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Today’s Goals




World at Night




Lack of Affordable Energy: What does it mean?




Population Growth, Energy, Income

Global population divided into income groups:

M Primary energy.
Developed (GDP>$12,000)
Emerging (GDP<$12,000)
Developing (GDP<$5,000)
Poorest (GDP<%$1,500)

Population rise to 9 billion + by 2050,
mainly in poorest and developing
countries.

Shifting the development profile
to a “low poverty” world means
energy needs double by 2050

Shifting the development profile
further to a “developed” world
means energy needs triple by 2050

Prosperous



Magnitude of change required for CO2
stabilization
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6-7 Gt reduc




Energy Transitions and the Global Challenge
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If goal is to stabilize
global emissions
profile to 550 ppm
GHG emissions,

approx 50% of
Global Energy
Demand must be
non- carbon forms
of energy

All new growth to be met by non-carbon sources



The Equinox Process: Global
Thinking

EQUINOX
BLUEPRINT
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Policy and
funding decisions

Implementation

Blueprint Transformative
Recommendations technologies




Equinox Summit: Energy 2030
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Young Future




DISstripution

Global Thinking

Solar/ Wind
Geothermal
Nuclear

Superconductors
Smart Grids

Industrial
Consumer

Societal Needs

De-carbonization
Efficiency

Access

Security
Affordability




Guiding the discussion: A model of
the

How are transformative technologies
Integrated into this model?



Low-Carbon Electricity Ecosystem
.

Baseload

» Large-scale storage
for renewable energy

» Geothermal

» Advanced nuclear

Off-grid Smart urbanisation
* Flexible solar and INNOVATION AND » Enhanced grid

storage WEALTH CREATION « Flexible solar

» Micro-grids » Superconductors

Electrified transport
» Storage
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Acres per MWh
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Land Use Requirements for Electric Power Generation 3100

Source: V. Fthenakis & H.C. Kim,
FRenewoble and Sustoinabile Energy Reviews
13[2008); 14651474
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- Texas Load and Wind in 2008 Averaged by Hour of the Day
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Energy Storage for the Future
Grid
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Wind Power

Future Grid

Reliable and
stable output

Storage critical
for increased
compatibility of
renewable
energy to the
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Large scale storage for

renewable energy
—_

Flow batteries as an iIIustratlve—EmF'ex & of

electrochemical batteries in grid application




Large scale storage for

renewable energy
_\

How flow batteries work: one common electro|yte, S|mp|icity of

electrode reaction, and flexibility for stationary energy storage
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Large scale storage for

renewable energy
—_

Characteristic times for energy storag nefit

Time scale

Cost $/kW

Super capacitors

SMES

Flywheels

Batteries

CAES

Pumped hydro

Load levelling
Peak reduction
Spinning reserve

Power qualit $800 2 000/kW
catons Seasonal

applications
op Enhanced load storage

Stability following

. applications iabili
$400-1 000/kW _Rellablllty, $400—700/kW

D 00/kKW investment,
deferral,

renewable energy

$400-1 100/kW

Benefit breakeven
$Ikw




Implementation:
Large scale storage
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= Regions with high
Intermittent renewable
energy production

= Policymakers and [
electrical utilities to
coordinate regulatory
framework

= Private sector to build

208p20Rgy storage

Esta?lish atthrivin market in energy storage through
BYeentldd GLEMIR) scale
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Enhanced Geothermal

T Power
Geothermal technolo

- E n h an Ce d HOT SEDIMENTARY AQUIFER ENHANCED GEOTHERMAL SYSTEM
Geothermal Systems
(EGS)

= Co-produced systems

= Advanced binary-
cycle plants




Enhanced Geothermal

e Power ﬁ,
Challenges for EGS "
Large upfront capital cost for CAPITAL SHORTFALL
drilling projects -
Lack of access to private e

sector capital to undertake
high-risk capital intensive
projects

Lack of long-term investment

Incentives such as a price on
carbon

Lack of proof of resource for
many geothermal prOSpeCtS Preliminary Two wells  Pilot plant More wells Scale-up

work 25MWe to 100MWe
Lack of technically and
commercially proven projects
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Geothermal Power Potential
= Currently 10 GW, potential is 10% baseload by 2030

= A number of working projects globally, advancing
different technologies (HAS, EGS, Co-produced,
Hydrothermal)

= Several large demo projects to deliver certainty and
confidence

= Canada can take a leadership role in advancing
geopower to the terawatt scale



ENVIRCGNMENTAL TECHNOLOGIES
Crogy
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the Earth

Clean Power from the Deep

Practically andioss snergy
potential les in the depthe of the
Earttr hast, stored within tha
rock. Delfling sechnology rom
Guormany makes geothermal
wnargy econamicaly fessitle

By Raisar Stumgd

Frestyou lesve the assabahn, drive s few kilo-
meres down a country rosd sod wern sharp
right at the saiall sign wich the blue GFZ
oo Ihe journey then contimues down a
Dermpy diex track Sor abmos 400 meires, pav
the trucks st the gravel pit, sod fleally the
whise: g of (he drilling desrick beconses
visille over tho logs of the trees. On 19 Feb.
ruary, more thas 100 geologhes, engineers
and enesrgy experts from all over Kurope
ook this roste frosn Murich 4o the siny vil
Rage of Dilernhisar i omder 1o gain nothing
Sow than sn cxclusive insidht iono the future
of geothermal energy I bears the suse-
what uswieldy mame of InnovaRag, Is near
by 32 metres tall and, with » 2.700-howe
power ddrive smit, s powerful enough o
drill wp w0 5,000 metres mto the grownd
I'he operators do not aims 0 extract oil or
gax, but are inatead ralsing 2 very special
reamre: hot water. From the cml of 2008
this nameal resource sbould be deiving a
five megawast power plant that will simul-

R acess b 11700

from

sneously genersse both clectricly sl
beut - moond the dock and isdependent-
Iy of the wind and the nust. The drilling in-
stallation in Déernhaae is umique. In b
Eahuragion with the Horrenkaccht sunsed-
deilling specalists, the German Kesenrch
Centre for Geosciences (GFZ) in Potsdam
has deseloped a deep drilling watem
packed full of innovations, Omn this ssmny
Fehruary day the guess stand crowded 1o
gether i the Bavarian countrysde wresch-
‘g thelr heads in the direction of the der-
rick. Yet there i no sound snd no sxell
That s peecisedy what makes InnovaRig so
sy, seys Martio Hesresshsecht, CEO ol
the bnines of the sane nume: “The in
sallation operates wavefree and so silent
Iy that &t can even be wsedd in populated ar
cn” That b un lesporant sdvantage foe
peothermal energy. beone s e bs anly
evomomically viable where there is sl
cieut demand in the mamediate vWeinaty
The asembly of the drills i corried out

fully agsomatically, vanious drilfmg tech.
nigques can be used < as regquired = and this
Aechnologieal uasterpiece”, & Herren
Revechit ety be, cam defll wp o 100 metres a
day. The expent onlooken nod apprecia-
tively and busdy take notes. Iy (he summer,
150 Htres of seater per secandd will be flow
ing 1w the surface Wl 0 wemperature of
140 dogrees Celsian,

The CEO saves the best tnti] b "Whent we
reach the waser, we will realign the smpwiens sl
metres i deill & socond hole,” Enthimias
applause, Alter all. that's nover boea done
hefose either. Extracting geothermal enceyy
abways regires the driliing of tea heles he
hotwater i pumped out of see hole, the heat
hnmed w produce encrgy and the cooled wi-
tex I pusnged back into the bos rock Sarms-
ton through & second bale, This wod 1 be
s expensive busines became the ol had
s be dismanded and resseanhlod a aooth-
o prestltion =~ mot asry mone. Uslag the mobdle




Implementation:
Enhanced Geothermal Technologies
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Convene International
stakeholders

= Information sharing;

= assess opportunities;

= de-risk industry

“Ten Enhanced Geothermal
Projects’ is timely and
relevant.

= |nitial funding and global
working structure

= Develop program strategy
moving forward




ADVANCED
NUCLEAR POWER



Challenging your assumptions about
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2020 2030 2040 2050

= Nuclear waste is fuel
» Avoids long-term storage

= Closing the fuel cycle #
» Inexhaustible supply
= Inherent safety Nuclear )

> Public acceptance Wwaste

= Decarbonizes base load <
» Eliminates coal

|




Advanced Nuclear Power

Why nuctears
= Proven capacity to deliver on a large scale
= Build on existing technological base

= Closing the fuel cycle: eliminate waste, improved
safety, near inexhaustible resource

= Transition from fossil fuels without Advanced Nuclear
Technologies?

Advanced nuclear
fuel cycle concepts




Advanced Nuclear Power

Comparing three nuclear fuel cycles

Three major approaches to burning nuclear fuel and handling its wastes can be employed; some of their features are noted below.

Fuel is burned in thermal reactors and is not
reprocessed; occurs in the U.S.

Fuel is burned in thermal reactors, after which
plutonium is extracted using what is called PUREX
processing; occurs in other developed nations

Recycled fuel prepared by pyrometallurgical
processing would be burned in advanced fast-
neutron reactors; prototype technology

5% used

95% wasted

ONCE-
THROUGH
ROUTE

Uses about 5% of energy in thermal-
reactor fuel and less than 1%
of energy in uranium ore (the original
source of fuel)

Cannot burn depleted uranium (that part
removed when the ore is enriched) or
uranium in spent fuel

6% used

94% wasted

PLUTONIUM
RECYCLING

Fuel utilisation

Uses about 6% of energy in original
reactor fuel and less than 1%
of energy in uranium ore

Cannot burn depleted uranium or
uranium in spent fuel

5% used in
thermal reactor

Less than
1% wasted

More than
94% used in
H.“.l. fast reactor

RECYCLING

Can recover more than 99% of energy
in spent thermal-reactor fuel

After spent thermal-reactor fuel runs out,
can burn depleted uranium to recover more
than 99% of the rest of the energy
in uranium ore




CANDU High Fuel Efficiency & Flexibility

CANDU Fuel-Capability Uniqueness

Lowest uranium consumption/unit of energy supplied
CANDU can utilize:
Natural uranium

Enriched uranium
Recovered uranium
Mixed oxides
Thorium

Actinide waste



Advanced Nuclear Power
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Next generation designs
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= Integral Fast Reactors:
= allow the nuclear fuel cycle to be closed
= ‘burn’ most the nuclear fuel waste
= turn waste liability into an asset

= Thorium Accelerator-Driven System:

= sub-critical fission through the constant introduction of
fast neutrons into the reactor core



Advanced Nuclear Power
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Challenges for implementation

Proliferation and safety
Skepticism

Difficulty to assess the trade-offs between benefits and risks
Industry inertia i
Political stalemate: but China and jgzz L &I | e Keren B
India are plowing ahead ‘ ‘Sutohe T2
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The path towards sustainability
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2020 2030 2040 2050

= 400 -3800 GWe

» Business as usual, open fuel cycle

= 1200 GWe by 2030 / 7000 GWe by
2050
» Accelerated alternative scenario
> Only made possible by closing fuel cycle Nuclear

=  Commercial demos waste
> IFR by 2020 & Th-ADS by 2030
» Multilateral initiative scale of ITER

‘ *II_




OFF GRID -
ELECTRICITY ACCESS



Electricity Access for All
.
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2.5 billion energy-poor people

Plastic Organic PV with Magnesium
batteries




Off-Grid Electricity Access
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“ssphotovoltaic

Organic Photovoltaics (OPV) asan-ittustrative™

PV technologies in developm&f@HYRecosystem from silicon-
based photovoltaics to thin films and emerging next-generation
nanotechnology concepts

They in turn are a part of a larger system with the potential to be
Integrated within smart micro-grids, along other local renewable
resources

CulnSe, = )
rganic

Electrolyte

ITO

The thin film family: amorphous silicon, copper indium
gallium diselenide (CIGS), cadmium telluride (CdTe),
organic thin films and dye-sensitised integrated

.




Off-Grid Electricity Access
T ——

OPV has the potential to

_—__

Figure 7: Organic Photovoltaics concept

developed by U.S. National Renewable b e CO m e O n e Of th e

Energy Laboratory.’

lowest- cost thin-film
alternatives to the
currently dominant
silicon photovoltaic
technology, due to their
potential for low-cost,
high-speed processing




500 c/kWh

Price ($)
50 c/kWh
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CONSUMPTION:
THE VALUE OF USING ELECTRICTY

, Highly valued watt

Off-grid
supplied
electricity Low valued
waltt

On-grid
supplied
electricity

Quantity of watts supplied

Production cost

Low WTP : High kWh use
High WTP : Low kWh use

PRODUCTION:
COST EFFICIENCY OF TECHNOLOGIES

Low efficiency
technologies

Small scale

production
High efficiency
technologies

Large scale
production

Efficiency




High WTP, Low kWh
..
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= 2.5 billion people without electricity (500
million households)

= @%$200/system, $100B
= Cost of systems being purchased now in Haiti




Low Cost Innovations:
Critical Pathways for Human Development Goals
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Flexible, Portable, Light-weight and Resilient.
Attractive Price.
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Solutions

Plastic Solar- Solar- Biogas/’ [ Wina '+
PV + I'nermal’ | Flydrogen | Bilomas | Battery

 Battery | | | S

Lighting

Communicati
on Tools
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Refrigeration

TV

Small
Businesses

[

n
t
e
n
S
[

t
y

Cooking

Water-
S heating




Off-Grid Electricity Access
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Beyond OPV: Micro-grids

able el 'esourc
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Medium WTP, Medium kWh
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Replace Si based PV in
applications such as:

- Water pumps
* Refugee camps el

= s
- Military forward bases (> =&
100+/gallon delivered 27 et S
diesel)

» Distributed sensors
(rugged for deployment)




Realistic Partnership Potential

Organizations
UNFCCC
(NAMAS)

UNHCR

Red
‘B Cross/Crescen

Development
Banks




N Timelines
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Organic

: Innovation

Generation

Diffusion

Li+M.F.Cell | i

Storage nnovation
(batteries) -

Diffusion

e e e ———— e



Implementation:
Off-Grid Electricity Access

Near-term

= |dentify partners, align finances
= R&D, efficiency increases in Organic Photovoltaics

Within 5 Years

= Finances in place/business models developed
= Policy framework and incentives in place

= Sociletal acceptance and scale-up of production

Within 20 years
= Expansion of market
= next-generation Organic Photovoltaics
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Rapid Urban Population Growth = Increasing Mobility Needs

on congestion




Indonesia




Emerging Innovations
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Mass lransport One Supscription

Electric Bus, Trains Electric Cars & Bicycles

‘We Want Access, Not Ownership’




Enabling Technology
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Advanced Lithium lon

Flow Battery

ICT
(smart-phones, GPS)

\_____-7
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‘ |Cars, Bicycles |

=)

Integrating
Information
AcCcess




<% Refuelable Electric Buses

» Redox Flow Batteries are only batteries that allow BOTH electrical
recharge and “instant” recharge by mechanical refueling

= Spent solutions can be recharged ovemnight with off-peak power

= Eliminates need for new power stations to meet increased load from
electric cars



Buildings
4

= 6 Billion people in urban
centres by 2025

= Buildings emit 7.5 Gt
CO2 or equivalent 1.5
billion cars




Smart Urbanization
_\
—*J

= Need an intelligent infrastructure that can accommodate
renewable energy solutions:

» Matching load with renewable energy availability
+ Electrification of transportation

= Knowledge is literally power
» Ability to influence future construction & design
» Ability to influence behaviour now



Smart Urbanization

Efficeint
‘ building
Utility systems
communications ibTat
oS FEGHIG Renewables
PEO
y [ Consumer portal 2 PV
and building EMS
Advanced . D
metering Gairel
Dynamic Distributed interface
systems operations : :
control Plug-in (g
Hybrids .
o i
Distributed Smart
i end-use
Data generation ;
management and storage devices

Electromechanical

Digital

One-way communication

Two-way communication

Centralised generation

Distributed generation

Hierarchical Network
Few sensors Sensors throughout
Blind Self-monitoring

Manual restoration

Self-healing

Failures and blackouts

Adaptive and islanding

Manual check/test

Remote check/test

Limited control

Pervasive control

Few customer choices

Many customer choices




Smart Urbanization
.

The growth of the electrification m

expansion of ICT will add stresses on the existing electricity
distribution and supply infrastructure
CAPAGITY RELIABILITY POWER QUALITY RENEWABLE GENERATION

Electric power concentrated
in cities and suburbs
33% of power used
in top 22 metro areas
urban power bottleneck us 214
France 53
Japan 6

Average power
loss/customer (min/year)

$26.3 billion
Sustained
interruptions 33%

$52.3 billion
Momentary
interruptions 66%

US ST9 BILLION
ECONOMIC LDSS

2030 Long distance
50% demand growth (US) electricity transmission
100% demand growth (world) storing electrical energy

Set of challenges in electricity transmission and distribution
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Superconductors offer opportunities to

Smart Urbanization

dramatically increase the capacity and efficiency %

foo

Fast limiting of fault currents
« avoid damage to grid and equipment
« avoid power interruptions

Superconductors: smart, self-healing control

Current (kA)

o

L
o
o
(A) SLH ssouoe abejjop

Time (ms)

Inner cryostat wall
Liquid nitrogen coolant
Copper shield wire
HTS shield tape
High voltage dielectric
HTS tape
Copper core

Thermal superinsulation
Outer cryostat wall

of power transmission with a much lower physical @ ,@

Resistance

o

Supercables coult! Bansporn snergy in both slectricsl and chemical form. ectricity would travel neady
ISESIANCH-fron 1hPaugh pipes (Gak Hue) made of & Suorconducting malenal. Chilled rytirogen fowng

an bguid (hght Blue) insade the contucions would keep their tempecature near absolite teeo. A Supercable

WITH B0 CONGUES, #8ch KDOUT A Meter in Clamener, Couk! smrRlUneOusly ransmit five goawans ol
Fast, smart, elocincty and 10 ggawatts of Shermal power (tabie)

self-healing
switch ’ — TS cm
&0 cm
n 180om
3om

(-
Current

Outer protective covering




Smart Urbanization:
Conclusions
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Smart Urbanization will require planning supported
by:

- Smart Grid technologies integrated through ICT

- Electrification of Transport

- ICT to enable mobility in dense urban environments

- Superconducting technologies for reliable transmission
In dense urban cores

I



Equinox Energy 2030: Summary

 An energy ‘ecosystem’ view to approaching possible,
low carbon technologies

* Potential pathways identified to help research,
development and implementation of long-term
solutions

« Technical details help convey the complexities,

challenges and opportunities posed by a few
transitional technological systems.

69
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How do we manage the big risks?

Not to focus on regulations for helmets!
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Waterloo Global Science Initiative




The Waterloo Institute for Sustainable Energy (WISE)
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For follow up and contact information:

Jatin Nathwani, PhD, P.Eng.

Professor and Ontario Research Chair in Public Policy for
Sustainable Energy

Executive Director, Waterloo Institute for Sustainable Energy

Faculty of Engineering and Faculty of Environment

200 University Avenue West

Waterloo, ON, Canada N2L 3G1

519 888 4567 ext 38252
nathwani@uwaterloo.ca
cell: 416 735 6262

Waterloo Institute for Sustainable Energy
519 888 4618
www.wise.uwaterloo.ca




