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1. Introduction 
This paper is about two types of renewable energy: geothermal generation and 
hydroelectric generation. The former supports one major western U.S. grid with 
substantial dispatchable capacity, and has significant potential for expansion. Hydro 
supports many U.S. grids, but is still somewhat regional, and has limited potential for 
expansion. Neither emits significant greenhouse gases. Although both are dispatchable 
(and thus can mitigate intermittent renewable sources like PV and Wind), hydroelectric is 
highly constrained, and geothermal is only slightly constrained. 

Also, for the record, the author has extensive experience with both of these electricity 
sources, albeit only with control systems for large projects (among the largest in the 
world). Also, I have not covered these two technologies in any prior posts.  

2. Geothermal Generation 
Generating geothermal electricity is pretty simple, all you need are subterranean hot 
rocks. Ideally significantly hotter than 212°F (boiling point of water). Back when I started 
working on geothermal you also needed steam coming out of those hot rocks, but we 
have found some ways to add water, and otherwise enhance the hot rocks ability to 
produce steam, or hot water. 

My first (and only significant) geothermal project was The Geysers north of San 
Francisco. This was built by PG&E and is now owned by Calpine. This was and I believe 
still is, the largest geothermal generating project in the world. Also, the U.S. generates 
more geothermal electricity than any other country in the world (over 3,000 MW). 
Currently The Geysers produces 725 MW of power. Calpine has excellent website for 
this project linked below. 

http://geysers.com/geothermal  

2.1. Current and Potential Geothermal Generation 
Just focusing on the geothermal generation in the U.S., the total installed and planned 
capacity by state is given in the map below.1 

Per the source referenced here,2 the electric power generation potential from identified 
geothermal systems is 9,057 MW, distributed over 13 states. The estimated power 
potential from undiscovered geothermal resources is 30,000 MW. Another estimated 
518,000 MW could be generated through implementation of technology for creating 
geothermal reservoirs in regions with hot rocks but otherwise unsuitable subterranean 
formations (via enhanced geothermal systems described in a later subsection). 

                                                 
1 NREL, “Geothermal Resource Data, Tools, and Maps”, https://www.nrel.gov/gis/geothermal.html  
2 Americam Geosciences Institute, “What is the potential for geothermal energy production in the United 

States?”, https://www.americangeosciences.org/critical-issues/faq/what-potential-geothermal-energy-production-us  

http://geysers.com/geothermal
https://www.nrel.gov/gis/geothermal.html
https://www.americangeosciences.org/critical-issues/faq/what-potential-geothermal-energy-production-us
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2.2. Geothermal Technology 
There are basically three processes for generating electricity using geothermal 
resources (hot subterranean rocks).3 

Dry Steam Power Plants: Water that is extracted from the underground reservoirs has 
to be in its gaseous form (dry steam). This generally requires this steam to be at least 
300°F. This is extracted from the reservoirs through the production wells and is then sent 
directly to the turbine. Geothermal reservoirs that can be exploited by dry steam power 
plants are rare.  

Dry steam is the oldest geothermal power plant type. The first one was constructed in 
Larderello, Italy, in 1904. The Geysers, described above are the only dry steam power 
plants in the United States. 

Flash Steam Power Plants: Geothermal flash steam power plants use water at 
temperatures of at least 360°F. The term flash steam refers the process where high-
pressure hot water is flashed (vaporized) into steam inside a flash tank by lowering the 
pressure. This steam is then used to drive turbines. 

Flash steam is today’s most common power plant type. The first geothermal power plant 
that used flash steam technology was the Wairakei Power station in New Zealand, which 
was built in 1958: 

                                                 
3 Energy Informative, “How is Geothermal Energy Converted to Electricity?”, 

https://energyinformative.org/how-a-geothermal-power-plant-generates-electricity/  

https://energyinformative.org/how-a-geothermal-power-plant-generates-electricity/
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Binary Cycle Power Plants: The binary cycle power plant has one major advantage 
over flash steam and dry steam power plants: The water-temperature can be as low as 
135°F. 

By using a working fluid with a much lower boiling temperature than water, hot water 
from the production wells flashes the working fluid into vapor, which then is used to 
generate electricity via specialized turbines. Generally, the working fluid is a 
hydrocarbon such as isopentane, or a refrigerant. After heat from the hot water is 
transferred to the working fluid with a heat exchanger, the water is sent back to the 
reservoir through the injection wells where it regains its heat. 

These power plants have a thermal efficiency of only 10-13%, but enable electric power 
production from low-temperature reservoirs. Note that this technology is also used for 
generating electricity using waste heat (135°F or hotter). 

First successful geothermal binary cycle project took place in Russia in 1967. 

2.3. Enhanced Geothermal Systems (EGS) 
As we mentioned above, all you need for geothermal electric generation is hot rocks. 
However, when you have hot rocks, but few other resources, EGS comes into play. I’ve 
identified three EGS techniques: 

Water Injection: The Geysers geothermal field occupies 45 square miles in the 
Mayacamas Mountains between the Napa and Sonoma Mountains and also in southern 
Lake County. When we were working there in the 1990s (installing a new control 
system), the output of the geysers was slowly diminishing. Even though the plant 
operators reinjected condensate water back into the geothermal formation, there were 
some losses, and thus the hot rocks were running out of water. The Geysers’ managers 
and Lake County Sanitation agreed to construct the Southeast Geysers Effluent Pipeline 
(SEGEP), a 29-mile pipeline to deliver treated wastewater to The Geysers. Ultimately, by 
injecting treated water from several sources, The Geysers output was restored. 

Oil & Gas Industry Enhanced Production Techniques: There are two techniques that 
can be used to enhance steam output from geothermal resources in formations with low 
permeability: horizontal drilling from production wells and hydraulic fracturing (fracking) 
of rock formations. It should be noted that unlike with the oil and gas industry, potentially 
harmful chemicals are not used in geothermal formation fracking fluids. Cold water at 
high pressure is used which thermally shocks the hot formations to fracture them. 

2.4. Recent Projects in California 
Since California is in part of the Pacific “Ring of Fire”, it (and the rest of the Pacific West 
Coast) has extensive geothermal resources. This also applies to most of the Pacific 
Northwest, but they also have extensive hydroelectric resources (covered in the next 
section), and few developed geothermal projects (see above map). 

Ormat’s Casa Diablo IV Project in Mono County: This project, which is an addition to 
Ormat’s Mammoth Geothermal Complex, is a 30 MW binary power plant due to come on 
line in 2021. The recipients of the power from this plant are Silicon Valley Clean Energy, 
Monterey Bay Community Power, and City of Colton, all California publically owned 
utilities. The website for this project is below: 

http://www.mammothpacific.com/?q=node/15  

http://www.mammothpacific.com/?q=node/15
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The source at the end of this sentence reported on the project described below.4 

“The … new plant is planned for Imperial County, near the southern shore of the Salton 
Sea, with commercial operation expected in 2023. 

“Controlled Thermal Resources, the Australian developer of the so-called Hell’s Kitchen 
geothermal project, also plans to extract lithium from the hot, salty underground fluid 
that will be used to make electricity. The company hopes to create a major new domestic 
source of the mineral, which is a key ingredient used in batteries for electric cars and 
energy storage. 

“The Imperial Irrigation District agreed to buy 40 megawatts of geothermal energy from 
Hell’s Kitchen over a 25-year contract the utility valued at $627 million. Power purchase 
contracts are typically necessary before large renewable energy projects can get built, 
because they make it possible for developers to secure financing for construction. 

“Controlled Thermal Resources is negotiating additional contracts for power and lithium 
sales to fill out the 140-megawatt project, Chief Executive Rod Colwell said.” 

The following is a link to this project’s web site. 

https://www.cthermal.com/projects  

3. Hydroelectric 
This section will primarily be on large hydro. As I am frequently prone to do, I will focus 
on California. In my state there are three categories of hydroelectric generators: large 
hydro (more than 30 MW), small hydro and pumped storage. In 2018 California 
generated 22,100 GWh of energy from in-state large hydro and 4,250 GWh from in-state 
small hydro. California considers small hydro a renewable energy source, whereas large 
hydro is not so categorized. Small hydro is frequently either run-of the river (no 
significant reservoir) or an older hydro facility. 

This section will be somewhat different than the prior section. First we will focus on large 
hydro, and not on either small hydro or pumped storage. Second, there is no significant 
development of new projects for large hydro, so we will not explore this subject. 
However, in the subsection immediately below we will explore a major limitation of large 
hydro: generation of electricity is not its only job, or necessarily its most important job. 

3.1. Hydro Limitations 
Large hydro requires a large reservoir, which requires damming a river (or other water 
stream). These dams tend to be both very expensive, and very controversial, thus they 
are not built very often. The main function of the dam is controlling down-stream water to 
achieve various goals, like (1) avoid downstream flooding during rainy seasons/years, 
(2) provide downstream water-flow during dry seasons/years to support irrigation, 
recreation, filling other reservoirs, supporting the riparian (river’s or stream’s bed) 
ecosystem and other functions. The reservoir itself provides recreation and water 
storage. 

                                                 
4 Sammy Roth, Los Angeles Times via MSN News, “California needs clean energy after sundown. 

Geothermal could be the answer”, Jan 23, 2020, https://www.msn.com/en-us/news/technology/california-

needs-clean-energy-after-sundown-geothermal-could-be-the-answer/ar-BBZfS6o  

https://www.cthermal.com/projects
https://www.msn.com/en-us/news/technology/california-needs-clean-energy-after-sundown-geothermal-could-be-the-answer/ar-BBZfS6o
https://www.msn.com/en-us/news/technology/california-needs-clean-energy-after-sundown-geothermal-could-be-the-answer/ar-BBZfS6o
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Each additional function that the dam and reservoir (beyond generating electricity) is 
called a constraint, and the hydroelectric generation facility is said to be constrained. 
This means the hydro can only generate power if it concurrently meets all other needs. 

3.2. Hydroelectric Operation 
In addition to the functional constraints described in the prior subsection, there are also 
design constraints. Below is a diagram of a large hydro plant. 

 

Because the scale of this is really huge, in specific operating ranges (flow and pressure), 
the hydro machinery and pipes tend to resonate. These are generally called excluded 
ranges, and the hydro (1) cannot be operated in these ranges, and (2) any control 
actions that cross these ranges must transition as quickly as possible. Thus the 
excluded ranges are another constraint, and there may be others related to the 
limitations in the operation of the hydro or the interaction between the hydro and the grid. 

One metric that is very important to both the electric generation and other functions is 
the inflow to the reservoir. There are programs that forecast this, and it is particularly 
important for relatively small reservoirs. In the first paragraph of the prior subsection we 
described functions that are related to the downstream outflow. Ideally, a large 
percentage of the outflow goes through the hydroelectric units, and not over the spillway 
or through other bypass structures. This means during certain times of day, seasons and 
days of the week, the hydro units may be generating more or less power than the grid 
manager would ideally prefer due to its constraints.  

However there can also be times when the flow through the hydro units can be reduced 
to store water in the reservoir, and then later increased to use this water to generate 
power. Thus hydroelectric generation may have an intrinsic storage capability. 


