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Abstract

Employees spend 8 hours of the day with a minimum of 40 hours a week in offices. The office design,
furniture and ventilation modes cause high energy consumption, pollutants and sick building syndrome
amongst employees. Based on ASHRAE standards and WHO-standards guidelines, the study evaluated
offices for the temperature, humidity, PM, s, CO, and employees’ subjective assessment. The offices
met humidity standards except for the Punjab Civil Secretariat (PCS) (61.9%, +0.1) and the Directorate
of Public Instruction (54.1%, £0.3) in the summer and winter respectively. The concentrations of CO,
in offices were unhealthy for both seasons except the PCS (697.3 ppm, £9.2) and Punjab Skill
Development Authority (838.9 ppm, £13.3). The mean PM, 5 concentration for offices was unhealthy
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10 during summer (28.4-53.7ug/m?) and hazardous in winter (178-233.7 pg/m?). The one-way ANOVA of

11 employees’ subjective assessment showed that the results were significant (p <0.05) for indoor air

12 quality, thermal comfort satisfaction, preference, health effect, filtration and wind catcher preference,

13 for two seasons and within ventilation modes. The familiarity with wind catcher designs was

14 insignificant (p >0.05) but employees preferred their modern applications. The comfort indexes showed

15 that the Governor House (PMV-0.04, PPD 5%) met the thermal comfort standards during winter.

16 Introduction

17

18 Pollution in the cities of Pakistan, ! and Particulate Matter (PM,s) concentrations in Lahore have

19 critically surpassed >*# the World Health Organization (WHO) guidelines. 3 Rapid urbanization,

20 unprecedented construction, emissions from raw material production, brick kilns, other industries and
vehicle exhausts contribute to pollutants in the urban atmosphere. ¢ Pollution research was expedited

21 after the schools’ closure and offices shifted remotely in Lahore. 7 According to the Strategic Country

22 Environmental Assessment (SCEA), ® environmental degradation burdens about 6% of Pakistan's

23 economy to the cost of urban [Rs.65 billion per year (b/y)] and indoor pollution [Rs 67b/y]. ? People

24 spend 90% of their time indoors and come across pollutants from heating, cooling, lack of ventilation

25 10-and daily activities due to the exchange of heat energy from the human body. !' Higher PM,

2% concentration, increased occupants, space heating, cooking, cleaning, indoor smoke, outdoor smog,
vicinities close to semi-industrial locations and high traffic loads were the major sources of pollutants

27 12 compromising the ambient air quality and not meeting the WHO guidelines. 3 Long-term exposure to

28 ollutants has serious implications in millions of new diabetes cases each year. '3 Pakistan can increase
p p M

29 life expectancy 4 by following the interim WHO PM, 5 guidelines of a 24-hour mean concentration of

m. Employees’ performance and motivation for healthy indoor office environments depend on

30 15 pg/m. Employees’ perfi d ivation for healthy ind ffi i depend

31 thermal comfort and Indoor Air Quality (IAQ). * Studies proved that poor IAQ could significantly

32 impact physiological health, psychological tasking and work-related cognitive performances.'®'8
Increased indoor pollutants and sick building syndrome could affect employees’ physical and mental

33 health. ' The ventilation in offices of Pakistan is done with various controls like fans, coolers, split air-

34 conditioned, Heating Ventilation and Air Conditioning (HVAC) systems 2° and passive measures of

35 building form, orientation, 2! window cross ventilation and courtyard, etc. The air-conditioned buildings

36 are mechanically ventilated, consume high energy and release Green House Gas (GHG) emissions. 2

37 Occupants could experience discomfort due to thermal shifts in air-conditioned and non-air-conditioned

38 environments. Passive controls are used to achieve adaptive comfort, 2* energy efficiency and by

39 monitoring the effect of IAQ and thermal comfort. > The office windows could lead to noise pollution
in the indoor built environment. Zahid 2> and Colbeck ° reported that employees faced ventilation issues

40 and PM, 5 enriched indoor environments due to non-compliance with the WHO guidelines. °

41

42 Murtyas 22 has shown that passive cooling methods would potentially be applicable till 2050 to achieve

43 sustainability. The wind catcher would improve thermal comfort and IAQ through frequent air exchange

44 and reducing indoor CO, concentration. 2° The old wind chimney has been utilized in both seasons for
thermal comfort 27?8 with bricks used as thermal mass and a narrow metal seize at the junction of the

45 channel and column, which is used to filter and function as the fireplace during winter. The new wind

46 catchers are small portable, modular, factory-manufactured, site-transported and passive cooling

47 devices with dampers and louver control to achieve thermal comfort and IAQ. 3! The recent

48 innovation in wind catcher designs to use natural ventilation potential with solar chimney integration

49 has been numerically and experimentally demonstrated for space cooling. 273233 The research is novel

50 in applying the empirical method of post-occupancy evaluation with and without a wind chimney in

51 Lahore’s offices. The study aimed to measure the impact of wind catchers on thermal comfort and IAQ
in the Lahore offices with/without wind chimneys and compared the environmental parameters of

52 temperature, humidity, CO, and PM, 5 concentrations with ASHRAE 55 34, adaptive comfort reference

53 ‘ 35 CIBSE Guide, 3 US EPA regulations 37 and WHO 5 guidelines during summer and winter. The

54
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subjective assessment of IAQ, thermal comfort, physiological and psychological health symptoms,
existing filtration choices and wind catcher perception was measured in offices in Lahore.

Methodology

The research followed the process (Figure 1) of selecting wind chimney offices and measured the
comfort performance according to ASHRAE 55 standard 34, adaptive comfort reference 3°, CIBSE
Guide 3¢, EPA Regulations 37 and WHO Guidelines. 3 ~The survey protocol received approval from the
Ethics Board of Approval of Universiti Putra Malaysia (GP-1PS/2022/973690).

Field Survey of Wind JKEUPM Development of
Chimney Office Ethical Clearance Questionnaire
| Survey
= 3
Environmental Monitoring —— Sben Protocols
PM 1064 SD mployees’ Subjective
Assessment

Temperature

| Humidity |<-——>{ CIBSE ]
L 4
[ PMas  e—sf EPa |

CO2 WHO

Fan & Wind Chimney

Summer I |A\rCondiUoned&Wind Chimney
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— SUuoseas

Descriptive Statistics ANOVA l'
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Analysis
Low £SD<1 F>5 2

‘—» Thermal Comfort Indexes for Performance Evaluation |~J

Figure 1 Flow chart of Research Process

In two separate field measurements during summer and winter, a purposive sampling method was
chosen, with an equal sample size of 196 from four offices, with 49 respondents from each office. In
the subjective survey, employees were asked about their demographics, thermal and IAQ satisfaction
and preference, health symptoms, filtration choices, wind catcher familiarity and preference. The data
collected from the field survey was used to access the thermal comfort indexes and performance
evaluation of measured offices.

Sub-tropical Climate of Lahore

Lahore is located at 31°32'59"N of Latitude and 74°20'37"E of Longitude (216 above the sea level),
categorized as a humid subtropical climate (BSh) according to the K&ppen climate classification 3¢ with
characteristics for long durations of extreme summer and mild winter. Figures 2 - 5 provide the climate
summary of Lahore, based on the data analysed for the years 2009 - 2023. 3° The average yearly
temperature is 24.5°C, with the hottest annual temperature (99%): 42.5°C, the coldest yearly
temperature (1%): 5.7°C, highest humidity in summer, 90%, lowest humidity in winter, 60% (Figure
2).
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Dry bulb temperature °C)

Figure 2 Dry Bulb Temperature (above) and Relative Humidity (below) for the Climate of Lahore, Pakistan *°.
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Figure 3 Sun Path Chart (above) and Global and Diffuse Solar Radiations (Wh/m?) (below) for Lahore,
Pakistan %°.

The rotational angle of the sun is from East to West, with a summer solar altitude 80.06° and azimuth
180.35°. The monthly average hourly horizontal global solar radiations are 944 kWh/m? in May and
578 kWh/m? in December. The monthly average hourly diffuse solar radiations are between 93-213
kWh/m? (Figure 3). Lahore average maximum wind speed is between 0.5 — 10.7 km/h and the highest
direction towards Northwest and Southeast (Figure 5).
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Figure 4 Cloud Cover for Lahore, Pakistan °.
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Figure 5 Seasonal Wind Rose [Dec-Feb, Mar-May, Jun-Aug, Sep-Dec] for Lahore, Pakistan *°.
Description of Cases

The criteria for selected offices were ventilation modes of splits air-conditioned with outdoor
units, and fan-forced naturally ventilated wind chimney offices from the old colonial
construction. The analysis of 4 office buildings, 3 having wind chimneys [Directorate of Public
Instruction (DPI), Punjab Civil Secretariat (PCS), Governor House (GH)] and Punjab Skill
Development Authority (PSDA), representing a modern office as the focus of the investigation
(Table 1). During summer, DPI and PCS have wind chimneys and fan-forced ventilation and
PSDA, GH have wind chimneys and air conditioning as ventilation mode. During winter, DPI,
PCS and GH use electric or gas heaters but PSDA does not use heaters during the measurement.
All four offices are at different locations, so the level of indoor pollution varied according to
the outdoor pollution. The offices of the DPI (Figure 6) and PCS (Figure 7) and the GH (Figure
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10 8) and PSDA (Figure 9) were the selected locations in Lahore shown on the Google map
11 (Figure 10).

14 Table 1 Mapping of selected Cases with the Mode of Ventilation

- Room Ventilation Mode (VM)

Building .

Coordinates Volume Summer Winter Passive
(m®) Method
1 Directorate of Public Instruction (DPI)  31.57, 74.31 3900 Fans Gas Heater wC

18 2 Punjab Civil Secretariat (PCS) 31.57,74.30 6500 Fans Gas Heater wcC

16 No Name of Office

20 3 Governor House (GH) 31.55,74.34 1320 AC Gas & Electric wC
Heater

21 4 Punjab Skill Development Authority — 31.50, 74.31 3000 AC N.A. N.A.
22 (PSDA)

23 Note: AC- Air Conditioned, N.A.-Not Applicable, WC-Wind Chimney

42 Figure 6 Directorate of Public Instruction (DPI) (a) Outdoor vegetation, (b) Blocked veranda of DPI, minimizing cross-
43 ventilation, (c) Exterior View of Wind Chimney, d) Interior View of Olffice, e) Wind Chimney Inlet/outlet, f) Wind Chimney
used for shelf, g) Wind Chimney from inside of office
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Figure 7 Punjab Civil Secretariat (PCS) a) Indoor Monitoring of PCS, b) Wind Chimney Office of Measured Office

Figure 8 Governor House (GH), a) Pothos Planter, b) Yucca Planter, c¢) Tabletop Aleo Vera Plant, d) Exterior Facade of
Governor House (GH), e) Measured Office of GH, f) GH Wind Chimney from the interior

Figure 9 Punjab Skill Development Authority (PSDA) a) Measured Office, b) PM1064SD placed on the Office Table
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30 Figure 10 Locations of selected sites on Google Map
31 . s
32 Sample selection and Subjective assessment
33 The cross-sectional survey protocol consisted of environmental monitoring and the subjective
34 evaluation of IAQ and thermal comfort during summer and winter. An ISO-9001 certified air
35 quality monitor and recorder PM-1064SD (Table 2) was installed in four (4) offices of Lahore
36 for real-time indoor monitoring of temperature, humidity and concentrations of PM, s and CO,.
g p y
37 The device was placed on an office table for data collection with the data logged at every 1-
38 minute interval following ASHRAE’s Handbook of Fundamentals. 34
39
40 Table 2 Details of the PM 1064 SD
41 No Measuring Accuracy Range Resolution
42 Parameter
43 1 Temperature +0.8°C 0-50°C 0.1°C
44 2 Humidity <70%RH: + 3%RH 5-95%RH 0.1% R.H.
3 CO, + 40 ppm, = 1000 ppm 10,000 ppm 1 ppm
45 + (50 ppm + 3% of reading)
46 > 1,000 ppm = 3000 ppm
47 + (50 ppm + 5% of reading)
> 3,000 ppm = 10000 ppm
48 Repeatability: + 20 ppm
49 > 3,000 ppm = 10,000 ppm
50 4 PM, 5 +(10% re;ldi}ng +15pn 0-250 pu g/m? 1 pg/m?
g/m’)
51 5 Pressure + 1.5 hPa 10.0 t0 999.9 0.1 hPa
52 +2 hPa 1000 to 1100 1 hPa
53 6 Health Index 0-9
7 Sampling Time 2-3600 Seconds
54
55
56
57
58
59
60
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The approved questionnaire consisted of six (6) sections, gathering respondents’ queries about
IAQ, thermal comfort, filtration choices, wind catcher familiarity and preferences. The indoor
environmental quality survey “° was adapted for thermal comfort 445 and IAQ 464
questionnaire with 3, 5 and 7-point scale ratings. The responses were gathered based on the
ASHRAE 7-point bi-polar scale for thermal sensation, airflow, comfortable feel, IAQ
acceptance, preferences and wind catcher perception with six pictorial stimuli for thermal
comfort questions.

Data analyses

To standardize the environmental conditions, it is a regional practice to design, adapt and
modify standards developed by the WHO Guidelines 5, ASHRAE 55-2023 Standard 3* and US
EPA Regulations. 37 The Energy Conservation Building Code (ECBC) of Pakistan, ** was
adapted from standard practices and benchmarked values for HVAC, fan-forced and naturally
ventilated buildings. The study compared summer and winter field measurements in four
offices with the WHO Guidelines ° and ASHRAE 55-2023 Standard. 34 Descriptive statistics
and one-way ANOV A were used to compare the mean difference between ‘summer and winter’
and within the ventilation modes for four offices in Lahore. The significance level (p <0.05)
and the difference in groups were measured with the F-value >5 for the IAQ, thermal comfort
and wind catcher. The performance of the wind chimney office was measured for IAQ
satisfaction, [AQ preference, thermal comfort satisfaction, health symptoms, filtration
methods, wind catcher familiarity and preferences. The employees’ satisfaction in sampled
offices was scored for performance between seasons and within ventilation modes. The TAQ
and thermal satisfaction were further evaluated based on the ASHRAE 55 34 and ISO 7730, 5!
which requires 80-90% of people to be satisfied in the thermal environment. The survey results
showed that the performance of wind chimney offices did not satisfy employees, but modern
wind catchers were a preferred solution to achieve comfort in offices.

Results and Discussion
Table 3 showed the mean and standard deviation (+SD) of temperature and humidity measured
in 4 offices for both summer and winter and compared it with the ASHRAE 55 standard 34 and

adaptive comfort reference 3. Considering adaptive comfort 3 helps to determine the flexible
range of adapting people for comfort conditions, with various controls.

Table 3 Mean value of field measurement for Temperature and Humidity

Seasons Building Mean Temperature SD  Building Mean Humidity SD
(°C) + (%) +

- s-DPI 334 0.1  s-DPI 54.1 0.3
g s-PCS 30.9 0.1 s-PCS 61.9 0.1
£ s-GH 249 0.1 sGH 60.1 0.5
i s-PSDA 23.4 0.1 s-PSDA 39.8 0.3
iy w-DPI 17.0 0.1  w-DPI 74.4 0.1
g w- PCS 13.6 03 w-PCS 46.5 0.4
= w-GH 15.8 02 w-GH 573 0.7
w-PSDA 17.4 0.2  w-PSDA 66.0 0.3

Note: s-GH [Summer data-Governor House], w-GH [Winter data-Governor House]
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2
3
4
5
6
7
8
9
10 s-DPI [Summer data-Directorate of Public Instruction], w-DPI [Winter data-Directorate of Public Instruction]
11 s-PCS [Summer data-Punjab Civil Secretariat], w-PCS [Winter data-Punjab Civil Secretariat]

s-PSDA [Summer data-Punjab Skill Development Authority], w-PSDA [Winter data-Punjab Skill Development
12 Authority]
13
14 The study benchmarked the summer temperature standards of 23 - 26°C for air-conditioned
15 offices, 23 - 30°C for adaptive comfort of fan-forced naturally ventilated offices, 35 23 - 26°C
16 based on ISO 7730 standard, 5! 20 - 27°C based on ASHRAE 62.1 standard and 22 - 26°C
17 based on the Energy Conservation Building Code (ECBC), Pakistan. ** The comfort range for
18 both temperature and humidity was plotted to determine whether fans forced naturally
19 ventilated and air-conditioned offices complied or did not comply with the ASHRAE 55-2023
20 34 and adaptive comfort reference 35 for the 8 hours of office. Notably, only the summer
21 temperature of the air-conditioned offices in Lahore best complied with the existing ECBC,
22 Pakistan. 5
23
24
25 Comparision of Temperature Field Measurements & Standards
26 40
27 35
28 ;‘3, 30
29 £
32 E 15
33 10
34 5
35 LLESEESEE LD DL PSP DSBS P
36 Time (minutes)
37 mm ASHRAE 55 =8=—5DP| =8—5-FCS
38 ——5-GH —#—5-PSDA ——w-DPI

== \y-PCS = -GH == -PSDA

39 —@—-ASHRAE == Acdaptive Comfort (max)
2(1) ‘ Figure 11 Comparing the Temperature of Sampled Offices with ASHRAE 55 standard 34, adaptive comfort
42 reference 33, during Summer and Winter
43 Figure 11 compared the field measurements from wind chimneys and air-conditioned offices.
44 During summer, the indoor temperature of air-conditioned offices [s-GH and s-PSDA] were
45 within the comfort range of the ASHRAE 55 34 (23 - 26°C) and adaptive comfort reference 33
46 (30°C) in wind chimney offices. In the s-DPI, the temperature was above the comfort standard
47 throughout the summer day and people managed with various controls and adaptations.
48 However, in the s-PCS, the comfortable indoor temperature from morning to noon rose
49 gradually till the end of the day. In winter, the ASHRAE 55, 34 benchmarked indoor design
50 temperature of 24°C, ISO 7730 32 (20 - 24°C) and CIBSE 3¢ (19 - 23°C) standards were
51 achieved. The study evaluated the winter comfort temperature (19 - 24 °C) below the
55 measurements and found that the heater did not help to achieve comfort in offices. Most of the
53 time, the doors were closed in all offices, and gas or electric heaters were common modes for
54
55
56
57
58
59
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comfort in w-DPI and w-GH. In w-GH, there was no direct heating, but adjacent rooms had
gas and electric heaters. The high ceiling (25°-0”), open office plan, and low height partitions
in w-PCS have led to low temperatures compared to the other three measured offices, even in
the presence of heaters.

The assessment of humidity was based on ASHRAE 55 Standard 3* (30-60%), adaptive comfort
reference ¥ (55-70%) and CIBSE Guide (40-70%) 3¢ (Figure 12). According to ASHRAE 55
Standard 34, the air-conditioned and wind chimney offices [s-PSDA, s-DPI, s-GH, w-PCS, w-
GH] met requirements of 30-60%. The s-PCS during summer and w-PSDA in winter did not
meet the ASHRAE 55 requirements but fulfilled the CIBSE requirement of 70% humidity. In
the w-GH office, indoor plants produced transpiration and increased the humidity. The
humidity in early office hours till noon was within the comfort range and gradually increased
in the afternoon. The office has infiltration because the door is constantly open for public and
administrative dealings and the w-DPI was above the ASHRAE 55 Standard (30-60%) 34,
adaptive comfort reference (55-70%) 35 and CIBSE Guide (40-70%) 3¢. However, the same
office was within the comfort range during summer due to the stack ventilation of wind
chimneys and ventilators.

Comparision of Humidity Field Measurements & Standards
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Figure 12 Comparing the Humidity of Sampled Offices with ASHRAE 55 Standard 3%, adaptive comfort
reference 3, during Summer and Winter

Figure 13 compared PM, s concentrations during winter and summer and benchmarked the
WHO guidelines of 15 pg/m? for 24 hours on average Sand no office met the criteria. However,
USA-EPA 37 produced six categorizations that classify PM, s concentration ‘0-50 pg/m3’as
‘Good’, ‘51-100’ as ‘Moderate’, ‘Unhealthy for Sensitive Groups’ for ‘101-150°, ‘Unhealthy’
for ¢151-200 pg/m?’, <201-300 pg/m> as ‘very unhealthy’ and ‘301+ pg/m3’as ‘hazardous’.
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Table 4 Mean concentrations of field measurement of PM, s and CO,

Seasons  Building Mean PM, 5 (ng/m %) SD  Building Mean CO, (ppm) SD

+ +

= s-DPI 41.6 1.2 s-DPI 3536.9 16.6
E s-PCS 53.7 1.0 s-PCS 3944.6 10.2
E s-GH 50.0 0.6 s-GH 4203.5 14.3
« s-PSDA 28.4 0.5 s-PSDA 4037.0 10.2
. w-DPI 233.7 3.4 w-DPI 1942.2 46.5
g w-PCS 178.0 2.7  w-PCS 697.3 9.2
§ w-GH 198.9 42 w-GH 1828.1 63.5

w-PSDA 200.6 3.9 w-PSDA 838.9 13.3

Note: s-GH [Summer data-Governor House], w-DPI [Winter data-Governor House]

s-DPI [Summer data-Directorate of Public Instruction], w-DPI [Winter data-Directorate of Public Instruction]

s-PCS [Summer data-Punjab Civil Secretariat], w-DPI [Winter data-Punjab Civil Secretariat]

s-PSDA [Summer data-Punjab Skill Development Authority], w-DPI [Winter data-Punjab Skill Development Authority]

Comparision of PM, 5 Field Measurements with Standards
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Figure 13 Comparing PM, s concentrations in Sampled Offices with limit values given by-aecordingto WHO
Guidelines; 5 and USA-EPA Regulations 37 during Summer and Winter

The air-conditioned and wind chimney offices experienced less PM, s concentration during
summer than in winter (Figure 13). The s-PSDA has the lowest PM, s concentration and was
within the US EPA moderate region below 35.4 pg/m? as most indoor air was cleaned and
recirculated from a split air-conditioner filter. The three offices s-GH, s-DPI and s-PAD were
between 35.4 - 554 pg/m?® and were considered unhealthy for sensitive groups with
cardiovascular and respiratory illnesses. According to the WHO's recent guidelines, 3 the high
PM, 5 concentration could cause long- and short-term diseases including cardiovascular and
respiratory illness for office workers in Lahore. During winters, the offices of PCS, GH and
PSDA were in the range of 55.4 - 125.4 pg/m?3, suggesting an unhealthy risk for employees,
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and DPI has a hazardous level of PM; s, exceeding greater than 250.5 pg/m? throughout the
day. People should wear masks indoors, in winter and summer as dusty wind blows through
the buildings, which is visible on office furniture.

Comparision of CO, Field Measurements with Standards
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Figure 14 Comparing CO, concentrations in Sampled Offices with ASHRAE 62.1 Standard (600-700 ppm), >
US EPA Regulations (800 ppm) 33 and WHO Guidelines (<1000 ppm) ° during Summer and Winter

The field measurements in wind chimneys and air-conditioned offices during summer and
winter were compared with the ASHRAE 62.1 Standard (600-700 ppm), > US EPA Regulations
(800 ppm) 37 and WHO Guidelines (<1000 ppm) 3 (Figure 14). During winter, the w-PCS and
w-PSD offices complied with the 1000 ppm standards throughout the day, but w-GH and w-
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2

3

4

5

6

7

8

9

10 DPI showed greater fluctuation in CO, concentration far above the standards. The situation of
11 all four offices was worse during summer in air-conditioned and wind-chimney offices due to
12 the breathing effect of employees’ decaying CO, concentration. > Wind-chimney offices have
13 higher CO, concentrations during summer in air-conditioned offices.

14

15 Subjective assessment

16

17 The subjective assessment of respondents' data was statistically analysed for both summer and
18 winter using IBM SPSS Statistics 26. The data described the demographic of employees from
19 the sampled offices in Lahore. The employees are mostly males with an educational
20 background of M.Phil./Master’s degree and work for 6-8 hours. This suggests a highly
2 educated workforce, with a strong emphasis on advanced education and a standard full-time
2 work schedule within the measured offices (Figure 15).

23
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40

41 Figure 3 Demographics of Sampled Office Employees a) Employee’s Gender, b) Employee’s Office Hours, c)
42 Employee’s Age, d) Employee’s Designation, e) Employee’s Education

43 The office employees work full-time, and the age range of 31 - 40 is the most common,
44 followed by 21 - 30, 41 - 50, 51 - 60 and above 60 years, representing a mix of early and mid-
45 career professionals. Males hold an M.Phil./ master’s degree and work 6-8 hours, suggesting a
46 strong correlation between advanced education and management or supervisory roles.
47 Conversely, females typically work 6-8 hours. The administrative supervisors and
48 professionals are in the 31 - 40 years of a mid-career stage. Skilled and semi-skilled workers
49 are common in other age ranges, indicating diverse roles and experiences. Further, the study
50 quantified the subjective assessment of people's satisfaction and preferences with various
51 factors. The five ventilation modes were ‘Fan and Wind Chimney’, ‘Air Conditioned and Wind
52 Chimney’, ‘Air Conditioned’ during the summer, and ‘Heater and Wind Chimney’ and ‘No
53 Heater and No Wind Chimney’ in winter.
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Indoor Air Quality Satisfaction

Indoor air quality (IAQ) satisfaction was quantified by measuring the IAQ index, air quality
parameters, the effect of IAQ on physical and mental health, the office's role in enhancing work
conditions and satisfaction with the indoor environment (7able 5). The results of ANOVA
showed that the p-value was significant (p <0.05) for the ‘air feel (F 26.8)’, ‘air quality
problems (F 16.8)’ and ‘people being worried about air quality (F 14.0)’ of the office during
summer and winter. The employees’ dissatisfaction with the air feel was slightly stuffy [4.7
(£1.36)] in summer and neutral [3.9 (x1.6)] in winter. In offices, the employees face the air
problem of chemical odour [3.0 (£1.55)] in summer and ‘visible mould and bad odour’ [2.4
(£1.4)] in winter. The mean satisfaction vote [1.4(£0.59)] of people worried about the IAQ
was higher in the summer than in winter [1.2(+0.51)]. However, physical and mental health,
job performance and satisfaction with indoor conditions for office tasks and meetings were
insignificant (p >0.05) in the two seasons.

Table 5 Descriptive Statistics and ANOVA Result of IAQ Satisfaction

N Descriptives ANOVA o Descriptives  ANOVA ; 4 Descriptives ANOVA o Descriptives  ANOVA
Var Seasons " Ventilation Mode . Var Seasons " Ventilation Mode X
Mean +SD F__ Sig* Mean +SD  F_ Sig.* Mean +SD F_ Sig.* Mean =SD  F__ Sig.*
Fan & WC 1.3 0.62 g Fan & WC 1.7 087
E Summer 1.4 0.59 AC&WC 1.7 059 :;:3 Summer 1.8 0.9 AC & WC 1.8 088
E 140 0.00 AC 12 042 85 000 3.4 007 AC 2.1 093 62 0.00
= Heater & WC 12 047 H Heater & WC 18 081
=

Winter 1.2 0.51 Winter

No Heater & NoWC 1.2 061 No Heater &k NoWC 1.3 0.6
g Fan & WC 28 149 . 16 0.79 Fan & WC 40 193
2 Summer 30 155 AC&WC 36 132 =  Summer AC&WC 47 115
s 168 000 AC 29 177 105 000 2 0.0 090 AC 41 129 17 016
; Winter | 24 | 14 Heer&WC 22 1.34 2 e Hoslr & WC 42 148
< No Heater &NoWC 3.1 14 No Heater &No WC 43 213
Fan & WC 43 147 42 1.66 Fan & WC 20 086
3 Summer 47 136 AC & WC 56 082 5 £ Summer AC &G 12 1037
N 268 0.00 AC 47 117171 000 £ ¥ 0.7 041 AC 12 053 19.1 0.00
=< ) Heater & WC 37 167 == Heater & WC 1.6 072
Winter 39 1.6 Winter
No Heater &NoWC 4.6 1.12 No Heater &NoWC 1.3 047
Fan & WC 16 087 3 15 068 Fan & WC 18 083
F £ Summer 1.7 087 AC&WC 1.6 0.79 g Summer AC&WC 12 042
7 E 37 006 AC 18 092 46 000 % 0.6/043 AC 14 067 85 0.00
= Heater & WC 16 075 £ Heater & WC 16 069

Winter 1.5 0.71 Winter 1.5 0.65

No Heater &NoWC 1.2 0.39 No Heater &NoWC 1.3 047

Note: p <0.05; F>5; (D) <1

The comparison of TAQ satisfaction for ventilation modes in summer was significant (p <0.05)
for the indoor meetings (F 19.1), air feel (F 17.1), air problem (F 10.5), worriedness (F 8.5),
indoor office conditions (F 8.5) and mental health (F 6.2), except the employee's ability to do
the office task (p >0.05, F <5). Within the ventilation modes, all the groups with a mean
satisfaction score of [1.2 (£0.51)] were worried about the air quality except the employees of
‘air-conditioned and wind chimney’. The mean vote of (1.2) for the offices of ‘air-conditioned
and wind chimney’, ‘air-conditioned’ and ‘no heater and no wind chimney’ showed employees’
high satisfaction during meetings, compared to offices with ‘fan and air-conditioned’ [2
(£0.86)] in summer and ‘heater and wind chimney’ [1.6 (£0.72)] during winter. Most
employees felt neutral about indoor air with a mean vote for ‘heater and wind chimney’ [3.7
(£1.67)], slightly stuffy for ‘fan and wind chimney’ [4.3 (+1.47)], ‘no heater and wind
chimney’ [4.6 (£1.12)], ‘air-conditioned’ [4.7(%1.17)] and stuffy for ‘air-conditioned and wind
chimney’ [5.6 (£0.82)].
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2
3
4
5
6
7
8
9
10 However, the results were inconsistent with the large sample survey of thermal comfort and
11 IAQ, showing that 69% of employees were satisfied and 26% of buildings met ASHRAE 62.1
12 standard 52 . The comparison of results between groups revealed air problems of mouldy odour
13 and visible mould in the office of ‘heater and wind chimney’ [2.2 (+1.34)], chemical odour for
14 ‘no heater and no wind chimney’ [3.1 (+1.4)], ‘fan and wind chimney’ [2.8 (£1.49)], ‘air-
15 conditioned’ [2.9 (+1.77)] and dust in the indoor air for ‘air-conditioned and wind chimney’
16 [3.6 (£1.32)]. The employees in ‘air-conditioned and wind chimney’, ‘no heater and no wind
17 chimney’ and ‘air-conditioned’ were satisfied with the indoor conditions during office tasks
18 compared to ‘heater and wind chimney’ and ‘fan and wind chimney’. Only the employees of
19 ‘no heater and no wind chimney’ [1.3 (£0.6)] perceived that their physical and mental health
20 was affected due to poor IAQ compared to other offices.
21 Indoor Air Quality Preferences
22
23 The air quality preferences were significant (p <0.05) in both summer and winter for ventilation
24 control, air refreshing measures, spray disinfection and air freshener (Table 6). The employees’
25 perception of air quality preference has a high F (22.13) and mean vote [3.87 (£1.01)] in
26 summer compared to winter 3.33 (£1.25). The use of spray disinfection F (14.81) in offices
27 was preferable to the air freshener (7.39) due to the dengue spray in offices. Also, the spray
28 [2.4(£0.73)] and air freshener [2.4(£0.74)] filtration measures in offices were used
29 more consistently in summer than in winter. However, the study showed insignificant (p >0.05)
30 results for ‘door and windows, ‘air purifiers’ and ‘indoor plants’ for all offices.
31
gg Table 6 Descriptive Statistics and ANOVA Result of IAQ Preference
. Descriptives ANOVA Descriptives  ANOVA : Descriptives  ANOVA o Descriptives ANOVA
34 Var Seasons Mean +SD P sig* Ventilation Mode Mean £SD F Sig. Var Seasons Mean +SD F Sig Ventilation Mode Mean 5SD__F__Sig*
[ Fan & WC 3.7 105 5 Fan & WC 25 078
35 Z 2 summer 387 101 AC & WC 42 0% £ Summer 246 074 AC & WC 26 049
] 22,13 0.00 AC 38 091 1877 000 % 739 001 AC 23 084 3.04 002
36 =z _ Heater & WC 30 122 = . Heater & WC 22 083
“ Winter | 333 | 125 No Heater & No WC 42 0.89 2 Winter 225 0819 No Heater &NoWC 23 08
37 Fan & WC 1.7 065 = Fan & WC 26 066
< ; Summer 1.69 0.62 AC & WC 1.6 067 % Summer 237 0.777 AC & WC 22 083
38 5% 065 042 AC 18 05 145 022 F 0095 AC 20 075 673 0.00
[ ; - Heater & WC 1.6 064 & . Heater & WC 24 083
39 Winter | 164 | 063 No Heater & No WC 1.8 0.59 = | Winter| 23710846 No Heater & No WC 22 089
Fan & WC 25 072 Fan & WC 23 091
40 2 Summer 2.4 0.73 AC & WC 25 071 - Summer 1.97 0.897 AC&WC 1.7 08
z 1481 0.00 AC 22 o074 49 000 F 0100 AC 17 08 619 0.00
41 B e 202 072 Heater & WC 21 075 S N W P Heater & WC 20 086
- . No Heater & NoWC 2.2 0.61 . No Heater &NoWC 18 06
42 Note: p<0.05; F>5; (+8D) <1
43
44 ] o ) o
45 The comparison of results between the ventilation modes in offices showed significant results
46 (p <0.05) with high F-value for air quality preference (18.77), air purifier (6.73), plant
47 filtrations (6.19) and disinfection (5). Amongst the ventilation modes, the mean satisfaction in
48 ‘no heater and no wind chimney’ [4.2 (+ 0.89)], and ‘heater and wind chimney’ [3 (+ 1.22)]
49 showed that employees' air quality preference was unacceptable and neutral respectively. The
employees occasionally preferred the filtration measures of air purifier, disinfection and plants
50 in ‘air-conditioned and wind chimney’, ‘fan and wind chimney’ and ‘air-conditioned and wind
51 chimney’. However, due to running costs, the employees preferred plant 3 over air purifiers
52 for pollutant mitigation. 3
53
54
55
56
57
58
59
60
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Thermal Satisfaction

The thermal satisfaction within the offices was measured and significant (p <0.05) for clothing
F (229.70), temperature feel F (23.68), window size F (14.88), comfort F (7.9) and humidity
feel F (6.8) as shown in Table 7. The employees were thermally satisfied in offices during
summer with a neutral feel of temperature [-0.06 (+2.01)], slightly disagree for window size
[4.78 (£1.94)], just right comfort [0.67 (+1.89)] and less humid [0.15 (+2.06)] conditions. In
winter, thermal satisfaction was achieved with thick clothing [1.6 (+0.16)], and employees felt
neutral temperature [-0.06 (+2.01)], quite disagree with window size [5.47 (+ 1.61)], less humid
[0.15 (2.06)], but comfortable [0.66 (+1.73)] in offices.

Table 7 Descriptive Statistics and ANOVA Result of Thermal Satisfaction

Var Seasone DESCERIVES ANOVA o Descriptives ANOVA L Descrptives ANOVA 0 Descriptives ANOVA
Mean +SD _ F__ Sig* Mean +SD F _Sig* Mean +SD__F _ Sig* Mean 5D F _Sig*

Fan & WC 14 0.4 z Fan & WC 0.6 208

 Summer 138 0.13 AC & WC 14 002 = Summer 0.67 189 AC & WC 07 162
£ 22070 0.00 AC 14 012 9264 000 £ 68 001 AC 08 175 3.94 000

S Heater & WC 17 0n £ Heater & WC 0.1 205

Winter | 1.6 |0.16 No Heater & NoWC 1.4 0.17 £ PPVl 206 No Heater & NoWC 0.4 1.99

Fan & WC 13036 3 Fan & WC 03 217

Z Summer 128 035 AC & WC 16 03 “ summer 019 212 AC & WC 07 214
-.3 029 059 AC 1.1 0.1 21.43 0.00 2 148 023 AC 0.7 1.72 431 0.00

< N Heater & WC 13 03 b Heater & WC 05 177

Winter | 1.3 1033 No Heater & NoWC 15 038 < | Winter R €8 No Heater & NoWC 0.4 141

2 Fan & WC 46 195 3 Fan & WC 00 211

7 Summer 478 194 AC & WC 48 176 £ summer 013 2 AC & WC 08 191
B 1488 000 AC 50 209 454 000 5 790 001 AC 02 171 730 000

. Heater & WC 54 168 £ . Heater & WC 09 172

= Winter 347 161 NoHeater & NoWC 5.8 134 S Winter 066 173 No Heater & NoWC 0.1 151

g Fan & WC 14 164 - Fan & WC 34112

£ _ Summer 091 191 AC & WC 1321 2 E summer 366 1 AC & WC 40 084
52 2368 000 AC 05 152 1541 000 462 003 AC 39 0.68 667 0.00

g Heater & WC 00 197 Heater & WC 35 092

Winter -0.06 2.01

No Heater & No WC 03 213 No Heater & No WC 32 127

Note: p<0.05; F >5; (28D) <1

Within the ventilation modes, the thermal satisfaction was significant (p <0.05) for clothing (F
92.64), activity (F 21.43), temperature feel (F 15.41), comfort feel (F 7.30) and acceptability
of thermal environment (F 6.67). The employees felt slightly warm [1.4 (£1.64)] in offices of
‘fan and wind chimney’, ‘air-conditioned and wind chimney’ and slightly cool in ‘air-
conditioned’ [-0.5 (£1.52)], felt neutral in ‘heater and wind chimney’ and ‘no heater and no
wind chimney’. The comfort feel was ‘just Right’ in ‘fan and Wind chimney’ and a little
comfortable in ‘air-conditioned and wind chimney’ [0.8 (£1.91)] and ‘heater and wind
chimney’ [0.9 (£1.72)], a little uncomfortable in offices of ‘air-conditioned’ [-0.2 (+1.71)] and
‘no heater and no wind chimney’ [-0.1 (*¥1.51)]. For the thermal acceptability of the
environment, the employees felt neutral in offices with ‘no heater and no wind chimney’ [3.2
(£1.27)], ‘fan and wind chimney’ [3.4 (£1.12)] whereas unacceptable in ‘heater and wind
chimney’ [3.5 (£0.92)], ‘air-conditioned’ [3.9 (+0.68)], ‘air-conditioned and wind chimney’ [4
(£0.84)] and may tend to change their thermal state.
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10 Thermal Preference
1
12 The thermal preferences were significant (p <0.05) and different in summer and winter, for the
13 airy office (F 61.46), the expectation of temperature state (F 35.25), the draught feel (F 17.01)
14 and humidity feel for opened window (F 7.95) (Table 8). The employees preferred an airy
15 office [-1.9 (£1.5)], desired a cooler state [-0.87 (x1.71)], did not feel draught [4.12 (£1.99)]
16 and neutral humidity feels [0.14 (£1.79)] in summer. During winter, the employees preferred
17 the least airy [-0.69 (£1.54)], expected a neutral temperature state [-0.87 (£2.52)], less draughty
18 [3.33 (£1.80)] and just right humidity feel [-0.35 (£1.61)].
19 The thermal preference was significant at p <0.05, with an F-value for ‘airy office’ (24.11), the
20 ‘expectation of temperature state’ (11.23), ‘humidity preference’ (6.89) and ‘window draught’
21 (5.1). The employees preferred least airy for ‘air-conditioned and wind chimney’ [-1.3 (+1.8)]
22 and ‘no heater and no wind chimney’ [-1.5 (£1.42)] and neutral for ‘heater and wind chimney’
23 [-0.4(%=1.5)] but did not prefer an airy office for ‘air-conditioned’ [-2.4 (+0.83)] and ‘fan and
24 wind chimney’ [-2 (£1.51)]. The employees expected to achieve a temperature state of neutral
25 for ‘heater and wind chimney’ [-0.7 (£2.58)], cooler for ‘fan and wind chimney’ [-2.2 (£1.8)],
26 ‘air-conditioned and wind chimney’ [-2.7 (£0.48)] and warmer for ‘air-conditioned’ [-1.6
27 (£2.12)], ‘heater and wind chimney’ [-0.7 (£2.58)] and ‘no heater and No wind chimney’ [-1.4
28 (£2.28)]. The humidity and window draught were preferred neutral for all ventilation modes
29 except the employees favoured less humid in ‘air-conditioned and wind chimney’ [1.4 (£1.77)].
30 The neutral feel in all ventilation modes for humidity and air draught represents the state of
31 neither too strong nor too weak, with minimum discomfort and enhanced IAQ.
32
2 i Table 8 Descriptive Statistics and ANOVA Result of Thermal Preference
35 Descriptives ANOVA P Descriptives ANOVA Descriptives ANOVA - Descriptives ANOVA
36 var - Seasons yan £SD | F_sigx 'oMilation ”“i'” Mean £SD_F _ Sig+ V0T SWOM yam 5D Fsige | onilation M"i“ Mean 8D F_Sig*

. Fan & WC 20 151 Fan & WC 41 212
37 :t: Summer| <12 | 130 61.46 0.00 AC;&CWC ;i 01:3 24.11 0.00 %é‘éﬂ Sommer) 412129 17.01 0.00 ACA&CWC 2; 11984 5.1 0.00

£ ¢
38 B v ao s dmave ote SRS g i peesve i
39 ;Eg Summer 0.37  2.03 ngx‘/é 1042 11797 Z ;:_:7 Summer 0.14 179 E\?gx\?/é 0012 :3:
40 Bl meawe e MESE TP e e
41 E e H::;CIA;L&W]'\([? we 252 11286 Note: p <0.05; F > 5; (+SD) <1 Ho Honler & o WC' 00 €57

= € Summer -2.16 1.71 AC & WC -27 048

42 % 3525 0.00 H“l;\i e ;3 ;;z 1123 0.00
43 = 2 Winter -0.87 2.52 No Heater & No WC 14 228
44
45 Health Symptoms
46
47 The office syndromes were significant (p <0.05) for the stuffed nose (F 56.46), sore throat (F
48 53.26), dry throat (F 36.24), headache (F 35.45), running nose (F 33.04), low morale (F 25.02),
49 hand rash (F 25.28), drowsiness (F 23.84), low morale (F 25.02), swallow eyelid (F 21.94),
50 lack of concentration (F 20.06), eye irritation (F 14.93), face rash (F 8.64) and skin redness (F
51 8.05) but insignificant for skin itching (Table 9). The average mean satisfaction of voting
52 ranged between 2 - 2.5 were the frequently occurring health symptoms. The mean satisfaction
53 votes in winter for physiological symptoms of hand rash, skin redness, runny nose, stuffed
54
55
56
57
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nose, eye irritation and sore throat, psychological symptoms of low morale, and headache
suggested that the employees frequently experienced these symptoms because of switching
between air-conditioned and non-air-conditioned environments causing sick building
syndromes (SBS). 657 The mean suggested the frequent occurrence of dry throat and reduced
productivity during summer and winter in offices. The findings agreed with Norback and Fu
4858 that environment and workplace could cause sick building syndrome for office employees.

Table 9 Descriptive Statistics and ANOVA Result of Health Symptoms

Descriptives  ANOVA Descriptives  ANOVA Descriptives  ANOVA Descriptives  ANOVA
Var Seasoms € p=51) P sige Ventlation Mode Mm’;SD Fsige Vor Seasons Mm"ﬁ S P sigs Vemtilation Mode Mean"*sn ¥ lsigr
E Fan & WC 2406 ] Fan & WC 26 08
£ summer 25 059 AC & WC 28 04 £ Summer 261 0.70 AC & WC 28 04
E 1493 0.00 AC 25 06 879 0.00 2 805 0.01 AC 25 08 655 0.00
P Heater & WC 23 0.7 i Heater & WC 25 0.7
& Winer 223076 No Heater & NoWC 2.0 0.8 @ Winter 24076 No Heater & No WC 2.1 0.9
= Fan & WC 28 05 Fan & WC 25 0.6
S summer 284 047 AC & WC 29 02 £ Summer 235 0.66 AC & WC 23 06
< 21,94 0.00 AC 28 05 949 000 % 3545 0.00 AC 22 07 1358 0.00
T Winer 257 068 Hoator & WC__1 2.7 | 0.7 Z Winer 196 065 Heater & WC 21107
H No Heater & No WC 23 0.7 No Heater & NoWC 1.7 0.5
] Fan & WC 27 06 & Fan & WC 26 0.7
2 summer 263 0.60 AC & WC 26 05 TZ Summer 248 0.71 AC & WC 25 06
E 33.04 0.00 AC 25 07 1364 000 £ 2 562 0.02 AC 22 08 498 0.00
£ . Heater & WC 23 07 23 Heater & WC 24 07
g Winer 222 078 No Heater & No WC 19 0.9 & | Winter 7°231 | 0.70 No Heater & No WC 2.1 0.7
2 Fan & WC 26 0.7 P Fan & WC 27 06
S Summer 265 062 AC & WC 27 06 T Summer 264 065 AC & WC 28 0.6
z 56.46 0.00 AC 2606 1416 000 2 2502 0.00 AC 24 08 1978 0.00
] Heater & WC 22 0.7 z Heater & WC 25 0.7
& Winter 214071 No Heater & NoWC 2.1 0.7 A | Winter |23 1022 No Heater & NoWC 18 0.6
= Fan & WC 24 08 . Fan & WC 27 0.6
£ Summer 229 0765 AC & WC 25 06 € Summer 26 0.68 AC & WC 27 06
= 36.24 0.00 AC 20 09 1284 000 2 2384 000 AC 22 08 1249 0.00
£ ) Heater & WC 19 08 5 Heater & WC 23 08
/| Wwinter | 1831073 No Heater & No WC 1.7 0.7 A | Winter | 2231078 No Heater & No WC 2.0 0.8
< Fan & WC 26 07 z Fan & WC 25 0.7
£ sunmer 259 065 AC & WC 27 05 5% Summer 258 0.66 AC & WC 27 05
g 5326 0.00 AC 2507 1464 000 % E 2006 0.00 AC 25 07 601 0.00
g N Heater & WC 2.1 07 52 Heater & WC 23 08
& | Winter | 2071076 No Heater & NoWC 1.9 09 §| Winter | 227 0.70 No Heater & NoWC 2.3 0.5
- Fan & WC 27 06 - Fan & WC 22 08
Z sunmer 279 052 AC & WC 29 02 EE sunmer 227 076 AC & WC 24 08
= 2528 0.00 AC 28 06 828 000 % & 545 002 AC 2307 321 001
E ) Heater & WC 25 0.7 z2 5 Heater & WC 20 08
B | Wintor | 246 0.75 No Heater & NoWC 23 0.8 8 Winwer | 209076 No Heater & NoWC 2.2 0.8
‘ Fan & WC 27 06 Fan & WC 19 07
% Summer 276 0.61 AC & WC 28 05 T2 Summer 192 0.74 AC & WC 19 08
B 864 0.00 AC 28 07 815 000 2 F 629 001 AC 19 07 248 0.04
£ Winer 257 066 Heater & WC__1 2.7 | 0.5 35 Wi 1o L0 Heater & WC A
No Heater & NoWC 22 0.9 No Heater & NoWC__ 15 0.9
= Fan & WC 25 07 Note: p <0.05; F = 5; (28D) <1
£ summer 263 06 AC & WC 28 04
E 245 0.2 AC 27 06 675 0.00
E Winter | 2.53 | 0.67 Heater & WC 26 05

No Heater & No WC 22 0.9

Within ventilation modes the employees reported significant (p <0.05) results for physiological
health of sore throat (F 14.64), stuffed nose (F 14.16), runny nose (F 13.64), headache (F
13.58), dry throat (F 12.84), swollen eyelid (F 9.49), eye irritation (F 8.79), hand rash (F 8.28),
face rash (F 8.15), skin itching (F 6.75), skin redness (F 6.55) and psychological symptoms of
low morale (F 19.78), drowsiness (F 12.49), and lack of concentration (F 6.01). Employees
frequently reported eye irritation and dry throat in the ‘fan and wind chimney’ office, faced
headaches in the ‘air-conditioned and wind chimney’ office and suffered frequent drowsiness,
low morale, reduced productivity and headaches in the ‘air-conditioned’ offices. Employees
face thermal shifts between air-conditioned and non-air-conditioned environments and
different ventilation modes *. In the ‘heater and wind chimney’ office, the employee faced the
physiological issues of eye irritation, running nose, stuffed nose, dry throat, sore throat, and
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10 psychological symptoms of headache, drowsiness and lack of concentration that further caused
11 hypertension and cardiovascular illness. ® For ‘no heater and no wind chimney,” the employees
12 frequently faced eye irritation, swollen eyelid, respiratory illness of sore throat, stuffed nose,
13 and runny nose, dry throat, sore throat, dermatological issues of hand rash, face rash, skin
14 itching, and skin redness, felt low morale and psychological symptoms of headache, reduced
15 productivity, low morale, drowsiness and lack of concentration. The sick building health
16 symptoms in office workers are caused by the persistent effects of illness, pollutant
17 concentration ®! and changes in the thermal environment during winter and summer. It has been
18 concluded that the SBS effect is more in the ‘no heater and no wind chimney’ office than the
19 ‘air-conditioned’ office during winter and summer respectively.
20 Filtration
21
22 Employees’ perception of “filtration” in offices was significant (p >0.05) for the table (F
23 16.49), hanging pots (F 15.32), plant preference (F 939) and plant boasting energy and
24 creativity (F 8.28) (Table 10). The employees preferred the indoor natural plants [1.1 (£0.21)]
25 during summer and winter because of the positive impact of indoor plants, boost positive
26 energy and creative ideas [5.93 (+1.45)], quite agreed for table pots [5.5 (+1.71)] and hanging
27 pots [5.5 (+1.78)] in winter.
28
29 Table 10 Descriptive Statistics and ANOVA Result of Filtration
2
Ew Summer 5.6 1.82 AC & WC 55 147 £ summer 48 180 AC & WC 55 126
32 éz 1.12 0.29 AC . 6.1 1.68 2.23 0.07 i 16.49 0.00 AC § 4.7 1.81 7.74 0.00
33 5 | winer | 58 | 139 No e & No WE 35 114 € | Wi | 53 | 11 NoHemer& NoWC S5 127
34 o & w11 02 ACawe I 02 £ e 47 1 Aawe s 1
= E 9.39 0.00 AC 1.0 0.00 431 0.00 £ 15.32 0.00 AC 4.7 1.75 5.01 0.00
>3 IRCRTNRRRN W 3 BEE AL IR TGN oo G
3 I eIy e U PR - e
37 3 § 0.62 043 AC 20 118 104 039 FE 828 0.00 AC 6.0 1.65 257 0.04
38 N R B No e & No WE 24 11 59 w33 1 Noeater & No WC_ 57 131
v Fan & WC 51 195 Note: p <0.05; F > 5; (+SD) <1
39 ‘%é Sommer] 33 | 19 1.39 0.24 :E&WC 2471 :;; 2.24 0.06
2(1) O winer| 55 17 Noeater & NoWC 59 1107
42
43 The comparison of ventilation modes showed significant (p <0.05) results for table pots (F
44 7.74) and hanging pots (F 5.01) as effective filtration methods. However, people likely opted
45 for indoor plantation measures within offices to manage IAQ. Amongst the ventilation modes,
46 the employees quite disagreed with tabletop plants in ‘no heater and no wind chimney’, [5.8
47 (£1.27)], “air-conditioned and wind chimney’ [5.5 (£1.26)], but neither agreed nor disagreed
48 with the presence of tabletop plants in ‘heater and wind chimney’ [5.4 (+1.82)], ‘air-
49 conditioned’ [4.7(+1.81)] and ‘fan and wind chimney’ [4.5(+1.93)]. The employees quite
50 disagreed having hanging pots for ‘no heater and no wind chimney’ [5.9 (x1.15)], slightly
51 disagreed for ‘heater and wind chimney’ [5.3 (£1.92)], ‘air-conditioned and wind chimney’
52 [4.9 (£1.79)], ‘air-conditioned’ [4.7 (£1.75)] and ‘fan and wind chimney’ [4.7 (£2.01)].
53
54
55
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Wind Catcher Familiarity

The surveyed results were insignificant (p > 0.05) for wind catcher designs of the modular,
tower, open, closed scoop, traditional, contemporary and modern classifications (7Table 11).
There was not much difference between employees’ opinions during summer and winter for
various wind catcher designs and the observed difference in the mean for all wind catcher types
was merely due to chance. The results were reaffirmed with an F (2-5) for wind catcher types
and employees' perception remained the same with the least difference during summer and
winter. The observed differences were due to the existing wind chimneys not working and
having limited decorative use in current practices.

Table 11 Descriptive Statistics and ANOVA Result of Wind Catcher Familiarity

Descriptive. ANOVA Descriptives ANOVA Descriptives  ANOVA Descriptives ANOVA
Var S Ventilation Mod Var S Ventilation Mod
A SEASONS nean +SD F sigr o niOn MO yean 4D Fosigr o O™ Mean 48D F  sigx o onauonMote yianiSD F o sigH
Fan & WC 1.6 0.74 o Fan & WC 2.1 0.65
& Summer 1.6 0.73 AC & WC 1.6 076 S Summer 1.9 0.66 AC & WC 17 065
E 3.53 006 AC 16 0.67 098 042 < 0.19 067 AC 18 0.59 3.04 0.02
H Heater & WC 15 074 2 Heater & WC 19 079
Wint 1. 7. Wint 1.9 .
iter | 1.5 |0.73 No Heater & No WC 1.5 0.68 OF| Winter 07 No Heater &No WC 1.8 0.6
Fan & WC 21046 = Fan & WC 16 08
o Summer 20 054 AC & WC 18 07 £ 5 Summer 14 0.68 AC & WC 14 057
g 2.61 011 AC 21 047 276 003 £ £ 0.02 089 AC 11 035 89 0.00
& i . ® = )
Wi | 19 |ogs Hear & WC 19 0.67 ET i 14 o7 Heaer & WC 1306
No Heater & NoWC 1.9 0.55 No Heater & NoWC 1.8 0.89
£ Fan & WC 1.6 0.72 Fan & WC 1.9 0.76
S Summer L5 071 AC & WC 14 057 £ 5 Summer 138 0.70 AC & WC 16 068
5
£ 0.01 0,95 AC 15 082 093 045 € % 0.59 045 AC 18 054 440 0.00
2 B
£ Heater & WC 15 07 = Heater & WC 16 081
S Winter 1.5 074 Wint 17 0.75
S e No Heater & No WC 1.6 0.81 e No Heater & No WC 2.0 046

Note: p<0.05; F>5; (xSD) <1

The ventilation mode comparison showed significant results (p <0.05) for the open, closed
scoop, traditional and modern towers. However, only the traditional wind tower (F 8.9) showed
a difference in employees' opinions about familiarity. The employees of ‘air-conditioned and
wind chimney’ [1.4 (+0.57)], ‘heater and wind chimney’ [1.3 (+0.6)] and ‘air-conditioned’ [1.1
(£0.35)] are familiar with the traditional tower of Iran but unfamiliar for the employees of ‘no
heater and no wind chimney’ [1.8 (£0.89)], and ‘fan and wind chimney’ [1.6 (£0.8)].

Wind Catcher Preference

The wind catcher preference was significant (p < 0.05) for passive ventilation (F 17.2), cultural
association (F 17.6), and factory installation (F 9.4) (Table 12). The mean vote suggested that
the employees quite agreed to make a passive ventilation/use of wind energy for modern wind
catcher applications [6.04 (+1.33)] in summer than winter [5.4 (+1.7)]. The workers associate
more cultural and traditional associations with wind catchers in winter [5.1 (£2.0)] than in
summer [4.3 (£2.1)]. The employees' preference for factory-manufactured wind catcher
installation was higher in summer [1.6 (£0.9)].

The comparison of ventilation modes for the wind catcher preference showed significant results
(p < 0.05) for wind catcher passive use (F 9.77), and its potential applicability (F 5.68). The
employees agreed with the passive use of wind energy for modern wind catchers in ‘no heater
and no wind chimney’ [6.49 (£0.94)], quite agreed in ‘heater and wind chimney’ [5.88 (+1.41)],
‘air-conditioned’ [5.67 (x1.13)], ‘fan and wind chimney’ [5.61 (£1.76)] and neither agreed nor
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10 disagreed in ‘air-conditioned and wind chimney’ [4.67 (£1.93)]. The employees chose that the
11 wind catchers were potentially applicable to offices of ‘fan and wind chimney’ [1.42 (+0.75)],
12 ‘no heater and no wind chimney’ [1.2 (£0.61)], ‘air-conditioned and wind chimney’ [1.12
13 (£0.33)] and did not perceive applicable by the employees of ‘air-conditioned’ [1.63 (£0.91)],
14 ‘heater and wind chimney’ [1.58 (£0.8)]. Most people anticipated that it would be hard to
15 perceive the functional aspect of wind catchers. This reaffirmed the findings that a full range
16 of attributes of wind catcher design, and user perception for positive and negative socio-
17 economic issues ¢> be considered to reduce pollutants and achieve optimum humidity and
18 temperature.
19
20 Table 12 Descriptive Statistics and ANOVA Result of Wind Catcher Preference
21 ; Descriptives ANOVA N Descriptives ANOVA . Descriptives ANOVA . Descriptives ANOVA
Var  Seasons W b F Sig Ventilation Mode " 8T sig.* Var  Seasons @ oD F sig.* Ventilation Mode " " sig.*
22 ° Fan & WC 5.61 1.76 = Fan & WC 1.45 0.79
23 3 Summer 54 1.7 AC & WC 4.67 1.93 Ei Summer 1.4 0.8 AC & WC 1.16 0.51
; 17.2 0.00 AC 5.67 1.13 9.77 0.00 E % 1.6 021 AC 1.59 0.89 3.12 0.02
24 £ wimer 60 13 r@ﬁixcwo we Z‘iz é;g 57 w1307 :za:;air\fm we Iljzﬁ 00671
a Fan & WC 6.01 1.54 3 Fan & WC 1.42 0.75
25 Eé Summer 5.8 L5 AC & WC 52 1.73 E% Summer 1.4 0.7 AC & WC 1.12 033
26 ‘EE 2.6 0.1 AC 586 1.1 25 0.04 gg 1.310.26 AC I(_ﬁ 0.91 5.68 0.00
27 “2 w551 :sa;{c‘:air\;ccm we :.Zg ::2 =5 w15 o gia;{c;air\icm we l1\28 00.;,81
Fan & WC 433 2.18 2 Fan & WC 1.51 0.85
28 Eg Summer 43 2.1 AC & WC 4.06 1.92 25 Summer 16 09 AC & WC 171 091
29 £% 17.6 0.00 AC 429 208 499 0.00 £ & 9.4 0.00 AC 169 0.96 314 0.02
32 ) Heater & WC 522 1.94 = £ ‘ Heater & WC 1.35 0.62
| Winter | 5.1 20 No Heater & No WC 478 1.97 g | Wier | LT No Heater & No WC 141 081
30 Fan & WC 5 1.76 Note: p <0.05; F > 5; (+SD) <1
31 o & Sunmer 5116 AC & WC 531 147
32 B e a1 M eeewe e
) ) No Heater & No WC 547 1.71
33
34
22 Comparing the Groups for Performance Evaluation
37 The TAQ satisfaction of the sampled office was higher in summer than in winter when
38 compared between seasons and within the ventilation modes. The IAQ preference was higher
39 during summer compared to winter but similar when compared between seasons and within the
40 ventilation modes. The employees achieved thermal satisfaction with thick clothing and
41 preferred diverse activities in winter due to the temperature, humidity and acceptability of the
42 thermal environment. Thermal preference was perceived as neutral for winter temperature,
43 humidity and draught conditions. The more profound impact of physiological and
44 psychological symptoms and their consequent health effects of SBS were faced during summer
45 than winter. The existing filtration measures were preferred in winter due to poor air quality
46 and the employees have less awareness of the wind catchers for both seasons but high
47 preference during winter. The comparative analysis of ventilation modes showed more TAQ
48 satisfaction in ‘air-conditioned’, and ‘air-conditioned and wind chimney’ as the employees
49 perceived that air-conditioned filters would clean air and employees in offices with the ‘fan
and wind chimney’ showed less IAQ satisfaction. During winter, the IAQ satisfaction was
50 higher in the ‘heater and wind chimney’ office and the existing ventilation measures were
51 preferred due to high and poor outdoor air quality index when compared within or between
52 groups.
53
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The graph of thermal comfort, acceptability of thermal environment and window ventilation
were sorted by the building code for comparing ventilation modes. The preference for ‘fan and
wind chimney’, air-conditioned’ and ‘wind chimney and air-conditioned’ during summer and
‘wind chimney and heater’, ‘no heater and no wind chimney’ during winter were counted from
the comfort votes.

Thermal Comfort
Thermal Comfort is an individual's physiological, behavioural and psychological response to

their environment. 3> The survey measured thermal comfort as the individual response to the
temperature, humidity, airflow sensation and comfort conditions (Figure 16a-e).
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Figure 4 Thermal Comfort Variables for Five Ventilation Modes, a) Temperature Feel, b) Humidity Feel, c) Air flow Feel,
d) Comfort Feel, e) Thermal comfort Votes

During summer and winter, most employees in the ‘fan and wind chimney’ and ‘heater and
wind chimney’ reported discomfort and complained about the warm and hot conditions during
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10 the two seasons. The employees faced humid conditions in all offices during summer and
11 winter and the effect of airflow feel was higher in the ‘fan and wind chimney’ compared to the
12 ‘air-conditioned’ offices in summer. During winter, employees in offices with wind chimney
13 reported discomfort with much too breezy conditions. So, the cumulative average of
14 comfortable feel was higher in ‘fan and wind chimney’ compared to non-wind chimney offices
15 during summer and winter. The ‘heater and wind chimney’ were effective for a ‘very
16 comfortable’ condition. The comfort was determined based on the combined effect of
17 temperature, humidity, airflow and comfort feel. The ‘fan and wind chimney’ office was ‘very
18 comfortable’ and had a ‘comfortable’ feel for the ‘air-conditioned and wind chimney’ office
19 during summer. However, in winter, occupants in ‘no heater and no wind chimney’ office
20 reported the most comfortable feel, with few employees being uncomfortable in all building
2 types. The cumulative effect of thermal conditions, for the employees of offices were ‘mostly
2 comfortable’ with the ventilation modes.
23 -
Thermal Acceptability
24
25 The employees’ acceptability of the given thermal environment for five ventilation modes
26 depended on the counted votes and adaptable measures of activities and clothing (Figure 17a-
27 o).
28
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47
48 Figure 17 Thermal Acceptability for Five Ventilation Modes, a) Acceptability of Thermal Environment, b) Acceptability of
49 Thermal Environment for clothing, c) Acceptability of Thermal Environment for activities
50
51 During winter, the employees in offices with different modes used adaptable clothing and
52 activities to make the thermal environment acceptable. During summer, the employees in the
53 ‘fan & wind chimney’ have mixed responses to the overall thermal environment. The
54
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significant count of thermal environment acceptability in the ‘heater and wind chimney’ gave
a neutral feel. The employees undertook various activities in the offices and the tasks were
managed for 8 hours of activities. Most employees reported acceptability of the thermal
environment in the ventilation modes undertaking high metabolic activities of writing (1.0 met)
and typing (1.1 met). The employees of the ‘air-conditioned and wind chimney’ offices
reported high acceptability for walking (1.7 met). The acceptability of the thermal environment
with mean clothing greater than 1.5 was acceptable for winter ventilation modes. The
employees of the offices wore clothing that gave them a neutral, unacceptable and very
unacceptable feel.

Window Ventilation

Window ventilation depends on employees’ satisfaction with window size, incoming humidity
and draught feel when it is open (Figure 18a-c). Most employees in offices with ‘fan and wind
chimney’ disagreed with the given window size. For air-conditioned offices with or without a
wind chimney, the effect of window size was limited to opening it often when electricity was
out of supply or for natural light. The employees in offices with ‘heater and wind chimney’ and
‘no heater and no wind chimney’ disagreed with window size. During winter, employees in
offices with ‘heater and wind chimney’ would require ‘fairly high’ humidity through
the window, and in summer, employees of ‘fan and wind chimney’ complained of window
humidity. The window office draught was frequently and ‘fairly’ experienced by employees
of the ‘no heater and no wind chimney’ office. For offices with ‘fan and wind chimney’, the
highest vote count for window draught was for ‘fan & wind chimney’ as neither or never
experienced by employees.
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Figure 18 Wind Ventilation Variables for Ventilation Modes; a) Window Size, b) Window Office Humidity, c) Window Olffice
Draught
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10 During summer, higher thermal satisfaction and preference amongst employees compared to
11 winter between and within the groups showed better thermal performance of wind chimneys.
12 However, within ventilation modes, the low perception of thermal preference was reported for
13 ‘fan and wind chimney’ with passive controls. The employees’ subjective evaluation of the
14 sampled office reported better health conditions in summer than in winter. The wind chimne
p p Y
15 offices were more helpful to employees in combination with other measures to achieve better
16 health conditions within the offices. The employees of air-conditioned offices exhibited higher
17 health scores because of thermal shifts when switching between air-conditioned and non-
18 conditioned environments, causing SBS due to thermal comfort and IAQ management. ©
19 The filtration methods of the indoor landscape were preferred by employees during summer
20 than in winter, and results were akin to Yan, ®* which showed the impact of season on thermal
p
21 comfort with landscape. The comparison of ventilation modes showed the highest appreciation
22 of filtration measures reported by the employees of wind chimney offices than any other
p Y ploy: y y
23 ventilation modes. The wind catcher familiarity was low in all groups except the wind chimney
24 offices due to less awareness about passive measures and modern wind catcher designs. The
25 employees preferred modern wind catchers during summer due to their experienced satisfaction
26 with IAQ and thermal comfort. The employees in offices with ‘fan and wind chimney’, ‘air-
27 conditioned and wind chimney’ and ‘heater and wind chimney’ had better thermal performance
28 and IAQ. The wind chimneys were effective during summer and winter whereas the wind
29 catchers were only used in summer, %
30 Employees scored high satisfaction in air-conditioned offices with or without wind chimneys
31 because the air-conditioner filters the dust, improved the air quality and thermal comfort.
32 However, the employees of sampled offices in Lahore did not express 80-90% thermal
33 environment satisfaction as recommended by the comfort standards. 33132 The existing trend
34 indicated that the ventilation measures did not create a fully comfortable indoor environment
35 in offices with 80-90 % thermal acceptability.
36
37 Comfort Indexes and Performance Evaluation of Ventilation Modes
38 . o .
39 The performance evaluation of the five ventilation modes was done with the CBE thermal
40 comfort tool for calculating thermal comfort indexes % of the Predicted mean vote (PMV), the
41 Predicted Percentage of Dissatistfied (PPD), the Standard Effective Temperature (SET) and
Leadership in Energy and Environmental Design (LEED) Compliance (Table 13). Generally,
42 only GH (0.04, 5%), which have ‘air-conditioned and wind chimney’ achieved thermal
43 neutrality and complied with the LEED standards during the winter (Figure 19).
44
45 Table 13 CBE thermal comfort Tool %6 and LEED Compliance for offices
46 Ventilation Mode Building Code PMV PPD SET LEED
47 compliance
48 Air-conditioned PSDA -1.35 43 20.1 FALSE
Fan and wind chimney DPI -1.31 41 20.2 FALSE
49 PCS -2.18 84.2 17.3 FALSE
50 Air-conditioned and wind chimney GH -1.64 585 19.2 FALSE
51 No heater & No wind chimney PSDA -0.76  17.2 226 FALSE
Heater & wind chimney PCS 1.54 533 30.7 FALSE
52 GH 004 5 25 TRUE
53 DPI 243 918 332 FALSE
54
55
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Figure 5 PMV and PPD of employees in offices during Summer and Winter

The DPI, PSDA and PCS offices did not comply with the LEED due to high and low PMV
during summer and winter respectively. Based on the typing as metabolic activity and light,
heavy clothing insulation in summer and winter, the highest SET was experienced in winter
than in summer and an average person felt warm in winter and cool in summer within these
offices. The power consumption of the measured offices was calculated based on the ventilation
modes, operating devices, number of employees and envelope design. In addition to office
equipment, the power consumption in DPI, GH and PCS offices was higher during winter than
in summer due to the electric heater (Figure 20).
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Figure 6 Power Consumption in Offices during Summer and Winter
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10 Conclusion and Future Directions

11

12 . . . . o

13 During summer and winter, the results of environmental monitoring of temperature, humidity,

14 PM, 5, CO, and employees' subjective assessment for IAQ and thermal comfort showed that
the sampled offices in Lahore did not meet the ASHRAE, WHO and EPA standards. The

15 concentrations of CO, in summer and PM, s during winter were well above the recommended

16 standards, reaffirmed by employees' dissatisfaction. The adaptive comfort standards for

1; naturally ventilated offices provided comfort temperature at 35°C. Various building controls
of windows, doors, wind chimneys and ventilators can help employees adapt to higher thermal

19 o e o . . . .

20 conditions. Filtration and ventilation through wind catchers is a solution for offices with 80-

2 90% acceptability of IAQ and thermal comfort as recommended by ASHRAE standards. The
passive measures of wind chimneys, ventilators, street-level windows, courtyards and verandas

22 were not used to ventilate offices. The wind chimneys were designed to be used with other

23 passive measures but in existing offices GH and PCS, they were the source of pollution. Most

24 wind chimneys, skylights and windows were closed which did not provide the crossflow of

25 wind ventilation. The thermal shifts in air-conditioned and non-air-conditioned environments

26 of offices, incorrect use of passive measures and existing filtration choices were the barriers to

27 thermal comfort and IAQ. Employees have reported the acceptability of the modern wind

28 catcher, so the Computational Fluid Dynamic analysis is suggested. The existing wind catcher

29 design and green filtration techniques can be combined for experimental purposes to improve

30 thermal comfort and IAQ for Lahore, Pakistan.
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