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Ontario's initiative to pro-
mote plug-in hybrid elec-
Lric wehicles — the goveriument
offer buyers an incentive of
up to $10,000, beginning next
year - is largely misplaced and
unwarranted, a case of a ham-

Th: negative responsgto

Coming s0 soon after a major
bailout of General Motors, the
policy has been seen by many
as preferential to GM, whose
Chevrolet Volt will be the first
mass-produced electric vehicle.
Many recession-weary Ontar-
1ans see it as subsidizing the
purchases of a few affluent
consumers. But while these re-
actions are understandable,
they take a narrow view.
initiative's long-term environ-
mental and economic benefits
offer &compelling rationale.

Electric vehicles offer ene of
‘the most promising opportuni-
ties for reducing carbon inten-
qty in the province's transport

electricity sectors. If well
Intmaxed with the power sys-
tem, the vehicles can store elec-
tricity produced by
intermittent sources of genera-
tion., such as solar, re-
mowving one of the more
intractable impediments Lo re-
newable energy. Eventually,
Ontarians should be able to
charge their batteries cheaply
at night, when demand is low,
then sell any unused electricity
back to the grid during peak
hours. This will be profitable
for car owners and will save the
utilities money by effectively
reducing peak demand.

Canadians tend to under-
stand that electric cars will

benefit the environment, but

| they may fail to realize how

|
| m
1}

uch money they could save.
Charged at night, electric vehi-
cles are cheaper to run by at
least a factor of four, compared
to current gasoline prces. Add-
ing the cost of “externalities” -
damagc caused by air pollution
and greenhouse gas emissions

then the case fw Plug-in hy-
brids is compelling. If Ontario
is able to phase out coal pewer
around 2014, the case becomes
stronger still.

Transport statistics indicate
that a vehicle with limited elec-
tric range is maore than adeq-
uate for most people, most of
the time. While urban and sub-
urban commuters would see

the most benefit, a rural setting

does not render a plug-in hy-
brid useless - it simply requires
that the gas engine compiete
the joumey. The key to wide-
spread adoption is ensuring
that policy makers and auto
makers not fixate on pure elec-
tric wehicles. Extended-range
electric vehicles with onboard
gas engines, such as the Volt,
would atlow most drivers to
eliminare gas from their com-
mute, arwd the ability to refuel
with gas would provide the
flexibility consumers demand
from a primary vehicle.

Transport-sector oil depend-
ence has flurnmoxed research-
ers, auto makers and policy
makers for decades. Efficiency
standards. the most widely
used policy t in govern-
ment's regulatory kit, are bet-
ter than nothing but unlikely
to achieve a substantial reduc-
tion in the use of fossil fuels
Fuel-efficlent cars begat maore
fuel-efficient cars and, conse-
gquently, more driving that has
maintained upward pressure
on fossil fuel consumption. The
change required is a transition
to a different source of power
to the car's drive-train, namely
electrons to displace gasoline
molecules. True, electricity isa
partial solution. But given the

tlow-carbon

b of Ontario's electricity sector, it
will prowe the most versatile
and powerful vector of change.

‘While the benefits of electric
transportation could be enor-
mous, and the cost savings sig-
nificant, its a long-term
proposition. In the first genera-
tion, electric-car technology
will be uneconomical for both
auto makers and consuwmers.
Getting to the second and third
generations, where battery
costs drop through innovation
and economies of scale, means
smart planning now.

We should take the long view
and see Ontario’s incentive in
that light: not as subsidy, butas

groundwork for a betrer future

The electric vehicle is a critical

change in the march from fossil
fuels to sustainable mokbility.

The Giobe and Mail, Monday, June 30, 2008
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ELECTRICAL POWER

A winning formula
for sustainable mobility

Mix lew-earbon electricity and high-calibre automotive expertise:
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Climate Change Is the

Driving Force

a5
o
E 3 M-l
=] 1.5 i
o
£ 1 f
5 - TOGIEE
2 "-:'_
E‘ 0.3 I-' ks
i = L . : T E1
i3 T
£
E : UG-
= 1
& 3
g 3 RS i
& L
-] 05 I i
¥ | i i
g A1E|
[, SN F— - TR = T N
i5
E_.
3 3 fro v e s
[
| §F
E I 5 %] PR
£ ol A
o Al
[} = Lt 1 | e— S
1 O 1 2 i &4 £E B 7 B

Global Average Sulfecs Tempraturs Changs (70

..‘i'f-_?*,‘_ "Eg.?:;_?_h.h -
\ 3 b
- '.I:ILH :\..-. i‘_:'"‘._ #

2020 - 2029 2080 - 2099

G ¥
1_5__:-5?1 . 1'1.;:.”'
|: by £
b 0L
o \

1
-.-.—l"ﬁ o e

':I.Fl"\.\_
'. -.-I ll-;I-
A i
i
h_—
pel T .
POS 1152256335 445 555 B 65 7 15

(*C)


Presenter
Presentation Notes

 We have two key challenges that will be with us for the rest of this century: 
The threat of climate change; and 
The requirement to provide clean energy to every person on the earth for their needs. 
That there is an urgent need for a global transition to a low carbon energy future is clearly evident: climate science provides the foundational basis for that judgement.  All the key global actors are now committed to action through the Paris 2015 accord and its ratification by governments around the world is an indication policy has converged with science.  
What is less obvious and lacking the right level of policy response is importance of universal energy access. 

This composite NASA satellite image of the world at night, showing areas of light and darkness is a stark reminder of the disparity of energy access on a global scale. 
This composite NASA satellite image of the world at night, showing areas of light and darkness is a stark reminder of the disparity of energy access on a global scale. 
Hans Gosling, the eminent Swedish Demographer, has summarized the problem well:
1.5 billion people have a light bulb and a washing machine [1kW x 9000h =9000 kWh]
 The next 4 billion only have a light bulb [100watt) = 900kWh]
 The bottom 1.5 billion have neither [10-15 watt= < 100kWh].
 We cannot choose our options for an energy future that may appear to be clean but leaves a vast proportion of humanity in the dark.





THE GLOBAL ENERGY CHALLENGE

85/15
@

ALL NEW GROWTH MUST BE MET BY NON-CARBON SOURCES
¥
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I summarize a vast amount of information in these two numbers. 
Of today’s Global Energy Consumption: 16.5TW (85% is fossil fuels) and 2.5 TW (15%) is non-carbon (mainly hydro, nuclear, solar and wind). 
Total global primary energy demand, in power units, is 15TW plus, upwards of 500EJ. 
By 2050, Global energy demand doubles.  That means another 15 TW is required over the next 4 decades. 
The climate policy goal is to ensure emissions to stay below the 2 degrees Celsius warming potential. 
In practical terms, this means we need to reduce carbon emissions by 8 Gt per year to get to an energy mix by 2050 that is 50 % non- carbon forms of energy. 
So, the next 15 TW of new energy supply must be non- carbon sources: 
This is equivalent to the entire size and scale of the existing global energy system today.
++++   
A sense of the magnitude: 
1 TW year of energy is equivalent to One thousand big centralized power plants of 1000 MW capacity operating every hour of the year: that gives 8760 TWh.
What would it take to reduce 1Gt of carbon emissions: shut down 700 big coal plants (1000 MW capacity) or 1400 natural gas plants or remove 600 million SUVs off the road. 
[1 TW-year = 31.56 EJ energy]
 
 
 



PROJECTED GROWTH IN ENERGY DEMAND

Global population divided into income
groups:

Primary energy
M Developed (GDP>$12,000)

i i illi = ing (GDP<$12,000
Population rise to 9 billion + by B Dot (CbEsie 000)
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What this means: If we succeed in goobal development by helping people to lead much better lives, we have to deliver much more energy. 

The better we do on development, the bigger our energy challenge!


CLIMATE CHANGE & EMISSIONS REDUCTION
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Impacts of Global Warming

Ecosystems isks to Some Risks to Many

Extreme Weather Large Increase

AT MNegative Effects Negative for
Distribution for Some Regions. Most Regions

Met Negative
Economy & Ecology leqative Impact in All Metrics

Irreversible &

Abrupt Changes Very Low Risk

Temperature Increase °C




EMISSIONS ARE STILL RISING

Global CO_ emissions per region from fossil-fuel use and cement production

1000 million tonnes CO_
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Global GHG emissions rose by ~2% in 2017


FOSSIL FUELS CONTINUE DOMINANCE
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http://bp.com/statisticalreview
http://www.iiasa.ac.at/%7Egruebler/Data/TechnologyAndGlobalChange/

Climate Change Threat
Will Remain a Driving
Force For the Rest of
the Century

Need to Change Fuels
In a Hurry




Is the Electric Car the Signature
Disruptive Innovation?
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Where Is

Copyright & 2016 Tony Seba
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This is looking down 5th Ave NYC at the beginning of the 20th century.
The year is 1900 and the picture is from the records of the US Library of Congress

Dominant transport: Horse carriages
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A mere 10 or twelve years later,  the horse has disappeared.
Almost within a decade, a massive transition form the horse to the car.


401 Toronto

2017

Where is g it s Y e
EV7.
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the

Gasoline Car”? .

2030
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The coming energy revolution...
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...will be led by scientists, innovators and entrepreneurs

INNOVATION FOR
UNIVERSAL ACCESS
T0 CLEAN AND
AFFORDABLE ENERGY

o

Credits: Nokero; University of Waterloo 7 UNIVERSITY OF
Hwaterico  WISE | X

FOR SUSTAINABLE ENERGY




CRITICAL TECHNOLOGIES

Revolution...Now
Accelerating Clean Energy Deployment

-
-

LAND-BASED WIND

; Wind accounted for 41%

of all new generation capacity installad im the US in 20015

i ‘%nm 490,000 evs have

beean sold through August of 2016

Sensors / Internet of Things

Artificial Intelligence / Machine Learning
Robotics

Solar PV

Energy Storage

3D Printing

3D Visualization

Mobile Internet & Cloud

Big Data / Open Data

Unnamed Aerial Vehicles / Nano Satellites
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= eMoney / eFinance
e I R e TN T i R e | i,

Source: US DOE, 2016 ‘The Future Arrives for 5  UNIVERSITY OF

Clean Energy Technologies WATERLOO WISE ‘.
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Solar costs are falling dramatically since 2008 Battery price are also falling
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2008 2009 2010 2011 2012 2013 2014 2015
0% \‘\ I L 1 I |
-20% - RS

1

——
-40% -

Distributed PV (-54%)
-60% 1 Utility-Scale PV (-64%)
-80% A

-100% - “’.
Bwarerico  WISE

@ WATERLOO INSTITUTE
FOR SUSTAINABLE ENERGY




SMART ENERGY NETWORKS
ICT AS CRITICAL ENABLER

SMART ENERGY NETWORKS
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INFORMATION FLOW: In Smart Energy Networks, advanced
technology systems use information from different sources to

make better decisions: how much energy to use, when to use
it, and what sources to tap at any given moment. The result?
Consumers and businesses get the energy they need as
efficiently as possible.
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ICT Performance and Costs

Sensors: 1,000X changes in 7 Years (2007 - 2014)

UNIT CHANGE COMMENTS
Number of 4
Sensors up 1.000x From 10 million to 10 billion
E.g., from $250/axis for gyros
Cost DOWN ‘OOOX v to $0.75 for three axis
Power From W to mW and mW to
consumption DOWN 1 =OOOX v MW, depending on sensor
Physical E.g., gyro from 2,000 mm?to
Size DOWN ‘OOOX 2 mm?/axis
Number of 4 From 1,000s per sensor to
Transistors up 1,000x 1,000,000s/sensor

On the road to trillions of censors: Exponential Unit Growth

Copyright © 2016 Tony Seba Source: Janusz Bryzek, TSensors




CARS CONTROLLING THE GRID?

Electric Vehicles Sell Power Back to the Balancs of Power

The numbers behind the University of Delaware program using cars

. as a money-making reserve for the electric grid
Grid
Cars used 23 (19 all-electric Mini E’s, 3 modified
Delaware Test Fleet Makes Money by Serving as an Electricity Reserve Scion xB's, 1 experimental Honda

Accord plug-in hybrid)

What they do Store or discharge electricity
according to grid needs

Special equipment needed  Control board, $200-$300 per car

Power of car batteries 12 kilowatts per vehicle*

Minimum capacity needed 100 kilowatts/9 cars
for a grid “bank”

Time connected to grid 24/7 except when being driven

Average daily driving time About an hour per car

WIS Monthly revenue per car About $150
FIAWARE from grid operator
Monthly electricity cost/car ~ About $40
Grid-integrated Research Vehicle
Monthly profit About $110 per car/$2,500 total
“For Minis and Scions. Honda power not disclosed.
Source: University of Delaware The Wall Street Journal
e
3 UNIVERSITY OF WISE ‘
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POWER.HOUSE VPP launched 5,,!’;"1‘,‘;,2’?
March 2016

IESO Conservation Fund for 20 homes:
* 20 targeted homes in PowerStream territory
* 5 KW solar array; Sunverge unit- 6.8 KW/11.4KWH battery and EMS

» Aggregation of distributed assets to create a Virtual Power Plant

* Technology partner: Sunverge

* Installation partner: RBI

Cutage
Management

Solar
Integration

Behind the
meter solution

Grid Interactive

owerstream
mart ‘?
Technologie:

\ ¥
T emsy o WISE" &+
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This is a close to home example and I ma borrowing one of Neetika slides and I am sure she can elaborate on the details of this program.

What is truly unique and path breaking about this pilot  project is not just the solar roof and a battery in the basement for one individual owner: it is when you connect 20 such homes and create a Virtual Power Plant that can interact with the distribution grid and using a Time of Use arbitrage algorithm, either provide energy or use energy in sync with all the other households for improving the cost effectiveness of your consumption.

Think of saving in energy cost in the order of $400 per quarter!


Solar Integrated System (SIS) N

Battery + BMS

NEMA Enclosure

V
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Other Installed Components

Solar Integrated System
e | — (S|S)
s ..:.! =1 —-. B

' § ——] Battery Disconnect

e

= I& !Eﬂ'— - Switch

L

Arc Fault Circuit
Interrupter (2 string)

PV Disconnect
Switch
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Demand Response Summary

DR Sept 1 group PV Power i . Total Load in Home

PowerHouse Power Outpat . Utility Meter Readings

" % .
‘Uk i MW " | fkl J'ﬁﬂL L J,*,*ﬂ
I\ .,q\ a_qurp“hﬂ el L]

* Graphs show average response of group of units
* Two different approaches to providing DR
* Left graph shows constant power output
* Right graph shows effort to minimize impact on grid (target =
0 kW utility meter readings) -~
uuuuuuuuuuuu WUQ|O§ETUT ‘.

&) WATERLOO




TOU Rate Management (using TOU arbitrage algorithm)

Im ; ort to System
00 yrer Offset Load

) Impaort to Load

Zc h"rl to Grid

20186
)

FPower (VW)

25,

August

26, 2016
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Buildings + EVs as Virtual Power Plants?

Quarterly Performance Report
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benere - I
A
QL B ————

Quarterly Savings = $441.44

This sustery rorracion repen for the maria of by to iuly S & e 13 Eevids yoo wit: |3 the

$350.00 rlarmmicr or g3 Mamshold kad cmorgrion, (1) how muck of thi lasd B geneemad by ymar
$155.77 Forwenr Homs FH) Jnk 3ad baw reach B i portad from the s8ley grid [ how mackh of the: power geasratad
. by poar FH LRE kB Erosrsed oftin e oot 5l Sow Tuct K aapermad 1ot it 4] yoar el wings,
$300.00 516250 B ) AT TRRST 5N TS SRACIREE of 1R celenll RIvenr Mo Pl Pragram
Thi o O3 Tk p S Sk SR pRan Thix praph Srmmkl cbwt pows Mectsho ] coaeT B iFes
$250.00 BATTRTY 130188 LSS CREma b8 2000 el SO L. U B ETpaTad from the sty S L s kO Dy
' yoar P g
T
i —— —
$200.00 ; Bane o = T -
e
5 .
$116.87 § = - -
$150.00 : LT
- - I [Tl
100.00 [ T T 1
5
s 4 I |
= This gagh Murrale your oeiage The "I Wi the P
SSD-DD [ wToant kb poer ksl sl mdam T 20 aervies e, The Y00
I withaut the Be” & calouimed bamed on poer motal corma mpricr.
50.00 - .
May June July Bl re - wmw " "
. . SR
| Bill with the PH - m Em
' - Bliam
i ) Sn Susnon
Bill without the PH m —_— I
o
w EEE e
M Total saving - hasa
Wy b by
e gt e v e Ve e by Pa o] g b B e e = LB
g Thob roeml arnaeer 3 grasa arangy gesaraes F TR marsr, Poassr doans Fragran
-, F ok Raner By e Cower U LRat B EArticipn =X wary pronacreg] agminer AT
| squraiset 131 plaaring 651 tree wadlings howrn o power Zarage.

powe for 1D yman

3] UNIVERSITY OF WISE ‘
%J WATE R Loo WATERLOO INSTITUTE
FOR SUSTAINABLE ENERGY




SONNEN SMART COMMUNITY

SO

\-EER
Up to 80% /R __ Without Sonnen
autonomy +feed in of I pependent on Community
emerg'--,f surplus D T ; D SUETg) LMY

Peter in Munich Energy supplier Paul in Flensburg

/\'f /ﬁ /iﬁm With Sonnen
I_lf — I—r —~ oao Community

L aoano
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Installed in 25,000 Households across Germany, Christoph Ostermann  CEO of Sonnen asks: why do we need energy bills?

Idea is simple:in return for providing grid services from its pool of batteries in customer homes, the company earns apprx 500Euro per customer per year. Uses this money to pay customer bills for a flat fee.
“Wed take the established utility out of business and provide grid power to our customers for free.
Offer to customers a Sonnen Storage system, peer-to-peer energy trading market called a Sonnet Flat box. There are three options for customers that includes Solar PV + Battery capacity  for a flat fee.
- 7500 kWh/yr  for $30/month with 5KW Solar Panels + 8kWh battery
12500 kWh/yr for $60/month with 10kW solar Panels + 12 kWh storage
[This offer represents 90% discount on mainstream tariffs
4. Upfront investment : system costs $ 10,000 for the small system, $15,000 for the large
All systems are installed ready for Virtual Plant Connection; Grod Connection charges are included.
5. Arrangement allows the company to use power from batteries as needed allowing Sonnen to sell power on the wholseale market when prices are high.
6. System owners have paid for the system taking the capital cost burden out of utility hands.



SONNEN SMART GRID

A pool of sonnenBatteries Delivery and supply in real time Power generation from
onnected by the sonnenFlat - Box to stabalize the power grid [enewaL e Slierges
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Sonnen Batterie is a high tech storage system – proven over thousands of households in Germany. 

The combination of a PV system and a Sonnen Batterie allows coverage for about 75% of annual energy requirement of a household self produced.
In the morning, Solar Panels produce energy, though not enough to cover the needs. 

The Sonnen battery bridges the gap.
Midday, highest production but low energy needs. Most of the energy is stored. 
Evening: low energy production, high energy needs. The battery helps cover the needs.

Sonnen Batteries connected by Sonnen FlatBox – an intelligent data management system optimizes the needs of homes and the grid across a vast geography. 

The battery pool provides ancillary services to the grid for frequency control and this results in a payment to the Sonnen Grid community.

Thus, the Houshold is essentially has no electricity bills to pay: Other than the investment made in the system recoverable over a nominal 5-7 year period.
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Rapid Urban Population Growth = Increasing Mobility Needs
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Jakarta, Indonesia
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Emerging Innovations

- Personal Vehicles

Electric Bus, Trains Electric Cars & Bicycles

‘We Want Access, Not Ownership’




Enabling Technology

ey

Advanced Lithium lon Cars, Bicycles

Flow Battery Bus, Fleets

Integrating
ICT Information
Access

(smart-phones, GPS)




TaaS and BaaS:
CHARGING STATIONS as Gateway Infrastructure:

30 kW EV Charging Shade Structure 300 kW EV Charging ad
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Smart Energy Networks

SMART ENERGY NETWORKS

ENERGY
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INFORMATION FLOW: In Smart Energy Metworks, advanced

COMMUNICATION
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technology systems use information from different sources to
make better decisions: how much energy to use, when to use
it, and what sources to tap at any given moment. The result?

Consumers and businesses get the energy they need as
efficiently as possible.




Transforming Our Energy Future

Our vision is simple: clean energy, accessible and affordable for all.

Collaborate

At WISE, we believe the biggest breakthroughs come from
uniting leading researchers from dozens of disciplines.

Reach out

Change requires many partners. We're working with industry,
government and the non-profit sector to create sustainable energy solutions.

Influence

Our research shapes public attitudes, informs energy policies
and improves quality of life at home and around the globe.
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ENERGY DUCK

TEAM: Hareth Pochee, Adam Khan, Louis Leger, Patrick Fryer

ENERGY TECHNOLOGIES: photovoltaic panels (Panasonic HIT or similar), hydraulic turbines
(Kaplan, Francis, or similar 100-500 kW capacity)

ANNUAL CAPACITY: 400 MWh

A submission to the 2014 Land Art Generator Initiative competition for Copenhagen
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THE SOLAR HOURGLASS

TEAM: Santiago Muros Cortés

ENERGY TECHNOLOGIES: concentrated solar power (thermal beam-down tower with heliostats)
ANNUAL CAPACITY: 7,500 MWh

A submission to the 2014 Land Art Generator Initiative competition for Copenhagen
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FRESH HILLS

TEAM: Designer: Matthew Rosenberg; Structural Engineering Consultant:
Matt Melnyk; Production Assistants: Emmy Maruta, Robbie Eleazer
ENERGY TECHNOLOGY: WindTamer™, Carbon Dioxide Scrubber, SmartWrap™

ANNUAL CAPACITY: 238 MWh
A submission lo the 2012 LAG| compelition for New York Cily

UNIVERSITY OF

WATERLOO
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THANK YOU

Jatin Nathwani, PhD, P.Eng

Professor and Ontario Research Chair in Public Policy for Sustainable
Energy

Executive Director, Waterloo Institute for Sustainable Energy (WISE)
Faculty of Engineering and Faculty of Environment

Fellow, Balsillie School of International Affairs (BSIA)

University of Waterloo, Waterloo, ON

Email: nathwani@uwaterloo.ca

Personal Webpage: https://wise.uwaterloo.ca/about/exec
Websites: wise.uwaterloo.ca and https://ae4h.org/
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Fuel-to-Wheels Efficiency
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Li-ion Japanese Streetcar

* Powered by lithium-ion battery
* Charges in under 1 minute.
e Range: 15 km at 40 km/h.

* Cold weather testing in Sapporo next month. g\
* Uses 10% less energy than existing streetcars. m ro





Cost of Using Hydrogen

2003 Honda FCX 2003 Toyota RAV4 EV

Electric Vehicle

Miles per kilogram of | [

hydrogen :

51 48 |
city wy |
Annual Fuel Cost )

$1515*

EPA Ar Pollution Score ‘

Fuel Type Electricity

T Energy Consumption{city)
Range | 170 s (KW-hrs100 miles) #
Fuel | Hydrogen Energy Consumption(hwy) 34
Fuel Cell | Polymer Electrolyte Membrane (kW-hrs/100 miles)
Motor | _eokwDC MPG (city) 125
Energy Storage Device | Ultracapacitor MPG (highway) 100
*Annual fuel cost is estimated assuming 15000 miles of travel MPG (col 12

per year (55% city and 45% highway) and a fuel cost of $5.05
per kilogram of gaseous hydrogen nual Fuel Cost @8¢/kwh $362





Graph of Net Grid Load on Home with 2 kW West
Facing BIPV System and 2 kW Peak Summer Load

Utility Peak

2 kW

PV Output

1kW

Net Grid Load

6:00 am 12:00 6:00 pm

High peak air-conditioning loads coincided with
the peak performance from PV installations.
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2 kW EV Charging Station 10 kW EV Charging Station

30 kW EV Charging Shade Structure 300 kW EV Charging
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