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Review of key assumptions defining Ontario Cap-and-Trade Scenarios

Aligned Natural Gas Initiatives Assumptions
— Renewable Natural Gas (RNG)
— Combined Heat and Power (CHP)
— Compressed/Liquefied Natural Gas (CNG/LNG)
— Cap and Trade Energy Conservation (CTEC)

Emissions Reduction Forecast and Initiatives Results
Price Elasticity Demand Response
Summary
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Appendix (separate file). Company-Specific Change in Natural Gas Demand
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Assumptions: Cap-and-Trade Policy

Ontario’s cap-and-trade program begins: January 1, 2017
Link with Quebec and California: January 1, 2018 (linkage not modeled)
Free allocation Scenario: EITE industry and natural gas distributors

No free allocation Scenario: transportation fuel distributors, electricity
generators, and natural gas distributors

Cap: -3.2% / year from 2017 to 2020 and -2.3% from 2020 to 2030
Offsets: capped at 8%
Price floor: aligned with Quebec and California (starting at $13 in 2017)

Reserve bank: 3 tiers fixed at $50/$55/$60 in 2017 and increasing annuall
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Assumptions: Activity Data

Business as usual

Ontario’s provincial forecast of GHG emissions

Electricity sector aligned with Ontario’s Long Term Energy Plan

UG/EGD forecast of NG demand by customer segment out to 2030

Beyond current DSM Plans no uptake of NG emission reducing opportunities

Cap-and-Trade Scenarios
 NG: RNG, CHP, CNG/LNG, CTEC
* Non-NG Transport: reduced activity, LCFS, and electrification
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Model is populated with UG and EGD activity data and assumptions.
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Renewable Natural Gas

Both UG and EGD provided annual forecast volume of RNG based on the Alberta
Innovates (May 2011) Study.

RNG production estimates derived from: anaerobic digestion (AD) and gasification.

Introduction of RNG from various methods for AD and gasification sources as they relate
to the availability of RNG supplies, the related technology maturity, scale and costs.

*Actual market transformation will significantly depend on evolving policy and technology development support.

Assumption is Ontario’s cap-and-trade regulations permit the sourcing of RNG supplies
from outside of provincial boundaries.
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Notes: 1) RNG volume and emissions reduction estimates represent cumulative values.
2) Emissions reductions do not include offset volumes associated with RNG, please refer to Assumptions Book for offset potential associated with RNG.



Combined Heat and Power

Page |

CHP growth will total 1000 MW by 2030. Of this total, assume 40% is behind-the-meter
CHP and 60% is grid-connected CHP delivering power into the wholesale electricity

market.

Assume a 50:50 market share for UG-EGD franchise areas for both behind-the-meter

CHP and grid-connected CHP.
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Combined Heat and Power (continued) -

« Calculation methodology from a CHP calculator developed by EGD, based on the
principle of coincidence of load, was used.

— Assumes operating hours of CHP (in both categories) are 100% coincident with the hours of grid-connected gas
generation, and additional CHP operating hours are assumed to be coincident with zero-carbon grid generation

— e.g. CHP operating for 7,500 hours per year displaces gas-fired generation for 7,000 hours in the year, and zero carbon
emitting generation (i.e. nuclear, hydro) for 500 hours in the year (i.e. CHP wears full GHG emissions for hours it displaces
non-emitting electricity)

45%
37.5% 48.1%
1.2 0.8
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1 Efficiency and heat-to-power ratio based on assumption that behind-the-meter CHP is likely to be a mix of small reciprocating engines (e.g. institutional buildings) and gas turbines {e.g. industrigl P 8
. . . . . . Lt D o =
sites with a requirement for steam). Operating hours based on assumption that CHP will run to meet thermal demands of process lcad or operation of a facility. ~S0o
2 Efficiency and heat-to-power ratio from manufacturer specifications for an illustrative large (8.5 MW) reciprocating engine, based on assumption that grid-connected CHP will be designed to % (31, g
maximize electrical power output. Operating hours based on typical operatmg hours for district energy-connected CHP with seasonal heat load, and the assumption that wholesale CHP runs only® 2w

when the grid needs the electricity and can be approximated by the same annual operating hours as district energy-connected CHP.
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CNG/LNG for Transportation

EGD and UG provided volume of natural gas consumption based on current fuel consumption

per target sector (does not include light-duty vehicles) and NG market capture estimates
—  UG/EGD provincial total assumed to be 50:50 market share

Analysis uses a 22% emissions reduction factor for displacement of any BAU fuel (diesel,

gasoline, fuel oil) with NG
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LNG for Stationary Combustion (Load

Displacement)

Page

Analysis based on estimate of annual natural gas consumption volume forecasts from 2017 to

2030 agreed on by the EGD/UG working group

—  Forecast corresponds to an approximately 46% market capture by 2030 of ‘current’ Ontario consumption of relevant stationary

fuel types

Assume that 38% of the total volume displaces propane fuel use, and the remainder displaces

diesel and oil use

Assume that the stationary NG volumes are split 50:50 between Enbridge and Union

Analysis uses a 22% emissions reduction factor for displacement of stationary diesel and fuel
oil with LNG; or 16% emission reduction factor for displacement of propane with LNG
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Cap and Trade Energy Conservation

« Cap and trade energy conservation (CTEC) quantification based on aggressive
scenarios run by EGD in Navigant DSM model, and translated to UG’s franchise by
assuming the same proportional increase in budget and savings over the current

OEB-approved DSM plan

« UG provided an estimate of additional ‘large volumes’ savings

« |nitiative divided into two ‘slices’

— ‘Slice 1" is a medium/constrained scenario corresponding to the highest modelled scenario that would be considered
to have a ‘reasonable yield' as a traditional DSM program

— ‘Slice 2’ is the additional savings obtained in a high scenario, which is a modelled scenario where DSM incentives
are set at 100% of capital costs for all currently economic measures. Traditional DSM may not be an effective policy

tool to access these savings due to the high cost per m?® savings.

Medium/Constrained Scenario (Slice 1) (million m3/yr)

Ontario Emissions Reductions {Mt CO,e/yr)
High Scenario (Slice 1 + Slice 2) (million m3/yr)

Ontario Emissions Reductions (Mt COLe/yr)
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Assumptions: Non-NG Transportation -
Initiatives

Electrification of light-duty vehicles
— 1.5 million electric vehicles (EVs) by 2030
— Assumed rapid penetration of EVs as a result of government incentive
— 4.1 MWh/year required per EV for annual travel of 20,000 km
— Non-emitting electricity generation used to power EVs

Zero Emission Vehicle mandate modelled on the California ZEV mandate,
beginning in 2017

Reduce Vehicle Kilometres travelled, considers potential impact of transit
programs incremental to the Big Move

Low Carbon Fuel Standard modelled on the California LCFS, beginning in
2017 and following the same schedule for increased stringency
— Accounts for existing renewable fuel mandates in Ontario
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Ontario Emissions Reduction Forecast: Pace |
With Free Allocation to Natural Gas Distributors

C&T scenario with free allocation
informed by UG/EGD activity data
and assumptions.
By 2030
. NG related initiatives reduce
i - emissions by 21 Mt COe, the
. ‘ largest GHG reduction potential in
creneen = the study timeframe. o
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Ontario Emissions Reduction Forecast: Pace |
No Free Allocation to Natural Gas Distributors

it C&T scenario assuming no free
allocation informed by UG/EGD
- activity data and assumptions.
40 By 2030
. NG related initiatives reduce
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Ontario Emissions Reduction Forecast: Page
Potential for Complementary Initiatives

Based on modeled results, Ontario cannot meet its GHG reduction objectives solely from
within its own domestic market — will need to purchase allowances from other WCI
jurisdictions, or close the gap with complementary initiatives targeting technology
developments/innovation that achieve deeper GHG reductions (e.g. natural gas heat
pumps, etc.).

Serious consideration should be given to the ensuring auction proceeds are reinvested
to achieve maximum emissions reductions for the province.

It is important to establish complementary initiatives (for example - a natural gas
technology fund) early in the cap-and-trade program development process to ensure
technology solutions are commercialized early enough to deliver the needed GHG
reductions, or cumulative allowance shortages will grow.
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Model OUtpUt Allowance Price *NOT an allowance price forecast

2017 2018 2019 2020 2021 2022 2023
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Model Assumptions:

Model Results:

>

Ontario in a vacuum
— No link to QC/CA allowance
markets
Price is solved per WCI
compliance period (CP)
Price is constrained between the
WClI floor and ceiling
— Assume the top tier reserve
price is a hard ceiling price for
modelling purposes
If price exceeds ceiling, model
stops solving

The price exceeds ceiling after
CP1 or CP2 for the free and no

free allocation scenario, Y
- o
respectively 5 2
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There are insufficient emig OB
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reductions in Ontario to maétd
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Summary of Aligned Initiatives

2017

# Renewable Natural Gas

CHP

CTEC
C
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(
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Slice 1)
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LNG/CNG Transport

2018

2019

2020

2021

2022

Zero Emission Vehicle Mandate
Reduce VKT Program
Low Carbon Fuel Standard

Electrification of LD Gascline Vehicles

2023 2024 2025 2026 2027 2028 2029 2030

Results

Top emission reduction initiatives in
2030:

1.

In total, NG energy efficiency
reduces emissions by 8 Mt CO.e
due to 4.1 billion m3 of CTEC
demand destruction and 1 Mt

CO,e due to 1,000 MW of CHP.

—  Highest modelled CTEC scenario
with ‘reasonable yield’ as traditional

. NG DSM program (Slice 1) reduces
Itiatives emissions by 6 Mt CO,e due to 3.0
billion m*® demand destruction. 2
2. 4.3 billion m? of RNG (~15% ofq,
total provincial NG consumptios)
reduces emissions by 8 Mt ¢
CO.e. o
3. Electrification of 1.5 milliongigh§
duty vehicles reduces eml$|ap§
»w Tc
by 6 Mt CO.e. 5, RE%2
4. Intotal, 6.9 billion m3 of 2§ 233 &
P50 PL 8
iSsidhe

CNG/LNG reduces emi
4 Mt CO.e.
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Previous Initiatives Results

# Renewable Natural Gas - UG ® CNG in HD Trucks

Renewable Natural Gas - EGD B Zero Emission Vehicle Mandate RNG

o ) CTEC
Reduce VKT Program LNG/CNG

Low Carbon Fuel Standard CHP -0.5 0.2

= > 00 00

CTEC (Cap & Trade Energy Conservation)
® Stationary LNG
Rail & Marine LNG

Electrification of LD Gasoline Vehicles

20

S

18

W
AN
IR

16

A\
N
A\

3
Phase 1 % 1 Phase 1 /4
UG Scenario 7 " EGD Scenario z
— A a2
g 10 5 e
- =
8
. -
6 o
4 - &
- K m U'J

- _ — — o EZ} 8 8 §

z N802?2

3 ® S=x

@ PSR

- - - o 0 2 WwEN

2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2017 20.8 2012 2020 2027 2022 2023 2024 2025 2026 2027 2028 2029 ZC30

'
251



End users respond to high price of
allowance / energy by reducing usage

Price elasticity assumptions informed by limited

available research.

- Natural Gas: The Likely Effect of Carbon Pricing on Energy Consumption in
Canada. Dr. D. Ryan & Noha Abdel Razek, University of Alberta, May 2012.

- Transportation Fuels & Electricity: ICF expert opinion

No physical constraint imposed in the model.

— e.g.inreality, NG demand destruction would be limited by a
minimum space heating requirement for Ontario’s climate

Price elasticity applied to prices consumers pay for:

—  Electricity
—  Transportation — light duty gasoline & diesel only

— Natural Gas - residential, commercial & small industrial sub-
sectors

Industrial marginal abatement costs based on
research for industry sector or sub-sector and ICF
expert opinions.
— Adjusted to avoid double counting EE abatement in
complementary initiatives

NG demand destruction would be reduced through
free allocation to NG distributors (vs. no free
allocation).

Free Allocation to NG Distributors

# Natural Gas Demand Response B Electricity Demand Response

Transportation Demand Response W Covered Emitters Marginal Abatement

No Free Allocation to NG Distributors
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Aggressive 2030 targets and C&T policy will page
reduce demand for NG in Ontario

NG Initiatives (RNG, CNG/LNG, CTEC and CHP) have the potential to maximize Ontario’s GHG reductions in the 2017-2030
timeframe, but policy and regulatory support will be key to achieving this potential. NG can contribute broad spectrum and cost-
effectively as a foundational fuel to a low carbon economy:

— NG is critical for re-fueling heavy transport.

- RNG (decarbonized CH,) is critical to leveraging existing energy infrastructure for GHG reductions and as a means of limiting consumer cost-pressures under
/ cap-and-trade. Policy/regulatory support for some new infrastructure required for delivery, but this could be a modest investment compared to alternatives.

VA Deeper energy efficiency and conservation understood as contributors to the solution - EGD/UG delivery of programs necessary for success.
— CHP efficiency benefits are well understood, and represent the most efficient use of NG for power generation in the near-term, and the use of RNG in the
future.
However, there are caveats:
NG for transport requires thinking through the role of NG Distributors in establishing the refueling infrastructure required to achieve early market adoption.

— RNG potential availability: EGD and UG are relying on preliminary market assessments. Policy/regulatory signals are needed to prioritize this before the
understanding of market and technology potential can improve.

— Deeper energy efficiency and conservation must be considered beyond the lens of traditional DSM programs (complicated by OEB mandate).
— CHP may be the victim of unintended consequences in cap-and-trade design.

Short term (2017-2030):
— Opportunity for UG/EGD: price (vs. electricity) and infrastructure.
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— Chalienge for UG/EGD: regulator mandate, rate design considerations, mone and time to de lo ne s 2030 target. m
— NG demand destruction limited by minimum space heating needs and co sumer resi st) to electri y start on NG tec@olog
innovation needed as an energy cost control measure, and as a means of preserving low-carbon electricity for electrificatio on.Z 2
WOma
Long term (2030-2050): .18
o
-~ Demand destruction vs. BAU is inevitable. Technology innovation and green gas supplies needed for the economy to have access to cost-effective%rib%ﬁ@
pipeline. 2393%
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