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a b s t r a c t

In the present research work, a mix of 15 modern and old office buildings were sampled and classified in
accordance with their building construction materials, along with the indoor ambience conditions. From
this hourly study, it was found that the season was not the more important parameter, despite there
being a tendency towards a similar kind of ambience during the rainy season. On the other hand, it
showed a clear difference between modern and old buildings with plaster coating, during the period of
occupation. Specifically, a better indoor ambience prevailed in the old buildings. At the same time, when
marble and plaster coatings were analysed in the old buildings, a clear difference in indoor ambience was
felt at the time of opening the office. This shows that a better indoor ambience prevailed during the dry
period in the old buildings when marble coatings were used. Finally, the same effect, but not as pro-
nounced, seen in the indoor ambience during the opening of the office, was obtained in new buildings
that had marble coating.

Finally, the procedure obtained could be the much sought-after solution to the problem stated by
researchers in the past and future research works relating to this new methodology could help us define
the optimal improvement in real buildings to reduce energy consumption, and its related carbon dioxide
emissions, at minimal economical cost.

& 2015 Elsevier Ltd. All rights reserved.
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1. Introduction

Passive methods are an interesting design parameter that allows us
to improve indoor ambiences by means of an adequate understanding
of the processes and physics of building construction. Notable
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developments were achieved in the past few years to define building
thermal processes, but its hygroscopic effects have not been clearly
defined. Different international research projects of the International
Energy Agency have tried to define these effects and to develop
building design guides based on this concept.

Despite the fact that different research works have developed
building simulation tools, employing actual sampled data to vali-
date them is required. In previous research works [1], the effect of
permeable covering in a humid region of Spain was shown based
on real sampled data and statistical studies. The main results
showed a clear improvement of indoor ambiences of buildings
with permeable internal coverings, like wood and plaster, in
contrast with the other ambiences under impermeable internal
coverings, like paint and plastic [2,3]. This same effect could be
related, at the same time, with an average and immediate
improvement in local thermal comfort [4–9] and energy saving
[10]. Results show how permeable coverings allow construction
materials in building walls to absorb very high humidity in the
indoor air and release it when the humidity is very low. This effect
showed a clear working behaviour during the unoccupied hours of
the office buildings. During this period, the number of air ex-
changes is reduced, and the infiltrations by doors and windows are
nearly null. Consequently, indoor ambience during the first hour of
occupation was modified towards favourable conditions, thus re-
ducing peak energy consumption during that period.

In sub-Saharan Africa, very few studies have been conducted to
analyse the influence that different types of buildings have on
indoor air quality. In accordance with previous research works, the
thermal and hygroscopic effects of local materials used in new and
old buildings can be of interest for engineers. The types of bricks
employed in wall construction will also be analysed. Two types of
brick materials are employed in Cameroon: parpen and earthen
bricks. Owing to the different levels of permeability, they are
expected to have some different kinds of effects over the indoor
ambience. Other parameters, like permeability level of the wall's
external coating were also analysed. To achieve these objectives,
15 office buildings located in the humid and hot region of the
capital city of Cameroon were studied during two seasons, in ac-
cordance with the procedure developed by Toftum et al. [11].
2. Materials and methods

2.1. Buildings description

In the present research work, 15 types of office buildings were
sampled and classified in accordance with their building construction
Table 1
Some characteristic of offices studied in the buildings.

Buildings Altitude (m) Floor area
(m2)

Volume (m3) Height (m) External
coating

B7 78272 71.5 299.1 4.2 Plaster
B15 73077 47.5 137.7 2.9 Marble
B10 73177 36.0 126.0 3.5 Plaster
B13 76372 55.2 209.8 3.8 Paint
B3 78475 59.5 220.1 3.7 Plaster
B4 76374 96.0 288.0 3.0 Plaster
B5 76278 49.0 186.2 3.8 Plaster
B8 74877 32.0 121.6 3.8 Paint
B1 75078 80.0 280.0 3.5 Plaster
B9 69675 66.0 270.6 4.1 Paint
B11 73475 45.0 180.0 4.0 Marble
B12 71773 76.5 306.0 4.0 Paint
B2 76273 84.0 336.0 4.0 Plaster
B14 74774 35.7 149.9 4.2 Plaster
B6 76173 54.0 210.6 3.9 Plaster
materials. It must be clarified here, that old buildings were con-
sidered as those that were more than 25 years old. In particular, these
old buildings are named B2, B6, B9, B11, B12, and B14 in the tables
and figures, since they were built with earthen bricks.

On the other hand, the new buildings are named B1, B3, B4, B5,
B7, B8, B10, B13 and B15, since they used parpen bricks, as we can
see in Table 1. Finally, for favourable comparison, all buildings
present the same wall structures and orientation. Some, have an
internal coating that mostly consists of marble, which is often
dressed in fabric wool. The outer layer of the wall is made of mud
bricks and plaster in old buildings. In new buildings, bricks of
parpen, plaster and paint are employed. An example of a wall
segment is given in Fig. 1. The structure and characteristics of the
buildings studied are reported in previous table. In some buildings,
large windows occupied more than half the wall areas, and are
covered by curtains, thus preventing light rays from entering in-
doors and doors are mostly made of wood. In accordance with
previous research works, selected offices were naturally venti-
lated, and the cooling and heating systems were interrupted
during the experimental studies. In these offices, we could found
some computers and sometime TV as electrical equipments. There
were still less than 8 employees during study period in the office.
These workers were estimated having a sedentary occupation,
which corresponds with a metabolic rate around of 1 met, in ac-
cordance with thermal comfort standards.

2.2. Materials

In this study different indoor air variables were sampled. Be-
tween others, variables like indoor air speed, indoor relative hu-
midity, CO2 concentration and indoor air temperature were mea-
sured using a thermo-anemometer (model C.A 1226) and a CO2

Monitor (model CO200).
On the other hand, outdoor weather variables were sampled to

consider the effect of weather and indoor conditions. In this sense,
data relating to outdoor temperature, wind speed and relative
humidity were collected from the national weather stations. It
must be explained that all these equipments were calibrated be-
fore use, to ensure reliability and accuracy during the sampling
processes. Furthermore, the sampling accuracy of each device is
shown in Table 2.

2.3. Sampling period

In the present research work, a sampling process with fre-
quencies of 10–20 min was carried out during the working hours
from 08:00 to 17:00, and during the unoccupied period from 17:30
Type of
brick

Type of
building

Age (years) Window area
(m2)

Door area
(m2)

Parpen New building 2 0.18 1.46
Parpen New building 7 0.50 1.90
Parpen New building 15 0.35 2.26
Parpen New building 5 0.40 1.95
Parpen New building 18 0.66 3.75
Parpen New building 11 0.36 1.80
Parpen New building 5 0.75 1.71
Parpen New building 22 1.20 3.00
Parpen New building 16 0.42 1.90
Earth Old building 45 0.58 1.62
Earth Old building 39 0.84 2.10
Earth Old building 28 1.02 1.93
Earth Old building 31 0.70 2.28
Earth Old building 51 1.45 1.35
Earth Old building 32 088 2.20



Fig. 1. Layers of a standard wall: (1) external coating (plaster, 0.6 cm); (2) concrete
(1.1 cm); (3) brick (10 cm); (4) concrete (0.5 cm) and (5) internal coating (marble,
1 cm).

Table 2
Characteristics of the measurement systems.

Function Range Resolution Accuracy

CO2 monitor (model CO200) CO2 0–9999 ppm 1 ppm 7(5% rdgþ50 ppm)
Temperature –10 °C to 60 °C 0.1 °C 70.6 °C

14–140 °F 0.1 °C 70.9 °F
Humidity 0.1–99.9% 0.1% 73% (10–90%)

75% (o10% or 490%)

Digital thermometer Temperature –20 °C to 0 °C 1 °C 75.0% of rdg74 digits
0–400 °C 1 °C 71.0% of rdg73 digits
400–1000 °C 1 °C 72.0% of rdg

C.A 1226 thermo-anemometer Air velocity 0.15–3 m/s 0.01 m/s 73% Rþ0.1 m/s
3.1–30 m/s 0.1 m/s 71% Rþ0.2 m/s

Temperature –20 °C to þ80 °C 0.1 °C 70.3% Rþ0.25 °C
Air flow 0–99,999 m3/h 1 m3/h 73% R70.03n surf.
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to 22:00. The probes were positioned at 1.1 m height from the
ground level, in strict accordance with the prescriptions ASHRAE
Standard 55 [17] and ISO 7730 [18]. The devices were installed
from 7:00 am, and the data collection started at 8:00 am, so as to
enable each probe to adapt to the environment. In most cases,
thermal uniformity was difficult to achieve in buildings. Hence, in
this study, the measurement of the environmental parameters was
conducted at various points occupied by the occupants. In each
season in 2012. All new and old buildings studied, were naturally
ventilate

Despite the fact that most of the time it is indoor air tem-
perature which is the main variable that defines an indoor am-
bience, in the present research work, indoor relative humidity was
sampled and analysed in depth due to it being the more flexible
variable. It is due to there not being a clear thermal insulation
difference between new and old buildings, but what can be ex-
pected is a different hygroscopic wall behaviour. In each of the
studied buildings, doors were half closed and the windows slightly
open.

2.4. PD index

PD index was associated with the relative humidity of skin
PDskin( ), the warm respiratory comfort (PDWRC ) and the perceived
quality of air at a specific time (PDIAQ ). The man is usually inside, it
is necessary that the environment is healthy and comfortable.
Thermal comfort is on the health and productivity of an individual.
Highly dependent on the physical, physiological and psychological.
The analytical study of comfort was initiated by Fanger [19], over
time, an adaptive approach is adopted. It results from field studies.
These standards form the basis of standard ISO 7730 [18] and
ASHRAE 55 [17]. When we want to study the discomfort caused by
the moist skin in dressed people we must apply the percentage of
dissatisfaction by moist skin PDskin( ) [12] and PDWRC for the warm
respiratory comfort [12], respectively. PDWRC , called the percentage
of dissatisfaction for warm respiratory comfort expresses the
degree of discomfort caused by human respiratory tract evapora-
tion, convection and cooling Insufficient mucous membranes. It
was developed to assess the impact of the temperature and hu-
midity of the air inhaled perception based on 14 combinations of
air temperature and relative humidity. This model has a validity
range of the temperature of 20–29 °C and steam partial pressure of
1000–3000 Pa (see [8]). Its expression obtained based on the air
temperature (Ta) and the partial vapour pressure (Pa) is
PD

ta Pa
100

1 exp 3.58 0.18 30 0.14 42.5 0.01
%

1

WRC

=
+ [− + ( − ) + ( − )] ( )

The other respiratory warm comfort index is selected accept-
ability (ACCWRC ). This index is obtained by linear regression:

ACC ta Pa1.06 0.046 30 0.038 42.5 0.01 2WRC = − + ( − ) + ( − ) ( )

where ta30( − ) is the potential convective, Pa42.5 0.01( − ) po-
tential and evaporative heat transfer given by the constant.

The ASHRAE recommends keeping the percentage of local
dissatisfaction below 15%, and the percentage of general thermal
comfort dissatisfaction below 10%. As we can see, this PD tends to
decrease when the temperature decreases and, consequently,
these limiting conditions can be employed to define the optimal
conditions for energy saving in the air conditioning systems.

The influence of humidity on thermal sensation may be under
dynamic conditions to calculate the PD.
3. Results and discussion

3.1. Groups of buildings

An initial analysis of one-way ANOVA showed, taking relative
humidity as the main control variable, two main groups of indoor
ambiences for a significance level of 0.05 in agreement with the
expected effect of wall construction materials, as can be seen in
Table 3. From this table, we can conclude that indoor ambiences in
new buildings showed the same behaviour, and that this is clearly
different from the old buildings at a significance level of 0.05.

On the other hand, the old buildings were not too far from the
significance limit fixed for this study. Consequently, these old
buildings showed certain tendencies to attaining similar am-
biences, and being clearly different from the new ones. Despite



Table 3
Buildings and two main groups of indoor ambiences with different significance
level.

Building Group of new buildings Group of old buildings

B7
B10 64.8684
B3 65.4737
B5 66.5000
B8 67.9474
B1 68.3632
B4 68.9421
B13 68.9474
B15
B6 72.7053
B2 72.7368
B14 73.4421
B12 73.7368
B9 73.9263
B11 74.4947
Significance level 0.050 0.975
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this, old buildings are not a statistical group.

3.2. Real sampled data

To analyse the effect that wall construction materials have over
indoor ambiences, comparison of indoor and outdoor average
partial vapour pressure differences for different wall construction
materials was done, as can be seen in Figs. 2–5. The partial vapour
pressure difference was considered as the comparative parameter
because it was the better variable in previous research works in
other climatic regions that consider dry bulb temperature and
relative humidity.

3.3. Hourly statistical analysis

From an average study, we can conclude that indoor air relative
humidity is 5% higher in old buildings than in new ones during the
dry season. At the same time, the average indoor air temperature
in the new buildings is 1 °C higher than in the old ones. From this
relationship, and in accordance with Simonson's studies [13–16],
we can say that this is an isenthalpic process of the same indoor
ambience. If we analyse the thermal comfort and consequences of
these variations, we can say that, as a consequence of this higher
relative humidity, a higher acceptability of indoor ambiences in
the old buildings was obtained during the dry season, and the
worst acceptability was obtained during the rainy season.
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Fig. 2. Partial vapour pressure difference in new buildings w
As a consequence of this different indoor partial vapour pres-
sure, different thermal comfort conditions were obtained, as
shown in Figs. 6–9, by means of the percentage of dissatisfied
persons index. This index is defined by Eq. (1).

Once the average behaviour is defined, it is time to find out
whether these effects and statistical results are related to the ex-
ternal coatings (marble or plaster, for example) or with wall con-
struction materials (earth or parpen), and its hourly evolutions. To
do this, an hourly ANOVA study for each pair of conditions was
conducted. Consequently, the comparisons were between
�

21:1

 (hou

ith p
Indoor air behaviour in new (B7) and old (B14) buildings with
plaster.
�
 Indoor air behaviour in new (B15) and old (B11) buildings with
marble.
�
 Indoor air behaviour in new buildings with plaster (B7) and
marble (B15) external coatings.
�
 Indoor air behaviour in old buildings with plaster (B14) and
marble (B11) external coating.

From Figs. 10, 11 and 12, we can see that during the early
working hours of the day, the effects of building wall construction
materials over indoor air relative humidity are very clear. Thus, we
can see that the more impermeable external coating implies a
higher indoor air relative humidity during the dry season and,
consequently, a better perception of indoor air.

This is the case of the old buildings using marble as external
coating (B11). During the rainy season, this same building ex-
periences a higher relative humidity, and reaches the worst indoor
air acceptability of all the buildings (–0.2).

At the same time, in new buildings (B15), this kind of external
coating implies, during the dry season, an increment of indoor air
relative humidity and indoor air acceptability when they are
compared with other external coatings, like paint and, in parti-
cular, plaster (B7 and B10). Consequently, the worst percentage of
dissatisfied persons is during the rainy season (70%), similarly as it
happens with the building B11 (60%) under these same conditions,
as a clear example of the benefits of marble used as external
coating in this climatic region. Finally, there does not seem to be
too much of a difference in indoor ambience behaviour between
plaster and paint coatings.

If we now compare the behaviour of new and old buildings (B7
and B14) and, at the same time the effect of plaster and marble
external coating (B11 and B14), we obtain Figures 11 and 12. From
these figures, we can conclude that it is not the effect of the ex-
ternal coating which shows the higher influence over a building's
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indoor ambience, but that it is the type of brick that is mainly
responsible for this.

From Fig. 10, we can see the similitude between new and old
buildings with plaster coating during the dry and rainy seasons.
From this figure we can observe that during the working hours
(07:00–17:00), there is a clear difference between new and old
buildings' behaviour. Despite this, it is only statistically re-
presentative during the few initial working hours of the dry sea-
son, as can be seen in Fig. 6, with values below 0.05. Furthermore,
at the exact time when the office closes (17:00), and during the
four closing hour periods, there is a clear difference in indoor
ambience behaviour with a significance value below 0.05 in rainy
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and, in particular, dry season. At 22:00, the hygroscopic effect of
the building wall construction materials perform their activity, and
the indoor ambience tends to stay at the same level up to 6:00.

During this unoccupied period, despite the fact that the sig-
nificance level is clearly over 0.05 and, consequently, indoor am-
biences can be considered to reach the same behaviour, we can see
that there is a clear, greater tendency to reach a similar behaviour
between new and old buildings during the rainy season than in the
dry season.
From this difference in internal behaviour of indoor ambiences,
and from the initial ANOVA study, we can conclude that there is a
certain advantage in employing old building materials since they
result in an improvement in indoor air relative humidity, releasing
it when the level is low indoors, and adsorbing it when it is much
higher. Consequently, it can improve indoor air thermal comfort
and the related energy consumption.

To analyse the real effect of the building's external coatings
(plaster or marble) between new and old buildings, the same



Fig. 9. Percentage of dissatisfied persons in old buildings with plaster and marble coatings during the dry season.
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Fig. 10. Comparison of indoor air behaviour in new (B7) and old (B14) buildings
with plaster.
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Fig. 11. Comparison of plaster (B14) and marble (B11) external coating in an old
building.
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Fig. 12. Comparison of plaster (B7) and marble (B15) external coating in new
building.
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hourly study was carried out, as can be seen in Figs. 11 and 12.
Fig. 11 represents the hourly ANOVA study of two old buildings

with different external coating of plaster or marble. From this figure,
we can conclude that only during the periods of opening time from
6:00 to 7:00, and from 10:00 to 11:00, there is a clear difference in
indoor ambience behaviour. During the remaining time, there is no
significant statistical difference between the ambiences. Despite this, it
can be observed that in old buildings, there is a certain higher simi-
litude in indoor ambiences during the rainy season than in the dry
one. It can be related with the fact that in these very humid en-
vironments, the relative humidity exceeds that of the humid season,
and the capacity of the external coating materials. Consequently, in
both seasons, plaster and marble external coatings can be considered
to exert a clear effect over indoor ambiences in old buildings.
If we now analyse the same effect of external coatings in the
new buildings, we have Fig. 12. This figure shows how, during the
unoccupied period, new buildings with marble or plaster showed
nearly the same indoor ambience behaviour during the dry and
rainy seasons. Despite this, there is a certain tendency to reach a
higher similitude during the rainy season, as can be seen in Fig. 12,
with a dashed line reaching the higher values.

On the other hand, it is interesting to note that from 6:00 to
9:00, there is a clear difference in a building's indoor ambience
which, after two working hours tends to converge towards nearly
the same indoor ambience. After 13:00, the indoor ambiences in
dry and rainy seasons showed reduced significance values of
nearly 0.05, showing two different indoor ambiences in each
season and building. At 20:00, the significance level tends to in-
crease, with the two indoor ambiences converging again.
4. Conclusions

In this work, an experimental study was conducted with the
aim to finding out the influence of earthen brick buildings adapted
to the local climate, and blocks on indoor air quality during the
first hours of work in 15 office buildings. It was concluded that the
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type of season is not the more important parameter, despite the
tendency towards similar ambiences during the rainy season. On
the other hand, a clear difference between new and old buildings
with plaster coatings during the occupation period was shown. In
particular, a better indoor ambience during occupation in the old
buildings was seen. At the same time, when the marble and plaster
coating in old buildings was analysed, a clear difference in indoor
ambience behaviour was obtained during the office opening hour.
In particular, a better indoor ambience was obtained during the
dry period in the old buildings when marble coatings were em-
ployed. When indoor relative humidity was analyzed, it was
clearly defined as the group of new buildings under a significance
value of 0.05 with an average value of 67%, and a standard de-
viation of 1.67. At the same time, the old buildings showed an
average relative humidity of 73%, and a standard deviation of 0.69
for a significance level of 0.97. The same effect, was obtained in
new buildings with a marble coating during all the season.
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