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2. Introduction

Ayrshire Housing I Hab-Lab I 2 Cross Gait

gate

No 2 Cross Gait, North block

n0 2 Cross Gait

Cross Gait/ North block/Site plan

Building block 1

n0 2 Cross Gait

Ayrshire Housing signed up for the Hab-Lab Partnership, for a period of 2.5 years. The period which
started in May 2015, allowed JGA to monitor several properties over different seasons and then
develop building performance recommendations.
This study is part of the Hab-Lab Partnership service and provides an overview of the performance
and use of the whole-house heat recovery ventilation (MVHR) system specified at a new build project
designed by JGA, located in Ayr. The evaluation focuses on a ground floor property which is
highlighted in red in the figures on the left (no 2 Cross Gait).
The primary aims of this study are to:

SVP

SVP

Durgo

1. review the characteristics of installed system in relation to air flow, system balance and compare to
existing guidelines and manufacturers design recommendations;
2. investigate, via surveys and interviews, behaviour patterns and comfort levels of the tenants;
3. review monitored data to investigate the impact of the main building features on the indoor
environmental quality of the flat;

Cross Gait/ North block/ front elevation

4. determine any issues with respect to the quality of the design, installation and commissioning of
the MVHR system.
3

1. Executive Summary
Measurement

Environment

Ayrshire Housing I Hab-Lab I 2 Cross Gait

• Airflow was measured at each supply and exhaust valve with an
anemometer. The total airflow balance shows that the MVHR system is
imbalanced. The level of imbalance between intake and exhaust air flow
measured at 2 Cross Gait is 31,29%, which is 16.29% higher than the
recommended values of acceptable imbalance of 15%.
• The measured boost extract air flow rates meet the minimum required
levels for kitchen and bathroom.
• Noise levels measured at each MVHR valve were within the recommended
values of comfort. The kitchen shows the highest levels, but this was
mainly due to noisy kitchen appliances and therefore not related to the
MVHR system.
• Air temperature remained within the recommended thresholds of comfort
most of the time.
• Total mean values for RH were also well within the recommended values of
comfort. Risk of condensation and mould growth in the property are very low.
• The highest levels of CO2 were shown in the living-room and in the kitchen
during the day and in the bedrooms during the night as expected.
Significant peaks were registered during the evenings due to cooking
activities and higher occupancy but return quickly to acceptable levels,
remaining within the recommended thresholds of good indoor air quality
almost all the time.

People

• Occupiers found the property comfortable in terms of air temperature, but
perceived the air as too dry.
• The tenants have complained about draughts coming from the supply
valve located in the living-room. This issue can be attributed to: (1) the
airflow rate measured at the valve, which is higher than the designed
values, (2) the location of the valve placed just above the sitting area,
which is not ideal in a layout point of view.

Compliance

• Sound levels measured at each room comply with the recommended
thresholds of comfort and the manufacturers specification.
• Airtightness levels comply with the Building Regulations for domestic
buildings in Scotland.
Front elevation/ North blockt / ©Tom Manley
n0 2 Cross Gait
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3. Property Description

Ayrshire Housing I Hab-Lab I 2 Cross Gait

No 2 Cross Gait, North block
Construction
completion

August 2016

BPE period

October 5 to October 28 2016

Building form

Terraced building

2 Cross Gait
Ayr, KA8 0AJ

bike parking space in close
front door
ventilation system (MVHR) unit,
accessible from close

Orientation

South (front elevation)

GIA

76m2

Occupancy

Two adults, 1 dog

WARDROBE

BEDROOM 2

Two bedrooms, one bathroom, store room,
kitchen and lounge

Fire rated
door

BEDROOM 1

STORE

ventilation system
(MVHR) in ceiling

LIVING / DINING

smoke detector in
ceiling

KITCHEN

ventilation system
(MVHR) in ceiling

SUNSPACE

Windows

Brick/block cavity wall

BATHROOM

Fire rated door

ventilation system
(MVHR) in ceiling

External walls

ENTRANCE
HALL

STORE

Layout

Fire
rated
door

WDB

-electric meter
-data hub
in store

STORE

Fire rated
door

ventilation system
(MVHR) in ceiling

ventilation system
(MVHR) in ceiling

smoke detector in
ceiling

Timber frame double glazing
sunspace

Heating system &
DHW

Ventilation
system

gas meter
outside

Mains gas/boiler with programmer and
thermostat, serving radiators with TRVs

MVHR system, with supply valves in livingroom and bedrooms and exhaust valves in
kitchen and bathroom

Property description/summary chart

ventilation
boost switch

- smoke detector
- co detector
heathdetector
detector
- heat
in
ceiling
in ceiling

heating and hot
water boiler

Floor-plan/2 Cross Gait
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3. Property Description

Ayrshire Housing I Hab-Lab I 2 Cross Gait

Building features
1. Heating system
The heating system is powered by a gas combi boiler located in
the kitchen, feeding radiators with TRVs and providing DHW. The
heating system includes a programmer with room thermostat
which helps the interaction with the sunspace and the MVHR
system and adapts well to the tenant’s living style.
2. MVHR system I:
The mechanical ventilation consists of a centralised system with
heat recovery (MVHR). The system is designed to extract the
moisture and pollutants (bathroom and kitchen) whilst supplying
fresh filtered air into the living spaces (living-room and
bedrooms). This is intended to maintain good levels of indoor air
quality and save energy.
To ensure good air transfer throughout the dwelling the bottom of
internal doors, that are not required to be fire resistant, should be
clear of the floor finish by 5 to 8 mm.

Heating programmer located in the hallway

The MVHR unit is located in the close, and is only accessible for
the Ayrshire Housing’s maintenance team.
Whole dwelling ventilation calculation requirement (for properties
with air permeability levels between 3 and 4m3/h/m2 @50:
•

17l/2 for a two bedroom flat and not less than 0.30 l/s
per square meter

•

76m2 x 0.30 l/s= 22.8 l/s

•

164.6m3 x 0.5= 82.3.2m3/hr= 22.6l/s

The total trickle rate specified by Nuaire / Jordan Electrical for no
2 Cross gait is 23l/s, complies with the ventilation requirements
for continuos MVHR systems (please refer to page 7).

Combi boiler located in the kitchen
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Sup
VS125 - 12.0VS125
L/s
- 12.0 L/s
Supply Air Valve
Supply
0.00Air
m³Valve 0.00 m³

Intake air brick

2. MVHR system II

BATHROOM
VS125 - 9.0 L/s
Exhaust Air Valve

BEDROOM 1

VS125 - 9.0 L/s
Exhaust Air Valve

VS125 - 7.0 L/s
Supply Air Valve 0.00 m³

VS125 - 14.0 L/s
Exhaust Air Valve

VS125 - 16.0VS125
L/s
- 16.0 L/s
Exhaust Air Valve
Exhaust Air Valve

Building features

Ayrshire Housing I Hab-Lab I 2 Cross Gait

VS125 - 8.0 L/s
VS125 - 8.0 L/s
Exhaust Air Valve
Exhaust Air Valve

3. Property Description

KITCHEN

VS125 - 7.0 L/s
Supply Air Valve 0.00 m³

STORE

Fan boost switch located on the kitchen wall

STORE

Fan speed controls at MVHR unit

VS125 - 12.0 L/s
Supply Air Valve 0.00 m³

VS125 - 8.0 L/s
Exhaust Air Valve

HALLWAY

VS125 - 14.0VS125
L/s
- 14.0 L/s
Exhaust Air Valve
Exhaust Air Valve

CLOSE

BEDROOM 2
VS125 - 7.0 L/s
Supply Air Valve 0.00 m³
VS125 - 7.0 L/s
Supply Air Valve 0.00 m³

MVHR unit located in cupboard and accessible
only from the close

Exhaust air brick
Design specification complies with the whole house
ventilation requirements for MVHR systems

VS125 - 9.0 L/s
VS125 - 9.0 L/s
Exhaust Air Valve
Exhaust Air Valve

SUNSPACE

VS125 - 16.0 L/s

Exhaust
Air Valve located in ceiling
Supply and exhaust
valves

Reference Key
Supply rigid ducting system
Exhaust rigid ducting system

VS125 - 7.0 L/s
VS125 - 7.0 L/s
Supply Air Valve
Supply
0.00Air
m³Valve 0.00 m³

VS125 - 9.0 L/s
Supply Air Valve 0.00 m³

S125 - 9.0 L/s
y Air Valve 0.00 m³

Insulated rigid ducting system
Floor-plan/MVHR layout
XBOX95-WM2-OH
M2-OH
L/s
SP : 23.0 L/s
L/s
EX : 23.0 L/s

MRXBOX95-WM2-OH
SP : 23.0 L/s
EX : 23.0 L/s

VS125 - 7.0 L/s
VS125 - 7.0 L/s
Supply Air Valve
Supply
0.00Air
m³Valve 0.00 m³

MRXBOX95-WM2
SP : 23.0 L/s
EX : 23.0 L/s

VS125 - 9.0 L/s
VS125 - 9.0 L/s
Supply Air Valve
Supply
0.00Air
m³Valve 0.00 m³

LIVING-ROOM
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3. Property Description

Ayrshire Housing I Hab-Lab I 2 Cross Gait

Building features
3. Sunspace
• The sunspace, which is orientated to the South, naturally heats and
cools allowing daytime temperatures to raise higher and night time
temperatures to fall further than the ‘comfort zone’ temperatures of the
adjoining living-room. This can lead to significant gains in energy
efficiency. Tenants can take advantage of this fluctuation to save anergy
and improve comfort in their homes.

Cold/
sunny days

living-room

• Cold and sunny days: the sun-space warms up more than the flat.
Opening the windows allows heat into the rest of the dwelling. The
room thermostats turns down the heating automatically to maintain an
even temperature.

sun-space

• Could and cloudy days or at night: the sun-space is usually cooler than
the rest of the flat in days like this and connecting windows should be
kept closed. The sealed sun-space acts as a buffer, helping to keep the
rest of the flat warm.

Cold/
cloudy
days or at
night

No 2 Cross Gait/
sunspace
orientated to the
South

living-room

sun-space
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4. Building Performance Evaluation

Ayrshire Housing I Hab-Lab I 2 Cross Gait

Building Performance Evaluation
Monitoring Methodology
The overall approach consists of the following evaluation
methodology:
WARDROBE

1. site survey and data collection: conducted in October 2016

STORE

2. data collection for a minimum period of 4 weeks

2

BATHROOM

3. data analysis

2

4. report preparation.

ENTRANCE
HALL

BEDROOM 2

STORE

1
LIVING / DINING

2

SUNSPACE

• Occupant interviews and questionnaires to understand the
occupants’ perception of the house and the environmental
conditions

2

STORE

1

• Build quality evaluation: walkthrough, photographic and other
qualitative observations
• Indoor environmental quality: air temperature, RH and CO2
monitoring in the living-room, master bedroom, bedroom 2 and
kitchen to check compliance with CIBSE and guidelines

BEDROOM 1

WDB

The minimum 4 weeks of pre and post installation monitoring
includes:

3

KITCHEN

2

1

• MVHR evaluation, measuring the airflow and noise levels in each
room, and at each supply and exhaust grill.
* Please refer to Appendix A for further details about the Hab-Lab
benchmarks.

1

Floor-plan/Hab-Lab BPE methodology
Reference Key

1

Indoor environmental quality
monitoring

2

Airflow measurement at
MVHR grills

3

Outdoor air monitoring (North
facing elevation)
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4. Building Performance Evaluation

Ayrshire Housing I Hab-Lab I 2 Cross Gait

Tenant engagement
1. Quick Start Guide:
A Quick Start Guide containing the information about the main
key features of the property was prepared by JGA and discussed
with the tenants in a site visit conducted on the 5th of October
2016.
Simple bullets points indicating how to work the heating and
ventilation system in the most energy efficient manner were
included and aim to provide basic and easy to apply principles.
Information was clearly selected to ensure that it is not over
complicated but provides enough technical information to get the
resident confident in the basic requirements of their house.

2. Occupant survey:
An occupant survey was conducted on the 24 October 2016 and
aimed to understand the behaviour pattern of the residents and
how this affects the building performance of the property. The
tenants had been living in the property for 2 months by the time
the monitoring concluded, making it more difficult to draw
conclusions from the survey.

QSG prepared by JGA for no 2 Cross Gait

Occupant survey form for no 2 Cross Gait
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4. Building Performance Evaluation

Ayrshire Housing I Hab-Lab I 2 Cross Gait

Building Performance Evaluation
Indoor environmental quality
kit, measuring air
temperature, CO2 and RH
located in the bedrooms

Indoor environmental
quality kit, measuring air
temperature, CO2 and RH
located in the kitchen

Airflow measured with an anemometer at extract and supply valves

Noise level measured at MVHR extract and supply valves
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4. Building Performance Evaluation

Ayrshire Housing I Hab-Lab I 2 Cross Gait

MVHR evaluation
• Airflow measurement:
Whole house MVHR systems need to be balanced in order to operate
effectively and to ensure that the various rooms are ventilated correctly, this
means that the extract flow rate should be adjusted to be the same as the
supply flow rate. An imbalanced system can reduce the heat recovery rate and
create other problems. Building Regulations in Scotland do not set imbalance
thresholds. The maximum allowable imbalance between intake and exhaust
air flow set by the PassivHaus standards for these systems is 10%.
The airflow was measured at each supply and exhaust valve with an
anemometer on the 5th of October 2016, and the results are shown in the
chart on the right. The total airflow shows that the MVHR system is
imbalanced by 31,29%.
The measured boost extract air flow rates meet the minimum required levels
for kitchen and bathroom. The airflow was found to be higher than the design
values in the bathroom, kitchen and living-room and lower in both bedrooms.
There is therefore an overall negative pressurisation within the flat.

• Noise levels:
Noise levels measured in each room were within the recommended values of
comfort. The kitchen shows the highest levels, but this was mainly due to
noisy kitchen appliances.

Minimum high

Specified

Monitored

Recommend

rate airflow

airflow rate

on-site

ed

on-site

(l/s)

Nuaire/

airflow rate

background

sound level

Johnson

(l/s)

noise level

pressure

dB(A)

dB(A)

Electrical (l/s)

Living-room

Bedroom 1

—

—

Measured

9

10.2

35

29.5

7

5.5

30

26.8

Bedroom 2

—

7

6.25

30

27.2

Kitchen

-13

-14

-18.95

45

47.1

Bathroom

-8

-9

-13

45

44.5

Total boost
rate

—

23

21.95

—

Total airflow
balance

—

0

-10 (31.29%
imbalance)

—

• MVHR layout I:
The tenants at no 2 Cross Gait complained about draughts coming from the
supply valve located in the living-room. This issue can be attributed to:
• the airflow rate measured at the MVHR supply valve, which
resulted higher than the designed values,
• the location of the valve placed just above the sitting area (refer
to page 13), which is not ideal in a layout point of view.

Findings/summary chart/MVHR system evaluation/boost mode

—

—

* Please refer to Appendix A
imbalance is higher
than the recommended
thresholds
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Ayrshire Housing I Hab-Lab I 2 Cross Gait

MVHR evaluation
Door undercut does not meet recommended dimension in Bedroom 1

VS125 - 8.0 L/s
VS125 - 8.0 L/s
Exhaust Air Valve
Exhaust Air Valve

VS125 - 16.0VS125
L/s
- 16.0 L/s
Exhaust Air Valve
Exhaust Air Valve

• MVHR layout II

BATHROOM

VS125 - 9.0 L/s
Exhaust Air Valve

VS125 - 7.0 L/s
Supply Air Valve 0.00 m³

BEDROOM 1

VS125 - 9.0 L/s
Exhaust Air Valve

VS125 - 14.0 L/s
Exhaust Air Valve

KITCHEN

VS125 - 7.0 L/s
Supply Air Valve 0.00 m³

No exhaust grill in
store rooms represents
a possible risk of
condensation and
mould growth

VS125 - 8.0 L/s
Exhaust Air Valve

VS125 - 9.0 L/s
VS125 - 9.0 L/s
Supply Air Valve
Supply
0.00Air
m³Valve 0.00 m³

HALLWAY
LIVING-ROOM
Door undercut does not
meet recommended
transfer area (mm2)

Measured total boost extract airflow
rate: -31.95l/s
System imbalance: 31.3%

Supply rigid ducting system
Exhaust rigid ducting system

VS125 - 7.0 L/s
VS125 - 7.0 L/s
Supply Air Valve
Supply
0.00Air
m³Valve 0.00 m³

MRXBOX95-WM2
SP : 23.0 L/s
EX : 23.0 L/s

VS125 - 7.0 L/s
Supply Air Valve 0.00 m³

The measured airflow in bedroom 1
is lower (insufficient) than the
designed values

CLOSE

Measured total boost supply airflow
rate: 21.95l/s

Reference Key

VS125 - 12.0 L/s
Supply Air Valve 0.00 m³

STORE
STORE

Specified total boost supply airflow
rate: 23l/s

MRXBOX95-WM2-OH
SP : 23.0 L/s
EX : 23.0 L/s

VS125 - 9.0 L/s
Supply Air Valve 0.00 m³

Ceiling valve location in livingroom - above sitting area - might
be causing discomfort due to
VS125 - 16.0 L/s
draughts
Exhaust Air Valve

BEDROOM 2
VS125 - 7.0 L/s
Supply Air Valve 0.00 m³

SUNSPACE

Insulated rigid ducting system

WM2
MRXBOX95-WM2-OH
MRXBOX95-WM2-OH
L/s SP : 23.0 L/s
SP : 23.0 L/s
L/s EX : 23.0 L/s
EX : 23.0 L/s

S125 - 9.0 L/s
y Air Valve 0.00 m³

4. Building Performance Evaluation

The measured airflow in bedroom 2
is slightly lower (insufficient) than
the designed values in Bedroom 2

Floor-plan/MVHR layout
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4. Building Performance Evaluation

Ayrshire Housing I Hab-Lab I 2 Cross Gait

Building Performance Evaluation: findings
Temperature & comfort

• Heating controls were actively used by the tenants and the
thermostat was set at approximately 21°C during the day .
• One of the tenants stayed in the property during the day and
spent most of the time in the living-room, where temperatures
were registered between 20°C and 23°C throughout the day.
• The temperature fluctuation in the living-room and kitchen
during the day, was largely due to window opening associated
with cooking and clothes drying.
• Higher temperatures during the day are also associated to solar
gains, partly happening through the sunspace.

Highest temperature levels
registered in the living room and
in the kitchen, during the day

27#

Max recommended
value (°C) of comfort

25#

RECOMMENDED LEVELS OF COMFORT

23#

Min recommended
value (°C) of comfort

21#

19#

17#

15#

Sat#15/10/2016#
02:00:00#
04:00:00#
06:00:00#
08:00:00#
10:00:00#
12:00:00#
14:00:00#
16:00:00#
18:00:00#
20:00:00#
22:00:00#
Sun#16/10/2016#
02:00:00#
04:00:00#
06:00:00#
08:00:00#
10:00:00#
12:00:00#
14:00:00#
16:00:00#
18:00:00#
20:00:00#
22:00:00#
Mon#17/10/2016#
02:00:00#
04:00:00#
06:00:00#
08:00:00#
10:00:00#
12:00:00#
14:00:00#
16:00:00#
18:00:00#
20:00:00#
22:00:00#
Tue#18/10/2016#
02:00:00#
04:00:00#
06:00:00#
08:00:00#
10:00:00#
12:00:00#
14:00:00#
16:00:00#
18:00:00#
20:00:00#
22:00:00#
Wed#19/10/2016#
02:00:00#
04:00:00#
06:00:00#
08:00:00#
10:00:00#
12:00:00#
14:00:00#
16:00:00#
18:00:00#
20:00:00#
22:00:00#
Thu#20/10/2016#
02:00:00#
04:00:00#
06:00:00#
08:00:00#
10:00:00#
12:00:00#
14:00:00#
16:00:00#
18:00:00#
20:00:00#
22:00:00#
Fri#21/10/2016#
02:00:00#
04:00:00#
06:00:00#
08:00:00#
10:00:00#
12:00:00#
14:00:00#
16:00:00#
18:00:00#
20:00:00#
22:00:00#

• The temperatures remained within the recommended
thresholds of comfort most of the time.

29#

Night#?me###11pm#to#8am#

LivingDroom#°C#####

Kitchen#°C#####

Bedroom1#°C#####

Bedroom2#°C#####

Temperature (°C)-ONE WEEK PERIOD-kitchen, living-room, bedroom 1 and bedroom 2
• The one week period of analysis (graphics) is from the 15
October 2016 to 21 October 2016.
Kitchen#

12pm#to#6#pm#
6pm#to#12am#

Bedroom1#

12am#to#6am#
6am#to#12pm#
12pm#to#6#pm#
6pm#to#12am#

Living>room#

12am#to#6am#
6am#to#12pm#
12pm#to#6#pm#
6pm#to#12am#
12am#to#6am#

Bedroom2#

* Please refer to Appendix A for further details about the HabLab's benchmarks

12am#to#6am#
6am#to#12pm#

6am#to#12pm#
12pm#to#6#pm#
6pm#to#12am#
0%#

10%#

20%#

24°C#or#more>#Hot#

30%#

40%#

50%#

18°C#to#24°C>#Comfortable#

60%#

70%#

16°C#to#18°C>#Cool#

80%#

90%#

100%#

16°C#or#less>#Cold#

Temperature (°C)-ONE WEEK PERIOD-kitchen, living-room, bedroom 1 and bedroom2
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4. Building Performance Evaluation

Ayrshire Housing I Hab-Lab I 2 Cross Gait

Building Performance Evaluation: findings
80#

Relative Humidity
Max recommended
value RH (%)

70#

65#

60#

55#

• One of the tenants has highlighted that air was too dry, and that
this affects their comfort particularly over the night. The
monitoring of this flat (no 2 Cross Gait) shows that RH levels are
technically acceptable which suggest there may be other
reasons for the complaint.
• RH in the bedrooms tended to be slightly higher than in the
living-room and in the kitchen, which is partly linked to the lower
temperatures.

75#

50#

45#

RECOMMENDED LEVELS OF COMFORT
40#

Min recommended
value RH (%)

35#

30#

Sat#15/10/2016#
02:00:00#
04:00:00#
06:00:00#
08:00:00#
10:00:00#
12:00:00#
14:00:00#
16:00:00#
18:00:00#
20:00:00#
22:00:00#
Sun#16/10/2016#
02:00:00#
04:00:00#
06:00:00#
08:00:00#
10:00:00#
12:00:00#
14:00:00#
16:00:00#
18:00:00#
20:00:00#
22:00:00#
Mon#17/10/2016#
02:00:00#
04:00:00#
06:00:00#
08:00:00#
10:00:00#
12:00:00#
14:00:00#
16:00:00#
18:00:00#
20:00:00#
22:00:00#
Tue#18/10/2016#
02:00:00#
04:00:00#
06:00:00#
08:00:00#
10:00:00#
12:00:00#
14:00:00#
16:00:00#
18:00:00#
20:00:00#
22:00:00#
Wed#19/10/2016#
02:00:00#
04:00:00#
06:00:00#
08:00:00#
10:00:00#
12:00:00#
14:00:00#
16:00:00#
18:00:00#
20:00:00#
22:00:00#
Thu#20/10/2016#
02:00:00#
04:00:00#
06:00:00#
08:00:00#
10:00:00#
12:00:00#
14:00:00#
16:00:00#
18:00:00#
20:00:00#
22:00:00#
Fri#21/10/2016#
02:00:00#
04:00:00#
06:00:00#
08:00:00#
10:00:00#
12:00:00#
14:00:00#
16:00:00#
18:00:00#
20:00:00#
22:00:00#

• The values for RH were well within the recommended values of
comfort. Fluctuations within this are generally linked to
temperature changes. The risks of condensation and mould
growth in the property are very low.

• The one week period of analysis (graphics) is from the 15
October 2016 to 21 October 2016.

Night#?me###11pm#to#8am#

Kitchen#%#RH###

LivingIroom#%#RH###

Bedroom2#%#RH###

Bedroom1#%#RH###

Relative Humidity (%)-ONE WEEK PERIOD- kitchen, living-room, bedroom 1 and bedroom 2

Kitchen#

12am#to#6am#
6am#to#12pm#
12pm#to#6#pm#
6pm#to#12am#

Bedroom1#

12am#to#6am#
6am#to#12pm#
12pm#to#6#pm#
6pm#to#12am#

Living>room#

12am#to#6am#
6am#to#12pm#
12pm#to#6#pm#
6pm#to#12am#
12am#to#6am#

Bedroom2#

* Please refer to Appendix A for further details about the HabLab's benchmarks

6am#to#12pm#
12pm#to#6#pm#
6pm#to#12am#
0%#

10%#

20%#

30#or#less#

30%#

40%#

30#to#55>#Ideal#RH#

50%#

60%#

55#to#70#Ok#RH#

70%#

80%#

90%#

100%#

70#or#more#

Relative Humidity (%)-ONE WEEK PERIOD- kitchen, living-room, bedroom 1 and bedroom 2
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4. Building Performance Evaluation

Ayrshire Housing I Hab-Lab I 2 Cross Gait

Building Performance Evaluation: findings
2500"

Indoor Air Quality
• The highest levels of CO2 were shown in the living-room and in
the kitchen during the day and in the bedrooms during the night
as expected. Significant peaks were registered during the
evenings due to cooking activities and higher occupancy.
However, the levels remained within the recommended
thresholds of good indoor air quality at all times.

2000"

Max recommended
value CO2 (ppm)

Cooking activities

Highest CO2 levels
during night in
Bedroom 2

Cooking activities

1500"

1000"

c
500"

RECOMMENDED LEVELS OF COMFORT
0"

• The airflow was found to be higher than that the specified values
in the kitchen and in the living room and lower in both bedrooms
which has a negative impact in the bedroom 2 indoor air quality.

Night">me"""11pm"to"8am"

Bedroom2"ppm""""

LivingDroom"ppm""""

Kitchen"ppm""""

Bedroom1"ppm""""

IAQ- CO2 (ppm)-ONE WEEK PERIOD- living-room, kitchen, bedroom 1 and bedroom 2
12am#to#6am#

Kitchen#

• The one week period of analysis (graphics) is from the 15
October 2016 to 21 October 2016.

Sat"15/10/2016"
02:00:00"
04:00:00"
06:00:00"
08:00:00"
10:00:00"
12:00:00"
14:00:00"
16:00:00"
18:00:00"
20:00:00"
22:00:00"
Sun"16/10/2016"
02:00:00"
04:00:00"
06:00:00"
08:00:00"
10:00:00"
12:00:00"
14:00:00"
16:00:00"
18:00:00"
20:00:00"
22:00:00"
Mon"17/10/2016"
02:00:00"
04:00:00"
06:00:00"
08:00:00"
10:00:00"
12:00:00"
14:00:00"
16:00:00"
18:00:00"
20:00:00"
22:00:00"
Tue"18/10/2016"
02:00:00"
04:00:00"
06:00:00"
08:00:00"
10:00:00"
12:00:00"
14:00:00"
16:00:00"
18:00:00"
20:00:00"
22:00:00"
Wed"19/10/2016"
02:00:00"
04:00:00"
06:00:00"
08:00:00"
10:00:00"
12:00:00"
14:00:00"
16:00:00"
18:00:00"
20:00:00"
22:00:00"
Thu"20/10/2016"
02:00:00"
04:00:00"
06:00:00"
08:00:00"
10:00:00"
12:00:00"
14:00:00"
16:00:00"
18:00:00"
20:00:00"
22:00:00"
Fri"21/10/2016"
02:00:00"
04:00:00"
06:00:00"
08:00:00"
10:00:00"
12:00:00"
14:00:00"
16:00:00"
18:00:00"
20:00:00"
22:00:00"

• Bedroom 2 registered expected increases in CO2 during night
times reaching peaks of 1350pm and returning to acceptable
levels during the day. The low levels of CO2 during the day are
partly because of the window opening and the low occupancy.
Both tenants sleep in bedroom 2 and bedroom 1 remains
unoccupied during the night.

6am#to#12pm#
12pm#to#6#pm#
6pm#to#12am#

Bedroom1#

12am#to#6am#
6am#to#12pm#
12pm#to#6#pm#
6pm#to#12am#

Living>room#

12am#to#6am#
6am#to#12pm#
12pm#to#6#pm#
6pm#to#12am#
12am#to#6am#

Bedroom2#

* Please refer to Appendix A for further details about the HabLab's benchmarks

6am#to#12pm#
12pm#to#6#pm#
6pm#to#12am#
0%#

10%#

20%#

500#to#1000>#Ideal#IAQ#

30%#

40%#

50%#

1000#to#1500>#Ok#IAQ#

60%#

70%#

80%#

90%#

100%#

1500#or#more>#Poor#IAQ#

IAQ- CO2 (ppm)-ONE WEEK PERIOD- living-room, kitchen, bedroom 1 and bedroom 2
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Building Performance Evaluation: IEQ enlarged graphics
30"

25"

100#

Rise of temperature due to
higher solar radiation

Outdoor air RH levels

90#

Max Recommended Value

80#

20"

15"

Max Recommended Value

70#

Min Recommended Value

60#

10"

50#

Bedroom1"°C"""""

Bedroom2"°C"""""

Living=room#%#

Bedroom1#%#

Bedroom2#%#

22:00:00#

20:00:00#

18:00:00#

16:00:00#

14:00:00#

12:00:00#

10:00:00#

08:00:00#

06:00:00#

04:00:00#

Wed#19/10/2016#

22:00:00#

20:00:00#

18:00:00#

16:00:00#

14:00:00#

12:00:00#

10:00:00#

08:00:00#

06:00:00#

04:00:00#

Kitchen#%#

Outdoor"Air"Temperature"°C"""""

Graphic 1: Temperature (°C)-TWO DAYS PERIOD-kitchen, living-room, and bedrooms

02:00:00#

RH levels linked to air temperature and
therefore lowest values are registered
in the kitchen and living-room

Min Recommended Value
02:00:00#

22:00:00"

20:00:00"

18:00:00"

16:00:00"

14:00:00"

12:00:00"

10:00:00"

08:00:00"

06:00:00"

04:00:00"

02:00:00"

22:00:00"

20:00:00"

18:00:00"

16:00:00"

14:00:00"

12:00:00"

Living=room"°C"""""

Wed"19/10/2016"

Kitchen"°C"""""

10:00:00"

08:00:00"

06:00:00"

30#

04:00:00"

0"

02:00:00"

40#

Tue"18/10/2016"

5"

Tue#18/10/2016#

Outdoor air temperature

Outdoor#RH#%#

Graphic 2: RH (%)-TWO DAYS PERIOD-kitchen, living-room and bedrooms
3000"

2500"

Higher occupancy
in living room
during evenings

2000"

Kitchen"ppm""

Living=room"ppm"

Bedroom1"ppm"

22:00:00"

20:00:00"

18:00:00"

16:00:00"

14:00:00"

12:00:00"

10:00:00"

08:00:00"

06:00:00"

04:00:00"

02:00:00"

Wed"19/10/2016"

22:00:00"

20:00:00"

18:00:00"

16:00:00"

14:00:00"

12:00:00"

10:00:00"

0"

06:00:00"

500"

04:00:00"

• The MVHR system keeps the CO2 levels within the recommended thresholds for good
indoor air quality. Isolated spikes are shown in the kitchen during the evenings coincident
with cooking activities.

1000"

02:00:00"

• On cold and sunny days, radiant heat impacts on the indoor air temperature which is
shown on the graphic 1, for example Wednesday 19 at 12pm.

Highest values restored in Bedroom 2
where both tenants sleep

Max Recommended Value

1500"

Tue"18/10/2016"

• On cold and cloudy days, outdoor air temperature and RH have a small impact on indoor
environmental conditions, mainly because of the high air permeability and low heat
transfer occurring through the building fabric. RH levels are more linked to air temperature
rather than to outdoor weather conditions.

08:00:00"

• The enlarged graphics for air temperature (1), RH (2) and CO2 (3) , show that the results are
well within the recommended values for comfort, health and building integrity.

Bedroom2"ppm"

Graphic 3: Indoor Air Quality (ppm)-TWO DAYS PERIOD-kitchen, living-room and bedrooms
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5. Lessons Learned
The monitoring findings show that the specified MVHR system provides good/adequate indoor
environmental quality conditions, and interacts well with the other building features (see pages 5
to 8). Some of the key-benefits include:
1. generally good levels of indoor air quality, meaning low levels of CO2 and odours
2. provision of warm and dryer air, which reduces the risks of surface condensation
and mould growth, which can greatly improve the maintenance programme of
Ayrshire Housing
3. generally comfortable indoor environmental quality conditions, in terms of noise
levels, air velocity (draughts), air temperature and relative humidity
4. generally satisfactory performance is corroborated by occupants feedback which is
largely positive.
Nevertheless, the study identifies several defects related to the MVHR design and commissioning
process, as following:

Ayrshire Housing I Hab-Lab I 2 Cross Gait

Future considerations:
A critical element is ensuring that there is clear understanding of the nature of the system and
how it is supposed to be used by Ayrshire Housing’s staff. On the other hand, robust mechanisms
should ensure that occupants are given clear guidance in how to operate the system and that the
recommendations included in the Quick Start Guides are understood and put in practice.
Processes need to be available not just at early occupancy, but during changes in ownership or
tenancy.
Finally, a planned, legible MVHR maintenance regime will be needed for any property at Cross
Gait. Ayrshire Housing will need to evaluate who will be undertaking this maintenance within the
Association, how frequent it will be and what are the access requirements, which varies from
property to property.
Key areas for further work include a more extended study focused in the interaction with the
sunspace and heating system and the impact on energy consumption.

1. System imbalance: although this is not normally part of the Architects snagging
process, the Hab-Lab investigation shows that the commissioning was not
completed satisfactory. Despite this, the system appears to be providing adequate
ventilation, but this could be improved by ensuring the system is re-commissioned
and balanced correctly.
2. According to the Building Regulations in Scotland, internal doors that are fire
resistant are not required to have an undercut to increase air transfer throughout
the dwelling. Undercutting of all internal doors are essential to ensure the efficiency
of the MVHR system, and tightly sealed doors might affect the overall building
performance.
3. Supply valve placement: one complaint received should not lead to a wholesale
review and ventilation design cannot anticipate possible furniture layouts, but in
this case, the grill could be adjusted to reduce air flow slightly.
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Hab-Lab benchmarks
Based on our literature review, the following targets have been set up in order to provide a
guidance and benchmark for the different building performance evaluations:
•Comfort temperatures: The temperature data captured from the environmental monitoring can
be compared to seasonal recommended comfort temperatures-of 20-24°C in winter (CIBSE
TM52)-to establish whether the occupants are heating their home above what is typically
considered to be comfortable, and can also be compared to the anticipated comfort
temperatures given in SAP.

This can usually be achieved with a whole house ventilation rate of 0.5 air changes per hour
(ach). Within naturally ventilated buildings, humidity levels as low as 30% RH (or lower) may
be acceptable for short periods of time, but care is needed to restrict airborne irritants such
as dust or tobacco smoke (CIBSE, 2005). 40-60% RH is often regarded to indicate ‘good’ IAQ.
The Hab-Lab RH benchmarks have been defined as following: 30% or less:dry, 30 to
55%:ideal,55 to 70%: OK, 70% or more: humid.

Parameters
•Indoor air quality: The indoor air quality (IAQ) relates to the freshness of the air, which, in turn,
depends on level of indoor pollutants. Achieving acceptable IAQ means having an adequate air
change rate in order to replace the stale/polluted air with fresh air from outside. An indication of
the IAQ can be assessed by measuring the CO2 levels (measured in parts per million (ppm) and
relative humidity (%), and comparing these to acceptable limits. The Hab-Lab IAQ benchmarks
have been defined as following: 500 to 1000 ppm: ideal, 1000 to 1500ppm: OK, 1500ppm or
more: poor.
•Carbon dioxide levels: CO2 levels in a space depend on two things; the level of occupancy and
the ventilation rate. Therefore, before any assumptions are made about the level of air quality it
is important to get an understanding of the level of occupancy and the amount of fresh air
entering a space.
- Within the UK a CO2 figure of 800–1000 parts per million (ppm) is often used as an indicator
that the ventilation rate in a building is adequate. 1000ppm would appear to equate to a
‘fresh air’ ventilation rate of about 8 litres/second/per person (CIBSE, 2005).
- CO2 does not itself pose any risk at these levels, but indicates the ventilation is sufficiently
high to dilute other pollutants to a safe concentration. However, much greater levels of
ventilation — resulting in a lower CO2 concentration, may indicate an overly ventilated
space, leading to excessive energy used by the heating system. CO2 only becomes a
pollutant at levels over 5000ppm (CIBSE, 2005). Humidity: An acceptable range of 40–70%
RH is suggested.

Range

Air temperature

16°C or less: cold, 16 to 18°C: cool, 18 to 24°C: comfortable, 24°C
or more: hot

CO2 concentration

500 to 1000 ppm: ideal, 1000 to 1500ppm: OK, 1500ppm or more:
poor. CO2 only becomes a pollutant at levels over 5000ppm

Relative Humidity

30% or less:dry, 30 to 55%:ideal,55 to 70%: OK, 70% or more:
humid

Airtightness

BR compliance: maximum 3 m3/h/m2 for continuous mechanic
ventilation systems.

Recommended whole
dwelling ventilation

17l/s for a two bedrooms and not less than 0.30 l/s per square
meter

Minimum high rate airflow
(l/s)

13l/s for kitchens, 8l/s for bathrooms, 6l/s for toilets

Admissible MVHR airflow
imbalance

10% (PassivHaus) to 15%

Suggested background
noise level (Building
Regulations for domestic
buildings in Scotland)

Maximum of 30dB(A) in bedrooms, maximum of 35dB(A) in livingroom, maximum of 45dB(A) in kitchen and bathroom,

Hab-Lab thresholds/ summary chart
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Abbreviations

ACH: Air Changes per Hour

MVHR: Mechanical Ventilation with Heat Recovery

ASHRAE: American Society of Heating, Refrigerating and Air Conditioning

PPM: Parts Per Million

ATTMA: Air Tightness Testing & Measurement Association

QSQ: Quick Start Guides

BPE: Building Performance Evaluation

RdSAP: Reduced Standard Assessment Procedure

BREEAM: BRE Environmental Assessment Method

RH: Relative Humidity

BS EN: British Standard European Norm

SAP: Standard Assessment Procedure

CIBSE: Chartered Institution of Building Services engineers

TRV: Thermostatic Radiator Valves

CO2: Carbon Dioxide

WHO: World Health Organisation

dB(A): A-weighted decibels
DHW: Domestic Hot Water
EESSH: Energy Efficiency Standard for Social Housing
EPC: Energy Performance Certificate
FFL: Finished Floor Level
GIA: Gross internal area
IAQ: Indoor Air Quality
IEQ: Indoor environmental quality
JGA: John Gilbert Architects

20

Appendix C

Ayrshire Housing I Hab-Lab I 2 Cross Gait

MVHR evaluation
GF flat/ North block

House/ North block

Minimum high

Specified

Monitored on-

Recommended

Measured

Minimum high

Specified airflow

Monitored on-

Recommende

Measured

rate airflow

airflow rate

site airflow

background

on-site

rate airflow (l/s)

rate Nuaire/

site airflow

d background

on-site

(l/s)

Nuaire/

rate (l/s)

noise level

sound level

Johnson

rate (l/s)

noise level

sound

pressure

Electrical (l/s)

Johnson

dB(A)

Electrical (l/s)

dB(A)

level
pressure

dB(A)

dB(A)

Living-room

Bedroom 1

Bedroom 2

—

—

—

9

8.5

35

32.5

7

8.2

30

25.7

7

9.7

30

-13

-14

-18.05

45

38.1

Bathroom

-8

-9

-13.3

45

36.1

—

Total airflow
balance

—

23

0

26.4

-4.95
(15.52%
imbalance)

—

—

Bedroo
m1

—

—

12

11.7

35

42.1

7

6.2

30

29.1

Bedroo
m2

—

7

7.9

30

27.5

Bedroo
m3

—

7

4.25

30

24.2

Kitchen

-13

-16

-20.25

45

45.2

Toilet

-8

-8

-8.5

45

29

Bathroo
m

—

-9

-11.6

45

37.2

29.2

Kitchen

Total boost
rate

Livingroom

—

—

No 1 Cross Gait / findings summary chart (boost mode)
imbalance is within the
recommended thresholds

Total
boost
rate

—

33

30.05

—

Total
airflow
balance

—

0

-10.3 (25.53%
imbalance)

—

No 9 Cross Gait / findings summary chart/MVHR
system evaluation/boost mode

—

—

imbalance is higher
than the recommended
thresholds
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