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1. Introduction 
Yes, there are good people and bad people: heroes and villains. However, some folks 
are not real good at identifying or differentiating these. This is specifically true when we 
look at decisions industrial and political leaders made several decades ago. All we can 
expect from these leaders then or now is that they made / make reasonable decisions 
based on the best information available at that time. 

Since this is “Energy Central”, we will specifically look at past decisions made by leaders 
in the energy sector and past political decisions that effected this sector.  

We will also focus on one issue that has heavily influenced our decisions and will 
continue to do so, both in this sector and most other sectors for at least the next few 
centuries: climate change and efforts to mitigate it. 

We will start with the time when the scientists began to see that climate change was a 
problem. This will be done through the quote and references below. 

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 here1 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 are real, and there are a wide range of heroes, villains, people with 
various 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 above quote is from an earlier post described and linked below. 

Tough Love – Part 2: 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. 

https://energycentral.com/c/ec/tough-love-%E2%80%93-part-2  

2. Climate Change Awareness 
There is a complex interplay between science, industry and politics. Scientists are 
probably the most conformist. They generally build knowledge in very small stages and 
strongly rely on peer reviews of their work. Any discovery is presented as a theory, and 
peers (mostly) attempt to discredit it. Once it is generally accepted a few scientists will 
test a theory through experiments and/or observations that will either support the theory 
or discredit it. Eventually after many experiments / observations support a theory, it is 
strongly accepted, but it is still a theory. All of Albert Einstein’s major works are still 

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

https://energycentral.com/c/ec/tough-love-%E2%80%93-part-2
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“theories” over a century after he originally presented them, and in the interim they have 
been extensively confirmed. 

Industrial leaders don’t like “theories.” If they are going to invest in project they greatly 
prefer for it to be based on “facts.” 

Political leaders frequently lean heavily on industrialists for funds and support, and they 
generally trust them. Although lately some politicians have embraced science, they really 
don’t understand it. If you would like to understand it more, go to my post described and 
referenced below, and perhaps even beyond the post to the book it reviews. 

The Scientific Method, Not: What is the energy industry and why does it exist? 

What I’m defining as the energy industry are electric utilities and products. These were 
created by science, and it was born from an explosion in scientific knowledge that 
happened primarily from the 1700s to the present. Electric science and related 
technologies were developed in this period, by many individuals of science.  

But what is science? We are pretty sure that it is responsible for the explosion 
mentioned to the prior paragraph, and this has enriched all of our lives. 

More specifically, what is the scientific method? I have heard this term used frequently in 
the past, but when I tried to find a reasonable definition, I came up empty so I stopped 
looking. Then I recently came across a really good book that explained everything. 

This post is a brief review of that book. 

https://energycentral.com/c/ec/scientific-method-not  

2.1. Bridging the Divide 
Given the above comments on the differences between scientists, industrialists and 
politicians, it is surprising that we ever get anything done that requires agreement among 
these three groups. 

When (around 1980) they had accumulated enough information to predict climate 
change, they still had very few facts or firm-predictions. Initially, the prediction they made 
were very conservative, and thus the politicians and industrialists basically thought they 
had more than a century to deal with climate change, and they made (reasonable) 
decisions to wait for the science to “firm up”. 

2.2. The Future Happens 
In the early 2000s discussions about “future climate change” suddenly became moot: the 
climate changed enough for major effects to accumulate. Rather than describing these – 
go through the link below to a recent paper, then to section 2. 

https://energycentral.com/c/ec/reversing-climate-change-%E2%80%93-future-foundation  

3. Small Steps Grow Large 
Sometimes we get lucky. Of course, luck generally lives in the same neighborhood as 
hard work. There are five developments where both luck and hard work produced the 
right solutions just in time to mitigate climate change, especially in the energy industry. 
These are described below. The first and second will probably surprise you. 

https://energycentral.com/c/ec/scientific-method-not
https://energycentral.com/c/ec/reversing-climate-change-%E2%80%93-future-foundation
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3.1. Unconventional Petroleum Extraction 
When you have a huge task and few tools to get it done, limited steps that move you 
forward are frequently all that are available to you. In 1980 we didn’t have any solutions 
as described below. The main problem was that all of our energy technology was dirty. 
Coal was the dirtiest (still is). We also had other problems: 

By the early 1970s, American oil consumption–in the form of gasoline and other 
products–was rising even as domestic oil production was declining, leading to an 
increasing dependence on oil imported from abroad. Despite this, Americans worried 
little about a dwindling supply or a spike in prices, and were encouraged in this attitude 
by policymakers in Washington, who believed that Arab oil exporters couldn’t afford to 
lose the revenue from the U.S. market. These assumptions were demolished in 1973, 
when an oil embargo imposed by members of the Organization of Arab Petroleum 
Exporting Countries (OAPEC) led to fuel shortages and sky-high prices throughout much 
of the decade.2 

So the first priority in the late 1970s was finding a reliable source of oil and gas. At the 
same time the above described crisis jump-started development of renewables. 
However, what was needed for the immediate problem was an unconventional solution, 
specifically “Unconventional Oil and Gas Extraction”. This technology combined two 
techniques that had been around for decades to supercharge the extraction of these 
energy (etc.) sources from depleted petroleum fields.  

While the first recorded horizontal well was drilled in 1929 and the first recorded 
hydraulic fracturing was undertaken in 1947, unconventional gas production through 
these combined techniques became commonplace only in the 1990s after years of 
federal support and further innovations. When federal efforts to improve unconventional 
gas production were initiated in the mid-1970s, the higher costs and risks of horizontal 
drilling discouraged investment by many private companies, and horizontal wells were 
only considered financially advantageous in reservoirs characterized by low permeability 
or where water or gas intrusion was a serious concern; moreover, the industry 
consensus was that deep shale formations were not economically viable. Coalbed 
methane was jokingly referred to as “moonbeam gas,” due to the perceived impossibility 
of economic extraction.3 

…In 1976, in the aftermath of the OPEC oil embargo and in light of declining domestic 
gas production, Congress funded the Unconventional Gas Research Program to help 
develop the U.S. domestic natural gas resource base. The Unconventional Gas 
Research Program included the Eastern Gas Shales Project (EGSP), which focused on 
three key issues: developing a resource inventory of the Devonian shales in three 
basins; determining the recoverable reserves of Devonian shale gas; and determining 
the most effective technologies for extracting this gas at least cost. The EGSP was 
funded from 1976–1992, with its annual budget peaking in 1979 at $18 million ($47 
million in 2011 dollars); total expenditures over the lifetime of the program were 
approximately $92 million ($185 million in 2011 dollars). 

                                                 
2 History, “Energy Crisis (1970s),” Aug 21, 2018, https://www.history.com/topics/1970s/energy-crisis  
3 Jason Burwen and Jane Flegal, American Energy Innovation Council, “Unconventional Gas Exploration 

& Production,” March 2013, http://americanenergyinnovation.org/wp-content/uploads/2013/03/Case-

Unconventional-Gas.pdf  

https://www.history.com/topics/1970s/energy-crisis
http://americanenergyinnovation.org/wp-content/uploads/2013/03/Case-Unconventional-Gas.pdf
http://americanenergyinnovation.org/wp-content/uploads/2013/03/Case-Unconventional-Gas.pdf
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…Overall, these efforts catalyzed developments that would have taken at least a decade 
to come to fruition. As gas prices rose in the early 2000s, the economics of 
unconventional gas production shifted significantly, drawing new operators into the field 
and rapidly increasing well drilling. The combination of technological innovation and 
promotional policies in the previous two decades enabled a swift and dramatic response 
by industry. In turn, this increase in drilling activity and industry innovations revealed an 
even larger resource base than previously thought. Since 2000, proven natural gas 
reserves have increased over 70%, almost entirely due to shale gas resources. Natural 
gas-fired power plants are projected to account for over 60% of new electric capacity 
additions between 2011 and 2035, in large part owing to the sustained low gas prices 
expected from continued unconventional gas production. 

Note that the above text is from 2013. How quickly things change. But in fact, natural 
gas fired combined cycle plants can produce power much less expensively than coal-
fired plants, and ended up being the bullets that euthanized most of the coal plants.  

However, natural gas has refused to go away. It currently is used in a wide range of 
applications (see chart below).4 

 

                                                 
4 Michael E. Webber, Scientific American, “What to do about natural gas,” April, 2021 Issue. 
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Natural gas consumption in the U.S. has risen by a third in the last 15 years. Gas 
accounts for 32% of total energy consumption, and now is the biggest source of 
electricity nationwide… 

The good news is that there are at least two methods for producing renewable natural 
gas (RNG), and both produce very low greenhouse gases. Assuming we patch all of the 
leaks in our natural gas pipelines and other processes, we can largely eliminate 
greenhouse gas emissions from natural gas. For more information these methods see 
section 3 of the post described and linked below. 

Tech Race: As we start our trip into the future, there are many promising technologies. 
Some of these will fall by the wayside – being killed by more practical alternatives, but 
some of these, although not the clear winner, will find niches where they are viable. 
Such might be the future for the many alternative methods to use hydrogen as a clean 
(non-greenhouse gas (GHG) emitting) fuel. 

Some have suggested a “quick fix” to reduce the amount of GHG emitted by the use of 
geologically sourced natural gas would be to blend hydrogen into natural gas. While it is 
true many international experiments have demonstrated this can be done, it is not 
without its down-side. 

However, there are at least two other paths to increase the compatibility of these two 
gases, while greatly reducing the amount of GHG emitted through combustion of natural 
gas. 

https://energycentral.com/c/cp/tech-race  

Combined cycle plants are much more efficient and produce much smaller amounts of 
greenhouse gas (GHG) than coal plants. They were one of the reasons that the United 
States’ GHG emissions dropped in the early 2000s. The next subsection describes 
another reason. 

3.2. Gasoline-Electric Hybrid Cars 
In 1999, the Honda Insight became the first mass-production HEV released in the United 
States. The two-door, two-seat Insight may have been first, but it was the Toyota Prius 
sedan, released in the United States in 2000, that gave hybrid technology the foothold it 
was looking for. In the years since its United States introduction, the Prius has become 
synonymous with the term "hybrid." It is the most popular HEV ever produced, and auto 
manufacturers around the world have used its technology as a basis for countless other 
vehicles.5 

Suddenly reasonable, safe and comfortable cars that got close to 50 mpg were 
commonplace, and the U.S. took another small step towards reducing GHG. Of course 
this before everyone started buying Godzilla-sized SUVs and Pickups. Small-to- 
medium-sized hybrids = good, Godzilla = bad. 

                                                 
5 Cars Direct, “A Brief History of Hybrid Cars”, March 2020, https://www.carsdirect.com/green-cars/a-

brief-history-of-hybrid-cars  

https://energycentral.com/c/cp/tech-race
https://www.carsdirect.com/green-cars/a-brief-history-of-hybrid-cars
https://www.carsdirect.com/green-cars/a-brief-history-of-hybrid-cars
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3.3. Photovoltaic Power 
The development of solar cell technology, or photovoltaic (PV) technology, began during 
the Industrial Revolution when French physicist Alexandre Edmond Becquerellar first 
demonstrated the photovoltaic effect, or the ability of a solar cell to convert sunlight into 
electricity, in 1839.6 

About four decades later, American inventor Charles Fritts created the world’s first 
rooftop solar array in New York in 1883, one year after Thomas Edison opened the 
world’s first commercial coal plant. Fritts coated the panels with selenium to produce a 
very weak electric current. However, the process of how light produces electricity wasn’t 
understood until Albert Einstein wrote a paper explaining the photoelectric effect in 1905, 
which won him the Nobel Prize in physics in 1921. Becquerellar’s and Einstein’s 
research formed the basis of future developments in solar technology. 

The modern photovoltaic (PV) cell was developed by Bell Labs in 1954 and while solar 
power remained too costly for commercial use, the U.S. military funded research on PV 
technology’s potential to power satellites in the 1950s. The U.S. Naval Research 
Laboratory launched Vanguard I, the first spacecraft to use solar panels, in 1958, and 
NASA launched the first satellite equipped with panels that tracked the Sun, Nimbus I, in 
1964. The U.S. government pioneered much of the early PV technology. 

In 1959 Hoffman Electronics achieved 10% efficient, commercially available photovoltaic 
cells. Hoffman also learns to use a grid contact, reducing the series resistance 
significantly… Hoffman Electronics had achieved 14% efficient cells by 1960.7 

In 1976, under NASA protection, Lewis Research Center (LeRC) commenced 
photovoltaic system installations for application on Earth, which continued until 1985 and 
later, from 1992 until 1995. The systems were meant for refrigerators, tele-
communication equipment, medical equipment, lighting and water pumping power 
supply, as well as for other applications. 

The energy crisis of the early 1970s (see subsection 3.1) strengthened the U.S. 
government’s commitment to develop solar energy. Congress passed five energy bills in 
1974, two of which cited solar power as a potential solution to the energy crisis. The 
“Solar Heating and Cooling Demonstration Act of 1974” ordered the installation of solar 
heating and cooling units in federal buildings by 1977, and at the same time passed 
legislation to direct several government agencies to provide research and logistical 
support to make solar technology affordable. The “Solar Energy Research, Development 
and Demonstration Act of 1974”, Establishes the Solar Energy Coordination and 
Management Project to have responsibility for management and coordination of a 
national solar energy research, development and demonstration program. Directs the 
Project to carry out its duties in cooperation with specified Federal agencies, including 
the Atomic Energy Commission and the Federal Power Commission.8 

                                                 
6 Matthew Sabas, Institute for Energy Research, “History of Solar Power” Feb 18, 2016, 

https://www.instituteforenergyresearch.org/renewable/solar/history-of-solar-power/  
7 PV Resources, “Photovoltaics - Historical Development,” https://www.pvresources.com/en/introduction/history.php  
8 Congress.gov, “H.R.16276 - Solar Energy Research, Development and Demonstration Act,” 93rd 

Congress (1973-1974), Summary, https://www.congress.gov/bill/93rd-congress/house-bill/16276  

https://www.instituteforenergyresearch.org/renewable/solar/history-of-solar-power/
https://www.pvresources.com/en/introduction/history.php
https://www.congress.gov/bill/93rd-congress/house-bill/16276
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The Act Directs the Project: (1) to initiate a research and development program for 
resolving the major technical problems inhibiting commercial utilization of solar energy in 
the United States; (2) to implement a research and development program to 
demonstrate the technical means for securing and utilizing the resource base; and (3) to 
initiate a program to design and construct facilities to demonstrate the feasibility of 
utilizing the various forms of solar energy. Details the goals of each such program. 

Authorizes the National Science Foundation to support, coordinate, and encourage the 
development of policies set forth in this Act. 

The act also created The Solar Energy Research Institute, to conduct research and 
facilitate the industrial use of solar power. The Institute began operating in 1977 and 
today is the National Renewable Energy Laboratory (NREL). 

The goal of this coordinated federal effort was to make solar viable and affordable and 
market it to the public. Thus, through the Energy Tax Act of 1978, Congress created the 
commercial investment tax credit (ITC) and the residential energy credit (or residential 
ITC) to provide financial incentives for the public to purchase solar properties. The 
residential energy credit was calculated at 30 percent of the first $2,000 spent on 
qualifying solar expenditures and 20 percent of the next $8,000 spent on solar for a 
maximum of $2,500.6 

To further push solar toward commercialization, Congress passed the Solar Photovoltaic 
Energy Research, Development, and Demonstration act of 1978 directing the DOE to 
“prepare a plan for international marketing of PV systems.” At the signing, President 
Carter framed the bill as authorizing “an aggressive program of research, development, 
and demonstration of solar photovoltaic energy technologies” and said its “long-term 
goal is to make electricity from photovoltaic systems economically competitive with 
electricity from conventional sources.” 

…Many important events in the field of photovoltaics appeared in the 1980s. ARCO 
Solar was the first to produce photovoltaic modules with peak power of over 1 MW per 
year. A trial photovoltaic system installation was built in the center of the volcano 
observatory in Hawaii. A new company, BP, appeared in the market. On behalf of Ford, 
Bacon & Davis, Utah, Wasatch Electric built a 105.6 kW system in the State of Utah. The 
modules integrated into the system were produced by Motorola, ARCO Solar and 
Spectrolab. The facility is still operating and is being maintained by a National Park 
Service contractor and supplies power to the headquarters of Natural Bridges National 
Monument in Southern Utah.7 

In 1982 the first, photovoltaic megawatt-scale power station goes on-line in Hisperia, 
California. It has a 1-megawatt capacity system, developed by ARCO Solar, with 
modules on 108 dual-axis trackers.9 

In 1983 ARCO Solar dedicates a 6-megawatt photovoltaic substation in central 
California. The 120-acre, unmanned facility supplies the Pacific Gas & Electric 
Company’s utility grid with enough power for 2,000-2,500 homes. Solar Design 

                                                 
9 DOE, Energy Efficiency and Renewable Energy, “The History of Solar,” 

https://www1.eere.energy.gov/solar/pdfs/solar_timeline.pdf  

https://www1.eere.energy.gov/solar/pdfs/solar_timeline.pdf
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Associates completes a stand-alone, 4-kilowatt powered home in the Hudson River 
Valley. 

In 1984 the Sacramento Municipal Utility District commissions its first 1-megawatt 

photovoltaic electricity generating facility. 

…While the residential ITC expired in 1985, the commercial ITC was set at a 10 percent 

rate in the Tax Reform Act of 1986 and extended four additional times until the Energy 

Policy Act of 1992 made it permanent.6 

1993 Pacific Gas & Electric completes installation of the first grid-supported photovoltaic 

system in Kerman, California. The 500-kilowatt system was the first “distributed power” 

effort.9 

In 1999 the cumulative worldwide installed photovoltaic capacity reaches 1000 

megawatts. 

In 2000 First Solar begins production in Perrysburg, Ohio, at the world’s largest 

photovoltaic manufacturing plant with an estimated capacity of producing enough solar 

panels each year to generate 100 megawatts of power. 

Declining domestic oil production and rising oil imports throughout the early 2000s led to 

the passage of the Energy Policy Act of 2005, the first omnibus legislation dealing with 

energy policy since 1992. This act raised the commercial ITC to a temporary 30 percent 

rate and reinstated the residential ITC after a 20-year hiatus…6 

In 2001, Home Depot begins selling residential solar power systems in three of its stores 

in San Diego, California. A year later it expands sales to include 61 stores nationwide. 

Powerlight Corporation installs the largest rooftop solar power system in the United 

States—a 1.18 megawatt system—at the Santa Rita Jail in Dublin, California.  9 

The American Recovery and Reinvestment Act of 2009, also known as the federal 

stimulus, extended massive new subsidies to the solar industry. …This included allowing 

companies to take a cash grant equal to 30 percent of the cost of their solar system in 

lieu of the ITC. It also funneled money into the Department of Energy’s (DOE) section 

1705 loan guarantee program, which has been one of the… primary methods for funding 

renewable energy projects. 6 

Finally, by 2010 the solar industry had reached a critical mass to where its size plus 

demand tended to drive prices down and volume up. This especially applies to utility-

scale projects as can be seen from the charts below.10 

                                                 
10 NREL, “Documenting a Decade of Cost Declines for PV Systems”, 

https://www.nrel.gov/news/program/2021/documenting-a-decade-of-cost-declines-for-pv-systems.html  

https://www.nrel.gov/news/program/2021/documenting-a-decade-of-cost-declines-for-pv-systems.html
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The vertical axes in the above chart is the price of the described PV project per watt DC. 

3.4. Battery Energy Storage 
Both Photovoltaic and Wind-Power use a simple formula to increase economic success 

– minimal operating costs, more specifically no purchased fuel. Of course this comes at 

a price: when you use Mother Nature’s fuel you also need to live with its limitations. The 

primary limitation with these natural-fuels are their variability – when the sun doesn’t 

shine or the wind doesn’t blow, you can’t generate. The most effective way to overcome 

this for photovoltaic in California (and many other places) is battery energy storage 

systems.  

This section is focusing on the past, and this subsection is focusing on the recent past. 

Currently simple-cycle natural gas-fired generators (read: peakers) are being displaced 

by battery energy storage systems (BESS) charged by PV. In my home state this 

requires two things: 

 30% to 50% excess photoelectric capacity 

 A BESS that with a 4-hour run time at peak capacity 

This is because, unlike many states, California has an early peak demand curve. See 

the chart below.11 

                                                 
11 California ISO, “2019 Summer Loads and Resources Assessment,” 
http://www.caiso.com/Documents/Briefing-2019-SummerLoads-Resources-Assessment-Report-May2019.pdf  

http://www.caiso.com/Documents/Briefing-2019-SummerLoads-Resources-Assessment-Report-May2019.pdf
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The MUCM (minimum unloaded capacity margin) is the lowest unloaded capacity margin 

within each of 2,000 scenarios. It is used to show the likelihood of reaching various 

levels of low operating reserves for at least one hour over the summer period. 

You can see from the above that the solar generation peaks at roughly 14:00 (2:00 PM, 

by design) and is still providing almost 80% of this peak through 5:00 PM. The operating 

reserve deficit starts becoming significant at 6:00 PM and remains significant for about 

4-hours.  

This is why most utility-scale photovoltaic projects today include a 4-hour BESS, and 

older utility-scale PV projects are being rapidly so retrofitted. Furthermore, a large 

percentage of newer commercial and residential PV systems have or are adding BESS. 

Wind power, on the other hand is not nearly as predictable as PV, and currently must be 

supplemented by other storage or dispatchable generation. 

The really good news for the 4-hour BESS is that two other markets developed in the 

early 2000s fed the emergence of these systems. For the first see subsection 3.2, and 

the second was the follow-on for this product, the modern battery-electric vehicle (BEV). 

So far, California alone is approaching 600,000 BEVs delivered.  

With these markets’ volumes, plus the volumes of battery energy storage systems at 

every scale increasing, the primary technology for these (lithium ion batteries) is 

increasing volumes rapidly and the price is falling rapidly. See the chart below.12 

                                                 
12 David Feldman et al, NREL, “U.S. Solar Photovoltaic System and Energy Storage Cost Benchmark: Q1 

2020,” Jan 2021, https://www.nrel.gov/docs/fy21osti/78882.pdf  

https://www.nrel.gov/docs/fy21osti/78882.pdf
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_Li-ion Battery Price by Product_ 

 


