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Abstract

The National Assembly for Wales in Cardiff building was one of energy efficient certified building in the UK.
This paper aimed to investigate the environmental performance of the debating chamber in this building in
term of visual and thermal comfort. The investigation started on understanding the initial concept of the
building and continued by analysing the response of building fenestration towards the environment. Visual
comfort and natural ventilation were assessed by using Ecotect and Optivent software. The result showed that
the current configuration of the debating chamber could not deliver enough daylight to achieve visual comfort
in the working plan so that some improvement had been proposed. Meanwhile, the natural ventilation
simulation result showed that the room could not achieve the required for cooling benchmark and the thermal
comfort achievement analysis showed that the wind cowl in the debating chamber worked no better than not
using it.
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1. Introduction

The National Assembly of Wales building (Senedd) had earned an excellent BREEAM
certification based on the innovative environmental features. This achievement echoed the
design intention of this building which was designed to have at least a century of life time
and became the pioneer in sustainable construction and use. The main idea was utilizing
natural and local resources by delivering natural ventilation, natural light, heat from earth,
rainwater flushing and the use of chap wood-waste fuel for heating to mitigate the running
costs by a third to a half (Fishlock & Molyneux, 2006, p. 138). This paper aimed to
investigate the environmental performance of the debating chamber of the Senedd in terms
of the daylighting, natural ventilation and thermal conditions.

2. Building Profile

The National Assembly for Wales (Senedd) was located in Cardiff, UK and designed by
Richard Rogers and Ivan Harbours. The inspiration of the design came from the bay which
was connected directly to the sky. The funnel delivered the sunlight into the chamber. It
also acted as a chimney where air rose and escaped with helps of wind cowl (see Figure 1)
(Fishlock & Molyneux, 2006, p. 43). The glazed wall acted as a transitional and sun space for
the chamber that trapped the heat and protected the chamber for direct contact with the
outside. The building itself consisted of three levels (see Figure 2). The debating chamber
and meeting rooms were located in the ground floor. In the first floor, the Neuadd
welcomed the visitor and directly connects with the public gallery, where visitors could
watch the assemblies during the debate. This floor was the entrance area for public visitors.
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In the second floor, visitors could enjoy the Oriel where the café, another space for
gathering, recitals and exhibitions.
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Figure 1 Environmental design concept (Rogers Figure 2 Exploded axonometric (Rogers Stirk
Stirk Harbour + Partners, 1998) Harbour + Partners, 1998)

3. Daylight Performance

This chapter explained about the assessment of daylight performance in the debating
chamber by using sun path diagram and Ecotect software. By overlaying the sun path
diagram on top of the buildings masterplan, the solar azimuth and solar altitude could be
defined based on the opening times of the National Assembly for Wales to investigate the
solar penetration inside the building by using three key days i.e. summer solstice, equinox,

and winter solstice. The building operated from 8 am to 4 pm.
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Figure 3 Sun path analysis in summer solstice

Figure 3 illustrated the solar penetration inside the building during summer solstice. Since
the building was facing south-west, the east elevation received solar penetration from 8 am
to 12 pm while the south elevation received solar penetration from 1 pm to 3 pm.
Meanwhile, the west facade only received solar penetration from 4 pm until the sun sets.
Figure 3 indicated that during summer solstice at 12 pm the solar penetration reached the
debating chamber while in the west elevation did not. At 1 pm the sun also penetrated the
debating chamber while the 3 pm sun only reach the top part of the funnel.

On the other hand, Figure 4 illustrated the solar penetration from east did not lit the
chamber. The solar penetration from west at 4 pm also did not penetrate the chamber. The
solar penetration also stopped at the edge of the funnel from south at 1 pm and 3 pm. From
here, it indicated that during equinox there was no direct sun reached the chamber. Figure 5
showed that the solar penetration only filled the Oriel and did not penetrate the chamber.
Meanwhile, on the south at 1 pm and 60 at it only penetrated the Oriel and Neuadd. It
indicated that in the winter, the low solar angle could not reach the chamber.

The next investigation aimed to study the daylight factor inside the Debating Chamber.
Three different cases were assessed in this chapter:
— CASE A: the current conditions of the chamber



— CASE B: additional openings in the funnel near the Oriel to provide more solar
penetration
— CASE C: additional openings in the funnel near the Oriel to provide more solar

penetration and removes the wind cowl
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Figure 5 Sun path analysis in winter solstice

Table 1 Daylight performance for case A, case B and case C

CASE A CASE B CASEC
Average DF (%) 4.08 5.06 13.07
Uniformity ratio 0.47 0.46 0.42

A

Figure 6 Daylight factor Figure 7 Daylight factor Figure 8 Daylight factor distribution
distribution curve in case A distribution curve in case B curve in case C

As shown in table 1 the average daylight factor inside the debating chamber had been
increased gradually. Case B indicated the improvement by 0.98% from Case A meanwhile in
the Case C the average daylight factor had improved by 8.99%. In Case C, the average
daylight factor was 13.07%. Further analysis was conducted to understand the daylight
distribution inside the debating chamber as shown in Figure 6-8. In Figure 6, the transparent
ceiling was the source of the daylight inside the debating chamber. It had been increased in
case B (see Figure 7) by providing transparent wall in the down edge of the chimney so that
the daylight was distributed evenly. Skylight used in case C which was the substitute of the
wind cowl helped providing daylight to the debating chamber as shown in Figure 8.

4. Natural Ventilation
Investigating the natural ventilation based on the hottest day (August) in Optivent software
generated the air flow rates for the thermal performance. There were two assessed cases in



this chapter: Case A and Case B. Case A represented the current conditions with the
assumptions as follows: the maximum occupancy was 180 people, the artificial lighting was
always on and each people was using computer. On the other hand, case B was representing
the proposed design where the wind cowl was removed as a consequent of improving
daylight inside the chamber. Each case was investigated based on the performance of
different effective aperture in the inlet as follows: 25%, 50%, 75% and 100%. The effective
aperture for the natural ventilation was illustrated in Figijre 9.
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Figure 9 Main window types and typical range
of aperture sizes (CIBSE, 2005. Table 3.2)
Table 2 Natural ventilation performance based on effective inlet aperture
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Figure 10 Case A Figure 11 Case B
assumptions assumptions

Effective aperture CASE A CASE B
25% Air flow rate 2.24 ach 2.12 ach
Required for fresh air achieved achieved
Required for cooling not achieved not achieved
50% Air flow rate 4.49 ach 4.23 ach
Required for fresh air achieved achieved
Required for cooling not achieved not achieved
75% Air flow rate 6.73 ach 6.35 ach
Required for fresh air achieved achieved
Required for cooling not achieved not achieved
100% Air flow rate 8.98 ach 8.47 ach
Required for fresh air achieved achieved
Required for cooling not achieved not achieved

Based on the assumption showed in Figure 10 and 11, the performance of natural
ventilation system in the debating chamber was summarized in Table 2. The results showed
that removing the wind cowl caused the mitigation of air flow rate in a small amount. It also
depicted the achievement of fresh air and cooling requirements for the debating chamber,
where the results indicated that every case could not achieve the requirements for cooling
meanwhile the requirements of fresh air were achieved.

5. Thermal Performance

The dynamic thermal simulation aimed to analyse the thermal conditions inside the
debating chamber during the warm days in May to September using natural ventilation. The
evaluation was based on the percentage of hours where the indoor temperature was in the
comfort zone between 22°C-25°C during summer in the working hours (8 am — 4 pm). The
internal gain of the room was derived from the occupancy level, the artificial lighting and
the computer used inside the chamber. The simulation included 180 people, each person
was using the computer inside the chamber, artificial lighting was on during working hours
and the infiltration rate was 0.25. There were ten cases simulated in this research listed in
Table 3.



Table 4 showed that the temperature during May to September was decreased along with
the bigger aperture provided in the debating chamber for about 1-5° C. The maximum and
minimum temperature inside the debating chamber in Case B indicated the same results. By
defining the comfort temperature during summer which was between 22°C-25°C, the
frequencies of achieved thermal comfort inside the debating chamber were calculated to
compare the annual achievement between using and not using wind cowl to help ventilating
the room (see figure 13). The results showed that the optimum inlet effective aperture for
Case A (base case) was 50% indicated by 45.9% in fully occupied profile and 50.1% in half
occupied profile of working hours during a year the temperature inside the debating
chamber was in the comfort zone (22°C-25°C) and aperture more than that made the
temperature fell below the comfort zone. Meanwhile, by removing the wind cowl the
frequencies of thermal comfort achieved inside the debating chamber increased by 5.6% in
fully occupied profile and 3.2% in half occupied profile. From these results, the debating
chamber performed better by not using wind cowl than by using it during summer proved

by the annual frequencies of thermal comfort achievement during working hours in a year.
Table 3 Assumptions for thermal simulation

Current Condition Without Wind Cowl
Case Name | Effective Aperture | Case Name | Effective Aperture
A No ventilation B No ventilation
Al 25% B1 25%
A2 50% B2 50%
A3 75% B3 75%
A4 100% B4 100%

Table 4 Minimum and maximum temperature for both cases
Temperature (°C)

A Al A2 A3 A4 B B1 B2 B3 B4
May | Min 245 | 20.5 17 14.5 13 235 | 20.8 17 17 15
Max 345 | 295 29 28 28 34 29.8 29 29 29
Jun Min 26 21.5 17 14.5 13 25 22 175 | 175 15
Max 345 | 315 31 30.5 30 34 31 30.5 | 30.5 30
Jul Min | 27.5 | 23.5 | 20 18 17 26 | 235 | 20 20 19
Max | 36.5 | 32 30 30 30 | 355 | 32 30 30 30
Aug | Min 26 | 235 | 20 18 17 25 23 20 20 17
Max 34 28.5 29 28 28 33 29.5 29 29 29
Sep Min 25.5 22 18.5 17 17 25.5 22 18 18 17
Max 35 30 29 28.5 28 34 29.5 29 29 29

FREQUENCIES OF THERMAL COMFORT ACHIEVEMENT

44,1

Figure 12 Thermal comfort achieved during summer inside the Debating Chamber for case A and B

6. Conclusions
The National Assembly for Wales building was designed to lean and green in its
consumption of heat, light, electrical power, water and material. The initial concept design



was involving the environment with the building by delivering daylighting and natural
ventilation through the funnel in the debating chamber (the ‘Siambr’). The building itself
was certified excellent in leading building rating tool in UK, BREEAM for the innovative
environmental features.

The daylight assessment indicated that the current condition (case A) of the debating
chamber was under lit. After expanding the transparent wall of the funnel, the average
daylight factor had increased by 0.98%. By removing the wind cowl and increased the
average daylight factor to 13.07% to achieve the visual comfort for the occupants. The
simulation for natural ventilation showed that the air flow rate on each case slightly reduced.
However, the result stated that each case achieved the requirement for fresh air but did not
achieve the requirement for cooling. Furthermore, the investigation of thermal comfort was
conducted to comprehend the effect of using and not using wind cowl as the continuation
of the proposed improvement for the debating chamber. The results showed that without
using wind cowl the debating chamber performed better which was proved by the
increasing frequencies of achieved thermal comfort by 4.08% in the summer during working
hours with the optimum effective aperture inlet 50%.

In summary, delivering natural resources as a response of the environment could mitigate
the energy consumption of a building. However, the engagement of the optimization of
natural resources should be delivered in a holistic approach. Any improvement of daylight
conditions inside the room automatically affected natural ventilation and thermal
performance and vice versa.
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