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Abstract

Ventilation determines the indoor air quality of a building, in addition to being a heat
loss path. This paper aims to quantify the CO, and temperature levels within a
naturally ventilated Victorian primary school with a post-1968 extension. Previous
studies have shown poor indoor air quality in newly built UK schools. BB101
recommends a maximum average CO, concentration of 1500ppm to provide a healthy
internal environment. The Victorian classroom averages 1662ppm and the post-1968
classroom average is below 1500ppm. An intervention is added and this reduced the
Victorian average to below 1000ppm. The week following the intervention the
average increased to 1449ppm. The classroom averages are compared to newly built,
naturally ventilated secondary schools and this further highlights the relatively high
quantity of CO, within the Victorian classroom. This appears to relate to the small
Victorian floor area per person; 1.13m’ per person and the small window opening
area; 0.18m?.
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Introduction

Ventilation determines the indoor air quality in addition to being a heat loss path
(Coley and Greeves 2004). One third of all energy use within developed countries is
consumed in buildings and over the next fifty years around one half of this total
energy use may be dissipated through ventilation and air infiltration (Liddament
1996). Previous research has shown that recommended ventilation rates are not been
met in schools (Santamouris, et al. 2008). This can have a detrimental effect on
pupil’s health (Fisk 2000, Clements-Croome, et al. 2008).

People typically spend 90% of their time indoors (DFEE, Building Bulletin 101
2006). Children spend almost 12% of their time in classrooms (D. Grimsrud, B.
Bridges, R. Schulte). The occupant density of teaching spaces is high at around 1.8 —
2.4m* per person (Clements-Croome, et al. 2008). The main source of Carbon
Dioxide (CO,) within these spaces is the occupants (DFEE, Building Bulletin 101
2006). There is growing concern over human exposure to the pollutants found indoors
(Bayer, Crow and Fischer 2000), which could potentially have a detrimental effect on
the health, productivity, comfort and well being of occupants (Fisk 2000). Therefore
the ventilation rate, measured in litres of air per second per person (I/s/p), needs to be
adequate to provide enough fresh air to each pupil. Building Bulletin B101
recommends a minimum of 3I/s/p with the aim of achieving 8l/s/p as this upper rate
would usually result in an indoor CO, level below 1000ppm (DFEE 2006). The
current guideline for the internal levels of CO,, which is currently used as an indicator
to the overall internal air quality, is that the average quantity should be below 1500
parts per million (ppm) during occupied hours (DFEE, Building Bulletin 101 2006).



However, at any one time, the occupant should have the ability to reduce the level of
CO; to below 1000ppm (DFEE, Building Bulletin 101 2006). Recent studies have
shown that relatively new, naturally ventilated, schools have average internal levels
close to 1420ppm (Santamouris, et al. 2008). Natural ventilation is understood to be
the low energy approach to ventilation (Lomas, Cook and Fiala 2006). Window
opening as a means of ventilating is classified as ‘single-sided’ natural ventilation
(DFEE 2006).

UK schools have been built during three main periods. Firstly, the Victorian school
building stock, following the 1870 Education Act. Secondly, following the 1944
Education Act and this covers the majority of our school building stock, and most
recently, as part of the Building Schools for the Future (BSF) Program (Mumovic, et
al. 2009). There appears to be much research on the indoor air quality for newly built
secondary schools but little has been found on the Victorian and ‘post-1944 to pre-
BSF’, naturally ventilated, primary school stock which represent a large proportion of
our school buildings.

Method

Within a case study school, five classrooms have been monitored. The focus of this
paper is on one Victorian class (year five) and one post-1968 class (year six). The
classes have similar occupancy times and occupant numbers. Within the classrooms
monitored one HOBOware CO, and temperature sensor was placed at the closest
available height to 1100mm with a data logger. Data was collected at one minute
intervals continuously throughout the study. The sensors were placed adjacent to the
windows. The table data from this software was exported to an excel spreadsheet.
Once in Excel the data was broken down into daily data tables between the occupancy
hours of 09:00 and 15:00. Averages from each day were then -calculated.
Unfortunately, the maximum recording limit of the data loggers was 2499ppm so the
averages calculated are not exact. However, this did not affect the key findings. The
graphs produced were then used to calculate infiltration rates within each room.
During the final week of data collection an intervention was added to the study. The
teachers of each class were asked to open all windows at every sensible opportunity.
Prior to this intervention, it was noted that the windows were often unopened during
break times and lunch times.

Case study

The classroom geometry and additional information is presented in table 1. Classroom
A is the closest available match to classroom B in terms of occupancy times, age of
occupants and number of occupants. The floor area of classroom A is 14.54m? larger
than Classroom B, which is considerable but is taken into consideration. Classroom B
is of typical Victorian construction with a high ceiling, tall slim sliding sash windows
and therefore has a larger volume. Classroom A has 1.52m? of floor area per person
and classroom B has 1.13m? per person. The total openable window area of classroom
A is 0.40m? and 0.18m? for classroom B. Classroom A is North facing and classroom
B South facing. Although the light intensity was not analysed it was noted that
classroom A had more natural light. The occupants in classroom B also complained of
the room becoming very cold during the winter. This may be due to the heat rising
into the high ceiling area of the room. Neither room is insulated. The floor plan and
photographs of each class are shown in figures 3 and 4.



The pupils and teachers were informed of the study through an assembly and the
pupils also engaged in collecting data in purpose built sheets which they filled in at set

times throughout the study.
Table 1. Classroom A and B geometry

Classroom A (Post-1968)

Classroom B (Victorian)

Floor area (m?) 51.75 37.21
m?/per person 152 1.13
Room Height (m) 2.60 4.50
Room volume (m®) 134.60 167.40

Windows Bottom hung x 3, side hung x 1. Sliding sash x 2, mid-pivoted top windows x 2.
Single glazed. Timber frame Single glazed. Timber frame

Openable Area (m) 0.40 0.18

External Door? Yes — double No

Door often open? No nla

Construction

Cavity wall, no insulation. Flat roof

300mm solid wall, no insulation. Pitched roof.

No. occupants (incl. teachers)

34

33

Year group

6

5

Occupancy times 09:00 - 15:00 (heating off — summertime)

Break times: Assembly: 9:10 — 9:30, Morning: 10:35 — 10:55, Lunch 12 — 13

N.b The windows which are usually opened have been included in the openable area. Windows which the
researcher has never seen opened are excluded.

Figure 1. Classroom A Figure 2. Classroom B

Results

During week one the average CO, level within classroom A during occupied hours
was 1453.1ppm, as shown in figure 3. The maximum exceeded 2499ppm and the
minimum was 471ppm. The temperature ranged from 16.9°C to 20.1°C with an
average of 18.5°C. CIBSE Guide A: Environmental Design recommends an internal
temperature of 21°C to 23°C (Humphreys and Nicol 2006). Within classroom B, as
shown in figure 4, the average was 1485ppm, with a maximum that also exceeded
2499ppm and a minimum of 380ppm. The temperature average was 19.7°C with a
maximum of 22.6°C and a minimum of 17.1°C, which is also cooler than the CIBSE
guidelines. Classroom B is 1.2°C warmer than classroom A and this may be due to the
high number of occupant heat gains within the room (m?/person) in addition to a low
ventilation rate.

Week six was the intervention week. Classroom A, as shown in figure 5, averaged at
1027.1ppm. The maximum here also exceeded 2499ppm but only once, whereas in
week one it was exceeded for longer periods of time during each day and therefore the
overall classroom average would be higher. The average temperature was 22.0°C with
a maximum of 24.5°C and a minimum of 20.1°C. Within classroom B, as shown in



figure 6, the average was 874.5ppm and the maximum of 2499 was exceeded twice
but for short periods of time here also. The temperature average was 22.0°C with a
maximum of 24.8°C and a minimum of 19.5°C. The averages temperatures in the
classrooms at this time do meet the CIBSE guideline of 21-23°C, week six was during
the beginning of June so a warmer outdoor temperature was expected.

During week seven; the week following the intervention period classroom A averaged
1020ppm of CO,, as shown in figure 6. However, the week ran from Wednesday to
Tuesday due to time restrictions. It appears that the same rule of maximum window
opening was continued by the occupants towards the end of the first half of the week.
However, during the following Monday and Tuesday, which were classified as part of
the same week for the purpose of this study, the rule was not applied and the usual
window opening routine was resumed. In classroom B, as shown in figure 7, it
appears that the usual window opening routine was resumed immediately following
the intervention period of week six. The average CO; level here is 1448.6ppm with a
maximum of 2499ppm which is exceeded at three points during the week and for
lengthy periods of time on the Monday indicating the value reached far higher levels
than 2499ppm. The temperature average here was 22.3°C with a maximum of 24.5°C
and a minimum of 19.8°C.

Figure 3. Classroom A: Week One Figure4. Classroom B: Week One
3000 20 3000
- 195
2500 A N—1 2500 £
LV"\ F 19 o
£ om0 L\ \ M 185 9 E 2om oy
o \d \ 18 2 o l !
2 1500 o 2 1500
~ - 7R £ ~ \ ]
8 1000 +— 1 — 17 - 8 1000 { A i
16.5
500 A 16 500 4
0 -t — 155 0
N\ ~
A S A & » L PO
«¥ NP W Y < S P
A
FigureS. Classroom A: Weelk Six Figure 6. Classroom B: Week Six
3000 30 3000
2500 o~ 5 g 2600
E 2000 A e ! 0 @ E 2000 S
2 5o 44 L1 15 & 2 150 |
o % o |
8 1000 + - 10 g. 8 1000 +— i r
500 A = 5 2 500 ; 2 :
0 0 0 '
i e&bA ebé » (\5’5\ '\\{’rbA
& @ Q@ & S
< N A
N
Figure 8. Classroom B: Week Seven
3000
_ ‘bv’ _ 2500
£ @ £ 2000 —
o 5 o
2 £ 2 1500 b
o 2 S om0 \
: P s I,
2 500 e
0
3 N S 2 > S » o »
(&Qb \)@o’b (((\b"" \x~°°6 oe?b"’ &%6 » ¥° (((& \‘pob o“""bQ
& 3 A5 W &

25

F 20

- 10

Temperature (oC) Temp (oC)

Temperature (oC)



The classroom averages graph, as shown in figure 8, shows classroom B; the
Victorian classroom, had an average level of CO, which was higher than 1500ppm for
the majority of occupied time throughout the study. Week two was a school break so
this was excluded from the average calculation of 1661.5ppm for classroom B.
Classroom A averaged at 1286.6ppm. Classroom B may have a higher internal
average CO; level for a few reasons. The floor area is smaller than classroom A. The
occupants in classroom B only have 1.13m? per person; in classroom A the occupancy
is 1.52m? per person. In addition to this the window opening area in classroom B is
smaller at 0.18m2 to 0.40m’ Figure 9 shows a graph which demonstrates this
relationship. The larger floor area per occupant and window opening area do correlate
with the lowest CO; level.
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Figure 10 shows the CO, average from the Victorian classroom compared with the
post-1968 classroom in addition to a newly built secondary school with natural
ventilation. The Victorian classroom is the only classroom to have an average CO,
level above 1500ppm. The post-1968 average is 1027ppm. The intervention period
shows that the average for the Victorian classroom average decreased by 720ppm and
the post 1968 classroom decreased by 260ppm. This took both averages to around
1000ppm. As mentioned previously, BB101 advises that the occupant should have the
ability to reduce the limit to below 1000ppm at any point during occupied time
(DFEE, Building Bulletin 101 2006). The post 1968 pre-intervention average was
similar to that found in the new schools.

Figure 10. Average CO, Concentrations
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Conclusion
The Victorian classroom was the only room which exceeded the current guideline
concentration of 1500ppm as set out in Building Bulletin 101 (BB101). This



classroom showed an average of 1662ppm of CO-, prior to the intervention. Classroom
A averaged 1287ppm. However, during the intervention period of maximum window
opening for one week all of the teaching spaces saw a large reduction in CO;
concentrations. Classroom A and B were then close to 1000ppm on average, this
would equate to a ventilation rate of around 8 litres per second per person. Classroom
B showed a greater improvement with a reduction of 720ppm from the average
recorded in week one. Classroom A decreased by 260ppm but the initial level was
more acceptable. The behaviour change of additional window opening was acceptable
during the summer months but may be more challenging during the winter months
when the outdoor temperature decreases.

The indoor temperatures in week one were lower than the CIBSE recommended
levels of 21 — 23°C at 18.5°C in classroom A and 19.7°C in classroom B. The heating
was off during this period. The walls have no insulation so the indoor temperature was
very similar to the outdoor temperature prior to the internal heat gains of occupants.
During June the temperatures were acceptable. It is difficult to compare the
temperatures during week six as the outdoor temperature was warmer. Consequently,
this may have also led to additional window opening. However, at 22°C averages in
both rooms the risk of overheating in the current climate is minimal.

The main factors for the high concentrations of CO; within the Victorian classroom
appeared to be the minimal window during in the initial weeks, the small maximum
window opening areas of 0.18m? against 0.40m? and the small floor area per person.
The Victorian teaching space provided just 1.13m? per person, the post 1968 teaching
space provided 1.5m?.

The data collected has been used to inform a retro-fit proposal which aims to reduce
the energy consumption of the school whilst maintaining adequate indoor air quality
within the Victorian classroom. Permanent visual CO; sensors may assist the teacher
in maintaining healthy indoor air quality, this could be further research.
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