@ Global Green Economy: Status & Outlook
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ONTARIO’S INSTALLED GENERATION CAPACITY

2,171 M

2,483 M

2 MW |
m Nuclear

m Gas/Qll
Hydro

®\Wind
Biofuel
Solar

8,119 MW

*33,771 MW of Installed Generation, 2014
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ONTARIO’S ENERGY MIX

\ 0.0185 TWh

0.3

m Nuclear

N\

®m Hydro
Gas/Oill

37.1TW WwWind

Biofuel

m Solar

94.9 TWh

*153.92 TWh Consumed in Total, 2014
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TAIWAN'S INSTALLED GENERATION CAPACITY

Installed Capacity(40,977MW)

Pumped storage Hydro

2,602, 6.3%
Nuclear

5144, 12.6%

Renewble Energy
2,089, 5.1%

IPPs
7,707, 18.8%

Cogeneration

Thermal RN 622, 1.5%
22,120, 54.0% Others

N 404, 1.0%
Hydro

289, 0.7%

Source: Taiwan Power Company Sustainability Report (2013)
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TAIWAN'S ENERGY MIX

Power Generation(211,708GWh)

Pumped storage Hydro
2,924,1.4%

Renewble Energy
5,437, 2.6%

Cogeneration

Sl 7.209, 3.4%

38,887, 18.4%44

" >, Hyd ro

, 961, 0.5%
" Purchased o \
46,385, 21.9%
Thermal IPPs Others
118,075, 55.8% 37,337, 17.6% 878, 0.4%

Source: Taiwan Power Company Sustainability Report (2013)
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DRIVERS OF CHANGE

'y

INCREASING e,;:

WEATHER VOLATILITY .'[ﬂ DISTRIBUTED RENEWABLES
=

LOCAL (S
DECLINING AVERAGE pisTrRIBUTIONK ——— DECLINING COST OF STORAGE
DEMAND ,
COMPETITION FROM ' U
NON-SECTOR ACTORS ‘I | | @ ELECTRIC VEHICLES

INCREASINGLY ENGAGED CONSUMERS
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THE “NEW MIDDLE EAST”-
NAT. GAS EXPORTS
US 492,677 MW

GEOPOLITICAL CHANGE

SOUTHEAST ASIA ENERGY
TRADING AREA THE SIZE
OF NORTH AMERICA

CHINA TARGETING 100 GW
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O . OF ACCUMULATIVE SOLAR 3
’ INSTALLATIONS BY 2020 5
=
ALL ENERGY ROUTES LEAD _
/TO INDO-PACIFIC REGION m
#(85% OF GLOBAL GROWTH) -
- C
el
......... - m
........ 4 w
FUEL TYPES S
. T o
. BIOMASS T <
> INDIA’S INSTA » i
® GeoTHERMAL p CAPACITY N L =
B soAR ; 275 GW - 850 GW BY 2030 S > Z
BRAZIL WILL INCREASE " RE s e, \ _
B winD v ENERGY DEMAND BY 71% 4 2080 s
- = BANGLAD MERGING he LoD % >
CHILE WILL INSTALL MORE" BY 2025 (ALONG WITH A5 ENERGY SUPERFOWER | @0 Augstalls z
W NATURAL GAS THAN 800 MW OF PV CHINA) ; A\ | .
e e [ 6481MW (68%) NATURAL At T | m
Mo CAPACITY IN 2015 - e § j =
2 NUCLEAR 2° ®
> »
8 HYDRO :
W con ]
_ OTHER
(%) EMERGING ENERGY SUPERPOWER
""" } MAJOR ENERGY TRADING AREA
Source: Power Plant Data Source, UDI Database, 2012 /b
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THE MAJORITY OF UTILITY

EXECUTIVES

ACKNOWLEDGE THE NEED

TO CHANGE

HOW DO YOU EXPECT UTILITY BUSINESS MODELS TO BE IN 2030 COMPARED
TO TODAY IN YOUR MARKET?

@ More or less the same @ Similar but with important changes O Transformed
Global 6% 53% 41%
Asia 31% 69%
Europe 8% 46% 46%
North America  10% 50% 40%
0% 20% 40% 60% 80% 100%

Source: 13t PwC Annual Global Power & Utilities Survey/”]
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E—%-,; Ontario Energy Board
==~ Commission de I'énergie de I'Ontario
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WHY DON'T WE ADOPT INNOVATION FASTER IN THE ENERGY
SECTOR?

heavy regulation

eeeeeeeeeeeeeeeeeeeee

change not required ownership structure of LDC's

=T utilities don’t know what is possible
culture of government led direction

diffused benefits

financing alternatives require greater certainty
innovators don’t understand utilities -

organization of electrrcrty system

rrrrrrrrrrrrrrrrrrrrrrr

complex system lack of insight into needs

whole solutions

first to be third
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A MODEL FOR SYSTEMS CHANGE IN AREGULATED SECTOR

IN3ITVL ONIdOT3IAIA

Co-create Transition o)
or Scale o
=
=
(0]
<
=z
_|
c
o
=z
=
(0]
Understand end-users, experiment with end-users, input into <
- . g g
policy and regulatory development for effective solutions =
°
Understand issues, experiment to discover solutions, own and
share solutions
R
N
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o Draw lines around monopoly
o Create rewards for risk

o Standards to shape status quo

o Set goals, let the sector respond
o Address barriers
o Resist the need to intervene

o Expose markets, let them decide

IN3ITVL ONIdOT3IAIA

Regulators Government
(9}
opehafons | S
o -
== .
<
e%e :
€ & -
Innovators 2B _ % Utilities i
®© e, 0 >
CUSTOMER ®® 2
o Partner for whole solutions BB o Think outside of traditional constraints | 7
o Create real and viable alternatives ie. What if you couldn’t sell in KwH?
N
N
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ENERGY INNOVATION: CALIFORNIA

ENERGY EFFICIENCY
DEMAND RESPONSE
RENEWABLE ENERGY
TY & INFRASTRUCTURE
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ENERGY EFFICIENCY

IN3ITVL OSNIdOT13IATA

GOAL (2005) RESULT (2015) .
5
=
IMPROVE EFFICIENCY DECREASES POLLUTION &
<
» Implement actions to improve building » Avoided LARGE POWER PLANTS s | -
performance & reduce grid-based electrical at least since 1970s, || more expected to =
energy purchases in all State and Commercial be avoided over the next decade %
buildings by 20% by 2015 = Cuts MILLIDNS OF TOMS OF POLLUTANTS contributing to asthma, other ills .
* Increase the availability of State-sponsored low- g
interest loans for energy efficiency and clean CUTS ENERGY WASTE o
distributed projects » Saved enough electricity » Mot ahout I/5 of the state’s S
since 2003 to power electricity need in 2013 -
» Update and augment utility evaluation, MORE THAN HALF Helped keep per capita -
ipe L OF CALIFORNIA'S P glectricity use flat vs.
measurement and verification protocols to BO% incraase in rest of LS,
assure that energy efficiency continues to be HOMES FOR ONE YEAR {since 1970s)
fully integrated into resource planning
Source: NRDC Report, “California’s Golden Energy Efficiency Opportunity” N
1/
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ECONOMIC DEVELOPMENT

GOAL (2005)

AFFORDABILITY & COST SAVINGS

» Energy must be affordable to households,

RESULT (2015)
SAVES CALIFORNIANS MONEY

P Mewest building
codes to save

IN3ITVL OSNIdOT13IATA

P Hesearch projects
yielded 5446 for

# Efficiency programs
saved 512 billion

businesses and industry, and motorists after costs evary 31 invested 36,000 per house g
[2003-2013) g
. . = [ =
» Require that all cost-effective energy » Codes and standards 7 b I I P
. s . . s saved a total of I |0n <
eff|C|ency is integrated into utilities’ resource m
(since |1970s) z
plans c
_ i CREATES JOBS, SPURS ECONOMY B
» Expand efforts to improve public awareness e - »
and adoption of energy efficiency measures. g {E,;',E[',"ET;EDE; grwibhoomparsdin SRenamywide @ S °
P California produces 2x benafit for every unit of "“x =
» Provide affordable energy solutions to electricity compared to the rest of .5, o
disadvantaged customers S
HELPS LOW-INCOME CUSTOMERS =
¥ Low-income efficiency P Saved enough electricity to power 7
programs served almost
HUUSEHULDS and enough natural gas for nearly
| 80,000 HOMES
(since 2003) ok Lyl
Source: NRDC Report, “California’s Golden Energy Efficiency Opportunity” N
N
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CLIMATE CHANGE
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GOAL (2005) RESULT (2015)

5
GHG EMISSION REDUCTIONS HELPS MEET CLIMATE GOALS E
<
> 50% reduction of fossil fuels b s'“h"d 30 M"‘LlUN z
metric tong of CO, pollution, -
by cars and trucks - -
equal to annual emissions -
of B MILLION cars (since 2003) o o ”
> 40% reduction of emissions P Cuts one of the largest sources of California’s greenhouse gas emissions ?3
below 1990 levels by 2030 =
Z
>

Source: NRDC Report, “California’s Golden Energy Efficiency Opportunity” N
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CLIMATE CHANGE
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B 2020 Goal = 426 MMT -
8 COe o
v <
v m
é 350 z
L &
300 =
2 8 I R 2 8 8 388 2gzre2g |
o o O O O (== s B 8 & S o ”
- - - = = N N N N NN NN NN ~ o
Transportation [l Electricity & Natural Gas [l Other Known [l Needed Additicnal |l
Reductions Reductions Reductions Reductions to
Paviey, Diesel EMiciency Stondards, Forest Conservation, Meet 2020 Goal
Anti-idling... Muni Programs... Urban Forestry...
Source: California Energy Commission,/ ™\
N
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ENERGY INNOVATION: CALIFORNIA

EE SAVINGS & POLICIES
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5,000 4 LADWP &
iliti . aquirement 1o

S lnv@orﬂmd Ufl!lfws Ecag':gﬁt?l‘és 1 Su:::gg; unzr:;u- axshng dozoupling g

B Publicly Owned Utilities admin. restored: bud:hngs =

cacoupling >

restored for 10Us; o

4,000 10-yr. targats <

P Incentive Glencale m

machanism dezoupling =

= 9 Eleciricity erisis; for 10Us c

E EE fund coliection =

S récuirememt 3

55 3,000

= 10Us resume

s [ .

s managemen! & EE made m

-2 CA's t0p =

g - ~|-prionty —4—- - =

w 2000 P Deregulaticn ©

B market beging <

s >

- )

i

) I I I I |

0 995 1996 1997 1998 1993 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 201 2012 2013
Source: NRDC Report, “California’s Golden Energy Efficiency Opportunity” N
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REPRESENTATIVE ACTIVITIES

POLICY

o Planning for emissions reduction goals in 2050

Adopt regulations to implement Low Carbon Fuel Standards

o Making recommendations RE: how electricity and natural gas sectors should be
included in AB 32 framework

O

SOLUTIONS

o Exploring natural gas storage options

o Monitoring and assessing the global natural gas market and its impacts on LNG
deliveries and prices

o Encouraging technological development for carbon capture and sequestration

o Evaluating need for a combined heat and power policy

CAPACITY

o Implementing incentives for solar water heating
o Develop a strategy investment plan for alternative fuel and vehicle incentives
o Establish load-management standards to establish demand- response infrastructure

Source: 2008 Energy Action Plan, State of California/”|
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ENERGY INNOVATION: GERMANY

PENETRATION OF

RESULTS
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RENEWABLES
[0}
5
: : - L =
27% of electricity o Overcapacity—> wholesale prices fell, utility profits impacted =
production is renewable o Consumer prices increased =
energy -
C
ABOVE-MARKET FLOOD OF RE INTO &
PRICES FOR SYSTEM
_ _ RENEWABLES < > o
Menu of incentives & SURCHARGE GRID OPERATORS i
standards to support new SUBSIDIZED BY INCREASES MUST BUY BY LAW =
technologies SURCHARGE TO &
CUSTOMER _
>
o Renewables undercut natural gas on price .
”
Feed-in-Tariffs (FIT) for o Utilities turned to coal generation to replace nuclear for
renewables base load
o Germany increased CO, emissions
Source: Energy Innovation, Policy & Technology LLC/\
N
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GHG
EMISSIONS

40% reduction in
greenhouse gas
emissions by 2020

Building regulations

2022 deadline to
phase out
nuclear

ENERGY INNOVATION: GERMANY

RESULTS

o Coal became cheaper than natural gas
o CO, emissions increased
931m tonnes of CO, (2013) up from 917m tonnes (2012)

BloombergBusiness News Markets Insights Video

Merkel’'s Green Shift
Backfires as German
Pollution Jumps

Source: Bloomberg Business, CleanTechnica/ |
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ENERGY INNOVATION: GERMANY

ENERGY

RESULTS
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EFFICIENCY

_ - : : e : . 0 =
Established building o Residential and non-residential building owners rarely (35%) =
energy efficiency label use the Energy Performance Certificate (EPC), despite E
having high awareness of it (81%) §

0 eyt fves T = Only required to display the Certificate when
sustainable energy requested by the purchaser =
investments in buildings o Only 44% found the EPC trustworthy (skeptical) -
o Germany is behind on e-cars <
Goal of 1m e-cars on =  Only 0.6% of all new cars sold in Germany in Q1 x
German streets by 2020 2015 were electric v. Norway at 20% -
Source: Energy Innovation, Policy & Technology LLC, Climate Policy Initiative Report ™
N
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ENERGY INNOVATION: GERMANY
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3,000 10,000
E— 7 700 -%\ 0 000 E‘ .
= 2400 \ t 0,000 i §
= =
T Zi00 t 1000 3 -
3 £ -
5 1800 6,000 — -
2 — £ -
= 1,500 T 5000 S =
E 1,200 [ L a000 & .
% a00 ] -t & f 2,000 E 5
= w o a =
E H00 g = 2,000 ;_ o
g | = S
>
e o i 20 2 ] u
F T L] 1 L] T L | F T r
1590 1859 2000 2001 2002 2003 2004 2005 2006 2007 2008 200% 2010
T annually Installed T total installed +uyatamprha|
Source: Johns Hopkins University, CSIS.org/\
L/
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KEY TAKEAWAYS

1. Let markets decide

2. Focus on defining the outcome, important not to be wedded to a

solution

3. Adopting innovation is not only about policy- consider three

dimensions: policy, solutions and capacity

4. Solutions adoptable at scale requires systems change

5. Consider which approaches to market are proven
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1

Things Being Better’

-Elon Musk
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DEVELOPING TALENT GROWING VENTURES OPENING MARKETS \JZ

ADVANCED ENERGY CENTRE

Thank You

Our Future Matters




