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Abstract
A base case model is a more potent dose for applied research; the passive architectural design for sustainability requires optimised
experiments. However, experimenting with physical developments require construction and deconstruction until they achieved the
optimal scenario. These wastes resources and time; hence, base models' development as useful instruments in the optimisation design
process is desirable. Lecture theatres in universities have no specific design model whereby optimising one may not apply to the other.
Therefore, this research evaluated a base model for lecture theatre regarding spatial configuration, daylighting potentials, and optimised
window-to-wall ratio (WWR) for tropical daylighting. A study of ten existing lecture theatres in eight universities within eight states in
Nigeria's hot-humid climate was analysed descriptively for the base model. The study employed Simulations with IES-VE software.
The daylighting performance analysis adopted the daylighting rule of thumb, daylight factor, work plane illuminance (WPI), and WPI
ratio. The results show that a typical lecture theatre in the study area has a dimensional configuration of 12×20 m floor plan, 6 m ceiling
height, and a window wall ratio (WWR) of 13%. In the deduced base model, 4H was required for adequate daylighting against the
thumb's 2.5 H daylighting rule. The research concludes a low window-wall ratio with poor daylighting quality and quantities in the base
model; therefore, it implies that the daylighting was not a criterion in the designs. However, the experiment revealed a progression in
daylighting performance with an increase in WWR from the base case until 30% WWR. Beyond that, there was a decline in the
daylighting performance. Therefore, 30% WWR was optimal for daylighting performance in lecture theatre retrofitting within the
tropical climate.
© 2021 The Author(s). Published by solarlits.com. This is an open access article under the CC BY license
(https://creativecommons.org/licenses/by/4.0/).

1. Introduction
Comfort in an environment is a set of conditions within the
environment that permit people wellbeing in terms of visual,
thermal, anthropometric safety and acoustic which is useful by
enhanced quality of light, air, and olfactory comfort respectively
as established by Lamberts et al., 2014 cited in [1]. The natural
source of lighting is from the sun and helps in different ways, for
example, the source of light in building structures, and it is free.
Adequate daylight level in buildings like lecture halls is a critical
functional requirement [2]. Despite abundant energy sources such
as solar, tidal energy, wind, and biomass in Nigeria, the nation is
still one of the least electricity consumptions per capita in Africa.
*
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As a result, the epileptic power supply is the order of the day in
Nigeria and possibly other developing nations [3,4]. Therefore it
is expected that passive design strategies especially lighting, may
be of great concern and practice in Nigeria; thereby, extracting a
base model from the region was desirable. Quality daylight
exposure has a positive performance effect on students [5]. More
so, sustainable development has become a social responsibility
[6,7], the built environment is not left out, energy optimisation and
passive strategies are critical in the built environment towards
achieving sustainability [8]. More so, optimization provides the
possibility to explore multiple design variables and objectives to
select the value of variables that improve the desired goal without
harming the others [9]. The advocacy for sustainable passive
design strategies to achieving optimisation is desirable in building
like lecture theatre [2,10].
Despite the abundance of sunlight in Nigeria, daylight levels
were grossly inadequate, inconsistent, and some points with glare
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Fig. 1. Rule of thumb of 2.5 times window height as an effective area for daylighting [25].
Table 1. International Standards for Lecture Hall/ classroom lighting [30].
Areas

Brazil

General

Chile

Australia

500 lux

240 lux

European
EN 12464-1
> 300 lux

IESNA

---

320 lux

> 500 lux

Maximum 1500-2000 lux (150-200 fc)
Minimum 300 lux (30fc)
500 lux (45 fc)

Reading

200 - 500 lux

P.C.

------

160 lux

50 lux

160 lux (15 fc)

Drawing

3000 lux

600 lux

> 500 lux

500 lux (45 fc)

Table 2. Lighting Performance Indicator adopted from [10].
Daylight Factor

Remarks

< 1%

Unacceptably dark, the negligible potential for daylight utilisation

1 − 2%

Acceptable, the small potential for daylight utilisation

2.5%

Preferable, large potential for daylight utilization

5%

Preferable, Ideal for paperwork, too bright for computer work.

challenges in lecture theatres, lecture rooms, and other pedagogic
spaces. Thus, it was provoking the need to explore and adopt
strategies for enhancing the quantity and quality of daylight in
these spaces [10-12]. It is well established that daylighting has a
significant value of 30 to 70 percent in energy reduction from
electrical light consumption [13,14]. Thus, it is expedient to
improve the daylight autonomy of buildings, which is the
percentage of annual work hours during which all or part of a
building's lighting needs can be met through daylighting alone
[15]. On this backdrop, the quest for optimisation of daylighting
in the lecture theatre is explored. The lecture theatre generally does
not have a specific model. Its classification is based on the user's
ownership and possibly its seating capacity. In Nigerian
universities generally, lecture theatres are considered
departmental, faculty, and general university theatres. These may
not be different from the other parts of the world. The department
lecture theatre or hall is smaller and is where the departmental
course usually takes place. Faculty lecture theatre, on the other
hand, is the one where faculty conventional academic education is
attended. While the university lecture theatre is that general
university courses and exams are administered and the largest
amongst all and usually above 750 capacity.

To improve the daylighting performance, the study of lighting
behaviour carefully in the interior of sample building spaces is
desired [16]. However, in Nigeria and possibly around the world,
a typical lecture theatre model in terms of spatial configuration is
not defined. Therefore, the study evaluates a base model of the
lecture theatre in terms of spatial configuration for daylighting
performance analysis and optimisation to balance the typologies
with a seating capacity between 170 and 750. The evaluation
focused on the dimension, capacity, ceiling height, window
dimension, window-to-wall ratio (WWR), raking height, window
sill height, the plan form, and roof overhang depth as they may
influence the daylighting of a building [17]. The study is limited
to the passive design element and strategy of the university lecture
theatres.
To buttressed, daylighting always saves energy in the tropical
and subtropical climatic zones [18]. However, the size of the
space, floor to ceiling, the window-wall ratio has a significant
impact on daylighting performance [19-21]. More so, the
daylighting rule of thumb stipulates 2.5H for daylighting
performance where H is the height of window opening relative to
the work plane, and it is the possible horizontal depth of significant
daylight penetration to the building interior from the sidewall
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which house the window [22] as shown in Fig. 1. Although Lim et
al. [23], in their study, achieved 3.6 H by adding internal shading
configurations in an office building, they suggested external
shading and improvement on WWR to improve daylighting,
which may apply to spaces like a lecture theatre.
The bilateral light mode arranges windows on two opposite
façades of a building room and occasionally equal in the area [22].
This mode is prevalent in lecture theatres in Nigeria, and it is a
lighting mode required where highly uniform illuminance is
needed and for a plan with a deep floor [24]. The rule of thumb;
2.5 times the window height (H) is generally used as a practical
room interior depth for effective daylighting [25].
The international standards for lecture theatre/classroom
lighting specified the illumination level based on a different
teaching and learning task, as shown in Table 1, based on other
countries. However, Nigeria does not have a lighting standard.
Therefore, considered some tropical countries' standards, 200 to
500 lux level range was adopted for reference in the study, as
shown in Table 1.
The daylight factor is one of the static metrics usually employed
for quantitative analysis of daylighting. The overcast sky denotes
the worst sky scenario where the skydome's external illuminance
is considered uniform. The desirable daylight factor for spaces
such as lecture theatres is typically between 1 to 5% and is for
daylight utilization [10], as shown in Table 2. Other static metrics
include a view to the outside, avoidance of direct sunlight,
uniformity, and illuminance [26]. The dynamic metrics employed
as indicators of the quantity and quality of daylighting, as
espoused in [9] and [26], include useful daylight index, continuous
daylight autonomy, and spatial daylight autonomy, and annual

sunlight exposure. A few studies have been reported on daylight
design optimisation for energy savings, thermal comfort, and other
buildings' objectives in different tropical climates. For instance, it
was found that skightlight strips, perpendicular to external façade,
with 8% window-roof-ratio, would provide required daylight
levels with a minimum increase of cooling loads in Egyptian
campus buildings [27]. The daylighting design of buildings with
sunshades in China's low latitude region reported a lower
threshold of 0.40 WWR, the largest values of 0.55 for S-N
buildings and 0.70 for W-E buildings with 1.8m comprehensive
sunshades [28]. But factoring the effect of wall reflectance of 0.8,
a WWR of 30% was found optimal for daylight in South-facing
buildings [29].
The evaluation is expected to generate a base model, analysed
daylighting, and optimise the WWR for enhanced daylighting in
the lecture theatre and ignite architects and allied professionals'
inquiry nature and ways of improving building sustainability
through optimisation.
2. Method and materials
2.1. Case study
A case study method was used where primary data was collected.
Physical measurements were carried out with a 30-meter
measuring tape. Secondary data were collected through books,
journals, publications of associations related to lighting, and other
online resources. Ten case studies were derived from eight states
in the hot-humid climate of Nigeria. From the 1980s and beyond,
the decay of all tiers of education was monumental. The federal
government of Nigeria enacts a decree of the Tertiary Education

Fig. 2. Classification of the Nigerian climate adopted from Idowu & Okonkwo [35].
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Trust Fund Act 2011 (as amended), saddled with the responsibility
of essentially providing supplementary physical infrastructure for
teaching and learning in the third tier of education. It was effective
from 1994; therefore, the research takes case studies within the
year range of 1996 to 2018. The case study focused on passive
architectural elements for daylighting in the studied buildings. The
data collected were analysed descriptively using Microsoft excel

2019 and AutoCAD 2018. The results are presented in tables,
charts, graphs, and graphic drawings. The daylighting rule of
thumb was used to evaluate the daylight effectiveness of the base
model.

Fig. 3. Dimensions of lecture theatre base model for computer simulation of the Base Model lecture Theatre.

(a)
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(b)
Fig. 4. (a) and (b) Reference grid and reference point for the simulation.
Table 3. Name of WWR, elevation, number of windows, total window area, WWR, and Dimensions.
Name of WWR

Number of windows

Total Window Area (m2)

WWR (%)

Orientation
North

East

South

Window Dimensions (m)
W

H

West

G0 (Base case)

7

0

7

0

31.20

13

1.50

1.60

G1

7

0

7

0

52.65

20

1.50

2.70

G2

7

0

7

0

76.05

30

1.50

3.9

G3

7

0

7

0

103.74

40

2.10

3.8

G4

7

0

7

0

125.58

50

2.10

4.60

2.1.1. Study area
The climatic classification has divided the globe into different
regions based on significant climatology similarities (Koppen
classification) [31,32]. The tropics areas are usually areas with
high sunlight [18,31,32] and further divided into three sub-regions:
warm and humid, temperate arid and humid, hot/humid, and
arid/semi-arid. Bowen classification is based on the latitudinal
grouping, and Nigeria is on Lat.4° to 14°N, therefore, has a warmhumid climate. It is classified further into Hot dry, Temperate dry,
hot-humid, and warm humid [33], and for this case study, the
consideration is on hot-humid climate.
The sky conditions in Nigeria's hot-humid climate region are
characterised by an average clearness index of 0.43 with relatively
high sunshine. It is based on the yearly average of the daily
clearness index; the sky conditions have six patterns: the
harmattan-haze or dry season pattern from October/November,
December, and January with occasional dust-free. Dry season
pattern from February, March, and April, and four rainy season
patterns in August, July and September, June and / October and
May [34]. With the sun movement and the variations in the
climate's seasonal patterns, the daylight hours are about twelve
(6:45 am to 6:25 pm) in a typical year [35,36] and annual solar
radiation up to 880 Wh/m2. Figure 2 shows the climatic
classification boundaries of Nigeria for architectural design [35].

2.2. Data collection
2.2.1. Case study
Case studies of ten (10) lecture theatres were collected from eight
(8) universities in eight states out of eleven states (72.72%) within
the hot-humid climate of Nigeria. The case studies were selected
based on the purpose and ease of access in further consideration
of the sitting capacity of 170-750. The architectural passive design
configurations that aid natural lighting were studied and presented
in Tables 3 and 4. The case studies were lecture theatres in Taraba
State University Jalingo Taraba State, University of Nigeria
Nsukka Enugu State, Federal University of Technology Minna
Niger State, Kogi State University Anyigba, Kogi State, Federal
University of Technology Akure Ondo State, Benue State
University Makurdi Benue State, University of Ibadan Oyo State,
and Osun State University Osogbo, Osun State.
2.2.2. Simulation
The study adopted the daylight factor for quantitative analysis.
Whereas the work plane illuminance (WPI) and WPI ratio were
adopted for the daylight qualitative analysis. The simulation was
done with the Integrated Environment Solution-Virtual
Environment (IES-VE) software using the radiance engine. D.F.

2383-8701/© 2021 The Author(s). Published by solarlits.com. This is an open access article under the CC BY license (https://creativecommons.org/licenses/by/4.0/).

25

M. I. Ayoosu et al. / Journal of Daylighting 8 (2021) 20–35

Fig. 5. Simulation procedure.

performance range used in the experiment was between 1- 5% as
performance criteria for tasks in the lecture theatre [10].
On the other hand, the qualitative performance employed the
recommended WPI ratio of E/Eav >0.5 for acceptable and E/Eav
>0.7 for preferable [36]. E is the work plane (W.P.) illuminance
value (reference grid point), and Eav is the average W.P.
illuminance in the space under consideration. For this study, the
WPI ratios on the entire work plane reference grids were
evaluated. More so, the percentages of the ratios that meet the
specified requirements were evaluated and plotted. An adequate
range of WPI was considered from 200-500 lux [30].
The deduced base model was then calibrated and modelled in
the IES-VE, as shown in Figs. 3-5, to analyse the daylighting
performance. The 15 klx overcast sky and intermediate sky with
the sun for quantitative and qualitative analysis, respectively, from
the climate data of Makurdi, Nigeria. The configured experiment,
as shown in Table 3, was carried out with the base case G0; G1; G2,
G3, and G4.
The window wall ratio (WWR) experiment set up was based on
possible structural grids of the exiting lecture theatre as shown in
Table 3.
The daylighting analysis was explored in the deduced model
using the daylighting rule of thumb and then the simulation of the

bases model with IES-VE software. The simulation in the IES-VE
considered the work plane of 850 mm (the top of the student desk),
which is the standard for lecture theatre in Nigeria. The climatic
data of Makurdi and Makurdi-Nigeria as a site were used for the
simulation. Makurdi lies on 7.73° N, 8.54°E, and its elevation is
114 m above sea level. The internal surface reflectance was; 0.7
for the wall, 0.8 for the ceiling, 0.2 for the floor, and the
specularity value was 0.03; these were based on the previous study
considering the interior finishes [37]. The orientation considered
in the research was north-south (as recommended in Nigeria
building code) and practice in Nigeria tertiary education building
[38], where the design dates of March, 21; June, 22 and
December,22 and time 0900, 1200 and 1500 hours were used for
the simulation experiment. Figure 5 shows a summary of the
simulation procedure.
3. Results and discussion
3.1. Base model development
3.1.1. Evaluation of floor plan dimension
From the case studies, the average dimension of the plan was
deducted as a central tendency. It can then be generalized [39,40];
the result presented in Table 4. revealed a configuration of 20 m ×
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12 m; this seems similar to the lecture theatres previously studied.
[41,42].
3.1.2. Evaluation of window size
Window size and placement are critical to quality daylight,
especially on side lighting mode [43-45]. The window height and
width were studied and evaluated, as shown in Table 4, the average
configuration was deduced. The result reveals an average window
with a width of 1.6 m and a height of 1.5 m. These sizes seem to
fall short of illuminating the mid-span of 12 meters based on the
daylighting rule of thumb. The windows were also of 3 mm clear
glass with aluminium frames.

to the maximum may not promise healthier daylight penetration
but may permit higher values. Above 20% of WWR was desirable
for optimal daylighting in the classroom [19,47], however, in the
study, the WWR in the base model is 13% as shown in Table 4,
which indicate a gross deficiency and it implies that daylighting
was possibly not a criterion in the design hence the need to further
experiment to optimised the WWR.
3.1.4. Evaluation of window sill height
More so, from Table 4, the result of window sill height was
evaluated in each lecture theatre and presented with a deducted
average of 0.9 meters.

3.1.3. Evaluation of window-to-wall ratio (WWR)
The window wall ratio (WWR) influences daylight quantity in the
building interior [46]. Although increasing the window-wall ratio
Table 4. Evaluation of lecture theatre floor dimension, Window dimension, Window-wall ratio, and Window sill height configuration.
S/No

Name

Dimension
L × B (m)

1

Lecture theatre Taraba state University Jalingo, Taraba
State
Lecture theatre University of Nigeria Nsukka, Enugu
State
Lecture theatre Federal University of Technology
Minna, Niger State
Lecture theatre Kogi State University Anyigba, Kogi
State
Lecture theatre Federal university of technology Akure,
Ondo State
Lecture theatre Faculty of social science, Benue State
University Makurdi Benue State
Lecture theatre School of Postgraduate Benue State
University Makurdi.
Lecture theatre Federal university of technology Akure,
Ondo State
Lecture theatre university of Ibadan, Oyo State
Lecture theatre, Osun state university Osogbo, Osun
State.
Average

2
3
4
5
6
7
8
9
10

Window-wall
ratio (WWR) %

Window sill
height (m)

18.00 ×10.00

Window dimension
(m)
W×H
1.20 x 2.90

13.8

0.89

20.64 × 10.20

1.50 x 1.50

14.5

0.90

18.00 × 12.00

1.50 x 1.20

9.3

0.89

24.00 × 11.20

1.40 x 1.50

8.8

0.92

16.10 × 15.10

1.20 x 1.50

9.6

0.90

16.00 ×10.00

1.50 x 1.20

12.5

0.90

20.00 × 12.00

2.40 x 1.2

18.9

0.90

27.40 × 21.20

1.40 x 1.6

13.6

0.90

16.00 × 10.60

2.40 x 1.20

15.0

0.90

19.80 × 12.00

1.6 x 1.5

12.1

0.90

20×12

1.6 x 1.5

13

0.90

Table 5. Evaluation of lecture theatre Raked height, Capacity, Plan Form, and Roof Eave configuration.
S/no
1
2
3
4
5
6
7
8
9
10

Name
Lecture theatre Taraba state University
Jalingo, Taraba State
Lecture theatre University of Nigeria Nsukka,
Enugu State
Lecture theatre Federal University of
Technology Minna, Niger State
Lecture theatre Kogi State University
Anyigba, Kogi State
Lecture theatre Federal university of
technology Akure, Ondo State
Lecture theatre Faculty of social science,
Benue State University Makurdi Benue State
Lecture theatre School of Postgraduate Benue
State University Makurdi.
Lecture theatre Federal university of
technology Akure, Ondo State
Lecture theatre university of Ibadan, Oyo
State
Lecture theatre, Osun state university Osogbo,
Osun State.
Average

Raked height
(m)

Ceiling
height (m)

Capacity

1.50

7.00

1.10

Plan Shape
Linear

Polygonal

Roof Eaves
(mm)

400

0

1

1000

4.50

260

1

0

800

1.80

5.40

244

1

0

800

5.20

8.00

345

1

0

800

2.00

7.00

200

1

0

700

1. 2

7.20

264

1

0

900

0.00

3.8

192

1

0

600

3.00

7.20

750

1

0

700

2.40

6.00

170

1

0

800

2

6.00

310

1

0

900

2

6

314

9

1

900
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(a)

(b)
Fig. 6. Lecture theatre; (a) plan and (b) longitudinal section.

3.1.5. Evaluation of ceiling height and floor raked height
Floor to ceiling height also has a significant influence on the
daylighting distribution [48]. An adequate ceiling height is
necessary to provide the desirable window height, daylight
reflection, and distribution [25] as an aesthetic feel. As presented
in Table 5, the various ceiling height in the studied buildings and
the deducted height of 6 meters has established based on the
average. On the other hand, the floor raking is a systematic
program of elevating the spectator's eye level to the front stage.
These may also influence daylight quality, quantity, and
distribution. All the scenarios evaluated, and a raked base height
of 2 meters have also been established regarding the average.
Fig. 7. Lecture theatre daylighting potentials based on the rule of thumb.

3.1.6. Evaluation of the lecture theatres seating capacity
The lecture theatre's capacity is also a requirement for design; it is
the number of persons it can accommodate proportional to the
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floor area requirement [49]. The consideration for this study
chooses between 170 to 750 capacity and the data presented in
Table 5, with a deduced average of 314. However, human subjects
were not considered in the daylighting analysis, but the base model
evaluation has been considered for future study applications.

3.1.7. Evaluation of the floor plan shape
Daylighting strategies are usually conceived at the building
planning stage, where the building form or shape determines the
orientation and façade exposure. In the tropical climate, a climate

(a)

(b)

(c)

(d)

(e)
Fig. 8. Daylight factor performance of WWR for the base case and the test cases: (a) G0 (base case), (b) G1, (c) G2, (d) G3, (e) G4.
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Nigeria enjoys, the orientation of buildings on the north-south is
desirable because it has the utmost interaction to southern
daylight, which aids in receiving the greater skylight with lesser
solar radiation intensity, hence lesser solar shading. The form of
the buildings studied aligns with the category of linear and
polygonal shapes. The dominant form was evaluated as a
generality for the lecture theatre in the study area. The linear shape
scored 9 out of the ten cases (90%), and the polygonal form score
1 (10%), therefore linear for is deduced Table 5. The linear form

has better potentials for the desired orientation in the tropical
climate when the window façade is along the longer axis.
3.1.8. Evaluation of roof eaves
Table 5 presented the result of roof eaves; the lecture theatre at
the Taraba state university has the deepest roof overhang (1000
mm) while the lecture theatre at the school of postgraduate studies
of the Benue state university has the least value of 600 mm and
the deducted average of 800 mm.

Fig. 9. Mean daylight factor for the base case and test cases.

Fig. 10. Percentage Area for daylight utilization on the W.P. for the base case and test cases.
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3.1.9. Deducted base model
From the above results, a composite plan was established, as
presented in Fig. 6.
3.2. Analysis of daylighting performance
3.2.1. Analysis with the daylighting rule of thumb
Figure 7 clearly shows that the potentials for an increase in the
WWR as window height can extend up to 4.8 meters and width to
2.4 meters. These give ample opportunity for experiments towards
optimisation. Daylighting falls short in the lecture theatre based on
the thumb rule; the required distance to illuminate is 4H. There is
a deficit of 1.5H, as presented in Fig. 7. Only 62.5% of the space
can utilise daylight, 37.5 % lack the potentials to utilise daylight.
Therefore, optimising the WWR is a critical strategy to passively
enhanced daylight in the lecture theatres. Daylighting in lecture
theatres, halls, and classrooms greatly influences student
performance, visual comfort, health, and energy savings. The

epileptic power supply in Nigeria entails building lighting
dependency on natural light, aside from the sustainability factor.
In the configured experiment shown in Table 3, the results
revealed that G1 and G4 are not potential cases as less than 48.69%
of the W.P. grid and area could not meet the average performance
range as shown in Figs. 8 and 9, respectively. The Percentage Area
for daylight utilisation on the W.P. as demonstrated in Fig. 10
where the average performance was established as a threshold;
therefore, the base case, G2, and G3 were chosen for the subsequent
experiment. G2 shows the optimal performance with 66.67% of the
W.P. area having D.F. within the performance range; however,
33.33% of the W.P. area was found to have D.F. not favoured for
daylighting potential. 7.14% of the W.P. area was below 1 D.F.,
and 26.19% of the W.P. area was above the D.F. value of 5. G3
had 59.52% of the W.P. area within the daylighting performance
range, and 40.48 not within the potential range. G4 has a 53% W.P.

(a)

(b)

(c)

(d)

(e)

(f)
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(g)

(h)

(i)
Fig. 11. (a)-(i) Simulated WPI for the base case and the two potential cases; G2 and G3 for March 21, June 22, December 22; 0900, 1200, 1500 h.

Fig. 12. Simulated mean WPI for the base case and the two potential cases; G2 and G3.

area above the D.F. value of 5, which denotes a high potential for
glare and thermal problems.
For qualitative analysis, the result revealed that in March, higher
indoor illuminance level was recorded at 09:00 and 15:00,
whereas, at 12:00, the indoor illuminance dropped much below the
acceptable range of 200-500 lux in the areas towards the mid-span
of the theatre, at the areas closer to the window, the illuminance

levels were higher than the 500lux limit. They recorded the highest
values at the southern façade, as shown in Fig. 11. In June, the
same illuminance levels were recorded at 900 hr and 1200 hr. In
contrast, at 1500 hr, the illuminance level changed with higher
levels except in the base case recording lower at the southern
façade (Fig. 11).
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Fig. 13. Percentage (%) of work plane illuminance (WPI) on the base case and the two potential cases; G2, and G3.

Fig. 14. Percentage (%) of desirable work plane illuminance (WPI) on the base case and the two potential cases; G2, and G3.

Regarding Fig. 11, higher WPI values were recorded on the
areas close to the window during the design month of December,
which suggests additional shading is required, especially at the
south façade. In contrast, in June, the shading was desired at the
north façade. Therefore, the challenge of enhancing daylighting in
a tropical climate is not just allowing a high quantity of daylight
in the room space but also control the quality of the daylighting.
The study has proven that daylight in the tropical climate is
different from daylighting in the temperate climate. It was
remarked that to achieve good daylight quality, and it's much
tasking in December compared to the other months of the year due
to sun patches due to direct sun during the winter, the sun is barely

ahead of the horizon [50]. This indicates that, in the temperate
region, daylighting performance is associated with much monthly
variation throughout the year. Meanwhile, in the tropics, the solar
geometry influences the daylighting performance through the day,
but significantly in the west and east orientations. There is usually
consistency in the daylight patterns for north and south
orientations.
More so, based on the WPI performance matrix, the G2 recorded
optimum performance as shown in Fig. 12 where up to 64.30% of
the work plane is favoured by WPI in the acceptable range of 200500lux as further buttressed in Fig. 13 such its eliminate the
problem of under illumination at areas toward the mid-span of the
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Fig. 15. Percentage (%) of work plane illuminance (WPI) ratios studied which achieve the requirements.

theatre. The base case has the worst performance, whereas the G3
has a penultimate performance. The result revealed that, for
tropical daylighting, WWR performance proceeds from above
13% (base case) to reach an optimal level at 30% WWR then starts
to decline, as shown in Fig. 14.
The uniformity for lighting as defined by achieving the
requirements of E/Eav>0.5 and E/Eav>0.7 as acceptable and
preferred values respectively, the result as presented in Fig. 15
shows that the base case work plane illuminance (WPI) ratio at the
preferred threshold was possible on only 35.71% of the W.P. area,
and 42.86% of W.P. area for >0.5, G2 recorded 50% of the W.P.
area for >0.7 and 78.57% of the W.P. area for >0.5. The test case
G3 recorded 42.86% of the W.P. area for >0.7 and 78.57% of the
W.P. area for >0.5. therefore, considering the preferred value at
>0.7, the G2 W.P. area has the highest value and as such optimal
uniformity followed by G3 and least G0 (base case).
4. Conclusions
This research presented lecture theatre spatial configuration,
daylighting performance, and WWR optimization within Nigeria's
tropical region. As a result of high external illuminance in the
tropical climate, the indoor daylight quality and quantity
performance ought to be efficient. However, several studies
revealed different problems ranging from insufficient, nonuniform, and high daylight with thermal and glare problems in
lecture theaters and halls. Therefore, balancing daylight
qualitative and quantitative performances in a base model is
essential to achieving effective daylighting in the tropical climate.
In the quest, the lecture theatre buildings were studied through
case studies and analyzed descriptively. It reveals 12 m × 20 m
floor plan configuration, 1.6 × 1.5 meters window, 6 meters ceiling
height, window sill height of 0.9m, window eave of 0.8m, window
wall ratio (WWR) of 13% as well as a linear floor plan form. The
daylighting result based on the rule of thumb was 4H against 2.5H,
with insufficient daylight level towards the mid-span of the theatre

and excess light level to the area closer to the window with thermal
and glare challenges. The research shows a deficit of 1.5 H
concerning the existing window and a low window-wall ratio,
which implies that the daylighting performance was not a criterion
in the designs.
The base model WWR was then configured into for (4)
additional possible WWR for the experiment. The configured
WWR was 20%, 30%, 40%, and 50% regarding the structural
grids in the existing ones. The simulation experiment for
optimising the WWR for daylighting performance revealed an
optimal WWR for a lecture theatre in a tropical climate to be 30%.
A proportion increase in performance as the WWR increases until
exceeding 30%, and then a further increase introduced a decline in
daylight performance. Nevertheless. at 30% WWR, the scenario
of daylight at the areas near the window required shading;
therefore, these recommendations for further study:
1.
2.
3.

Enhancement strategies for daylight quantity and quality
using light shelves, blinds, and ceiling configurations should
be advanced for optimal daylight performance.
Effect of the human subject on daylighting in the lecture
theatre.
Further studies toward policy establishment are also desirable.
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