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Size: 4,000 sgm, 3 storeys
Started: September 2017
Completted : May 2019
Construction Cost: £ 18M

BREEAM 'Excellent'.
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Motivation

Energy minimisation - the default solution towards minimising
emissions.
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12.5 p/kWh | | e N

14 p/kWh

HVAC

Boiler - Chiller

Boiler - VRF

Boiler - Chiller With Heat Recovery
ASHP

25 p/kWh

Facade
Masonry With Punched Hole Windows
Composite Wall System With Strip Windows

Rainscreen System (Proprietary)

Rainscreen System (Bespoke)

Double Glazed Aluminium Mullion Stick Curtain Wall
Triple Glazed Aluminium Mullion Stick Curtain Wall
Triple Glazed Aluminium Mullion Unitised Curtain Wall
Double Glazed Steel Mullion Stick Curtain Wall

Triple Glazed Steel Mullion Stick Curtain Wall Systems
Double Glazed Timber Mullion Stick Curtain Wall
Triple Glazed Timber Mullion Stick Curtain Wall

== GSHP
150 .

0.05 015 0.25 035

Alpha (£/kWh)

-B- Feature Facade

045 0.55 065

“It is necessary to decide on and set
a value of ”

Value « is a weight

“An absolute minimum justifiable value for
a would be the average future expected
retail price of energy to the University
(e.g. 12.5 p/kWh or so); that might be
appropriate if we did not care about
sustainable resource use or climate
change action”

“cost should be factored into ethical
decision-making to achieve carbon
neutralization”

“society should put a higher price on
energy, especially unsustainably
sourced”

a = 25p/kWh



ECM is a methodology that connects the most energy intensive
whole-life components with the (project + operational) cost
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Minimisation of embodied energy

Structure
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Structure
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Structure
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Structure
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Minimisation of embodied energy
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Facade

MWh/y

e EE min, max

50 years

(AM) Stick curtain wall systems (triple glazed)
(AM) Stick curtain wall systems (double glazed)
(SM) Stick curtain wall systems (triple glazed)

(SM) Stick curtain wall systems (double glazed)

(TM) Stick curtain wall systems (triple glazed)

(TM) Stick curtain wall systems (double glazed)

Composite wall system with strip windows

Masonry with punched hole windows

Rainscreen systems (proprietary)

Rainscreen systems (bespoke)
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Unitised curtain wall systems




Operational energy

Heating ang cooling
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Operational energy
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OBoiler - Chiller With Heat Recovery ®Air Source Heat Pump
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(AM) Stick curtain wall systems (triple glazed)
(AM) Stick curtain wall systems (double glazed)
(SM) Stick curtain wall systems (triple glazed)

(SM) Stick curtain wall systems (double glazed)

(TM) Stick curtain wall systems (triple glazed)
(TM) Stick curtain wall systems (double glazed)
Composite wall system with strip windows

Masonry with punched hole windows
Rainscreen systems (proprietary)

Rainscreen systems (bespoke)

UCW(TH)AM Unitised curtain wall systems




Results

CAMBRIDGE



1,500

F (MWh)

150

1,500
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150

Initial = ECM
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(incl. structure)
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Alpha (£/kWh)

A Masonry with punched hole windows
#® Composite wall system with strip windows

ietary]
’ Rainscreen systems (bespoke)

B (AM) Stick curtain wall systems (double glazed)
m  (AM) Stick curtain wall systems (triple glazed)

Unitised curtain wall systems

(5K Stick curtain wall systems (double glazed)

(Th) Stick curtain wall systems (double glazed)

|
o (5K Stick curtain wall systems (triple glazed)
||
| |

(TM) Stick curtain wall systems (triple glazed)

— Boiler - Chiller
Boiler - VRF
——  Boiler - Chiller With Heat Recovery
—  ASHP
—  GSHP

GSHP
+
Rainscreen system
or
masonry



Operational energy

Measured values
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Operation Energy

Designed and measured - heating and cooling

180
180
160
140
s 120
§ 100
= 80
60
38
40
0
Predictions Predictions Predictions Stage 2 HVAC Stage 2 Stage 2 H&C el. Dec H&C el. - no
Low-end Likely High End options - heat Air Source Heat  Boiler-VRF 2019-Nov 2020 lockdown
pump Pump simulation, 80%
capacity
Airtightness=3m3/m2h@50Pa Airtightness=3m3/m2h@50Pa
Part L U-value=0.65W/m’K U-value=0.95W/m’K
O Heating/Cooling 3/4 quoted HVAC efficiency 2/3 quoted HVAC efficiency 13%
(38 MWh/yr) (55 MWh/yr) (89 MWh/yr)
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Operation Energy

Energy consumption
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Conclusions

Miminising energy, we minimise emissions

ECM allows to design low embodied and operational
energy building (within the accepted limits)

ECM allows to combine whole life energy and cost

Expanding the boundaries will increase the impact

Values transparency (energy / cost) is critical

We can find a correlation between embodied
energy and embodied carbon — even for cement
using CO2 energy coefficient

kgCO2elkg

Embodied energy vs embodied carbon
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