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Abstract

This paper examined the building environmental performance of Engineering and Science Learning Centre (ESLC).
The aim was to investigate the light and thermal benefits from the atrium covered by Ethylene-tetrafluoro-
ethylene (ETFE) cushions on adjacent spaces. The study was conducted using different analytical tools for the
parametric study of existing and improvement of the light and thermal performance of the building respectively.
The results showed that the learning spaces have insufficient daylight levels toward the rooms end and the
abundant lighting level in the ETFE covered atrium is not influencing the lighting conditions in the atrium
adjacent spaces. The learning spaces during occupancy have much CO2 concentration for most times during the
summer due to the window effective opening and ventilation strategy. The improvement study presented a
modification of the window profile to the atrium as well as proposing new summer strategy.
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1. INTRODUCTION

The building envelope can have significant impacts on the indoor environmental conditions
which can affect occupants’ health, performance (lrene and Robert, 2007). Glass has
traditionally been used for atriums to admit natural light and modify the indoor environment,
but in recent years, ETFE has become an alternative to glass (Tanno, 1997). ETFE single foil
transmits 94-97% of visible light, a higher percentage than the equivalent 89% of single glazing.
A double layer ETFE transmits approximately 76% of visible light, which is similar to the
amount of visible light transmitted by a typical double glazed unit (Robinson-Gayle et al.,
2001). According to Tanno (1997), a standard 3 layer cushion has a U-value of around 1.95
W/m? °K which is considerably better than triple glazing when used horizontally. The atrium
can be used to improve the internal conditions of buildings to bring more daylight into the
inner space, transferring the light to the surrounding, acting as a buffer zone to prevent direct
solar penetration (CIBSE, 2006).

2. CASE STUDY AND SEASONAL ENVIRONMENTAL STRATEGIES

2.1 Engineering and Science Learning Centre

Engineering and Science Learning Centre is sited at the north-east side of the University Park,
University of Nottingham, UK. It is surrounded by the Chemistry, Coates and Pope Buildings.
It is 3500m? horseshoe-shaped three-storey educational building having students support
office, graduate centre, offices, learning and teaching spaces and multi-functional central
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atrium designed by Hopkins Architects. The atrium roof consists of three-layer of ETFE
provides daylight into the interior space of the building. On its flat side facing Pope Building,
it is cladded with horizontal aluminium louvres. The building is north-east/south-west
oriented.

2.2 Selected Studied Rooms
The selected rooms are typical teaching spaces located on the first floor as shown in Figure 1
and Table 1.

Table 1. Geometric parameters of the selected rooms

Room Orientation | Window Floor Window/floor Distance to nearby
area area ratio building

Room B02 Northwest 29 m2 108 m?  0.27 16m

Room B13 Southeast 15 m? 54 m? 0.27 9m

Seminar room B02

Seminar room B13

g Atrium

Figure 1. First floor plan showing the selected rooms

2.3 Building Environmental Strategies
The building operation is hybrid. In summer mechanical ventilation via AHU system provides
cooling. The manual opening of external windows and automatic opening of atrium windows
during the day and night. During the winter, closed loop ground source heat pump are used
as a primary heat source with additional heating source perimeter heating via fan coil units
and underfloor heating to the atrium area with reverse cycle for cooling mechanical
ventilation via AHU. The building environmental strategies are shown in Figure 2

A= Summer solstice 12pm 59.9° C= Winter solstice 12pm 13.0°

Figure 2. Summer and winter environmental strategy (Section A-A)

3. ON-SITE MONITORING

3.1 Daylight Performance Evaluation

The daylight spot measurements were carried out under sunny sky condition. The objective
was to evaluate the daylight in the atrium and to examine the atrium luminous environment
influenced on the adjacent spaces daylight level. This study was conducted using LM-8100
measurement instrument. The atrium daylight illuminance (Figure 3) was high in the atrium
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central part and decreased towards the atrium edges. The average internal illuminance at
ground level was 12791 lux while the highest and the lowest value were 33180 lux and 4030
lux respectively compared to external illuminance was 35698 lux. This indicated that the ETFE
cushion transmitted 93% of the outdoor illuminance into the atrium, which confirmed the
abundance of daylight in the space. The daylight illuminance in the BO2 and B14 were higher
closer to external windows and reduced away from the window. The B02 illuminance level
decreased towards the atrium window, which indicated that the atrium daylight did not
influence the luminous environment in the selected adjacent rooms (Figure 4).
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Figure 3. Atrium measurement grid plan and daylight illuminance distribution along Section x-x
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Figure 4. Room B02 measurement grid plan and illuminance distribution along Section x-x

3.2 Thermal Performance Evaluation

The thermal on-site monitoring was carried out to investigate the indoor environment of each
level of the atrium and the selected rooms. Temperature and CO2 were taken simultaneously
using tiny tag data logger while the surfaces temperature were measured using Fluke infrared
thermometer. During the day and night, temperature stratification was observed in the
atrium (Figure 5). It was observed from the result that the indoor temperature of B02 is within
comfort threshold but there might be a risk of overheating in summer as the temperature
increased during occupancy period. The CO2 concentration was high because of insufficient
ventilation (Figure 6).
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Figure 5. Thermal image of atrium temperature stratification
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Table 2. Atrium temperature and relative humidity during the night and occupancy period (day)

Night (15t March 2016, 22:00pm) Day (2" March 2016, 12:00pm)
Outdoor Relative Humidity |Outdoor Relative Humidity
temperature=16°c 50% ([temperature=20.2°c 27%
Level | Space Wall Floor Ceiling [Space Wall Floor Ceiling
temp. temp.
1 17.3°c 20°c 20.5°c 19.5°c [17.3°c 20°c 20.5°c 19.5°C
2 18.4°c 20.5°c 20.5°c 21°c 18.4°c 20.5°c 20.5°c 21°c
3 18.7°c 19.5°c 19.5°c 15.5°c [18.7°c 19.5°c 19.5° 15.5°
£ — = = T
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Figure 6. Indoor temperature and CO2 concentration of B02

4. PERFORMANCE PREDICTIONS

4.1 Daylight predictions

The prediction of the luminous quality of the selected spaces was done with the objective of
understanding the percentage of the spaces that are naturally lit. This dynamic daylight
simulation was done in IES VE with correct surfaces reflectance and the working plane was
850mm.Table 4 shows the simulation results of BO2. The Spatial Daylight Autonomy of this
BO2 (Table 3) showed that 51.23% of the floor area receive 300 lux for 50% of occupancy
period. The Spatial Daylight Autonomy of B12 (Table 4) revealed that 18.24% of the floor area
received 300 lux for 50% of occupancy hours (8:00-18:00).

Table 3. Climate-based daylight prediction of B02

SDA: 300 lux 50 % | DF for Overcast Sky | Annual Average Lux | Annual UDI 100-

(8:00-18:00) for DA 300 Lux for DA

51.23% Min. =0.6% Min. =81.6 <25 =34.56%
Max. =16.4% Max. =2251.2 25-50=64.70%

Average =3.46%
DF> 2% =44.12%

Average =515.42 50- 75 =0.74%
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Table 4. Climate-based daylight prediction of B12

Average =4.09%

Average =508.32

SDA: 300 lux 50 % | DF for Overcast Sky Annual Average Lux | Annual UDI 100-

(8:00-18:00) for DA 300 Lux for DA

18.24% Min. =1.4% Min. =182 <25 =17.65%
Max. =12.4% Max. =1338.8 25-50 =82.35%

% DF >2 =90.2%

5. PERFORMANCES IMPROVEMENTS

5.1 Daylight and Thermal and Air quality

For the effective benefit of the atrium luminous environments on the adjacent rooms, three
cases with three different window profiles of W3 were investigated as shown in Figure 7. A is
the base case while B and C are the changes.
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Figure 7: Window profiles for daylight improvements

Using the internal window to atrium spaces as air outlet, cross ventilation of the adjacent
rooms could be achieved as shown in Figure 8. Three cases of effective window opening were
investigated to achieve good indoor conditions. The following assumptions were made:
Simulation period was in summer (May-August), comfort temperature (18°c -25°c),
occupancy period (8:00-18:00), occupancy density of 40students, Laptop 15w/m?, projector
360w, light 2.2 w/m?, air exchange is natural ventilation with maximum flow of 10ACH, 30%
air inlet and outlet effective opening (acoustic duct) is 30%.

Figure 8: Summer strategy for thermal and air quality improvement

5.2 Results and Discussion

Each simulation was presented in percentage of hours during summer when the temperature
is within comfort band and CO2 concentration is within 450ppm-650ppm. For room B02 the
percentage within comfort band increased to 79.4%. With the presence of cross ventilation
the air quality improved by 35.6% (Figure 9). The percentage of Annual UDI 100-300 Lux for
DA increased by 10%. For Seminar Room B13, the air quality improved and the period within
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comfort level by 50.9% and 34.3% respectively. The percentage of Annual UDI 100-300 Lux
for DA increased by 5.9%.
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Figure 9: Percentage of time within comfort temperature and air quality

6. Conclusion

It can be concluded that the atrium luminous environment did not offer daylight benefit to
the adjacent spaces. With proper window to wall ratio, the adjacent rooms could borrow light
from the main atrium. There was temperature stratification in the atrium and occupancy
density affected the indoor environmental condition in the selected spaces. The redesign of
atrium window improved the daylight level and the annual comfort percentage. The air
quality in summer were also achieved by making use of the internal windows facing the atrium
as air outlet. This paper concluded that through proper atrium window design, the thermal
and luminous environment of the adjacent spaces. Facing the atrium can be significantly
improved, and as a result, the overall energy consumption can be reduced and the comfort
conditions can be much improved.
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