Can We Achieve “ZERQ”?
SEFC Olympic Village

“The quality of one’s life is dependant on the quality
of one’s environment & one’s relationship to that
environment.”
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Cobalt Engineering — We Bring Life to Buildings

Vision:
“Global Recognition”

Mission:
“Engineering Ideas Beyond Sustainability”

Added Value:

Advanced Energy, Building, Comfort Modeling
Passive Design

Microclimate Analysis/Modeling

Daylighting Analysis

Facade Design

Sustainable Master Planning

External Airflow Analysis

LEED Consulting
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Doubt?
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Strive for ZERO & Beyond

Atmospheric concentrations of carbon dioxide will only stabilize around 450ppm (about double pre-
industrial averages) if we take early & dramatic action to reduce our absolute global emissions.

Souce: http://www.leiss.ca/climate-change/73?download .
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Buildings & Climate Change Facts

Burning Fossil Fuels = GHG (CO0,) = Climate Change
Cause & Effect — We are all interconnected
Energy Use in Buildings

2 40%-50% of Worldwide Energy Use

2 50% for HVAC and Lighting
a0 65% for Energy Transport — “Parasitic Losses”

Global Energy Use

“We do not inherit the earth from our
ancestors:; we borrow it from our
children.” - Haida

Hong Kong

Presented by
Albert T. Bicol, P. Eng. CObalt

LEED® Accredited Professional
January 11, 2007



Non-Traditional Design Approach

o Need to change design mentality
0 Subjective & Objective

Reduce vs. efficiency
Back to basics and basic principles

Passive vs. Hi-Tech
KISS principle
Less is better
50% of 100 is still greater than 50% of 50

o 0O 0O 0 O o

“We have enough people who tell it like it is - now we could use a few who tell it like it can be” — Robert Orben
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‘ Order of Priorities Conventional

Design

Active Systems
Passive System

e : Building;Structure
f_ﬁBulldlr’rg Form

“ " ZLocal Eﬂwenmentr
Huma,n Needs & Well-being

e

Sustainable
Design
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‘ Thermal Comfort

Human comfort:
o 50% Radiation
o 30% Convection
0 20% Evaporation

Operative/resultant temp
Mean Radiant Temperature
clo value

Relative humidity

Air Motion

Air movement

Solar
Radiation

Convective

Loop j

Graphic courtesy of Prof. David Scheatzle, ASU Need to consider mean radiant tem ps
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Thermal Comfort & Exergy
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Thermal Comfort Adaptability
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Thermal Comfort Range In Naturally Ventilated Building
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Energy - Exergy- Entropy

Energy, Enfropy, and Exergy Flow
through a Building Wall

Energy

Laws of Thermodynamics

Do we really need to conserve
energy?

Exergy — the quality and usable
portion of energy

Entropy — qualitative
degradation of the energy flow

Souce: Shukaya, Manasori (2003).
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Exergy System Analysis
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Heating

Case 1 - Standard envelope, mid-efficiency boiler
Case 1b - Standard envelope, condensing boiler
Case 2 - Improved envelope, mid-efficiency boiler
Case 3 - Improved envelope, condensing boiler
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Case 1 - Standard glazing SHGC=0.7, A/IC COP=2.7
Case 1b - Standard glazing SHGC=0.7, A/C COP=3.2
Case 2 - Improved glazing SHGC=0.35, A/IC COP=2.7

Source: Low Exergy Systems for Heating and Cooling of Buildings Guidebook — IEA
ECBCS Annex 37 (available at http://www.lowex.net/)

Presented by

Albert T. Bicol, P. Eng.

LEED® Accredited Professional
January 11, 2007

cobalt



High-Exergy Building:
A real example

Ski Resort in Dubai

Source: http://urbanlegends.about.com/library/n_dubai_ski_resort2.htm
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Building Energy Standards

2 North America - ASHRAE 90.1 (US), MNECB (Canada)
o Energy Codes are a moving target
o Energy performance measured in non energy units

o European Union — “EPB Directive 2002/91/ES”
2 Provides clear & measurable target
o Energy Intensity in (KWh/m2. year)
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‘ ZERO Strategies

Recog nize
Design options early

Reduce
Conserve fuel, energy, water use, low exergy

Hemember

Laws of physics/nature, return back to basics
building science

Recycle
Fuel, energy, water, materials

Ren ewable
Solar & its Derivatives:

Regenerate
Energy

Real Costs
LCC, Soft Costs, green funding
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Microclimate Analysis

KW hr/m2

| =

Sun/Wind Energy Average Building Energy Efficient
Potential Energy Requirement Building Energy
Requirement

o 0 0O 0 0O 0 0 O

Discovering environmental energy potential
Full utilization of landscaping

True assessment of renewable energy

Do not rely on climate data miles away
Data required for passive design
Relationship of buildings to its surroundings
Environment energy — has potential to be balanced
Recognize, utilize & be resourceful
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Where Is the Highest Potential for Energy
Savings in a Building?

Building Energy — Passive:
o Design Obey Laws of Physics & Nature

o Thermal Mass 7} \g: S\m“

2 The building is the engineering systems Q\ M

“Ultimate goal — No mechanical systems” e —

Summer Sun Angle ——
Winter Sun Angle ——
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Building Orientation / Form

Respond to site conditions
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Daylighting and Solar Gain

Possible ways to introduce daylighting into building design

el
we
-

Atruim

Clerestory

Courtesy Hughes Condon Marler : Architects

Roof Monitors

External Reflectars
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Full Utilization of Landscaping

coniferous tree

deciduous tree summer

deciduous tree winter

Presented by
Albert T. Bicol, P. Eng. CObalt

LEED® Accredited Professional
January 11, 2007



Building Envelope Design

o Glazing Performance
2 Thermal
o Solar

o Thermal Bridging

o Building Fabric
o Lightweight
o Heavyweight

o Envelope Type
o Translucent
o Transparent
o Opaque
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Glazing Performance

o Heat transfer coefficient

(U-factor) U-Factor = 0.50
Solar heat gain coefficient (SHGC)
Shading Coefficient |
(SC) | SHGC = 0.76
. i ) 76% of solar heat
o Visible light transmittance gain transmitted

(VLT) \
\Ll\ VT = 0.81
81% of visible

light transmitted
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Daylighting & Solar Gain Control

Solar radiation reflected
and absorbed

Heat from absorption radiated
and convected away

Typical solar gain factor for
external white louvres: 129

A&ﬂected radiation has

~¥ to pass through glass

Radiated and convected
heat inside room

Typical solar gain factor for
internal white louvres: 46%

Presented by
Albert T. Bicol, P. Eng. CDbalt

LEED® Accredited Professional
January 11, 2007



Building Mass - Light vs. Heavy

o Assuming identical R & U values
o Is there a difference in performance?
o What makes the difference?

Courtesy Earthtech
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Benefits of Building Mass

Toronto: 24h Heating Load Profile
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Building Envelope Performance

Regina — light weight curtain wall

ol /

Winter

20

Courtesy Cobalt Engineering

64

D
i
Summer

Presented by

Albert T. Bicol, P. Eng.

LEED® Accredited Professional
January 11, 2007

cobalt



Building Envelope Performance

Regina — heavy weight concrete wall Courtesy Cobalt Engineering
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Glazing Surface Temperatures

Courtesy Cobalt Engineering
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Glazing surface temperatures during design conditions (Regina)
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Free Run Temperature

Toronto: Annual Profile of Resultant Space Temperature In "Free-Run" Models
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Courtesy Cobalt Engineering
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‘NaturaLYentilation/Wind owers
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Yazd, Iran: Wind Towers

Dubai: Wind Towers
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Passive Design Approach

PASSIVE

Orientation
Shape & Form

Solar Control
FPassive heat/cool, Daylighting
Glazing Area

Thermal mass

Adrflow
ventilafion

Vegetation and other site
opportunities

Engineering systems

ACTIVE

Goals:

« Human well being
o Comfort
o  Daylighting

o MNoise
o Indoor air guality
* Energy

MNatural ventilation/Wind driven

LOW ENERGY

HIGH ENERGY

LOW COST

HIGH COST

Presented by

Albert T. Bicol, P. Eng.

LEED® Accredited Professional
January 11, 2007

cobalt



hr.-ai supply syal:em
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‘ Plant Energy
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SUPPLY & RETURMN HEADERS
CIRCULATING ENTIRE SITE.

AS FUTURE DEVELOPMENT TAKES
PLACE A TEE-OFF INTO THE HEADERS
CAN BE MADE & ADDITIONAL
GEOTHERMAL LOOPS ADDED
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RADIANT H/C

A ERENE AN ENEEdELEEAELESEEAELEEEEaElasaEaEansaRsREE R nnEan na

-rl-l1r1r|1|1r|-|-r1r|-|1r1-|-|'|rl-|-|||'|rl-l-r1r|-|1r1r|-|1r|-|.

building/room . conditioned air

FUTURE
EXPANSION

AE BUILDINGS ARE
& OTHERS

TE
HEAT PUM

FUTURE
EXPANSION

FUTURE

EARTH EXPANSION

ENERGY SOURCE

Presented by

Albert T. Bicol, P. Eng.

LEED® Accredited Professional cobalt
January 11, 2007



(I I Iy A

U

Renewable Energy %

/ MIXING Ef-;—g.
PLEAMUBL WMubs SUN RAYS V/ ot VALVE —

Teo ReRMRD (NI

W/ WATER MAINS
¥ 101APS WATER
x AT TVeB(NE o
e . [/ \eTEeeATES /
i N = / MTD DRUBLE St _ =
A | b o - $ = ;
\ VS = S W e -
N :
‘ii\_ ‘-‘ S RO -
h ™ | | BOILER
. P PANBL CONTROLLER J
1 \ Y SR ee PUMP UNIT & ]
“0L . cOUBADVESD DRAINBAC BOTTLE 1
= Py _|sOLAR
7 by : colL
| =

SOLAR HOT WATER CYLINDER

Tidal/Wave

|
Wind/Solar / SRR
Biomass / .

Geothermal

achieving ZERO energy

|deal application — Low grade
energy building systems

Renewable — basic form of
energy

News Flash! Wal-Mart Deploys Solar, Wind, Sustainable Design
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Active Low Exergy Systems

Separate H&C from ventilation
Low temperature difference
Large heat emission surfaces
Use water instead of air
Natural or mixed mode ventilation Courtesy Cobalt Engineering
Low-grade renewable energy sources

o 0o 0 0 o o
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‘ Alr vs. Water

Volumetric Heat Capacity = p.c, [J/m3.K]
measure of material’s ability to store thermal energy

o Air = p. C, =1,395 J/m3.K
o Water = p. C, = 4,200,000 J/m3.K
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Radiant System
Configurations

Low-Mass Low- Inertia High Exergy

Heavy-Mass § High Inertia More Passive
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Benefits of Radiant Systems

Superior Thermal Comfort

Maximum Energy Efficiency

Courtesy Karo Capillary Mats
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Simulation Tools

“Use the right tool for the job!”

Passive Building performance

Building physics
Building Energy & Comfort
Radiant Heat Transfer
Effects of Building Mass
Air-Flow Dynamics (CFD)
Wind & Buoyancy Driven Air-Flows
External/internal Shading
Day-lighting
Active Systems Performance
Building systems
Peak loads & System energy
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‘ SE False Creek — Olympic Athlete’s Village
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‘ SE False Creek

Microclimate Analysis
Note: for this site only

Views
Daylighting
Water Breeze
- Cooling

- Air Quality

Facade Performance - Heating

R-Values
- Windows
- Walls

- Roof

Facade Performance - Heating
R-Values

- Windows
- Walls
- Roof
Solar Control (Shading) Rain Protection
w ¢ P

Views Daylighting

Daylighting Passive heating

Passive

heating

Water Breeze

- Cooling

- Air Quality

Solar Control (Shading)
Noise from 15t Avenue
Daylighting Rain Protection
Passive heating ! Traffic from 1¢ Avenve
S
. Opportunities
. Challenges
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‘ SE False Creek — Passive Design Options
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‘ SE False Creek — HVAC Options

SFACE HEATIMNG AN
Coo|mlig OPTIONS

cum"_ ) e - S it ke il i e Sl el ~ a6 oas & ) i“:gba&
iR - . Y | [ { ' LN, [
B 0T B &t 2 A
( { ‘*.
¥ Y4 oy v 3 T
FEACAY T CEILNG Hpg -'l.'l I
|'IIII |
OFERABLE .«‘; | OPERABLE
\wmm EXHMET %wmm
I
] | - i
CUTRAC E 2 0 e @ o 8 o 0 o 8 6 @& a8 s o o o | ouTRse L, 8 80 e e & o o e B L 8 et s = e B s
TelckLE I TEice 3 |
. INFLESR. S upiTr —1H VENT S
i 3+ RETURN I — "
COMMELTION

I8

INGLAE VERTILATION Dvcr
*I'l-;we:mr? BY SLAE

-'|'_ _— S - -
]
T I -
\ Bulk Hear= | ,-"’ GEL F
N MIN =N, W ,ﬂ
.:| FoECEP AR H+C f
P‘ Fhrd Coi-
Mg, 2t M, i
- SUFPLY - A
\
. HEn
PERIMETER HYPRSLE
Til:{_—-"’ B SEBoARD
84 & o a e & o - - =X -] a9 od a o
[ ¢ [ I
) G Q Q. ':L y \.l 9
) L L
vl I 3‘7/ N
FAPIRNT  calliMeg W4 o
exsT J

=L

EXHALST

4 &8 o o

Presented by

Albert T. Bicol, P. Eng.
LEED® Accredited Professional
January 11, 2007

cobalt




‘ SE False Creek — Capillary Tube Radiant H/C
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‘ SE False Creek — HVAC Options

PASS\VE  SThc DRAVEN]
VENTILATION o
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Facade Design — Shading/Window Performance

lissmal l. i

I TE

2 Min glazing performance and %
Glazing is critical for both
energy and comfort
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‘ Parcel #9 — Net Zero Housing
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‘ Thank You!

“Beyond sustainability, blossoming with new ideas.”
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