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Natural Gas

Pros

Vast US Reserves

GHG Reduction At
Burner Tip

50% vs coal
30% vs oll
17% vs propane

Bridge Fuel To
Renewables

Save $ and GHG

Cons
Fracking
Pipelines
Cheap Gas Is Delaying
Renewables
Leakage During
Extraction
1% to 9%

3% leakage rate is
enough for natural
gas to become as
polluting as coal

21 Global Warming
Potential (100 yr)
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Natural Gas: US Power Mix
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Northeast Issue
Large Canadian Hydro Vs Local Renewables
Power Lines Vs Distributed Generation
Is Large Hydro Renewable?
Necessary To Satisfy State RPS?
Hydro Quebec
4,000 MW New Wind
4,000 MW New Hydro
Nalcor Energy

5,000 MW New Hydro
Proposed Power lines into ME, NH, VT, NY
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Biomass G@'émpeme
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Pellets
= High Fuel / Low Capx

= $150 - $180 per ton

= $15 - $25 per ton delivery
= $10 - $13 per MMBtu

= Chips
= Low Fuel / High Capx
= $45 - $65 per ton
= $10 - $30 per ton delivery
= $4 - $6 per MMBtu

.-r"1 B

Colby College — Wood Chips The Jackson Lab — Wood Pellets



Carbon Units

Biomass (2)
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Biomass is
NOT carbon
neutral
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Biomass
IS carbon
neutral
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What do carbon neutrality
and the theory of relativity
have in common?

Adapted from work done
by William Strauss, Ph.D.
President of FutureMetrics
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Wind Power Trends (1) A
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WIND LCOE
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Wind POWGI’ (2) Competitive

= Difficult To Buy Direct From Generator

Overview of Wholesale Market Structure
Legend

bl UMASS Campus

Initial Capitalization of UMASS Energy, LLC by Campus
Firancial Assurances Deposit 10 ISO-NE (per 150-NE Rules)
TRD Services provided by LDC

Payment to LDC for TED Services

Net Generation Exports (Energy, Capacity)

Settiement to UMASS Energy, LLC Account at ISO-NE

Net Generation Imports (Energy, Capacity, And llaries, Losses)
Settiement fram UMASS Energy, LLC Account at ISO-NE
Purchase and Payment for RICs to meet retai | obligations
Fee to CES to manage entire process

UMASS Internal Settlement = (DeHels)-F)

ISO-NE Settlement if UMASS Energy, LLC defaults

| Generaion N Campus Load
[Exparts) (Imports)

al ;«\

L. L R L ILE R

—+ Indicates Flow of $$
~® Indicstes Conditional Flow of $5
& Indicates Flow of Power

1
| BlackRock |

Account |
}

- Participant in NEPOOL ':' REC Suppliers
| - Load Market Participant 1
1 - FERC - Mkt based Rate Authority

Lol - MA- licensedtosell shectricity at retail U‘E
)




Wi n CI Power ( 3 ) %‘npetitive
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= Wind Exports
= 500 MW Proposed from ME u.s. wind power capacity installations by state, 4 2013

- $lB Investment O 100 MW I <100 MW 1o 1,000 MW I = 1,000 MW 1= 5,000 MW [ =5,000 MW to 10,000 M I = 10,000 MW,
= Utilities Not Institutions
= Using wind to meet RPS

CAK
&9

Portland Press Herald, Oct 6, 2013

ACORE: The Outlook For Renewable Energy In America 2014



Wi n CI Power (4 ) %npetiﬁve
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Federal PTC Impact of Production Tax Credit Expiration and Extension on
n 23 cents / kWh L.5. Annual Installed Wind Capacity

g PTC Expiration &
= 1st10years

Extension

= Expired 1/1/2014 .
= 2013 start allows E_-m

Up to 24 months i e bl
= Renewal? ;‘m r

E
Offshore £ _mwm}ﬂnw--m | |
= Cost A Ll I I s
o DR NN RNRN
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Case Study P
Bowdoin GHG Inventory Encigy oS

2008 Baseline Greenhouse Gas (GHG) Emissions

Track GHG Emission Each Year
Climate Action Plan Updates & ACUPCC Submissions

Fugitive
Refrigerants
6%

Company
Travel: Air
3%

Company
Vehicle Use
3%

Employee
Commute
7%

Transmission
Loss from
Electricity

2%

Waste
noL

Total Tons of CO2e

2008 2009 2010 2011 2012 2013 2014



Bowdoin ACUPCC

titive
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ACUPCC

o 2007 Pledge by
President Mills

1 2008 Base Year

o 2020 Carbon
Neutral Target

Metric Tons CO2e (Scope 1, 2, 3)
S
8

Onsite Is Priority

Actual GHG emissions from annual
inventory were 15,813 mtons in 2014 or
4,479 mions below the business as usual

SCenano

2008

6,000 Base Year Net
5,000 Emissions
0 Offsets Are “Last 4,000
7 3.000
Resort 2,000

2008 2009 2010 2011 2012 2013
Chart 2: Wedge Analysis Showing Plan to Achieve Carbon Neutrality By 2020

Tens CO2 w'o Mane RECs 2015 2000

| Back to Board | [

— Mot Emssions

Basedne Reduchon from WMase RECS
—— Roducton From Power Gad Improvements

- e e Bugness As Uual Emsmicns

12,760
Tons in
2020 From
RECs or

Offsets

2019 020

AdEonal 2000 RECs Or Othie OThets
s Rodicion From CAFE Impeovements

w—— Actual Emissions From Inventory



Case Study
Colby College GHG

* Independent verification
of GHG Inventory
= Carbon Offset Strategy
= Optimize:
= Cost ($1 to $20 per ton)

= Project Type / Provider
= Geographic Location

= Competitive Bid
* Implementation
= Carbon Neutrality FY13

Back to Board




Regional Greenhouse Gas
Initiative (RGGI)

9 States

total = $985 million

4%
9%

~

Carbon Cap & Trade Program

NJ Terminated 2011
25 Auctions Through Sep 3, 2014

RGGI cumulative auction proceeds allocation by category (2009-12)

menergy efficiency
m direct bill assistance
Eclean and renewable energy

greenhouse gas abatement

C@(‘?(xnpetitivc

I“ncr‘sﬂl’ FERTIERS

eia’
68%
(5665 million)
devoted to

state energy
and emissions
programs

mfunds committed to post-2012 programs

transfers to state general funds

other



RGGI - Changes

RGGI CO2 Allowance Auction clearing price _ CI"?'
dollars per ton CO; auction number €

0 4 g 12 16 20 2
5600

RGGI reduces cap 45%

5500

54.00 R
RGGI announces cap reduction 'LIEEE

$3.UU /\_\ -

52.00

§1.00 current minimum allowable bid: $1.93 A

$U.UU I T T T T T T

Jun-08 Jun-09 Jun-10 Jun-11 Jun-12 Jun-13 Jun-14

ﬁnnpctitivc

Energy revriees

Power Plant Cap

2014: Cap reduced 40%
165 Million Tons
91 Million Tons
2015: 2.5% / yr reduction
$2 / ton increase:

$0.8 / MWh from nat gas
$1.1 / MWh from oil
$2.0 / MWh from coal

Opportunities:

Improves
Renewables

Efficiency
Investment

Back to Board




Carbon Offset Options
And Prices Gé&wm

Energy revriees
Carbon Offset Options and Prices

Renewable Energy Certificates 2015 offer

The costs of various green e
options range from insignificant to v C o
very expensive — understanding i : o
the costs is essential for informed cr L s
decision making. -
B

Cons: Confusing, Few Rules St —
Pros: Flexibility, Choice, Economic Garbn s —
Efficiency e
T oo s




Carbon Abatement Cost ¥ Competiive
-]

Cost of Catbon Abatement Compatison | CO St Per AVO | d ed

As policymakers consider the best and most cost-effective ways to limit carbon emissions (including in the ., in respect of Section
111(d) regulations), they should consider the implicit costs of carbon abatement of various Alternative Energy generation technologies;

an analysis of such implicit costs suggests that policies designed to promote wind and utility-scale solar development could be a I O n O f C ar b O n

particularly cost effective way of limiting carbon emissions; rooftop solar and solar thermal remain expensive, by comparison

®  Such observation does not take into account potential social and envirc ex lities or reliability-related iderati - W . d
CONVENTIONAL GENERATION ALTERNATIVE ENERGY RESOURCES I n
Gas Combined Solar PV Solar PY Solar Thermal ¥
Units Coal™ Cyele Nuclear Wind Roofiop Usility Seale® with Storage m VS C O aI

Capital Investment /KW of Capady™ /KW 53,000 51,006 5365 S1LA00 3500 51,750 59,800
Tatal Capital Invesument Smm $1,500 805 3330 $1,498 8508 33,285 36,860

Meavs: Totad ITC/PTC Tax Subsidization  Smm - - - 449 s2552 977 52,058 ] - VS N at G a.S
Facility Output MW 600 00 an 1070 2430 1860 700
Capadity Fator % 3% 0% «% ) 2% £y e
Effective Facility Dutput MW 558 58 558 558 356 558 558
MWh/Year Produad®) GWhyr 4,888 4588 4588 4588 4888 4,888 4,888 | L ar g e S 0 I ar
Levelized Cotr of Energy $/MWh %6 s61 502 7 s180 312 318
Taotal Cost of Energy Produced S fyr [ - ] $298 $452 $183 $850 [ ]0 3579
Carbon Emited min Tons/ye 154 192 - - - - - m 7 I
Difference in Carbon Emissions mm Tonsfyz VS Oa

va. Coal - 262 454 a5 454 454

wi. Gas. —_ - 192 192 192 192
g = $30 vs Nat Gas
ws. Coal —_ 826) §128 E14) $557 §255

= Nuclear
Sowree: Lusqard etiwate - : tion:
Note: Does not reflect production tax crecit or investment tx credit. Assumes 2014 dollars, 20 = 40 year economic Efe, Mustrative Implicd Carbon Abatement Cost Calculation: [ | $ 2 8 VS ‘ 0 aI
-]

0% tax rate and 5 = 40 year tax life. Assumes 25% annual escalation for O&M costs and fuel prices. Inputs for 1D Difference in Total Energy Cost vs. Coal = Q-
each of the various rechnologies are those associated with the low end levelized eost of energy. = 8354 mm/yr (solar) — $324 mm/yr (coal) = §31 mm/yr
) Inchades eapitalived financing costs during construeson for generation types with over 24 months constraction

iime. © Implicd Abatemesnt Cost vs. Coal = @ + @ -
&) Based on advanced supescrisical pulverized coal. Does not incarporate carbon capture and compression. = §31 mm/yr+ 4.54 mm Tons/yr = §7/Ton VS a aS

(€)  Represenss single-axis tacking.
() Liw end represents concentmating solar tower with 18hour storge capability.
(€)  All facilities sired o produce 4,888 GWh/yr.
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Solar PV Trends I pciive
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Early
Adopter
Risk




Solar PV Trends (2) CC
Energy veeriens
Change in PV Cost ($/kW)
Quotes For Installations At Bowdoin
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Solar PV Trends (3) ‘Q:Grgmﬁxe

1977 peice $76.67 watt

8

SOLAR PV LcOE"

. Price of Crystalline Silicon Lok
$/MWh
i $77 per watt in 1977

450 4

it

Shwatt
150 1
$0.74 per watt in 2013 .
i |||| ] 5 4
Bl Illlllllllllllll!l||||..,., 0
55§ 8 8@ 8 FFEEEEEEEEGRGE

5 5 B B B R EGEGEGEGEE g L 2010 2011 amz2 2013 2014

S Bogmbery M Loy Pt



Solar PV Trends (4) “Ensﬂgymﬂw

Figure 2.11 PV Installation Forecast Map, 2014E

2014E PV INSTALLATIONS BY STATE
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Case Study 0
Williams College Solar PV Tli??%i.‘f.‘ie

Met fero Water and Energy

“ New Onsite Solar PV — 785 kW AL

Living Building Challenge

= Kellogg — 39 kw
- Living Building Challenge Requires Net Zero Energy
. Flat Roof, Sloped Roof & Ground Mounted Dual Axis Solar

= Stetson — 80 kW
= LEED Gold Renovation

"  Weston — 45 kW
= LEED Gold New Construction

“  Library Shelving — 621 kW
- Ground Mount. Integration with existing roof solar PV project
“  Remote Solar PV
. Remote Net Metering Proiec’r (S) Kellogg: Credit Black River Design

= Multi T MW Projects Located Remotely Back to Board




Case Study
Solar PV: UMass System ﬁg}*ﬁ!@ﬂb’?

MA Incentives: 25 - 55 cents / kwh
SRECs (40 cents currently for 2015)
Net Metering (15+ cents currently)

CES Administered Procurement of Net
Metering Credits
UMass: “Renting” Utility Liability — low risk
SRECs (Green Benefits) owned by others
Within 2 years:

50 MW Solar PV Under Contract

All 5 campuses
$150 MM in project development Costs

Estimated Savings: $70 MM over 20 yrs

Back to Board




Case Study: Bowdoin Solar e~

=

.~ °* SolarCity Selected
-~

2 * SolarCity Constructs,
_ Owns & Operates
* Federal Tax &
Depreciation
* All electricity sold to
Bowdoin
* 20 yr fixed price
* SolarCity keeps RECs
(greenhouse gas benefit)

* Online Sep/Oct 2014




Solar Project Details (1) ﬁgﬂgﬁi*ﬁw

. _ﬁ
e 4,690 solar panels

* 1,273 kW peak

* 1,600,000 kWh

8% of annual usage

e 20-30+ yrs

e 8 times the next largest
solar system in Maine




Project Details (2) O Compeitive
- 0001
* BNAS
* Ground-mount
e 660 kW
* 850,000 kWh
* Connected to
campus with new
underground
distribution line




Project Details (3) ‘én‘e?fgymwﬂv

o Athletic Complex
* Roof-mount

e 614 kW

e 720,000 kWh




Bowdoin Solar Thermal

SL, i
1% Competitive

e‘gy RN

Thorne Dining

o 1.75 million gallons water
Per year @ 180 degF

o Project

48 solar thermal panels
1,920 square feet

Phase I: 9/23/10

Phase Il: 4/30/11

$100k In ARRA grant funding
$247,000 total cost

o Designed to offset
56% of summer DHW load
42% of winter DHW load

Back to Board




Case Study LNG

Fuel Switching: UMass Amherst ‘E@i%mi.ﬁfxe

Problem
*  LDC pipeline natural gas curtailments
* 1 to 2 million gallons ULSD

Solution
*  Displace ULSD with LNG
“  Yr 1&2 Distrigas: 120 miles

*  Yr 3&4 Philadelphia Gas Works:
754 miles

Results

= CODDec10,2012

= Concept to COD: 8 mo.
= 1% Temp Facility in MA

*  Estimated Savings
© $1 10 $3 MM over life Obstacle: One Local LNG Supplier, Safety, Road Limitations

*  30% reduction Opportunity: lower cost, lower emissions, quick implementation
- 3,000 to 6,000 mtCO2e per yr



Case Study CNG |
Fuel Switching: UMaine Machias m?fi.tf.‘ie

Problem

*  No pipeline natural gas
= 150,000 gallons #2 Oil

Solution

*  Displace ULSD with CNG

“  CNG is pipeline gas compressed to
3,500 psi and trucked 50 miles to
campus

Results (Expected)

= Selected XNG

= COD Oct 2015

*  Fuel savings used to pay for critical
campus infrastructure upgrades.

= 20% efficiency improvement
= 30% reduction in GHG

Photo by XNG. Published by www.bizjournals.com/



Fuel Conversions

= Conversion Opportunities Pounds CO?2
| 1 N (o]
#2 Oil to Propane: 14% Released per
| 1 R o
#2 Oil to Nat Gas: 27% Million BTU
“  Propane to nat gas: 17%
= Qil to Biomass: 222 Natural Gas 116
= CES Role Includes: Propane 139
*  Unbiased evaluation of conversion
economics Gasoline 157

= Fuel Costs
*  Capital Costs

#2 Home Heating OQil 161

“  Forward price forecasts #6 Residual Oil 172
. Short, Medium, Long Terms
= GHG emissions calculations Coal (Bituminous) 206
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RECs Driven by Renewable Portfolio
S'I'CI nd d rd S mpetitive

Energy AERAREE]

Renewable Portfolio Standard Policies

www.dsireusa.org / September 2014

ME: 30% x 2000
RE: 10% x 2017
MT: 15% x 2015 . )

ND: 10% x 2015

cr:zﬂuzom
[PA: 18% x 2021t]

NJ: 20.38% RE x 2021

v o X”P . 25 2 20257 + 4.1% solar x 2028 |
DE: 25% x 2026*
5% x 20257 VA: 15% x 2025* ;

; R [MD: 20% x 2022]
15% x
DC: 20% x 2020] &
-~ o 2%“"”

[ SC: 2% x 2021 |
.“* NC: 12.5% x 2021 (IOUs)

10% x 2018 (co-ops & munis)

* Minimum solar or customer-sited requirement

- Renewable portfolio goal * Extra credit for solar or customer-sited renewables
& Solar water heating eligible T Includes non-renewable alternative resources

S b
[HI: 0% x 2030] P

. Renewable portfolio standard



RPS & Power Pricing

Mass Class 1 RPS (S/MWh)

A 2013 Class 1

A 2014 Class 1

$/MWh

A 2015 Class 1
aForaer - Prompt Year On Peak

smtE 2014 Cass 1

5 o LY P P LR P R L R o VU VR A O Ry X \
i iy L i G - . e D P

Data Source: Bloomberg

ﬁ)mpctitivc

Energy revriees

Higher Power Prices Can
Result in Lower RPS Prices

RPS Prices In One State Can
Impact Both RPS and Power
Prices In Another State

RPS Requirements (And Prices)
Are Highly Political

Back to Board




Bowdoin Geothermal & Heat Pumps @CEHL%;;nmsit}};c

Geothermal
Osher & West Residence Halls
Studzinski Recital Hall

Heat Pumps

Overall Success With a Few Challenges

Back to Board




Case Study

v

Selected Projects:

o Fuel conversions:
Oil to biomass (ongoing)
Oil to CNG (ongoing)
Oil to pipeline natural gas

Pipeline gas to landfill gas
(evaluated)

No one solution
o GHG Inventory
o1 Onsite Renewables

o REC procurement

University Maine System OE@i%mi_qxe

25,000
Gross Emissions

Net Emissions

20,000

15,000

CO2e (metric tons)

10,000

5,000

o~

Projected GHG Emissions 2006-2040

Additional
Offsets in
2040
3,700 tons.

NNNNNNNNNNNNNNNN
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Thank You @g%nﬂ?wﬁr:v

Competitive Energy Services Bowdoin's
Andrew Price 600 kW
207.772.6190 Backpressure

Steam Turbine







