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Credit: NASA Earth Observatory/NOAA NGDC 2012

THE

WORLD

AT

NIGHT

Climate Change Is the 
Driving Force 



• Energy and Climate 

• Energy Ecosystem

• Affordable Energy 4 
Humanity

• Intergenerational Burdens

• Sustainable Technology 
Pathways for Resilience

• Dispersed Power

Key Themes 



IPCC : Recent View

Source: IPCC Reports (2014, 2018)



Gerhard Richter 

Existential Global Challenge?



Rock Solid Evidence

Source: Ed Hawkins, Climate Lab Book, 2018



THE GLOBAL ENERGY CHALLENGE

85/15



CLIMATE CHANGE & EMISSIONS REDUCTION

8Gt

Source: IPCC Synthesis Report 2014



PROJECTED GROWTH IN ENERGY DEMAND

Global population divided into income 

groups:

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
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Population rise to 9 billion + by 

2050, mainly in poorest and 

developing 

countries.

Developed (GDP>$12,000)
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Primary energy

Source: WBCSD 2007 (Adaptation of IEA, 2003)



Emissions on an Upward Trajectory

85=85



FOSSIL FUELS CONTINUE DOMINANCE

85=85

Source: Data compiled by J. David Hughes. Post-1965 data from BP, Statistical 

Review of World Energy. Pre-1965 data from Arnulf Grubler, “Technology and Global 

Change: Data Appendix,”(1998).

http://bp.com/statisticalreview
http://www.iiasa.ac.at/~gruebler/Data/TechnologyAndGlobalChange/




https://infographic.statista.com/normal/chartoftheday_15737_global_co2_emissions_ipcc_targets_n.jpg

https://infographic.statista.com/normal/chartoftheday_15737_global_co2_emissions_ipcc_targets_n.jpg


Global Energy Transition Needed – But How?



Intergenerational Obligations



Global Transitions: 
Understanding Time Scales 
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generation capacity
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. . . because of the large 

existing base of power stations 

and their long lifetimes
Additional capacity needed

Declining current capacity

CO2  emissions

Mt per year
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… CO2 emissions from the 

power sector will still not 

start to decline before 2030

• All new coal stations capture and 

store carbon or nuclear/ 

renewable capacity is built 

instead

• Natural gas is the principal other

fossil fuel 

Even if…

Alternate power generation technologies:
Impact on emissions
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Total vehicles,

millions

Total alternative vehicles

Total traditional vehicles

Annual total vehicle growth of 2% p.a.

Annual vehicle production growth of 2% p.a.

Large scale "alternative" vehicle manufacture 

starts in 2020 with 200,000 units per annum 

and grows at 20% p.a. thereafter.

Transport and Mobility 
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The rate of 

technological change 

is closely related to the 

lifetime of the relevant 

capital stock and 

equipment

Motor vehicles 12 – 20 years

Nuclear 30 – 60 years

Coal power 45+ years

Hydro 75+ years

Gas turbines 25+ years

Buildings 45+++ years

The lifetime of energy infrastructure



Residual Economic Asset Value of  Energy System 
Determines Longevity



The central global energy challenge: how to de-carbonize



SOLUTIONS

Disruptive Innovations
Global Scale

Time Scale



Innovation

Baseload

Renewables

Nuclear 

Hydro

Bioenergy/Gas 
(RNG)

Geothermal

Smart 
urbanization

Enhanced smart 
electricity grids

Electrified transport

Off-grid

Micro-grids

Solar, wind, 
hydro…where 
they make sense

Low-carbon energy ecosystem:
WGSI.org

Energy Storage for Future Grid



THE

WORLD

AT

NIGHT

Billions with no access to modern energy services: 

Does it matter?



ENERGY INEQUALITY

Credit: IEA World Energy Outlook 2013



Global Population with Energy Deficient Services is 
much higher > 5 billion



ENERGY’S LINK TO LIFE QUALITY
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BASIC QUALITY OF LIFE
LE: 60y;  750 kWh

SURVIVAL
LE: 45y;  25 kWh

ENHANCED WELL BEING
LE: 80+ 15,000 kWh?

IMPROVED LIFE QUALITY
LE: 65+  World : 3000 kWh; EU 6000 kWh
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THE POWER OF INNOVATION TO SAVE LIVES



OPERATING ROOM AT NIGHT



THE POWER OF LIGHT 



SOLAR SUITCASE

Source: We Care Solar 2012



Homework Under 
Streetlight

Dismal Health Impacts



Credit: Creative Commons, Planterra.org

THEFT OF TIME



Credit: James Fontanella Khan

POWER LINES BUT
NO POWER



Credit: Creative Commons

ENERGY = ECONOMIC 
EMPOWERMENT

~ 30 kWh

~ 300 kW

mW



ENERGY ACCESS = Improved Life Quality



ENERGY ACCESS TIERS

Credit: UN SE4All 2016



TIER 1 –
SOLAR LANTERNS & PICO-POWER



TIER 2-3 –
SOLAR HOME SYSTEMS



TIER 4-5 –
RENEWABLE MICRO-GRIDS

Credit: UNDP Nepal 2016



AFFORDABLE & UBIQUITOUS ICT



CONNECTING SYSTEMS FOR EFFICIENCY

Credit: UNDP Nepal 2016



SOLAR PROJECTORS FOR EDUCATION

Credit: One Billion & Boond



SOLAR-ENABLED OFF-GRID INTERNET

Credit: HITCH by flexfinity



ENERGY – WATER – FOOD:

Pathways to Self-Sufficiency

Source: Courtesy Kethworks Inc, [K.Taylor]





INNOVATIVE APPLICATIONS



DESIGN SUCCESS FOR ENERGY ACCESS –
TEN COMMANDMENTS

LOW COST
ROBUST

DURABLE
COMPACT

EASY TO INSTALL
EASY TO TRANSPORT

MODULAR & SCALABLE
LOW TECH ENTERPRISE

LOW MAINTENANCE – EASY TO OPERATE
LIMITED ADDITIONAL INFRASTRUCTURE



Massive diffusion of new technologies for meeting thermal energy, 

motive power and electricity needs is required to meet the grand 

challenge of improving energy access….This requires innovation on 

both technological and institutional  levels.  Providing  universal 

access to electricity is not just a moral imperative. ..it delivers 

substantial social, health and environmental benefits.” GEA, Chapter 

19, pp- 1401-1457

Radical action needed to deliver clean energy, 
affordable and accessible to all



The coming energy revolution…



…will be led by scientists, innovators and entrepreneurs

Credits: Nokero; University of Waterloo





Air Quality
GHG 

Emission Congestion

6 Billion

2015 3 Billion

2050

Additional 3 Billion People!

Rapid Urban Population Growth = Increasing Mobility Needs 



Emerging Innovations 

House

Information
Through

Mobile Phone Destination

Mass Transport Personal Vehicles

Electric Bus, Trains Electric Cars & Bicycles

One Subscription

We Want Access to Services:

Not Ownership, Necessarily



Smart Urbanization Drives Smart Energy Networks



CRITICAL TECHNOLOGIES

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

Clean Energy Technologies
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Solar costs are falling dramatically 

since 2008

Battery price are also falling

6

Future Arrives for 5 Energy Technologies



Information and Communication Technologies (ICT):

Performance and Costs





Homes As Virtual Power Plants?



Without Sonnen 
Community

With Sonnen 
Community

SONNEN SMART COMMUNITY



Power Plants on Wheels:

CARS CONTROLLING THE GRID?



Lightyear One: Solar 

Car Charges by itself

Car as a Power 

Station:

Nissan Leaf Qualified 

by the German TSO



UWaterloo Autonomoose



TaaS and BaaS:

CHARGING STATIONS as Gateway Infrastructure: 
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Innovation

Baseload

Renewables

Nuclear 

Hydro

Bioenergy/Gas 
(RNG)

Geothermal

Smart 
urbanization

Enhanced smart 
electricity grids

Electrified transport

Off-grid

Micro-grids

Solar, wind, 
hydro…where 
they make sense

Low-carbon energy ecosystem:
WGSI.org

Energy Storage for Future Grid









Advanced Nuclear : 
Challenging your assumptions about nuclear

Nuclear
waste

• Nuclear waste is fuel
Avoids long-term storage

• Closing the fuel cycle
Inexhaustible supply

• Inherent safety
Public acceptance

• Decarbonizes base load
Eliminates coal

2020 2030 2040 2050







DRIVING A REVOLUTION 
IN AFFORDABLE ENERGY FOR HUMANITY



• Co-Directors: 

 Dr. Jatin Nathwani, Ontario Research Chair in Sustainable Energy and Public Policy, Executive Director of 
the Waterloo Institute for Sustainable Energy, University of Waterloo

 Prof. Dr. Joachim Knebel, Head of Division III: Mechanical and Electrical Engineering, Karlsruhe Institute of 
Technology

• Global



Universal Energy Access:
Meets the Test of Climate Change + Human Betterment 

Affordable Energy 4 Humanity

Can it be Done? 










Guideposts:  shaping future directions

1. Scale and complexity of change 

suggests transition to a low carbon 

economy will take a long time

2. Compelling global need for a non-

carbon based source of high quality 

energy

3. Global dimension of energy 

poverty is an even larger and deeper 

social and economic problem



Paths to a Sustainable Energy Future  

Clean  : Affordable:  Accessible



Food 

Land Use

Wealth 

Creation



Natural 

Gas + 
Hydrogen

Geothermal/Bioenergy/Hydro/Tidal Coal + CCUS

Advanced Nuclear
Oil

Smart 

Energy Networks

Wealth 

Creation

Land Use

Wind

Forests

Smart 

Urbanization
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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/

mailto:nathwani@uwaterloo.ca
https://wise.uwaterloo.ca/about/exec
wise.uwaterloo.ca
https://ae4h.org/


Additional Background 



ROAD MAP FOR A LOW CARBON
ENERGY FUTURE

WGSI.org

Source: Nathwani, et.al WGSI (2012) 

Contact: Nathwani@uwaterloo.ca



Training future 

innovators in 
strategically selected 

domains

Building human 

capital 
to solve the developing 

world’s energy 

challenges

Transferring 

knowledge 
and learning resources between 

the global north and south

Learning lessons 

in the field
to create a clearinghouse of 

practitioner experiences



Source: McGlade, C and Eakins, P, Nature, v 517,187, Jan 8, 2015

Fossil Fuels as Stranded Assets?
Financing Intergenerational Burdens of Energy Transitions

Fossil Reserves
Oil: 1300 bb
Gas: 190 TCF
Coal:1000 Gt

2900 Gt CO2 Emissions
900-1000 GT CO2 is Budget 
emission limit for 2 deg C scenario



Billions with no access to modern 

energy services:

Source:  GEA 2012, data from IEA 2002, 2007, Revlon et al 2007



96

Meeting Future Needs:
A Balanced Mix of Options

2000

8 Gt 

3
0

9
 E

J

2050 (B2-AIM)

Intermediate growth, 

local solutions, less 

rapid technological 

change.

15 Gt 

Rapid economic 

growth and rapid 

introduction of new 

and more efficient 

technologies.

16 Gt 

2050 (A1B-AIM)

Low energy / carbon 

intensity development, 

enabled by societal and

technology changes.

2050 (550 ppm trajectory)

9 Gt 



Source: GEA 2012,  Chapter 21

Cost of Energy Services: Time vs Fuel vs Capital 



VALUE & COST OF ENERGY
AT DIFFERENT TIERS

Credit: Waterloo Global Science Initiative 

2011



Comparison of carbon intensity of electricity 
production

https://www.electricitymap.org/?page=map&s
olar=false&remote=true&wind=false

https://www.electricitymap.org/?page=map&solar=false&remote=true&wind=false


Smart micro-grids create a 

consumer surplus

Source: MicroGrids for Rural Development, Daniel Schnitzer, Jay 

Apt et al, 2014



Source: “Powering A Home with Just 25 Watt solar PV with Super Efficient Appliances,” Phadke

et al, LBNL 175726, April 2015

Solar Home System + Super Efficient Appliances 

= Affordable Service

But, what if the 

appliances 

themselves 

generate income?

 Irrigation pumps for 

farmers

Fridges for cold 

beverage sales

Hair clippers for 

barbers

TVs for local 

cinemas 

Negative costs 

over time?



Super Efficient Appliances –
Make the Most Out of Every Watt!

Source: CLASP/Global LEAP





Climbing the Access Ladder for Life Quality

Source: Acumen Fund, 2012


