














Solugédes técnicas para a eficiéncia energética em edificios nos Agores
Caso de Estudo com a aplica¢do do conceito Passive House
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Figura A18.48. Caso de Estudo — Algado Norte. Fonte: Associacdo Passivhaus Portugal.
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area parede: 502m2
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pintura a cor branca

area janela: 1,325 m*
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Figura A18.49. Caso de Estudo — Algado Poente. Fonte: Associag@o Passivhaus Portugal.
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Solugédes técnicas para a eficiéncia energética em edificios nos Agores
Caso de Estudo com a aplica¢do do conceito Passive House

Perguia com o de folha catk
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/
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Figura A18.50. Caso de Estudo — Corte B. Fonte: Associacdo Passivhaus Portugal.

48



Curso de Pos-Graduagdo em Construgdo e Reabilitacdo Sustentavel FCT NOVA — 2021/22

Corte C
Escala: 1/100 10

Figura A18.51. Caso de Estudo — Corte C. Fonte: Associagdo Passivhaus Portugal.
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Solugées técnicas para a eficiéncia energética em edificios nos Agores
Caso de Estudo com a aplica¢do do conceito Passive House

......................................

EPS 100mm
0,037 W/(mK)

reboco exterior 20mm
1,3 W/(mK)

considerar nas paredes de alvenaria:
15% presenca de betéo

bloco Artebel 200mm
0,23 W/(mK)

reboco interior 10mm
1,3 W/(mK)

ceramico 10mm
1,3 W/(mK)

...................................................................

membrana transpirante

enchimento e
, _regularizacdo 1,3 W/(mK)

" ' laje de betdo 2,3 W/(mK)

TN XPS 60mm 0,035 W/(mK)

i

> i 3 } -3 .
LT

: betéo de limpeza
| 0,5 W/(mK)

Pormenores
Escala: 1/10

barrote de madeira
220x80mm
0,13 W/(mK)

XPS 200mm 0,035 W/(mK)

painel OSB 9mm
0,13 W/(mK)

T T e

nnhEE pamamnmiR s B

= =

[Fatgsgegesece e, yscegeleletetelelelelataleletesutotet0 0000 - g g Sgtys]

?;zf‘;g{{{g'é' T 5"3%58?5’5';})3) e f@%}@g’; 194 ggg{jﬁ 1esesse Ei‘;{*.

' ‘»}38:@* asesesszszises 988-6;}3}3 R{Q{»SBB i isessestateat
» 600 y

pelicula polietileno

forro de madeira
12mm 0,13 W/(mK)

...................................................................

Figura A18.52. Caso de Estudo — Pormenores. Fonte: Associacdo Passivhaus Portugal.
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Estores eléctricos em todos os véos

Caixilharia em PVC

Uf-value:
1,3 W/({mK)

~—012 —

Yinst:
+ superior e lateral: 0,02 W/(mK)
inferior: 0,05 W/(mkK)

Pormenor da caixilharia
Escala: 1/10 12

Figura A18.53. Caso de Estudo — Pormenor da caixilharia. Fonte: Associagdo Passivhaus Portugal.

Nota: A caixilharia considerada no caso de estudo de referéncia tem Ur= 0,97 a 1,02 W/(m?.K)
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Solugées técnicas para a eficiéncia energética em edificios nos Agores
Caso de estudo com a aplicagdo do conceito Passive House

Anexo 19 — Simulac¢ées de Pressdo de vapor no interior ¢ de Humidade Relativa maxima

admissivel, em Ponta Delgada, Angra do Heroismo e Horta
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Figura A19.54. Ponta Delgada — Simulagdo de Pressdo de vapor no interior para uma temperatura do ar
interior ndo inferior a 18 °C. Fonte: Autor.
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Figura A19.55. Ponta Delgada — Simulagdo da humidade relativa méxima admissivel, para cumprimento do
teor de agua no ar segundo a norma Passive House, atendendo a temperatura do ar interior de 18 °C. Fonte:
Autor.
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Figura A19.56. Ponta Delgada — Simulaggo de Pressdo de vapor no interior para uma temperatura do ar
interior ndo inferior a 20 °C. Fonte: Autor.
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Figura A19.57. Ponta Delgada — Simulagdo da humidade relativa maxima admissivel, para camprimento do
teor de agua no ar segundo a norma Passive House, atendendo a temperatura do ar interior de 20 °C. Fonte:
Autor.
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Solugébes técnicas para a eficiéncia energética em edificios nos Ag¢ores
Caso de Estudo com a aplica¢do do conceito Passive House
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Figura A19.58. Ponta Delgada — Simulagdo de Pressdo de vapor no interior para uma temperatura do ar
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Figura A19.59. Ponta Delgada — Simulagdo da humidade relativa maxima admissivel, para cumprimento do
teor de agua no ar segundo a norma Passive House, atendendo a temperatura do ar interior de 22 °C. Fonte:

Autor.
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Figura A19.60. Angra do Heroismo — Simulagéo de Pressdo de vapor no interior para uma temperatura do ar
interior ndo inferior a 18 °C. Fonte: Autor.
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Figura A19.61. Angra do Heroismo — Simula¢@o da humidade relativa maxima admissivel, para
cumprimento do teor de 4gua no ar segundo a norma Passive House, atendendo a temperatura do ar interior
de 18 °C. Fonte: Autor.
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Caso de Estudo com a aplica¢do do conceito Passive House
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Figura A19.62. Angra do Heroismo — Simulagéo de Pressdo de vapor no interior para uma temperatura do ar
interior ndo inferior a 20 °C. Fonte: Autor.
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Figura A19.63. Angra do Heroismo — Simulac@o da humidade relativa maxima admissivel, para
cumprimento do teor de agua no ar segundo a norma Passive House, atendendo a temperatura do ar interior
de 20 °C. Fonte: Autor.
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Figura A19.64. Angra do Heroismo — Simulagéo de Pressdo de vapor no interior para uma temperatura do ar
interior nao inferior a 22 °C. Fonte: Autor.
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Figura A19.65. Angra do Heroismo — Simula¢@o da humidade relativa maxima admissivel, para
cumprimento do teor de 4gua no ar segundo a norma Passive House, atendendo a temperatura do ar interior
de 22 °C. Fonte: Autor.
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Caso de Estudo com a aplica¢do do conceito Passive House

HORTA, ACORES

2300 26

2200 24

2100 2

2000

1900 20
& 1800 18 o
— 1700 16 o
2 1600 5
© 14 =
= 1500 5
(]
3 1400 2 g
o IS
wc 1300 10 ©
A ..................l............. ......... l_
§1200 8
o 1100 .....000........ 6

1000 .

900

700 0

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
e Pressdo de Vapor no Exterior eeeeee Pressdo de Vapor no Interior com rH=40%

Pressdo de Vapor no Interior com rH=50% eseeee Pressdo de Vapor no Interior com rH=60%
eseeee Pressdo de Vapor no Interior com rH=70% = = = Temperatura Exterior
= == == Temperatura Interior (minima de 182C)

Figura A19.66. Horta — Simulagdo de Pressdao de vapor no interior para uma temperatura do ar interior nao
inferior a 18 °C. Fonte: Autor.
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Figura A19.67. Horta — Simulag@o da humidade relativa maxima admissivel, para cumprimento do teor de
agua no ar segundo a norma Passive House, atendendo a temperatura do ar interior de 18 °C. Fonte: Autor.
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Figura A19.68. Horta — Simulagéo de Pressdo de vapor no interior para uma temperatura do ar interior ndo
inferior a 20 °C. Fonte: Autor.
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Figura A19.69. Horta — Simulag@o da humidade relativa maxima admissivel, para cumprimento do teor de
agua no ar segundo a norma Passive House, atendendo a temperatura do ar interior de 20 °C. Fonte: Autor.

59



Solugébes técnicas para a eficiéncia energética em edificios nos Ag¢ores
Caso de Estudo com a aplica¢do do conceito Passive House
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Figura A19.70. Horta — Simulagdo de Pressao de vapor no interior para uma temperatura do ar interior nao
inferior a 22 °C. Fonte: Autor.
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Figura A19.71. Horta — Simula¢do da humidade relativa maxima admissivel, para cumprimento do teor de
agua no ar segundo a norma Passive House, atendendo a temperatura do ar interior de 22 °C. Fonte: Autor.
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Anexo 20 — Recuperac¢io de humidade e desumidificacio em climas humidos
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1
Figura A20.72. Diagrama de zonas individuais no modelo de simulagdo (Dynbil®). Fonte: PHI.

3 Dynbil ¢ um programa de simulacdo de construcdo térmica dindmica multizona desenvolvido no Passive House
Institute. IPHA (s.d.), Dynamic simulation of a building's thermal performance — The Passive House Resource.
International Passive House Association. Consultado em: 2022-05-19. Disponivel em:
https://passipedia.org/planning/calculating energy efficiency/dynamic_simulation
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Anexo 21 — Balanco Energético do caso de estudo de referéncia para as 21 localizagoes de Portugal no PHPP, sem ventilacio natural noturna

Tabela A21.5. Balango Energético do caso de estudo de referéncia para as 21 localizagdes de Portugal no PHPP, sem ventilagdo natural noturna. Fonte: Autor.

Localizagbes

Specific building characteristics with reference to the treated floor area Limites PTO006a ~ PT0011a  PT0007a ~ PT0008a  PT0004a  PT0005a = PTO0003a
Angr'a do Beja Braga Braganga Sies Coimbra Evora Faro Funchal Horta ilhavo
Heroismo | _ Branco
Space heating Heating demand kWhi(m#a) =15 | RNNOMIININNAZ0NN .11 MMM 710 | 404 413 [NN0RBNIO00 006 887
Heating load W/m? =10 5,35 10,55 12,58 16,04 10,93 11,60 10,55 9,89 - 9,12
Space cooling Cooling & dehum. demand kWh/(m?a) - ' - ' = ' = ' = ' - = = B = = -
Cooling load W/m? - - - - - - - - - - - -
Frequency of overheating (> 25 °C) % =10
Frequency excessively high humidity (> 12 g/kg) % =20
Airtightness Pressurization test result ngy 1/h 0,6 0,6 0,6 0,6 0,6 0,6 0,6 0,6 0,6 0,6 0,6 0.6
Non.renewable Primary Energy PEdemand kWh/m#z) - 5767 5765 | 61,96 7343 6086 59,06 58,85 56,83 57,27 57,58 61,99
) PER demand kWh/(m?a) <60
Primary Energy Generation of renewable energy -
Renewable (PER) : : : i : kWh/(m?a) - 3,03 3,70 3,29 3,20 3,48 349 3,62 3,96 3,25 3,06 4,06
(In relation to projected building footprint area)
Cumpre todos os critérios Passive House para a classe Classic?
Localizagoes
Specific building characteristics with reference to the treated floor area Limitess PT0013a  PT0001b  PT0014a PT0002b ~ PT0016a = PT0010a PT0015a  PT0009a  PTO0012a
Leiria Lisboa Manteigas DI:([)nat:a Porto Santarém Sines Sintra Vila Real Viseu
Space heating Heating demand kWh/(m?Za) <15 18, 11,64
Heating load W/m?2 | s10 | 869 | 780 || 16,50 _ 538 | 9,58 | 9,66 7,50 8,83 15,69 11,32
Space cooling Cooling & dehum. demand kWh/{m?a) - - - - - - - - - - -
Cooling load W/m? ' - N - = — = - - - - -
Frequency of overheating (> 25 °C) % <10 | 18,28 3,43
Frequency excessively high humidity (> 12 g/kg) % =20 |
Airtightness Pressurization test result ngy 1/h =0,6 0,6 0,6 0.6 0.6 0,6 0,6 0,6 0,6 0,6 0,6
Non-renewable Primary Energy PE demand kWh/(m?a) | - 57,95 57,30 68,37 57,27 60,48 57,64 57,18 57,90 67,12 64,06
B PER demand kWh/(m?a) =60
Primary Energy Generation of renewable energy
Renewable (PER) ; ; 2 L : kWh/{m?a) - 3,69 3,78 3,35 3,04 3,37 374 3,86 3,77 3,32 3,37
(in relation to projected building footprint area)
Cumpre todos os critérios Passive House para a classe Classic ? . SIM | SIM
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Anexo 22 — Necessidades de Aquecimento para o caso de estudo de referéncia
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Figura A22.73. Necessidades de Aquecimento para o caso de estudo de referéncia. Fonte: Autor.
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Anexo 23 — Frequéncia de Sobreaquecimento para o caso de estudo de referéncia, sem

ventilacdo natural noturna
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Figura A23.74. Frequéncia de Sobreaquecimento para o caso de estudo de referéncia, sem ventilagdo natural
noturna. Fonte: Autor.




Curso de Pos-Graduacdo em Construcdo e Reabilitacdo Sustentavel FCT NOVA —2021/22

Anexo 24 — Frequéncia de elevada Humidade Relativa para o caso de estudo de referéncia,

sem ventilacao natural noturna
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Figura A24.75. Frequéncia de elevada Humidade Relativa para o caso de estudo de referéncia, sem ventilagdo
natural noturna. Fonte: Autor.




Solugées técnicas para a eficiéncia energética em edificios nos Agores
Caso de Estudo com a aplicagdo do conceito Passive House

Anexo 25 — Resultados mensais para a Horta para o caso de estudo de referéncia

Passive House with PHPP Version 9.6aJNT
M onth Iy resu ]ts Extended version by Joaquim Neto Teixeira
Moradia unifamiliar / Climate: Horta, Acores / TFA: 168 m® / Heating: 0,1 kWh/{m?a) / Freq. overheating: 14 % / PER: 30,6 kWh/(m*a)
pecific building characteristics Anual Limits Anual ! Mooy
Space heating Heatingdemand £ 15 kWh/(m®a) _
Space cooling Cooling & dehum. demand. < - KWhi[m%)
Frequency of overheating (>26°C), = 10 %
) Frequency excessively high humidity (> 12 g/kg) < 20 %
Non-renewable Primary Energy PEdemand < - kWh/(ma) 5758
Primary Energy Renewable (PER) PER demand < &0 KWhi(mZa}
Generation of renewable energy > - KWhi(ma) 3.06

(inrelation to projected building footprint area)

SUBITLE:

Heating demand
| Frequency of overheating (> 25°C)
Frequency excessively high humidity (> 12 g/kg)

115:225] 17.5 15
lﬁﬁﬁﬁ. ;

If meets the PER demand criteria [ NG

—&— Passive House Premium o

—a— PHI Low Energy Building

PER demand [kWh/(m?*zs"a)]

Passive House Plus

®  Current building

—u— Passive House Classic

x

Monthly results

15

e 52t Maximum Humidity ratio (dry air)

| Limits Anual Jan | Feb Mar Apr May Jun Jul Aug | Sep Oct = Nov Dec
INDOOR Indoor temperature, £ 256 °C 220 22,0 22,0 220 220 22,4 241 257 251 232 | 20 220
~Indoor humnidity ratio (dry air)) = 12 a/kg 10,3 98 9.6 100 112 126 14,2 146 140 | 126 | 114 10,3
Indoor water vapor saturation pressure | Pa 26434 2643 4 26434 2643 4 26434 271161 30084 33025 3840 | 28359 2643 4 26434
Indoor water vapor pressure Pa 16615 1569,3 15427 1605.,5 1800.2 20193 22782 23434 22536 = 20193 17796 16520
Indoor relative hurnidity % 62 9% 59 4% 58,4% 60,7% 68,1% 74 3% 75,7% 71,0% 70,8% 71,2% 67 3% 62,5%
Indoor Hygrothermal Comfort| ' 1 ' il ' ' 0 5 |l = == al |
OUTDOOR Outdoor temperature | °c 157 | 151 152 | 159 177 19,6 220 | 232 | 224 | 199 | 179 | 160
Dew point temperature °C 12,2 11,2 10,9 116 136 15,6 17,7 185 179 | 1586 134 12,1
Outdoor water vapor saturation pressure | Pa 17830 17156 1726,7 1806,0 20246 22803 26434 28432 27086 = 23232 2050,3 1817,5
Cutdoor wateruapor pressure | Pa 14205 | 13296 | 13034 | 13654 15569 | 17716 | 20246 | 21231 | 20503 @ 17716 | 16367 | 14112
Outdoor relative humidtty % 79.7% | TT.5% | 755% | 756%  769% | 777% | 766% | 749% | V57% | 763% | 7439% | T77.6%
Moisture transfer through walls and roofs resultinq from the vapor pressure gradient between indoor and outdoor envi ron rnents )
Vapor pressure gradient between indoer and outdoor environments Pa 239,61 239_,2_6 24012 243_,_29 24774 25352 21431 20332 247 74 242 92 2&0,_81
Moisture transfer direction | Qﬂ:«ﬂ | Qﬁﬂl [ D<<<| <<< @“ﬁ}ﬁ I D<<<l I 94#-’:] | 'ﬁﬁaﬂ i 06&“] | Gﬁgg T O===]
Class Indoor Hygrothermal Confort
A8 | 100%
:-;130 i 80%
Ewo | o
E i T 0%
2 - ;
= 120 Premium &
= £ 60%
2=, 100 E
[= 3 50%
S 80 - i
i | L oaow
2 60 N & - ke
- 30%
f; 40 | -
20%
& 20 _
. v o>— 10%
o] 15 30 45 60 75 80 105 0%

21

22 23 24 25 26 7 28 29
Operative Temperature [%]

= Extended comfort range Inner comfort range

PHPP, Monthly Results

PHPP_V9.6a EN_Caso_Estudo_Porto JNT_6.Horta_0O_20220524

Figura A25.76. Balanco Energético — Resultados mensais para a Horta para o caso de estudo de referéncia 1/2. Fonte: Autor.
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Passive H ith PHPP Version 9.6aJNT
Monthly results ok eded e b B ks T

Moradia unifamiliar | Climate: Horta, Acores /| TEA: 168 m? | Heating: 0,1 KWh/{m?a) / Freq overheating: 14 % / PER: 30,6 kWh/(m?a)
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Figura A25.77. Balanco Energético — Resultados mensais para a Horta para o caso de estudo de referéncia 2/2. Fonte: Autor.
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Solugoes técnicas para a eficiéncia energética em edificios nos Agores
Caso de Estudo com a aplicagdo do conceito Passive House

Anexo 26 — Balanco Energético do caso de estudo de referéncia para as 21 localizacdes de Portugal no PHPP, para a alternativa com ventilacio natural noturna

Tabela A26.6. Balango Energético do caso de estudo de referéncia para as 21 localizagdes de Portugal no PHPP, para a alternativa com ventilagao natural noturna. Fonte: Autor.

Specific building characteristics with reference to the treated floor area

Localizagdes
PT0006a '

Space heating
Heating load W/m?
Space cooling
Cooling load W/m?

Frequency of overheating (> 25 °C) %

Frequency excessively high humidity (> 12 g/kg) %
Airtightness Pressurization test result ngp 1/h

Non-renewable Primary Energy

PER demand kWh/(m?a) |

Primary Energy

Renewable (PER) Generation of renewable energy , ...,

: : : E : (m?a)
(in relation to projected building footprint area)

Heating demand kWh/(m?a) |

Cooling & dehum. demand kWh/(m?a)

PE demand kWh/(m?a)

Limites ' PT0011a PT0007a PT0008a PT0004a PT0005a PT0003a
Angrado s Castelo = < -
g 5 Beja Braga Braganga Coimbra Evora Faro Funchal Horta llhavo
Heroismo Branco |
<15 8,11 710 | 404 | 413 |LN0Z0N 000 no0e 867
=10 5,35 10,55 12,58 16,04 10,93 11,60 10,55 9,89 - 9,12
<10
<20 8,06 :
0,6 06 0,6 06 06 | 06 | 06 06 0,8 06 06 0,8
= 57,14 57,53 61,90 73,31 60,82 59,01 58,78 56,79 57,18 57,56 61,85
<80 3047 | 3199 3294 | 3825 | 3279 | 8217 | a3 | 8219 | 8019 | 305 | 2910
- 3,03 3,70 3,29 3,20 3,48 349 3,62 3,96 3,25 3,06 4,06

Ventﬁaga’io natural noturna para arrefecimento, transversal com 6 vaos em oscilobatente

_ MELHORA IRRELEVANTE IRRELEVANTE IRRELEVANTE IRRELEVANTE

Cumpre todos os critérios Passive House para a classe Classic ?

Localizagbes

Specific building characteristics with reference to the treated floor area Limites PT0013a  PT0001b  PTO0014a PT0002b  PTO0016a  PT0010a PT0015a  PT0009a  PT0012a
= - : Ponta : . g : :
Leiria Lisboa Manteigas Delgada Porto Santarém Sines Sintra Vila Real Viseu
Space heating Heating demand kWh/(m?a) <15 16,52 11,64
Heating load W/m? | =10 15,69 11,32
Space cooling Cooling & dehum. demand kWh/(m*a) | - - -
Cooling load W/m? - - -
Frequency of overheating (> 25 °C) % =10
Frequency excessively high humidity (> 12 g/kg) % =20 | |
Airtightness Pressurization test result ngy 1/h =0,6 0,6 0,6 0,6 0,6 0,6 0,6 0,6 0,6 0,6 0,6
Non-renewable Primary Energy PE demand kWh/(m?a) = 57,88 57,05 68,34 56,97 60,26 57,46 56,90 57,81 67,08 63,81
_ PER demana kwiva) oo |EEOANSE 00N eSO 2 S S S S e M S s s
Primary Energy G i ¢ bl T
Renewable (PER) . . enetetion ol renewal’e CNEIgY whiins) . 3,69 378 3,35 3,04 3,37 3,74 3,86 377 3.32 3,37
(in relation to projected building footprint area)
Ventﬁagéo natural noturna para arrefecimento, transversal com 6 viaos em oscilobatente RESOLVE MELHORA IRRELEVANTE RESOLVE |IRRELEVANTE IRRELEVANTE
Cumpre todos os critérios Passive House para a classe Classic ? SIM | SIM | - SIM | SIM
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Anexo 27 — Frequéncia de Sobreaquecimento para o caso de estudo de referéncia, com

ventilacdo natural noturna
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Figura A27.78. Frequéncia de Sobreaquecimento para o caso de estudo de referéncia, com ventila¢ao natural

noturna. Fonte: Autor.
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Anexo 28 — Frequéncia de elevada Humidade Relativa para o caso de estudo de referéncia,

com ventilacao natural noturna

OBraganca
OBraga
O Vil Read
@ Porto
Py OViseu
Ihavo
(o]
Manteigas
@ Combra
O Castelo B2
(4% ]
¢ (o]
o O Santaréer
> . N a
Lsha o
O Evora
(S
® Sines O e
Funchal
[s]
Car
Humidade > 12 g/kg Avaliacao Passive House

‘

Nao cumpre o

@ 120%; 30%] M critério PH
110%; 20%] Aceitavel

$ 4%: 10° B Cumpre o
I£ %500 7] o4 Critério PH

O IR

Figura A28.79. Frequéncia de elevada Humidade Relativa para o caso de estudo de referéncia, com ventilagdo
natural noturna. Fonte: Autor.
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Anexo 29 — Classificaciao dos valores de sa segundo a norma DIN 4108-3

Tabela A29.7. Classificacdo dos valores de sq segundo a norma DIN 4108-3.

Classificacao dos valores de sq segundo a norma DIN 4108-3

Permeavel ao vapor $¢<0,5m
Retardante ao vapor 0,5 m <s4 <1500 m
Estanque ao vapor sd > 1500 m
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Solugoes técnicas para a eficiéncia energética em edificios nos Agores
Caso de Estudo com a aplicagdo do conceito Passive House

Anexo 30 — Balan¢o Energético para a Horta apos medidas de melhoria

Specific building characteristics with reference to the treated floor area

............................................ 79 Afernatve
Treated floor area m* 167.6 Criteria criteria Fullfilled?’
Space heating Heating demand kKWhi(m#a)} 0 = '15— ----------
Heating load Wim# 6 = L yes
Space cooling Cooling & dehum. demand kWhi/(m®a) T =
Cooling load Wim* T = ¥e=
Frequency of overheating (= 25 °C) % - = T -
Frequency of excessively high humidity (= 12 gikg) % = 10 yes

Airtightness Pressurization test result neg 1/h = 0.6
Non-renewable Primary Energy (PE) PE demand kWhi/(m®a) = -
PER demand KWh/(m#a) = i g0 g0
Primary Energy Generation of renewable ; yes
Renewable (PER) energy (in relation to pro- KWhifm?®a) 3 = e: E: :
jected building footprint area) ______________________

¢ Empty field: Data missing; '-": Mo requirement

| confirm that the values given herein have been determined following the PHPP methodology and based on the characteristic

values of the building. The PHPP calculations are attached to this verification.
: First name: surname:

Passive House Classic?

|ssued on:' City:'

Figura A30.80. Balango Energético para a Horta apds medidas de melhoria. Fonte: Autor.
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Anexo 31 — Resultados mensais para a Horta apos medidas de melhoria

Passive House with PHPP Version 9.6aJNT

Monthly results

Moradia unifamiliar / Climate: Horta, Acores / TFA- 168 m® / Heating: 0.2 kKWh/(m?a) / Cooling: 10 KWh/(m?a) /| PER: 40,6 kWh/{m?*a)

Extended version by Joaquim Meto Teixeira

{in relation to projected building footprint area)

Specific building characteristics | Anual Limits
Space heating Heating demand: < 15 kWh/[m?a)
Space cooling Cooling & dehumidificationdemand, < 20 kWh/{m?a)
Frequency of overheating (> 25 °C) € - %
Frequency excessively high humidity (>12g/kg) < 10 %
Non-renewable Primary Energy PEdemand] < - KkWh/(ma)
Primary Energy Renewable (PER) PER demand. < 60 kWh/(m?a)
Generation of renewable energy > - KWhi(ma)

Anual

10,0

76,09

3,06

SUBITLE:

Heating demand

If meets the PER demand criteria [N

Frequency of overheating (> 25 °C) 110%; 15%] 15%; 10%]
Frequency excessively high humidity (> 12 g/kg) 110%; 15%] 15%; 10%]
| Limits Anual | Jan | Feb Mar | Apr May = Jun | Jul | Aug Sep Oct | Nov | Dec
INDOOR Indoor ternperature] € 25 °C 220 220 220 220 220 223 240 255 249 229 220 220
Indoor humidity ratio (dry air) < 12 glkg 10,3 98 96 10,0 12 12,0 120 120 120 120 1.1 10,3
Indoor water vapor saturation pressure Pa 2643 4 26434 26434 26434 26434 26876 29805 32690 31457 27918 26434 26434
Indoor water vapor pressure | Pa 16615 1569,3 15427 16055 18002 19292 19292 19292 | 19292 19292 17796 16520
Indoor relative hurmidity | 5% 62,9% 59,4% 58,4% 60,7% 68,1% 71.8% 64, 7% 59,0% 61,3% 69,1% 67,3% 62,5%
Indoor Hygrothermal Comfort | i i i i i fli= il il il i il
OUTDOOR Outdoor temperature | e | 151 | 152 | 159 177 | 196 | 220 | 232 224 198 | 179 | 160
Dew point temperature | °c 11,2 10,9 1186 136 156 177 185 179 156 134 121
Outdoor water vapor saturation pressure Pa 1715.6 1726,7 1806.0 20246 22803 26434 28432 27086 23232 2050.3 1817.5
Outdoor water vapor pressure | Pa 13296 13034 1365,4 1556,9 17716 2024 6 21291 20503 | 17716 15367 1411,2
Outdoor relative humidity | % 775% | 755% | 756%  7638% | TI7% | 766% 74.8% | T57% | 763% | T48% | TI6%
Maisture transfer through walls and roofs resuiting from the vapor pressure gradient between indoor and outdoor environments ) ) ) ) ) o N - - ) )
Vapor pressure gradient between indoor and outdoor environments | Pa 240,96 239,61 239,26 24012 24329 1657.67 -95 47 -199.89 -121,15 167 67 24292 240,81
Moisture transfer direction O<<<l [ O<<<l | @«%l [[D<<=I | O=<21 || O===l | O=>>1 | O>>>] | 0>>>1 | O==<<] | O<<<| | O==z1
Class Indoor Hygrothermal Confort
200
? 180
160
“é% 140 s
i =
= 120 Premium £
%
=, 100 E
g £
g .
g2 60 © i
% 40 4 =
i
o 20 — T ot \\
188 —— 10% = 2 \
5 N o= r___,r—"
0 15 30 45 &0 75 a0 105 0%
PER demand [kww(mxTFAwa}] 18 19 20 21 22 23 24 25 26 27 28 29
Operative Temperature [ %]
—&— Passive House Premium ~&—Passive House Plus +— Passive House Classic
s— PHI Low Energy Building ® Current building x  Monthly results ===Set Maximum Humidity ratio {dry air) = Extended comfort range = |nner comfort range

PHPP, Menthly Results

PHPP_V46a_EMN_Case_Estudo_Porto JNT 6.Horta F 20220526

Figura A31.81. Balanco Energético — Resultados mensais para a Horta apds medidas de melhoria 1/2. Fonte: Autor.
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Passive House with PHPP Version 9.6aJNT
M o nt h Iy resu Its Extended version by Joaquim Neto Teixeira

Moradia unifamiliar / Climate: Horta, Acores / TEA: 168 m? | Heating: 0,2 KWh/(m?a) / Cooling: 10 KWh/(m®a) /| PER: 40 6 kWh/(m?a)
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Hygrothermal Conditions Indoor Humidity Ratios (dry air)
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Figura A31.82. Balanco Energético — Resultados mensais para a Horta apds medidas de melhoria 2/2. Fonte: Autor.
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Occurrence evaluation of internal condensation on walls - Static Calculation by Glaser Method eilve L S e
e i : : Extended version by Joaquim Neto Teixeira
Moradia unifamiliar / Climate: Herta, Agores / TFA- 168 m® / Heating: 0,2 kWh/(mfa) / Cooling: 10 kWh/(mfa) / PER: 40,6 kWh/(m?a)
Wall 1 e A T n | Sa R=ef  Ry=em H | T S | B b ¢
Adjacent to mm Wi(m°C)  kg/(m.s.Pa) - m m. KW | m°s.Palkg - | kg/(m.s.Pa) m - kg/(m.s.Pa)
1-Outdoor air m rendering system 5,0 0000, 0004464 224,00 1,1200 1,120000 1,1200 224,00 0,004464
E | ]
= 0,266 WI(mK) g EPS  100,0 0,037 0,023557 42.45 42450 2 702703 | 4,244998 42, 4500( 0,023557
R,= 0,13 m.KW B exterior plaster 10,0 1,300 0083324 1072 0,1072| 0,007692 | 0,107154
IRe= 004 m" KW E artebel BTE themmal block  200,0 0230| 0,668600 1,50 0,3000 0,B695E5 | 0,300030
fha= 0965 | 5 . | | | | |
R,= 3765 m KW g interior plaster 20,0 1,300 1,399860 0,71 0,0143| 0,015385 | 0,014287
R,= 5786 m s.Palkg g | [ [ | [
Feb | Mar | Apr Jun Jul | Aug | Sep Oct | Nov Dec
Outdoor temperature. Te=°C 151 | 452 | 158 196 | 220 | 232 | 24 | 188 | 178 | 160
Extemal surface temperature Te= o0 15,2 15,3 16,0 186 22,0 232 224 19,8 17,9 16,1
% rendering system °c 152 153 180 186 | 220 | 232 | 24 188 | 17§ 161
= e 152 153 | 160 186 22,0 232 224 199 17,9 16,1
2 o R retr I e LSRRI o SR e 52 S| il )
- - = EPS °C 201 | 203 215 23,4 249 242 221 204
Outdoor, indoor and internal wall 5 ' ot S ! = HE e e e
1.,_.mpe,-,iums R exlenar plaster x Zaipl (B 203 = FOL IS T R 29 f S e =V
55 artebel BTE themal block °c 217 | & | =218 222 | 239 | 254 | 248 | 28 218
T g | °c 247 | A | 218 222 | 238 | 254 | 248 28
: interior plaster - 218 | 218 | 218 222 | 238 | 4 | M8 228
4 % 218 | 218 | 218 222 239 | 254 | 248 228
¥ Intemal surface tempeature Ty=°C 218 | 21,8 218 222 | 239 | 254 | 248 2248 | 21,9 218
Indoor temperature li=1°g 220 2o | 220 223 24,0 255 249 229 22,0 220
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
= Indoor relative humidity H= % 629% | 594% | 5B4% | 607% | 6B1% | 718% | 647% | 590% | 613% | 691% | 673% = 625%
i Condensation temperature Teangenzaton = °C 146 | 137 | 135 | 141 | 158 | 169 | 169 | 168 | 169 | 189 | 157 = 145
Mold growth temperature Tmgagrown = °C 18,1 17,2 16,2 17,6 19,4 20,5 20,5 20,5 20,5 205 19,2 18,0
TRa, mn (BCCOTTING 10 UIN $108-3) 0,419 0470 | 0462 | 0400 | 0149 | 0471 | 1848 2,086 | 1635 0,520 0,107 0,390
PH Conior Critena | Top- 1o = 2,2 01 M- 1a="C =4,2°C
Note: For a simpler and safer calculation, the operative temperature was taken as the indoor temperature. The operating temperature will have to be calkulated more accurately, if the PH comfort criteria is not being met with the simplification camied out)
Methods of calculating the temperature factor in complex constructions are given in IS0 10211.
Hygiene criteria according to Hygrothermal Conditions
DIN 411)8—2. when 40 100%
T=25C,tH=50 % T,=5°C
£l 308
30 B
15,5 3
Toinn= 28,0 g2
nn L :_Eo? 15 22,0 2.0 320 22,0 220 22,3 — 22,0 220 0% F
Ral, min v =) E L —slhes oy
. A * > i nd — B — -+ =
Meet the criteria! %‘ 20 . _____,_.__".-———__'__T' . " g 60% £
5 b 7 - H s E
2 4 508 s
g £
2 10 0% =
o =
F o5 30 3
a 203
5 10%
62,9% 59,4% 58,4% 60,7% 68,1% 71,8% 64,7% 59,0% 51,3% 63,1% 67,3% 62,5%
10 o
Jan Feb Mar Apr Iy Jun Jul Aug Sep Oct Nov Dec
Qutdoor relative humidity Indoor relative humidity e Dutdoor temperature ====|ndoortemperature Condensation temperature @ hipld growth tempemture
PHPP, Internal Condensation PHPP _V9.6a EM_Caso Estudo Portc JMNT 6 Horta F 20220526

Figura A31.83. Avaliagdo da ocorréncia de condensagdes internas em paredes — Calculo Estatico pelo Método de Glaser — Resultados mensais para a Horta apds medidas de melhoria 1/2. Fonte: Autor.
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Solugoes técnicas para a eficiéncia energética em edificios nos Agores
Caso de Estudo com a aplicagdo do conceito Passive House

Occurrence evaluation of internal condensation on walls - Static Calculation by Glaser Method

Mc Moradia unifamiliar / Climate: Horta, Aores / TFA: 168 n? | Heating: 0.2 kWh/(ra) / Cooling: 10 kWhi(na) / PER: 40,6 kWh/(ra)

Passive House with PHPP Version 9.6aJNT
Extended version by Joaquim Meto Teixeira

| Jan Feb Mar Apr | May | Jun | Jul | Aug | Sep Oct | Nov Dec
m Qutdaor water vapor pressure Pa 1420,5 13296 1303 4 13654 15569 17716 2024 6 2129,1 20503 1771,6 1536,7 1411,2
A rendering system Pa 1467,1 1376,0 3497 | 14118 | 16040 | 18021 | 20062 | 20804 | 20269 | 18021 | 15837 14578
3 Pa 1467,1 1376,0 1487 | 14118 | 16040 | 18021 | 20062 | 20804 | 20263 18021 | 15837 14578
g EPS Pa 1643,9 15518 15252 | 15880 | 17824 | 19477 | 19361 | 19437 | 19380 | 19177 i 17619 16344
JOutdoor, indoor and internal : extetior piaster Pa 16484 | 15562 | 15207 | 15824 | 17860 | 19206 | 19344 | 19400 | 19357 19206 17664 16389
WSRO ESSUTES: § artebel BTE themal block Pa 1860,9 1368,7 15421 | 16049 | 17996 | 19288 | 19294 | 19207 | 19285 10288 | 17790 16514
= Pa 1660,9 15687 15421 16049 | 1796 | 19288 | 19294 | 193987 | 19285 = 18288 | w70 18514
T interior plaster Pa 1661,5 15693 1542 7 16055 | 18002 | 19292 | 19292 | 19292 | 19292 | 18292 | 17796 | 16520
g- Pa 1661,5 1369,3 15427 1605,5 1800,2 1929,2 1929,2 1929,2 19292 18292 | 17796 1652,0
= Indoor water vapor pressure Pa 1861,5 1569,3 1542 7 1605,5 18002 19292 19292 19292 19292 19292 1779,6 1652,0
Woisture transfer direction | O===] | O] | O=z=l | Q=<2 : 223
Feb Mar Apr May Aug
Outdoor water vapor saturation pressure Pa 17156 17267 1806,0 2024 6 28432
E Water vapor saturation pressure at outdoor surface Pa 17237 17347 18134 | 2030 5 2847 5
g rendering system Pa 17237 17347 18134 | 20305 2847,5
= Pa i L Wk || i i
Outdoor, indoor and internal E - i Pa =aa? s A B .
I Vst Seliaion pessums | exterior plaster Pa 23580 | 23619 | 23896 | 24622 | 3189,
2 artebel BTE thermnal block Pa 2601 4 | 2605,7 | 2616,8 32516
E Pa SOTd g B St
= interior plaster Pa 26058 26097 | 26196
[ Pa 26058 2609,7 26196
g' ‘Water vapor saturation pressure at indoor surface Pa 2605 8 26087 | 28196
= Indoor water vapor saturation pressure Pa 2643 4 26434 2643 4
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Figura A31.84. Avaliagdo da ocorréncia de condensagdes internas em paredes — Calculo Estatico pelo Método de Glaser — Resultados mensais para a Horta apds medidas de melhoria 2/2. Fonte: Autor.
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Curso de Pos-Graduacdo em Construcdo e Reabilitacdo Sustentavel FCT NOVA —2021/22

Anexo 32 — Balan¢o Energético para Ponta Delgada apos medidas de melhoria

Specific building characteristics with reference to the treated floor area

Afernative
Treated floor area m* Criteria criteria Fullfilled?’
Space heating Heating demand kWhi(m#a) = : }

. yes
Heating load Wim* =
Space cooling Cooling & dehum. demand kWhi(m*a) =

: yes
Cooling load Wim* =

Frequency of overheating (= 25 °C) % = - -
Frequency of excessively high humidity (=12 g/kg) % £ 10 yes

i,
=]
o
i ‘

Airtightness Pressurization test resultnsg 1/h es

Non-renewable Primary Energy (PE) PE demand kKWhiim*a)

[0
'

PER demand kWh/(m?a) = 60 G0
Primary Energy Generation of renewable i i yes
Renewabie (PER) energy (in relation to pro- KWhi(m?a) 3 = i - ; - :
jected building footprint area) P .

 Empty field: Data missing; - Mo requirement

| confirm that the values given herein have been determined following the PHPP methodology and based on the characteristic

values of the building. The PHPP calculations are attached to this verification.
: First name: ) Surname:_

Passive House Classic?

Issued on:' Cit_\,r:.

Figura A32.85. Balanco Energético para Ponta Delgada apés medidas de melhoria. Fonte: Autor.
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Solugoes técnicas para a eficiéncia energética em edificios nos Agores
Caso de Estudo com a aplicagdo do conceito Passive House

Anexo 33 — Balan¢o Energético para Angra do Heroismo apos medidas de melhoria

Specific building characteristics with reference to the treated floor area

ANernative
Treated floor area m* Criteria criteria Fullfilled?”
Space heating Heating demand kWhi/(m*a} 1 = i ]
_ yes
Heating load Wim* 6 =
Space cooling Cooling & dehum. demand kKWhi{m*a) 7 = ] H ]
: ; : es
Coaling load Wim# 6 = : - H 10 i Y
Frequency of overheating (= 25 °C) % = = - =
Freguency of excessively high humidity (= 12 g/kg) % = 10 yes

Airtightness Pressurization test result ney 1/h < 0,6 es

Non-renewable Primary Energy (PE) PE demand kKWh/(m*a)

i

PER demand kWhi{m*a) = G0 G0
Primary Energy Generation of renewable ; : yes
Renewable (PER) energy (in relation to pro- KWhiim#a) 3 = ; = =
jected building footprint area) ______________________

| confirm that the values given herein have been determined following the PHPP methodology and based on the characteristic
values ofthe building. The PHPP calculations are attached to this verification.
Task: First name: ; Surname:_

Passive House Classic?

lssued un:: Cit;'::

Figura A33.86. Balanco Energético para Angra do Heroismo ap6s medidas de melhoria. Fonte: Autor.
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