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F1 - Building

� Envelope (Walls, Roof, Windows)
� Airtightness
� Passive systems (trombe walls, earth tube..)
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F2 - Energy use

� Heating/Cooling energy use (Space heating         
/Cooling, DHW)
� Electric use (Cooking, wash machine,              
lightening, appliance -other equipments)
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• The annual heating energy demand of the Passivhaus proposed for Portugal has 
been estimated as 16.9 kWh/m2.year, of which 11 kWh/m2.year are supplied by the 
solar system (in this analysis priority of the solar system is given to heating and the 
solar fraction for domestic hot water is 48%) 

• The annual cooling energy demand is 3.7 kWh/m2.year 

• The sum of net heating and cooling demand is 9.6 kWh/m2.year 

Passivhaus Portugal – Energy Performance

Predicted annual heating demand (red) and cooling demand 
(blue) for Standard House and Passivhaus in Lisbon(blue) for Standard House and Passivhaus in Lisbon
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U-value for roof is 0.23 W/m2.K and for walls is 0.32 W/m2.K
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I) Reducing the building energy demand

1. Building site and urban integration (climatic and microclimate 
conditions)

2. Thermal optimization of building envelope (reducing heat losses)
3. Optimization of solar gains (winter and summer)
4. Use of passive strategies or systems

How to achive NZEB ?

4. Use of passive strategies or systems
5. Use of day lighting strategies
6. Use of natural ventilation strategies
7. Use of efficient systems (domestic appliances and equipment)

II) Produce (Generate) energy on building site (Integration)

1. Thermal Solar (for hot water or air)

2. Photovoltaic

3. Small wind turbines

Towards Net-Zero Energy Solar Buildings
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Solar Settlement Freiburg, Germany
Architecture and Concept: Rolf Disch

11,000 m² area with 59 terrace houses, 
3,150 m² roof integrated PV, 

district heating network



Plus Energy Settlement” 

Energy balance of 21 
terrace houses in the 
Freiburg Solar Settlement 
(56 homes in total) on the 
basis of monitoring results. 
The monitoring proofs the 
design as „plus energy 

“plus energy”
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homes”. All sectors of 
energy use are included.

Solar Settlement, Freiburg

Architecture and concept: Rolf Disch

note:   100 kWh/m²y = 32 kBTU/ft” y

basis: source energy, non renewable (0.9, 2.7)
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Solaire – Battery Park City, NY: 33 kWp         USGBC LEED – Gold
Architect: Cesar Pelli

Cortesy
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Keep Cool II – Resultados de Simulação

Estratégia do Edifício Solar XXI

Projecto; optimização térmica do 
edifício, redução das cargas de 

aquecimento, arrefecimento, iluminação

Introdução de medidas “passivas”, para Introdução de medidas “passivas”, para 
aquecimento e arrefecimento

Integração de energias renováveis no 
edifício

Helder Gonçalves



Integração Integração 

urbanaurbana

Reduzir as necessidades 
energéticas do edifício

Produção local Produção local 
de energiade energia

Partilhar 
energia 
produzida

Redução das Necessidades Energéticas dos Edifícios

Soluções construtivas
� Cobertura com  10 cm isol. térmico,

U= 0.26 W/m2 ºC

� Paredes simples de alvenaria - tijolo de 22 cm, 

com 6 cm de isolamento (pelo exterior), U= 0.45 

W/m2 ºC

� Pavimento térreo com 10 cm de isol. térmico

Reduzir as necessidades 
energéticas do edifício

Towards Net-Zero Energy Solar Buildings



Keep Cool II – Resultados de Simulação

Sistemas Passivos

Utilização dos Ganhos Solares 
para aquecimento ambiente

Helder Gonçalves

Inverno



CONTROLE SOLAR

Protecção dos vãos envidraçados 
(estores exteriores)

Isolamento Exterior (redução das 
ganhos solares na envolvente)

Reduzir as  cargas de arrefecimento

Verão

Helder Gonçalves





Natural convection, 
during daytime 

SummerWinter

during daytime 



Edifício Solar XXI – INETI
Temperaturas do Sistema de Recuperação de Calor dos Módulos PV
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Sistema de ARREFECIMENTO PASSIVO

Sistema de arrefecimento pelo solo, 
permutador de 32 tubos a ar.

Helder Gonçalves



Ventilação Natural

Sistema ventilação natural 
transversal e por efeito de 
chaminé pelo hall central.

Ventilation

Helder Gonçalves



Passive Cooling Systems

Ground Cooling
No Air Conditioning

Helder Gonçalves



Ground Cooling

Condutas tipo "Spiro ” ø 300 mm
no inte rior da  courete

Condutas em PVC ø 300 mm

i= 2,5%

Manilhas de cim ento ø 300mm

i= 2,5%

FOSSO  DE  ADMISSÃO  DE  AR

Condutas tipo "Spiro ” ø 300 mm
no inte rior da  courete

Condutas em PVC ø 300 mm

i= 2,5%

Manilhas de cim ento ø 300mm

i= 2,5%

FOSSO  DE  ADMISSÃO  DE  AR



Inside the building 

closed
open



Edifício Solar XXI – INETI
Temperaturas de ar nos Tubos Enterrados vs interior e exterior
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The air cooled in the pipes is injected in the room at 21-22ºC, being 
responsible for a decay in the internal temperature of 2-3ºC.



Verão

Vãos distribuidos, claraboia central 
comum aos 3 pisos com ligação às 
salas a norte e a sul, propiciam 
iluminação natural, todo o ano.

35



INTEGRAÇÃO DE 
ENERGIAS RENOVÁVEIS

Fachada Fotovoltaica
no Edifício (96 m2- 12 
kWp)

Parque de 
estacionamento (6kWp)
Parque de 
estacionamento (6kWp)

Colectores Solares 
para Aquecimento 
Auxiliar

Helder Gonçalves



Energy Production in 2007; 12 + 8.4 MWh

80 % of the electricity consumption 
produced by the PV system

8 TON of CO2 avoided

Lisboa, 17 MAIO 2010 Helder Gonçalves

Carlos Rodrigues e António Joyce



Edifício Solar XXI – INETI
Temperaturas de ar interiores vs exterior 
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Fev

06

Nov 
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07

Fev

07

Nov 

07

Dez

07

Jan
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Fev

08

Text 10.3 16.0 10.8 10.9 12.9 12.8 9.8 11.5 12.2

Tint 21.4 21.5 19.4 19.6 19.7 20.3 18.7 19.9 19.7

Tmax 23.7 24.0 23.0 23.3 22.6 22.9 21.6 22.8 22.6

Solar Building XXI

Tmax 23.7 24.0 23.0 23.3 22.6 22.9 21.6 22.8 22.6

Tmin 16.0 20.1 17.4 17.6 18.0 18.7 17.1 18.3 18.0

Tdiurno 20.7 22.5 20.8 21.1 20.9 21.6 19.9 21.2 20.9

Temperaturas (ºC) - Winter



Edifício Solar XXI – INETI
Temperaturas de ar interiores vs exterior
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Summer - August 2006- Text vs Tint
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Temperatura ar PISO 2 (Tm=25.9ºC, Tmax=31.6ºC, Tmin=21.0ºC)

Temperatura ar PISO 1 (Tm=25.4ºC, Tmax=31.1ºC, Tmin=21.0ºC)

Temperatura ar PISO 0 (Tm=24.1ºC, Tmax=25.7ºC, Tmin=23.2ºC)

Temperatura ar exterior (Tm=24.5ºC, Tmax=39.7ºC, Tmin=14.6ºC)
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Text 23.7 24.5 22.3 21.8 21.5 21.2

Tint 25.1 25.4 24.2 24.1 24.7 24.2

Temperature (ºC) - SUMMER

Solar Building XXI

Tmax 27.3 28.1 27.1 26.4 26.7 26.7

Tmin 23.3 23.3 21.5 22.3 23.2 21.5

Tdiurno 26.3 26.8 25.5 25.3 25.6 25.4

external, internal mean, internal mean maximum, internal mean minimum
and internal mean daily



Keep Cool II – Resultados de Simulação

Energy performance for office/service buildings: 
IEE (Energy Eficiency Indicator)

IEEIEE
SOLAR XXISOLAR XXI

(real)(real)

IEEIEE
SOLAR XXISOLAR XXI

(typical user related (typical user related 
loads)loads)

IEEIEE

Standard value office Standard value office 
buildingbuilding

2.82.8
kgep/(m2.year)kgep/(m2.year)

1616
kgepkgep/(m2.year/(m2.year))

3030
kgepkgep/(m2.year)/(m2.year)

Helder GonçalvesLisboa, 17 MAIO 2010



SOLAR XXI  - Energy performance

NZEB Energy performance

ReachingReaching “zero “zero energyenergy””
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The Road Towards “Zero Energy” in Buildings: Lessons Learned from SOLARXXI Building in Portugal 
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Keep Cool II – Resultados de Simulação
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