THE MORAY COUNCIL

NATURAL VENTILATION IN WINTER
COVID-19 GUIDANCE

2419-BWP-RP-0001

Blackwood www.blackwood.co.uk

Partnership



NATURAL VENTILATION IN WINTER
COVID-19 GUIDANCE

Document Management Record

Lp

Document No Rev | Suit. Date Comments Author Approved
2419-BWP-RP-0001 P01 | S01 09.12.20 First Issue CL/CMG CMG
2419-BWP-RP-0001 P02 | S01 17.12.20 Final Issue CL/CMG CMG

Blackwood Partnership — Consulting Engineers 6 Atholl Place Edinburgh EH3 8HP

t: 0131 229 7268 e: mail@blackwood.co.uk

17/12/20

2419-BWP-RP-0001



NATURAL VENTILATION IN WINTER
COVID-19 GUIDANCE

CONTENTS

1.0 INTRODUGCTION ...ttt ettt e e e e 1 et e e e e e et e e e et e e e e et s n b r et e e e e e e sannrrenees
20 WINTER VENTILATION STUDY ...ciiiiiiiiiiiiiiie oottt e s e e e e s eenrnnee s
3.0 MODEL RESULTS & COMMENTARY ...ttt
4.0 CONCLUSIONS ..o r e e e s s e s e e e e e nees

5.0 APPENDIX A
6.0 APPENDIX B
7.0 APPENDIX C

Blackwood Partnership — Consulting Engineers 6 Atholl Place Edinburgh EH3 8HP
t: 0131 229 7268 e: mail@blackwood.co.uk

17/12/20 2419-BWP-RP-0001 2



NATURAL VENTILATION IN WINTER
COVID-19 GUIDANCE

Lp

SCHOOL CLASSROOM = NATURAL VENTILATION IN WINTER

1.0 INTRODUCTION

1.1 Inresponse to the Covid-19 outbreak guidance in respect of the role ventilation of occupied buildings
plays in mitigating the transmission of the virus has been published and made widely available from
a number of sources most notably;

Scottish Government
CIBSE

= REHVA

The Royal Society

1.2  Current guidance recognises:

= The amount of outside air that can be reasonably provided during winter is likely to be less than
in the summer due to the impacts on indoor air temperature and occupant comfort. Poorly
ventilated spaces are highly likely to increase the risk of SARS-CoV-2 transmission via aerosols
at distances greater than 2m. It is therefore important that all reasonable steps are taken to avoid
poor ventilation of indoor spaces as far as possible. and;

» Increased ventilation in winter may lead to unwanted occupant behavioural responses that result
in ventilation provision being deactivated or minimised. For example, increased ventilation could
result in colder indoor environments or cold draughts resulting in occupants closing, reducing or
turning off ventilation provision, frustrating the goal of increased ventilation.

1.3 Addressing winter ventilation of classroom spaces, outline guidance common to all sources includes:

= High level window opens, if available, should be used in preference to low level window openings.

= Use of available multiple openings rather than just single opening is likely to create a more
comfortable environment with respect to draughts.

= Cross ventilation from window openings, if available, is generally more effective in providing
ventilation to the space.

= Measurement of elevated CO: level in indoor air are an effective method of identifying poor
ventilation in multi — occupant spaces.

= Maintaining COz levels around and below 1500ppm represents and adequately ventilated space.

= Positioning of seating away from window openings and draft plumes should be considered.

» Relaxation of dress codes should be considered, if necessary, to allow warmer clothes to be worn.

1.4 This winter ventilation study has been produced to support the range of guidance and
recommendations associated with increased natural ventilation of school classrooms during winter
period.

1.5 The primary focus is on the degree of window opening required under differing weather conditions
and the effectiveness of the existing heating systems in maintaining and acceptable room
temperature.

2.0 WINTER VENTILATION STUDY

2.1  Two primary schools and one secondary school within the Moray Council region have been identified
by the Client to carry out the winter ventilation study:

= Applegrove Primary School, Forres

Blackwood Partnership — Consulting Engineers 6 Atholl Place Edinburgh EH3 8HP
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=  Greenwards Primary School, Elgin
» Forres Academy , Forres

A building model has been developed for all schools using IESVE software.

Various scenarios of window opening were modelled using IESVE Macroflo, Apache and the results
analysed using Vistapro software.

The classrooms within the school building, its geographic location, its window types, opening and
locations together with the fabric thermal properties form part of the model.

Each classroom has been assessed with 33 pupils and up to two teachers ( except Greenwards 1/63
25 pupil and two teachers) in sedentary activities.

The heat emitters as based on the existing heating system output and the heat gains from, occupants,
equipment’s and alighting has been considered when assessing the classroom temperature.

The first part January has been selected as a representative weeks in which to report the modelling
outcomes. The model weather file for this period has very cold still days, cool breezy days and milder
very breezy days and is a reasonable representation of the variations during a Scottish winter.

MODEL RESULTS & COMMENTARY

APPLEGROVE PRIMARY
Applegrove Primary was recently fully refurbished with improved thermal performance of the building

fabric, new windows and new radiator heating systems.

S ——
APPLEGROVE PRIMARY I

BEa

The following classrooms have been assessed:
Ground floor 1/65, the classroom window arrangement includes:

» High and low level openings on the main fagade
= Clerestory windows opposite the main facade

Ground floor 1/63, the classroom window arrangement includes:

= High and low level openings on the main facade
= Clerestory windows opposite the main fagcade (these windows were modelled closed to allow the
performance of single sided ventilation to be considered)

First Floor 2/71, the classroom window arrangement includes:

= High and low level openings on the main facade
=  Windows on multiple facades

The results of the modelling are shown in appendix A, in summary the following comments are
offered:

There are a good number of windows in this school with the opportunity to many permutations of
window openings - high and low level, single sided, two sided and clerestory.

Blackwood Partnership — Consulting Engineers 6 Atholl Place Edinburgh EH3 8HP
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3.8 Both Classrooms 1/65 & 2/71 offer cross ventilation and can normally be ventilated to maintain CO2
levels below 1500ppm by opening all top windows by between 5 — 15%. On still days with little or
no wind the top window may need to open up to 25%. Acceptable room temperature can be achieved
although at the start of the day and after lunch the room may feel cool at first.

3.9 Classroom 1/63 has been modelled on single sided window openings. The modelling results
showed that it was not possible to maintain acceptable CO2 level in the classroom using top opening
only. The room can be normally be ventilated to maintain CO2 levels below 1500ppm by opening all
top and bottom windows by 10%. Acceptable room temperature can be achieved although at the
start of the day and after lunch the room may feel cool at first.

GREENWARDS PRIMARY
3.10 Greenwards Primary is generally an open plan school originally completed in April 1977. It was

extended and doubled in size one year later and was further extended in 1990 to provide specialised
accommodation for children with special needs.

3.11 The classrooms are heated by LPHW fan convectors. An assessment has been made of the
expected unit output for modelling purposes.

3.12 The classrooms are generally arranged around the outer perimeter of the building, though many of
the open plan classrooms are interconnected and share window openings onto a number of central
external courtyards.

3.13 The windows throughout the school are top hung hoppers only.

3.14 The following classrooms have been assessed:
3.15 Ground floor 1/12&13, two linked open plan classrooms - window arrangement includes:

= High level openings on the main fagade
= High level opening onto the courtyard

3.16 Ground floor 1/63, the classroom window arrangement includes:
= High openings on the main facade

3.17 The results of the modelling are shown in appendix B, in summary the following comments are
offered:

3.18 There are a good number of windows in this school with the opportunity to many permutations of
window openings - high level, single sided, two sided and crossflow.

3.19 Both Classrooms 1/12 & 1/13 offer cross ventilation and can normally be ventilated to maintain CO2
levels below 1500ppm by opening all top windows up to 15%. On still days with little or no wind the
top windows may need to open up to 25%. Acceptable room temperature can be achieved although
at the start of the day and after lunch the room may feel cool at first.

3.20 Classroom 1/63 has been modelled on single sided window openings. The modelling results
showed that it was not possible to maintain acceptable CO:z level in the classroom for 35 pupils using

Blackwood Partnership — Consulting Engineers 6 Atholl Place Edinburgh EH3 8HP
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the top opening windows. The modelling was rerun, reducing the number of occupants to 27. The
room can be normally be ventilated to maintain CO2 levels below 1500ppm by opening all the
windows up to 25%. Acceptable room temperature can be achieved although at the start of the day
and after lunch the room may feel cool at first. Additionally, it is likely that cool draughts will be more
prevalent.

FORRES ACADEMY
3.21 Forres Academy is large secondary school built around a central courtyard for the main education

classrooms and with branch wings serving technical, PE and assembly etc.
3.22 The classrooms are generally heated by LPHW fan convectors. An assessment has been made of
the expected unit output for modelling purposes.
3.23 The classrooms considered are arranged around the courtyard and outer perimeter of the building.
3.24 Ventilation is predominantly single sided through mid-hung pivot windows only.

3.25 The following classrooms have been assessed:

= Ground floor 1/6 - facing outward onto the front facade single sided ventilation.
= Ground floor 1/86- facing into the courtyard single sided ventilation.
= Ground Floor 1/91, facing outward onto the front facade single sided ventilation:

3.26 The results of the modelling are shown in appendix C, in summary the following comments are
offered:

3.27 There are a good number of windows in this school with the opportunity for a number of permutations
of window opening strategies — single window, multiple windows, although only single sided is
opening is available. The type of window opening mechanism does allow for some high(ish) and
low(ish) ventilation within the classrooms.

3.28 Classroom 1/6 can normally be ventilated to maintain CO:2 levels below 1500ppm by opening all
windows up to 15. Acceptable room temperature should be maintainable throughout the day.

3.29 Classroom 1/86 can normally be ventilated to maintain CO2 levels below 1500ppm by opening all
windows up to 15%. Acceptable room temperature should be maintainable throughout the day
although at times at the start of the day and after lunch the room may feel cool at first.

3.30 Classroom 1/91 can normally be ventilated to maintain CO2 levels below 1500ppm by opening all
windows up to 15%. Acceptable room temperature should be maintainable throughout the day.

Blackwood Partnership — Consulting Engineers 6 Atholl Place Edinburgh EH3 8HP
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4.0 CONCLUSIONS

4.1 The weather conditions including wind speed, direction and external temperature is the predominant
influence on window opening requirements to provided acceptable ventilation within the classroom.
4.2  The various window opening types give a good B M

overall snap shot of the fenestration arrangements
across the Moray Council school estate. W<2H

) ) & g—
»= High and low level openings H

= Top hopper openings
*= Mid pane pivot openings ﬂ n V
|

= Clerestory openings

= Single sided ventilation
= Cross ventilation Figure 2.18 Single sided ventilation, single opening
= Dual aspect ventilation

w

4.3 The specialist advice recommendations (1.3) for

classroom ventilation noted above hold firm. I - Ws=25:H
h approx

4.4  Cross ventilation through top opening windows is "7 ﬂ !
usually an effective method of promoting natural f
ventilation whilst helping to minimise cold
draughts. ﬂ
4.5 On very still days with little or no wind it may be \ -
better to use top and bottom window openings at
10% open, where available, rather than opening
top windows only to 25%.
4.6 Single sided ventilation will perform better with top D H
—
-

Figure 2.19 Single sided ventilation, double opening

and bottom opening of windows. If only top opening g
windows exist it will be necessary to open these WEiSH
windows wider up to 25%at times. i * &y

4.7  As would be expected when breezier days promote
greater air change within the classrooms, it will be ﬂ 1 Hg
possible to reduce the amount of window opening.
This is most likely to be occupant in classroom | w ‘
assessed, based on, for instance increased w0 Crossventlaton
draughts and perceived air movement.

4.8 In all cases CO:2 concentration levels build up gradually, dropping quickly to ambient levels when the
classes are empty over the lunch period. This highlights the importance of having windows open at
the start of the day before the arrival of the pupils and leaving windows open during unoccupied break
periods. In addition, short periods of wide window opening for rapid ventilation is an effective method
introducing fresh clean air to spaces.

4.9 Theresults of the schools and rooms tested show that when controlling the amount of window opening
for adequate ventilation, that in all cases it should be possible to maintain acceptable temperature
conditions utilising the existing room heating systems.

4.10 In some situations, classrooms may be cool at first at the start of the day or on the return from lunch
break but soon recover to comfortable temperature levels.

4.11 Notwithstanding, for every classroom arrangement the effect of local draughts and seating positions
will need to be taken into consideration.

Blackwood Partnership — Consulting Engineers 6 Atholl Place Edinburgh EH3 8HP
t: 0131 229 7268 e: mail@blackwood.co.uk

17/12/20 2419-BWP-RP-0001 7



NATURAL VENTILATION IN WINTER

COVID-19 GUIDANCE

5.0 APPENDIXA

APPLEGROVE PRIMARY RESULTS

Blackwood Partnership — Consulting Engineers 6 Atholl Place Edinburgh EH3 8HP
t: 0131 229 7268 e: mail@blackwood.co.uk

17/12/20 2419-BWP-RP-0001



NATURAL VENTILATION IN WINTER : COVID-19 GUIDANCE

UP Blackwood

Partnership

Applegrove Primary School
Room 1/63

Openable top and bottom hoppers on
main facade and openable clerestory
window opposite.

NOTE: this room modelled as single sided
ventilation from the main fagade only for

Model Parameters:

Occupancy: 33 Pupils 2 Adults

Lighting: based on LCD @5w/m?2

Computers etc: based on 2 PCs in use

Building fabric: Upgraded 2017

Windows: Openable top and bottom hoppers on main
facade and openable clerestory window opposite

Model Preferred Outcomes:

Ventilation:

In multi occupancy rooms a CO; level not exceeding on or
around 1500ppm represents the limit of a well ventilated
environment. Less than 1500ppm is better.
Temperature:

19-21°Cis a comfortable temperature for sedentary
activities for most.

Acceptable temperature should be
maintainable but the room may feel on the
cool side particularly before lunch.

10 T T T T T T T I
00:00 0200 0400 0800  0B00

T T 1T F T T T T 1T T T
10:00  12:00 1400 1600 1800  20:00 2200 00:00

Date: Mon 06/Jan

—— Dry-bulb temperature: (AberdeenEWY.fit) —— Air tempereture: 1/83 Classroom {OPtion Z.aps)

—— Room COZ concentration: 1/63 Clessroem {OPtion 2.sps)

-1o T T 1T T

T T T T T T T T T T
00:00 02:00 04:00 08:00 0s:00 10:00 12:00 14:00

T T T T T F T T
16:00 18:00 20:00 22:00 00:00

Date: Mon 06/Jan

—— Dry-bulb tempersture: {AberdesnEWY fwt) —— Air tempersture: 1/82 Classroom (OPtion5.aps)

—— Room COZ2 concentration: 1/63 Clessioom (OPtion5.eps)

comparison purposes Classroom occupancy period: 8:30am -3:30pm (lunch 16-18°C may be acceptable when wearing seasonal
unoccupied 12:30pm — 1:30pm) appropriate clothing or during periods of higher physical
activity.

. Assessment is based on full heat from the installed radiator | In both cases occupant comfort level will be influenced by,
system being available to the classroom. The thermostatic | amongst other factors, the air speed and in particular the
radiator valves should be set at 21°C influence of cold draughts

Single Sided Ventilation top & bottom windows open 10% | Single Sided Ventilation top & bottom windows open 15% | Single Sided Ventilation top & bottom windows open 25%
Monday 6 January: =
Weather conditions during the school - w/\
occupation hours is a very cold (sub-zero) __“—“‘—\/\/" _
still winter day with N wind speed > 7 " o] ™ A reao
1.5m/s. o g s s | e Lk
Even though it is very cold outside the % N -'ﬂn% %‘ _mé % = *‘2“2
predominant factor in natural ventilation ) Lo 5 o] 3 "] oo
effectiveness is the windspeed and o [ 1000 [ ]
direction. In order to achieve acceptable Lo B fe00 7 ™
ventilation, the top and bottom windows ] ‘ | oo :: 0
will require to be approximately 10% open. \,\_m B Y A ‘ ‘ —

LI T T T T USSILEDSU T T T T T
00:00 0200 0400 0600 0800  10:00 1200 1400 1800 1800 2000 2200 0000

Date: Mon 06/Jan

= Dry-bulb temperature: (AberdeenEWY fwt) = Air tempersture: 1/63 Classroom (OFtiond.aps)

= Room COZ2 concentration: 1/82 Classroom (CFtiond aps)

Tuesday 7 January:

Weather conditions during the school
occupation hours is a very cold (sub-zero)
still winter day with S wind speed 0-4 m/s.

Even though it is very cold outside the
predominant factor in natural ventilation
effectiveness is the windspeed and
direction. In order to achieve acceptable
ventilation, the top and bottom windows
will require to be approximately 10% open.
Acceptable temperature should be
maintainable but the room may feel on the
cool side particularly before lunch.
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Date: Tue 07/Jan

—— Dry-bulb temparsture: [AberdsenEWY fwt) —— Air tempersture: 183 Classoom (OPticn 2.3ps)

— Room GOZ2 concentration: 1/63 Classreom (OFtion 2.2ps)
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Date: Tue 07/Jan

—— Dry-bulb tempersture: [AberdeenEWY.fut) —— Air tempesrsture: 1/63 Classroem (OPtionS.aps)

—— Room CO2 concentration: 1/82 Classroom [OFtion5.sps)
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Date: Tue 07/Jan

—— Dry-bulb temperature: (AberdeenEWY.fut) —— Air temperature: 1/62 Classroom {OPtion4.aps}

—— Room €02 concentiation: 1/63 Classoom (CPtiond.aps)
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Wednesday 8 January: 221 20 22 a0 - o200
N /_’_\/J I 2200 N F-2200 20 2000
Weather conditions during the school [ oo
. . . . g - 18 18- L1s00
occupation hours is a mild breezy winter 2210 | acos
day with SW wind speed 7-10 m/s. Lo g o [ o 1o S
G = 8 )
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. . S E oy 0 g 2. Lo & 2. Lo &
predominant factor in natural ventilation & T s s ' -
. . . [1400 2 1200 3 E)
effectiveness remains the windspeed and o] 1o
. . . [-1200 L
direction. In order to achieve acceptable N \/\/\/\ A N
ventilation, the top and bottom windows
will require to be approximately 10% open. k
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maintainable throughout the day. Date: Wed 00an Date: Wed 0bsan Date:Wed 031Jan
= Dry-bulb temperature: (AberdeenEWY fut) = Air temperature: 183 Classroom (OPtion 2.sps) . . N . N . . . P " .
= Dry-bulb temperature: {AberdeenEWY.fwt) —— Air temperature: 1/83 Classroom (OFtionS.aps) = Dry-bulb temparature: {AberdeenEWY.fwt) —— Air temperature: 1/62 Classroom (OPtion4.sps)
T Reom £G2 cone=niiation 1/62 Clessreom (DFtion 2 eps) —— Room CO2 concentration: 1/82 Classroom (OFtions sps) — Room €02 cancenation: 1/82 Classream (OPtion4.ags)
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throughout the day Date: Thu 09/Jan Date: Thu 09iJan Date: Thu 08/Jan
~— Dry-bulb temperature: (AberdeenEWY . fut) = Alir temperature: 1/82 Classrcom (OPtion 2.2ps) — Dry-bulb tempersture: (AberdeenEWY fut) = Air tempersture: 1/82 Classroom (OPtionS.aps) —— Dry-bult temperature: (AberdesnEWY fut) —— Air temparsturs: 1/82 Classroom (OPticnd.aps)
— Room CO2 concentration: 1/83 Classroom (OPtion 2.aps) = Room CO2 concentration: 1/83 Classroom (OPtion5.aps) —— Room CO2 concentration: 1/83 Classroom (OPtion4.aps)
Friday 10 January: v . z
. . 20+ ——-——/ oapo 20 2200 16— F2000
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g 12 [-1800 § 8 12| 1800 § 5- 10— §
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natural ventilation effectiveness remains g ] g B g g Lizoo &
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the windspeed and direction In order to ] 3 N 3 [
achieve acceptable ventilation, the top and N [ N “
bottom windows will require to be ] 1000 B 00 = e
. — ——
approximately 10% open. Acceptable N a0 J o eoa
temperature should be maintainable .
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throughout the day.

Date: Fri 10/Jan

—— Dry-bulb temperature: (AberdeenEWY.fwt) —— Air tampersturs: 183 Classroom (OPtion 2.aps)

—— Room CO2 concentrstion: 1/83 Classroom (OPtion 2.aps)

Date: Fri 10/Jan

—— Dry-bulb tempersture: (AbsrdeenEWY.fut) —— Air tempersture: 1/63 Classreom (OPticnS.aps)

—— Room CO2 concentration: 1163 Classroom (OPtion5.aps)

Date: Fri 10/Jan

—— Dry-bulb temperature: (AberdeenEWY fut)

—— Room COZ concentration: 1/83 Classroom (OPtion4.aps)

—— Air temperature: 1/83 Classroom (GPtioné.aps)
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Applegrove Primary School
Room 1/65

Openable top and bottom hoppers on
main facade and openable clerestory
window opposite

Model Parameters:

Occupancy: 33 Pupils 2 Adults

Lighting: based on LCD @5w/m?2

Computers etc: based on 2 PCs in use

Building fabric: Upgraded 2017

Windows: Openable top and bottom hoppers on main
facade and openable clerestory window opposite

Classroom occupancy period: 8:30am -3:30pm (lunch
unoccupied 12:30pm — 1:30pm)

Assessment is based on full heat from the installed radiator
system being available to the classroom. The thermostatic
radiator valves should be set at 21°C

Model Preferred Outcomes:

Ventilation:

In multi occupancy rooms a CO; level not exceeding on or
around 1500ppm represents the limit of a well ventilated
environment. Less than 1500ppm is better.
Temperature:

19-21°Cis a comfortable temperature for sedentary
activities for most.

16-18°C may be acceptable when wearing seasonal
appropriate clothing or during periods of higher physical
activity.

In both cases occupant comfort level will be influenced by,
amongst other factors, the air speed and in particular the
influence of cold draughts

Cross Ventilation top windows open 5%

Cross Ventilation top windows open 15%

Cross Ventilation top windows open 25%

Monday 6 January:

Weather conditions during the school
occupation hours is a very cold (sub-zero)
still winter day with N wind speed >
1.5m/s.

Even though it is very cold outside the
predominant factor in natural ventilation
effectiveness is the windspeed and
direction. In order to achieve acceptable
ventilation, the top windows will require to
be approximately 15% open. Acceptable
temperature should be maintainable but
the room may feel cool at the start of the
day.
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Date: Mon 06/Jan

—— Dry-bulb temperature: [AberdeenEWY fut)

—— Room CO2 cencentration: 1/85 Classreem 4 (OPtien 2.3ps)
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—— Air temperature: 1165 Classroom 4 (OPtien 2.8ps)
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Date: Mon 06/Jan

—— Dry-bulb temperature: (AberdeenEWY. fwt) —— Air temperature: 1/65 Classroom 4 (OPtionS.aps)

—— Room COZ2 concentration: 1/65 Classroom 4 [OPtionS.aps)
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Date: Mon 06iJan

—— Dry-bulb tempersture: (AberdeenEWY fwt) —— Air temperature: 1/85 Classroom 4 (OFtion4.aps)

—— Room COZ concentration: 1/85 Classoom 4 {OPtion4.aps)

Tuesday 7 January:

Weather conditions during the school
occupation hours is a very cold (sub-zero)
still winter day with S wind speed 0-4 m/s.

Even though it is very cold outside the
predominant factor in natural ventilation
effectiveness is the windspeed and
direction. In order to achieve acceptable
ventilation, the top windows will require to
be approximately 15% open. Acceptable
temperature may be maintainable but the
room will certainly feel cool at the start of
the day and struggle a bit on the return
after lunch.
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Date: Tue 07/Jan

—— Dry-bulb temperature: {AberdeenEWY fi) —— Air temperature: 1/85 Classroom 4 (OPtien 2.aps)

—— Reom CO2 concentration: 1/65 Classroom 4 (OPticn 2.3ps)
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Date: Tue 07iJan

—— Dry-bulb temperature: (AberdeenEWY fwt) —— Air temperature: 1/85 Classroom 4 (OPtion5.aps)

—— Reom CO2 concentration: 1/65 Classoom 4 (OPtion5.aps)
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Date: Tue 07/Jan

= Dry-bulb temperature: (AberdeenEWY.fwt) - Air temperature: 1/65 Classtoom 4 (OFtion4.aps)

= Room COZ2 concentration: 1/85 Classroom 4 (OFtiond.eps)
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NATURAL VENTILATION IN WINTER : COVID-19 GUIDANCE

L'P Blackwood

Partnership

Wednesday 8 January:

Date: Fri 10iJan

—— Dry-bulb temperature: [AberdeenEWY ft] —— Air tempersture: 1/85 Classroom 4 (OPtion 2.aps)

Room CO2 concentration: 1/85 Classioom 4 [OFtion 2.aps)

—— Dry-bulb tempersture: (AberdeenEWY.fwt)

—— Room CO2 concentration: 1/65 Classrcom 4 (OPtionS.aps)

—— Air temperature: 1/85 Glassroom 4 [GFtion5 aps)

—— Dry-bulb temparature: (AberdesnEWY.fwt)

—— Roem COZ cencentration: 1/85 Classroom 4 (OPtiond.sps)
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—— Air tempersture: 1185 Classroom 4 (OPtiond.sps)
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NATURAL VENTILATION IN WINTER : COVID-19 GUIDANCE

L'P Blackwood

Partnership

Applegrove Primary School
Room 2-71

First floor corner classroom with openable
windows on two adjacent sides.

Model Parameters:

Occupancy: 33 Pupils 2 Adults

Lighting: based on LCD @5w/m?2

Computers etc: based on 2 PCs in use
Building fabric: Upgraded 2017

Windows: Openable top and bottom hoppers

Classroom occupancy period: 8:30am -3:30pm (lunch
unoccupied 12:30pm — 1:30pm)

Assessment is based on full heat from the installed radiator
system being available to the classroom. The thermostatic
radiator valves should be set at 21°C

Model Preferred Outcomes:

Ventilation:

In multi occupancy rooms a CO; level not exceeding on or
around 1500ppm represents the limit of a well ventilated
environment. Less than 1500ppm is better.

Temperature:

19-21°Cis a comfortable temperature for sedentary
activities for most.

16-18°C may be acceptable when wearing seasonal
appropriate clothing or during periods of higher physical
activity.

In both cases occupant comfort level will be influenced by,
amongst other factors, the air speed and in particular the
influence of cold draughts

Cross Ventilation top windows open 5%

Cross Ventilation top windows open 15%

Cross Ventilation top windows open 25%

Monday 6 January:

Weather conditions during the school
occupation hours is a very cold (sub-zero)
still winter day with N wind speed >
1.5m/s.

Even though it is very cold outside the
predominant factor in natural ventilation
effectiveness is the windspeed and
direction. In order to achieve acceptable
ventilation, the top windows will require to
be approximately 25% open. Acceptable
temperature should be maintainable but
the room will certainly feel cold at the start
of the day and the return after lunch
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Date: Mon 06/Jan

—— Air temperature: 2171 Classroom 18 (OPtion 2.aps)

—— Reom CO2 concentrstion: 271 Classroem 19 (OPtion 2.sps)
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Date: Mon 06/Jan

—— Dry-bulb tempersture: (AberdeenEWY.fwt) —— Air tempersture: 2/71 Classioom 19 (OPtionS.sps)

—— Room COZ concentration: 271 Classroem 12 (OPtion5.aps)
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Date: Mon 06(Jan

—— Air tempessture: 271 Classroom 18 (CPtion<.aps) —— Dry-bulb tempersture: (AberdeenEWY.fwt)

—— Reom CO2 concentration: 2/71 Classrom 19 {OPtiond.sps)

Tuesday 7 January:

Weather conditions during the school
occupation hours is a very cold (sub-zero)
still winter day with S wind speed 0-4 m/s.

Even though it is very cold outside the
predominant factor in natural ventilation
effectiveness is the windspeed and
direction. In order to achieve acceptable
ventilation, the top windows will require to
be approximately 25% open. Acceptable
temperature should be maintainable but
the room will certainly feel cold at the start
of the day and the return after lunch
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Date: Tue 07/Jan

—— Air tempersturs: 271 Classroom 19 (OPtion 2.sps)

—— Room CO2 concentration: 2/71 Classreom 18 (OFtion 2.aps)
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Date: Tue 07/Jan

—— Dry-bulb temperature: {AberdeenEWY.fut) —— Air temperature: 2171 Classioom 19 (OPtionS.aps)

—— Room COZ concentration: 2/71 Classroom 13 {OPtion5.aps)
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Date: Tue 07/Jan

—— Air temperature: 2/71 Classroom 19 (OFtiond.aps) —— Dry-bulb tempersture: (AberdeenEWY fut)

—— Room CO2 concentration: 2/71 Classroom 19 (OPtiond.aps)
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NATURAL VENTILATION IN WINTER : COVID-19 GUIDANCE

Lup Blackwood

Partnership

Wednesday 8 January:

Date: Fri 10/Jan

— Dry-bulb temperaturs: (AberdesnEWY.fwt)

= Room CO2 concentration: 2/71 Classroom 18 (OFtion 2.aps)

—— Air tempersture: 271 Classroom 19 (OPtion Z.aps)

Date: Fri 10iJan

— Dry-bulb temperature: {AberdesnEWY.fwt)

—— Room COZ2 concentration: 2071 Classreom 18 (OPtion5.2ps)

—— Air temperature: 2171 Classroom 19 (OPtion5.aps)
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—— Room CO2 cencentrstion: 2/71 Classroem 12 {OPtion 2.aps) —— Room COZ cencentration: 271 Classroom 18 (OFtiens.aps) ~— Room COZ concentration: 2/71 Classraom 13 (OPtion4 aps)
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Date: Fri 10/Jan

—— Air tempersture: 2171 Classraom 19 (OPtiond.aps) —— Dry-bulb tempersture: {AberdesnEWY.fwt)

Reom CO2 concentration: 271 Classroom 18 (OFtiond.aps)
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NATURAL VENTILATION IN WINTER : COVID-19 GUIDANCE

L'P Blackwood

Partnership

Greenwards Primary School
Room 1-12 & 1-13

Model Parameters:
Occupancy: 33 Pupils 2 Adults

Model Preferred Outcomes:
Ventilation:

E . . . .

a—1 Ve P i jo— Lighting: based on LCD @10w/m?2 In multi occupancy rooms a CO; level not exceeding on or

Ground floor pair of linked classroom = }c = m 1 Computers etc: based on 2 PCsin use around 1500ppm represents the limit of a well ventilated
sharing access to the courtyard and e P2 | H Building fabric: Age appropriate environment. Less than 1500ppm is better.
classroom with openable windows on two — | Windows: Openable top hoppers only
opposite sides. )] - Temperature:
1713 . H
Classroom occupancy period: 8:30am -3:30pm (lunch 19-21°Cis a comfortable temperature for sedentary
[=mem=] g[ ]Q o] unoccupied 12:30pm — 1:30pm) activities for most.
B ! : .
16-18°C may be acceptable when wearing seasonal

Jﬁéﬁg I8 Assessment is based on full heat from the installed fan appropriate clothing or during periods of higher physical

R It convector system being available to the classroom. The activity.

] o L thermostat should be set at 21°C In both cases occupant comfort level will be influenced by,
amongst other factors, the air speed and in particular the
influence of cold draughts

Cross Ventilation top windows open 5% Cross Ventilation top windows open 15% Cross Ventilation top windows open 25%
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the return after lunch Date: Mon 141Jan Date: Mon 14iJan Date: Mon 14.Jan
= Dry-bulb temperature: (AberdeenEWY.fit) —— Dry-bulb tempersture: (AberdeenEWY fwt) — Dry-bulb temperature: {Aberde=nEWY fut)
—— Airtemparsture: 1112 & 1/13 Classiooms (New Option 1.aps) —— Air temperature: 1112 & 113 Classrooms (New Option 2.aps) " Air temperature: 1/12 & 1/12 Classraoms (New Gption 2.aps)
—— Room CO2 concentrstion: 1/12 & 1/12 Classrooms (New Option 1.aps) — Aoom CO2 concentration: 1/12 & 1/13 Classrooms (New Option 2.aps) “— Room CO2 concentration: 1/12 & 1/12 Classrooms {New Opticn 3.aps)
Tuesday 15 January: 20 N 1600 = ~ta00
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still winter day with NW wind speed 7-9 ] 12 e gl o g
m/s_ 5 2] 1400 g 9 10 ’é" g 1000 g

z 10 3 g 100 5| & 57 E

2 v g 2 . AR Feoo 2

7 1200 3 s L % 2 e %

Even though it is very cold outside the £ " s | TE|E -

. . s [ = Legg 2 . 3
predominant factor in natural ventilation s o w3t 2
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. . Date: Tue 156/Jan Date: Tue 15/Jan Date: Tue 15/Jan
the room WI” Certalnly feel COOI at the Start —— Dry-bulb temperature: {AbsrdeenEWY fint) —— Dry-bulb tempersture: (AberdeenEWY.ft) = Dry-bulb temperature: (AberdeenEWY.fwt)
Of the day and the return after |UnCh. — Air tempersture: 1/12 & 1/13 Classrooms (New Qption 1.aps) —— Air temperature: 1112 & 1/13 Classrooms [New Option Z.aps) — Air temperature: 112 & 1/12 Classrooms (New Option 3.aps)
—— Room CO2 concentration: 1/12 & 1/12 Classrooms (Hew Option 1.aps] — Room COZ concentration: 1/12 & 112 Classrooms (New Option 2.aps] — Room COZ concentration: 1/12 & 1/13 Classrooms (New Opticn 3.aps)
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Lup Blackwood

Partnership
NATURAL VENTILATION IN WINTER : COVID-19 GUIDANCE

Wednesday 16 January: - . p
e . I-2a00 [1eee
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maintainable but the room may feel cool at preseg e Date: Wed 16ian petes e 13en
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the Sta rt Of the day — Air 112 & 113 €I, {Mew Option 1.aps) _::‘:r:‘:ym:s: 11z &1::5\5::1: {New Opticn 2.2p5) = Air temperature: 1/12 & 1/13 Classrooms {New Option 3.aps)
—— Room COZ2 concentration: 1/12 & 1/13 Classrooms [Mew Option 1.aps) —— Room CO2 concentration: 1112 & 1/13 Classrooms (Hew Option 2.aps) —— Room CO2 concentrstion: 1/12 & 1/12 Clsssrooms (New Option 3.aps)
Thursday 17 January 224 2000 29 (2000 22+ 1700
20 2800 20 20 1800
[-1800 L1200
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. . . Lo | | e - 1400
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. " i 2200 1o 1 100
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E = E £ 12 ] £ 12 2
A cool day, the predominant factor in i £ s | £ oo 2
I . . g [0 g E g g ] g
natural ventilation effectiveness remains i e oS 2 5] I Laoe
. . . 3 N El 2 El
the windspeed and direction. In order to : ;
achieve acceptable ventilation, the top “ ] ]
windows will require to be approximately 1 [ eoo 2] . S Leao
5% open. Acceptable temperature should o a0 “l ] a0
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Date: Thu 17iJan Date: Thu 17/Jan Date: Thu 171Jan
—— Dry-bulb temperature: [AberdeenEWY fut) = Dry-bulb temperature: (AberdeenEWY fwt) = Dry-bulb temperature: {AberdeenEWY fwt)
—— Air temperature: 1/12 & 1/13 Classrcoms (New Opticn 1.aps) —— Air temperature: 1/12 & 1/12 Classrooms (New Option 2.aps) —— Airtemperature: 1112 & 1/12 Classiooms (New Option 2.aps)
—— Room CO2 concentration: 1/12 & 1/13 Classrooms (New Option 1.aps) ~— Room COZ concentration: 1/12 & 1/12 Classrooms (New Option 2.aps) —— Room COZ concentration: 1/12 & 1/12 Classrooms {New Option 2.2ps)
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natural ventilation effectiveness remains 5 =35 g | 2o :
the windspeed and direction. In order to Lo 2| ] reo 300 3
-
achieve acceptable ventilation, the top ) N 700 | o0
. . . . 7 =00
windows will require to be approximately N / N | coo N Leao
5% open. Acceptable temperature should | ; eco 1 Lo B oo
be maintainable throughout the day. .
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Date: Fri 18/Jan Date: Fri 18/Jan Date: Fri 18/Jan
— Dry-bulb tempersture: (AberdesnEWY fat) —— Dry-bulb temperature: (AberdeenEWY.fwt) —— Dry-bulb temperature: (Aberde=nEWY fut)
= Air temperature: 1/12 & 1/13 Classrooms (New Option 1.aps) —— Air temperature: 1/12 & 1/13 Classrooms (New Optien 2.aps) —— Air temperature: 1/12 & 1/13 Classrooms {New Option 3.aps)
= Room CO2 concentration: 1/12 & 1/13 Classrooms (New Optien 1.aps) —— Room COZ concentration: 1/12 & 1/12 Classrooms [New Option 2.aps) —— Roem CO2 concentraticn: 1/12 & 1/12 Clessrooms (Mew Optien .sps)
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NATURAL VENTILATION IN WINTER : COVID-19 GUIDANCE

L'P Blackwood

Partnership

Greenwards Primary School
Room 1-34 —
Ground floor classroom with openable
windows on a single side. w

shiws

workng

H 1 [3E

[0k

™ moring

Model Parameters:

Occupancy: 25 Pupils 2 Adults
Lighting: based on LCD @10w/m?2
Computers etc: based on 2 PCs in use
Building fabric: Age appropriate
Windows: Openable top hoppers only

Classroom occupancy period: 8:30am -3:30pm (lunch
unoccupied 12:30pm — 1:30pm)

Assessment is based on full heat from the installed fan
convector system being available to the classroom. The
thermostat should be set at 21°C

Note: this classroom struggled to achieve ventilation
standards on 35 occupants. It was therefore modelled on
the reduced occupancy of 27.

Model Preferred Outcomes:

Ventilation:

In multi occupancy rooms a CO; level not exceeding on or
around 1500ppm represents the limit of a well ventilated
environment. Less than 1500ppm is better.

Temperature:

19-21°Cis a comfortable temperature for sedentary
activities for most.

16-18°C may be acceptable when wearing seasonal
appropriate clothing or during periods of higher physical
activity.

In both cases occupant comfort level will be influenced by,
amongst other factors, the air speed and in particular the
influence of cold draughts

Single sided ventilation top windows open 5%

Single sided ventilation top windows open 15%

Single sided ventilation top windows open 25%

of the day and the return after lunch.

—— Dry-bulb tempersture; {AberdsenEWY fwt)

Date: Tue 15Jan

—— Reom COZ2 cencentration: 1/34 Classoom (New Opticn 1.3ps)

—— Air tempersturs: 1/34 Classroom {New Opticn 1.3ps)

Date: Tue 15/Jan

—— Dry-bulb tempersture: (AberdesnEWY fiwt) —— Air temparsture: 1/34 Classroom (New Opticn 2.aps)

Room COZ cencentration: 1/34 Glassroom (New Option 2 aps)

Monday 14 January: = [ = 2000 221 s
204 2400 204 20+ 1400
1800
Weather conditions during the school L2200
occupation hours is a cooling winters day
with NW wind speed 7-11m/s. 1 . - oy T
1800 8 Lrsg0 9 1100 8
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. . ° ‘ F1e00 3 = ' 2 " ' 1000 2
The predominant factor in natural g 2 2 1o i 3 £ o] 3
ventilation effectiveness is the windspeed £ 2§ S| B 2
and direction. In order to achieve [ s 2 [ 2
acceptable ventilation, the top windows 2 N -
will require to be approximately between
5-15 % open. Acceptable temperature N Leoo N e o
should be maintainable but the room will . . e e —
-‘uu w0 | o200 | ceso | ceor | osoe | 1o0n | 1zon | aco | teoo | tmao | 2000 | 22e | cooe 7‘55 50 | omoo | paon | oeoo | 0mbo | 1000 | 1200 | 1400 | 1mo0 | 1s00 | 2008 | 2200 | oooo 00:00 0200 0400 08:00 08:00 1000 1200 1400 1600  18:00  20:00 2200  00:00
may feel cool at the start of the day and o et Mo 30 Bate: Mon 14idan
the return after lunch b e omseenet L ttemtee 5 oo ties e 1 oot et Aot ety 155 oo e Ot 2 a0 = i tamparsur: 113 Clarsom (e Optien .5
oo CO? conemmration: 1134 Clasroem (New Option 1 aps]  Room COZ concentration: 1134 Classroom (New Gption 2 aps) —— Room CO2 concentration: 1/34 Classroom (New Option 3 aps)
Tuesday 15 January:
22— 2800 29— —~2000 22— 1700
. . 20~ [ 2et 20| 20— [-1800
Weather conditions during the school " : -
. R 18 Lz 18 18 1500
occupation hours is a very cold (sub-zero) “
. . . . ! Lo 16— L. 18- 1400
still winter day with NW wind speed 7-9 . ” 1eoe . -
gl 14 e =
[-2000
m/s. N . o] g Jpn oo 8 o Lo 8
Even though it is very cold outside the <l [ g B g N Lo 2
predominant factor in natural ventilation £ i | E [ g i o
. . . E L ] E E E 3
effectiveness is the windspeed and 2] g N .- . eoo 2
2 r 2 El
direction. In order to achieve acceptable o 1200 N o 0o
ventilation, the top windows will require to 2 1000 2] o0 2 700
be approximately 5-15% open. Acceptable o ec0 o o oo
[-€00
temperature should be maintainable but 2] [ ] _M_’_j_/\’/\\/\’
the room Wl” Certa'nly feel COOI at the Start -4 — 1 1T 1T 1 T 1 T —T1 T 1T T T 17T T T T T T T - rJjorr 4 rJg o rirr ror Jiorror ror 1ror ror 1T 1 - r 11 11T 11 117 1T T T T T T T T T T T T T 1
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Date: Tue 15/Jan

—— Dry-bulb tempersture: (AberdeenEWY fut) —— Air temperature: 1/34 Classroom (New Option 3.aps)

—— Room COZ concentrstion: 1/24 Classroom {New Option 2.aps)
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NATURAL VENTILATION IN WINTER : COVID-19 GUIDANCE

Lup Blackwood

Partnership

Wednesday 16 January:

the room may feel cool at the start of the
day.

—— Dry-bulb tempersture: (AberdeenEWY.fwt)

Date: Fri 18/Jan

—— Air tempersture: 1/34 Classroom (New Option 1.5ps)

—— Room CO2 concentration: 1/34 Classroom {New Option 1.aps)

—— Dry-bulb tempersture: (AberdesnEWY fwt)

Date: Fri 18iJan

—— Air temperature: 1/34 Classroom (New Option 2.aps)

—— Room COZ2 concentration: 1/34 Classoom (New Option 2.aps)

284 2000 25— ~2400 26— ~2000
. . (2800 L2200
Weather conditions during the school 2] [ oo
occupation hours is a mild breezy winter
day with NE wind speed 0-1.5 m/s. oo - /]
oo & g a0 8
P . =) [ S| g 10| [ree 2 ? 10-] H
Even though it is very cold outside the S 7 o3| g |z z
. . . . E ] Z L1200 2 'E L1200 2
predominant factor in natural ventilation 2 L2 | 2 g 2 g
. . . £ 2] S| & & 2 s = =4
effectiveness is the windspeed and 8 L2 © e g = L aoo £
. . . 3 = =
direction. In order to achieve acceptable [ 1200 o] 1000 o]
ventilation CO2 level may exceed 1500ppm "] s o
- 800
for a short period), the top windows will e o TN/ .
require to be approximately 25% open. [ e
Acceptable temperature should be o —————— T T 04— —————
. . T T T T T T T T 1T T T T T Tt T T | 00:00 0200 0400 0800 0300  10:00 1200 1400 1800 1300 2000 2200  00:00 00:00 0200 0400 08:00 08:00  10:00 1200 1400  1€:00  18:00 20:00 2200  00:00
maintainable, but the room may feel cool e e e e e mme bate: Wed 61Jan Date: Wed 161lan
at the Sta rt Of the day. I = Dry-bulb temperature: {AberdeenEWY fwt) = Air temperature: 1/34 Classroom (New Option 2.sps) = Dry-bulb temperature: (AberdesnEWY fwt) = Air tempesature: 1/34 Classroom {New Option 3.aps)
— Dry-bulb tempersture: [AberdeenEWY fut) — Airtemperature: 1/34 Classroom {New Opticn 1.aps) —— Room COZ concentration: 1/24 Clazsroom (New Gption 2.2ps) —— Room COZ concentration: 1/24 Classroom {New Option 2.aps)
—— Reom COZ2 cencentiation: 1/24 Classroom [New Opticn 1.aps)
Thursday 17 January: 22 ll B o
20 (2200 209 L2200 7 |-z000
oy . . 18
Weather conditions during the school ] e
occupation hours is a cool breezy winter te ]
. . - [-1800 A —_— e
day with E wind speed 3-8 m/s. = 1] . " g
G s 2000 § T 2] |-1e00 E“ g 12— E’
T 12 g ; § @ 1400 %
A cold day, the predominant factor in 2o "8 | 2] Liaoo 2 8 10 z
. . . . 2 Lieoo & 2 = 2 1200 S
natural ventilation effectiveness remains £.] 2ol E - s & o =
. . . 1400 2 = 3
the windspeed and direction. In order to 2 o 2 o 1o =
1200 -
achieve acceptable ventilation, the top n ] i
1000 200
windows will require to be approximately N N 00 N
800 /___,_,_‘_/—-———-
25% open. Acceptable temperature N L N - o eco
should be maintainable throughout the R ) B
daV, bUt the room may feel COOI at the wo ozt | ese | sew | osas | ioeo Il'z‘m "o [ asoc | g | 20 | zmo0 | oose o000 | 020 | 0400 | 0800 | 0300 | 1000 | 1200 | 1400 | 1800 | 1800 | 2000 | 2200 | 00l00 ‘oo | oZoe | o400 | oeoo | ozbo | qome | 1200 | 1sco | telo | iseo | 2000 | 2200 | ool
Date: Thu 17/Jan Date: Thu 171Jan Date: Thu 17/Jan
start Of the day " Dry-bulb tempesature: (AoerdeenEWY.fut) " Alrtemperature: 1/34 Classiaom [New Option 1.2ps) —— Dry-bulb temperature: (AberdeenEWY fwt) — Airtempersture: 1/24 Classroom (Meaw Option 2.aps) —— Dry-bulb temperature: {AbsrdsenEWY.fwt) —— Air temperature: 1/24 Classtoom (New Option 2.8ps)
“— Room CO2 concentiation: 1/34 Classroom (New Option 1.2ps) —— Room COZ concentration: 1/34 Classroom (New Option 2.sps) —— Room CO2 concentration: 1/34 Classroom (New Option 3.2ps)
Friday 18 January:
2o . 22 2200 224 1700
.y . . 20 20— 1800
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. . . | 184 13~ 1500
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e 18+ B 18- 1400
day with S wind speed 3-9 m/s. 2200 .
12 T k100 1 [ee
2000 [} Q
5 g 12+ 2 12 L1200 &
A cool day, the predominant factor in g 9 ?
. . . . 2 10 2 E 2 5" [1ee 3
natural ventilation effectiveness remains £ Fren 2 g ] z E . o B
. . . 2 & s g 1200 S 2 & r E
the windspeed and direction. In order to g rs00 2 . g : o
; Hati “] E ] *] ro g
achieve acceptable ventilation CO2 level B izoa = N e N L
may exceed 1500ppm for a short period), ] 00 N oo N -
the top windows will require to be N oo o o [ oo
approximately 25% open. Acceptable 2 [eoo 2] [ ™~ [ eoo
temperature should be maintainable, but B e A — T T B e )
00:00 0200 04:00 08:00 0800  10:00 1200 1400  16:00  18:00  20:00 2200  00:00 00:00 0200 0400 0200 0800 10:00 1200 1400 1E00  18:00  20:00 2200 00:00 00:00 0200 0400 0600 0800  10:00 1200 1400 1€00  18:00 2000 2200  00:00

—— Dry-bulb temperature: (AberdeenEWY.fwt)

Date: Fri 18/Jan

—— Air temperature: 1/34 Classreom [New Option 3.aps)

—— Room COZ2 concentration: 1/34 Classroom (New Option 2.3ps)

Appendix B/2




NATURAL VENTILATION IN WINTER

COVID-19 GUIDANCE

7.0 APPENDIXC

FORESS ACADEMY RESULTS

Blackwood Partnership — Consulting Engineers 6 Atholl Place Edinburgh EH3 8HP
t: 0131 229 7268 e: mail@blackwood.co.uk

17/12/20 2419-BWP-RP-0001



NATURAL VENTILATION IN WINTER

: COVID-19 GUIDANCE

L'P Blackwood

Partnership

Foress Academy
Room 1-6

Ground floor classroom out onto the
school grounds and with mid pane
openable windows on a single side.

1134
f 11198 ]
17200
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.z [ I}
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e 0
’: :
7118 T
1116
15
=l
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v

Model Parameters:

Occupancy: 33 Pupils 2 Adults

Lighting: based on LCD @10w/m?2
Computers etc: based on 2 PCs in use
Building fabric: Age appropriate
Windows: Openable top hoppers only

Classroom occupancy period: 8:30am -3:30pm (lunch

unoccupied 12:30pm — 1:30pm)

Assessment is based on full heat from the installed fan
convector system being available to the classroom. The
thermostat should be set at 21°C

Model Preferred Outcomes:

Ventilation:

In multi occupancy rooms a CO; level not exceeding on or
around 1500ppm represents the limit of a well ventilated
environment. Less than 1500ppm is better.

Temperature:

19-21°Cis a comfortable temperature for sedentary
activities for most.

16-18°C may be acceptable when wearing seasonal
appropriate clothing or during periods of higher physical
activity.

In both cases occupant comfort level will be influenced by,
amongst other factors, the air speed and in particular the
influence of cold draughts

Single Sided Ventilation mid windows open 5%

Single Sided Ventilation mid windows open 15%

Single Sided Ventilation mid windows open 25%

throughout the day.

Date: Tue 15iJan

—— Dry-bulb tempersture: (AberdeenEWY fwt)

—— Room CO2 concentrstion: 1/8 Classroem (Option 1.aps)

—— Air tempersture: 1/6 Classroom (Option 1.3ps)

Date: Tue 15/Jan

—— Dry-bulb temperature: (AberdeenEWY.fut)

—— Room CO2 concentration: 1/8 Classroom (Option 2.aps)

—— Air temperature: 1/8 Classroom {Option 2.aps)

Monday 14 January: 2 2000 - 2200 22 ~z000
Weather conditions during the school o = o [ o] [
occupation hours is a cooling winters day __,_/
with NW wind speed 7-11m/s. o [ o . ol
The predominant factor in natural %Uf ““é %m_ "“°°§ ém_ _mé
ventilation effectiveness is the windspeed | £ 1 | é‘ N s B §
and direction. In order to achieve ] 3 ] (2 B o0 3
acceptable ventilation, the windows will J = N J
require to be approximately 15 % open. ) [ )
Acceptable temperature should be ] 7
maintainable throughout the day. "] ]

T e s S P oo | oo | oees | ozoo | egoo | 1000 | 1400 | 1ei0 | tawo | 2000 | 2200 | ooioo “oolmo | 0200 | odoo | o900 | asoo | 1000 | 1200 | 1400 | 1800 | 1m00 | 2000 | zo0 | oo

Date: Mon 14/Jan Date: Mon 14/Jan Date: Mon 14/Jan

o Dry-buls temperature: [AberdeanEWY. fut) — Al temperature: 118 Classroom (Option 1.ap3) —— Doy bulb tempersture: [AberdecnEWY.fut) —— Air tempesature. 1/8 Classroom (Sption 2.aps) —— Dry-buls temperature: (AberdesnEWY fut) — Air temperature: 18 Classroom (Option 3.2ps)

—— Room COZ concentration: 1/ Classreom (Opticn 1.2ps) —— Room COZ2 concentration: 16 Classicom (Gption 2.aps) — Reom CO2 concentriation: 1/8 Classroom (Option 2.aps)
Tuesday 15 January: . . i

2] 20-] ——" B o]
Weather conditions during the school :7 o] s00
occupation hours is a very cold (sub-zero) o o N s
still winter day with NW wind speed 7-9 ] - o] - N
m/s. &) ?’ s 7] ;83 SRLE [ §
Even though it is very cold outside the g g g ] - g % "] g
predominant factor in natural ventilation g "““% S S o 8
effectiveness is the windspeed and n - o 1000~ ] -
direction. In order to achieve acceptable -] e = - 7 reo0
ventilation, the windows will require to be o » o o| [
approximately 15% open. Acceptable ;_WJ\/\/\’ _W#J\/\/\, 2
temperature should be maintainable "o | 0200 om0 | omkn | o000 | 1000 | 1mm0 | s | 1ok | 1moo | 2000 | 22m0 | ooon 90 AU N AU O L L L L R FU R S B S R FO SO0 O L A R SR R S RS RO U U

Date: Tue 15/Jan

—— Dry-bulb tempersture: {AberdeenEWY.fwt) —— Air tempersture: 1/8 Classroom [Option 3.aps)

—— Room COZ concentration: 1/8 Classroom (Option 3.aps)
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NATURAL VENTILATION IN WINTER : COVID-19 GUIDANCE

Lup Blackwood

Partnership

Wednesday 16 January:

2400

Date: Fri 18/Jan

—— Dry-bulb temperature: (AberdeenEWY fwt) —— Air tempersture: 1/ Classroom (Option 1.aps)

—— Room GO2 concentration: 1/8 Glassoom (Cption 1.2ps)

Date: Fri 18/Jan

—— Dry-bulb tempersture: (AberdeenEWY fwt) —— Air tempersture: 1/8 Classroom (Option 2.aps)

—— Room CO2 concentration: 1/6 Classroom {Option 2.aps)

25— 4000 25— 25— 2300
2z00
Weather conditions during the school 20
occupation hours is a mild breezy winter /_\/_/
day with NE wind speed 0-1.5 m/s. 1 —_— L te00 1]
o o 1600 5
[-2500 © [=}
eyt . g 10 E g 10| -15555 T ] §
Even though it is very cold outside the g g | e : T o0 3
. . . . = 2000 2 ] L1a00 2 £ 2
predominant factor in natural ventilation 2 : |3 : |z .
effectiveness is the windspeed and . e d |5 I g
direction. In order to achieve acceptable N . - . [
ventilation the windows will require to be L . Faso
approximately 15% open. Acceptable ] - =] ]
. . - [ reod
temperature should be maintainable ”
throughout the day -10 T T T T T T T T T T T T T T 1T T T T_1 U -10 T T T T T T T 1 T T T T T 1T T T T 1T T T -10 T T T T T T T T T 1T T T T T T T T 1T T T
00:00 0z.00 04:00 0600 0g:.00 10:00 1Z:00 14:.00 16:.00 18.00 20:00 22:00 00:00 00:00 02:00 04:.00 0600 0800 10:00 1Z.00 14:.00 1€:.00 18:00 20:00 2z.00 00:00 00:00 0z:00 04:00 0e:00 08:00 10:00 12:00 14:00 1€:00 1€:00 20:00 22:00 00:00
Date: Wed 16/Jan Date: Wed 16/Jan Date: Wed 16/Jan
—— Dry-bulb temperature: (AberdeenEWY fut) —— Air temperature: 1/8 Classroom [Optien 1.aps) —— Dry-bulb temperature: {AberdesnEWY.fwt) —— Air tempersture: 1/8 Classroom (Option 2.aps) —— Dry-bulb temperature: (AberdeenEW'Y.fut) —— Air temperature: 1/8 Classroom (Opticn 2.aps)
—— Room CO2 concentration: 1/8 Classrsom (Option 1.aps) —— Room GO2 concentration: 1/6 Classroom (Option Z.2ps) —— Room COZ concentration: 1/6 Clsssroom (Option 3.sps)
Thursday 17 January: “ =) . -
20 20 —————— 2 .
32500 ’ o 7 2000
Weather conditions during the school 2200
occupation hours is a cool breezy winter | 2000
day with E wind speed 3-8 m/s. N Lo g Lo
[ERPS E T 42 E ~ S
. . g § E1 [-1800 E g T 1400 g
A cool day, the predominant factor in B 10 Feooo 2 | 5 1o 3 ]2 g
R . . g s | g 1400 & g o B
natural ventilation effectiveness remains o o 3| & s |5 a0 S
. . . fr=0 § .- g
the windspeed and direction. In order to = 103 L roos 2
achieve acceptable ventilation, the o o N
windows will require to be approximately ] N Fsao N ™
f5 /‘—'__—__/_-__d -
15% open. Acceptable temperature o] * N Lo N -
should be maintainable throughout the S . )
day fHen gD menGmIn o amdam lmed  Temnen am e mee oo o000 00 | 000  0edu 003 | 1003 | 1200 | 1430 | 1800 | 1330 | 2000 | 2200  GoD “o00 | o200 | cao | oono | osoe | 1000 | 1200 | 1ewo | oo | tsge | 2000 | 2200 | oo
. Date: Thu 17/Jan Date: Thu 17/Jan Date: Thu 17iJan
—— Dry-bulb tempersture: [AberdeenEWY fut) —— Aiir temperature: 1/8 Classroom {Opticn 1.sps) —— Dry-bulb temperature: (AberdeenEWY fut) = Air tempersture: 1/6 Classroom (Option 2.8ps) —— Dry-bulb temperature: (AberdeenEWY fwt) —— Air temperature: 1/ Classroom [Option 3 aps)
= Room COZ concentration: 1/8 Classroom (Option 1.aps) —— Room CO2 concenbation: 1/8 Classroom [Option 2.aps) —— Room CO2 concentration: 1/6 Glassroom (Option 2.2ps)
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Weather conditions during the school ] . 200 L a0
. . . - 2000 7 18-
occupation hours is a cool breezy winter " . \/ .
5] - 187 Lia
day with S wind speed 3-9 m/s. ' ) o
14 2500 14— L1200 14
12 3 5 124 g 12-] 1400 %
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. . . & 3 3 7 1000 5§
achieve acceptable ventilation, the top = N 1000 ) =
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15% open. Acceptable temperature . o] N
. ) - {500 - e
should be maintainable throughout the L] 2] e N "
day. )
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Date: Fri 18iJan

—— Dry-bulb tempersture: (AberdeenEWY.fint) —— Air temperature: 118 Classroom (Cption 2.aps)

= Room COZ2 concentration: 1/8 Clessroom (Option 3.aps)
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NATURAL VENTILATION IN WINTER : COVID-19 GUIDANCE

L'P Blackwood

Partnership

Foress Academy
Room 1-86

Ground floor classroom out onto the
schoold grounds and with mid pane
openable windows on a single side.

(7] {ERE]
i
|
1/62 EXIT e
(v
1189 1191 752 {EE
194
AS o= ’5
os % [1EB o % g
.-l
1/54b 17550 [17E78]
| l

Model Parameters:

Occupancy: 33 Pupils 2 Adults
Lighting: based on LCD @10w/m?2
Computers etc: based on 2 PCs in use
Building fabric: Age appropriate
Windows: Openable top hoppers only

Classroom occupancy period: 8:30am -3:30pm (lunch

unoccupied 12:30pm — 1:30pm)

Assessment is based on full heat from the installed fan
convector system being available to the classroom. The

thermostat should be set at 21°C

Model Preferred Outcomes:

Ventilation:

In multi occupancy rooms a CO; level not exceeding on or
around 1500ppm represents the limit of a well ventilated
environment. Less than 1500ppm is better.

Temperature:

19-21°Cis a comfortable temperature for sedentary
activities for most.

16-18°C may be acceptable when wearing seasonal
appropriate clothing or during periods of higher physical
activity.

In both cases occupant comfort level will be influenced by,
amongst other factors, the air speed and in particular the
influence of cold draughts

Single Sided Ventilation mid windows open 5%

Single Sided Ventilation mid windows open 15%

Single Sided Ventilation mid windows open 25%

throughout the day, but it may feel a little
cool after the lunch break.

Date: Tue 15/Jan

—— Dry-bulb tempersture: (AberdesnEWY. ft) —— Air temperature: 1/86 Classrocom (Option 1.aps)

—— Reom COZ concentration: 1/3€ Classrocom (Opticn 1.3ps)

Date: Tue 15/Jan

—— Dry-bulb temperature: (AberdeenEWY ft) —— Air temperature: 1/26 Classrocom (Cption 2.aps)

—— Reom COZ concentration: 1/86 Classrocom (Option 2.8ps)

Monday 14 January: . st 2- 2200 22 2000
. . 204 2400 7 v 2000 7 L1z00
Weather conditions during the school
[-2200
occupation hours is a cooling winters day /
with NW wind speed 7-11m/s. 1 [ ol o ]
" [1eo0 8 § 1400 §
G 124 ~ [ERES 3 § 12+ 3
. . b S - 1400 3 @ 2
The predominant factor in natural g ] reE | 5 g 2 o] | izeo &
ventilation effectiveness is the windspeed 2 s | B Fras0 g s
S| 5 = 3 K]
and direction. In order to achieve : Lizo0 2 e s
acceptable ventilation, the windows will B N e
. . 4 |-
require to be approximately 15 % open. ] N
Acceptable temperature should be i | o0 00
. . - [-eon o 0
maintainable throughout the day. '
2 T T T T T T T T T T T T T T T T T T T T T T T 2 T _\ T T T T T T T T T _\ T T T T T T T _ T T __I T 2 T _\ T T T T T T T T T _I T T T T T T T _ T T __I T
00:00 02:00 04:00 06:00 08-00 10:00 1200 14:00 16:00 18-00 20:00 2900 00:00 00:00 02:00 04:00 06:00 08:00 10:00 12:00 14:00 16:00 18:00 20:00 22:00 00:00 00:00 02:00 04:00 06:00 08:00 10:00 12:00 14:00 18:00 18:00 20:00 22:00 00:00
Date: Mon 14/Jan Date: Mon 14/Jan Date: Mon 14/Jan
—— Dry-bulb tempersture: (AberdeenEWY.fut) —— Alr temperature: /36 Classrooom [Option 1.sps) —— Dry-bulb tempersture; (AberdeenEWY fwt) —— Air temperature: 1/86 Classrooom (Option 2.aps) —— Dry-bulb temperature: (AbsrdeenEWY . fut) = Air temperature: 1/88 Classrocom (Option 3.8ps)
—— Room GOZ canceniration: 1/56 Glassrogom (Option 1.aps) —— Room CO2 cencentraticn: 1/88 Clessrogom {Option Z.sps) —— Room COZ concentration: 1/88 Classrooom (Option 3.sps)
Tuesday 15 January: - o0 - 2200 . .
20— 2800 204 1ed
oy . . [-2000 =
Weather conditions during the school ] - o | 1200
occupation hours is a very cold (sub-zero) o [ zeo0 1] 1500
[~ 1600
still winter day with NW wind speed 7-9 - L oano o T . 7
m/S 5 124 2000 § 5 124 § 09 1400 §
E 10+ 180 % Eg 10+ [ree % % 8- %
ey . . © 5 g % % 1200 =
Even though it is very cold outside the £ = e s | & s iz § 2 o g
predominant factor in natural ventilation T e pecs | e g o Lo §
. . . . 1000 =
effectiveness is the windspeed and ] [ ] N
direction. In order to achieve acceptable =] [ =] a0 =
. . . . . - |- o9
ventilation, the windows will require to be ‘ e "] L~ A .. oo
approximately 15% open. Acceptable *] [ 'E*A_/\_’_j \/\’ ]
temperature Should be malntalnable -405:50 o200 | gs00 | osoo | oo | 1000 | 1200 | 1400 | 100 | 1m0 | 00 | 2200 | 0000 -455 00 | 0200 | 0400 @ 000 | 0800 | 1000 | 1200 | 1200 | 1e00 | 1800 | 2000 | 2200 | o0'00 74:1333 T 020 | oaoe | omo0 | oaon | 1000 | 1200 " 1o " 1e00 | 1m0 | 2000 | 2200 | oooe

Date: Tue 15Uan
—— Dry-bulb temperature: (AberdeenEWY. fwt) —— Air temperature: 1/36 Classrosom [Option 3.aps)

—— Reom COZ2 concentration: 1/88 Classrocem {Option 3.aps)
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Date: Fri 18/Jan

—— Dry-bulb tempersture: [AbsrdesnEWY.fit) —— Air temperature: 1/86 Classrooom {Opticn 1.sps)

—— Room COZ2 concentration: 1/86 Classreoom {Optien 1.3ps)

Date: Fri 18/Jan

—— Dry-bulb tempersture: (AberdeenEWY fut) —— Air tempersture: 1/88 Classrooom (Option 2.8ps)

—— Room COZ concentration: 1/88 Classrocom (Opticn 2.5ps)

Wednesday 16 January: Y . - —
oy . . 220 [-2000
Weather conditions during the school 2] i 1=
occupation hours is a mild breezy winter N 2000
day with NE wind speed 0-1.5 m/s. = pe00 5] ) [ eoo R -
g g g
. . S lww S | O oo B0 g
Even though it is very cold outside the 5 N g e 10 2
i . . E 5|3 2 B o 2
predominant factor in natural ventilation 5 i |2 reee s fz .
. . . g 5 F1500 5 g . E] E =z
effectiveness is the windspeed and & g Lo [ g
. » » = =l | L =
direction. In order to achieve acceptable ° o
. . . . . K 1000 - 1000
ventilation the windows will require to be ’ | a0
approximately 15% open. Acceptable ] - e 5
temperature should be maintainable h oo =
throughout the day, but it may feel a little ) e —
10 T T T T T T T T T T T T T T T T T T T T T T T -10 T T T T T T T T T T T T T T T T T T T T T 00:00 02:00 04:00 06.00 08:00 10:00 12:00 14.00 16:00 18:00 20:.00 22:.00 00:00
cool after the lunch break 00:00 0200 0400 0500 0800 70:00 1200 1400 1800 1800 2000 2200 0000 0000 OZOD 0400  0G:00  0B00  10:00 100 1400 1600 1800  20:00 2200 0000 - 2 : g i - 2 & o 22 -
) Date: Wed 16/Jan Date: Wed 16/Jan Date: Wed 161Jan
~— Dry-bulb temperature: [AberdeenEWY fwt) — Air temperature: 1/88 Classrosom (Option 1.aps) —— Dry-bulb temperature: {AberdeenEWY fut) = Air temperature; 1/86 Classrooom (Option 2.sps) " Dry-bulb temperature: (AberdeenSWY.fut) " Air tempersture: 1/86 Classronom (Optin 3.aps)
. . —— Room COZ2 cencentration: 1/86 Classreoom (Option 2.aps)
—— Room COZ concentration: 1/86 Classrocom (Optien 1.aps) = Rogom COZ concentration: 1/86 Classrooom (Option 2.aps)
Thursday 17 January: 22 29 0 | —
20 207 2200 20
[~2000
Weather conditions during the school 1o | /V/ s | ™
occupation hours is a cool breezy winter o] 18]
. . [-2500 1800
day with E wind speed 3-8 m/s. el o A e ieoo
Q
g 12 L2000 § g 12 F1800 g g 12 g
A cool day, the predominant factor in £ : 5. Lo 2[5 ] [
natural ventilation effectiveness remains g Feo s | B, 5|2 Lo §
. . . S 8 e 25T F1200 T |2 2 I
the windspeed and direction. In order to i E] E 3
. . . e €7 | 1000
achieve acceptable ventilation, the tea
. . . . 4 a i
windows will require to be approximately a0 ) 0o
15% open. Acceptable temperature ] Feco ] ]
. . — | 800 600
should be maintainable throughout the ’ ° o]
day' -Z'JCI (i) ' CIZ!'JCI ‘ U4‘U'J ' CIE-!'JEI ' UB‘D'J ' 1D!'J'J ' 12!30 ‘ 14".]'.] ' 12-!53 ‘ 1E‘U'J ' ZU!'JEI ‘ Z‘D'J ' 00:00 -EDD 0o T DZ!DD T D4‘DD ! DE-!DD T DB‘DD ! ‘H]!l]l] ! 12‘{]{] ! 14!55 ! 15_‘{]{] T 13!55 T ZD‘DD T ZE!DD T 00:00 -EDD:DD T DZ!BD T B4‘U'J ! DE-!'J'J T DB!DD T 1D"J'J T 12!'.]'.] T 14‘00 T 15-!'.]'.] T 13!55 T ZD‘DU E!'J'J T 00:00
Date: Thu 17/Jan Date: Thu 17/Jan Date: Thu 17/Jan
~ Dry-bulb tempesature: (AberdeenEWY fut) " Airtemperature: 1/86 Classraoom (Option 1.aps) —— Dry-bulb temperature: (AberdeenEWY fivt) = Air temperature: 1/88 Classrooom (Cption 2.aps) —— Dry-bulb temperature: (AberdesnEWY.fut) —— Air temperature: 1/88 Clasrooom (Cption 2.aps)
— Room COZ2 concentration: 1/86 Classrooom (Option 1.aps) —— Room COZ concentration: 1/86 Classrooom (Option 2.aps) —— Room COZ2 cancentration: 1/86 Classrocom [Option 3.2ps]
Friday 18 January: =] [ 22 2200 20 —
204 2800 204 18|
. . 13 r-2e00 18] = e
Weather conditions during the school 1
occupation hours is a cool breezy winter "] [ ] [ - Lreoo
. . — b2t T
day with S wind speed 3-9 m/s. " ” " ieoo _ - .
12+ 2000 3 12-| ) [F1a00 &
. . 2 10 F1s00 3 2 10 2 o 2
A cool day, the predominant factor in 3 = | f i B o | 1z0 3
. . . . 2 5 Fieoo 2 g & L1200 5 2 2
natural ventilation effectiveness remains 5 : 5 - E. ]
. . . e 1200 B & = L 3
the windspeed and direction. In order to 2 . — N "3
. N . 4 1200 .l
achieve acceptable ventilation, the top ) . .
. . . . Eal 1000 “7 [-800 - B
windows will require to be approximately ] N
0 (800
15% open. Acceptable temperature 2_\/% o0 ) -e00
. . 2 e00 -2
should be maintainable throughout the .
-4 T _\ T T T T T T T T T _\ T T T T T T T . T T __‘ T 00:00 T DE!DB T Dd‘ﬂﬂ ! DE!DD T BB‘DD 10:00 12:00 14:00 15!35 T 19‘53 T ZD!DB T ZZ‘DD T 00:00 - T '_I T T I 1 T T T T T '_I T T T T T T T N T "_\ T
00:00 02:00 04:00 08:00 08:00 10:00 12:00 14:00 16:00 18:00 20:00 22:00 00:00 00.00 02:00 04:00 08:00 08:00 10.00 12:00 14:00 18.00 12:00 20:00 2200 00:00

Date: Fri 18(Jan

—— Dry-bulb temperature: {AberdeenEWY.fut) —— Air temperature: 1/88 Classracom (Cption 3.eps)

—— Room COZ concentration: 1/58 Classrocom (Opticn 2.aps)
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L'P Blackwood

Partnership
NATURAL VENTILATION IN WINTER : COVID-19 GUIDANCE

Foress Academy Model Parameters: Model Preferred Outcomes:
17111 . . .
Room 1-91 — o Occupancy: 33 Pupils 2 Adults Ventilation:
]| Lighting: based on LCD @10w/m?2 In multi occupancy rooms a CO; level not exceeding on or
1109 . . . .
Ground floor classroom onto a courtyard - = Computers etc: based on 2 PCs in use around 1500ppm represents the limit of a well ventilated
EaT 3 . . . . . .
and with mid pane openable windows on a - et Building fabric: Age appropriate environment. Less than 1500ppm is better.
single side. i 2 7 Windows: Openable top hoppers only
1/94
Temperature:
|:’ Classroom occupancy period: 8:30am -3:30pm (lunch 19-21°Cis a comfortable temperature for sedentary
e - unoccupied 12:30pm — 1:30pm) activities for most.
S e 16-18°C may be acceptable when wearing seasonal
Assessment is based on full heat from the installed fan appropriate clothing or during periods of higher physical
| [ convector system being available to the classroom. The activity.
/85 1786 1787, . .
thermostat should be set at 21°C In both cases occupant comfort level will be influenced by,
amongst other factors, the air speed and in particular the
influence of cold draughts
Single Sided Ventilation mid windows open 5% Single Sided Ventilation mid windows open 15% Single Sided Ventilation mid windows open 25%
Monday 14 January: 2am ~2200 22 2800 . et
22| 20 [-2800
20— 2400
Weather conditions during the school 20 200 ol 2500
. . . . 18— 2200
occupation hours is a cooling winters day o] | [ 2200
with NW wind speed 7-11m/s. o] Fesoo [ 2000 ] [
- 14 g 12 1200 o
— 51 [ ~
. . g b |-z000 %J 2 12| b 2 5 g2 (1800 §
The predominant factor in natural 5 2] I e 2 | 5 =g
ventilation effectiveness is the windspeed | £ .| 8" oo & | 2 e £
. . . E biewS | § . S| e S
and direction. In order to achieve 2 ] ‘°°§ 2 [ 8 g o 1200
. . . . 2 ES 3
acceptable ventilation, the windows will o oo e
. . 1000

require to be approximately between 15 % N + [ oo o -

open. Acceptable temperature should be o] [ oo -] -

maintainable throughout the day. o o] Kﬂm o [ oo

2 T 1 1 1 1 T T T T T T T T T T T T T T T T T T 2 T T T T T T T T T T T T T T T T T T T T T 1T 200 2 T T T _ T T T T T T T T T T T T T T T T T T 1T 200
00:00 0z2:00 04:00 08:00 08:00 10:00 12:00 14:00 18:00 18:00 20:00 22:00 00:00 00:00 02:00 04:00 08:00 08:00 10:00 12:00 14:00 18:00 18:00 20:00 22:00 00:00 00:.00 02:00 04:00 08.00 08:00 10:00 12:.00 14:00 16:00 18.00 20:00 22:00 00:.00
Date: Mon 14/Jan Date: Mon 14/Jan Date: Mon 14/Jan
—— Dry-bulb temperature: {AberdeenEWY.fut) —— Air temperature: 1/91 Classroom {Option 1.aps) —— Dry-bulb temperature; (AberdeenEWY fut) —— Air temperature: 1/31 Classroom (Option 2.aps) —— Dry-bulb tempersture: [AberdeenEWY fut) —— Air temparsture: 1/91 Classroom {Option 2.aps)
—— Room COZ concentration: 1/81 Classroom (Option 1.aps) —— Room CO2 concentration: 1/91 Classroom (Opticn 2 aps) — Room CO2 concentrstion: 1/81 Classroom (Cption 3.aps)
Tuesday 15 January: . - = [ . -
20 20 —— |2e00 »
204 {2400

Weather conditions during the school o oo ] 2400 o

occupation hours is a very cold (sub-zero) e o N —_ | 2200 o] [

still winter day with NW wind speed 7-9 o] ] [ 2000 o =

(9]

m/S. 12| F-2500 g 5 12+ \a00 ;o_, 12 F1s00 §
e s |5 g |a® :
£ 10 E El ] L1e0o § 2 10 [1e00 §

ey . . ] Logoo 2 Z “0E |2 E

Even though it is very cold outside the - g | g |z .l [ a0

; ; o g S e oo | 2 g
predominant factor in natural ventilation e 2 |7 ER L g
. . . = 1200 F1zo0 3

effectiveness is the windspeed and . ] o

direction. In order to achieve acceptable 2 e 2 [ 2 [

ventilation, the windows will require to be o - "] L~ A ™ o [

approximately 15% open. Acceptable 2] 2] \/\’ﬂﬂ 2] 00

temperature Should be maintainable - T T T T T T T T T T T T T T T T T T T T T 1 - r—r - o r-—r 1t-t -+ ’r-r - T-r 1T+ 1T 1T 1T T T"T°I 4 - ——7——7— 7T —TT—TT

00:00 0200 0400 0800 08100 10:00 1200 14:00 1e00 1800 2000 2200 0000 00:00 0200 0400 000 0200 10:00 12:00 1400 1200 1800 2000 2200 00:00 0000 0200 0400 06:00  08:00 10:00 12:00 14:00 18:00 18:00 20:00 2200  00:00
throughout the day. Date: Tue 15uan Date: Tue 151Jan Date: Tue 150Jan

—— Dry-bulb temperature: {AberdeenEWY fut) —— Air temperature: 1/31 Classroom [Option 1.aps) —— Dry-bulb temperature: (AberdeenEWY fut) —— Air temperature: 1/91 Classroom (Option 2 aps) o Dryoulb temperatuse. (AberdsenEWY ful) o A tempersiure: 181 Classoom (Option 3 aps]

—— Room COZ concentretion: 1/81 Classreom (Option 1.aps) —— Room COZ concentraticn: 1/81 Classicom {Opticon 2.aps) —— Room COZ concentration: 1/91 Classraem (Gption 3.205)
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day.

Date: Fri 18/Jan

—— Dry-bulb tempersture: (AberdeenEWY.fwt) —— Airtempesature: 1/91 Classroom [Option 1.aps)

—— Room COZ concentration: 1/91 Classroom (Option 1.aps)

Date: Fri 18iJan

—— Dry-bulb tempersture: (AberdesnEWY.fwt) —— Air temperaturs: 1/91 Classroom [Opticn 2.sps)

—— Room 2 concentration: 1/81 Classroom (Cption Z.eps)

Date: Fri 18/Jan

—— Dry-bulb temperature: (AberdeenEWY fwt) —— Air tempersture: 1/91 Classroom (Opticn 3.3ps)

= Room COZ concentration: 1/81 Classroom (Option 2.aps)

Wednesday 16 January: 2 3000 2 2500
L zs00 2800
[~4000
Weather conditions during the school ] =] T~ 7]
occupation hours is a mild breezy winter Fes0 [ o200
day with NE wind speed 0-1.5 m/s. e | T 2200 he
o [} o
g 104 g 5 10+ ’Zﬂﬂﬂg g 10 “3“?
Even though it is very cold outside the 2 =02 e oo E | 2 g
2 % 3 % & 1800 :%
predominant factor in natural ventilation g Foso £| & Freoo & |8 g
. . . @ 77 sl 2 5 ; s 5 1400 5
effectiveness is the windspeed and B gl Lo | g
direction. In order to achieve acceptable . Fee . iz . [
ventilation the windows will require to be 1oz 100 [
approximately 15% open. Acceptable . <] Lsno 5] e
. . [-500
temperature should be maintainable Leao Fese
throughout the day -10 T T T T T T 1T T T T Tt 1 T T T T T T F 1 10 T T T T T T T T T T T T T 10 T T T T T T T T 1Tt T T T T T T T T 1
00:00  0Z00 0400 06:00 0800 1000 1200 1400 1600 1800  20:00 2200  00:00 00:00  02:00 0400 0800 08:00 1000  12:00 1400 1600  18:00 2000  22:00  00:00 00:00 0200 0400 0600  0%:00  10:00 1200 1400 1600 1800 20:00 2200  00.00
Date: Wed 16/Jan Date: Wed 16/Jan Date: Wed 16/Jan
—— Dry-bulb temperature; {AberdeenEWY fut) —— Air temperature: 1/91 Clessroom (Option 1.aps) —— Dry-bulb temperature: {AberdeenEWY fwt) — Airtempersture: 1/31 Classroem (Opticn 2.8p5) —— Dry-bulk temperature; [AberdeenEWY.fivt) —— Air temperature: 1/31 Classreom {Option 3.aps)
—— Reem CO2 concentration: 1/91 Classreem (Option 1.aps) — Room CO2 concentration: 1/81 Classroam (Option 2.aps) —— Room CO2 concentrstion: 1/91 Clsssroom (Option 3.aps)
Thursday 17 January: .
24— 4500 ) 27 [2e0e
22+ 207 20 I-2800
Weather conditions during the school N
204 18+ {2400
occupation hours is a cool breezy winter . 1
. . 7 N 7 18] 2200
day with E wind speed 3-8 m/s. ‘
] paso0 7 a 12 [zo00
14| 2 T o L ]
: : 5 5 | 2 Foom0 8 |2 12 Frsoo g
A cool day, the predominant factor in <. feao £ | 2 e g e
natural ventilation effectiveness remains £ =] i ("] =08
. . . £ [2000 5 5 o bisao 3 |E | | El
the windspeed and direction. In order to 2 ] g [©° R g
. o El . 0, o>
achieve acceptable ventilation, the o ] ]
windows will require to be approximately n e “ + 1000
15% open. Acceptable temperature 2] 2 / | oy 2 eco
should be maintainable throughout the o] F=e o ‘/_\ o] oo
day' 2 T T T T T T T T T T T T 1T T 1 T T T _ T T _T 1 2 1 T T T 1T T T T I T T T T T T T T T T T T T = T omoo | oeno | osoo | omoo | 1000 | 1200 | 1400 | 1emo | 1man | 2000 | 2200 |
00.00 0200 0400 0800 0800 10:00 1200 1400 1800 1800  20.00 2200 0000 00:00 02:00 0400 08:00  08:00 10000 1200 1400 16:00  18:00  20:00  22:00  00:00 00:00 0200 0400 08:00 0800 10:00 12:00 1400 1600  18:00 20:00 2200  00:00
Date: Thu 17/Jan Date: Thu 17iJan Date: Thu 17/Jan
—— Dry-bulb temperature: (AberdeenEWY.fut) —— Air tempersture: 1/91 Classroom (Option 1.aps) —— Dry-bulb temperature: (AberdeenEWY fut) —— Air temperature: 181 Classroom (Option 2.ps) = Dry-bulb tempersature: {AberdeenEWY fwt) = Air tempersture: 1/81 Classroom (Option 2.aps)
—— Room CO2 concenbation: 1/91 Classreom (Option 1 aps) —— Room GOZ cencentration: 1/81 Classreem (Gption 2.aps) —— Room CO2 concentration: 1/21 Classreom {Option 3.aps)
Friday 18 January: 24 — 27 2500 22 s
25 20+ 2800 204 2400
.. . 204 3500 _ : i
Weather conditions during the school ‘ * 20 b Lz
occupation hours is a cool breezy winter ] Faooo A/ 2200 ] [ oooe
) ] 18- 12| 47
day with S wind speed 3-9 m/s. N . R g R e
. . E ] § ; 10— . § E 10 [-1e00 %
A cool day, the predominant factor in 2 o] Lo 2 | B oo 3 (B =
as . . 2 2 2 e E g s Lo &
natural ventilation effectiveness remains £ B L2 |E 2
the windspeed and direction. In order to ] s ) — k o0 2
. . . i 4 .
achieve acceptable ventilation, the top : oo X e ] 000
windows will require to be approximately ] - ] Lsco
0 o |
15% open. Acceptable temperature 1 Fee ) L ] -
should be maintainable throughout the . .
900 o020 | osoa | oede | s3oo | 1090 | 1200  14p9 | eow | 1m9s | wwo | 220 | oooe -403.03 o200 | o400 | oo | 0300 | 1000 | 1200 | 1600 | 1200 | 1800 | 2000 | 2200 | ooio m00 | 0200 | os0o | ome0 om0 | mon | 1200 | 1e00 | 1am0 | teoo | oo | 2200 | aogo
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