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ENVIRONMENTAL IMPACT
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EVOLUTION OF THE HOME

1945 1970 1980

2000 20507

Morgan, Criss (2018). Sustainable Renovation Guide, SEDA.
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NET ZERO POLICY AND HOUSING [ENGLAND]

* Announced first in 2019 and is set to be in place by 2025.

« The government has introduced major changes to the Building Regs [Parts F, L, O and S]

« Seeks to reduce carbon emissions from new homes between 75% to 80%.

* Gas boilers banned and promotion low-carbon heating strategies (i.e., air source heat pump).

 Changes to ventilation and airtightness.




X

ONIHIIANIONT 40 ALTNOVH IHL

CHANGES IN U-VALUES [SCOTLAND]

Thermal
Element
Walll
Roof
Floor
Windows

Doors

Air Permeability

Scottish Regs
Section 6 (2015)

U-values
(W/m?K)

0.17
0.11
0.15
1.4
1.4

7m?® /(h-m?) at 50
Pa

Scottish Regs
Section 6 (2020)
U-Value
(W/m?K)

0.15
0.09
0.12
1.2
1.2

5.0 m* /(h-m?) at
50 Pa

Scottish Regs
Section 6 (2025)
U-Value (W/m?2K)

0.13
0.09
0.10
0.8-1.0
0.8-1.0

3.0 m®/(h-m?) at
50 Pa

Passivhaus

0.10 -0.15
0.10-0.15
0.10 -0.15
0.8
0.8

0.6 m*/(h-m?) at
50 Pa
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WHO recommends taking remedial action at 100

becquerels per cubic meter

https://www.ukradon.org/information/ukmaps
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IAQ OF SCOTTISH HOMES WITH
DIFFERENT BUILDING FABRICS.

m buildings ‘MDPL

Article

Indoor Air Quality and Thermal Environment Assessment of
Scottish Homes with Different Building Fabrics

Alejandro Moreno-Rangel '#*'0, Tim Sharpe 2, Grainne McGill ' and Filbert Musau '

Madkantosh Environmental Architecture Research Unit, The Clasgow Schood of Art, 167 Rendrew Stroet,
ow G3 6RO, UK

riment of Archatectury, Universsty of Strathclysle, 75 Montzose Street, Glasgow G1IX)L UK

Correspondence: alejandro.moseno-rangel@strath acuk; Fel: +44-40)- 1415483998
Abstract: The ongoing climate change and policies around it are changing how we design and build
homes to meet national carbon emission targets. Some countries such as Scotland are adopting
higher-energy-efficient buildings as minimum reguirements in the building regulations. While net
2ero homes might be more energy-efficient and emit fewer operational carbon emissions, we have
vet to fully understand the influence on the indoor environment, particularly on indoor air quality
(TAQ) and thermal comfort, This study compares the TAQ of three homes in Scotland with equal
mternal layouts and designs but different building fabrics. The homes represent the minimum
Scottish building regulations (2015), the Passivhaus standard and the Scottish “Gold Standard’
Temperature, relative humidity, PM; s and total volatile organic compounds (1(VOC) were measuned
at five-minute intervals for seven months and compared to occupants’ subjective responses to the 1AQ,
All three homes had temperatures above the recommended thresholds for overbeating. Measured
hygrothermal conditions were within the ideal range 66.4% of the time in the Passivhaus, 56.4%
in the Gold Standard home and 62.7% in the control homw. Measured [AQ was better in homes
with higher energy efficiency, particularly tVOC. For instance, indoor PM; 5 in the Passivhaus were
TR0% of the time below the threshold, whide in the standard home the figune was 51.5%, with a weak

check for correlation with outdoor PM; 5 (Passivhaus: B r, = 0167, K r, = 0.306 and L r, = 0,163 (p < 0001);

updates Gokd: Br, = —0157, Kr, = 0322 and L e, = 0380 (p < 0.001); Control: Br, = <0111, Ky, = 0235 andd
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IAQ OF SCOTTISH HOMES WITH
DIFFERENT BUILDING FABRICS.

Bedroom conditions

Dumfermline psychometric chart (107 m.a.s.l.) " 2
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Bedroom total Volatile Organic Compounds (tVOC) hourly profile
(between 15th of January -15th of August 2017)
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IAQ OF SCOTTISH HOMES WITH
DIFFERENT BUILDING FABRICS.

Ambient
Hour 0 1 2 3 4 5 6 7 8 9 10 11 12 13 21 22 23 Hour
IFebruaryl Ambientl 72 71 73 73 76 79 81 80 73 71 76 72 77 75 80 79 87 96 92 80 76 78 79 7.5|Ambient |February|
I March I Ambientl 65 60 57 55 57 71 75 75 71 67 63 64 61 61 66 71 7.7 83 92 83 80 75 71 e.alAmbient | March |
I April I Ambientl 37 37 39 43 48 52 55 55 50 50 50 49 45 45 46 43 43 41 46 48 46 52 49 A.JAmbient | April |
I May I Ambientl 73 75 77 80 83 86 86 82 79 78 74 76 76 73 74 73 74 75 75 75 76 74 73 mlAmbient | May |
| June | Ambientl 41 41 38 39 38 37 37 37 35 32 32 34 30 29 30 30 32 33 32 35 41 40 39 A.JAmbient | June I
| July | Ambientl 44 43 48 46 46 45 44 39 39 39 39 40 42 43 41 41 41 43 41 40 41 41 40 4.1]Ambient | July I
| August | Ambientl 32 34 33 30 29 26 25 27 25 24 22 27 30 28 29 29 28 28 29 29 28 31 29 a.JlAmbient | August I
Bedroom
10 11 12 13 23 Hour
Control| u2 28 06 92 85 80 74 74 87 D2 15 10 U8 22 27 94 D8 316 372 248 201 203 B5 16|Control
February Gold| 83 77 72 70 69 67 67 76 L9 B6 KO B7 D7 85 80 83 D4 L6 91 97 2o »2 95 91Gold February
Passivhaus| 22 84 75 71 69 7.1 69 202 200 645 775 B8 D26 88 76 18234 346 66 40 11 D6 89 90|Passivhaus
Control| 8 u5 2 92 84 80 76 76 D3 B7 B4 B8 B3 U8 10 15 D5 19 218 254 B5 15 B5 U2|Control
March Gold| 93 89 89 86 83 81 80 88 27 B0 W5 B2 19 DI 92 96 DI 10 21 D4 96 9 1u7 15/Gold March
Passivhaus| w2 64 55 52 50 64 89 53 52 630 739 15 60 85 63 D1 B2 223 D9 53 05 76 85 B8|Passivhaus
Control| 64| 55|50 47 46 45 45 46/ 51 66 70 86 78 83 76 66 61 6769 74 68 71 75 72|Control
April Gold| 01 96 95 95 95 96 96 D5 BO B9 B5 B9 BO WO B6 25 20 23 r2 n7 u3 n2 06 n4/Gold April
Passivhaus| 24 54 42 39 38 57 B9 77 82 268 616 B1 84 80 25 5154 U4 94 13 07 16 63 1v8|Passivhaus
Control| 90| 81/ 75 73 73 74 74| 72 89 B4 B2 B9 25 U2 96 96 83 82 n9 u8 06 n8 uo niControl
May Gold| 99 97 95 96 99 11 D2 D4 LY BO B5 B5 21 W0 U0 U3 u5 u7 B3 u3 2 04 02 01Gold May
Passivhaus| 22 97 90 97 09 B4 227 D8 B4 455 399 224 15 55 B4 B2 26 223 B9 B8 B6 07 0o us|Passivhaus
Control| 83| 6963 60 59 57 55 54 58 72 77| 81 74 78| 60| 5757 60|63 62 62 70 75 82|Control
June Gold| uo B9 40 B8 B7 B8 B8 BS B3 212 204 B8 56 58 U5 W4 U6 B4 U4 U0 K0 B8 40 u4|Gold June
Passivhaus| 13 95 94 93 98 m1 Bo 25 B8 335 713 56 D7 96 2 87 55 D5 U5 42 D9 04 98 us|Passivhaus
Control| 25 26 14 D8 D2 99 97 99 DO D1 D2 D8 14 U 10 D6 DO 97 05 »7 u1 no 2o 23|Control
July Gold| 203 204 205 205 205 206 205 208 217 228 234 226 231 225 216 213 210 209 209 205 205 204 204 203(Gold July
Passivhaus| 01 95 95 96 D0 28 B1 218 B4 256 347 29 D5 BI 3 D2 24 B4 U2 B0 10 24 11 B7|Passivhaus
Control| w0 B85 3 ®2 D0 B0 B5 ©7 ©7 B8 202 206 229 223 210 V9 B5 V5 209 205 ¥5 201 206 204 Control
August Gold| ©7 201200 ©9 200 203 204 208 214 241 253 255 244 249 216 206 B9 B9 B B8 B9 205 201 203|Gold August
Passivhaus| 81 83 77 74 77 88 213 97 87 D4 634 335 B3 248 19 72 70 81 D8 D9 B7 26 88 92|Passivhaus
IVPRRIEANRINCI 0 3 7 10 14 17 21 24 28 31 35 38 42 45 49 52 56 59 63 66 (70 73 |77 80 [V AICEIuR e

Particulate matter (ug/m3)

Living room PM2.5 of the different during winter
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RETROFITTED NET
ZERO HOMES

The environmental analysis suggests that the temperature (67% of the time),
relative humidity (75% of the time) and CO2 (100% of the time) were within
the recommended parameters.

H4 H5 He

H3

H2

Living room
Kitchen
Bedroom
Living room
Kitchen
Bedroom
Living room
Kitchen
Bedroom
Living room
Kitchen
Bedroom
Living room
Kitchen
Bedroom
Living room
Kitchen
Bedroom

Carbon dioxide ranges (ppm - 27/01/2023 - 26/06/2023)

)
X

10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

<400 w=400-1000 =>1000
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