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Tough Love – Part 2 

By John Benson 

August 2020 

1. Introduction 
This is a two-post paper. In Part 1 we focused on the top three greenhouse gas (GHG) 
emitters in the chart below: transportation, electricity production, and Industry. The part 1 
post is linked below.  

https://energycentral.com/c/ec/tough-love-%E2%80%93-part-1  

In this post we will look at possible roles of government, negative emissions technology, 
and a brief review of an excellent book on climate change politics. 

 

2. The Roles of Governments 
Governments will have several roles. 

2.1. Financial GHG Reduction Incentive 
The following quote is from the source referenced here.1 

Ask any economist how we should respond to climate change, and they will tell you that 
the most effective strategy is to put a price on greenhouse gas emissions, ideally 
through a carbon tax. This reflects a basic economic principle: the waste produced from 
any activity is a cost that has to be paid. We pay for throwing away our garbage, for 
cleaning our wastewater, and we should pay for the carbon dioxide waste we create 
from activities such as burning fossil fuels. 

So one role of government is to impose some form of carbon tax, but which 
government(s), federal or state, and which variant, cap and trade or carbon tax (a.k.a. 

                                                 
1 Gilbert E. Metcalf, Scientific American, “How to Set a Price on Carbon Pollution” June 1, 2020, 

https://www.scientificamerican.com/article/how-to-set-a-price-on-carbon-pollution/  

https://energycentral.com/c/ec/tough-love-%E2%80%93-part-1
https://www.scientificamerican.com/article/how-to-set-a-price-on-carbon-pollution/
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Carbon Fee and Dividend System). My answer is “yes”, but before we address this, let’s 
talk about the monster in the room. 

Right now, our governments and most members of our society have been in some way 
fiscally damaged by the COVID-19 Pandemic. I believe we will start to recover from this 
early next year, and governments will be looking for resources to help this emergence. 
The “Carbon Fee and Dividend System” was originally proposed to be revenue-neutral. I 
believe this is worthy, just not right now. 

The two systems for carbon taxes were recently covered in the post described and 
linked below. 

Financial Greenhouse Gas Reduction Incentives: Financial greenhouse gas (GHG) 
reduction incentives are added costs for products that require the emission of GHG to 
produce and/or use. These costs are proportional to the amount of GHG emitted in the 
production and/or use of each unit of the product, and these costs (basically fees) slowly 
increase over time. The incentive part comes from lower net costs for products that emit 
less GHG, which make the consumer more likely to purchase the lower-cost product. 

There are basically two systems for implementing the fees associated with the title 
incentives: Cap and Trade, as used by California and a group of Northeastern States, 
and a greenhouse gas tax (a.k.a. Carbon Fee and Dividend System), as being 
considered in the U.S. Congress.  

This paper looked at the differences between these two incentive systems, the carbon 
fee and dividend bills being considered by Congress, and some added information on 
the two Cap and Trade Systems. 

https://energycentral.com/c/cp/financial-greenhouse-gas-reduction-incentives  

I have a short proposal on how to use both of these systems. First, the states that 
already have a cap and trade, should be allowed to keep this system, but where the 
system is not comprehensive (I believe California is the only state with a comprehensive 
Cap and Trade System), it may be expanded to make it so (see proposal below). 

The U.S. Federal Government will impose a carbon tax as follows: 

 Multiple tiers with the lowest rate applied to states that already have a 
comprehensive cap and trade or carbon tax above a threshold. 

 Next lowest rate(s) applied to states with partial cap and trade or carbon tax 
below the threshold. 

 Highest rate applied to states with no cap and trade nor a carbon tax. 

 States will normally be responsible for measuring GHG emissions within their 
territories, and this will be audited / verified by the federal government. 

 State can opt-out of measurement responsibility in which case the federal 
government will directly measure GHG emissions in that state and bill the state 
for this service. 

https://energycentral.com/c/cp/financial-greenhouse-gas-reduction-incentives
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2.2. Financial Assistance 
Like I’ve said in the Part 1 intro, governments do not need to throw a huge amount of 
money at reducing GHG emissions, but what the federal government does need to do is 
continue its normal activities (pre-current administration), including: 

 Fund early-stage R&D on low GHG-emission technologies 

 Offer low-interest loans or grants for initial prototypes of this technology 

 Offer tax credits or similar incentives for early-stage deployments 

2.3. Training 
This is mainly a function performed by state governments as part of their “full 
employment” obligation. However, these are specifically targeted at skills required by 
evolving industries that contribute to GHG reduction. This function will also help states to 
attract manufacturers that produce products related to the GHG reductions. This would 
include. 

 Renewable electric generation manufacture and deployment 

 BEV manufacture and maintenance 

 Industrial GHG reduction equipment manufacture and deployment 

 Energy efficiency equipment manufacture and deployment 

 Other GHG reduction infrastructure 

It is anticipated that each state’s higher-education facilities (universities and colleges) 
will be used for most of this training. State funding could also be used to support 
apprentice programs. 

I believe the federal government does have a role in workforce training, albeit a small 
one. National Labs that are involved in renewable energy (especially the National 
Renewable Energy Lab) and energy conservation (especially Lawrence Berkeley Lab), 
BEVs and other GHG reduction technology will partner with the manufacturers bulleted 
above to create recommended course content and accreditation programs for the states 
to use. 

3. Negative Emissions Technology (NET) 
Negative emissions technology is used to remove greenhouse gases from the air or 
capture them from emitters using bio-fuel and sequester them for long periods (hundreds 
to millions of years). There are many processes for doing this, and these are all explored 
in the earlier posts described and linked below. 

Climate Change - When Time Runs Out: This paper lays out the case of why we are 
probably out of time to simply stop emitting greenhouse gases (not that this is easy), and 
probably need to start removing greenhouse gases (GHG) from the atmosphere, mainly 
carbon dioxide (CO2), in addition to stopping the emission of GHG by 2050. 

https://www.energycentral.com/c/ec/climate-change-when-time-runs-out  

https://www.energycentral.com/c/ec/climate-change-when-time-runs-out
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Geologic Greenhouse Gas Sequestration Projects: this describes site selection, the 
business justification for carbon capture and sequestration (CCS) several projects.  

https://energycentral.com/c/ec/geologic-greenhouse-gas-sequestration-projects  

Verification of Geologic Greenhouse Gas Sequestration: This described current 
techniques for greenhouse gas geologic sequestration, and requirements and 
techniques for verifying the effectiveness of this process. Note that this paper is linked in 
the intro of the paper linked above and later (Section 3.4) in this paper. 

3.1. Carbon Capture from Combined Cycle Plants 
There are many good negative emissions technologies. In this section we will deal with 
one of those. The main reason for this is that I encountered a new development of a 
technology that is a very good fit for my home state (California).  

California has more than 20 natural gas combined cycle (NGCC) power plants. Most of 
these are very efficient and largely clean-burning, except they emit large volumes of 
carbon dioxide (CO2, the major GHG). The newer units have fast startups and are fast 
responding, making them ideal for mitigation of renewable variability.  

There is a method for greatly reducing their CO2 emissions: carbon capture and 
sequestration. However, there is a problem with this. 

Pre-combustion carbon capture will require extensive modifications of existing NGCC 
plants. 

The current state-of-the-art process for post-combustion carbon capture is liquid amine 
absorption. This has been used in many carbon capture projects, but it has two issues: 
(1) once the liquid amine absorbs the CO2, substantial energy is required to release it, 
and (2) The amine solution degrades over time. 

A recent discovery was made by the University of California (Berkeley) working with 
ExxonMobil in an eight year project to improve the efficiency of amine CO2 capture and 
release. 

The team’s recent discovery involves metal–organic frameworks (MOFs), a class of 
compounds consisting of metal ions or clusters linked by organic ligands to form one-, 
two-, or three-dimensional structures.  

It has been known for some time that MOFs can host amine molecules, and work has 
been ongoing to improve stability of these and develop a low-energy CO2 release 
mechanism. This work has led to a breakthrough in this project that is specifically 
applicable to NGCC power plants.  

The team tested the MOF-based material in conditions that simulated real flue-gas 
exiting a NGCC plant (100°C air with 2.6% water vapor and 4% CO2). In these 
conditions, it exhibited a CO2 capture rate of 90%.  

The CO2 release process involved increasing the temperature to 180°C while 
maintaining the water vapor content for 1 minute. The material also exhibited minimal 
degradation during the course of 1000 CO2 capture-release cycles. 

https://energycentral.com/c/ec/geologic-greenhouse-gas-sequestration-projects
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Note that the above description came from three sources, the article referenced here,2 
which also alerted me that a paper was to be published in Science. Since I’m an AAAS 
member, I was able to access this paper (and it’s summary). But it appears as though 
this is not accessible to the general public. Some of the specifics in the above 
description came from this paper. Note that the following is from the “Outlook” section at 
the end of this paper. The link to the header for this article follows this excerpt. 

The top-performing material, Mg2(dobpdc)(3-4-3), achieved a large CO2 adsorption 
capacity of 2.0 ± 0.2 mmol/g in the presence of water while meeting the DOE target for 
90% CO2 capture from natural gas flue emissions. Most notably, however, the enhanced 
stability of these tetraamine-functionalized frameworks enables regeneration using direct 
steam contact, a pathway that could afford substantial energy savings compared with 
traditional processes. Overall, the molecular-level design strategy implemented in this 
work represents a step-change in the industrial viability of adsorption-based CO2 capture 
from natural gas flue emissions, a separation of growing importance in the global energy 
landscape. 

https://science.sciencemag.org/content/369/6502/392.full  

3.2. Suggested Testing 
It is suggested that initially the process described above be tested and refined in the one 
or more recently commissioned NGCC Plants. There are two of these near the San 
Francisco Bay Area – where UC Berkeley is, and both are recent designs. These are 
described below. 

Lodi Energy Center (LEC): is a 300MW combined cycle natural gas power plant 
located on a 4.4 acre site west of Lodi, CA and is one of the cleanest and most efficient 
plants in the country. Construction of the $388m project started in July 2010 and was 
completed in August 2012. 

The plant is owned and operated by the Northern California Power Agency (NCPA). The 
NCPA includes nine members and four public entities. Silicon Valley Power is the major 
partner in the LEC with a 25% interest. Investment and benefits of the plant will be 
shared among these members.  

The location of the LEC is ideal in terms of leveraging existing infrastructure, and for 
minimizing environmental impact. The LEC sits on a 44-acre site adjacent to the White 
Slough Water Pollution Control Facility, which treats wastewater from the City of Lodi (a 
NCPA Member). The city needed to find a use for its wastewater, and the LEC provided 
a great solution— the ability to use the City of Lodi’s treated wastewater for power plant 
cooling. 

Siemens provided the plant equipment for this project, and I worked briefly on it. It was 
the first NGCC in the nation to take advantage of “fast-start” gas-turbine technology to 
reduce emissions and provide a rapid response to market and grid conditions. Fast-start 
technology has the ability to quickly ramp generation up and down, counterbalancing the 
variable nature of wind and solar energy. See the link below for more information. 

                                                 
2 J.D. Morris, San Francisco Chronicle, “Berkeley research points to new way of cutting natural gas plant 

emissions”, July 23, 2020, https://www.sfchronicle.com/business/article/Berkeley-research-points-to-new-

way-of-cutting-15430071.php  

https://science.sciencemag.org/content/369/6502/392.full
https://www.sfchronicle.com/business/article/Berkeley-research-points-to-new-way-of-cutting-15430071.php
https://www.sfchronicle.com/business/article/Berkeley-research-points-to-new-way-of-cutting-15430071.php
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https://www.power-technology.com/projects/lodi-energy-center-california-us/  

The Tracy Combined Cycle Plant: is a 330-megawatt, natural gas, combined cycle 
power station located in Tracy, California. Star West Generation LLC acquired the Tracy 
plant in its acquisition of GWF Energy in 2012. The facility delivers capacity and energy 
to PG&E under a 10-year tolling agreement. Star West engaged Recurve to operate and 
manage the facility during Star West’s three-year period of ownership. Originally 
developed as a simple cycle peaking plant, Tracy was repowered and commissioned as 
a combined cycle facility in November 2012. The plant incorporates state-of-the-art 
environmental technology, including an air-cooled condenser that dramatically reduces 
water consumption. 

Recurve achieved 98% availability in the first post-shakeout year of the plant’s operation 
and captured bonuses under the power purchase agreement in 11 of 12 months. 

This plant is just east of the Altamont Pass wind resource area. I occasionally drive past 
it when I’m taking back roads from my primary residence in Livermore to my mountain 
home in Arnold. This plant is just off of I-580, which runs to within a few miles of 
Berkeley. Lodi and LEC is 15 or 20 miles north of Tracy up I-5. 

3.3. Fueling with Biomethane 
This will be a really short subsection. In order to use the natural gas transmission system 
biomethane must be chemically very similar to natural gas derived from wells. Thus, 
although the use of biomethane is important to eventually move to NET, it is basically a 
non-event. 

3.4. Geologic Sequestration 
This will also be a very short subsection. The big question with geologic sequestration is, 
is it really effective? That is, does the GHG stay put, or leak out? There are very 
effective procedures to assure it is effective, and these are covered in the paper 
described and linked below. 

Verification of Geologic Greenhouse Gas Sequestration: Many types of negative 
(greenhouse gas) emissions technology and greenhouse gas reduction use carbon 
capture and storage (CCS) a.k.a. carbon capture and sequestration, which begs the 
question how effective is sequestration? This paper examines current techniques for 
greenhouse gas geologic sequestration, and requirements and techniques for verifying 
the effectiveness of this process. 

https://www.energycentral.com/c/cp/verification-geologic-greenhouse-gas-sequestration  

4. The Politics of Climate Change 
By 1979 climatologists knew nearly everything we know today about climate change. 
Then as now, virtually all climate scientists agreed that humans have altered the climate 
through the indiscriminant burning of fossil fuel. 

The book referenced here3 is a history that starts in 1979 and carries on through the next 
ten years. This is not a book about the science of climate change, but about the politics. 
The characters a real, and there are a wide range of heroes, villains, people with various 

                                                 
3 Nathaniel Rich, “Losing Earth, A Recent History”, 2019 

https://www.power-technology.com/projects/lodi-energy-center-california-us/
https://www.energycentral.com/c/cp/verification-geologic-greenhouse-gas-sequestration
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character flaws, and people that are just trying to survive. Many of the characters are 
public figures that you have heard of, and many are well known scientists like Dr. James 
Hansen, who is a principal character. 

The book also has a lengthy postscript that brings us up to the present. I will just offer 
one quote from this postscript, mainly because it supports what I said in Volume 1 of this 
paper. 

Jim Hansen told me “…it is still readily possible to stay under 2 degrees Celsius 
(increase in the mean global surface temperature).” He has developed his own proposal, 
which runs a decade, arrests climate change and saves trillions of dollars. William 
Nordhaus, upon winning the Nobel Prize in 2018, made the same point: “The problem is 
political rather than one of economics or feasibility.” We can trust the technology and 
economics. It’s harder to trust human behavior. From the first time I got involved with the 
issue until now,” Al Gore told me, “the central problem has always been that the 
maximum considered politically feasible still falls short of the minimum required to be 
efficacious…” 

Just in case there are readers that do not know who the three individuals mentioned 
above are, go through the links below. 

https://en.wikipedia.org/wiki/James_Hansen  

https://en.wikipedia.org/wiki/William_Nordhaus 

https://www.algore.com/about  

Losing Earth, A Recent History is well written and easy to read. For anyone that cares 
about climate change, this book is a real eye-opener regarding the politics behind this 
most important issue of our time. 

https://en.wikipedia.org/wiki/James_Hansen
https://en.wikipedia.org/wiki/William_Nordhaus
https://www.algore.com/about

