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Motivation 

• Credible data shows warming 
anomalies for most Arctic 
regions 

• The general public is 
constantly fed the message 
that the Arctic ice is “melting”. 

• Summer extent as shown by 
satellite images is diminishing 

• As engineers we need to 
consider and advise on how 
the current warming trends 
affect offshore facilities in ice 
covered regions. (As well as 
operations)  
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Background and Outline 
 

• In 2017 the speaker was approached by 
Total to help them make an assessment of 
ice design criteria in a warming world.  

• This work was reported at POAC 2019, Delft.  

• A summary of my inputs to the work are 
given in this talk. 

• Following that, some issues and my 
opinions  relating to the current climate 
debate and measures are discussed 

• To lighten the topic, I will give the last word 
to Robert Burns who did make passing 
references in his poetry to industrialization 
and climate catastrophes - and whose 261st 
birthday is celebrated on January 25th, 
2020. 
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Evidence 

• Most Arctic locations show 
warming anomalies 

• Summer ice extent shows a 
downward trend – although 
winter extent is less severe. 

• Arctic scientists report 
thinning of the Arctic Pack 
(Kwok and Rothrock (2009) 
“The highest average Arctic pack 
ice thickness peaked at about 
3.6m in 1980. and diminished to 
about 1.9m by 2008.”  

• But, as we will discuss, these 
are averages affected by the 
%age of MY ice. 

4 



Pond Inlet –  
Canadian  
Arctic 

Note prior warming trend 
 in 1930 – 1950 Period 

There is definitely a recent warming trend 
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CRUTEM is a dataset derived from air temperatures near to the land surface  
recorded at weather stations across all continents of Earth.  
It has been developed and maintained by the  
Climatic Research Unit University of East Anglia. Its accessible via Google Earth 
– but Google CRUTEM for the link. 



Key Parameters examined in the study  

• The primary focus of KRC’s 
contribution related to ice loads 
on platforms (Bureau Veritas 
looked at ships) 

• It is well known that ice loads are 
a function of ice thickness and 
strength. 

• Ice thickness was the main focus 
of the study. 

• For typical Arctic warming how 
would ice growth be affected – 
hence maximum thickness ? 

• Later in the study the effects of 
potential greater ice motion were 
examined as well as potential 
strength reductions with 
potentially warmer ice. 
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Approach for First year ice thickness 

• First, a typical cold year for Pond 
Inlet was examined and an ice 
growth model was used to match 
the temperature data with the ice 
thickness data though the year. 

• The model is the accepted one 
based on heat conduction theory 
and results in a correlation of ice 
thickness with freezing degree 
days (and calibration of a growth 
coefficient - - - -  C) 
 

  
    

 hi = C (FDD) 0.5 

Where FDD is cumulative freezing degree days 
 
If actual thicknesses are measured, C can be calibrated for a specific location  
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Calibration for C for ice growth at Pond Inlet 

1992 - 93 Maximum thickness reported 1.98m

Actuals calibrated Predicted

Days Month

Mean temp 

( ⁰C) FDD Cum FDD Adj FDD C h (m)

30 Sept -5.2 156 156 0 0.0242 0.00

31 Oct -11.4 353.4 509.4 353.4 0.0242 0.45

30 Nov -28.3 849 1358.4 1202.4 0.0242 0.84

31 Dec -30.1 933.1 2291.5 2135.5 0.0242 1.12

31 Jan -37.2 1153.2 3444.7 3288.7 0.0242 1.39

28 Feb -39.2 1097.6 4542.3 4386.3 0.0242 1.60

31 Mar -37.3 1156.3 5698.6 5542.6 0.0242 1.80

30 Apr -26.2 786 6484.6 6328.6 0.0242 1.93

31 May -12 372 6856.6 6700.6 0.0242 1.98

Hi = C (FDD) 0.5 
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Table 4.4: Adjustment of monthly means to get the 100 year thickness of 2.05m 

 
100 year thickness to 1993 2.05m

calibrated Predicted

Days Month

Mean temp 

( ⁰C) FDD Cum FDD Adj FDD C h (m)

30 Sept -6 180 180 0 0.0242 0.00

31 Oct -14 434 614 434 0.0242 0.50

30 Nov -31 930 1544 1364 0.0242 0.89

31 Dec -32 992 2536 2356 0.0242 1.17

31 Jan -39 1209 3745 3565 0.0242 1.44

28 Feb -41 1148 4893 4713 0.0242 1.66

31 Mar -39 1209 6102 5922 0.0242 1.86

30 Apr -28 840 6942 6762 0.0242 1.99

31 May -13 403 7345 7165 0.0242 2.05

We also derived the “100 year” thickness based on statistical analysis  of 
past data to be 2.05m 

The temperatures in the growth model were then adjusted to match the 2.05m 

This gives us a base-line to examine warming effect on the 100 year ice thickness in the  
Canadian Arctic (Pond Inlet) for various warming scenarios 
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Climate warming – Two cases  

1) From real temperature trend 
data (about a +2C above the  
long-term data). (Pond Inlet). 

2) Assuming the Paris Accord is 
met (+2C global ). Then this is 
assumed to be three times 
higher in the Arctic (+6C)   (University of East Anglia UK) 
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Level ice thickness growth for Pond Inlet using the CRUTEM reported trends 
 

Warming scenario based on trends SON +3C DJF +2C MAM +1.8C

Predicted

Days Month

Mean temp 

( ⁰C) FDD Cum FDD Adj FDD C h (m)

30 Sept -3 90 90 0 0.0242 0.00

31 Oct -11 341 431 341 0.0242 0.45

30 Nov -28 840 1271 1181 0.0242 0.83

31 Dec -30 930 2201 2111 0.0242 1.11

31 Jan -37 1147 3348 3258 0.0242 1.38

28 Feb -39 1092 4440 4350 0.0242 1.60

31 Mar -37.2 1153.2 5593.2 5503.2 0.0242 1.80

30 Apr -26.2 786 6379.2 6289.2 0.0242 1.92

31 May -11.2 347.2 6726.4 6636.4 0.0242 1.97

This is for the “100 year thickness. 
 
This is now 1.97m compared to 2.05m based on historical data 
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An important conclusion is that these changes in 100 year values are much less than the 
range of annual variability, so definitive trends by measurements only are hard to detect. 

No warming 
+2C 

+6C 

205cm 
197cm 

183cm 

100 year values 
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This is confirmed when looking at actual thickness measurements over a period of years 
(Resolute is shown because the data goes back further) 
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What about FY pressure ridges ? 
• In most designs of platforms and vessels, it is not just the maximum level ice that 

will control design but pressure ridges.  

• First -year ridges can have consolidated layers of solid ice (thicker than the 
ambient level ice) as well as deep keels of ice rubble.   

• Based on extensive field measurements of ridges, methods exist to predict their 
morphologies relative to the ambient level ice environment.  

• This was done in this study giving the results shown for Pond Inlet region for no 
warming and then the two warming cases – these are nominal “100 year values”. 

 

  

Ice Parameter 

Based on historical data 

1960 - 1993 

Scenario 1: Trends from 

CRUTEM Site. Sep to Nov 

+3C. Dec to Feb +2C. Mar to 

May +1.8C. 

Scenario 2: 

Global +2C. 

Arctic +6C 

Level Ice (m) 2.05 1.97 1.83 

Early Ridge Consolidated layer 

(m) 

4.6 4.41 4.09 

Keel depth (m) 16.3 15.4 14.2 

Late Ridge Consolidated layer 

(m) 

3.25 3.15 2.90 

Keel depth (m) 32.9 32.3 31.1 

15 



  

  

  

Load case (First-Year ice only) 

 Loads based 

on historical 

data 1960 - 

1993 

Loads for Scenario 1: 

Trends from 

CRUTEM Site. 

Sep to Nov +3C 

Dec to Feb +2C 

Mar to May +1.8C 

Loads 

based on 

Scenario 2: 

Global +2C 

Arctic +6C 

Level Ice load  (MN) 248.5 240.1 225.4 

Early Ridge CL  load (MN) 398.3 384.1 360.0 

Keel load MN) 43.5 40.6 36.9 

Total ridge load 

(MN) 

441.8 424.7 396.9 

Late Ridge CL  (MN) 295.4 287.6 267.9 

Keel load (MN) 127.6 124.8 119.5 

Total ridge load 

(MN) 

423.0 412.4 387.4 

Ice loads were then calculated using established methods (e.g. ISO 19906  

(on a 100m wide vertical structure) 

Design load is reduced by only about 10% for a +6C warming. 
The loads are still substantial ! 
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Conclusions so far and other aspects of the study 

• The results shown on the previous slide indicate quite 
small ice load reductions of about 10% in an Arctic 
location subject to severe FY ridges (no MY ice).  

• The values shown assumed no strength reduction – this 
was examined.  

• Preliminary conclusions indicate negligible strength 
reductions at the end of winter when the ice is still cold 
(maybe up to 5%). But this aspect is worthy of more 
detailed study.  

• In the study, two other ice regimes were examined. 
- A temperate ice region (the Caspian Sea) with minimal 
ridges. 
- An Arctic region with MY ice. 
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Caspian Sea – Kashagan East 

• Prior probabilistic ice load modelling 
was adjusted for recent warming 
trends. 

• The 100 year load on a 100m structure 
was reduced from 75MN to 62MN. 

• However it was also shown that if the 
ice became more mobile (similar to 
Kashagan W) – the load would increase 
back up to about 70MN – due to more 
events. 

• The Kashagan situation is further 
complicated by lower water levels – this 
study did not attempt to assess those 
effects. 

• This region is deserving of further work 
to assess both water level and warming 
trend effects. 

• But this preliminary assessment again 
shows about a 10% reduction only 

Temperature anomalies: Atyrau (1901 to 2014) (0 is 1961 – 1990 mean) 
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Arctic region with MY ice. 

• The issue here is the amount of MY ice in the 
Arctic Basin. 

• The Beaufort Gyre keeps the ice in and 
therefore creates MY ice. 

• The Transpolar Drift Stream exports ice, 
including MY ice. 

• The relative strengths between these currents 
affects the amount of MY ice in the basin 

• In recent years the TPDS has been stronger than 
the BG – MY ice has diminished – not by melting 
but by transport out of the basin. 

• Actual MY ice thickness has not significantly 
reduced (according to Melling, 2013 ) but the 
percentage of MY ice in the basin has. 

• Hence the dramatic reductions in average 
thickness quoted by the scientists and used 
frequently in articles about the “melting Arctic” 

• Which is a misnomer 
• Engineers have to consider both  the thickness 

and frequency of encounter of MY ice with a 
platform (in a probabilistic model) to get the 
100 year load. 

• Frequency of encounter is mostly influenced by 
percentage of MY ice in the region 
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Percentage of MY ice in Arctic Basin 

• The Arctic Report Card (2017) indicated 

• The Arctic ice cover consisted of 21% MY ice compared to 45% 
in 1985. 

• The percentage of very old ice (>4 years old) is estimated to 
have declined from 16% in 1985 to about 0.9% in 2017. 
(Factor of 17).  

• We will examine sensitivities of a factor of 10 and 20 in MY ice 
occurrence 
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Update from NOAA Arctic Report Card 2019 (this report can be downloaded)  



Prediction of ice loads for the MY ice 
region 

• KRCA and C-CORE had previously 
conducted a detailed ice load study for 
Shell (published at ATC 2016). 

• The MY ice statistics were those based 
on historical data (no climate change) 

• The results for a sloping structure with 
no climate change are shown.  

• The “100 year load” is shown as 1. 
(1000MN) (for a MY ridge). 

• The results can be approximately 
adjusted for less MY ice. 

• If the MY ice reduces by a factor of 10, 
the new 10-2 load is the prior 10-1 load 

• This is shown as 2 on the graph. 
• This is a load reduction from 1000MN to 

about 700MN. 
• Other reductions can be estimated E.g. 

Factor of 20 – shown as 3 – load is about 
600MN. 

• Note that if all the MY ice disappeared 
the predicted 100 year FY ridge is 
predicted to give a load of about 450MN 
based on current ISO methods. 

• This is still a substantial load but about 
50% less than the original MY ice load 

1 

2 
3 

22 



Summary of results: First-Year ice regions 

• In Arctic ice regions where annual ice (FY ridge) governs, 
the study shows only very modest reductions in ice loads. 

 +2C – about 5% reduction 
 +6C – about 10% reduction 

• Even in a temperate region such as the Caspian, the +2C 
scenario still gives ice loads only about 10 – 20% lower 
than those based on historical data going back 100 years. 

• From an engineering/economics perspective such 
reductions will have little effect on designs and costs. 
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Summary of results: Multi-Year ice regions 

• The big influencer here is the percentage of MY ice in the region. 
• This has been decreasing whereas MY ice thickness has not. 
• So the ice is not “melting” but MY ice is being transported out by a stronger 

Transpolar Drift Stream and a weaker Beaufort Gyre than in the past 50 years or 
so. 

• The percentage of thick MY ice is down by about a factor of 15 – 20 from the 
percentage in the 1980s. 

• In the example examined this reduces the design load from 1000MN to about 
600MN.  

• If all the MY ice went to zero the FY ridge case would give a load of about 450MN. 
• These levels of reduction in ice loads could be influential on lowering costs in say 

the Beaufort Sea. 
• The main concern might be that of the relative strengths of the Transpolar Drift 

and Beaufort Gyre trending back to what they were in the mid 20th Century – 
hence increasing the MY ice frequency again. 

• We are left here with considerable uncertainty – any future developments would 
need to address this in more detail and develop a “no regrets” approach. 
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Thoughts on Climate Change 
Policy 

Based on a prior briefing 
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A New Approach to Policy and 
Actions on Climate Change? 

With specific reference to a new approach by Canada 
which could make a global difference 

V2 May 14 2019 
V4 Sept. 2019 
V5 Nov 1 2019 

 
The following material is extracted from 

this more lengthy prior briefing – 
available on request from KRC 
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Climate change policy issues 

• Climate Change is a “hot topic”. 
• Every day now, any rather extreme weather event is claimed to be due to climate 

change. 
• Politics and emotions loom large – who are the heroes - who are the deniers - and 

who is to blame ! 
• The CO2 model as used by the UN is accepted as science and any other position or 

even criticism is considered heretical! 
• The politically correct approach is to reduce greenhouse gases which drive the UN 

model. 
• “Adaptation” is  looked at with suspicion, as is geo-engineering to lower CO2 

without lowering hydrocarbon use. 
• Canada has committed to ambitious GHG reductions under the Paris Accord. 
• Some would go further. 
• The carbon tax has becomes a major focal point of policy and divisiveness. 
• It is somewhat depressing !! 
• So what makes sense – if anything !! 
• Lets step back and look at the bigger picture  
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Human Impacts on the planet 
• We are currently at a population of about 7,700,000,000 (7.7 Billion). By the end of 

today, the world’s population will have increased by another 125,000. In a year the 
world’s population increase will be greater than the population of Canada (37 
million). 

• When my grandfather was born, the world population was about 1.3B, when my 
father was born it was 1.65B , when I was born it was 2.2B , when our sons were 
born it was 3.5B, when our first grandchild was born it was 6B. 

• The UN predicts a population of about 10 Billion by 2055. 

• In some ways it is puzzling that the degradation of the planet due to human 
population growth has not been a higher political concern? Perhaps because our 
current economic models for prosperity are driven by growth ? 

• The growth of CO2 emissions is greatly influenced by population – as seen in the 
next slide. 

• In my opinion, had we had a slower population growth we would have more time 
to find solutions to many of the world’s problems – including climate change - but 
population growth is a topic for another day! 
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Climate changes 

• The Earth’s climate has always been changing even without human influence. 
• The most recent ice age was only 10,000 years ago - when great ice sheets covered 

many parts of currently inhabited continents. 
• The climate has been warming ever since the last ice age – not due to CO2 - but 

due to other “not-understood” causes. 
• There are scientists (currently labelled as “deniers” ) who do attribute factors other 

than CO2 (such as the Sun’s and other cosmic influences). 
• On the other hand, the CO2 model is plausible even though very complex. Like all 

complex models it can be “tuned” to give a range of answers.  
• Regardless, it does seem that temperatures have slowly increased over the past 

few decades – as discussed in the earlier discussions on ice loads. 
• A prudent approach would be to accept the CO2 modelling  and look at ways of 

effectively reducing GHGs. 
• But also keep an eye on the costs of this approach vs adaptation and relative to 

other social funding requirements such as poverty and health care !   
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Greenhouse gases by source – some numbers for Canada  

• Total emissions are about 700Mt 

• Oil and gas production accounts 
for about 28% (200Mt) 

• Transportation is similar (largely 
using fossil fuels) at 26% (180Mt) 

• Buildings (heating and cooling) 
12% (75Mt) 

• Electricity generation from coal 
and gas about 12% (75Mt) (largely 
from coal) 

• Heavy industry 12% (75Mt) 

• Agriculture 12% (fuels and 
methane release) (75Mt) 

(numbers are approx. – so don’t quote 
directly) 

Canada’s pledge is to reduce GHGs by 30% relative to 2005 (which was at about 
700Mt) by 2030 
 
This is a reduction of 210Mt 
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Climate change policy and actions 

Implications for Canada to meet UN target ? 

• The target of reducing by 30% in 10 years (reducing by 210Mt)  is a difficult one. 
• Especially noting that population continues to increase. 
• The “lowest hanging fruit” is eliminating coal generated electricity. This might 

achieve a reduction of 60Mt.  
• The transportation sector (mostly cars and trucks) – if it went 50% electric in 10 

years would save about 90Mt) 
• Heating and cooling of buildings – more insulation – switching to energy neutral 

and use of solar panels - could reduce this contribution (12%) to zero – but not 
likely in 10 years because of our current building inventory.  

• Oil and gas: cutting production – achieved by no pipelines! Would have a big 
effect. This is why climate advocates want to do this.  

• On the other hand, natural gas production could increase in order to replace coal 
(worldwide). 

• In general, cutting oil and gas production reduces a significant wealth generation 
sector – and a resource apparently needed worldwide for many more decades. 

• Overall – it can be seen that reducing Canada’s GHGs by 30% is very difficult to 
achieve – and its not clear that the general public understands this. 

• A carbon tax to change behaviour is one approach being applied by Canada. 
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Carbon tax  
• A carbon tax is levied on CO2 equivalent released.  
• In the ideal world, such a tax would be simply applied with no exceptions 

and no direct rebates. 
• The whole point of a carbon tax is to induce people to use less – will they ? 
• There is the issue of whether a commodity is “elastic”. E.g. if increasing the 

price induces someone to use less. 
• Food is considered inelastic because regardless of price, people need a 

certain number of calories to live. So food price increases are generally 
absorbed and do not lead to a reduction in consumption. 

• Natural gas for heating buildings is in the short-term generally inelastic. In 
the longer term, buildings can be built with more insulation but this can 
take decades to get through the system. 

• Gasoline being used by a commuter in areas where public transit is 
minimal is also inelastic – people still have to get to work. 

• A carbon tax on an industry producing widgets, and transporting them, 
has an initial cost increase which makes the product more costly. If 
competing internationally, it becomes less competitive. 

• Over time,  behaviour may indeed change and adaptation to use less 
energy can occur, but the other issue is the level of the carbon tax 
required to achieve this. 
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Carbon Tax – what level ? 

• Gasoline taxes at different levels in different countries can be assessed to give 
guidance. 

• Europe has gasoline about double the price as Canada (mostly due to higher 
taxes). Do Europeans generally use smaller cars and take transit more – I think yes 
– but this is also because their cities are more compact, congested etc.  

• For Canada to be on par with Europe on price, the gasoline price would need to 
double (1$ more) – would the current  5 – 10c due to carbon tax make any 
difference ? 

• Some economists have indicated that to make a difference, the tax would need to 
be higher than the $50/t planned for 2020 (this is about 11c/L on gas). Perhaps 
gasoline needs to be as high as in Europe – essentially a carbon tax of $200/t ?  

• Another potential criticism of a carbon tax is that it can lead people to imagine 
they are solving the problem and they no longer look for more effective solutions 
to reduce GHGs.  

• I also can’t understand giving a rebate ! 
• What would other solutions be ?  
• First we need to look at the global picture 
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Canada’s GHGs relative to others 

• Global GHG emissions are 37,000 Mt (100%) 
• Canada emits 722 Mt (1.9%) 
• China emits 9 – 11,000 Mt (24 – 30%) 
• US emits 7,000 Mt (20%) 
• EU emits 4,000 Mt (11%) 
• India emits 2,500 Mt (7%) 
• Russia emits 1,760 Mt (5%) 
• Japan emits 1,300 Mt (3.5%) 
• Canada meeting its target of reducing GHGs by 200 Mt will reduce global 

emissions by 0.5%. 
• Despite such a small impact, many feel it is a moral issue to reduce to the 

targets agreed on. 
• However, there may be better ways of getting global reductions. In fact 

Canada could be a leader in getting these. 
• One obvious opportunity is lowering emissions from coal-fired electrical 

generation – see next slide 
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Percentage electrical generation from coal in some key  
countries 

• China - 60% - resulting in 7,200 Mt CO2 

• India  - 60% - resulting in 1,630 Mt CO2 

• Japan - 32% - resulting in  800 Mt CO2 

• Canada– 9%  resulting in 57 Mt CO2 
 
 

As a reminder Canada’s commitment is to reduce emissions by 210 Mt. 
Eliminating coal in Canada will not get us there. 

Could Canada help other nations reduce their emissions from coal and hence 
lower global emissions to a greater level than our commitment ? 
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What could replace coal for electrical generation ? 

 
Source Costs/kWh

Biomass 5c

Nat gas 5.5c

Wind 6c

Solar 11c

Wind with nat gas back up 5.4c

Solar with nat gas back up 5.8c

Nuclear (SMR) 10c

Nuclear (IMSR)* 5c

Coal with Carbon Sequestration 15c

• This table gives normalized costs (for Alberta new capacity) as developed by CERI (2018 
• For the application of helping other nations in say Asia using Canadian technology and/or resources. Other factors are to be considered – 

these are: 
• Biomass – is very dependent on local availability and Canada is not an expert in this field anyway – not recommended. 
• Wind and Solar cannot be stand-alone and need other back-up supply which could be a natural gas combined cycle as shown in the table. 
• Canada is not a leader in supplying wind and solar systems but could supply the natural gas and the hardware for the back-up stations. 
• The other problem with wind and solar are their low energy density (as discussed in the next slide). In other words they need large land areas 

– which could be a problem in Asia. 
• Replacement of coal with natural gas – retrofit the existing coal fired stations. This would halve the GHG emissions of such stations. Canada is 

doing this to some of its own coal fired stations – (TransAlta is converting 7 units from coal to gas). This expertise could be applied. 
• Canada is also  developing carbon capture and sequestration technology – could this be applied to the existing Asian power stations ? 
• Lastly, nuclear seems to hold promise especially the new molten salt technology which can be used in a modular fashion and installed quickly. 

Its safety in terms of accidental releases and dealing with spent fuel is also claimed to be superior to existing technology. 
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Energy production density 

• When looking at options for electricity generation, 
in addition to costs, the energy production density 
can be another relevant parameter. 

• In this context energy production density can be 
expressed in Watts/square metre of land required. 

• This indicates how much power is generated for one 
square metre surface land area used.  

• The table on the right gives some typical values of 
energy density as well as total area required to 
power a city of 1million people. 

• Where land is at a premium it shows that natural 
gas and nuclear are considerably more “land 
efficient”. Using wind turbines, an area between 
1000 and 2500 square km is required to serve 1 
million people. (a 50km square). 

• It should also be noted that both wind and solar 
need back-up to the full 2800 MW (Either through 
transmission lines to windier/sunnier places or by 
local idle capacity e.g. a gas fired station) 

 

 

Energy density

Size required 

for city of 

1million 

(2800MW) Area

Source of production Watts/Sq. m km x km km2

Wind high 3 30.55 933

Wind average 1 52.92 2800

Solar (in sunny desert) 20 11.83 140

Solar typical - Germany 5 23.66 560

Natural gas (typical) 1000 1.67 3

Natural gas (compact) 4000 0.84 0.7

Nuclear *Very high <0.6 <0.4

* Nuclear fuel is 10,000 times more energy dense

than hydrocarbons such as Nat gas
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The overall premise for Canadian actions 

• Canada has resources such as natural gas and uranium. 
• Canada has knowledge in many technologies which can lead to lowered GHGs.  
• In particular these are (but not limited to): 

- nuclear (new modular systems such as molten salt reactors) 
- combined-cycle natural gas electrical generation 
- carbon capture and storage; 

• Canada can help other nations which currently operate significant coal fired plants (e.g. India) 
switch to some of these other fuels (nat. gas; uranium) and associated technologies. 

• The results would be globally more effective than our current commitment of a reduction of 210Mt 
in Canada’s emissions (which will be difficult to achieve). 

• For example, India generates 60% of its electricity from coal and emits 1,630Mt from this. If half of 
its electricity could be nuclear or retrofitted natural gas with carbon capture, emissions are reduced 
by 400 to 800 Mt (about  two to four times Canada’s current commitment). 

• There are many other countries  which when totalled, emit significant GHGs. Many of these are 
developing countries who do not have the resources to implement the best solutions. 

• If Canada focussed on such nations in providing technology and natural gas (and uranium), the 
impact on global emissions will be well beyond our current commitments and potentially much 
more effective in actual global warming mitigation. 

• This also has the potential to enhance Canada’s role in the world and give opportunities for 
Canadian technology and resources such as natural gas. 

• Canada can still (should) pursue its own emissions reduction initiatives but perhaps with less zeal, 
divisiveness  and in the context of what makes sense for Canada and the world in total. 

• Until the world is completely free of internal combustion engines there is no logic to shut down the 
oils sands – see next slide. 
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Wells to wheels CO2 emissions 
(This accounts for the molecules from extraction from the ground to expulsion of GHGs from the 

vehicle’s tailpipe) 
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This shows that  with most recent technology the total GHG emissions in going from  
production to ultimate use for oils sands  oil over conventional crude is only +2 to +5%.  
One might argue therefore there is no logical justification to obstruct pipelines from the oil sands 
if we (especially BC - and the world) continue to use gasoline powered cars for the next few  
decades. 
(Saudi and other foreign oil would be similar to the base-line average). 



Lastly - Poetical references to 
industrialization  and climate change  

By Robert Burns the Scottish Poet (1759 
– 1796) 

Who’s 261st birthday is January 25th 
2020  
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Industrialization 
• In Burns’ life span (1759 – 1796), the 

British Isles started to industrialize. 

• Although Burns was a farmer he was 
curious about such things as iron 
production – iron was in increasing 
demand. 

• Not far away was the Carron Iron Works. 

• This was established in 1759 and among 
other things built cannons used against 
Napoleon and in other wars. 

• It also cast the cylinders for James Watt’s 
early steam engines about 1770.   

• Of course, iron production and all steam 
engines used coal. 

• Obviously this started the C02 emissions 
issue – and climate change ! 
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Burns’ visit to the Carron Iron Works 

• Iron works were hot, 
noisy and dirty. 

• Burns wrote:  

We cam not here to view 
your warks 

In hopes to be mair wise, 

But only lest we gang to 
Hell 

It mae be nae surprise ! 
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Other references by Burns to Climate 
Catastrophes 

In the poem “My Love is 
Like a Red Red Rose” 
As fair art thou, my bonnie lass, 

So deep in luve am I, 

And I will luve thee still my dear 

Till all the seas gang dry. 

 

Till all the seas gang dry, my dear 

And the rocks melt wi’ the sun! 

O I will luve thee still, my Dear, 

Whiles the sands o’ life shall run. 
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In closing 
Hopefully we can do something about the issues 

discussed in this talk 
before  

 
All the seas gang dry 

And the rocks melt with the sun  
 

Happy Robbie Burns Day  
 

And For Auld Lang Syne 
(For old times sake)  

Dedicated to Arctic colleagues recently departed 
Brian Wright, Andrew Palmer, Dan Masterson, Bill Graham 

 
Thank You  
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