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MacKimmie Tower and Block Redevelopment
CaGBC Zero Carbon Building Standard: Pilot Program

MacKimmie Complex Redevelopment ORIVEREIT OF
B Calgary, Alberta CALGARY
The MacKimmie Complex Redevelopment is a multi-year, multi-phase project to :
address deferred maintenance and accommodate growth on the University of D I A LO G

Calgary campus.

Read the full project profile »
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Zero Carbon Building Pilot Program

Featuring 16 of Canada’'s most innovative projects.

Design:

« GFA: 33'500 m? (Total Complex) o TEDI: 29 KWh/m2/yr (Max Allowed: 36 K\Wh/m?/yr)

« GFA: 23'000 m2 (Tower) « EUL: 75 kKWh/m?/lyr (Pre-Reno: 440 K\WWh/m?/yr)
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MacKimmie Tower and Block Redevelopment
Tower Active Double Wall Facade
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MacKimmie Tower and Block Redevelopment
Interior View: Rendering and Photo
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MacKimmie Tower and Block Redevelopment
Design Motivation: Calgary Climate Analysis

Outside Temperatures und
Solar insolation on South Facade Typical summer diurnal temperature swing
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- High potential for passive solar heating

_ _ - High potential for passive night cooling / natural night flushing
during long and cold winter season
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MacKimmie Tower and Block Redevelopment
Design Motivation and Facade Functional Requirements

Dynamic control of active Double Facade (DF) through operable vents in order to:

1. Create “warm jacket” around the building

2. Enable natural ventilation

Maintain air temperature in DF cavity around 10 .... 20°C (T, + X °C in summer)
Limit pressure differences and
Control air velocity in DF cavity to enable natural ventilation

N 2 Z

Special challenge:
High level of dynamics of independent environmental condition
(solar insolation and wind)
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MacKimmie Tower and Block Redevelopment
Tower Double Wall Facade Design
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MacKimmie Tower and Block Redevelopment

Tower Double Wall Facade Design
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MacKimmie Tower and Block Redevelopment
Dynamic Simulation Model Overlay: Combined Thermal and Airflow Simulation
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MacKimmie Tower and Block Redevelopment
Transfer to Vent Control Sequence

EVxxO_TO1 | EVxxO_T02 | EVxxO_T03 | EVxxO_T04 | EVxxO_T05 | EVxxO_T06 | EVxxO_T07 | EVxxO_T08 | EVxxO_T09 | EVxxO_T10 | EVxxO_T11 [ EVxxO_T12
EVxxO_B01 | EVxxO_B02 | EvxxO_B03 | EVxxO_B04 | EVxxO_B05 | EVxxO_B06 | EVxxO_B07 | EVxxO_B08 | EVxxO_B09 | EVxxO_B10 | EVxxO_B11 | EVxxO_B12
Step 10 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100%
p 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100%
Step 9 80% 80% 80% 80% 80% 80% 80% 80% 80% 80% 80% 80%
p 80% 80% 80% 80% 80% 80% 80% 80% 80% 80% 80% 80%
Step 8 60% 60% 60% 60% 60% 60% 60% 60% 60% 60% 60% 60%
p 60% 60% 60% 60% 60% 60% 60% 60% 60% 60% 60% 60%
Step 7 40% 40% 40% 40% 40% 40% 40% 40% 40% 40% 40% 40%
p 40% 40% 40% 40% 40% 40% 40% 40% 40% 40% 40% 40%
Step 6 20% 20% 30% 30% 30% 30% 30% 30% 30% 30% 20% 20%
P 20% 20% 30% 30% 30% 30% 30% 30% 30% 30% 20% 20%
Step 5 20% 20% 30% 0% 30% 30% 30% 30% 30% 30% 20% 20%
P 0% 10% 30% 30% 30% 0% 30% 0% 30% 0% 0% 10%
Step 4 20% 0% 20% 0% 30% 20% 20% 30% 0% 20% 20% 0%
p 0% 10% 20% 20% 0% 0% 20% 0% 20% 20% 0% 10%
Step 3 20% 0% 20% 0% 20% 20% 0% 20% 0% 20% 0% 20%
P 0% 0% 0% 20% 0% 0% 20% 0% 20% 0% 0% 0%
Step 2 20% 0% 20% 0% 0% 10% 0% 20% 0% 0% 0% 20%
p 0% 0% 0% 0% 20% 0% 10% 0% 0% 20% 0% 0%
Step 1 10% 0% 10% 0% 10% 10% 0% 10% 0% 10% 0% 10%
p 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
WI_EXT
DR
WI_EXB
4.4m 8.9m
11

[% open]
100%
80%
60%
40%
27%
19%
13%
9%
6%
3%

Automatic vent operation
algorithm derived from
simulation model and broken
down in a (non-linear)

10-step control sequence.
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MacKimmie Tower and Block Redevelopment
Dynamic Simulation Results: Facade Temperatures

Resulting Double Facade air temperature as function of

Time of day AmbientTemp  Solar insolation Windspeed  Winddirection
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MacKimmie Tower and Block Redevelopment

Dynamic Simulation Results: Facade Temperatures
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MacKimmie Tower and Block Redevelopment
Control Algorithm Tuning Based on Simulation Results
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MacKimmie Tower and Block Redevelopment
Simulation Test Results: DF Facade Temperatures per Orientation
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MacKimmie Tower and Block Redevelopment
Simulation Test Results: DF Facade Temperatures

- l DF air temperatures
20 1 =S
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MacKimmie Tower and Block Redevelopment
Simulation Test Results: DF Facade Pressure

200

175 -

150 -

125 -

S 100 -

75 1

50 1

25

17

—— Max. External Pressure
—— Max. Internal Pressure

Reduction of exterior facade pressure
iInside DF cavity

MaxMExt. Pres.: 64.81 Pa. PRESL _L53 facade (Jun. 26 00:06)

5000 10000 15000 20000 25000 30000 35000

Transsolar )
KlimaEngineering



MacKimmie Tower and Block Redevelopment
Double Facade: Initial Measurement Results
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MacKimmie Tower and Block Redevelopment
Double Facade: Initial Measurement Results - Deep Winter
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MacKimmie Tower and Block Redevelopment
Double Facade: Initial Measurement Results - Typical Winter Period

Temperature [°C] / STEP[-]
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MacKimmie Tower and Block Redevelopment
Double Facade: Initial Measurement Results - Typical Spring Period
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MacKimmie Tower and Block Redevelopment
Double Facade: Initial Measurement Results - Typical Spring Period

Temperature [°C] / STEP[-]
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MacKimmie Tower and Block Redevelopment
Conclusion

 Modelling and simulation provide powerful tool to develop and optimize

o Facade design

o Dynamic control sequence

 Successful implementation of control algorithm derived directly from dynamic model

« Simulation results are verified by measured performance

 Fine tuning of control parameters during commissioning / seasonal testing and monitoring
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