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I. Global Energy Transition Challenge

II. Sustainable Electric Mobility: A 
Promising Solution

III. Cars as ‘Virtual Power Plants’: Even 
More Revolutionary?
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Credit: NASA Earth Observatory/NOAA NGDC 2012

Climate Change Is the 
Driving Force 

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
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Presentation Notes
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:

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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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

8 Gt

Source: IPCC Synthesis Report 2014





EMISSIONS ARE STILL RISING
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Presentation Notes
Global GHG emissions rose by ~2% in 2017



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/%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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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.
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The coming energy revolution…

Presenter
Presentation Notes
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…will be led by scientists, innovators and entrepreneurs

Credits: Nokero; University of Waterloo



CRITICAL TECHNOLOGIES

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



Solar costs are falling dramatically since 2008 Battery price are also falling

6

Future Arrives for 5 Energy Technologies



SMART ENERGY NETWORKS 
ICT AS CRITICAL ENABLER   



ICT Performance and Costs



CARS CONTROLLING THE GRID?
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Presentation Notes

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!











Buildings + EVs as Virtual Power Plants?



Without Sonnen 
Community

With Sonnen 
Community

SONNEN SMART COMMUNITY

Presenter
Presentation Notes
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
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Presentation Notes
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.







Shanghai, China

Jakarta, Indonesia







TaaS and BaaS:
CHARGING STATIONS as Gateway Infrastructure: 



Smart Urbanization

Smart Grids



Smart Energy Networks



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.

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

Transforming Our Energy Future
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Personal Webpage: https://wise.uwaterloo.ca/about/exec
Websites: wise.uwaterloo.ca and https://ae4h.org/
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Source: steve@renewables.com
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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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