Energy & Urban Metabolism
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Themes

* High-performing standalone buildings: a start
* Buildings aren't static objects

— Occupants matter: feedback & control

- Buildings can participate in urban ecosystems during
* Construction
* (Operation

e Deconstruction

* One building’s "waste” is another’s "food”
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CIRS

A living laboratory to accelerate sustainability
A healthy place to work

Net zero energy

Carbon negative operation
Low Carbon construction
Net zero water use -
Net gain in landscaped area
Non toxic materials =Ty

Cost no more than
typical university
construction
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Deconstructing existing building on site;
Function replaced in basement of new building
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Massing

Daylighting
- Narrow office bars

- Orient them
E-W for easiest glare
control

Wood Structure

- Try not to place office
spaces over assembly
spaces

Make the most of
the site

- preserve path

- engage Sustainabllity
Street landscape




BUILDING MASSING IMPLICATIONS
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STRUCTURE OBSTRUCTS
500 SEAT THEATRE SPACE

REQUIRES HEAVY BEAM
SUPPORTS TO KEEP
THEATRE UNOBSTRUCTED

CODE RESTRICTIVE IF
BUILDING STRUCTURE IS
ALL COMBUSTIBLE
CONSTRUCTION

500 SEAT THEATRE SPACE
FITS BETWEEN OFFICE BARS

THEATRE STRUCTURE IS
INDEPENDENT FROM OFFICE
BARS

ALL COMBUSTIBLE
CONSTRUCTION IS POSSIBLE



Narrow floor plates
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LOBBY/CAFE

SUSTAINABILITY STREET




WEST MALL
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Structure: \Wood

e (Slulam moment frame

e Solid wood floor slabs

 Shear in perimeter walls
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\Why wood?

The building
material made
by the sun

The building
material that
sequesters
carbon

There’s a lot of
it in BC—a lot of
It dead, thanks
to the pine
beetle

Low embodied
energy

0 50 100 200 200 400

Kilometers.




igh Performance Building Envelope
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aluminum flashing

thermally broken
curtain wall system

multiple ply cedal panels

(exposed fasteners)
exterior horizontal blinds

hat channels



Reflecting Seasonal Change
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= Green Screen
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Green Screen

Curtain Wall

Planter Box sl B = =




Energy strategy: A net-zero intervention

Fume Hood
Exhaust Fan

Condensate Heat



Energy Strategy: A Carbon-Negative Intervention

As a result of building CIRS, the university...
» gets a new 60,000 SF building
* their campus COZ emissions will drop /0 tons per year
* their campus energy consumption will drop 1 70MWH, yr

Lab exhaust air

Low-grade heat

rE!

CIRS

1

530 MWh/yr 450 MWh/yr — 640 MWh/yr
Electricity Hot water Natural gas




Carbon Neutral Construction

CONSTRUCTION COz2 EQUIVALENT

600 _

Concrete
Glass
Aluminum
Brick

525 Tannas
Emitted

Tonnes of CO2

800 Tonnes
Sequasterad
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Energy strategy: A net-zero intervention

Energy—net zero
- CIRS uses 306 MWh/yr

electricity, including EOS
intervention

- CIRS exports 311 MWh/yr

heat to EOS, reducing natural gas
use

CO, -net negative

— UBC will emit 50 tonnes/yr less
CO, after building CIRS than
before

- The construction of CIRS has
associated emissions of ~ 1000
tonnes CO,

- The wood used in building CIRS
sequesters ~ 500 tonnes CO, eq.

CIRS Energy | Energy Sent
Use to EOS
CIRS Alternative kWh/m2/year | kWh/m2/year
Lab Exhaust HR 67 68
GSHP 70 0
ASHRAE
Reference 201 0
Sawn timber 1 : 1 2 ) 5 6
Softwood plywood
Birch plywood
Particleb:/rLd
Hardboard
Softboard wood
Gypsum board

Limestone bricks

Red bricks

Standard concrete
Special concrete
Hollow-core elements

Steel plates and rolls
Steel I-be ams
Steel pipe-beams

Aluminium fagade elements

minerals

tCO per m?* of product

LCA C02 per m3 of material, including carbon sink effect of wood
ilding I i ion RTS (Finland)




Achieving better energy performance

US Commercial Building Energy Use 4

250 -

100 1

1919 or 1920 to 1946 to 1960 to 1970 to 1980 to 1990 to
Before 1945 1959 1969 1979 1989 1999

Energy use vs. decade of construction, Source: J. Straube, quoting DOE

Lewis Center,
Oberlin College
2000

O Goal: energy neutral

* Energy use w/ PV

* Energy use without
PV array

source; J. Scofield, Oberiin



The gap between prediction & performance

e Buildings predicted -
7 rd
to use less energy ] Messured = Design ,#
r
tend to, but... 100-

- Variation in design
accounts for only
1/ 3 of the variation
In actual energy use

80 1

D = .33
GIE

Measured EU I

40
- What is responsible
for the other 2/37

20

0 20 | 4lu | 6|u | Blu | 1tlm | 11;11
Design EUI
Figure 21: Measured versus Design EUIs (kBtu/sf)

Source: New Buildings Institute study of 100 LEED certified buildings



Total 2004 Electric Bil
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2004 Electric Bills for 11 Beazer Homes
in Sacramento, CA (from SMUD)

[ Solar Home Bill
—— Average Solar Bill
— Average Non-Solar Bill
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People matter

Total Energy Consumption Intensity Adjusted to Toronto Climate Normals 1971-2000
Range 3:1

123456789 WNMRUBUBBHTHEENHNZIMBERXT B0 23335363738 340414243 44 4546 47 48 49 50

School

50 schools built around the same time,

with similar designs & budgets
Source: Toronto and Region Conservation Authority



Complexity matters

Building form: Deep floor plates require more complex
systems

Complex systems can be harder for organizations to
maintain & operate

Building and systems need to be legible to users




Feedback matters

UBA Dessau
- Predicted use: 53 kwh/m2/yr
- Actual use: 75 kwh/m2/yr
(typical office building: 300 kwh,/m?2/yr]
CIRS
- Sensors everywhere

— Building learns from inhabitants,
inhabitants learn from the building

Monitoring System R 3.015

R 3147




Neighbourhood amenity &
energy centres for EcoDensity

A schools-centred opportunity for
locating amenities

Presented to Vancouver City Council 4 March 2008—Z Smith




EcoDensity / Eco-Intensity

* Not just putting more
buildings on a piece of
land...

Getting more use outofa . /|
piece of land and existing
buildings

Providing live, work and
recreation opportunities
that enhance civic life




Proposal

Co-locate community amenities
and district energy
with re-developed schools

Walking distance Davis, CA
for everyone

_+* Transit
1 2 3
Commute distance










Public Schools

5 minute walk (400m)
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Public Schools

5 minute walk (400m)
10 minute walk (800m)
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Az m potn eveLOTENT g Why are schools so ideally
ROUSE ENOUGH PLON s SssTUTeD located as the civic
buildings you can walk to?

HOUSE [WNOUGH PLOMEL TO rog :_ru.;.._i SITL
REDUREE ONC LLLMLNTASY

REHOOL * FLALT SHAM

MOT ESSENTIAL BUT BLST

WHEM ALL SIDES ARE FRIELY .
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SHOPPING DISTRICT S 1N 7 BA B\ Y Mo | I
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JUNCTIONS AND ONLY NEIGHBIRHMO0D

FREFLEABLY BUNCHLP o ~ INSTITUTIONS AT
u Foum N\ ¥ CENTER,

 School construction boom
in the 1920s

Schools were considered
the centre of
neighbourhood life

T s e Schools placed at the
AND cuum..-m-l-.:g:”_.\_l ol S Centre Of a 1/4 mlle (400m)
7 to 72 mile (800m)
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1920 New York Plan: Clarence Perry
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What Seattle is doing

Upgrading its neighbourhood schools into
neighbourhood amenity centres

School by day

Gym: for the kids by day, the
neighbourhood by night

The library has a community
reading room

Day care / afterschool care is
built in

Typical project seismically
upgrades a 35,000 SF heritage
school, replaces gym to be
post-disaster facility, and adds
cS>fFamenities to a total 55,000 Latona Elementary




Schoolyards: an energy resource

Neighbourhood amenity & district energy centres for Vancouver

Schools by day

Neighbourhood amenities
Preschool / child care
Afterschool care
Neighbourhood gym
Reading rooms
Neighbourhood plazas

+ farmers markets
« summer outdoor concerts

District Energy Anchors

— Ground source heat
exchange fields under the
playing fields
CO_-free heating & cooling
shared with (sold to!)
nearby dense commercial &
residential




Pilot program announced

LEARNING

Investing
in Neighbnurh s - it BEP premier Gordon Campbell
’ SRS | announced a $30-million
Of Learni“g W, - LR AL Meighbourhoods of Learning
ﬁ' = N pilot project, which will zee
e r education and community
services brought together in
a single neighbourhood hub.
Three school districts will be
participating in the pilot
project.

BULITTSH COLUM A
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fi.]
Hon. Gordon ('.:1mphc||
Premier of Bricish Columbia

e, W

H| News Relzas

E| Photos

PREMIER GORDON CAMPBELLS
VIDEO GALLERY




\Water Management in Cities Today

Reservoir

Home

Once-through; waste is a problem

)

\/ Household

water
consumption

Treatment
plant

Landfill

Source: Patrick Lucey, Aqua-Tex



omorrow's Integrated Resource
Management

Creeks, streams,
rivers

Reservoir

. 3 Plants,

. N Household groundwater, :

: N Consumption biodiversity, S
L 2 | a8 | carbon sequestration

Sewer

Biogas/
Biodiesel

Ocean
Treatment

Heat & resource
recovery

Recovery

Landfill

Source: Patrick Lucey, Aqua-Tex



\\Vaste becomes fuel

Linkdping, Sweden & Lille, France

Source: Patrick Lucey, Aqua-Tex



Dockside Green

Victoria, British Columbia
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lockside Green; \\Water

IRRIGATED
GREEN ROOF

|
R -, SPRING/WINTER /FALL
= 3 , - RAINFALL
A | WATERFOR TOILET
| ‘ _FLUSHING AND
EMERGENCY POTABLE S - /
WATER MAKE-UP [ |

MAKE-UP WATER
TO STREAM

BIOSWALE FILTER

SURFACE RAINWATER
FEATURE TO STREAM

7

" 74

DEEPER POOLS TO

KEEP WATER COOL BIOSWALE DRAIN

TO HARBOUR

PIPE UNDER
ROADWAY

HARBOUR

BLACK WATER
TREATMENT

HEAT PUMP FOR
BILDING AND
TREATED WATER TO DISTRICT HEATING

BIOSWALE FILTER

TREATED WATER
FOR OFF SITE SALES

SEWAGE INLET

DCM-MD-VAN-20080CT23-P1Vt



Dockside Green: Energy

1. Fuel In-Feed
Locally sourcad
wood waste
(including recycled
cleanwood
construction and
municipal tree
trimmings) is lcaded
into the fuel bin and

2. Gasifier

Fugl enters the gasifier
and goes through several
stages including drying,
Pyrolysis (chemical
change brought about by
heat), and gasification,
Thewood is converted
into synthetic “syngas”
that can be used like
natural gas.

3. Oxidizer

The syngas is
conveyed into the
oxidizer whereit is
combusted. with the
resulling flue gas
directedthrougha
boiler.

4. Boiler

Hotwater from the
boileris transporied
by an underground
pipe to provide heat
and hot water for
Dockside buildings.
The cold water then
returns lo tha boiler
to start the heating
process

5.ESP

After exiting the boiler, the
fiue gas Is cleaned in an
elecirostatic
precipitator (ESP) that
filters out virtually all of
the remaining particulate
matier.



Counclil House 2

Melbourne, Australia

ater to mEL
Fortmeyer




Olympic Village

Vancouver, British Columbia

SEFC BUILDINGS

FALSE CREEK
ENERGY CENTRE

ENERGY
TRANSFER
STATION

SEWERS TO IONA SEWAGE
TREATMENT PLANT

HOT WATER DISTRIBUTION PIPES

 CAMBIE BRIDGE
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neighbourhood
Distributed solar installations

COLUMBIA

SEFC Energy Centre




Orleans Canal

New Pump Station

N(Tp

Nethertands
WaterPartnershin

Lake Pontchartrain

New Orleans

New Pump Station

Ambasadeoom bt

Koninkrijk der Nederlanden

w

Bmcricen Plonring Assoxistivn

Vision:

Instead of ‘bursts’
of water secreted
underground,
spread it, slow it
down, make it an
urban amenity
where possible.

Opportunity:
What if it also
acted as a
distributed heat
sink for heating &
cooling our
buildings?

Waggonner & Ball Architects



