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Tough Love – Part 1 

By John Benson 

August 2020 

1. Introduction 
This post is aimed at a particular group of readers, that (like me) are concerned about 
climate change, believe that unabated this will cause major damage to world economies 
and the health of its population, and also believe that we should be doing more to 
mitigate this human-caused disaster. I agree, but the main question is what should we 
be doing? With the current administrations approval ratings going down the toilet, it looks 
like we will have a new, more environmentally-inclined administration next year, but what 
should they do? I have not read specific proposals, but many say that we should be 
spending gazillions of dollars making climate-friendly policy a reality. 

I disagree. I have spent years working on possible ways to mitigate climate change over 
my professional career (45 years). Over the past three years I have posted about 250 
papers, and a large percentage of these relate to methods to help slow climate change.  

We already have the technologies and most of the products we will need to substantially 
roll back our greenhouse gas (GHG) emissions, although we should continue the 
research and development to improve these. The competitive forces and for-profit firms 
in our markets are capable of funding most of this R&D. Many of the low-GHG products 
are more competitive in a free economy than the older high-GHG products. The U.S. 
and state governments will have roles, but possibly not what you would expect. 

Initially we should focus on the largest GHG emitting sectors (see the diagram below).1 

 

The top 3 sectors emit over ¾ of the total. In this post we will focus on those sectors and 
the technologies we will need to greatly reduce these emissions. We will review 
technologies that already exist, technologies that are in the R&D pipeline and the overall 

                                                 
1 U.S. EPA, Greenhouse Gas Emissions, Sources of Greenhouse Gas Emissions, 

https://www.epa.gov/ghgemissions/sources-greenhouse-gas-emissions  

https://www.epa.gov/ghgemissions/sources-greenhouse-gas-emissions
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economics of the markets for the required products. After this review, we will look at the 
possible roles of the state and federal governments. Finally we will review methods to 
offset the GHG that other sources are producing, including an exciting new development 
that could make a major negative emissions technology viable. 

This is a two-post paper in Part 1 we will focus on top three GHG emitters: 
transportation, electricity production, and industry. In the second post (about a week 
after the first) we will look at possible roles of government and negative emissions 
technology.  

2. Transportation 
I’ve covered this in many prior posts, and some of these will be referenced below. I’m 
using the source referenced here2 to break this GHG source down further. This 
reference specifies global sources vs. the above chart’s U.S. sources, and also uses 
2016 data vs. the above chart’s 2018 data. This is close enough to rank the specific 
sources, but note that the numbers may not exactly line up. 

There are four significant sectors under transportation. These are below, and the 
percentage are of total global GHG emissions. 

 Road – 11.9% 

 Air – 1.9% 

 Nautical – 1.7% 

 Rail - .4% 

2.1. Road Vehicles 
Clearly the most significant sources are road vehicles. Within these, light vehicles (cars 
and light trucks), account for about 70% of the total road GHG emissions. Heavy trucks 
account for about 28%, and the remainder (2%) is mainly from buses and other road-
going vehicles. These are 2017 U.S. percentages from the EPA. 

The good news is we clearly have the technology and a wide range of products to deal 
with converting the light vehicle fleet to zero-GHG emission operation. In California 
about 2% of our vehicles are zero-emission currently (2020), and our goals are to have 
5% zero emission vehicles (ZEV) on the road in 2025, 17% by 2030, and by 2050 only 
ZEV will be sold in our state. 

I would guess that East Coast and the remaining West Coast States are significantly 
behind California, and other states have barely started this journey. However, the key is 
that light ZEV products already exist in wide varieties, and are improving rapidly. 

Heavy trucks have few zero emission products (that fleet owners can buy), and they 
have not been sold in significant numbers even in California. However, many electric 
trucks are approaching market introduction, and regulatory requirements will require 

                                                 
2 Mengpin Ge and Johannes Friedrich, World Resources Institute, “4 Charts Explain Greenhouse Gas 

Emissions by Countries and Sectors”, Feb 6, 2020, https://www.wri.org/blog/2020/02/greenhouse-gas-

emissions-by-country-sector  

https://www.wri.org/blog/2020/02/greenhouse-gas-emissions-by-country-sector
https://www.wri.org/blog/2020/02/greenhouse-gas-emissions-by-country-sector
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deployment of these in a reasonable time. See the two recent posts below for more 
details. 

https://energycentral.com/c/ec/etrucking 

https://energycentral.com/c/ec/interstate-etrucking 

Buses are further along than heavy trucks. There are a variety products available, and 
these are selling well. This is mostly because of state incentives (see section 4 of the 
post below for details). 

https://www.energycentral.com/c/cp/bucket-trucks-and-buses  

2.2. Air Vehicles 
There will be two paths for air vehicles. Short-hop airplanes and air taxis will mostly 
evolve to battery-electric technology. See the post described and linked below for 
details. 

Flying Cathodes and Anodes Everywhere: There are a surprising number of flying 
EVs that transport humans (as opposed to unmanned aerial vehicles (UAVs)) that are 
starting to enter various markets, and that is what this paper is about. 

https://www.energycentral.com/c/ec/flying-cathodes-and-anodes-everywhere  

For long distance air flights, in the short-term bio-fuels may provide a bridging low-
carbon solution for jet aircraft. These already exists, and should reduce the carbon 
content and cost over time and with increased volume. Although there are several 
alternatives, one of these fuels is called Alcohol to Jet Synthetic Paraffinic Kerosene 
(ATJ-SPK). See the FAA page linked below for more information. 

https://www.faa.gov/news/updates/?newsId=85425#  

In the longer-term (assuming no other breakthrough technology emerges), liquid 
hydrogen may hold the most promise. The U.S. military has already used this for long-
duration drones. This will require at least a redesign of aircraft power plants, and 
probably the entire aircraft. It is also possible ammonia can be cracked into hydrogen 
and/or used directly as fuel on board long range aircraft (still requiring a major redesign). 

2.3. Ships 
I posted an article a few weeks ago on the current and future GHG-reduction 
technologies for ocean-going vessels. This is linked below, and therein is a link to an 
older post that covers ships that have been actually produced (or will be shortly). 

https://energycentral.com/c/ec/low-carbon-ships 

Like with air vehicles, short-haul vessels already have products in production. There is a 
good variety of technologies for long-route nautical vessels, and these can be deployed 
in the next decade or two. Because ocean-going ships are much larger than other 
vehicles, there is more flexibility in packaging zero-GHG propulsion, power systems and 
zero-GHG fuel. 

https://energycentral.com/c/ec/etrucking
https://energycentral.com/c/ec/interstate-etrucking
https://www.energycentral.com/c/cp/bucket-trucks-and-buses
https://www.energycentral.com/c/ec/flying-cathodes-and-anodes-everywhere
https://www.faa.gov/news/updates/?newsId=85425
https://energycentral.com/c/ec/low-carbon-ships
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2.4. Trains 
Speaking of tough, the railroads in the U.S. will be tough to rid of GHG emissions. The 
ideal solution would be to electrify all of the tracks, but there are 150,000 miles of tracks, 
and less than 2,000 miles are electrified (educated guess based on about an hour of 
research). Most of these are commuter rails in the northeast.  

So this is definitely a problem in need of a plan B. A large majority of trains’ engines are 
diesel-electric, and each train frequently uses multiple engines. The first step might be to 
replace diesel electric engines with a cleaner alternative. Initially this might be a 
combustion-turbine gen-set fueled by liquefied natural gas. This alone might take a 
decade. During a later transition period, this could be co-fueled with green hydrogen 
produced from ammonia (see comments below) that would be stored (with LNG) and 
cracked in a specialized tender. Initially 10% to 20% of green hydrogen would be added 
to the methane (natural gas), this would increase over time as technology improved until 
the engines were powered by 100% green hydrogen. This could be through combustion 
turbine gen-sets and/or fuel cells. 

Author’s comments: Ammonia (NH3) is a potential future hydrogen carrier. However 
producing ammonia does have a down-side. The most popular industrial process, the 
Haber-Bosch process, is extremely energy-intensive. This process is shown and 
described below: 

N2 + 3 H2 → 2 NH3    ΔH° (change in enthalpy) is -91.8 kJ/mol 

The Haber–Bosch process is a reaction between hydrogen and nitrogen at an elevated 
temperature (840 °F) and high pressure (1,500 psi). The reaction, which happens in a 
special pressure vessel, disrupts the conditions required for the reaction, so it must be 
continually cycled, making it very expensive.3 

Reasons that ammonia is being considered as a hydrogen carrier include: (1) it has a 
higher volumetric efficiency than other carriers (even liquid hydrogen), (2) cracking it to 
liberate the hydrogen does not produce undesirable byproducts (like GHG), (3) the cost 
of renewable energy has become the least expensive energy and its price continues to 
decrease (see the next section) and (4) under some conditions ammonia can be directly 
combusted or used in fuel cells, with only water vapor and nitrogen as byproducts. 

Since it’s an element, other than different isotopes (which we are not considering here), 
hydrogen is hydrogen is hydrogen. However there are considerations of how it’s 
produced including any undesirable byproducts (read: GHG). A large majority of 
hydrogen used in industrial processes (like making ammonia) is produced by reforming 
natural gas, but this produces CO2 (the main GHG). Hydrogen produced by electrolysis 
(no GHG) with 100% renewable electricity (ditto) is commonly called green hydrogen. 
Hydrogen produced by reforming natural gas with CO2 capture and sequestration is 
commonly called blue hydrogen. 

                                                 
3 Wikipedia article on Ammonia, https://en.wikipedia.org/wiki/Ammonia  

https://en.wikipedia.org/wiki/Ammonia
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3. Electricity Generation 
Electricity will be the universal fuel of the future. Ultimately it will provide energy for the 
following sources that currently emit a large percentage of today’s GHG. These include: 

 At least 75% of transportation energy 

 At least 50% of industrial energy 

 At least 40% of commercial and residential energy 

 At least 30% of agricultural energy 

Regarding the third bullet, I believe that today’s trend of increased distributed 
photovoltaic (PV) generation for commercial and residential facilities will continue, and 
these will add more storage through stationary battery energy storage systems (BESS) 
and local battery-electric vehicles (BEV). Although this is technically still electricity, net 
grid-electricity consumption for each facility will be greatly reduced. 

Agriculture will also generate and consume energy locally. At least some of this will be 
PV, but I believe that most will be locally-produced biogas that will be used by tractors 
and other off-road vehicles and portable machinery. Again, net grid-electricity 
consumption for each facility will be greatly reduced. 

I believe, in spite of the increased distributed resources, the net result of the above is 
that our electric wires-utilities will need to carry significantly more power than today. 
Intelligent use of tariffs will allow this energy to be carried in a more linear fashion (with 
respect to time) throughout the day, week and year. 

3.1. Future Energy Sources 
The price of energy generated by various sources is shown in the two charts on the next 
page.4 Note the following: 

 The costs in the first chart are unsubsidized. 

 Wind and Utility-Scale photovoltaic (PV) are the least expensive generation 

 Gas-fired combined cycle is close behind. 

 The second chart also shows wind (violet) and PV (tan) as currently the least 
expensive generation 

 PV cost is accelerating downward more rapidly than wind, but has not yet passed 
it (in 2019). 

Considering the above, in pure cost of energy, wind and PV win (even w/o GHG-costs). 
Many would argue that Wind and PV are intermittent. For states like mine (California) 
with many potentially dispatchable sources of generation to fill in for the intermittency, 
they still win. Even if you add in local on-site storage to allow a PV project to act as a 
peaker, long-term power purchase agreements are approaching 2¢ per kWh.5  

                                                 
4 Lazard’s Levelized Cost of Energy Analysis - Version 13.0, Nov, 2019, 

https://www.lazard.com/media/451086/lazards-levelized-cost-of-energy-version-130-vf.pdf  
5 See prior post “2020 Large PV and PV + Storage Update”, section 2.2, 

https://energycentral.com/c/cp/2020-large-pv-and-pv-storage-update  

https://www.lazard.com/media/451086/lazards-levelized-cost-of-energy-version-130-vf.pdf
https://energycentral.com/c/cp/2020-large-pv-and-pv-storage-update
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However, I should add that we still need two additional generation technologies. The first 
is covered in the next subsection. The last has the potential to be a critical contributor. 
This is negative emissions technology, which will be covered in the last section in part 2 
of this paper. 

3.2. Small Modular Reactors (SMRs) 
I spent the first five years after college graduation in the Nuclear Industry, and 
understand how nuclear power plants (Gen II Reactors) used to be built. There is no way 
those designs could complete with modern designs for renewable plus storage nor 
modern gas-fueled generation (read: combined cycle).  

The problem with more modern designs (Gen III) is that the reactor manufacturers (RMs) 
didn’t understand that they were competing with technologies that were advancing very 
rapidly, and thus they only improved safety in the Gen III designs. Financial performance 
would not have improved even if they were building these in reasonable volumes. But 
they are not – only a few were started, and normal first-of-a-kind teething problems 
meant that these projects faced huge cost overruns and schedule delays. Most projects 
ended up being cancelled. Most RMs were sued by their clients (and vice versa). Gen III 
reactors have no future. 

The one new company and one legacy firm (and my former employer) each understood 
the challenge they faced, and each designed a much simpler and smaller reactor that 
could be mass-produced. They also understood that they would need to market and 
deliver these world-wide to generate enough volume to become viable. 

I reviewed the two designs described and linked below in earlier posts, and concluded 
that these were highly improved over Gen III, both from a safety standpoint, and from the 
potential to perform well financially. The first link below covers the NuScale SMR, and 
the Second covers the GE Hitachi BWRX-300 SMR. Each uses a different approach, 
and has a different starting point, but each has the ability to compete in regions where 
the current generation mix doesn’t economically provide a clear path forward to 100% 
net-zero GHG without nuclear. 

Nukes, Part 2: Little Nukes: NuScale's Small Modular Reactor Design now appears to 
be viable, and thus this paper on their technology and economics. 

https://www.energycentral.com/c/cp/nukes-part-2-little-nukes 

Nukes – Part 3: Recently in a periodic review of SMR technology, I discovered that at 
least one new player has decided to join the party. This post will review the new player 
and any additional potential SMR designs. 

https://energycentral.com/c/cp/nukes-%E2%80%93-part-3  

4. Industry 
There are two issues that we must deal with for industry: (1) move industries with high 
GHG emissions to processes that lower these, and (2) move industries that are having 
their products greatly reduced or eliminated by the transition to a low-GHG economy to 
new or modified products that are consistent with greatly reduced GHG. These are 
covered in the subsections below. 

https://www.energycentral.com/c/cp/nukes-part-2-little-nukes
https://energycentral.com/c/cp/nukes-%E2%80%93-part-3
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4.1. High GHG Emitters 
The following are the three largest GHG emitters in the U.S. Industrial Sector per the 
EPA Greenhouse Gas Reporting Program. 

4.1.1. Iron & steel production  

In 2018 this industry emitted about 76 million tonnes (metric tons) of GHG in the U.S.6 

The following description and link is to an earlier post that contains detailed information 
on how this industry uses energy and how it might reduce its GHG emissions. The good 
news is that it is already moving in a direction that will allow it to power all processes 
with electricity. 

I Like Smoke and Lightning, Heavy Metal Thunder: This paper is about the metals 
industrial subsector, how these industries use energy and how they are evolving. The 
subject of this paper contains a segment on the largest industrial producer of these 
emissions, the Iron and Steel Industry Group. 

https://www.energycentral.com/c/cp/i-smoke-and-lightning-heavy-metal-thunder  

4.1.2. Cement & Concrete Production 

In 2018 the cement industry emitted about 67 million tonnes of GHG in the U.S.7 

The following description and link is to an earlier post that contains detailed information 
on how this industry uses energy and how it might reduce its GHG emissions. 

Concrete Greenhouse: This paper is about the cement and concrete industries, their 
energy use, greenhouse gas (GHG) emissions, and how they might reduce the 
emissions in the future.  

https://www.energycentral.com/c/cp/concrete-greenhouse  

The good news for the concrete industry is that the delivery trucks (concrete trucks) are 
considered part of the production process, and thus their GHG emission is considered 
part of production emission. Conversion of these to BEVs will allow these emissions to 
be replaced with very low emission electric operation. Other non-electric fuel-use in the 
concrete industry is natural gas used for heating, and this can be replaced with 
biomethane or solar-thermal heat. 

4.1.3. Chemical Industry 

In 2018 the chemical industry emitted about 190 million tonnes of GHG in the U.S. The 
chemical industry also uses LNG as a feedstock for manufacturing products.8 

The following description and link is to an earlier post that contains detailed information 
on how this industry uses energy and how it might reduce its GHG emissions. 

                                                 
6 U.S. EPA, Greenhouse Gas Reporting Program (GHGRP), GHGRP Metals, 

https://www.epa.gov/ghgreporting/ghgrp-metals  
7 U.S. EPA, Greenhouse Gas Reporting Program, GHGRP Metals, GHGRP Minerals 

https://www.epa.gov/ghgreporting/ghgrp-minerals  
8 U.S. EPA, Greenhouse Gas Reporting Program, GHGRP, GHGRP Chemicals, 

https://www.epa.gov/ghgreporting/ghgrp-chemicals  

https://www.energycentral.com/c/cp/i-smoke-and-lightning-heavy-metal-thunder
https://www.energycentral.com/c/cp/concrete-greenhouse
https://www.epa.gov/ghgreporting/ghgrp-metals
https://www.epa.gov/ghgreporting/ghgrp-minerals
https://www.epa.gov/ghgreporting/ghgrp-chemicals
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Good Chemistry: This paper covers the chemical industry, how it uses energy, and the 
potential for more economic and sustainable energy use in the future. 

https://www.energycentral.com/c/pip/good-chemistry  

4.2. Industries Needing Repurposing 
There are really just two major sectors that will need to find new products, and the first 
below is a no-brainer.  

4.2.1. Coal Industry 

This industry is already dying, and its employees will be hard hit. Governments can ease 
this transition for employees through extensive retraining programs. The industry itself is 
really just mining, and it can transition to other mined resources. Unfortunately this will 
require relocating to where the new resources are. Thus employees and regions that 
depend on coal for their salary and tax-base will continue to have problems in the future. 

4.2.2. Petroleum Industry 

The petroleum industry will lose its primary resources: geologically derived oil and 
natural gas. But there will still be a need for some replacements for fuels and feedstock, 
but these must come from biologically-sourced materials. Although these initially will not 
be “very low GHG”, with development, they will improve this metric. 

Also, additional functions that can be assumed by this industry include: 

 Assisting farmers in the production of biomethane from biogas (they already use 
skid-mounted natural gas processing plants that perform a similar function). 

 Transporting biomethane and other industrial gases and liquids. 

 Transporting and sequestering carbon dioxide emitted from combined-cycle 
power plants and industrial processes (they also currently do this). 

See the last section in Part 2 of this paper for more details on their role in carbon capture 
and sequestration of GHG. 

https://www.energycentral.com/c/pip/good-chemistry

