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Energy is a Challenge for the 21st Century

• Energy is one of the most important 

challenges facing humanity today. 

• Energy forms a nexus with the environment, 

water, food and health

• By the middle of the century we will need to 

at least double energy production from its 

current level.

• The energy should come from some clean, 

sustainable, carbon dioxide impact free 

method.

• It should be cheap and readily available for 

worldwide peace and prosperity



1. Course outline

2. Energy engineering around us

3. Some energy discussion areas
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Energy engineering around us
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https://sustain.ubc.ca/campus-initiatives/climate-energy/climate-action-plan

UBC’s Climate Action Plan
• UBC reached its Kyoto targets in 2007

• Reduced GHG emissions from academic buildings to 6% below 1990 levels, despite
a 35% growth in floor space and a 48% growth in student numbers.

• UBC’s Climate Action Plan (2010) - committing UBC to bold GHG emission reduction
targets that exceed provincial targets, and that are among the most aggressive of
the world’s top 40 universities. Compared to 2007 levels, GHG emissions will be
reduced:

• 33% by 2015
• 67% by 2020
• 100% by 2050

• Strategies to reduce emissions in the areas of: Campus Development and
Infrastructure, Energy Supply and Management, Fleets and Fuel Use, Business Travel
and Procurement, Transportation, and Food. The Plan also outlines UBC’s vision for
becoming a net energy producer and zero emission campus by 2050.
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There are many innovative (and bold) energy

projects currently happening at UBC and in BC!

Some examples at UBC:

Energy Projects Around Us ….
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ACADEMIC District Energy System (ADES)

and UBC’s Campus Energy Center
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http://energy.ubc.ca/projects/district-energy/

Replacing UBC’s aging steam infrastructure with a

more efficient hot water system:

• Reduce thermal energy use by 24%

• Reduce GHG emissions by over 20%

• Reduce operational and energy costs by $5.5 million

per year



ACADEMIC District Energy System (ADES)

and UBC’s Campus Energy Center

17http://energy.ubc.ca/projects/district-energy/

The project involved:
• 11 kilometres of insulated pipes

• Over 100 energy transfer stations across campus

• A 60 MW, natural gas-powered Campus Energy Centre (CEC) hot water

plant, completed in 2015

• The demolition of the existing UBC steam powerhouse and de-

commissioning of the existing steam system

• The five-year, $88 million conversion project began in 2011 and is now an

integral component of UBC’s Climate Action Plan.

• The largest source of energy cost savings will come from the new hot

water system’s ability to heat the campus while operating at a lower

temperature of 80° Celsius. The outgoing steam system operates at

190° Celsius, so the new system will reduce heat distribution losses

significantly.

• https://sustain.ubc.ca/our-commitment/campus-living-lab

http://energy.ubc.ca/projects/district-energy/campus-energy-centre/
http://www.sustain.ubc.ca/campus-initiatives/climate-energy/climate-action-plan
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http://energy.ubc.ca/ubcs-utility-infrastructure/district-energy-hot-water/
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Campus Energy Centre
• A new, $24 million state-of-the-art hot water boiler facility built at UBC was operational

in the fall of 2015
• The CEC is the primary energy source for our new hot water district energy system,

which began producing thermal energy (hot water) by the fall of 2015.

CEC Facts and Figures
• Three 15 megawatt (MW) thermal, natural gas fired, high-efficiency boilers
• Includes a Condensing Economizer, a cost-effective waste heat recovery system which

improves the facility’s energy efficiency
• Initially fitted with 45 MW of thermal capacity, which meets UBC’s current energy

needs
• Facility is constructed using Canadian produced Cross Laminated Timber (CLT), a new

wood building material that can be used as a low carbon, renewable alternative to steel
construction

• CEC is a LEED® Gold certified building. It is the second utility facility UBC has
constructed using CLT that will achieve the LEED Gold standard, the first being the BRDF

• CEC is intended for continuous operation and will be staffed around the clock by
qualified Power Engineers

http://energy.ubc.ca/projects/district-energy/campus-energy-centre/

http://energy.ubc.ca/ubcs-utility-infrastructure/district-energy-hot-water/
http://www.cagbc.org/CAGBC/LEED
http://energy.ubc.ca/projects/brdf/
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The Bioenergy Research Demonstration Facility
(BRDF) at UBC was the first biomass cogeneration—
or combined heat and power, CHP—project of its
kind in North America.
http://energy.ubc.ca/projects/brdf/

• Thermal Only Mode: produces 6 MW of thermal energy per hour.
Thermal Only Mode uses commercially proven gasification
technology to turn biomass into syngas.

• Biomass Cogeneration (CHP) Mode: produces 2.4 MW of thermal
energy (heat recovery) and 2 MW of electricity. In CHP mode, raw
biomass syngas is refined to produce an engine grade or clean
syngas—using a custom made syngas cleanup technology—which is
used by the BRDF engines.

The Bioenergy Research Demonstration Facility 

(BRDF) at UBC 

http://energy.ubc.ca/projects/brdf/


http://energy.ubc.ca/

and also:

https://sustain.ubc.ca/

Learn More about UBC’s Energy and Water

Projects:
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http://energy.ubc.ca/


Molybdenite (MoS2)

Teck Mining 

Company- UBC

Evolution of  Battery Chemistry in BC
World’s 1st Commercial Rechargeable Li AA battery in the 1980s  

Issues with Li metal anodes and recall of  batteries for cellular phones by NTT 

of Japan in 1989 → Improved Sony Li ion battery commercialized in 1991

http://www.teck.com/Generic.aspx?portalName=tc
http://www.teck.com/Generic.aspx?portalName=tc
http://www.teck.com/Generic.aspx?portalName=tc


New Opportunities in Energy Conversion in BC 
Ballard Power Systems (early 1990s) – the PEM Fuel Cell  

Fuel  cells were not considered viable for many commercial applications  in the early 1990s!

Total Patents

Vancouver, Canada is considered the “cradle of fuel cells”



Fuel Cell Improvements for Transportation Applications

“…the race to demonstrate the technical viability of 

fuel cell vehicles is over…”
Jürgen Schrempp, Chairman, DaimlerChrysler (March, 1999)
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General Fusion, Burnaby, British Columbia



Many innovative energy projects / systems

currently in progress globally!

Energy Projects Around Us ….
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Transition of the German Energy System

“The 80 / 80 Goal”



Transition of the German Energy System

• Massive increase of all renewable energies (photovoltaics, solar thermal, wind, 
hydro, geothermal, biomass, etc)

• Fast & increasing development of the electric grid (transmission & distribution 
grid)

• Development of large scale energy storage systems (electricity, hydrogen, 
methane, biogas, solar thermal storage systems, etc)

• Mobility/transportation an integral part of the energy system, i.e., electrical 
mobility by means of hydrogen fuel cells and batteries

Source: BDEW 2021

German Energy in Terawatt-hours
2021



What are the main drivers for the transition 

from fossil fuels?
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How Long is the Fossil Fuel Transition?

?

Anthropocene Epoch 

~ 2014
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Flagship Report – May 20216th Assessment Report – August 2021



Are pipelines important for a clean energy

system?
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Electric Grid

Storage of Some Type

Pipelines

Renewables

INFRASTRUCTURE OPPORTUNITIES



Is Carbon Capture and Storage (CCS) the

right approach for the clean energy

economy?
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Carbon Capture and Storage (CCS) Issues

• Quest plant produces blue hydrogen to help refine bitumen at the Scotford complex

• Quest is one of the largest and most successful CCS projects in the world

• Amount of carbon captured is in the range of 39 to 48% (90% usually stated for CCS)

• Canada is subsidizing profitable oil and gas companies for carbon capture 

• Does it make sense to have a Canadian hydrogen strategy (NRCan 2020) based on carbon 
capture technology? 

Shell Quest Carbon Capture & Storage
($1.3 B, Northern Alberta) 

………….



Are Lithium batteries the right approach to

move towards clean energy?

37



Open Pit Li Mine

Separation Ponds at Li Mine – Atacama Dessert

Deep Sea – Mining Machines

?

Environmental Impact with Increasing Demand for Lithium 

https://www.theguardian.com/environment/ng-interactive/2021/feb/23/beneath-the-blue-dive-into-a-dazzling-ocean-under-threat-interactive


Clean Energy and Transition will Remake Geopolitics 

Petrostate v Electrostate
The Economist – Sept 2020

Energy should be cheap and available for worldwide peace & prosperity

Major Natural Gas Pipelines 
through Europe – US EIA

Examples of Potential Issues:

• Russia controls flow of Natural Gas to Western Europe ; it has been weaponized 
since the invasion of Ukraine

• Today China  dominates the Lithium – Ion  battery supply chain - over 65% of the 
lithium supply and other energy related materials – Bloomberg NEF


