Waste, mobility, green spaces, green procurement; IAQ, Energy, 

Thermal comfort and Water.  

 The results of the initial performance of schools will be showed following the diagram 

showed in Figure 2.  
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Figure 2 ς Methodology to show the initial performance results. 

This diagram has been defined using a similar criteria of those used in SDEWES Index [1], 

which was developed to benchmark cities based on 7 dimensions, 35 indicators, and close to 

20 sub-indicators. Based on this wide-ranging scope, it allows ranking schools that have well-

rounded and above average performances in many environmental dimensions. 

Following sections define the methodology to assess the performance of schools in each 

environmental sector. 
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1.2 Waste 

The waste sector will be evaluated through the accounting of waste produced, recycled and 

ǊŜǳǎŜŘΦ {ƻΣ ǘƘŜ ƎǊƻǳǇ άǿŀǎǘŜέ ƛǎ ŎƘŀǊŀŎǘŜǊƛȊŜŘ ōȅ о YtLǎΥ 

¶ KPI-W1 ς Annual production of urban solid waste (USW) per student (m3) 

¶ KPI-W2 ς Annual production of recyclables per student (m3)  

¶ KPI-W3 ς Annual production of reusables per student (m3)  
 

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

1.2.1 Waste produced 

¢ƘŜ ǎŎƻǊŜ ŦƻǊ ǘƘŜ ƎǊƻǳǇ άǿŀǎǘŜ ǇǊƻŘǳŎŜŘέ ƛƴŎƭǳŘŜǎ ǘƘŜ KPI-W1 ς Annual production of 
urban solid waste (USW) per student (m3/student).  
 

+0)
7ÅÅËÌÙ ÐÒÏÄÕÃÔÉÏÎ ÏÆ 537 άσ

.Ξ ÏÆ ÓÔÕÄÅÎÔÓ
 

 
¢ƘŜ άǿŀǎǘŜ ǇǊƻŘǳŎŜŘέ ǎŎƻǊŜ ƛǎ ŜȄǇǊŜǎǎŜŘ ōȅ ǘƘŜ Ŧƻƭƭƻwing equation: 
 

ὛὧέὶὩ 
ÍÁØ +0)2ρ +0)2ρ υ

ÍÁØ +0)2ρ ÍÉÎ +0)2ρ πȢωυ
 

1.2.2 Waste recycled 

¢ƘŜ ǎŎƻǊŜ ŦƻǊ ǘƘŜ ƎǊƻǳǇ άǿŀǎǘŜ ǊŜŎȅŎƭŜŘέ ƛƴŎƭǳŘŜǎ ǘƘŜ KPI-W2 ς Annual production of 
recyclables per student (m3).  
 

+0)
7ÅÅËÌÙ ÐÒÏÄÕÃÔÉÏÎ ÏÆ ÒÅÃÙÃÌÁÂÌÅ ×ÁÓÔÅ άσ

.Ξ ÏÆ ÓÔÕÄÅÎÔÓ
 

 
¢ƘŜ άǿŀǎǘŜ ǊŜŎȅŎƭŜŘέ ǎŎƻǊŜ ƛǎ ŜȄǇǊŜǎǎŜŘ ōȅ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ŜǉǳŀǘƛƻƴΥ 
 

ὛὧέὶὩ 
+0)Ὑς  υ

 ÍÁØ +0)Ὑς ρȢπυ
 

1.2.3 Waste reused 

¢ƘŜ ǎŎƻǊŜ ŦƻǊ ǘƘŜ ƎǊƻǳǇ άǿŀǎǘŜ ǊŜǳǎŜŘέ ƛƴŎƭǳŘŜǎ ǘƘŜ KPI-W3ς Annual production of 
reusables per student (m3).  
 

+0)
7ÅÅËÌÙ ÐÒÏÄÕÃÔÉÏÎ ÏÆ ÒÅÕÓÁÂÌÅ ×ÁÓÔÅ ά

.Ξ ÏÆ ÓÔÕÄÅÎÔÓ
 

 
¢ƘŜ άǿŀǎǘŜ ǊŜǳǎŜŘέ ǎŎƻǊŜ ƛǎ ŜȄǇǊŜǎǎŜŘ ōȅ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ŜǉǳŀǘƛƻƴΥ 
 

ὛὧέὶὩ 
+0)Ὑσ  υ

 ÍÁØ +0)Ὑσ ρȢπυ
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1.2.4 Final score for waste 

¢ƘŜ Ŧƛƴŀƭ ǎŎƻǊŜ ǘƻ ŜǾŀƭǳŀǘŜ ǘƘŜ ǎŎƘƻƻƭǎΩ ǇŜǊŦƻǊƳŀƴŎŜ ǊŜƎŀǊŘƛƴƎ ǘƘŜ ǿŀǎǘŜ ǎŜŎǘƻǊ ƛǎ ŎŀƭŎǳƭŀǘŜŘ 

according to the following equation: 

ὛὧέὶὩ
ς ὛὧέὶὩ ὛὧέὶὩ ὛὧέὶὩ 

τ
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1.3 Transports 

¢ƘŜ ǘǊŀƴǎǇƻǊǘ ǎŜŎǘƻǊ ƛǎ ŎƘŀǊŀŎǘŜǊƛȊŜŘ ōȅ ǘƘǊŜŜ Ƴŀƛƴ ƎǊƻǳǇǎΥ άǇŀǊƪƛƴƎέ όƛƴŎƭǳŘƛƴƎ YtL-T1, KPI-

T2ύΣ άǇǳōƭƛŎ ǘǊŀƴǎǇƻǊǘǎ ƴŜǘǿƻǊƪƛƴƎέ όƛƴŎƭǳŘƛƴƎ YtL-T3ύ ŀƴŘ άCO2 ŜƳƛǎǎƛƻƴǎ ŦǊƻƳ ǘǊŀƴǎǇƻǊǘǎέ 

(including KPI-T4ύΦ {ƻΣ ǘƘŜ ƎǊƻǳǇ άǘǊŀƴǎǇƻǊǘέ ƛǎ ŎƘŀǊŀŎǘŜǊƛȊŜŘ ōȅ 4 KPIs: 

¶ KPI-T1. Nº of parking spaces for electric cars at school or periphery (up to a 100m 

radius) per student. 

¶ KPI-T2. Nº of parking spaces for bicycles at school or periphery (up to a 100m radius) 

per student. 

¶ KPI-T3. Nº of public transports passing daily per hour per student (1000 m radius). 

¶ KPI-T4. CO2 emitted per student. The final score for the transports is based on the 

scores calculated for each one of the groups. 

1.3.1 Parking 

¢ƘŜ ƎǊƻǳǇ άǇŀǊƪƛƴƎέ ƛǎ ŎƘŀǊŀŎǘŜǊƛȊŜŘ ōȅ 2 KPIs: 

¶ KPI-T1 - No. of parking spaces for electric cars at school or periphery (up to a 
100m radius) per student. 

¶  

+0)
.Ξ ÏÆ ÃÈÁÒÇÉÎÇ ÓÔÁÔÉÏÎÓ ÆÏÒ ÅÌÅÔÒÉÃ ÃÁÒÓ

.Ξ ÏÆ ÓÔÕÄÅÎÔÓ 
 

 

¶ KPI-T2 - No. of parking spaces for bicycles at school or periphery (up to a 100m 
radius) per student. 
 

+0)
.Ξ ÏÆ ÐÁÒËÉÎÇ ÐÌÁÃÅÓ ÆÏÒ ÂÉÃÙÃÌÅ

.Ξ ÏÆ ÓÔÕÄÅÎÔÓ 
 

 

!ƭƭ ƻŦ ǘƘŜƳ ŎƻƴǘǊƛōǳǘŜ ŦƻǊ ǘƘŜ άǇŀǊƪƛƴƎέ ǎŎƻǊŜΣ ŜȄǇǊŜǎǎŜŘ ōȅ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ŜǉǳŀǘƛƻƴΥ 

ὛὧέὶὩ
+0)4ρ  υ 

ρȢπυ ÍÁØ +0)4ρ

+0)4ς  υ 

ρȢπυ ÍÁØ +0)4ς
Ⱦς 

1.3.2 Public transports networking 

¢ƘŜ ǎŎƻǊŜ ŦƻǊ ǘƘŜ ƎǊƻǳǇ άPublic transports networkingέ ŎƻƴǎƛŘŜǊǎ ǘƘŜ KPI-T3 - No. of public 
transports passing daily per hour per student (1000 m radius).  
 

  +0)
.Ξ ÏÆ ÐÕÂÌÉÃ ÔÒÁÎÓÐÏÒÔÓ ÐÅÒ ÈÏÕÒ ×ÉÔÈÉÎ Á ρπππÍ ÒÁÄÉÕÓ

.Ξ ÏÆ ÓÔÕÄÅÎÔÓ 
 

 
¢ƘŜ άPublic transports networkingέ ǎŎƻǊŜ ƛǎ ŜȄǇǊŜǎǎŜŘ ōȅ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ŜǉǳŀǘƛƻƴΥ 
 

ὛὧέὶὩ 
+0)4σ υ

 ρȢπυ ÍÁØ +0)4σ
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1.3.3 CO2 Emissions from transports 

¢ƘŜ ǎŎƻǊŜ ŦƻǊ ǘƘŜ ƎǊƻǳǇ άCO2 Emissions ŦǊƻƳ ǘǊŀƴǎǇƻǊǘǎέ ŎƻƴǎƛŘŜǊǎ ǘƘŜ KPI-T4 - CO2 
emitted per student. It is calculated based on information from the behavior 
questionnaires, according the following methodology: 
 

1) Calculation of people equivalent for each transport considering the total no. of 

answers, the total no. of students and the number of answers Never  (0%), 

Sometimes (40%), Almost always (80%), Always (100%) . 

 

0%
Π π Π  ρȾσ Π  ςȾσ Π  ρ  ÎÒ ÏÆ ÐÅÒÓÏÎÓ ÏÆ ÔÈÅ ÓÃÈÏÏÌ 

-Ξ ÏÆ  ÐÅÒÓÏÎÓ ÔÈÁÔ ÁÎÓ×ÅÒÅÄ ÔÏ ÔÈÅ ÑÕÅÓÔÉÏÎÎÁÉÒÅ
 

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

 

2) Calculation of the CO2 emissions per transport mean  
 

 #/ %ÍÉÓÓÉÏÎÓ  &%  0%  ÄÁÉÌÙ ÁÖÅÒÁÇÅ ÄÉÓÔÁÎÃÅ  ςς  ρπ 

Where: 
#/  %ÍÉÓÓÉÏÎÓ = Annual emissions associated to the transport mean i. 
&% = emission factor of the transport mean i . 

 

Table 2 presents the CO2 Emission Factors for each transport mean: 

 
Table 2 ς CO2 emission factors for each transport mean 

CO2 Emission Factor (kgCO2 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 
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3) Calculation of the Total CO2 emission per student  

 

+0)  
В  #/  %ÍÉÓÓÉÏÎÓ

.Ξ ÏÆ ÓÔÕÄÅÎÔÓ
 

 

¢ƘŜ ǘƻǘŀƭ άCO2 emissionǎέ score per student is calculated considering maximum emission 

100% students travelling by car: 

 

ὛὧέὶὩ  = υ  
   

   Ϸ        
 

1.3.4 Final Score for transports 

The final score to evaluate the schools performance regarding the transport sector is 

calculated according to the following equation: 

Final scoretransports = (2 x Score parking + Score Public transports networking + 2 x Score CO2 

emissions)/5 
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1.4 Green spaces 

The green spaces seŎǘƻǊ ƛǎ ŎƘŀǊŀŎǘŜǊƛȊŜŘ ōȅ ŦƻǳǊ ƎǊƻǳǇǎΥ άƎǊŜŜƴ ŀǊŜŀǎέ όƛƴŎƭǳŘƛƴƎ YtL-GS1, 

KPI-D{оύΣ άǳǎŜ ƻŦ ŎƘŜƳƛǎǘǎ ƛƴ ƎǊŜŜƴ ŀǊŜŀǎ ƳŀƛƴǘŜƴŀƴŎŜέ όƛƴŎƭǳŘƛƴƎ YtL-GS5)Σ ά/h2 

ǎŜǉǳŜǎǘǊŀǘƛƻƴέ όƛƴŎƭǳŘƛƴƎ YtL-GS6), and ά/h2 ŜƳƛǎǎƛƻƴǎέ όƛƴŎƭǳŘƛƴƎ YtL-GS7). So, the group 

άƎǊŜŜƴ ǎǇŀŎŜǎέ ƛǎ ŎƘŀǊŀŎǘŜǊƛȊŜŘ ōȅ т YtLǎΥ 

¶ KPI-GS1. Nº of trees per non-covered area 

¶ KPI-GS2. Nº of trees per student 

¶ KPI-GS3. Green area per non-covered area 

¶ KPI-GS4. Green area per student 

¶ KPI-GS5. Annual usage of chemicals per green area 

¶ KPI-GS6. Annual CO2 sequestration per non-covered area 

¶ KPI-GS7. Annual CO2 emissions per green area 

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

groups. 

1.4.1 Green areas 

¢ƘŜ ƎǊƻǳǇ άDǊŜŜƴ !ǊŜŀǎέ ƛǎ ŎƘŀǊŀŎǘŜǊƛȊŜŘ ōȅ п YtLǎΥ 

¶ KPI-GS1 - No. of trees per non-covered area (nº/m2) 
 

+0)
.Ξ ÏÆ ÔÒÅÅÓ

.ÏÎÃÏÖÅÒÅÄ ÁÒÅÁ Í  
 

 
KPI-GS2 ς No. of trees per student (nº/ student) 
 

 +0)
.Ξ ÏÆ ÔÒÅÅÓ

.Ξ ÏÆ ÓÔÕÄÅÎÔÓ 
 

 

¶ KPI-GS3 - Green area per non-covered area (%) 
 

+0)
'ÒÅÅÎ ÁÒÅÁ Í

.ÏÎÃÏÖÅÒÅÄ ÁÒÅÁ Í
 Ø ρππ 

¶ KPI-GS4 -Green area per student (m2/ student) 
 

 +0)
'ÒÅÅÎ ÁÒÅÁ Í

.Ξ ÏÆ ÓÔÕÄÅÎÔÓ
 

The KPI-GS1 and KPI-GS3 contribute for thŜ άGreen Areasέ ǎŎƻǊŜΣ ŜȄǇǊŜǎǎŜŘ ōȅ ǘƘŜ ŦƻƭƭƻǿƛƴƎ 

equation: 

ὛὧέὶὩ 
+0)ὋὛρ  υ 

 ρȢπυ ÍÁØ +0)ὋὛρ

+0)ὋὛσ  υ 

 ρȢπυ ÍÁØ +0)ὋὛσ
Ⱦς 
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1.4.2 Use of chemists in green areas maintenance 

¢ƘŜ ǎŎƻǊŜ ŦƻǊ ǘƘŜ ƎǊƻǳǇ άǳǎŜ of chemists in green areas maintenanceέ ƛƴŎƭǳŘŜǎ ǘƘŜ KPI-
GS5 - Annual usage of chemicals per green area (Kg/m2).  
 

+0)
1ÕÁÎÔÉÔÙ ÏÆ ÆÅÒÔÉÌÉÚÅÒÓ ÁÎÄ ÐÅÓÔÉÃÉÄÅÓ ËÇ 

'ÒÅÅÎ ÁÒÅÁ Í
 

 
¢ƘŜ άǳǎŜ of chemists in green areas maintenanceέ ǎŎƻǊŜ ƛǎ ŜȄǇǊŜǎǎŜŘ ōȅ ǘƘŜ ŦƻƭƭƻǿƛƴƎ 
equation: 
 

ὛὧέὶὩ  υ
+0)  υ

 ÍÁØ +0)
 

 

1.4.3 CO2 sequestration  

¢ƘŜ ǎŎƻǊŜ ŦƻǊ ǘƘŜ ƎǊƻǳǇ άCO2 sequestrationέ ƛƴŎƭǳŘŜǎ ǘƘŜ KPI-GS6 - CO2 sequestration per 
non-covered area per year (kgCO2/ m2 a).  

 

+0)
ÎΞ ÏÆ ÔÒÅÅÓ  32   ÌÁ×Î ÁÒÅÁ32  

ÎÏÎÃÏÖÅÒÅÄ ÁÒÅÁ
 

Where: SR = sequestration rate [2]. 

¢ƘŜ άCO2 sequestrationέ ǎŎƻǊŜ ƛǎ ŜȄǇǊŜǎǎŜŘ ōȅ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ŜǉǳŀǘƛƻƴΥ  
 

ὛὧέὶὩ 
+0)  υ 

ρȢπυÍÁØ +0)
 

 
Table 3 presents the CO2 sequestration rate attributed to each specie. 
 

Table 3: CO2 sequestration rate attributed to each specie  

CO2 sequestration rate per specie 
Turfgrass/lawn 1 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 aloifolia 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 guatemalensis 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 
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Juglans nigra 0.78 Punica granatum 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 Pyracantha 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 cunninghamiana 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 equisetifolia 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 crista-galli 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 Eucalyptus globulus 71.89 

Prunus avium 1.57 Cercis siliquastrum 3.46 Celtis occidentalis 5.99          Values in kg CO2/tree and year 
except  

1 kg CO2 seq/m2 and year 
Cupressus macrocarpa 1.60 Fraxinus angustifolia 3.50 Fraxinus excelsior 6.01 

Elaeagnus angustifolia 1.69 Firmiana simplex 3.57 Tamarix gallica 6.14 

 

1.4.4 CO2 emissions from green spaces maintenance 

¢ƘŜ ǎŎƻǊŜ ŦƻǊ ǘƘŜ ƎǊƻǳǇ άCO2 emissions from green spaces maintenanceέ ƛƴŎƭǳŘŜǎ ǘƘŜ KPI-

GS7 - Annual CO2 emissions per green area (kgCO2/  m2 a).  

+0) 
#ÏÍÂÕÓÔþÖÅÌ  &% ×ÁÔÅÒ&% ÅÌÅÃÔÉÃÉÔÙ&%

.ÏÎÃÏÖÅÒÅÄ ÁÒÅÁ Í
 

Where: FE = factor emission [1]. 

¢ƘŜ άCO2 emissions CO2 emissions from green spaces maintenanceέ ǎŎƻǊŜ ƛǎ ŜȄǇǊŜǎǎŜŘ ōȅ ǘƘŜ 

following equation: 

 ὛὧέὶὩ υ
  

  
 

 
Table 4 presents the CO2 emission factors associated with petrol, water and energy 
consumption for green spaces maintenance. 
 

Table 4: CO2 emission factors associated with petrol, water and energy consumption for green spaces maintenance 

Country 
Water (kgCO2/l)  Energy (kg 

CO2/kWh) 
Petrol 

(kgCO2/l)  Tap water Rain water Well water 

Portugal 1.74E-04 

7.28E-06 

1.76E-04 4.20E-01 

2.87 
Spain 1.64E-04 1.46E-04 3.96E-01 

France 4.94E-05 2.89E-05 5.95E-02 

Gilbraltar 6.35E-03  1.00E+00 
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1.4.5 Final Score for green spaces 

The final score to evaluate the school performance regarding the green spaces sector is 

calculated according to the following equation: 

Final scoregreen spaces = 
ἡἫἷἺἭ ἯἺἭἭἶ ἩἺἭἩἻ   ἡἫἷἺἭ ἽἻἭ ἫἰἭἵἱἻἼἻ  ἡἫἷἺἭ ἍἛ ἻἭἹἽἭἻἼἺἩἼἱἷἶ  ἡἫἷἺἭ ἍἛ ἭἵἱἻἻἱἷἶἻ

 

1.5 Green procurement 

The green procurement sector is characterized by six groups: άŜǉǳƛǇƳŜƴǘ efficiencyέ 

(including KPI-DtмύΣ άǇŀǇŜǊ ǳǎŜŘέ όƛƴŎƭǳŘƛƴƎ YtL-GP2), άōƛƻƭƻƎƛŎŀƭ ŦƻƻŘέ όƛƴŎƭǳŘƛƴƎ YtL-GP3), 

άŜŎƻ-ŘǊƛǾƛƴƎ ŎŜǊǘƛŦƛŎŀǘƛƻƴέ όƛƴŎƭǳŘƛƴƎ YtL-GP4), άǘǊŀƛƴƛƴƎ ƛƴ ƎǊŜŜƴ ǇǊƻŎǳǊŜƳŜƴǘέ όƛƴŎƭǳŘƛƴƎ 

KPI-GP5), ŀƴŘ άǎǳǇǇƭƛŜǊǎέ (including KPI-GP6). {ƻΣ ǘƘŜ ƎǊƻǳǇ άƎǊŜŜƴ ǇǊƻŎǳǊŜƳŜƴǘέ ƛǎ 

characterized by 6 KPIs: 

¶ KPI-GP1. Equipment efficiency. Equipment with A+ or higher Energy Label in school 

¶ KPI-GP2. Quantity of recycled paper used in school 

¶ KPI-GP5. Food with biological certificate 

¶ KPI-GP4. Eco-driving certification  

¶ KPI-GP3. Training in green procurement  

¶ KPI-GP6. Local suppliers 

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

the groups. 

1.5.1 Equipment efficiency 

¢ƘŜ ǎŎƻǊŜ ŦƻǊ ǘƘŜ ƎǊƻǳǇ άŜquipment ŜŦŦƛŎƛŜƴŎȅέ ƛƴŎƭǳŘŜǎ ǘƘŜ KPI-GP1 - Equipment efficiency. 

Equipment with A+ or higher Energy Label in school.  

+0)
.Ξ ÏÆ ÅÑÕÉÐÍÅÎÔ !  ÏÒ ÈÉÇÈÅÒ %5 ÅÎÅÒÇÙ ÌÁÂÅÌ

4ÏÔÁÌ ÎΞ ÏÆ ÅÑÕÉÐÍÅÎÔÓ
 

¢ƘŜ άŜquipment ŜŦŦƛŎƛŜƴŎȅέ ǎŎƻǊŜ ƛǎ ŜȄǇǊŜǎǎŜŘ ōȅ ǘƘŜ Ŧƻƭƭƻwing equation: 

ὛὧέὶὩ  +0)'0ρ  υ 

1.5.2 Paper used 

¢ƘŜ ǎŎƻǊŜ ŦƻǊ ǘƘŜ ƎǊƻǳǇ άǇŀǇŜǊ ǳǎŜŘέ ƛƴŎƭǳŘŜǎ ǘƘŜ KPI-GP2 - Quantity of recycled paper used 

in school.  

+0)
1ÕÁÎÔÉÔÙ ÏÆ ÒÅÃÙÃÌÅÄ ÐÁÐÅÒ ËÇ

4ÏÔÁÌ ÑÕÁÎÔÉÔÙ ÏÆ ÐÁÐÅÒ ËÇ
 

The άǇŀǇŜǊ ǳǎŜŘέ ǎŎƻǊŜ ƛǎ ŜȄǇǊŜǎǎŜŘ ōȅ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ŜǉǳŀǘƛƻƴΥ 
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ὛὧέὶὩ +0)'0ς  υ 

1.5.3 Biological food 

¢ƘŜ ǎŎƻǊŜ ŦƻǊ ǘƘŜ ƎǊƻǳǇ άōƛƻƭƻƎƛŎŀƭ ŦƻƻŘέ ƛƴŎƭǳŘŜǎ ǘƘŜ KPI-GP5 - Food with biological 

certificate.  

+0)
 1ÕÁÎÔÉÔÙ ÏÆ ÆÏÏÄ ×ÉÔÈ ÂÉÏÌÏÇÉÃÁÌ ÃÅÒÔÉÆÉÃÁÔÅ ËÇ

4ÏÔÁÌ ÑÕÁÎÔÉÔÙ ÏÆ ÆÏÏÄ ËÇ
 

¢ƘŜ άōƛƻƭƻƎƛŎŀƭ ŦƻƻŘέ ǎŎƻǊŜ ƛǎ ŜȄǇǊŜǎǎŜŘ ōȅ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ŜǉǳŀǘƛƻƴΥ 

ὛὧέὶὩ  +0)  υ 

1.5.4 Eco-driving certification 

¢ƘŜ ǎŎƻǊŜ ŦƻǊ ǘƘŜ ƎǊƻǳǇ άŜŎƻ-drivƛƴƎ ŎŜǊǘƛŦƛŎŀǘƛƻƴέ ƛƴŎƭǳŘŜǎ ǘƘŜ KPI-GP4 - Eco-driving 

certification per staff.  

+0)
.Ξ ÏÆ ÅÍÐÌÏÙÅÅÓ ×ÉÔÈ ÅÃÏÄÒÉÖÉÎÇ ÃÅÒÔÉÆÉÃÁÔÅÓ

4ÏÔÁÌ ÎΞ ÏÆ ÅÍÐÌÏÙÅÅÓ 
 

The άŜŎƻ-ŘǊƛǾƛƴƎ ŎŜǊǘƛŦƛŎŀǘƛƻƴέ ǎŎƻǊŜ ƛǎ ŜȄǇǊŜǎǎŜŘ ōȅ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ŜǉǳŀǘƛƻƴΥ 

ὛὧέὶὩ +0)'0τ  υ 

1.5.5 Training in green procurement 

¢ƘŜ ǎŎƻǊŜ ŦƻǊ ǘƘŜ ƎǊƻǳǇ άtraining in green procurementέ ƛƴŎƭǳŘŜǎ ǘƘŜ KPI-GP3 - Training in 

green procurement per staff.  

+0)
.Ξ ÏÆ ÅÍÐÌÏÙÅÅÓ ×ÉÔÈ ÔÒÁÉÎÉÎÇ ÉÎ ÇÒÅÅÎ ÐÒÏÃÕÒÅÍÅÎÔ
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The άtraining in green procurementέ ǎŎƻǊŜ ƛǎ ŜȄǇǊŜǎǎŜŘ ōȅ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ŜǉǳŀǘƛƻƴΥ 

ὛὧέὶὩ   +0)'0υ  υ 

1.5.6 Suppliers 

¢ƘŜ ǎŎƻǊŜ ŦƻǊ ǘƘŜ ƎǊƻǳǇ άsuppliersέ ƛƴŎƭǳŘŜǎ ǘƘŜ KPI-GP6 ς local suppliers.  

+0)
.Ξ ÏÆ ÌÏÃÁÌ ÓÕÐÐÌÉÅÒÓ 

4ÏÔÁÌ ÎΞ ÏÆ ÓÕÐÐÌÉÅÒÓ  
 

¢ƘŜ άǎǳǇǇƭƛŜǊǎέ ǎŎƻǊŜ ƛǎ ŜȄǇǊŜǎǎŜŘ ōȅ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ŜǉǳŀǘƛƻƴΥ 

ὛὧέὶὩ +0)'0φ  υ 
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1.5.7 Final Score for green procurement 

The final score to evaluate the schools performance regarding the green procurement sector 

is calculated according to the following equation: 

Final scoregreen procurement = 1 x Score equipment quantification + 0.75 x Score paper use + 1 

x Score biological food + 0.5 x Score eco-driving certification + 0.75 x Score training in 

green procurement + 1 x Score suppliers 
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1.6 IAQ 

Indoor Air Quality sector is characterized by three groups: άǾŜƴǘƛƭŀǘƛƻƴέ όYtL-E2 and KPI-E3), 

άthermal comfortέ όYtL-E4) and άair pollutantsέ όYtL-E5). It will be assessed through the IAQ 

auditsΦ {ƻΣ ǘƘŜ ƎǊƻǳǇ άIAQέ ƛǎ ŎƘŀǊŀŎǘŜǊƛȊŜŘ ōȅ 5 KPIs: 

¶ KPI-IAQ1. Class 0: Percentage of CO2 during occupancy period < 1000 ppm (%) 

¶ KPI-IAQ2. Class 1: Percentage of CO2 during occupancy period ranging between 

1000 - 1700 ppm (%) 

¶ KPI-IAQ3. Class 2: Percentage of CO2 during occupancy period ranging > 1700 ppm 

(%) 

¶ KPI-IAQ4. Percentage of temperature between 20°C and 26°C during the occupancy 

period  (%) 

¶ KPI- IAQ5. Percentage of number of air pollutants exceeding the guideline (%) 

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

1.6.1 Ventilation 

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 ICONE indeȄ ŦƻǊ άL!vέ ƛǎ ŎƘŀǊŀŎǘŜǊƛȊŜŘ ōȅ о YtLǎΥ 

¶ KPI-IAQ1. Class 0: Percentage of CO2 concentration during the occupancy period 

ranging < 1000 ppm. 

¶ KPI-IAQ2. Class 1: Percentage of CO2 concentration during the occupancy period 

ranging between 1000 - 1700 ppm 

¶ KPI-IAQ3. Class 2: Percentage of CO2 concentration during the occupancy period 

ranging > 1700 ppm. 

The ICONE index first considers 3 classes of IAQ, namely, CO2 < 1000 ppm (class 0), 1000 < 

CO2 <1700 ppm (class 1) and CO2 > 1700 ppm (class 2). CO2 was originally used as a marker 

of perceived air quality (odors). Therefore, the ICONE index considers a Fechner-type law 

ŜȄǇǊŜǎǎƛƴƎ ǘƘŀǘ ǘƘŜ ǇŜǊŎŜƛǾŜŘ ƻŘƻǊ ƛƴǘŜƴǎƛǘȅ ŘƻŜǎƴΩǘ ǾŀǊȅ ƭƛƴŜŀǊƭȅ ǿƛǘƘ ŎƻƴŎŜƴǘǊŀǘƛƻƴ ōǳǘ ƛƴ 

a logarithmic way: 

( )22110010log fcfcfcN ++=a
 (1) 

 

With f0, f1 and f2 being the percentage of measurements where the CO2 concentrations are 

in class 0, 1 and 2 during the occupancy period, respectively. Therefore: 

1210 =++ fff
 (2) 
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Then, by defining a scale ranging from 0 to 5 for IAQ (N = ICONE index), and 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 1/3 of concentrations 

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: 

ὛὧέὶὩ  
Ȣ

ὰέὫρ Ὢ σὪ) (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).  

1.6.2 Thermal comfort 

Thermal comfort sector is characterized by KPI-IAQ4. Percentage of temperature between 

20°C and 26°C during the occupancy period (%). It shows the percentage of comfort period 

related to the dry bulb temperature evolution along the evaluated period. It 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 class-2 comfort according to the EN 15251 standard. 

+0) 0ÅÒÃÅÎÔÁÇÅ ÏÆ ÔÅÍÐÅÒÁÔÕÒÅ ÉÎ ÃÏÍÆÏÒÔ ÚÏÎÅ ÁÌÏÎÇ ÏÃÃÕÐÁÎÃÙ ÐÅÒÉÏÄ Ϸ  

The final score for the thermal comfort is based as follows: the 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 performance, all temperatures are between 20°C 

and 26°C). Therefore, Scorecomfort is given by:  

ὛὧέὶὩ  +0))!1τ ὼ υ   

 

1.6.3 Air pollutants 

Air pollutans is characterized by KPI-IAQ5. Percentage of number of air pollutants exceeding 
the guideline (%).  
 

+0)
.ÕÍÂÅÒ ÏÆ ÁÉÒ ÐÏÌÌÕÔÁÎÔÓ ÅØÃÅÅÄÉÎÇ ÔÈÅ ÇÕÉÄÅÌÉÎÅ

Ὕέὸὥὰ ὲόάὦὩὶ έὪ ὥὭὶ ὴέὰὰόὸὥὲὸί ὩὺὥὰόὥὸὩὨ
 

¢ƘŜ άŀƛǊ Ǉƻƭƭǳǘŀƴǘǎέ ǎŎƻǊŜ ƛǎ ŜȄǇǊŜǎǎŜŘ ōȅ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ŜǉǳŀǘƛƻƴΥ 

 
ὛὧέὶὩ υ +0)

)!1υ
 ὼ υ   
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1.6.4 Final Score for IAQ 

The final score for IAQ sector of a school building will be obtained from the result of all 
groups: ventilation, thermal comfort and air pollutants. It is calculated according to the 
following equation: 
 

Final scoreIAQ= 
ἡἫἷἺἭ ἱἶ ἤἭἶἼἱἴἩἼἱἷἶ   ἡἫἷἺἭ ἱἶ ἢἰἭἺἵἩἴ ἫἷἵἮἷἺἼ╢╬▫►▄ ░▪ ═░► ╟▫■■◊◄╪▪◄▼
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1.7 Energy 

Energy consumption sector is characterized by four groups: άŜƴŜǊƎȅ ŎƻƴǎǳƳǇǘƛƻƴέ όYtL-E1 

and KPI-9нύΣ άǊŜƴŜǿŀōƭŜ ŜƴŜǊƎȅέ όYtL-9оύΣ άŜƴŜǊƎȅ Ŏƻǎǘέ όYt9-E4 and KPI-E5) and CO2 

emissions associated to energy consumption (KPI-E6). It will be assessed through the annual 

energy consumption of the schools [kWh/a]Φ {ƻΣ ǘƘŜ ƎǊƻǳǇ άŜƴŜǊƎȅέ ƛǎ ŎƘŀǊŀŎǘŜǊƛȊŜŘ ōȅ т 

KPIs: 

¶ KPI-E1. Annual final energy consumption per useful area (kWh/m2) 

¶ KPI-E2. Annual final energy consumption per student (kWh/student) 

¶ KPI-E3. Percentage of renewable energy production (%) 

¶ KPI-E4. Annual energy cost per useful area (ϵκƳ2) 

¶ KPI-E5. Annual energy cost per student (ϵκǎǘǳŘŜƴǘ) 

¶ KPI-E6. Annual CO2 emissions per students (associated to energy consumption) 

(kgCO2/student) 

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

1.7.1 Energy consumption 

¢ƘŜ ǎŎƻǊŜ ŦƻǊ ǘƘŜ ƎǊƻǳǇ άŜƴŜǊƎȅ ŎƻƴǎǳƳǇǘƛƻƴέ ƛƴŎƭǳŘŜǎ ǘƘŜ KPI-E1 Annual final energy 

consumption per useful area (kWh/m2) and the KPI-E2 Annual final energy consumption 

per student (kWh/student).  

+0)
В!ÎÎÕÁÌ ÃÏÎÓÕÍÐÔÉÏÎ ÏÆ ÅÌÅÃÔÒÉÃÉÔÙ В !ÎÎÕÁÌ ÃÏÎÓÕÍÐÔÉÏÎ ÏÆ ÆÕÅÌÄÅÎÓÉÔÙ&#

5ÓÅÆÕÌ ÁÒÅÁ Íς
 

Where:  
i = type of electricity (provide by the grid; onsite produced);  
Ὦ = type of fuel (diesel; LPG; natural gas); 
&# = conversion factor to kWh of fuel j [9]. 
 
 

+0)
В!ÎÎÕÁÌ ÃÏÎÓÕÍÐÔÉÏÎ ÏÆ ÅÌÅÃÔÒÉÃÉÔÙ В !ÎÎÕÁÌ ÃÏÎÓÕÍÐÔÉÏÎ ÏÆ ÆÕÅÌÄÅÎÓÉÔÙ&#

3ÔÕÄÅÎÔ
 

Where:  
i = type of electricity (provide by the grid; onsite produced);  
Ὦ = type of fuel (diesel; LPG; natural gas); 
&# = conversion factor to kWh of fuel j [9]. 

 

¢ƘŜ άŜƴŜǊƎȅ ŎƻƴǎǳƳǇǘƛƻƴέ ǎŎƻǊŜ ƛǎ ŜȄǇǊŜǎǎŜŘ ōȅ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ŜǉǳŀǘƛƻƴΥ 

ὛὧέὶὩ  
ÍÁØ +0)%ρ +0)%ρ υ

ÍÁØ +0)%ρ ÍÉÎ +0)%ρ πȢωυ

ÍÁØ +0)%ρ +0)%ρ υ

ÍÁØ +0)%ρ ÍÉÎ +0)%ρ πȢωυ
Ⱦς 
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1.7.2 Renewable energy 

¢ƘŜ ǎŎƻǊŜ ŦƻǊ ǘƘŜ ƎǊƻǳǇ άǊŜƴŜǿŀōƭŜ ŜƴŜǊƎȅέ ƛƴŎƭǳŘŜǎ ǘƘŜ KPI-3 Percentage of renewable 

energy production (%).  

+0)
2ÅÎÅ×ÁÂÌÅ ÅÎÅÒÇÙ ÐÒÏÄÕÃÅÄ ÆÏÒ ÏÎÓÉÔÅ ÃÏÍÓÕÍÐÔÉÏÎ2ÅÎÅ×ÁÂÌÅ ÅÎÅÒÇÙ ÐÒÏÄÕÃÔÉÏÎ ÓÏÌÄ ÔÏ ÇÒÉÄ

В!ÎÎÕÁÌ ÃÏÎÓÕÍÐÔÉÏÎ ÏÆ ÅÌÅÔÒÉÃÉÔÙ В !ÎÎÕÁÌ ÃÏÎÓÕÍÐÔÉÏÎ ÏÆ ÆÕÅÌÄÅÎÓÉÔÙ&#
 

Where:  
i = type of electricity (provide by the grid; onsite produced);  
Ὦ = type of fuel (diesel; LPG; natural gas); 
&# = conversion factor to kWh of fuel j [9]. 

 
¢ƘŜ άǊŜƴŜǿŀōƭŜ ŜƴŜǊƎȅέ ǎŎƻǊŜ ƛǎ ŜȄǇǊŜǎǎŜŘ ōȅ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ŜǉǳŀǘƛƻƴΥ 

ὛὧέὶὩ  +0)%σ  υ 

1.7.3 Energy cost 

¢ƘŜ ǎŎƻǊŜ ŦƻǊ ǘƘŜ ƎǊƻǳǇ άŜƴŜǊƎȅ Ŏƻǎǘέ ƛƴŎƭǳŘŜǎ ǘƘŜ Annual energy cost per useful arŜŀ όϵκƳ2) 

and the KPI-E5. Annual energy cost per student (ϵκǎǘǳŘŜƴǘ). 

+0)
   Ό

  Íς
   and   +0)

   Ό

Ξ  
 

¢ƘŜ άŜƴŜǊƎȅ Ŏƻǎǘέ ǎŎƻǊŜ ƛǎ ŜȄǇǊŜǎǎŜŘ ōȅ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ŜǉǳŀǘƛƻƴΥ 

ὛὧέὶὩ   
ÍÁØ +0)%υ +0)%υ υ

ÍÁØ +0)%υ ÍÉÎ +0)%υ πȢωυ
 

ÍÁØ +0)%φ +0)%φ υ

ÍÁØ +0)%φ ÍÉÎ +0)%φ πȢωυ
Ⱦς 

1.7.4 CO2 emissions 

¢ƘŜ ǎŎƻǊŜ ŦƻǊ ǘƘŜ ƎǊƻǳǇ ά/ŀǊōƻƴ ŦƻƻǘǇǊƛƴǘέ ƛƴŎƭǳŘŜǎ ǘƘŜ KPI-6 Annual CO2 emissions per 

students (associated to energy consumption) (kgCO2/student).  

+0)
%ÌÅÃÔÒÉÃÉÔÙ ÃÏÎÓÕÍÐÔÉÏÎ2%0', &% В ÃÏÎÓÕÍÐÔÉÏÎ ÏÆ ÆÕÅÌ ÄÅÎÓÉÔÙ&# &%

.Ξ ÏÆ ÓÔÕÄÅÎÔÓ
 

Where:  
 i = type of fuel (diesel; LPG; natural gas); 
&#  ÃÏÎÖÅÒÓÉÏÎ ÆÁÃÔÏÒ ÔÏ Ë7È ÏÆ ÆÕÅÌ Ὥ  [9] 
&% = emission factor associated to electrical energy consumption [10]. 
&% = emission factor associated to fuel I [10]. 
REP = Renewable electrical production 
 GL = Grid losses 

 

¢ƘŜ ά/O2 emissionsέ score is expressed by the following equation: 

ὛὧέὶὩ 
ÍÁØ +0)%χ +0)%χ υ

ÍÁØ +0)%χ ÍÉÎ +0)%χ πȢωυ
 

 
Primary energy factors and CO2 emission coefficients for each country and region are 
reported in Annexe 1.  
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1.7.5 Final 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 cost and CO2 emissions, derived 
from energy consumption of heating, cooling and lighting. It is calculated according to the 
following equation: 
 

Final scoreenergy= 
ἡἫἷἺἭ ἱἶ ἏἶἭἺἯὁ ἫἷἶἻἽἵἸἼἱἷἶ   ἡἫἷἺἭ ἱἶ ἠἭἶἭἿἩἪἴἭ ἭἶἭἺἯὁ  ἡἫἷἺἭ ἱἶ ἏἶἭἺἯὁ ἫἷἻἼ  ἡἫἷἺἭ ἱἶ ἍἛ  ἭἵἱἻἻἱἷἶἻ
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1.8 Water 

The water sector will be evaluated through the water biƭƭǎ ŀƴŘ ǘƘŜ ƎǊƻǳǇ άǿŀǘŜǊέ ƛǎ 

characterized by 4 KPIs: 

¶ KPI-H2O1 Water consumption per useful area (m3/m 2) 

¶ KPI-H2O2 Water consumption per student (m3/student)  

¶ KPI-H2O3 Water cost per useful area (ΌȾÍ2) 

¶ KPI-H2O4 Water cost per student (ΌȾÓÔÕÄÅÎÔ) 
 

1.8.1 Water consumption 

¢ƘŜ ǎŎƻǊŜ ŦƻǊ ǘƘŜ ƎǊƻǳǇ άǿŀǘŜǊ ŎƻƴǎǳƳǇǘƛƻƴέ ƛƴŎƭǳŘŜǎ the KPI- H2O1 Water consumption 

per useful area (m3/m 2) and the KPI- H2O2 Water consumption per student (m3/student). 

+0)  
   

 
   and   +0)

   

Ξ  
 

 

¢ƘŜ άǿŀǘŜǊ ŎƻƴǎǳƳǇǘƛƻƴέ ǎŎƻǊŜ ƛǎ ŜȄǇǊŜǎǎŜŘ ōȅ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ŜǉǳŀǘƛƻƴΥ 

ὛὧέὶὩ  
ÍÁØ +0)(ς/ρ +0)(ς/ρ υ

ÍÁØ +0)(ς/ρ ÍÉÎ +0)(ς/ρ πȢωυ

ÍÁØ +0)(ς/ς +0)(ς/ς υ

ÍÁØ +0)(ς/ς ÍÉÎ +0)(ς/ς πȢωυ
/2 

1.8.2 Water cost 

The score for the group άǿŀǘŜǊ Ŏƻǎǘέ ƛƴŎƭǳŘŜǎ ǘƘŜ KPI-H2O3 Water cost per useful area (ϵ/m 2) 

and the KPI-H2O4 Water cost per student (ϵ/student). 

+0)
  

 
   and  +0)

  

Ξ  
 

¢ƘŜ άǿŀǘŜǊ Ŏƻǎǘέ ǎŎƻǊŜ ƛǎ ŜȄǇǊessed by the following equation: 

ὛὧέὶὩ 
ÍÁØ +0)(ς/σ +0)(ς/σ υ

ÍÁØ +0)(ς/σ ÍÉÎ +0)(ς/σ πȢωυ

ÍÁØ +0)(ς/τ +0)(ς/τ υ

ÍÁØ +0)(ς/τ ÍÉÎ +0)(ς/τ πȢωυ
Ⱦς 

1.8.3 Final score for water 

¢ƘŜ Ŧƛƴŀƭ ǎŎƻǊŜ ǘƻ ŜǾŀƭǳŀǘŜ ǘƘŜ ǎŎƘƻƻƭǎΩ ǇŜǊŦƻǊƳŀƴŎŜ ǊŜƎŀǊŘƛƴƎ ǘƘŜ ǿŀǘŜǊ ǎŜŎǘƻǊ ƛǎ ŎŀƭŎǳƭŀǘŜŘ 

according to the following equation: 

ὛὧέὶὩ
ὛὧέὶὩ ὛὧέὶὩ 

ς
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2 BSM - Low-carbon retrofit solutions 
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2.1 Selection of low-carbon retrofit solutions 

In BSM stage 2, once we have the initial performance results of the school, following the 

specific needs and requirements of school, we will select different low-carbon retrofit 

solutions. The portfolio of low-carbon retrofit solutions is defined and characterised in task 

3.3.  

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

2.2 Estimated performance of low-carbon solutions 

The performance of schools with the proposed low-carbon retrofit solutions can be 

simulated and predicted for some specific environmental areas, following the methodologies 

defined in Annexe 1 for Energy simulation and Annexe 2 for IAQ simulation. Environmental 

performance of solutions can be obtained.   

 

Figure 6 - Scheme. Definition of calculation method for low-carbon retrofit solutions. 

 

In both methodologies, the results of initial school performance should be calibrated to 

ensure that estimated performance of low-carbon retrofit solutions is as accurate as 

possible. Calibration methods are detailed in next section.    



 
32 

2.2.1 Calibration process  

The initial school performance is evaluated by means of an on-site measurement campaign 

in all schools, in which Indoor Air Quality and Energy consumption is measured.  

This information will be implemented into the simulation tool with the aim of calibrating the 

mathematic models of calculation methodologies in specific environmental sectors. 

Following sections define the calibration process for selected 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 for annaual energy 

consumption by source and montly electricity consumption in a case study.  

 

Figure 6 ς Example of calibration process of energy consumption for a case study 

In colours (red, orange, blue and yellow) are illustrated the results of simulated energy 

consumption for heating and cooling, lighitng and hot water. Remaing energy consumption 

not simulated is represented as baseline for other consumption sectors.  

For the specific case of the comparison of monthly electricity consumption, June 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 demand. So, to calibrate real FEC related to heating and 

cooling with simulated FEC results, a reference baseline is fixed at 4000 kWh, which discounts 

energy consumption derived from other uses (appliances and other).  

From this fast calibration, the annual accuracy of the model predicting energy bill is situated 

around 80-85%. This value could be improved following an iterative self-learning procedure.   
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2.2.1.2 IAQ  

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



 
35 

3.1 Annexe 1 ς Energy assessment methodology for 

simulation 

Schools buildings can be defined with different geometries, sizes and levels of compactness, 
but they are commonly structured in the same modular basis and with similar conceptual 
design. Aiming to achieve an easier energy assessment of school buildings and involve 
technician as well as school communities in an effective low-carbon energy transition, a novel 
energy assessment methodology has been developed. It allows modelling and evaluating 
energy performance of school buildings with a reduced number of input data, and adjusted 
to the specific characteristics of schools. It is conceived as a user-friendly methodology. It 
allows calculating the indoor thermal comfort along the year, energy demand, final energy 
consumption, primary energy consumption and related CO2 emissions. The methodology, 
which is illustrated in Fig. 1, is divided into three modules: building geometry modelling 
module, energy assessment module and energy rating module.  
 

 
 

Figure 1. Assessment methodology structure 

Mathematic model integrates International and European standards about thermal 
performance of buildings, ASHRAE procedures and simplified calculation models derived from 
school building configurations. 
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3.1.1 Building geometry modelling 
 
A simplified methodology for school building geometry modelling is developed considering 
the configuration of pilot case studies. Mathematical model is divided into four steps which 
are illustrated in Figure 2.  
 

 
 

Figure 2. Mathematical model for building modelling  

Input data, which are showed in step 1 and step 2, are: building orientation, gross area (m2) 
per sector (administrative, teaching, canteen, common spaces and other spaces), maximum 
external dimensions (length X, width Y and height Z), clearance height, and maximum 
dimensions of opened and closed courtyards (y1, x1, d1 and a1 values).  Total façade length 
per orientation is calculated according to Eq. 1 and 2.  
 

ὊὥëὥὨὩ  ὢ ὒὩὲὫὬὸ ὢ ὼρ  Ὠρ (1) 

 

ὊὥëὥὨὩ  ὣ  ὡὭὨὸὬ ὣ ώρ  ὥρ (2) 

 
In step 3, as a function of conditioned sectors (for example: administrative, teaching and 
canteen), final conditioned usable area (Af) is calculated, taking a relationship between gross 
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and usable area of 0.825. This fixed value has been obtained as the average of the observed 
parameters in the 9 school buildings under study, which range from 0.80 to 0.85. 
 
In step 4, an equivalent conditioned façade length (ὢ  and ὣ ) per orientation for 

conditioned area is calculated according to Eq. 3 and 4. It applies the relationship between 
real perimeter and total gross area to the final Af value. 
 

ὢ   ὃ  
ὊὥὧὥὨὩ  ὢ ὊὥὧὥὨὩ ὣ

Ὕέὸὥὰ Ὣὶέίί ὥὶὩὥ
  
ὊὥëὥὨὩ ὢ

ὊὥëὥὨὩ ὣ
    (3) 

 

ὣ   
ὃ  
ὊὥὧὥὨὩ  ὢ ὊὥὧὥὨὩ ὣ
Ὕέὸὥὰ Ὣὶέίί ὥὶὩὥ
ὊὥëὥὨὩ ὢ
ὊὥëὥὨὩ ὣ

    (4) 

 
Once envelope surfaces and conditioned usable area have been evaluated, an opening ratio 
is applied per façade orientation. This value should be defined by end-users.  
 
This modelling method allows considering the compactness ratio of building (indoor 
volume/envelope surface), which highly affects 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, without considering thermal damping due to adjoining 
unconditioned spaces.  
 

3.1.2 Energy assessment methodology 

Energy assessment model evaluates heating and cooling energy performance (demand and 
ŎƻƴǎǳƳǇǘƛƻƴύΦ Lǘ ƛǎ ōŀǎŜŘ ƻƴ ǘƘŜ ά{ƛƳǇƭƛŦƛŜŘ ƘƻǳǊƭȅ Ƴethodέ detailed in ISO 13790:2008 [2]. 
This method consists of explicit hourly operating schedules and explicit hourly climate data. 
The model is a simplification 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 
calculation procedure; and with main advantage that the hourly time-intervals enable direct 
input of hourly patterns.  
 
The mathematic procedure is based on an equivalent resistance-capacitance (R-C) model, 
which is illustrated in Fig. 3.  
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Figure 3. Mathematic model 5R1C (reprinted from [2]). 

 
The heating and cooling demand is calculated by heating and cooling power needs per hour 
όʊI/ΣƴŘΣ ²/m2), being positive for heating and negative for cooling. The model makes a 
distinction between the internal air temperature and mean internal surface temperature, 
and it includes heat capacities of building and air in the rooms. It enables its use for thermal 
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.  
 
Following 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)  

Heat transfer of ventilation (Hve, W/m2 K) is calculated according to Eq. 5. It is based on total 
air flow due to leakage and ventilation airflow (qveύΣ ŀƴŘ ǎǳǇǇƭȅ ŀƛǊ ǘŜƳǇŜǊŀǘǳǊŜ ό˼sup). 
 

Ὄ ὴ ὧ В ὦ  ή  0.33 В ὦ ȟ ή ȟ  (5) 

 
where: 
ὴ ὧ: heat capacity of air per volume (0.33 W/m3 K) 
ὦ ȟ: adjustment factor for supply air temperature different to outdoor conditions.  

ή ȟ: airflow rate through the conditioned space (m3/s per hour). 
 

Airflow rate is obtained as the sum of fresh airflow derived of mechanical supply, infiltration 
and natural ventilation (window opening periods), following the procedure defined in EN 
15242:2007 [3]. So, input data are: leakage airflow (Q4Pa, m3/h per m2 at 4Pa), mechanical 
































