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Facade Optimisation of a Primary School
Holistic Design

1.0 INTRODUCTION

This report looks at the optimisation of a facade of a small primary
school block, so to achieve the best possible performance in regards to

acoustics, daylight, ventilation and energy use.

The classroom block assessed in this report is fictional, however it is
based on numerous similar projects that MACH have worked on before.
The main design features of the block are that it is single storey and has
a fully-glazed south-facing facade with a large shading canopy, as

shown in the figure across.

For the assessment, 3 lengths of shading canopy are proposed for the
assessment room, so to determine which length better suits the overall
performance.

Design Criteria

The assessment will be in reference to guidance provided in BB101, so

to ensure overheating and thermal comfort are suitably controlled.

]

g
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A-A Section

Assessment Room

Shading Canopy

Figure 1: Floor Plan

B-B Section
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1.1 BALANCING THE PERFORMANCE

The environmental design of a classroom, or any other building, is a balancing act between many factors. For Everything is interlinked - the shading affects the solar gains, which in turn affects the ventilation
example, excessive shading reduces solar gains but also decreases daylight; while ineffective shading may requirement for overheating, which increases the open window requirement thereby reducing the
resultin overheating and unwanted glare. acoustic performance.

This is also the same for acoustics and natural ventilation, where a larger area of open window increases the Therefore, it is important that all these factors are considered together - holistically - so each element
ventilation rate but decreases the acoustic performance of the facade. can be balanced against the other to get the best performance.

The diagram below gives an illustration on how some of these factors all work together. For this
assessment we have kept elements such as the U-values and internal gains as constant, so to

determine the relationship between other aspects.

-_U.Hél'{-fe.,\) {uT :
" SolarGains - O B

Solar Shading —~"

T i i\: m @coustic performanca d D))

o5
(Wind Direction ) (__HeatGain ) [T 5 )
Building Orentation I Natural ventilation
Buidling Shape — = )
_ ¥, Internal Gain: 'iﬁ‘- 0 y.
e r
E:?If,[?ﬁenf . (Window openings) Bb
RURIES Thermal Comfort
@ghting&daylighti@‘l(}
O uncontrolled elements for this buidling O Controllable elements for this buidling

Figure 1: Thermal comfort balance
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1.1 BALANCING THE PERFORMANCE (Window openging size) B)

These same principles can also be expressed through the radar charts, shown opposite.
From modelling the space through building physics software, we can determine how each

element changes the other and how it all works together.

Thermal comfort

',Q\- ( Solar gain

(Ventilation heat Ioss) :%

o5
1 ¢e3

'.'}:5:' (Artiﬁciamghting )
\

— ( Solar shading ) (\Hﬂndaw openging size ) %

(Acoustlc performa nca E:] '})

Figure 3 : Thermal comfort elements with half length overhang
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Figure 2 : Thermal comfort elements with full length solar shading

Thermal comfort
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s
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Figure 4 : Thermal comfort elements without overhang
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1.3 ASSESSMENT PERIOD

The assessment is determined by the affect of solar shading and

]

overheating, and as such the majority of the analysis will be looking at

the peak summer months, as highlighted in orange on the temperature

ta

graph opposite. This is taken to be from May to the end of September.

-]
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Figure 5 : Annual external temperature and assessment periods
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2.0 HOLISTIC SUSTAINABLE DESIGN

A building physics model has been created of the development and has
been simulated across the various weather changes over a typical year. O ’] COOLING : Natural ventilation
The results of this modelling have enabled MACH Energy to determine

early stage input in to a holistic design strategy.

N/
Passive Design Strategies 02 —: :— LIGHTING : Dayllghtlng

Passive design strategies are maximally used in this project to reduce

energy consumptions for this building. O 3 q ‘)) ACOUSTIC COMFORT

1. Daylighting:

2. Natural ventilation

3. Solar shading 04 & O
[JFe3 INDOOR THERMAL COMFORT

Good daylighting design is a balance between daylight ,glare and solar

gains. Effective shading can avoid glare, and also reduce solar gains to o',
avoid overheating. Natural ventilation can ensure the required air O 5 'Q‘ SOLAR SHADING
change rate to maintain good indoor thermal comfort. —

Indoor Thermal Comfort 06 @ HIGH U-VALUE FABRICS

Indoor thermal comfort includes the carbon dioxide level, indoor air
temperature and humidity . For this model, we considered how all

aspects link to the holistic design . ;r ,

Acoustics Design i .
The major noise source on the site is airplane noise, and as such the inclusion : :
of the shading canopy will provide some acoustic screening to the open

windows in the facade. As part of the assessment, acoustic modelling is carried

out, using in-house Finite Difference Time Domain software (FDTD). This allows

use to gain an accurate understanding of the impact of each shading type.
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Facade Optimisation of a Primary School
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2.1 SUSTAINABLE DESIGN CONCEPT

The teaching block has a number of design features to help minimise

energy use, whilst maximising comfort.

03
)

06
r

High U-Value Fabrics

Walls: 0.26 W/m2k
Floor: 0.22 W/m?%k
Roof: 0.18 W/m2k
Walls: 2.2 W/m?%k
Walls: 1.6 W/m2k

04 |ndoor Thermal Comfort

ﬁj Indoor thermal comfort is a combination of
£y

indoor temperature, air quality and humidity.
For this building, based on BB101 ,we
maximised the natural ventilation to supply
required thermal comfort level

Acoustics I||'

The main noise source for this building is
aircraft, the overhung shading design can
reduce the sound break-in to the building

02 Daylighting & 05 Solar Shading

v« » North windows for this project are used to
=( )= maximise the daylighting. Additionally, To
< minimise electricity use, artificial lighting will be
dimmed in response to the daylight levels in the
room. Daylight sensors will be located in each
room and will adjust the artificial lighting to
achieve 300lux across the development.

01 Cooling

2~ An external shade has been included on the
south facing facade. Itis 1.5m deep and runs
along the length of the fagade.

During summer time, certain windows are
opened for natural ventilation to ensure
indoor air quality and thermal comfort. No
mechanical services will be used.

e
—

*

Figure 6 : Proposed Design & Key Features
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2.2 MODEL SET UP

Ventilation set to be a single sided strategy throughout the building as
illustrated to the right. Low and high level windows were set up for

buoyancy driven ventilation.

As shown below, three solar shading concepts have been proposed for
the classrooms. The assessment will only be carried out for one

classroom as it is seen to be similar for all other spaces. The occupancy

profile is shown below.

100% Occupied : 09:00 - 12:30 & 13:30 - 18:00

Occupancy

Not Occupied : Monday to Friday | . .
Weekends and holidays . Fixed windows
Operative temperature > 22°C ) Top hung windows
Windows Open When : OR

CO, concentrations > 1,200 ppm

Table 1: Profiles Used In The Model Figure 7 : Proposed Single Sided Natural Ventilation Strategy

Full length solar shading Half length solar shading Without solar shading

Figure 8 : Three different solar shading concepts
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2.3 BUOYANCY - DRIVEN - VENTILATION

Natural ventilation will be achieved through the use of single-sided ventilation, with high and
low positioned top-hung windows on the south facing facade. As single-sided ventilation is

not the most efficient method, the high and low positioned windows add some thermal

buoyancy to increase the overall ventilation rate.

The windows positioned at high level on the north facing facade are for daylight only and are
not modelled as open.

. Fixed windows

- Top hung windows

Figure 10 : Detail Single Sided Natural Ventilation Strategy
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3.0 RESULTS - FULL LENGTH SOLAR SHADING

In order to achieve the thermal comfort for this building with full length shading, the required total open area will be 1.43 m? . The

following figures show the modelling results : room temperature (max : 30.1°C) , carbon dioxide concentration (consistently below f— (o o) %
~f indow openging size
1500ppm) and average daylight factor ( 2.4%).

Thermal comfort

 Ventilation heat loss |

o0
1§53

: 0
nb ;. Openable angle: 12.4

B Total Openarea: 1.43 m?

.‘ = J.
<0 ( Artificial lighting (D)

Top hung windows

Fixed windows

Room temperature: Carbon dioxide:

2 ion: <1
Occupied time _ Max temperature: 30.19C < 32 0C €02 Concentration: < 1500ppm

o
<
5 £
2 s
© o
; c
o
£ g
] S
- ]
c
§ g
o S
()
o
(@]
(w]
y | | | el o e e e e | Uy WY UTEUY Y
Feb Apr Nlﬂ.v Jun il Aug Sep Gt Nov Dec Jen Feb Mer Apr May Jn Jul Aug S Cct Nov Dec Jen
Date : Sun 01/]Jan to Sun 31/Dec Date : Sun 01/Jan to Sun 31/Dec

Room Temperature

Room CO, concentration
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3.0 RESULTS - FULL LENGTH SOLAR SHADING

Daylighting Analysis
Average daylight factor : 2.4%
The average daylight factor for this building with full length solar shading is 2.4%, this result meets the standard requirement for

daylighting , shows that this classroom can be fully day lit during brighter days, but artificial lighting is still needed to achieve the

required internal illuminance level for the majority of the time.

Daylight Factor (%)

6.20
6.00
5.80
5.60
540
520
5.00
480
4.60
4.40
4.20
4.00
3.80

10 th. August. 12:00pm

3.60
3.40
3.20
3.00
2.80
260
240
2.20
2.00
1.80
1.60

10 th. March. 12:00pm

Internal perspective Luminance view
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3.0 RESULTS - FULL LENGTH SOLAR SHADING - ACOUSTICS

The images shown across show the modelled acoustic performance of the full-length shading SPL
option, using in-house FDTD software. The software allows us to see how sound propagates d8
across the facade from the aircraft in the top right hand corner. 100 .
90 | &%
From analysing the software, we are able to compare noise break-in levels between the 80
different shading options. The no-shading option is seen to be the ‘'normal” acoustic
performance (see page 19), and so the increase in performance will be compared to this. As 70
shown below, from adding the shading, an increase of 5dB is achieved. 50
20
Facade Noise Level Difference Relative Difference of Fagade 40 :
Design Across Facade Dw Performance
30
Full Shading 27dB +5dB
20
Table 2: Acoustics performance for full length solar shading

Figure 9. Acoustics performance visualisation for full length solar shading
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3.1 RESULTS - HALF LENGTH SOLAR SHADING

In order to achieve the thermal comfort for this building with half length shading, the required total open area will be 1.47 m?. The

following figures show the modelling results : room temperature (max: 29.9°C) , carbon dioxide concentration (consistently below
1500ppm) and average daylight factor ( 3.1 %).

Window openging size N

Openable angle: 12.79

12.40

B Total Open area: 1.47 m?

2

Ventilation heat loss ::%

P Y

Top hung windows

Fixed windows

Room temperature:
E_

0 29.99C <32 0C

28—

Room Temperature (°C)

18

CO, concentration (ppm)

16

600
14

Y .ihLUL_

200

May dun Y Aug 3=

I
A
Jan
Date : Sun 01/Jan to Sun 31/Dec
Room Temperature

o) )

Carbon dioxide:

lu-ddlil-u-l---lh o e el e

Feb Mar Apr May 0 Dec Jan
Date : Sun 01/Jan to Sun 31/Dec
Room CO, concentration
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3.1 RESULTS - HALF LENGTH SOLAR SHADING

Daylighting Analysis
Average daylight factor : 3.1%
The average daylight factor for this building with full length solar shading is 3.1%, this result meets the standard requirement for

daylighting and is quite similar to that of the full-length shading option. This also means that good daylight is achieved and reduces
the need of artificial lighting during the brighter periods of the day.

Daylight Factor (%)

6.20
6.00
5.80
5.60
540
520
5.00
480
4.60
4.40
4.20
4.00
3.80

10 th. August. 12:00pm

3.60
3.40
3.20
3.00
2.80
260
240
2.20
2.00
1.80
1.60

10 th. March. 12:00pm

Internal perspective Luminance view
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3.0 RESULTS - HALF LENGTH SOLAR SHADING

The images across show the FDTD model outputs for half-length shading, with images of
sound propagation across the facade.

SPL

As per the full length shading option, noise break-in predictions have been compared to the
no-shading option. This is found to be 2dB better than the no-shading option, while -3dB
lower than the full-length shading option.

80
70
60

Facade Noise Level Difference Relative Difference of Fagade
Design Across Facade Dw Performance
Half Shading 24 dB +2 dB

Table 3: Acoustics performance for half length solar shading

Figure 10. Acoustics performance visualisation for half length solar shading
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3.2 RESULTS - WITHOUT SOLAR SHADING

In order to achieve the thermal comfort for this building without solar shading, the required total open area will be 2.4 m2 . The following
figures show the modelling results : room temperature (max : 30.5°C) , carbon dioxide concentration (consistently below 1500ppm) and

average daylight factor ( 6.4 %). It should be noted that the peak temperatures shown below are achieved during unoccupied time, where

Window openging size

the maximum occupied temperature is 30.5°C.

w

Openable angle: 20° “O- (Csomran ) Trermal comfort %
12.40 T
L1 Total Open area: 2.4 m2
() )
Top hung windows
Fixed windows
Room temperature: Carbon dioxide:
34—
. 00 | L e CO2. Concentration < 12Q0ppm
32 — J
1300 —
1200 —
9
~ 1100 —
v —
2 €
o S 10w
5 £
Q. [
= ke
g g
€ c
S Y  aw
x S
(&)
o o
)
600
500
A00 I Y o i i i il s o o s e i o e U U U™
Date : Sun 01/Jan to Sun 31/Dec Date : Sun 01/Jan to Sun 31/Dec

Room Temperature Room CO, concentration
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3.2 RESULTS - WITHOUT SOLAR SHADING

Daylighting Analysis
Average daylight factor : 6.4%
The average daylight factor for this building with full length solar shading is 6.4% , this result exceeds the standard requirement for

daylighting and shows that this is risk of excessive glare within the classroom. The large amount of daylight provided will reduce the energy

requirements for artificial lighting, however this may be offset by the need to use internal blinds for the majority of the day.

Daylight Factor (%)

22.00
21.00
20.00
19.00
18.00
17.00
16.00
15.00
14.00
13.00
12.00
11.00
10.00
9.00
8.00
7.00
6.00
5.00
4.00
3.00
2.00

10 th. August. 12:00pm

10 th. March. 12:00pm

Internal perspective Luminance view
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3.3 RESULTS - WITHOUT SOLAR SHADING

The images across show the FDTD modelling for the no-shading option. This is considered to SPL
be what is ‘typical for a standard classroom facade and will therefore be used to provide a d8
comparison of the benefits of the previous shading options. 100
90
80
70
60
50
Facade Design Noise Level Difference Relative Difference of Fagade 40 -
Across Facade Dw Performance
30
No Shading 22 dB -
20
Table 4: Acoustics performance for no solar shading 10

Figure 11. Acoustics performance visualisation for no solar shading
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4.0 SHADING COMPARISONS

The images below show the difference between the three option in regards to daylight in each room
and overall solar exposure. The daylight visualisations show some increase in daylight as the shading

increase, while the exposure on the windows increase by almost 200%.

Full length solar shading

kWh/m~
534.68
BaE 21
T87.75
&89.285
59081

492.34
39387
29540
19694
94 47
.00

Half length solar shading

kW me
85163
B56.46
T51:30

570.98
H 'l l ] \y 47581
|

285.49
19033
8516
0,00

Without solar shading
kW him’

934.65
BZ6.22
FBTTS
689.26
590.81
492:34
39387
28541
195.94
98.47
0:00

—
—
| ——
| —t—

Internal perspective Luminance view Solar exposure for south facade

Page 20



8, mAcH - .
N7 ENERGY Facade Optimisation of a Prmaw Schpol
- Holistic Design

4.0 ACOUSTICS COMPARISON
Full legg i

) Full shading 1 Full shading 2 Full shading 3 Full shading 4
Half length solar shading

Without solar shading Half shading 3 Half shading 1 Half shading 2 Half shading 3 Half shading 4

Y

No shading 4

No shading 1

No shading 2 No shading 3

No shading 3
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4.0 OVERALL COMPARISON

Requirement <1500 ppm 32 120 > 2% 155 (class)
Full length 6.04% <1500 ppm 30.1 45 2.4% 159.6 3.26 MWh 6.03 MWh +5dB
overhung
Half length 0 o
overhung 6.22% <1500 ppm 29.9 27 3.1% 160.7 3.28 MWh 3.91 MWh +2dB
No shading 10.16% <1500 ppm 30.5 119 6.4% 200 5.16MWh 3.25MWh 0dB

Table 5: Modelling results for three solar shading proposals

Full length overhang -
Half length overhang -

minimum standard : 155 /s No overhang -
minimum standard : 2.0%
516 MWh 6.03 MWh
limitation: 32 °C
: imitation - 6.4%
1016%  30.1°C 29.9°C 30.5°C ¥ limitation: 120 h | o
s
119h l 326 MWh 3.28 MW 3.91 MWh
e 159.6 1/5160.7 I/s 325 MWh
6.04% 6.22% h

Window Opening Size Maximum Temperature Hours, Annual Average Air Flow, I/s Solar Gains Artificial Lighting Energy
Percentage Of Facade During Occupied Time  When Temperature > 28 °C Daylight Factor Daily Average MWh, Annual MWh, Annual
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5.0 CONCLUSIONS

From the comparisons shown overleaf, both the full-length and no-shading option have large

flaws, such as large energy loads for lighting, or excessive daylight and solar gains.

The sole benefit of the large shading option is that the acoustic performance is 3dB, however
if there it is found that this extra level difference is not a requirement then it can be seen as

an unnecessary feature.

The benefit of having no shading canopy is that the artificial lighting loads are very low,
however this may need treated with caution, as blinds will likely need to be used to stop glare,

and thereby will increase the need for artificial lighting.

As such, the mid-length shading canopy option is seen to be most suitable, as this balances
certain aspects of the design well, particularly in regards to daylight, acoustics and
overheating. Further analysis, however, will enable us to further define the most efficient

shading length and find the ‘sweet spot’ that gives the most efficient performance.
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