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Work Flow:

*New Generation Options Analysis
a. Conceptual designs of electric generation options
b. Calculation of thermodynamic and emissions performance
c. Estimated Capital and Fixed & Variable O&M costs
d. Inputs to Ventyx Strategist Model
e. Defined Electric Resource Scenarios (CEP+)

eVentyx Integrated Resource Planning & Production Cost model
a. HBPW Electric Load Forecast
b. Ventyx Reference Case for 25 year Energy Cost Forecasts
c. Electric Resource Scenario Strategist Runs
d. Sensitivity Runs — High/Low Natural Gas Cost Forecasts

*HDR Decision Economics Analysis

a. Financial Return On Investment (FROI)
b. Sustainable Return On Investment (SROI)
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James De Young Station

Unit 3 Retired in all cases

*Snowmelt system currently fed by U3/U4

* 46 MW Combined Capacity U4+U5

*No Capital Investment — Retire U4 &US5 by 2016 per the

CEP

*Invest $28M Air Pollution Control Equipment , U4 Retires

2027, U5 Retires 2033 (Base Case) EXR




Renewable Generation Options

20MW Wind Farm

sludge drying tank digester tower gas gas CHP plant
biogas holder  blower

eat from CHP M‘l‘

auxiliary use of heat

(e.g. heating of buiIdinng

electricity for internal use

A

y
solid remains for
agricultural use

4MW Digester Gas CHP

electricity for export to grid

A
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New Solid Fueled Unit 10 at JDY

Circulating Fluidized-Bed (CFB) Boiler

Feed Water
HO.W a CFB : :. ét.e;r;] ................................ . E Air Preheater
H . Cyclone N .
unit works : : " Ammonia S : _—
Injection v 0 /é\gilte? 0 State-of-the-Art Air
A Circulating N uality Control System
% Fluidized-Bed Boiler Quatity Y
. Lime Slurry
; fmesione Particulate
Solid Fuel

v Control

Device ||
w Stack
/ :....'f

Polishing
. Scrubber

f \ To Byproduct Storage
Condenser
Steam
----- Air
----- High-Pressure Steam "t . -
----- Low-Pressure Steam . : - 5
----- Water : v v .
----- Particulate p— -
----- Lime Slurry Ce—
Generator
To Byproduct Storage Steam Turbine

70 MW Capacity
*50% Petroleum
Coke

*30% Biomass
*20% PRB Coal
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Natural Gas Fired Combined Cycle

GE LM2500 Aeroderivative Gas Turbine

Ex.

haust Power

gas Compressor Turbine
Turb!ne Section
Section

Compressor

Heat recovery
steam generator

Combustion

GT generator

Condenser
=
LE—'

ST generator

General Electric LM2500 Gas Turbine

Steam turbine

2x1 LM2500 - 78MW
2x1 LM6000 — 114MW




Natural Gas Fired Combined Heat and Power (CHP)

Cool Exhaust

Water Returned to
CHP Plant

Steam Supply to

factory process
¢

Gas Turbine Generating Set

The Gas Turbine based
Combined Heat & Power Cycle

Combined Heat & Power is the simultaneous
production of Power and Heat from a single
fuel source.

The Gas Turbine generates electricity to
power the plant.

The hot exhaust gases are passed through a
Waste Heat Recovery Boiler*

The hot gases heat water which is supplied
either as hot water or steam to the
factory/facility processes,

* Wiaste Heat Recovery Boilers
are also known as
Heat Recovery Steam Generators (HRSG)

LM2500 CHP — 30.5MW
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Base Case Scenario

Commericial Capital Cost
Net Output Operation Date (20128) Comments
MW yr. $1,000
Existing Electric Resources
Capital cost includes new bag house, DSI
system, and SNCR system for both JDY Units 4
JDY Units 4 & 5 46.0 now $28,440 and 5. Assume maximum 65 year operating life
for both units (Unit 4 will retire in 2027 and Unit
5 will retire in 2033).
NG Peaking CTGs (Units 7, 8, and 9) 147.0 now -
L ) ) 18 MW output comesponds to summer operation
Distillate Peaking CTG (Unit 6 18.0 -
istillate Peaking CTG (Unit 6) now (22 MW comesponds to ISO conditions).
Campbell / Belle River Generation 46.0 now -
Landiill Gas (PPA w/ Granger/NANR) 10.0 now -
Grayling Biomass (PPA) 1.0 now -
New Electric Resources
JDY Unit 10 (CFB) 70.1 2017 $329,080 Fuel mixture of 50% PetCoke, 30% biomass,

and 20% PRB coal.

BHR
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Scenario A
Commericial Capital Cost
Net Output Operation Date (20129) Comments
MW yr. 31,000
. in operation until ) No AQCS capital costs included. CEP states that
SP¥ Uk £ 2 6 a0 2016 all existing JDY units will b offine by 2016.
NG Peaking CTGs (Units 7, 8, and 9) 147.0 now -

- . . A 18 MW output corresponds to summer operation
Distillate Peaking CTG (Unit 6) 18.0 now (22 MW corre is to 1SO conditions).
Campbell / Belle River Generation 46.0 now -

Landfill Gas (PPA w/ Granger/NANR) 10.0 now -
Grayling Biomass (PPA) 1.0 now -
New Electric Resources
. - Par CEP, facility will be located at the existing
2x1 LM2500 Combined Cycle Facility 78.6 2015 $147,235 DY sito.
LM2500 CHP Plant 205 2015 $60.986 CHP facility will be located at'near the Industrial

Park.

BHR

11



Scenario B
Commericial Capital Cost
Net Output Operation Date (20129) Comments
MW yr. $1,000
. in operation until ; No AQCS capital costs included. CEP states that
ekt a0 2016 all existing JDY units will bo offiine by 2016.
NG Peaking CTGs (Units 7, 8, and 9) 147.0 now -

. . . ) 18 MW output corresponds to summer operation
Distillate Peaking CTG (Unit 6) 18.0 now (22 MW corre Is to 1SO conditions).
Campbell / Belle River Generation 46.0 now -

Landfill Gas (PPA w/ Granger/NANR) 10.0 now -
Grayling Biomass (PPA) 1.0 now -
New Electric Resources
2x1 LM2500 Combined Cycle Facility 78.6 2015 s1720s [0 O=P faclity willbelocated at the existing
LM2500 CHP Plant 205 2015 $60,986 g:: facility will be located at'near the Industrial
HBPW developing wind farm based on 20 MW of
. . installed capacity (2014 commercial operation).
Wind Generation (HBPW Asset) 6.8 2014 $46,649 Net based on an annual ity factor of
34%.
Capital cost based on 8 MW of installed capacity
per CEP (net output based on 16.13% annual
Solar Pv 1.3 2030 $59,056 capacity factor). CEP calls for 24 MW of installed
Pv capacity however Ventyx run ends at 2036 (6
years after initial installation phase).
Capital cost based on converting JDY Unit 5 to
burn woody biomass in 2018. Note that per CEP
. . JDY Unit 5 will retire in 2016 (2018 operation date
JDY Biomass Generation 21.8 2018 $66,004 based on 26 month construction schedule).
Assume maximum 65 year operating life for JDY
Unit 5 (2033 retirement).
Capital cost includes power island (CTG, HRSG,
Digester Gas CHP 4.0 2014 $35,212

etc.) and digester gas system (per Spart
proposal).

BHR
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Scenario C
Commericial Capital Cost
Net Output Operation Date (20129) Comments
MW yr. $1,000
. in operation until ) No AQCS capital costs included. CEP states that
el bl g0 2016 all existing JDY units will be offline by 2016.
NG Peaking CTGs (Units 7, 8, and 9) 147.0 now -

- . . A 18 MW output corresponds to summer operation
Distillate Peaking CTG (Unit 6) 18.0 now (22 MW corre Js to 1SO conditions).
Campbell / Belle River Generation 46.0 now -

Landfill Gas (PPA w/ Granger/NANR) 10.0 now -
Grayling Biomass (PPA) 1.0 now -
New Electric Resources
. Fuel mixture of 50% PetCoke, 30% biomass, and
JDY Unit 10 (CFB) 70.1 2017 $329,080 20% PRB coal.
CHP facility will be located at'near the Industrial
LM2500 CHP Plant 305 2015 $60,986 Park.
HBPW developing wind farm based on 20 MW of
. . installed capacity (2014 commercial operation).
Wind Generation (HBPW Asset) 6.8 2014 $46,649 Not oulput basod on an annusl ity factor of
34%.
Capital cost based on 8 MW of installed capacity
per CEP (net output based on 16.13% annual
Solar Pv 1.3 2030 $59,056 capacity factor). CEP calls for 24 MW of installed
Pv capacity however Ventyx run ends at 2036 (6
years after initial installation phase).
Capital cost includes power island (C1G, HRSG, |
Digester Gas CHP 4.0 2014 $35,212 etc.) and digester gas system (per Spart

proposal).

BHR
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Scenario D
Commericial Capital Cost
Net Output Operation Date (20129) Comments
MW yr. $1,000
. in operation until ) No AQCS capital costs included. CEP states that
SOTERSE S &5 450 2016 all existing JDY units will ba offine by 2016.
NG Peaking CTGs (Units 7, 8, and 9) 147.0 now -

- . . A 18 MW output corresponds to summer operation
Distillate Peaking CTG (Unit 6) 18.0 now (22 MW corre Is to 1SO conditions).
Campbell / Belle River Generation 46.0 now -

Landfill Gas (PPA w/ Granger/NANR) 10.0 now -
Grayling Biomass (PPA) 1.0 now -
*M Electric Resources
. Fuel mixture of 50% PetCoke, 30% biomass, and
JDY Unit 10 (CFB) 70.1 2017 $329,080 20% PRB coal.
LM2500 CHP Plant 205 2015 $60.986 CHP facility will be located at'near the Industrial

Park.
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Scenario E
Commericial Capital Cost
Net Output Operation Date (20129) Comments
MW yr. $1,000

Capital cost includes new bag house, DSI

system, and SNCR system for both JDY Units 4
JDY Units 4 &5 46.0 now $28,440 and 5. Assume maximum 65 year operating life

for both units (Unit 4 will retire in 2027 and Unit 5

will retire in 2033).
NG Peaking CTGs (Units 7, 8, and 9) 147.0 now -

. o . . ) 18 MW output corresponds to summer operation
Distillate Peaking CTG (Unit 6) 18.0 now (22 MW corre Is to 1SO conditions).
Campbell / Belle River Generation 46.0 now -

Landfill Gas (PPA w/ Granger/NANR) 10.0 now -
Grayling Biomass (PPA) 1.0 now -

New Electric Resources

Market Purchase

Assume all new electric generation resources will
be purchased from market.

BHR
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Scenario F
Commericial Capital Cost
Net Output Operation Date (20129) Comments
MW yr. $1,000
. in operation until ) No AQCS capital costs included. Assume JDY
¥ Lsin & &5 450 2016 Units 4 and 5 will be retired in 2016 (per CEP).
NG Peaking CTGs (Units 7, 8, and 9) 147.0 now -

- . . ) 18 MW output corresponds to summer operation
Distillate Peaking CTG (Unit 6) 18.0 now (22 MW corre Is to 1SO conditions).
Campbell / Belle River Generation 46.0 now -

Landfill Gas (PPA w/ Granger/NANR) 10.0 now -

Grayling Biomass (PPA) 1.0 now -

New Electric Resources

Market Purchase ) A ) Assume all new electric generation resources will

be purchased from market.

BHR
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Scenario G
Commericial Capital Cost
Net Output Operation Date (2012%) Comments
MW yr. $1,000
. in operation until A No AQCS capital costs included. Assume JDY
AT Ui & & 5 460 2016 Units 4 and 5 will be retired in 2016 (per CEP).
NG Peaking CTGs (Units 7, 8, and 9) 147.0 now -

- . . A 18 MW output corresponds to summer operation
Distillate Peaking CTG (Unit 6) 18.0 now (22 MW corre Is to ISO conditions).
Campbell / Belle River Generation 46.0 now -

Landfill Gas (PPA w/ Granger/NANR) 10.0 now -

Grayling Biomass (PPA) 1.0 now -

New Electric Resources

2¢1 LMB000 Combined Cycle Facility 114.3 2015 $182,180 | acity capital cost based on installation adjacent

to existing JDY site.

BHR
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.
Ventyx Dispatch Model

- HBPW engaged Ventyx to conduct operational modeling

* Ventyx's model considers the available resources in
each scenario and forecasts how the resources would
be dispatched based on economic variables internal and
external to HBPW

« The Ventyx forecasts feed directly into the SROI model

a
- me ert Page Layout Formulas Data Review View Developer Get Started @RISK
2
;; cut won  -ju - SiwapTen Genewl -
Copy
Past E S ad
ot - Format Painter MM
Clipboard ] Font ]
75 [€ Lo
2 | l | l J | [
_Transaction ta
558 TRANSACTI ata ltem 2015
MKT SALE NERG ENORSOLD  "GWH" 0
MKT SALE umP Y  "GWH" 0
1MKTSALE ~ MAXIMUM CAPACI Y "Mw|  $20000
MKTSALE ~ FIRMCAPACI Y "MW 180.00
563 MKT SALE TAL COST OR REVENU "300C
MKT SALE ERGY COST OR REVEN "sooC 5 $16000
SOLAR ERGY TAKEN OR SOLD "GWH 4000
SOLAR UMP ENERGY "Gwh <
2
SOLAR MAXIMUM CAPACITY "MW 0.00 Ues  an e
e FTIVPIYe: e Vi 0000 M
& S resereee
80.00
$60.00 St
$40.00 o Medion
0.00 entie
0.00

,,aa‘»' e ,.w‘ ,,n*‘ ‘,,w\‘ D,‘-o“ ‘.,'n" ,,w\’ ‘,_1““
- SROI Process for P21 Decision I‘DR

19




.
Ventyx Dispatch Model

* Ventyx also provides forecasts of external energy
market conditions

« Some of these forecasts were also used directly in the
SROI model
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SROI Overview

Dennis Bruce & Andrew Luison

HDR Engineering Inc. I‘DRZZ



.
Traditional Business Case Analysis

4 )
Life-Cycle Cost Analysis involves the analysis of the costs

of a system or a component over its entire life span
\. J

4 )
Financial Analysis involves evaluation of cash flow

impacts to determine investment suitability

/Traditional models often fall short: )
» Only consider cash impacts
» Do not account for uncertainty

> Lack transparenc
N Parency Y,

- SROI Overview I—I)R
23



I
What is SROI?

Triple Bottom Line Decision Making Framework

It’s best practice in Cost-Benefit Analysis and Financial Analysis
over a project’s entire life-cycle, augmented by:

» Accounting for uncertainty using state-of-the-art risk analysis techniques

» Engaging stakeholders directly to generate consensus and transparency

Buildings

ﬁ.f\}_:_g Community Values
Environmental

@ Corporate Responsibility

@ Economic Data

e;‘ Emissions

ﬁ Energy

'@ Mobility

@ Site Development
Waste

@ Water | >
R

Data Inputs > SROI Process > Cost & Benefit Output I 24




I
The Triple-Bottom Line Framework

SROI adds to traditional financial analysis the monetized
value of non-cash benefits and externalities

Project’s Intemal External
Cash Non-Cash Costs &
Impacts Benefits Benefits
h 4 h 4 h 4 k 4
g;::;:'::a’l Capital plus EH':';::: ;e Public Value of |.(|; ;3:2 Criteria Air Water
Savings o&M Safety Acceptance Time e Contaminant Quality
\\ J
Y 4 v h h 4 k4 h 4
Public Odor &
Financial Reliability | | Regulatory Other Health & Nois e Other
Return Safety
\\ J
Y
Financial &
Internal
\\ J

Y

- SROI Overview I‘I)R
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SROI Methodology

A Four-Step Process

Develop the Quantify Risk
Structure and 2 Input Data 3 Analysis
Logic Assumptions Session

“SROI reveals the hidden value in
p%mtéx:ﬁf’;onomist at the US Congressional Budget Office

Author “Policy and Planning as a Public Choice: Mass Transit in the United States”

- SROI Overview I‘DR
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Today: End of Step 4

Run the Model and Produce Results

Social Cost of CO2 ($/ton) Value of a Statistical Life ($/life)

Jointly

Capital Costs ($) IE:' it:l::::::?eds Social Cost of Potable Water ($/gallon)

l v v l
F=f(A, B, C,D,.)

FROI & SROI Output Metrics

- SROI Overview R
27




S-Curve Diagram
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- SROI Overview I‘DR
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[
SROI Outcomes (SNPV):

Changing Decision Making Processes

Technology Y
Technology X | (Tech X plus
Renewable)
Traditional (FROI) $188 S126
Environmental and S234 $337
Community Impacts
Total Impact (SROI) S422 S463

« “X" would be selected from a fiscal perspective

* “Y"is the best option on a balanced SROI basis

— $62M investment, yields >$100 in environmental
benefits

- SROI Overview I‘DR
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SROI Process for
P21 Decision

BhR
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I
SROI Process for P21

2 RAP sessions with stakeholders from HBPW, the
Holland community, and HDR

— Potential project costs and benefits identified
— Preliminary and refined values discussed

Additional research and interviews to refine
assumptions and inputs

Several refinements of technology options and
costing inputs

* Development of SROI model

* Development of metrics and output reports

* Discussion of results (today)

* Impacts are incremental:

— relative to the “base case”
- SROI Process for P21 Decision I‘DR
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Benefit & Cost
Categories

BhR
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I
Benefit and Cost Impacts

* Arange of impacts were identified by stakeholder
group or “account’

« Key stakeholder accounts:
y unts:
— H O I I a n d B PW Capital and | |District Heating Snowmelt Electricity Electricity Savings Due to Ew'rmﬂvny RBL;;I:”;;S” g;dmugzg
Operating Cost Revenue Revenue Revenue Service Cost | |District Heating Due to Snowmett elocal o
System Benefit Shipping Cost
Electricity User 77—
— Environmental
Retired James | | Avoided Costs Reduced Loss of

H - eral Fun
— COl I l l I I u n It De Young Due to Landfilling of Commercial Sogzlr;{:[:l:f of ransfer From
Value Snowme It Tires Harbor Status H.BP

« Some impacts are transfers |&=

— Quantified by account |
— But cancel out in NPV calculation ﬂ

- SROI Process for P21 Decision I‘DR




Holland BPW Account

« Capital, EPC, O&M, Fuel, and
Fixed Costs

« Retail Electricity Sales

* Interchange Purchases & Sales

 District Heating Costs &
Recovery

« Snowmelt Costs & Recovery

 Retired JDY Value

 Reduced Biosolids Treatment
Cost

« Capacity Purchases & Sales

 Renewable Energy Credit
Purchases & Sales

 Site Remediation Cost

Benefits & Cost Categories I‘DR
34




Savings Due to District Heating

Electricity Service Cost

35



Environmental Account .

e Criteria Air Contaminant
Emissions

« Greenhouse Gas Emissions

« Additional Emission Savings
Due to District Heating

Benefits & Cost Categories I‘DR
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Economic Activity Account

 Business Relocation Benefit

« Reduced Biomass Shipping
Costs

Benefits & Cost Categories I‘DR




ommunity Account

 General Fund Transfer from
HBPW

 Loss of Commercial Harbor
Status

« Social Value of Parkland
« Landfilling of Tires

* Retired James De Young Land
Value

« Snowmelt Service Cost

Benefits & Cost Categories I‘DR
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Results &
Outcomes

BhR
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High-Level Outcomes:

 All but one scenario provides a positive SROI
relative to the base case

* Impacts span all stakeholder accounts

« Two individual impacts dominate the overall results:
— Value of electricity service cost reduction
— Value of emissions reductions

* The 3 scenarios with natural gas (e.g., A, B, G)
provide the highest SROI

— The largest benefit is reduced emissions

— Electricity cost reductions significant too (>$100M)

- Results & Conclusions I‘DR
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I
High-Level Outcomes (cont'd):

* The scenario providing the greatest incremental
value (at the mean) from both an FROI and SROI
perspective relative to the base case is Scenario G

— FROI ~$250M
— SROI ~$575M
- Range from about $300M to $800M

* Range includes low, medium and high gas price

« Scenario G:

— reduces both electricity costs and emissions
— Increases Holland’s competiveness

— Provides district heating and snowmelt benefits

- Results & Conclusions I‘DR
41




.
Financial Return on Investment ($M)

Financial Return by Scenario (NPV)

$300.0 A

N

$250.0

$200.0 ‘/

$150.0 -

$100.0 -

$50.0

$0.0

-550.0

- Results & Conclusions I‘DR
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I
Non-Financial Return on Investment ($M)

Non-Financial Return by Scenario (NPV)

$350.0

$300.0 -

NN\

$250.0 -

$200.0 -

$150.0 -

$100.0 -

$50.0 -

$0.0

$50.0 Vv

-5100.0

- Results & Conclusions I‘DR
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[
Sustainable Return on Investment ($M)

Sustainable Return by Scenario (NPV)

\

$600.0 -

%

$500.0 -

$400.0 -

$300.0 -

$200.0 -

$100.0

$0.0

$100.0 2

- Results & Conclusions I‘DR
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[
Sustainable Return on Investment ($M)

Sustainable Return (NPV) by Scenario

- Results & Conclusions I‘DR
45




Contributions to NPV by Scenario

A B

C

D

E

F G

Net Present Value $422 | $465 | $178 | $72 | -$12 | $50 | $576

Electricity Service Cost $185.0 $116.0 -$26.1 $20 $569 $67.0 $283.4
Criteria Air Contaminant Emissions | $118.8 $1855 $1079) $216 -$759 9321 $176.1
Greenhouse Gas Emissions $104.0 $164.3) 9806 $25.0 $16.8 $33.7/ $113.8
Business Relocation $417 $196 958 P46 $36.2 $527 $60.0
Savings due to District Heating $176  $208 $206 $175 900, 900/ 922
Show Melt Service $1.1 $1.1 $1.7. .7 I$77 9258  $1.0
Loss of Commercial Harbor Status $44| $44 300, $00| 305 %44 944
Reduced Landfilling of Tires $286 3286/ 900  $00| -$286| -$286 -$286
Other $13.0, -$89| 0.8/ 0.4, 988 -$12.7| -$27.9

BHR
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Sustainable Return on Investment (SROI)

Social Return on Investment, NPV
100% fﬁ)
90% {
80%
o $
L T0%
=)
g g
L
° 50% 7{
=
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.E‘ 40% ‘ {
g 30% i
4
o 20% j
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-$400 -$200 $0 $200 $400 $600 $800
Millions
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Levelized Cost of Electricity

Levelized Cost of Electricity (undiscounted)
$100

$95

$IMWh

$90
$85
$75

0P e o0

S

- Results & Conclusions
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Scenario
S INInERES
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JDY U10
CFB CHP

Solid Fuel

BASE CASE

LM2500 2x1LM2500 JDY U5

CCPP

AQCS
Retrofit

Digester

SolarPV  Wind
ot n Gas CHP

2x1 LM6000

Biomass

Biomass

v

4 JDY Units 4 and 5 continue to operate, each with a new bag house with DSI (for SO, mitigation) and

an SNCR system (for NO, mitigation)

¢ Circulating fluidized bed boiler and steam turbine facility beginning operation in 2017 and located

at the existing JDY site

Cost of Electricity

Firm Capacity
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SCENARIO A Solid Fuel Gas Gas Biomass Solar Wind Dig. Gas Gas Coal
# All existing JDY units offline by 2016 -~ Scenario Net Present Value
0% Financial Ret
<-+®-+ [F|nanclal Return on *
#Gas turbine (LM2500) combined heat and 80% Invesiment, NPV [
. . . . =] 0 —O0=—S0cCIal Return on S
power plant beginning operation in 2015 and g % imvestment NPV | &
located at or near the Industrial Park g 60% IS
L 50% .
2 : $
¢ Gas turbine (LM2500) combined cycle facility = 30% :
beginning operation in 2015 and located at the 3 20% : 7
N . a .
existing JDY site 10% )(
0% | s &?@/“ | Millions
$400  -$200  $0 $200  $400  $600  $800
Cost of Electricity Firm Capacity
$240 400
$220 | e
$200 30 -
$180 300 L EEEESEER SN I L
o B\ ,
g $120 \ =200
S s100 |\
$80 7%‘----- ----—----—----—----—----—-----M 150 | I
$60 | - 100 5
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SCENARIO A Solid Fuel Gas Gas Biomass Solar Wind Dig. Gas Gas Coal

Emission Savings
Emission Unit Mean Savings

v | vV

Major Public Benefits
Account Net Present Value (millions)
(Mean Rank) Mean 10% 50% 90%

Savings due to District Heating (3) $17.63 $13.18 $17.94 $21.13 Mercury (4) lbs 31
% savings (4) 58.2% 48.3% 59.3% 66.6% Sulfur Oxides (4) tons 4,867
Electricity Service Cost Savings (2) $18497 | $15055 | $19252 | $23273 Particulate Matter (4) tons 258
Emission Savings (3) $22281 | $14760 | $21826 | $30413 Volatile Organic Compounds (6) fons 79
Business Relocation Benefit (3) $41.72 $31.20 $42.09 $50 52 Mono-Nitrogen Oxides (3) tons 3841
Reduced Biomass Shipping Costs (5) $0.01 -$0.01 -$0.01 -$0.01 Carbon Dioxide Equivalent (3) tons 3214147
Reduced Landfilling of Tires (4) -$28 64 -$30.67 -$28 68 -$26 60
Avoided Loss of Commercial Harbor (3) $4.M -$4.77 -$4.40 -$4.06
Reduced Snow Melt Service Cost (4) $1.08 $0.57 $0.68 $3.05
Account SROI Net Present Value Emission Savings (% of Base Emissions)
$350
14.0% SIS “’ébenDlle*lde
t
$300 10.0% I Matter Nltrogen Oxides s
$250 ——Electricity g, ivonmental 6.0% . Mercury Sulfur Oxides
User
~mm B
[72]
g $1 50 2.0%
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£ $100 Economic
hid Activity -10.0%
$50
- 14.0% Volatile Organic
$O -18.0% Cor@ounds
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-$30 Community 22.0%
-$100 -26.0%
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SCENARIO B

CCPP

LM2500 2x1LM2500 JDY U5
Biomass

Biomass

Wind

Solar PV

Digester
Gas CHP

AQCS

2x1 LM6000 Retrofit

v

v

v | vV

v

¢ All existing JDY units offline by 2016

Scenario Net Present Value

WOV g\ go\® \® 920 Q2D @tk gR10 MDD D 3L R 20

0,
¢Gas turbine (LM2500) combined heat and power plant 100% T Financial Return on '
beginning operation in 2015 and located at or near the 90% - Investment, NPV :
Industrial Park o 80% - —o—|So<:|atI Re“:”l:l;{‘/ .
= nvestment, é
¢Gas turbine (LM2500) combined cycle facility beginning 2 70% f
operation in 2015 and located at the existing JDY site % 60% H f
(] .
4 JDY Unit 5 retrofitted to burn woody biomass in 2018 5 oy . [
48 MW of solar capacity beginning operation in 2030 5 : [
> 0 e
420 MW of wind capacity beginning operation in 2016 = 40% H }
#Digester gas combined heat and power plant beginning (‘é“ 30% : j(
operation in 2014, and located at the existing JDY site or the 0= 20%
wastewater treatment facility 0 i f(
10% o
0% - g’ odsf/l Millions
-$400 -$200 $0 $200 $400 $600 $800
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$240 400
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$200 30
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=
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SCENARIO B

Major Public Benefits , ,
Account Net Present Value (millions)
(Mean Rank) Mean 10% 50% 90%

JDYU10  LM2500 2x1LM2500 JDY U5 Digester
SolarPV  Wind
CCPP  Biomass o n Gas CHP

CFB
Solid Fuel

CHP
Gas

Biomass

AQCS
Retrofit

2x1 LM6000

v

v | vV | vV | vV | V

Emission Unit Mean Savings
Savings due to District Heating (1) $20.75 $1562 $21.17 $24 89 Viercury
% savings (3) 59.2% 49.6% 60.2% 67.3% Sulfur Oxides (1) tons 10,392
Electricity Service Cost Savings (3) $116.01 $8363 | $121.88 | $14886 Particulate Matter (5) tans 92
Emission Savings (1) $349.81 | $227.46 | $340.03 | $484.30 Volatile Organic Compounds (8) tons -156
Business Relocation Benefit (5) $1956 | $1372 | $1995 | $2463 Mono-Nitrogen Oxides (1) tons >,404
Reduced Biomass Shipping Costs (4) -$0.00 -$0.00 -$0.00 -$0.00 Carbon Dioxide Equivalent (1) tons 0,229,384
Reduced Landfilling of Tires (4) -$28.64 -$30.68 -$28 65 -$26 55
Avoided Loss of Commercial Harbor (7) $4.41 -$4.77 -$4.40 -$4.07
Reduced Snow Melt Service Cost (3) $1.14 $0.62 $0.74 $3.17
Account SROI Net Present Value Emission Savings (% of Base Emissions)
$350 Envig ntal Carbon Dioxide
14.0% | MereUY o iruroxides Ni . E nt
$300 itrogen Oxides
10.0% -
0 Particulate
$250 6.0% = Matter I [
$200 Electricity 2.0% 1 - ]
é $150 User 2.0%
= $100 -6.0%
« Economic -10.0%
$50 Activity 14.0%
$0 [ 18.0%
Holland BPW -_ 18.0%
-$50 Community -22.0%
) -26.0% Vo anic
$100 Compounds

54



CFB CHP

SCENARIO C Sol Fue

CCPP

JDYU10  LM2500 2x1LM2500 JDY U5

Biomass

Biomass

Digester 2x1 LM6000 AQCS

Wind o as CHP Retrofit

v | v

v

v | v

WOV g\ go\© g\® o020 1 g2 IO QI g0 L ¥ P

#All existing JDY units offline by 2016 = Scenario Net Present Value
¢Circulating fluidized bed boiler and steam turbine 0° f‘"’
facility beginning operation in 2017 and located at the 0% l{
existing JDY site o 80% : I
#Gas turbine (LM2500) combined heat and power plant g 70% ; IS
beginning operation in 2015 and located at or near the i 60% {
Industrial Park = 50% 7
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. : - P g a0 ‘ ---e- Financial Return on | |
420 MW of wind capacity beginning operation in 2016 E 30% : } Investment NPV
#Digester gas combined heat and power plant beginning 20% } —o— Social Return on
operation in 2014, and located at the existing JDY site 10% : ,;J Investment, NPV |
or the wastewater treatment facility in 2014 0% - Millions _
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SCENARIO C Solid F.uel Gas Gas .Biom;ss Solar Wind D.ig. Gas Gas Coal
v v v v v

Major Public Benefits
Account Net Present Value (millions)
(Mean Rank) Mean 10% 50% 90%

Emission Savings
Emission Unit Mean Savings

Savings due to District Heating (2) $20.61 $15.69 $20.97 $24 56 Mercury (3) lbs 39

% savings (1) 61.4% 52.1% 62.3% 69.2% Sulfur Oxides (3) tons 7142
Electricity Service Cost Savings (8) $2615 | -$4583 | -$2531 -$7 55 Particulate Matter (8) tons 47
Emission Savings (4) $18851 | $11940 | $18462 | $26238 Volatile Organic Compounds (3) | tons 12
Business Relocation Benefit (8) $5.77 -$13.05 -$5.42 $1.21 Mono-Nitrogen Oxides (4) tons 3,109
Reduced Biomass Shipping Costs (3) $0.00 -$0.00 -$0.00 -$0.00 Carbon Dioxide Equivalent (4) tons 2,387,834
Reduced Landfilling of Tires (3) $0.00 -$0.91 -$0.01 $0.92
Avoided Loss of Commercial Harbor (1) $0.00 $0.00 $0.00 $0.00
Reduced Snow Melt Service Cost (1) $1.1 $1.13 $1.28 $3.92

Account SROI Net Present Value Emission Savings (% of Base Emissions)
$350
14.0%
$300 CarbonDioxide

L SulfurOxides
10.0% i Equivalent

Mercul i i
$250 6.0% ry i galf]ltrogen Oxide
i Compounds
$200 Environmental 2.0% | e ﬂ

g 200  —
.g $150 2.0% Particulate
= -6.0% Matter
100
‘:Ea $$50 -10.0%
Community -14.0%
$O -18.0%
Holland BPW Electricity Economic
-$50 User Activity 22.0%

-$100 -26.0%




AQCS

JDYU10  LM2500 2x1LM2500 JDY U5 Solar PV Wind Digester 251 LM6000

CFB CHP CCPP Biomass Gas CHP Retrofit
SCENARIO D Solid Fuel Biomass
Scenario Net Present Value
. . . 100% s
¢ All existing JDY units offline by 2016 90% §
o 80% g
¢ Circulating fluidized bed boiler and steam g 70% : f
turbine facility beginning operation in 2017 and & 60% f
located at the existing JDY site = 50% !
o E
2 40% : —
#Gas turbine (LM2500) combined heat and 2 e : e Financial Retum on |y
- . . 3 30% ¢ Investment, NPV
power plant beginning operation in 2015 and & 20% f —o— Sodial Return on
located at or near the Industrial Park (0% q } Investment, NPV
0% Millions ;é | |
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JDYU10  LM2500 2x1LM2500 JDY U5 Digester AQCS

CFB CHP CCPP  Biomass CClrrV  Wind o schp ZXTLMBO00 o rofit

SCENARIO D Solid Fuel Biomass
v | v

Major Public Benefits ______________
Account Net Present Value (millions)
(Mean Rank) Mean 10% 50% 90%

Emission
Savings due to District Heating (4) $17.48 $13.35 $17.81 $20.89 Mercury (6) -
% savings (2) 60.6% 51.4% 61.7% 68.6% Sulfur Oxides (5) tons 1,145
Electricity Service Cost Savings (6) $1.96 -$16.92 $2.81 $20.07 Particulate Matter (7) tons -5
Emission Savings (5) $46.66 $26.90 $45 .38 $67 .35 Volatile Organic Compounds (4) |  tons 7
Business Relocation Benefit (6) $4.56 $0.08 $4.63 $8.98 Mano-Nitrogen Oxides (o) tons 1,228
Reduced Biomass Shipping Costs (1) $0.00 -$0.00 $0.00 $0.00 Carbon Dioxide Equivalent (/) tons 931,303
Reduced Landfilling of Tires (2) $0.00 -$0.92 $0.00 $0.90
Avoided Loss of Commercial Harbor (1) $0.00 $0.00 $0.00 $0.00
Reduced Snow Melt Service Cost (2) $1.70 $1.12 $1.27 $3.85
Account SROI Net Present Value Emission Savings (% of Base Emissions)
$350
14.0%
$300 10.0%
$250 - 6.0% Volatile Organic . CarbonDioxide
Sulfur Oxides Compoundytrogen OXideg g ivajent
$200 2.0% P
" E— e [ e
s $150 2.0% Particulate
= ereury Matter
= -6.0%
g $100
- . . a 0,
$50 Ele[;:::::lty Environmental g . -10.0%
— Activity  Community -14.0%
$0 H -18.0%
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-$30 - -22.0%
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SCENARIO E Solid Fuel Gas Gas Biomass Solar Wind Dig. Gas Gas Coal
- Scenario Net Present Value
% -
¢ JDY Units 4 and 5 continue to operate, each 90%
with a new bag house with DSI (for SO, o 80% §
mitigation) and an SNCR system (for NO, g 70% b
mitigation) Y Units 4 and 5 continue to operate £ 60% ;"
with new bag house, DSI system, and SNCR 5 509 B
o q4 O
system = 40% oo -
=S il o --o--Financial Return on
§ 30% 15 Investment, NPV |-
¢Increased electricity demand satisfied by o 0% i1y o SezElRENm e
s |3 Investment, NPV
market purchases 10% e 0]
0% 77,.....--"‘" 8 | | Millions
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SCENARIO E

JDY U10

Solid Fuel

CFB

LM2500

CCPP

Biomass

2x1 LM2500 JDY U5
Biomass

Solar PV Wind

Digester
Gas CHP

AQCS
Retrofit

2x1 LM6000

v

Major Public Benefits

Emission Savings
Emission Unit Mean Savings

R Mean 10% 50% 90%
Savings due to District Heating (6) $0.00 $0.00 $0.00 $0.00 Mercury (7) lbs -26
% savings (6) #NIA #N/A H#N/A HN/A Sulfur Oxides (8) tons -7,502
Electricity Service Cost Savings (5) $56.88 $33.68 $6300 | $103.90 Particulate Matter (1) tons 309
Emission Savings (8) $59.15 | -$124.71 -$52.15 $118 Volatile Organic Compounds (2) tons 18
Business Relocation Benefit (1) $3617 | $2511 $3664 | $44.93 Mono-Nitrogen Oxides (8) tons -1,728
Reduced Biomass Shipping Costs (5) $0.01 -$0.01 -$0.01 -$0.01 Carbon Dioxide Equivalent (6) tons 570,564
Reduced Landfilling of Tires (4) -$28.64 -$30.66 -$28 68 -$26 .56
Avoided Loss of Commercial Harbor (4) -$0.51 -$0.61 -$0.50 -$0.41
Reduced Snow Melt Service Cost (7) -$7.66 -$11.21 -$7.15 -$5.58
Account SROI Net Present Value Emission Savings (% of Base Emissions)
$350
14.0% -
$300 10.0% Matter
$250 6.0% Volatile Organic CarbonDioxide
$200 2.0% Congnds Equivalent
- — — s -
[72] ——
£ 3150 20% [l I
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$50 Activity Sulfur Oxides
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$O — | —_— R %
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: y
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JDYU10 ~ LM2500 2x1LM2500 JDY US Solar PV Wind Digester 251 LM6000 AQCS

CFB CHP CCPP Biomass Gas CHP Retrofit

SCENARIO F Solid Fuel Biomass

Scenario Net Present Value

100% »
90%
® All existing JDY units offline by 2016 o 80% }
3 70% ¥
& 60% : $
= 50% i
S ]
¢Increased electricity demand satisfied by £ 40% 5 i Fienca[Retim on
8 30% e nvestment, -
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SCENARIO F

Solid Fu

el

Gas

Gas

Biomass

Solar

Gas

Major Public Benefits
Account Net Present Value (millions)
(Mean Rank) Mean 10% 50% 90%

Savings due to District Heating (6) $0.00 $0.00 $0.00 $0.00 Viercury -
% savings (6) #NI A #N/A #N/A #N/A Sulfur Oxides (7) tons -4,744
Electricity Service Cost Savings (4) $67.02 $46.16 $7494 | $14816 Particulate Matter (2) tons 288
Emission Savings (6) $1.64 | -$4535 $4.09 $48 50 Volatile Organic Compounds (1) tons 21
Business Relocation Benefit (2) $52.74 $40.84 $53.05 $62.74 Mano-Nitrogen Oxides (6) tons 507
Reduced Biomass Shipping Costs (5) $0.01 -$0.01 -$0.01 -$0.01 Carbon Dioxide Equivalent (5) tons 1,151,404
Reduced Landfilling of Tires (4) -$28.64 -$30.64 -$28.68 -$26.53
Avoided Loss of Commercial Harbor (6) $4.41 -$4.77 -$4.40 -$4.07
Reduced Snow Melt Service Cost (8) -$25.80 -$50.19 -$21.73 -$18.50
Account SROI Net Present Value Emission Savings (% of Base Emissions)
$30 14.0%
e Particulate
$300 10.0% Matter
Volatile Organic CarbonDioxide
$250 6.0% . Compounds _ Equivalent
. $200 2.0% I l | ! Nltroggmdes -ﬁ
< $150 2.0% ~i i
= Electricit . 6.0% |
‘£ $100 er|::| Y Economic 8.0% Sulfur Oxides
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SCENARIO G Solid Fuel Gas Gas Biomass Solar Wind Dig. Gas Gas Coal

Scenario Net Present Value

100% :
. . . . 90% .‘ ’fo
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2 509% | Investment, NPV 7 }
S ; IS
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JDY U10
CFB

SCENARIO G

Solid Fuel

CHP

LM2500 2x1LM2500 JDY U5
Biomass

CCPP

Biomass

AQCS
Retrofit

Digester

Solar PV Gas CHP

Wind 2x1 LM6000

v

Major Public Benefits
Account Net Present Value (millions)
(Mean Rank) Mean 10% 50% 90%

Emission Savings
Emission Unit  Mean Savings

Savings due to District Heating (5) $2.20 $0.00 $2.36 $4.03 Mercury (2) lbs 61
% savings (5) 231% 5.9% 24.8% 38.0% Sulfur Oxides (2) tons 8,417
Electricity Service Cost Savings (1) $28340 | $25449 | $29126 | $32807 Particulate Matter () tons 286
Emission Savings (2) $289.92 | $19278 | $28568 | $39418 Volatile Organic Compounds (/) | tons -85
Business Relocation Benefit (1) $6003 | 4672 | $6018 [ $71.79 Mono-Nitrogen Oxides (2) tons 5,036
Reduced Biomass Shipping Costs (5) $0.01 -$0.01 -$0.01 -$0.01 Carbon Dioxide Equivalent (2) tons 3,111,269
Reduced Landfilling of Tires (4) -$28.64 -$30.65 -$28.68 -$26 57
Avoided Loss of Commercial Harbor (5) $4.41 -$4.77 -$4.40 -$4.07
Reduced Snow Melt Service Cost (5) $1.04 $0.53 $0.63 $3.03
Account SROI Net Present Value Emission Savings (% of Base Emissions)
$330 Electricity - CarbonDioxide
$300 User  Environmental 10.0% Mercury SulfurOxides Paﬁ;ﬂ?te NitrogenOxidesE quivalent
$250 6.0%
$200 2.0%
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