Chapter Eight  

Putting an End to Fossil-Fuel Burning

It is not merely urgent, but extremely urgent that the human race stop burning fossil fuels. If we fail to do so, the Earth will pass through a tipping point after which global warming will continue without the help of our CO2 emissions. This will, over time, lead to a planet without icecaps and an ocean level higher by a few tens of meters than it is today [1]. See also Appendix 1.

To reverse the huge ongoing bad habit of putting millions of tonnes of CO2 into the atmosphere every year is a quite extraordinary challenge. Furthermore, the emissions increase most years, the average since 1960 being 2 percent per annum [2], resulting from increased industrial activities, transport, and global population. The situation is different for each country, but only a few governments have grasped the importance of taking action and have put programs for the necessary reductions into effect. The laggards are many and include the USA, which could replace its coal-burning power stations with renewable energy systems, having regard to the good state of technological advancement in that country [3]; and though many cities and states are replacing coal, the national policy remained until 2021 one of subsidizing the coal and oil industries. 


Since many countries are routinely increasing their CO2 emissions, one wonders who, if anyone, is in charge. The several occasions when there has been a decrease in global emissions over a period of a few years prove that the human race can live without increases—grounds for optimism. However, emissions continue due in part to corporations wishing to profit from fossil fuels while the opportunity lasts, and to national governments who see themselves as being in competition, commercially and/or militarily. Meanwhile, the route to a plausibly prosperous future is through international cooperation, de-militarization [4], the elimination of ghg emissions, and population control [5]. All of the foregoing are necessary to attain a sustainable human existence on this overcrowded planet.


Fortunately there is some good news. Populations and local governments, even provincial and state governments are waking up and are starting to plan the needed reductions. The young, who see the world future as theirs, are rebelling in non-violent style [6] and a Swedish teenager of remarkable maturity, Greta Thunberg, has inspired a few national leaders and is supporting the “rebellion” wherever she can.


These developments have inspired a few changes, such as a newly stated resolve to tax carbon emissions—now 25 years overdue—still awaiting international action. A carbon tax could gradually strangle the machinery that depends on fossil fuel, facilitating the transition to non-emitting technology. To achieve the desired result, one starts with a low per-tonne tax and increases it stepwise. NRTEE in Canada produced a fine first report on the tax that showed nonlinear effects when the tax reaches very high levels, above about $250/tonne. Increases in the tax at high levels produce less effect than increases at the lower levels. The carbon tax today appears inadequate to achieve zero emissions soon enough. This could change if the price of non-emitting transport drops fast enough. An additional strategy designed to eliminate emissions through planning is introduced below.

CanESS

In 2016, a new economic modeling tool, the Canadian Energy Systems
Simulator (CanESS), emerged from Robert Hoffman’s group in Ottawa [7], which had earlier produced the global economic model GSS, referred to in Appendix 2. The new model, CanESS, was designed to assist governments, provincial or federal, to choose policies that would enable the elimination of ghg emissions to be realized in a minimum time. Doubtless the CanESS could also be tailored to the needs of other countries.

Inevitably, such a tool can also be used to arrive at policies that would achieve the elimination of ghg emissions at the lowest financial cost. However, as Hoffman himself emphasizes, cost must be a secondary consideration in a global crisis. Canadian economist, the late John Hotson, once commented, “Could anything be more insane than for the human race to die out because we ‘couldn’t afford’ to save ourselves?”

When the CanESS was in its early stages of use, Hoffman  experimented with it (private communication, June 2016) and came up with and later confirmed the following very significant conclusions:

The standard negotiating routes for the reductions of ghg emissions, namely carbon taxes or cap and trade, will not produce the final result of zero emissions soon enough to meet Nature’s deadline;

Governmental policies are urgently needed 1) to convert all electrical production to non-emitting methods and 2) to eliminate emissions from all surface transportation.

Hoffman selected the above policies, 1) and 2), because the needed technologies already exist. For example, the New York Times published on 20 September 2020: “The Age of Electric Cars is Dawning Ahead of Schedule.” It is simply a matter of asking or demanding that the relevant industries collaborate in implementing a solution. The manufacturers of trucks, vans and cars would have to prepare to sell only non-emitting vehicles by a given deadline. Hoffman believes that emissions-free electrical power generation and transport could be achieved in Ontario by the year 2040 and I support his view. His strategy would be to notify manufacturers of all types of vehicle that no new ones dependent on fossil fuels could be marketed ten years after the notification. This gives manufacturers enough time to redesign their products. Vehicles using fossil fuels already on the roads at the ten-year mark would then be phased out in the following ten years. On 18 November 2020, the decision of the British Prime Minister to forbid sales of new fossil-fuelled vehicles in the UK from 2030 was announced [8], nicely coinciding with the policy put forward above. Elsewhere, the same policy could be followed with the same deadline, though success will depend on adequate supply of suitable batteries for electric transport and of hydrogen for other non-emitting transport. Fortunately, there is considerable interest industrially in both these areas at present. Additional factors in vehicle design that could contribute to success in the change to non-emitting land transport would be an emphasis on lighter vehicles and a strong discouragement of high power-to-weight ratios, such as are now commonplace.

Alas, there remains a major source of long-term emissions from land transport, namely, within poor countries that routinely purchase second-hand vehicles from wealthier countries, and will want to continue using them for decades, unless some new strategy of persuasion and assistance interferes. This problem seems to have been overlooked, and must also be faced on the road to eliminate emissions. Steps in the right direction might be: stopping export of any but the most fuel-efficient used vehicles: and a demand by the world of its vehicle industry not to design and produce any new gasoline-propelled vehicles except the lightest and lowest in fuel consumption.

Firm decisions are now essential to accomplish what can be accomplished by the earliest practicable dates.

Cost

Cost, in the parlance of an ecological economist, amounts to the resources and person-hours that are required to accomplish a task. The money merely serves to distribute those resources and to achieve the desired, vital task. This very different attitude to money would predominate in an ecological economy. Should we even be worried about money? Few people have objected to the more than one trillion dollars spent annually on military production and to maintain the armed forces, expenditures that can end up causing death and destruction, creating refugees, or generating waste. The ecological economy will use resources to counter climate change and to increase natural, built and human capital, and other wealth, the opposite of what military production and activities do.

.Major projects that generate large sums of money could require us to implement anti-inflation policies. Full employment, as discussed in Chapter 7, does not have to be accompanied by inflation.

The later stages of reduction of ghg emissions

There is no reason to delay efforts in other sectors of the economy where elimination of emissions may be more difficult. The sooner the necessary research and development takes place the better, as the emissions in these sectors must also be brought to a low minimum. A sector where work could begin at once, and where emissions are particularly high is production of cement for making concrete. The emissions are due to: a) burning fossil fuel to heat the calcium carbonate, which is the raw material for cement, and b) the CO2 emitted by the carbonate during the heating. The heating could in principle be electrical (radiative), or from burning hydrogen, whereas the emissions from the heated carbonate are inevitable and consist of CO2. In this case, the CO2 is largely free of the other products of combustion in air, which makes it easier to trap for storage or later use. An example of its use is for the production of algae, on which much research has been done these last decades [9]. There is, in addition, the possibility of the manufacture of a new type of concrete, not based upon calcium oxide, which avoids the emissions that arise from heating the calcium carbonate [10]. 


It is not too early to ask: do we have competent people assigned to these tasks—all of which are urgent—and, if so, have they been funded to begin their work?

By attending in such ways to every sector of the economy, one can envision numerous emissions-free countries well within 30 years.

Emissions-free transport

Emissions-free surface transport will likely be powered by a mix of electrical and hydrogen vehicles. An all-electric system would be limited by battery availability, while hydrogen propulsion will  become affordable as the price of wind power declines, reducing the price of hydrogen production by electrolysis. A mix of electric and hydrogen transport is in any case desirable as there will always be the possibility of major outage of electric power in an all-electric system, even where decentralized power generation has been established. 


By contrast, air and ocean transport are not near a point in time where we can describe non-emitting futures. These two forms of transport will be needed to continue international trade and tourism, and are discussed in Chapter Eleven.

Countering objections to climate action
An argument that is heard often enough, claiming the futility of efforts, for example, to manufacture emissions-free vehicles, goes as follows: “If we need such and such machinery or equipment to run a fossil-free energy system, then we shall still need fossil fuels to manufacture the new machinery and equipment, because that is how the manufacture is actually done.” The answer to this is obvious enough: that a special effort is needed now to get manufacturing entirely off fossil-fuel use, since that sector will always be active in any foreseeable future. Maximizing primary energy conversion to non-fossil is thus a major priority, and eliminating fossil fuels from every type of manufacture must take place in parallel.
Cities

Cities hold the majority of the world’s human population, and acquire most of the population increases. They also tend to be highly unsustainable, and built on good agricultural land. Today, agricultural land needs to be preserved and improved because of the fast-rising global population; but cities continue to spread and sprawl over the best land, while areas of poor land that could sustain sizeable cities are ignored. Many areas of the world could find themselves short of good agricultural land before 2050, which could cause widespread hardship if no long-term planning takes place. See recommendation 4 in Chapter Twenty-Two.


In the meantime, there are cities undergoing redevelopment that provides opportunities to make a whole section of a city sustainable, or nearly so. Such redevelopment involves every aspect of the locality: the overall plan, buildings, streets, parks, food growing (“urban agriculture”), schools, businesses, transport, energy, and consumption. Greenhouse gas emissions are being reduced in this way, long before the last ghg-emitting vehicles are taken off the roads.

In France, the city of Strasbourg already has several sectors fully functioning as eco-quartiers [11], that is, ecologically sound neighbourhoods. The government of France has a national program to encourage such development [12]. There are also officially recognized ecodistricts in at least eight other countries. 

Carbon Capture and Storage

The expression Carbon Capture is used in two senses, one being the removal of carbon dioxide that is already in the atmosphere, and the other, the capture of carbon dioxide effluent from industrial plants. The latter is much less costly than the former, because the concentration of carbon in the effluent gases from industrial chimneys is very much higher than in the atmosphere. 

 Carbon sequestration from the atmosphere can best be achieved through organic farming and afforestation; but a whole field of applied science and engineering has also opened up under the general title of carbon capture and storage [13,14]. A promising method of geological storage has been described by Howard Herzog [15]. However, most or all the large-scale engineering methods of carbon capture from the atmosphere are controversial, since they have low efficiencies and/or significant environmental costs, so that they would have a hard time gaining general acceptance. 

By contrast, the methods of storing carbon dioxide from industrial effluent have been relatively successful [16], though the energy required to do it, and the accompanying storage of the captured gas, greatly reduce the overall efficiency of the industrial production. Thus carbon capture in coal-burning electrical generation is seen as an alternative to a huge array of solar cells that additionally need electrical energy storage capacity to provide some power overnight.
The importance of going forward

The optimum attitude for any nation is to reduce all its emissions as soon as it can to the lowest level possible. The more rapidly emissions are reduced, the greater the hope of a successful outcome globally; and as avant-garde nations succeed in reducing their emissions, more useful know-how will be available for nations that lag in this. The human and technological skills of all nations are needed to lead the way in elimination of ghg emissions.


This is how to meet the challenge. 

Notes

1. Wikipedia, “Sea_Level_Rise.” The melting of Greenland’s ice cap would produce a 7.4 m rise in ocean level, while the melting of Antarctica’s icecap would supply another 58.3 m rise. It does not follow, however, that the southern icecap would disappear completely, even following runaway global warming.

2. A graph of global CO2 annual emissions from 1900 to 2019 can be found at https://www.iea.org/data-and-statistics/charts/global-energy-related-co2-emissions-1900-2020

3. This author does not favor nuclear energy as a general option.
4. See Chapter Eighteen.

5. See Chapter Sixteen.

6. See for example: Extinction Rebellion.

7. The Canadian Energy Systems Simulator is the creation of Robert Hoffman, the late Bert McInnis and their collaborators at WhatIf? Technologies in Ottawa.

8. Journal de Montréal, p.17. The British policy had previously been similar, but with a later date, 2035, for banning the sales of emitting vehicles. A few days previously, the premier of Quebec had announced a similar policy, but also with the later choice of date 2035.
9. Edible algae and algae for making biofuels can be copiously produced by the action of sunlight on water rich in CO2.

10. An example of research in this area is T Zhang et al. “Formation of magnesium silicate hydrate (M-S-H) pastes using sodium hexametaphosphate” Cement and Concrete Research 65 pp.8-14 2014.

11. https://www.strasbourg.eu/demarche-eco-quartiers
12. https://www.cohesion-territoires.gouv.fr/ecoquartiers  

   Under this program, the French Ministry responsible for cohesion of territories approves the status of a new EcoCartier through a four-stage process. The USA and Canada have an analogous system of certification of such ecodistricts.
13. Global Carbon Capture and Storage Institute 

https://www.globalccsinstitute.com/
also recommended: https://en.wikipedia.org/wiki/Biosequestration
www.kisstheground.com/Carbon
14. Howard J. Herzog Carbon Capture MIT Press 2018.
15. loc. cit. Chapter 4.
16. loc. cit. Chapter 5. 
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