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ACHIEVING OPTIMAL 
INDOOR AIR QUALITY IN 
NET ZERO HOMES

Dr Alejandro Moreno-Rangel
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ENVIRONMENTAL IMPACT
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EVOLUTION OF THE HOME

1945 1970 1980 2000 2050?

Morgan, Criss (2018). Sustainable Renovation Guide, SEDA. 



X
 
 
 
T

H
E

 
F

A
C

U
L

T
Y

 
O

F
 
E

N
G

I
N

E
E

R
I
N

G

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. 
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Thermal 

Element

Scottish Regs 

Section 6 (2015)     

U-values 

(W/m2K)

Scottish Regs 

Section 6 (2020)    

U-Value 

(W/m2K)

Scottish Regs 

Section 6 (2025)    

U-Value (W/m2K)

Passivhaus

Wall 0.17 0.15 0.13 0.10 – 0.15

Roof 0.11 0.09 0.09 0.10 – 0.15

Floor 0.15 0.12 0.10 0.10 – 0.15

Windows 1.4 1.2 0.8 – 1.0 0.8

Doors 1.4 1.2 0.8 – 1.0 0.8

Air Permeability
7m3 /(h·m2) at 50 

Pa

5.0 m3 /(h·m2) at 

50 Pa

3.0 m3 /(h·m2) at 

50 Pa

0.6 m3 /(h·m2) at 

50 Pa

CHANGES IN U-VALUES [SCOTLAND]
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WHAT DOES 
SCIENCE TELL US?
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https://www.ukradon.org/information/ukmaps

WHO recommends taking remedial action at 100 

becquerels per cubic meter
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IAQ OF SCOTTISH HOMES WITH 
DIFFERENT BUILDING FABRICS.
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Hour of the day

Bedroom total Volatile Organic Compounds (tVOC) hourly profile 
(between 15th of January -15th of August 2017)

Control Gold Passivhaus

IAQ OF SCOTTISH HOMES WITH 
DIFFERENT BUILDING FABRICS.
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Date

Living room PM2.5 of the different during winter

Threshold Ambient Control Gold Passivhaus

Hour 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 Hour

February Ambient 7.2 7.1 7.3 7.3 7.6 7.9 8.1 8.0 7.3 7.1 7.6 7.2 7.7 7.5 8.0 7.9 8.7 9.6 9.2 8.0 7.6 7.8 7.9 7.5 Ambient February

March Ambient 6.5 6.0 5.7 5.5 5.7 7.1 7.5 7.5 7.1 6.7 6.3 6.4 6.1 6.1 6.6 7.1 7.7 8.3 9.2 8.3 8.0 7.5 7.1 6.8 Ambient March

April Ambient 3.7 3.7 3.9 4.3 4.8 5.2 5.5 5.5 5.0 5.0 5.0 4.9 4.5 4.5 4.6 4.3 4.3 4.1 4.6 4.8 4.6 5.2 4.9 4.1 Ambient April

May Ambient 7.3 7.5 7.7 8.0 8.3 8.6 8.6 8.2 7.9 7.8 7.4 7.6 7.6 7.3 7.4 7.3 7.4 7.5 7.5 7.5 7.6 7.4 7.3 7.0 Ambient May

June Ambient 4.1 4.1 3.8 3.9 3.8 3.7 3.7 3.7 3.5 3.2 3.2 3.4 3.0 2.9 3.0 3.0 3.2 3.3 3.2 3.5 4.1 4.0 3.9 4.1 Ambient June

July Ambient 4.4 4.3 4.8 4.6 4.6 4.5 4.4 3.9 3.9 3.9 3.9 4.0 4.2 4.3 4.1 4.1 4.1 4.3 4.1 4.0 4.1 4.1 4.0 4.1 Ambient July

August Ambient 3.2 3.4 3.3 3.0 2.9 2.6 2.5 2.7 2.5 2.4 2.2 2.7 3.0 2.8 2.9 2.9 2.8 2.8 2.9 2.9 2.8 3.1 2.9 3.1 Ambient August

Hour 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 Hour

Control 14.2 12.8 10.6 9.2 8.5 8.0 7.4 7.1 8.7 10.2 11.5 11.0 11.8 12.2 12.7 9.4 10.8 31.6 37.2 24.8 20.1 20.3 15.5 12.6 Control

Gold 8.3 7.7 7.2 7.0 6.9 6.7 6.7 7.6 10.9 16.6 16.0 13.7 10.7 8.5 8.0 8.3 10.4 10.6 9.1 9.7 12.0 12.2 9.5 9.1 Gold

Passivhaus 12.2 8.4 7.5 7.1 6.9 7.1 6.9 20.2 20.0 64.5 77.5 18.8 12.6 8.8 7.6 11.8 23.4 34.6 16.6 14.0 11.1 10.6 8.9 9.0 Passivhaus

Control 12.8 11.5 10.2 9.2 8.4 8.0 7.6 7.6 10.3 13.7 13.4 13.8 13.3 11.8 11.0 11.5 10.5 11.9 21.8 25.4 19.5 19.5 16.5 14.2 Control

Gold 9.3 8.9 8.9 8.6 8.3 8.1 8.0 8.8 12.7 16.0 14.5 13.2 11.9 10.1 9.2 9.6 10.1 11.0 12.1 10.4 9.6 10.9 11.7 10.5 Gold

Passivhaus 10.2 6.4 5.5 5.2 5.0 6.4 8.9 5.3 5.2 63.0 73.9 11.5 6.0 8.5 6.3 19.1 13.2 22.3 10.9 15.3 10.5 7.6 8.5 15.8 Passivhaus

Control 6.4 5.5 5.0 4.7 4.6 4.5 4.5 4.6 5.1 6.6 7.0 8.6 7.8 8.3 7.6 6.6 6.1 6.7 6.9 7.4 6.8 7.1 7.5 7.2 Control

Gold 10.1 9.6 9.5 9.5 9.5 9.6 9.6 10.5 13.0 16.9 18.5 16.9 15.0 14.0 13.6 12.5 12.0 12.3 12.2 11.7 11.3 11.2 10.6 10.4 Gold

Passivhaus 12.4 5.4 4.2 3.9 3.8 5.7 19.9 7.7 8.2 26.8 61.6 18.1 8.4 8.0 12.5 15.1 15.4 14.4 9.4 11.3 10.7 11.6 6.3 17.8 Passivhaus

Control 9.0 8.1 7.5 7.3 7.3 7.4 7.4 7.2 8.9 13.4 12.2 13.9 12.5 14.2 9.6 9.6 8.3 8.2 11.9 11.8 10.6 10.8 11.0 10.1 Control

Gold 9.9 9.7 9.5 9.6 9.9 10.1 10.2 10.4 12.9 15.0 15.5 15.5 12.1 11.0 11.0 11.3 11.5 11.7 13.3 11.3 10.2 10.4 10.2 10.1 Gold

Passivhaus 12.2 9.7 9.0 9.7 10.9 15.4 22.7 10.8 15.4 45.5 39.9 22.4 11.5 15.5 15.4 15.2 12.6 22.3 16.9 18.8 13.6 10.7 10.0 11.8 Passivhaus

Control 8.3 6.9 6.3 6.0 5.9 5.7 5.5 5.4 5.8 7.2 7.7 8.1 7.4 7.8 6.0 5.7 5.7 6.0 6.3 6.2 6.2 7.0 7.5 8.2 Control

Gold 14.0 13.9 14.0 13.8 13.7 13.8 13.8 13.8 16.3 21.2 20.4 19.8 16.6 15.8 14.5 14.4 14.6 15.4 14.4 14.0 14.0 13.8 14.0 14.4 Gold

Passivhaus 11.3 9.5 9.4 9.3 9.8 11.1 13.0 12.5 13.8 33.5 71.3 15.6 10.7 9.6 14.2 8.7 15.5 10.5 17.5 14.2 10.9 10.4 9.8 11.8 Passivhaus

Control 12.5 12.6 11.4 10.8 10.2 9.9 9.7 9.9 10.0 10.1 10.2 10.8 11.4 11.9 11.0 10.6 10.0 9.7 10.5 10.7 11.1 11.0 12.0 12.3 Control

Gold 20.3 20.4 20.5 20.5 20.5 20.6 20.5 20.8 21.7 22.8 23.4 22.6 23.1 22.5 21.6 21.3 21.0 20.9 20.9 20.5 20.5 20.4 20.4 20.3 Gold

Passivhaus 10.1 9.5 9.5 9.6 10.0 12.8 18.1 21.8 13.4 25.6 34.7 12.9 10.5 13.9 12.3 10.2 12.4 16.4 11.2 16.0 11.0 12.4 14.1 15.7 Passivhaus

Control 19.0 18.5 19.3 19.2 19.0 19.0 19.5 19.7 19.7 19.8 20.2 20.6 22.9 22.3 21.0 19.9 19.5 19.5 20.9 20.5 19.5 20.1 20.6 20.1 Control

Gold 19.7 20.1 20.0 19.9 20.0 20.3 20.4 20.8 21.4 24.1 25.3 25.5 24.4 24.9 21.6 20.6 19.9 19.9 19.7 19.8 19.9 20.5 20.1 20.3 Gold

Passivhaus 8.1 8.3 7.7 7.4 7.7 8.8 21.3 9.7 8.7 10.4 63.4 33.5 13.3 24.8 11.9 7.2 7.0 8.1 10.8 10.9 13.7 12.6 8.8 9.2 Passivhaus

0 3 7 10 14 17 21 24 28 31 35 38 42 45 49 52 56 59 63 66 70 73 77 80PM2.5 (µg/m³) scale PM2.5 (µg/m³) scale

August August

May May

June June

July July

Ambient

April April

Bedroom

February February

March March

IAQ OF SCOTTISH HOMES WITH 
DIFFERENT BUILDING FABRICS.
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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.

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Bedroom

Kitchen

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

<400 400-1000 >1000
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