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District Energy/CHP/Microgrid -
Community Scale Energy Solution

« Underground network of
pipes “combines’ heating
and cooling requirements
of multiple buildings

« Creates a "market” for
valuable thermal energy

« Aggregated thermal loads
creates scale to apply

fuels and fechnologies not
feasible on single-building

DAsIs

e Fuel flexibility & distributed
generation improves
energy security,
strengthens local
economy




Infrastructure for Local Clean Energy
Economy

» Connects thermal energy sources with users

* Urban infrastructure — hidden community asset
* Robust and reliable utllity services

* Energy dollars re-circulate in local economy



Future Proofing a More Resilient City
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District Energy Indusiry Growth

(Million sg ft customer bldg space connected/committed)

Aggregate SF reported since 1990 - 572,853,166 SF
(Annual average 23.8 Million SF/Yr — North America)
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U.S. Electricity Flow from Source to Use, 2011 &enerd ynamics Jp

QU d d I’I I | | on Bt U The Energy Education Experts

Coal
18.04

Conversion

Losses Plant Use?

25.22 ' 0.81
Natural Gas Fossil Fuels
8.05 26.48 T&D Losses®
1.04
Petroleum e Residential
0.29 Net 4.86
Generation
— Energy ._ of Electricity
S Consumed 4301 . -
er Gases to Generate ommercia
0.09 . e o 4.50
Electricity " End
40.04 Use
13.16
Other? Industrial
0.16 3.33
RE“EEWEME Unaccounted Input3 Transportation
nergy 0.06 0.03
5.14 :
| Net Imports of Electricity
Nuclear 0.13 y 6
ectric Power n g';i‘:t Use
8.26 ;
Blast furnace gas, propane gas, and other manufactured and waste gases Electric energy used in the operation of power plants. Notes: * Net generation of electricity includes pumped

derived from fossil fuels. . L -
Transmission and distribution losses (electricity losses that occur between the

Batteries, chemicals, hydrogen, pitch, purchased steam, sulfur, miscellaneous point of generation and delivery to the customer) are estimated as 7 percent of
technologies, and non-renewable waste (municipal solid waste from gross generation.

non-biogenic sources and tire-derived fuels).
J ) Use of electricity that is 1) self-generated, 2) produced by either the same entity

Data collection differences and non-sampling error. that consumes the power or an affiliate, and 3) used in direct support of a service
or industrial process located within the same facility or group of facilities that
house the generating equipment. Direct use is exclusive of station use.

storage facility production minus energy used for
pumping. * Values are derived from source data prior
to rounding for publication. + Totals may not equal sum
of components due to independent rounding.

Source: U.S. Energy Information Administration
Annual Energy Review 2011
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cooling via district energy system

40%

Useful energy produced for electricity

100%

Fuel Input

=



MOVING
FORWARD

more efficient use of resources *
community-based economic engin
safe, secure, and reliable energy

affordable, high-quality thermal services

attractive local environments +
livable towns and cities



LOCAL
~ OPPORTUNITIES

Communities want to become energy producers

Challenges:
* voldtile costs of traditional energy and trade balance
 national cmd local energy security and supply

* local resiliency, growing weatherrisk ..
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Local energy infrastructure maximizes resource efﬁmency
and exploits local opportunities




LOCAL ECONOMIC
ENGINE

Improved energy security and resilience atiracts businesses,
residents who value cleaner, competitive and secure energy supply

-

Economic multiplier: cash that would pa’r outside energy
supplies stays local ll ‘4%

* =k
Compact communities with mix of uses ariElens V. C

bmldmgs reduce spragﬂl and support publlEEﬁm

District energy“enablqs high-quality_-and aﬂraci v_
work : ‘

i -
———
_ ——
ﬂq ,-* = = o a2 ] X |
3 < - | :
.y - = a
“ T _""':.w

]

T

Jli

_ia




PLANNING FOR
THERMAL)ENERGY
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- Local governJ'nenis

PLANNING FOR
THERMAL)ENERGY:

Project champions: Community energy, economic
development and sustainability staff, elected officials,
planners 4

Consider energyﬁn comprehensive planning, |
brownfield/revitalization projects, Cllmate Action Plans &

Variety of pro;eq;developers
and publlc/pnvqte parinersh
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LEGISLATION

IMPLEMENTATION

(CLEAN POWER PLAN; CLIMATE ACTION
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San Bruno Ave.

s ﬁﬂuilding ' Office Building

/ with Ground | with Ground
Sl o Reral
on San Mateo Facing Station

Ave

Station Plaza




1. Consistent interpretation of plannimg . ...
legislation with supporfing policy. promphng__ |
Mmunicipal energy reduction S -‘

2. Consistent metric for energy de asi y focTors
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STAGES OF
DEVELOPMENT:

Stage 1: Objectives setting

Stage 2: Data gathering

Stage 3: Project definifion

Stage 4: Options appraisal

Stage 5: Feasibllity study

Stage 6: Financial modeling

Stage 7: Business modeling

Stages 8, 9 & 10: Marketing and business
development; Project procurement; and
Delivery




risk

PROJECT
FLIGHT PATH

. Project definition
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Options appraisal _
. E— Iteration
5 g N
. Feasibility study N
\
. Detailed Financial modeling N

Detailed Business modeling

Marketing and Business Development
Procurement

St . Delivery

» Money
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Reduce reliance on imported energy

Strengthen local economy, retain energy dollars, stable high-
quality jobs
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Reduce reliance on imported energy and lessen impact of
market volatility
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Reduce energy intensity

Cuf prlmary energy consumphon
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DATA
COLLECTION
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Energy Demand (Btu)
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‘Other existing infrastructure: gas and heat networks and
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ENERGY
MAPPING

1 Rural Areas

Urban Areas
~ Lake / Reservolir
. Woodland - Biomass Potential

Wind Turbines - Large Scale

Wind Turbines - Small Scale
I District Heating

€) Hydroelectric Potencial




DEMAND LOADS

Hourly energy use

A 6.00 - 7.00am gemana for ensrgy as the housahold gets up
= Commerdal 2.00am grop in gemand as occupants leave for school'work
5.00 - 11.00pm gemand ricas as psopie come home from work
<. Domestic

Commercial load

7.30 - 8.00am gemand as people arrive at work

9.00am - 5/6.00pm | cemand arches

After — 6.00pm gemand Jecraases as paopie isave work

*eN ehbbdbsbbaaas.

OB B RIS

AL A2 A X 22 S L L L L L E L I I T L LL AR AR AR R R A YA Combined

baseload

Energy Demand (Btu)

Baseload

LA L A LA Al 1l A d Al A0l Al l il a0l a0l il ol d 22 d 2R 0022020,

9.00 am
1.00 pm

6.00 am
7.00am
8.00 am
10.00 am
11.00 am

1.00am
2.00 am
3.00 am
4.00am
5.00am
1200 am

8.00 pm
9.00 pm
10.00 pm
11.00 pm
12.00 pm



A1 Retail

1 3 5 7 9 1112 151719 21 23

e A1 HTG Work
A1 HTG Weekend
A1 DHW Work
Al DHW Weekend

D1 Non-residential institutions

1 3. 3 ?. 9 ll. 13. .15 .1? .1‘3 .21 23;
D1 HTG Work
w1 HTG Weekend

D1 DHW Work

D1 DHW Weekend

AZ2+B1 Commercial

\/7

N

1 3 5 7 9% 1113 1517 19 11 23

A2+B1 HTG Work
A2+B1 HTG Weekend

AZ2+B1 DHW Work
A2+B1 DHW Weekend

D2 Assembly and Leisure

1 3 .5 .? .9 .11 13 15; 17; 19. 21 :.'-!3
2 HTG Work
w— D2 HTG Weekend
D2 DHW Work

D2 DHW Weekend

A3 Food and Crink

1 3 53 7 9 11 13 15 17 19 21 23

= A3 HTG Work

— A3 HTG Weekend
A3 DHW Work
A3 DHW Weekend

C2+C3 Customt

1 3 a2 7 9 11 13 15 17 19 41 13

C2+C3 HTG Work
C2+C3 HTG Weekend

C2+C3 DHW Work

C2+C3 DHW Weekend

C1 Hotels

1 3 5 7 9 11131517194 23

=1 HTG Work
(1 HTG Weekend
C1 DHW Work
C1 DHW Weekend

C2+C3 Custom?

1 3 o> J7 5 11 13 15 17 19 41 I3

C24+C3 HTG Work
C24C3 HTG Weekend

C2+C3 DHW Work

C2+4C3 DHW Weekend

1 3 5

ONJSIDER BUILDING
TYPE PROFILES

C2+C3 Residential

D1 Non-residential institutions

AA

\

7 9 11 13 15 17 19 21 23 1 3 5 7 9 1113 15 17 19 2

C2+C3 HTG Work
C2+C3 HTG Weekend

w1 HTG Work
— 1 HTG Weekend
C2+C3 DHW Work D1 DHW Work

C2+C3 DHW Weekend D1 DHW Weekend



What is Composite Energy Demand?
* Load Profiles by Functional End Use
Composite Load Profile for the District
» Base Load

e Peak Load

Occupancy Type | ioutcakeshens | inout cakueshore
# sma

3

annual (24 x 365) district electric load

__
—_I.F_
Warehouse | -
SwipMall | -
Primary School T
Secondary School [ =]

T — —
utpat:ent Health Clinic _

Total 6,310,000 59 Time of Year
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CITY OF SEATTLE DISTRICT
ENERGY PRECINCT STUDY




OAL: HIGH-LEVEL
SCREENING ANALYSIS
OF 10 POTENTIAL
DISTRICTS




Urban Village Figure 1

Urban Centers, Urban Villages, and
Manufacturing / Industrial Centers
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KEY ASSESSMENT
ACTIVITIES

Current Building Stock
Type/Size/Age/Heating System

Future Growth

Load Projections - Occupancy/Absorption
Existing Energy Sources

First Cost

Operating Cost

Carbon Impacts



KEY ASSESSMENT
ACTIVITIES

Current Building S
Type/Size/Age/Heating System

Future Growth

Load Projections
Existing Energy Sources
First Cost

Operating Cost

Carbon Impacts
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BUILDING
TYPES

Apartment/Condo Single Family Restaurant Institutional
I Y

APARTMENT 4 PLEX RESTAURANT (FAST FOOD) |GOVT SERVICE

APARTMENT (CO-OP) DUPLEX RESTAURANT/LOUNGE SCHOOL (PRNATE)

APARTMENT (MIXED USE) |SINGLE FAMILY (C/lI USE) SCHOOL (PUBLIC)

CONDO (MIXED USE)

CONDO (RESIDENTIAL)

SINGLE FAMILY (C/l ZONE)
SINGLE FAMILY (RES USE/ZONE)

GROUP HOME TOWNHOUSE PLAT
HOTELMOTEL TRIPLEX
Industrial Office Public Gathering

INDUSTRIAL (HEAVY)
INDUSTRIAL (LIGHT)

MED/DENTAL OFFICE
OFFICE BLDG

MOVIE THEATER
BOWLING ALLEY SERVICE BLDG

MORTUARY/CEMETERY/CREMATORY

MINI WAREHOUSE

CHURCH VACANT (COMMERCIAL)

WAREHOUSE

CLUB VACANT (MULTI-FAMILY)

TAVERN/LOUNGE
AUTO SHOWROOM AND LOT

Retail/Commercial

GROCERY STORE

POST OFFICE

RETAIL STORE
BANK
CONV STORE W GAS




TOTAL AREA OF
HEATED SPACE

Heated Area (1000 SF)

ofies | zet0 | o | 7o | o | e | w | e | w0 | we | a0
ool |53 | s | & [ o | e | v [ & | o [ & | s
Feammess |0 | o | & [ o | o | o [ & | o [ s | &
Srgeramiy | o8 | e | o | o | v | w0 | 4w | ve | aw | e

Apartment/Condo/
Extended Stay 2,720 7,837 49 1,107 1,231 192 756 1,160 2,148 3,041
Hotel

Space Usage Type



TOTAL AREA OF
HEATED SPACE

Heated Area (1000 SF)
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GROWTH
FACTORS

Building Usage Growth Factor by District (%)
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ENERGY USE

ASSUMPTIONS

Energy

FVB Energy Inc. (South Lake Union)

Usage Assumptions

Compass (Vancouver BC)

Peak

Heating Cooling
Space Usage Type Dem and Demand
Factor Factor

(Btu/hr/sf) (sfion)
High Tech Office ; 11.4 450

R AR B R R NN R R e R R W AR R AR R e R e e e e e aw e ww  e e e e e m e 8 R R e e

Conventional Office 12.0 ¢ 615

A R R R R R R R R AR R E A RE R TR S B B R R R R R R IrIrIrlrI'|Irl-III1I1I1I1I1HEil-|rlﬂl-IrIrli-l-l-l-il'|l'|li|'|l'|lIrlrlrlrIl'irl'|IrI'|l'|I'|I'|l-||-||-|l-lrll-|l'l-lr|illllll+|r

Average 11.7 533

Research Lab 20.4 350

o Aot R o S g o S g i S it R g T o TR Tt R T i R A R A R i B R A B S i g S i e M T g R Mt e o A i R S e g S S B i i ol g it il ot g B R R g A o e R

Institutional 21.0 | 450

R WO R R EEE SR B R R R N R R EE EEE s R W O E W W NN N R N EEm R

Average 20.7 400

i e e i o e e e n.hn-n.nn-nn-‘-nnﬁnﬁhnﬁnnnhﬁﬁhnhﬁn.}h n.n-.-.-.‘-n-nnrhnnrhnnﬁnnhnfEnnnnn-ﬁn.n gty Ty T T Yty T

e e e
Retail ; 16.1 5;. 530

Grocery Store 16.1 550

AR IR R AR I 1 1 o 1o 0 1o A R gl it Bl ol it B Tl 0 S A R I P IR R B o B R Rl S8 1R il il it Bl it Al Rl ) S0 S0 S MG o A R ISP 1 A 1 B o B Rl g R ol R g o gt A B S S AR A S L R P L LR LR 1 IR 1P R
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WHAT DID WE
LEARN?

Heat demand 2011

Seattle Steam Heating (HW Distribution)

Seattle Steam Heating (Steam Distribution)

Gas Fired Boiler Heating (HW Distribution)

W Gas Fired Furnace Heating (Air Distribution)

& Oil Fired Furnace Heating (Air Distribution)

® Oil Fired Boiler Heating (HW Distribution)

W AIrto Water Heat Pump Heating (HW
Distribution)

B Air to Air Heat Pump Heating (Air
Distribution)

B Electric Resistance Heating




FUEL CONSUMPTION

Fuel consumption 2011
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CO7 EMISSIONS

Tonnes CO2

CO2emission 2011
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CO> REDUCTION
IN 2030

CO2 reduction in 2030
(DH compared with existing)

Tonnes CO2
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FIRST HILL
OPPORTUNITY

Three Hospitals Yesler Terrace Redevelopment
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ADDITIONAL
NEAR-TERM PRIORITIES
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Capitol Hill University District







Selling the idea - different drivers for different audiences

Collect commitments from pariners/potential customers to
investigate the opportunity further

Securing the commitment of key anchor load: similar to retail
development securing anchor tenant

Viability of a project improves with size and diversity of loads:

partnerships between multiple building owners in private and
public sectors are beneficial

Varied priorities: commercial developments, community
developments






Analyze data and
examine energy.
iec h n ology options
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study: compare the
energy solutions

available, evaluate

payback periods and
cost-effectiveness
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Compare a limited
number of typical o
solutions, including N
business-as-usual case



Compare Simple Payback and Net Present Value (NPV)

Consider rate of return requirements

" e -

of each option as well as other costs

Operational costs: fuel, maintenance, replacement costs



(NPV) S
-STm

-$2m
-$3m
- $4m
-$5m

-S6m

Community energy : life-cycle cost analysis

== NPV - New district heating

== NPV - Individual gas boilers

wes NPV - Electric storage heating

— NPV - Do minimum now, install individual
gas boilers in six years

-
.
"-'L
.'b
I‘—

e
\
-
=
——

25



STAGE 5
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Heating parameters: 5

Electric resistance; heat pump;
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Cooling parameters:

Installed capacity vs contract demand
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Central chilled waf‘ r, AHU's;
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1 18 MMBH
Ded Base Load
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office heating load

2
&
v
z
O
X

m 2.0E+01-4.0E+01
®m 0.0E+00-2.0E+01

office electricdemand

@ 10.00-15.00

E

office elec chilling

S
3
.

m 2.00-3.00

m 1.00-2.00

2 0.00-1.00




residential heating load
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districtelectricdemand

district heating load
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THREE-WAY VALVES
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CUSTOMER INTERFACE

Differential Pressures

Supply & Return
Temperatures

Metering

Water Treatment




Phasing of mains and services - rights of way

Distances; sireet crossings; congested underground
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1

Customer Interface - point of eniry; vaulfs, r|g
clearances; garage verhcal { mmmas
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NODAL

DEVELOPMENT

Development ® Heatloads
ws  Distribution pipeline s Transmission pipeline
@ Heat source :’1:‘5 Power station

@ Anchorheat loads
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Chilled Water or Thermal Flui
,ﬁ—*"’ \

Motivator: Electrlc Turbine; Absorphon

Quantity/Configuration: Base/Peak, Size Ratio 16 peaks

- =i ‘ ‘

Redundancy ; 1A

Maintainability |

Future Thermal Storage



CENTRAL
.. PLANT

[’i Industrial

Renewable'\
Deep Lake -
- Water Cooling ', Residential
|

e

N
Distribution
Infrastructure

» CHP turbine

« Generator

» Gas peaking boilers

« Emission controls

» Compressors

« Chillers

« Pumps

- Plate heat exchangers

Natural Gasﬂ

Coai: Future
Energy
Sources

Affiliated Engineers Inc. lllustration




OPTIMUM
SOLUTION

Financial viability determines technology

Feasibility study may produce a range of scenarios with dlffireni.
permutations of ’rec;hnologles and design arrangements

. |'=|=!‘

Project developer must calculate rates of return DC *
variety of sensmw’ry ‘analyses 3 |
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STRATEGIES FOR
RISK MITIGATION

Risks Mitigation
Thermal Load Take or Pay Contract;
Capacity Payment
Equipment Failure Proven Technology

Equipment Guarantees
O/M Contract

Project Cost Overrun Contingencies - EPC
Site Control
Gas Price Hedging: Contract With Marketer

Match of Purchases to
Consumption
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Weighted average cost of capital

Risk assessment and mitigatior

W _5,5

Measures of financial viabilitg;ﬂ |




TIME VALUE OF MONEY

(DISCOUNT RATE)

e M8
el L
e 1%
s 5%
18%

/<

| |

1.00

- o O O o O O oo o O
-

8 & o B & o B &8 o

1edA 19d 91e4 JUNOISIP pale]s 1k TS JO anjep

0O 1 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20




L1
!

WEIG

ED AVERAGE |
'I/H
|/ /

'||! 'It' ¥

I
i
X |

-;-i )F
()

Equity rate of return = ER -+

- I3
5
i |
y
Y i
=

.f"‘*\
Debt ratio = DR

Weighted average cos



Py

““MEASURES OF

Net Present Value (NPV)
Internal Rate of Return (IR
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Return on Equity (ROE) & .. ™




FINANC

Land for centra[ plcmf % Debt
Central plant componen’rs

Equity

Soft costs, i.e. engmeenng
permitting, land-use
approvals, and rights of

Construction and E:’NT
installation costs —



FINANC

Fuel/ Power i

Flechicity for “g hﬁng, _pumpi'“ =h

Labor -

Operations /Maintenance
»
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Insurance, taxes
Contributions 10 sinking fund

Consultant feeliE®

Thermal energy charges:

1. Consumption charge
2. Capacity charge '




LE FINANCIAL
ANALYSIS

Hypothetical district heating and cooling system serving
new mixed use developrﬁé :_.t '
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ANNUAL COSTS
+ REVENUES
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Annual Net Cash Flow (million S)

NET CASH FLOW
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Operating Year

= et cash flow
(UNDISCOUNTED)

-3 Net cash flow
(DISCOUNTED)
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BALANCING RISK

Cost of capital varies with risk

Assignrisk'to a ppropriqfe parties

Sensitivity analysis fo
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RISK ASSESSMENT

Risk Description

Risk Ownership
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Impact Severity

Probability

Action Status

Mitigation Strategy

Revised Impact

Revised Probability

Action Status

Engineering | Poor technical Technical Project fails High Possible | Manage | Check track record Low Low Review
design design Sub-Group | to achieve of engineer; check possibility
objective; project references; peer
fails to achieve review; check
financial viability Professional
Indemnity in place
Planning and | Fail to secure Planning Project cannot Extreme | Possible | Actively | Early understanding Low Possible | Actively
permitting permits Sub-Group | proceed manage | of requirements; early manage
engagement with until
officials; ongoing secured
engagement,
adjustment, and
review
Construction | Poor construction | Technical Work requires High Probable | Actively | Monitor and review; Off-set | Off-set Monitor
and installation Sub-Group | correction and manage | set standards and
remediation; In contractor review

adverse impacts
on project
schedule and
budget

agreements; obtain
insurance cover




IDEA Screening tool provides initial insight, next step Is
more rigorous evaluation of engineering, economics and
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STAGE 7:
BUsIiNess




SS MODELING

__ more less _
control control
pUbl IC lower higher private
SeCtOI’ interest rates interest rates SeCtOl’
. carry transfer

risk risk
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BUSINESS
MODELS

Joint venture or special purpose vechmles (5 VL o

STy k. 1""'." "“.""'"’-%' N
Stakeholder-owned special purpo*%e \féhlde#(??“"'”- '
Ownership by a variety of stakeholders LREIT MLP’s)




ROLES

ideniify and define project, stakeholder buy-in, initiate technical
feasibility studies and financial investment appraisals, fundraising, drive business

;’f‘

4 establish and monitor standards of performance and/or
consumer protection; local right of way to construct/operate in city sireets; etc

guidance, stakeholder accountability, high-level

~r , bond counsel regulatory; eic) 2
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concerned with the physu:al dellvery, |nclud|ng
design/construction/commissioning; can conhnue—#mwcess:on mana%emen’r
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the party that owns the actual physicdl.d
municipality; private; non-profit; partnership; or fmcmcm f_i_ |
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District Energy/CHP/ I\/\icrogriq _
Closing |

* Thermal energy also critical, not just élec’rrici’ry
* DE/CHP is clean, proven, and competitive ~ -
* Early stage feasibility funding important, oftfen missing
e Stage the spend 1o educate customers, secure market /
* Don’'t overinvest In plant design/engineering too soon
* Secure anchor load, sequence piping buildout
* Retain experienced partners

* Clean, reliable infrastructure drives economic growth
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INTERNATIONAL
DISTRICT ENERGY
ASSOCIATION




Thank you for your attention.

INTERNATIONAL
2% DISTRICT ENERGY
ASSOCIATION

www.districtenergy.org

Rob Thornton

rob.idea@districtenergy.org
+1-508-366-7339



