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(Charles David Keeling began collecting 
data at Mauna Loa, a well-mixed site at 
3400 m elevation, in March, 1958)

Now 412 ppmv
~47% higher than in mid-1800s

The �Keeling Curve”– Carbon Dioxide
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John Tyndall
1820-1893

On the Absorption and 
Radiation of Heat by Gases 
and Vapours, and on the 
Physical Connexion of 
Radiation, Absorption, and 
Conduction
Philosophical Magazine, 1861, pp. 273-285

1859: Experiments: some gases block 
infrared radiation. Suggested changes in 
concentrations of gases, like carbon 
dioxide, could change climate.

The Greenhouse Effect – 160 Years Ago:



The �Keeling Curve�
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Mauna Loa from Kilauea

• Methane (livestock, gas, rice)
• CFCs (refrigeration)
• Nitrous oxide (fertilizer)
• Sulphur hexafluoride
• (plus water vapour)

So, shouldn’t global temperature be rising?

Other greenhouse gases rising too:



Global Land-Ocean Temperature Change, 1880-2018
relative to 1951-1980 average
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At +1.3 °C: Ice mass changes on Greenland 
March 2002 to January 2017, using GRACE satellites

Annual loss: 286 ± 58 billion tonnes/yr

Greenland

250 km apart
500 km up



Zeroing in on Impacts: Sea Level Rise

Current rate : +3.3 ± 0.4 mm/yr. In 1980: +1.8 ± 0.8 mm/yr
It’s now accelerating, by ~ 0.1 mm/yr/yr (Feb. 6, 2018, PNAS) 

Melting glaciers: ~ 1.6 mm/yr
Thermal expansion: ~ 1.2 mm/yr
Groundwater pumping: ~ 0.5 mm/yr



Red: Worst case
Blue: Best case

Satellite era,
precise since 1992

Purple: salt-marsh data

today

Sea level has only one direction to go...up!

Tide gauge data

IPCC, AR5

~ +65 cm by 2100
(relative to 1850)

~ +100 cm by 2100 
(relative to 1850)

But, note the 
uncertainty. Also, 
some projections 
for the year 2100 
are much higher.



Each degree of warming adds about 7% 
more water vapour to the atmosphere

And what about rainfall?
“Worst Case” change in annual precipitation, Year 2100: 

IPCC, AR5, 2013
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Townsville, Queensland, Australia: Feb. 3, 2019

Record dry, hot January in the southeast (38 C in Melbourne on Feb. 2; Record rain in
northeast at the same time (1 metre over the week of Feb. 3)! 



Paradise California, After the November 2018 “Camp” Wildfire

CA wildfire damage in 2018 estimated to exceed $19 billion. (Exceeded $12B in 2017).
Source: Bloomberg [https://www.bloomberg.com/news/articles/2018-11-12/california-fires-looking-as-costly-as-hurricane-at-19-billion]

Fort MacMurray Wildfire (2016), cost:

> $9 Billion (MacEwan University, 2017)

https://www.bloomberg.com/news/articles/2018-11-12/california-fires-looking-as-costly-as-hurricane-at-19-billion


Intergovernmental Panel on Climate Change, SR 15, 2018

“...every bit of warming hurts.”
Globe and Mail Editorial, 13 October



October 13, 2018

The challenge: stop ongoing warming. Period.
P.S. Do it quickly. 



So, what’s to be done?

First, get the attention of the public. 

With few exceptions, politicians only respond 
when the public demands it. 



...barley "is one of the most heat-sensitive crops globally”...

Google hits:
“IPCC Special Report 2018”: 3.6 million
“Beer and climate change”: 47.9 million



What else must we do?

Adapt. 

Adaptation is now a necessity, not an option. 
(Think Holland, or Richmond.)

And while we are adapting...



We must reduce emissions. Period.
Three key mitigation steps:

•Eliminate coal-fired electricity (it’s dirty; 
mining is dangerous; it’s no longer economic)

•Put an accelerating price on greenhouse gas 
emissions (like BC in 2008 and Canada as of 
April 1, 2019)

•Be aggressive in moving to and encouraging 
renewables (now the cheapest option, so...)



...let’s change this distribution:
Proportionate global shares of primary energy supply, %
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BP Statistical Review, 2018



“China remained the largest destination of energy 
investment...increasingly driven by low-carbon electricity 
supply... Investment in new coal-fired plants there dropped by 
55% in 2017.” 

“In India, investment in renewable power topped that 
for fossil fuel-based power generation for the first 
time in 2017.” 

But, "carbon emissions from energy consumption 
increased by 1.6%, after little or no growth…from 
2014 to 2016”. 

IEA: “World Energy Investment 2018” and BP: Statistical 
Review of World Energy, both July, 2018



BP Statistical Review of World 
Energy 2018

Q: Are we winning?
A: We’ve just left the starting line.

Electricity production, globally

CoalNon-fossil

Oil and gas



Power Sector Investment, 2017
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Global solar photovoltaic installation costs
and installed capacity, 1975-2015
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The U.S. solar industry in 2018 

employed some 242,000 workers 

(versus 50,000 coal miners and 

137,000 in oil/gas ).



October 19, 2018

(6.9¢	/CAD)



Desert Sunlight Solar PV Farm, California
Opened February 10, 2015

�$1.5B �14.5 km2 �550 MW � 25-year PPA: $50-70/MWh

In full sunshine, produces half the power of Site C

Mar. 23, 2016: Calif. Public Employees’ Retirement System bought a 25% stake. 



Bear Mountain Wind Park (2009), Dawson Creek 

Onshore capacity factor (2017, USA): 37%
Offshore (2017, North Sea): 65%
Source: US Energy Information Service, September, 2018

BC now has four wind farms producing 700 MW 
(three-quarters of Site C) when at full capacity.



So, let’s fix it!
Here’s part of 
the  solution: 

Integrate the national 
grid and use hydro 
reservoirs as batteries 
to support large-scale 
wind and solar.

HV DC

But Houston, we have a problem...intermittency.



“Greater spending on electricity networks 
and battery storage are also contributing to a 
more flexible power system, which is crucial 
to the integration of higher shares of solar 
PV and wind generation.” 

International Energy Agency, 17 July, 2018:
“World Energy Investment 2018”

The good news: integration is happening,
primarily in China, USA, Europe and India

(but not much in Canada): 



Global Benchmark Prices, Solar Photovoltaic, Wind and
Li-ion Batteries

Source, Bloomberg New Energy Finance, March 26, 2019
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Transportation: ~25% of global energy consumption (38% 
of emissions in BC), almost all of which is met with fossil fuels 
today. Is there a solution? 

Edmonton: 50 battery buses on order for 2020

Mercedes

Thor: 88,000 lb payload, 500 km range

YES. ELECTRIFY!



December 28, 2018 Uxbridge, Ontario

40 HP, 5-8 hours running time, 1/10th the operating cost of a diesel, silent, high torque, 
no exhaust fumes,  powered by the Sun! 

Expected capital cost in 2020: $40,000 CAN



Norway has a growing number of fjord-crossing ferries in service, and more on 
order, domestically built. Foreign orders pouring in.

What about pure electric ferries?

80% reduction in operating costs.
Quiet.

Source: Electrek, February, 2018

Note the absence of an exhaust-emitting stack…



A lesson in changing behaviour:
EVs and plug-in hybrids, Norway, 2004-2018

How?
• No VAT (25%)
• Free ferries
• Free tolls
• Free parking in Oslo (until Jan. 2017)
• HOV lane access
• Excellent national charging capacity

Source: Wikipedia

Norway Sets New All-Time EV Sales Record, Hits 

58% battery EVs in March, 2019!



Number of public EV charging points in Norway

Now 10,350 total
(2058 fast charging)

Greater Oslo (pop’n 1.54M) has ~74 high-speed charging stations. 
Greater Vancouver (pop’n 2.46M) now has 17.

BC now has about 1,400 public stations of all types



Are exclusively-oil companies a good long-term investment?

The Independent, June, 2016



2018

Tesla Model 3 was the 4th best-selling car 
in the US last December and the 5th best-seller in 2018



Li-ion battery costs:
~$1500/kWh (2006)
~$300/kWh (2015)
~$100/kWh (2020)??
~$50/kWh   (2025)??

Nykvist and Nilsson (March, 2015), “Rapidly falling costs of battery packs for electric vehicles”

Chevrolet Bolt, $145/kWh, Jan/16

The future of EVs? Follow the money…and air quality…
and carbon emissions pricing…

Latest: ~$100/kWh (2020, est.)

2025 est.



“...the problem of global climate change is one that affects 
us all and action will only be effective if it is taken at the 
international level...”

“But as well as the science, we need to get the economics 
right...we must have continued economic growth in order to 
generate the wealth required to pay for the protection of 
the environment. But it must be growth which does not 
plunder the planet today and leave our children to deal with 
the consequences tomorrow.”

Q: Who said this, and when?

Some closing thoughts:

Prime Minister Margaret Thatcher, 
Speech to the General Assembly of the United Nations, 1989



Chris Turner (last year’s National Business Book Awardee), 
in the Globe and Mail, October 13, 2018, eloquently 
captured the issue :

“Good climate policy...is a sinkhole for political capital, a 
kryptonite mine against the superheroic political will that is 
required to address climate change’s catastrophic scope.”

And where are politics and policy, 
some 30 years later?



Thank you.

Confront those who distribute kryptonite.

Take personal action. Opportunities abound!

Support politicians who act. Demand change!

There’s too much at stake to remain silent.

In closing, let me ask, 
what’s it going to take?


