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OBJECTIVE
& OVERVIEW

DEFINING A PATH TO INNOVATIVE & SUCCESSFUL LOW-CARBON DES

« KEY REQUIREMENTS:
o Technical
o Economical
o Social/ Political

« CONSIDERATION OF ENERGY QUALITY (EXERGY)

« IDENTIFYING AN OPTIMAL SITE SPECIFIC DES CONFIGURATION
o End-use Energy Demand Side
o Energy Source and Technology
o Energy Distribution Network

« EXAMPLES OF INNOVATIVE DES CONFIGURATIONS
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DEFINING
DES STRATEGY

« KEY OBJECTIVES + THEIR HIERARCHY = DES STRATEGY

Reliability - Sustainability
Carbon Emissions Fuel Security

Environmental Impactresiliency

Total Cost of gei'fvisceﬁ, .Egiciency
Loc:atlonReclund ell sulficiency

: ancy
Business Case
Scalability
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KEY REQUIREMENT #1.:

» Diverse & Adequate Demand
« Existing vs. New End-Use
 Demand use Temperatures!

Low-Carbon
Energy Sources

And Technology

* Waste Thermal and Low-Carbon Renewable
Energy sources available on site

« Matching and Efficient Energy Conversion District Energy CorEpI)EaStible
Technology System End-use
Distribution Sl
Network 9

systems

e Link between the End-use demand and
Energy Source

 Distribution Network Temperature Level!
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KEY REQUIREMENT #1
TECHNICAL

FINDING THE OPTIMAL MATCH: ENERGY QUALITY (EXERGY)
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Low-grade /Quality

Energy Source End-use Energy Form
-
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KEY REQUIREMENT #2:
ECONOMICAL

BUSINESS CASE
» Define parameters of a viable business case:
« ROI/IRR/ Cash flow...... “Total Cost of Energy (TCE)”
« “Marginal TCE” over Business as Usual (BAU)
» Cost of conventional energy sources from the grid
« Cost of borrowing capital
» Targeted payback period

« Capital incentives for Low-carbon systems
« 777
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KEY REQUIREMENT #3:
SOCIAL/POLITICAL/REGULATORY

MUST ADDRESS PUBLIC PERCEPTION CONCERNS
* Emissions & Air pollution, Odor, Noise, Health...
* “Not in my Backyard!”
 Biomass, WTE, Wind power....

MEET REGULATORY REQUIREMENTS

* Regional, Municipal...
« Public Utility regulations

STAKEHOLDERS ENGAGEMENT

» Proactive stakeholders communication and engagement
plan
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DES PLANNING:
END-USE ENERGY DEMAND SIDE

EVALUATE END-USE ENERGY DEMAND SIDE
OPPORTUNITIES AND LIMITATIONS

EXISTING BUILDINGS
» Systems requiring high supply temperature level
« Can it be lowered?
+ Keep “as is” or upgrade building level systems?
» Can it be reconfigured to achieve "temperature
cascading” and maximum “dT”?
NEW BUILDINGS

» Design with low-temperature systems
* Minimized the energy requirements

BUILDINGS TODAY BUILDINGS TOMORROW
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DES PLANNING:
ENERGY SOURCE SIDE

EVALUATE LOCAL ENERGY SOURCE
OPPORTUNITIES AND LIMITATIONS

LOW-GRADE:

On-site waste heat recovery
Sewer waste heat recovery
Geo-exchange

On-site renewables: solar thermal

HIGH GRADE:

Fossil fuels (natural gas, petroleum, coal)
Grid electricity
On-site renewables: solar PV, wind power

Non-traditional combustible fuels (biomass,
solid waste, biogas)
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DES PLANNING:

KEY CONSIDERATIONS:

Thermal/ Electric/ Co-generation/ Tri-generation
Heating Only vs. Heating & Cooling
High-Temperature vs. Ambient Temperature
Cascading Temperature Levels

Centralized vs. Distributed Energy Source
Energy Sources and their combinations

Energy Conversion technologies and their
combinations
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DOWNTOWN VANCOUVER EXAMPLE

DES Configuration &
Operating
Temperature

Heating Only High Temp Water

Building Scale Cooling
System Independent of
DES

DES Configuration
& Operating
Temperature

Ambient Temperature

Heating and Cooling Wisie?
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Location of Energy
Source

Centralized

Centralized

Location of Energy

Source

Distributed or
Centralized

Low Carbon Energy
Sources

CHDL Connection with
Biomass Steam
Generation

Small Scale Biomass
Hot Water Generation

Heat Pump Augmented
Sewer Heat Recovery

Low Carbon Energy
Sources

Direct Exchange
Sewer Heat Recovery

Steam Condensate
Heat Recovery

Closed Loop Ocean
Exchange

Solar Thermal
Collectors
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VANCOUVER DOWNTOWN
“AMBIENT LOOP”

« Conversion of the
existing DFPS into
Ambient Loop

Old Stock Exchange Building [l

 Energy recovery
between cooling
dominant
commercial

buildings and Burrera Gatevay B, o ooV o AL P
heating dominant W | o XA QE Theatre |
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VANCOUVER DFPS - “AMBIENT LOOP”
CONVERSION CONCEPT

TYPICAL DOWNTOWN OFFICE BUILDING TYPICAL DOWNTOWN NEW RESIDENTIAL BUILDING
CONMECTED TO AMBIENT TEMP DES COMNMNECTED TO AMBIENT TEMP DES
__|coouns
TOWER r rLooR oA MEW SEWER HEAT RECOVERY
A PLANT & CENTRAL PUMPING
AADIANT H&C COLLECTOR STATION POTENTIAL SEWER HEAT
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DISTRICT AMBIENT TEMPERATURE LOCF 600mm DIAMETER
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NEW HEAT
EXCHANGER AND
PUMPS

EXISTING OCEAN
INTAKE AND DFPS
PUMP STATION AND
CONNECTION

POTENTIAL CLOSED LOOP
e OCEAN EXCHANGE

FOTENTIAL OFEN

EXCHANGE -
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VANCOUVER AMBIENT LOOP
THERMAL PERFORMANCE OF PHASE 1

20 4000
Thermal Load (kW) and Ambient Loop Temperature (C)
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YVR & SEA ISLAND




YVR
EXISTING ENERGY DEMAND

Total Emissions
50,000 Tonnes

5,000 Tonnes

57 GWhs

88 GWhs

Grid Electricity 9 GWhs Other Electricity

22 GWhs
N — 22 GWhs
P
Chiller Cooling
20,000 Tonnes
Losses
22 GWhs
114 GWhs
91 GWhs
Namral gas Heating th Heating

25,000 Tonnes

i 46 GWhs

Vehicle Fleet

)

Diesel & Gasoline
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YVR & SEA ISLAND DES
CONSIDERED DES TECHNOLOGIES

BIOMASS TRI-GENERATION WASTE-TO-ENERGY

Heathrow Airport T2 10MW Biomass Cogeneration Plant “Batch Oxidization System” by WTEC

ABSORPTION CHILLERS

Absorption Chillers — University of Lund DES, Sweden -
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DES CONCEPT FOR YVR & SEA ISLAND:
“OPTIMAL” CONCEPT
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Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec

I Heating Energy from Tri-Gen (Biomass) Electricity from Tri-Gen (Biomass)

Sea Island Forecasted Heating Demand ~ — —Sea Island Forecasted Electricity (with DES)

o (B [elEigskies) Coaliin D e Airport Authority Forecasted Electricity

——Sea Island Forecasted Thermal Demand (Heating + Cooling)
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YVR & SEA ISLAND
“OPTIMAL” CONCEPT DES ENERGY DEMAND

Total Emissions
(7 Jovm

28,300 Tonnes
4 GWhs Other Electricity

dL T 100 GWhs 213 GWhs

Grid Electricity

Electrical Chiller
36 GWhs

333 GWhs

. 150 GWh
Biomass cogen.

17,000 Tonnes

MR\ | 33 6whs

Diesel & Gasoline Vehicle Fleet

Sea Island
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YVR & SEA ISLAND
“OPTIMAL” DES CONCEPT

N : » Existing Barge

Docking Area

Canada Post ", N T3 —ct ol 2 | Potential
| Biomass

16.5 MWe Biomass

¥ ) =Y ¢ Cogen Plant
Exnstlng ITB Coolmg S 4 -. - Air Canada : 8

© Plant to Stay N S S Facilities

2

2N

Existing Heating Plant &

New Air-Side
/ Operations Building

Existing Utilities Building
to be Demolished

S, Fre S ‘ [T ) £ o % Electrical Connection
New Central Plant Expansion . New Utility Service &\ meyp s SeaeE from Biomass Cogen
» Backup Generators . e Electrical Power - A Plant to Sea

. » Chiller Plant with ) —— « HW DES . Island Substation
Absorption Chillers i ~ g 7 S
and Cooling Towers
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RICHMOND - MINORU PARK
DISTRICT ENERGY STRATEGY

HYBRID ON-SITE DISTRICT ENERGY STRATEGY

et - - EEEFFEEEE - Minoru Ice Rink Heat
3 _w"‘m inoru A . r ot . i
i 330 boreholes (12,000 m?) 7 18 IR X ReJeCtlon ReCOVery,
B i : h, e Solar Thermal, and
450 rehols (15,300 m ) e I R N GeO'eXChange

- Peaking and backup
heating by local Waste
Biomass or Natural gas

NequuattcCentre o bO”erS
|Older Adults Centre and &y - ; !
|Sports Centre s - = 4 P o | e g ) )
(Estlmated Roof Area = (e SRl N\ " e \ o B « Minoru Ice Rink and
SRS T AR A E A Solar Thermal are utilised
first
TRl | e _ - Geo-exchange sized to
e NS e oo o) b meet remaining heat
i demand
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RICHMOND - MINORU PARK

DISTRICT ENERGY STRATEGY

1,200

1,000

800

600

MWh

400

200

[ Minoru Arena (Rejected Heat) m Solar Thermal

Jan

Feb

Mar

Apr
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May

June

July

Aug

Sept

Geoexchange = Natural Gas Boiler

Oct

Nov

Dec

Total Minoru Park Heating

INTEGRAL
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Hybrld system
Minoru Arena
Solar Thermal
Geo-exchange
Nat gas boiler

System meets
100% of Minoru
Park heating
demand

Geo-exchange
field: 330
boreholes
12,000m?

-
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RICHMOND - MINORU PARK + CARRERA
DISTRICT ENERGY STRATEGY

1,200

Hybrid system
- Minoru Arena
- Solar Thermal
- Geo-exchange
- Nat gas boiler

1,000

800

g 600
System meets
400 100% of Minoru
Park + Carrera
200 heating demand
Geo-exchange
Jan Feb  Mar  Apr  May June July  Aug  Sept  Oct  Nov  Dec field: 450
boreholes
15,300m?
s Minoru Arena (Rejected Heat) mww Solar Thermal Geoexchange = Natural Gas Boiler Total Minoru Park + Carrera Heating

P
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FINANCIAL ANALYSIS
BUSINESS CASE PRO-FORMA: 20 YEAR DEBT PAYOFF

$35,000,000
Geoexchange (20 years)

$30,000,000

Starting $/MWh

$20,000,000

$15,000,000 / /
$10,000,000 /
$5,000,000

§-

T Y |

2021 22 23 24 25 26 27 28 29 30

-$5,000,000

-$10,000,000

515,000,000

-$20,000,000

Principal Loan Deferal Loan  ———MNetProject Value
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FINANCIAL ANALYSIS
BUSINESS CASE PRO-FORMA: 30 YEAR DEBT PAYOFF

$35,000,000
$30,000,000
$25,000,000
$20,000,000
$15,000,000
$10,000,000

$5,000,000

5_

55,000,000
510,000,000
415,000,000

-$20;000'000

Geoexchange (30 years)

Starting $/MWh

$82.0

m—_‘l1011121314151617181920212 9 30
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Principal Loan Deferal Loan  ———MNetProjectValue
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