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THE LBP RESEARCH PROJECT - Introduction

A MAJOR PROGRAM OF REFURBISHMENT OF SCHOOL 
BUILDINGS IS RUNNING IN PORTUGAL

INCREASE THE ENERGY EFFICIENCY
OF THE BUILDINGS

IMPROVE THE INDOOR LEARNING 
ENVIRONMENT IN TERMS OF THERMAL 
COMFORT AND INDOOR AIR QUALITY
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LABORATORY OF BUILDING PHYSICS

Faculty of Engineering of University of Porto

AssessAssess thethe indoorindoor environmentalenvironmental qualityquality

THE LBP RESEARCH PROJECT - Objectives

•• AirAir TemperatureTemperature [ºC][ºC]

•• RelativeRelative HumidityHumidity [[%%]]

•• CarbonCarbon DioxideDioxide ConcentrationConcentration [ppm][ppm]

MeasurementMeasurement ofof::

OptimizationOptimization ofof constructiveconstructive solutionssolutions toto bebe usedused inin
thethe rehabilitationrehabilitation ofof schoolschool buildingsbuildings

•• ThermalThermal ComfortComfort

•• IndoorIndoor AirAir QualityQuality

•• EconomicEconomic SustainabilitySustainability

ObjectivesObjectives::
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THE LBP RESEARCH PROJECT

DURABILITY

COMFORT

ENERGY

ECONOMIC

MULTI-OBJECTIVE OPTIMIZATION WITH CONFLICTING OBJECTIVES
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CONSTRUCTIVE SOLUCTIONCONSTRUCTIVE SOLUCTION BUILDING SIMULATIONBUILDING SIMULATION

OPTIMIZATIONOPTIMIZATION

THE LBP RESEARCH PROJECT
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CONSTRUCTIVE SOLUCTIONCONSTRUCTIVE SOLUCTION ARTIFICIAL NEURAL NETWORKSARTIFICIAL NEURAL NETWORKS

OPTIMIZATIONOPTIMIZATION

THE LBP RESEARCH PROJECT
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METHODOLOGY - Model
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•• NoNo insulationinsulation

•• SingleSingle glassglass

•• NoNo heatingheating systemsystem

•• NaturalNatural ventilationventilation
(window(window opening)opening)
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METHODOLOGY - Model

Zones Metabolic rate 
[W/person] 

Density 
[people/m2] 

Occupancy profile 
(Monday to Friday) 

Classroom 94 0,40 

 

Circulation 112 0,60 

 

Storage 112 0,10 

 

Toilet 112 0,60 

 
 

•• Annual simulationsAnnual simulations

•• Hourly OutputsHourly Outputs

•• Model validation Model validation 
(Almeida and Freitas, 2010)(Almeida and Freitas, 2010)

INTERNALINTERNAL GAINSGAINS CONSTRUCTIONCONSTRUCTION

Uwalls 
[W/(m2.ºC)] 0,96 

Uroof 
[W/(m2.ºC)] 2,51 

Uwindow 
[W/(m2.ºC) 6,10 

Gwindow 
[-] 0,81 

ACR 
[h-1] 0,25 
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METHODOLOGY - Model

LOCATIONSLOCATIONS
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METHODOLOGY – Variables and performance functions
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VARIABLESVARIABLES

METHODOLOGY – Variables and performance functions

 Uwalls 
[W/(m2.K)] 

Uroof 
[W/(m2.K)] 

Uwindow 
[W/(m2.K)] 

Gwindow 
[-] 

ACR 
[h-1] 

Actual 0,96 2,51 6,10 0,81 0,25 

Maximum 1,80 3,00 6,10 0,90 5,00 

Minimum 0,25 0,25 1,00 0,20 0,10 

 

PERFORMANCEPERFORMANCE FUNCTIONSFUNCTIONS

CT
S

LH
ACRGUUUf year

windowwindowroofwall º20
..

,,,, int1

CT
S

T
ACRGUUUf year

windowwindowroofwall º25
25

,,,, int

int

2

Where :

H.L. - hourly heating load (kWh)

S - net floor area of the building (m2)

Tint - hourly average interior
temperature (ºC)
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METHODOLOGY – Artificial Neural Networks (ANN)

1920 ANNUAL SIMULATIONS
160 FOR EACH LOCATION
AND ORIENTATION

LOCATION

A

B

C

LOCATION FUNCTION

f1

f2

FUNCTIONSFLOOR

GROUND FLOOR

FIRST FLOOR

FLOORORIENTATION

NORTH

EAST

SOUTH

WEST

ORIENTATION

COMBINATIONSCOMBINATIONS

• 150 for training

• 10 for validation
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METHODOLOGY – Artificial Neural Networks (ANN)

ARCHITECTUREARCHITECTURE
• Multilayer feedforward with backpropagation

• 20 neuron, 5 input, 1 output

• Training algorithm: Levenberg-Marquardt with Bayesian regulation

I1

I2

I3

I4

I5

Uwall

Uroof

Uwindow

Gwindow

ACR

BIAS f

f

f

f

f

f

f

f

f

f

f

f

f

f

f

f

f

f

f

f

f

Out f1 or f2

BIAS

f
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METHODOLOGY – Artificial Neural Networks (ANN)

VALIDATIONVALIDATION

10

1
2

10

1
2

2 1
i i

i ii

yy

py
R

 LOCATION A LOCATION B LOCATION C 
f1 f2 f1 f2 f1 f2 

N GF 0.9990 0.9727 0.9989 0.9800 0.9990 0.9252 
1st F 0.9976 0.9949 0.9969 0.9832 0.9983 0.9865 

E GF 0.9990 0.9766 0.9989 0.9784 0.9990 0.9045 
1st F 0.9979 0.9840 0.9969 0.9864 0.9979 0.9899 

S GF 0.9990 0.9323 0.9988 0.9711 0.9990 0.9818 
1st F 0.9980 0.9871 0.9963 0.9865 0.9978 0.9995 

W GF 0.9990 0.9751 0.9988 0.9719 0.9989 0.9868 
1st F 0.9980 0.9886 0.9966 0.9670 0.9983 0.9962 

MEAN 
VALUES 

0.9984 0.9764 0.9978 0.9781 0.9985 0.9713 
0.9874 0.9879 0.9849 

0.9868 
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RESULTS AND DISCUSSION – Evaluation of the school
building performance

ff11 –– EnergyEnergy (heating(heating load)load)

• Heating load higher in the first floor

• Heat losses through the roof are significant



LFC

NSB'2011 - R. Almeida / V.P. de Freitas June 2011 / 20

RESULTS AND DISCUSSION – Evaluation of the school
building performance

ff22 –– ComfortComfort (overheating)(overheating)

• Overheating is irrelevant on the ground floor
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RESULTS AND DISCUSSION – Evaluation of the school
building performance

OrientationOrientation

• Differences due to orientation

• Less energy required when facing South

• Less overheating when facing North

Mean difference 
9.5% 

Mean difference 
6.4% 
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RESULTS AND DISCUSSION – Parametric optimization

IT WAS EVALUATED THE IMPACT OF EACH VARIABLE IN THE ALL 
BUILDING PERFORMANCE 

RoofRoof thermalthermal coefficientcoefficient

• Varying the insulation of the roof could decrease the heating load
from 73%, in location B, to 50%, in location C

• In locations A and C this change also improve the summer comfort
conditions of the building
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RESULTS AND DISCUSSION – Parametric optimization

WallWall thermalthermal coefficientcoefficient

• Wall insulation could guarantee a reduction of up to 45% in the
heating load

• But will be responsible for a decrease in the summer comfort
conditions
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RESULTS AND DISCUSSION – Parametric optimization

WindowWindow thermalthermal coefficientcoefficient andand totaltotal solarsolar energyenergy transmittancetransmittance

• Changes in windows are the most ineffective ones

• Although being possible to achieve a reduction of up to 30% in the
heating load but the overheating problem will be intensified
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RESULTS AND DISCUSSION – Parametric optimization

AirAir changechange raterate

• A value of 4.0 h-1 in the ACR, minimum necessary according to the
Portuguese legislation, implies an increase on the heating load
that goes from 310%, in location C, to 640%, in location B

• Nevertheless the same change would decrease the overheating
problem in 48%, in location B, and 80%, in location A.
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CONCLUSIONS

MAIN CONCLUSIONS OF THE WORK

ANNANN areare aa goodgood instrumentinstrument toto estimateestimate complexcomplex
functionsfunctions andand cancan bebe usedused toto substitutesubstitute computercomputer
simulations,simulations, eveneven thoughthough theythey requirerequire aa significantsignificant
amountamount ofof inputinput datadata forfor trainingtraining inin orderorder toto achieveachieve
accurateaccurate approximationsapproximations

AnnualAnnual buildingbuilding simulationsimulation ofof complexcomplex modelsmodels isis aa
veryvery timetime consumingconsuming procedureprocedure butbut necessarynecessary toto
understandunderstand thethe overalloverall performanceperformance ofof thethe buildingsbuildings
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CONCLUSIONS

MAIN CONCLUSIONS OF THE WORK

TheThe mostmost effectiveeffective retrofitretrofit measuremeasure toto decreasedecrease thethe
heatingheating loadload isis thethe roofroof insulationinsulation

TheThe orientationorientation ofof thethe buildingbuilding isis responsibleresponsible forfor
significantsignificant changeschanges inin itsits performanceperformance

TheThe ACRACR isis thethe mostmost importantimportant variablevariable inin thethe
performanceperformance ofof thethe buildingbuilding
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FUTURE WORKS

OPTIMIZATION OF CONSTRUCTIVE SOLUTIONS

MULTI-OBJECTIVE OPTIMIZATION USING 
EVOLUCIONARY ALGORITHMS

LIFE CYCLE ANALYSIS OF THE SOLUCTIONS
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