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IN THIS ISSUE

Can renewable solar energy be effective in addressing 

our environmental crisis? For many, the conversion 

of solar energy to electrical power is seen as an ideal 

way to combat climate change. With extensive public 

land and ample sunlight, the deserts of the American 

southwest have been targeted for this purpose. Never-

theless, before reaching any firm conclusion, we should 

ask 1) are there alternate locations that might be more 

favorable for locating photovoltaic panels? 2) what 

other consequences might be anticipated from the de-

velopment of these resources? and 3) what else might 

be needed to protect our planet?

 These questions will be explored in this issue of the 

Desert Report. Three essays deal with the environmen-

tal costs associated with large scale energy projects in 

the desert. Alternative models for locating photovol-

taic panels to supply electrical energy are proposed in 

several following articles. Public policy always involves 

political decisions, and these are explored in by several 

writers. And finally, two articles place the question of 

solar energy in the context of increasing electrical de-

mand and the larger question of economic growth. All 

fourteen essays have been written by people who are 

knowledgeable and who have in many cases supplied 

documentation in support of their argument. You are 

encouraged to read the entire issue. The total is greater 

than the sum of its parts. 



Solar Photovoltaics 
In The Energy 
Transformation

BY ROBERT FREEHLING

In the early 1950s, scientists at Bell Laboratories invent-

ed the first modern silicon photovoltaic cell – a semi-

conductor crystal that could convert sunlight directly 

into electricity, using one of the most abundant mate-

rials on the earth.1 Some time either this year or next 

(2022 or 2023), the world will cross the threshold of 

having one trillion watts of solar cells installed,2 roughly 

equivalent to the combined capacity of all the electric 

power plants of the United States.3 It took 70 years to 

reach the first trillion watts of solar photovoltaic cells; 

the next trillion watts will likely be built within about 

seven years.

 Industrial products tend to follow a general rule 

that the cost of manufacturing an item decreases on 

average about 10 to 30 percent for each doubling of 

cumulative units produced.4 This has lead to about a 

500-fold decrease in the cost of solar cells,5 which is 

about 5,000-fold reduction if the effect of inflation is 

removed. As a result, in the best conditions, solar cells 

are capable of producing the cheapest electricity avail-

able today.6 

 While this is a landmark achievement, solar pho-

tovoltaics still only accounts for about 4 percent of 

global electricity supply, and at current rate of instal-

lation would take over a century to generate the total 

amount of electricity the world now uses. This does not 

include demand growth, which has been averaging near 
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For the world and California

3 percent per year in recent history,7 implying doubling 

electricity consumption by mid-century.

 A complete conversion to electrification of trans-

portation, building heat, and industry, could cause an 

additional doubling (or more) of electricity demand, 

profoundly challenging those who want to move to 100 

percent renewable energy very quickly, relying pri-

marily on solar photovoltaic panels, while “electrifying 

everything.”

 The conclusion should not be despair, but rather 

should motivate inquiry into the means and goals of 

the energy transformation. To address the climate crisis, 

guidance is provided by the Intergovernmental Panel on 

Climate Change (IPCC) report on limiting warming to 

1.5 degrees Centigrade over pre-industrial average tem-

perature,8 in accord with the Paris Agreement between 

nearly all nations of the world.9 

 For that report, climate scientists modeled 89 

“pathways” between 2020 and 2050, each of which 

includes a different combination of assumptions about 

the development of energy demand, shares of various 

energy resources, electrification (of industry, transpor-

tation and heat), land use, and carbon sequestration. 

Fifty of the pathways limited warming close to 1.5º C, 

which included starting with a quarter of world electric-

ity from renewable energy in 2020, increasing to half by 

2030, and an average slightly over three quarters 

by 2050.10 

 Prioritizing reduction of the most carbon-intensive 

fuels is an important complement to increasing renew-

able energy. Nearly all coal used for electric generation 

is phased out by 2050, while an average of about 9% of 

electricity is still produced by fossil fuel, mainly natural 

gas, in these scenarios.

 By 2050, world electricity demand in these path-

ways a little more than doubles, which is roughly the 

current trajectory of demand growth for electricity 

without additional burden from electrification of trans-

portation or building heat. In other words, it is crucial 
in these pathways to limit growth of energy demand in 
order to limit warming.
 Rather than focusing on only one renewable 

resource, the pathways have various blends of energy 

resources. The maximum scenario for solar photovol-

taics is just over half of electricity from a combination 
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Desert Website
The Desert Report website has been rebuilt to 

feature material in a more timely manner than 

the three-month interval between printed issues. 

The material that appears on the Home page 

will also be more action oriented than has  

been customary in the past. You can search an 

archive of past issues, get the latest update  

on Committee Meetings, make a donation 

and more.

www.desertreport.org
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The Desert Is Alive 

BY CHRIS CLARKE

At this point, no one with any sense disputes the reality 

of climate change. It is happening, it is getting worse, 

and human society is responsible for it because of our 

adding incomprehensible amounts of carbon dioxide 

to the atmosphere over the last two centuries. In order 

not to make the current humanitarian disaster and mass 

extinction even worse, we have to stop burning fossil 

fuels as soon as possible. How can we do this?

 The usual answer to that question is through 

renewable energy sources such as wind, geothermal, 

and solar. Of these, solar has proven the most feasible 

energy source for many places. It’s cheap, modular, and 

scalable. You can generate 500 watts of power or 500 

megawatts using the same technology. The sun shines 

brightly enough to generate power in most places on 

the planet: even gloomy Germany, with about the same 

solar power potential as Fairbanks, Alaska, generates a 

significant percentage of its power from solar. 

 The problem? Solar takes up a lot of room to 

generate electricity. The maximum practical amount 

of solar energy hitting a square meter of the earth’s 

surface under optimum conditions is a kilowatt per 

square meter. Photovoltaic panels can convert about 15 

percent of that to electricity; sometimes a little more, 

often considerably less. According to the federal Energy 

Information Administration, California’s total energy 

consumption in 2020, including burning of fossil fuels, 

was the equivalent of 2.028 million megawatt-hours of 

electrical power.1 To generate that much power from 

solar panels would require finding 2,383 square miles of 

land to put them on.

 For perspective, that’s more than the total land 

area of Los Angeles, San Diego, San Jose, Bakersfield, 

Fresno, Palmdale, Sacramento, Lancaster, Palm Springs, 

Riverside, Fremont, Apple Valley, Victorville, Hesperia, 

Irvine, Stockton, Redding, San Bernardino, Twentynine 

Palms, and Adelanto combined.2

 That’s also, to use a more pertinent comparison, 

nearly twice the size of Joshua Tree National Park.

 As pressure builds to blunt the worst effects of 

climate change, pressure will build to permit wholesale 

development of solar power in the deserts of the south-

west. It makes sense from an engineering standpoint: 

deserts generally have abundant sunshine and few hu-

man neighbors with the desire and resources to object 

to the building of large industrial projects.

And large scale solar energy facilities are threatening it

 But deserts also hold a wealth of biological diver-

sity, and they are among the most ecologically intact 

habitats in the world. In California, itself a biological 

diversity hotspot, deserts are home to a disproportion-

ate share of the state’s plant diversity: 38 percent of 

the species on just 28 percent of the land. Conversion 

of desert habitat for solar power generation means the 

destruction of thousands of acres of this biologically 

rich desert habitat for each individual project. With 

deserts newly in the crosshairs for solar development, 

it’s worthwhile to look at just how that destruction will 

affect desert species, and others.

Habitat conversion
 The most direct impact solar development has 

on desert habitat and the wildlife that calls it home 

is through direct destruction of that habitat. Though 

some lip service has been paid to modifying construc-

tion techniques to reduce damage to living habitat, 

such as “mowing” vegetation beneath panels rather 

than blading it entirely, the fact remains that ecosys-

tems that have evolved to contend with desert condi-

tions do not fare well when even the “gentlest” solar 

Solar Flux at the Ivanpah power tower. 
Photo by Neal Nurmi
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facilities are built on top of them.  

 A recent example concerns the western Joshua 

tree, lately the subject of efforts by conservationists 

to coax a threatened species listing from the state of 

California. In a report prepared by staff of the California 

Department of Fish and Wildlife recommending against 

protection of the species, CDFW cites a survey of elev-

en solar project applications in the Mojave that it admits 

would kill a combined 222,073 Joshua trees. A similarly 

large number of other desert plants such as Mojave 

yucca, blackbrush, creosote clonal rings, and long-lived 

cacti are likely to have been threatened by the same 

plants as well, to say nothing of sensitive communities 

such as cryptobiotic soil crusts.

 Even in areas where solar developers “mow” or 

“trim” vegetation rather than blading it, survival of the 

many of the plants forming the basis of the ecosystem 

is doubtful. Some shrubs, such as creosote and cheese-

bush, may respond well to periodic pruning. Others will 

not. My personal observation suggests that facilities 

with “mown” shrubs often harbor significant popula-

tions of invasive plants that were not as prevalent prior 

to construction. 

 Further, the mere fact of construction is a hazard to 

desert species, legally protected or not. Consulting bi-

ologists may do a fine job of limiting damage to target 

species such as tortoises and Mohave ground squirrels, 

but even the most diligent biologist cannot protect 

every animal in the path of construction. At times 

workers for solar companies may actually compound 

the damage to sensitive species, a likely example being 

when desert kit foxes near the Genesis Solar project 

near Ford Dry Lake contracted distemper after NextEra 

workers used coyote urine to “haze” the foxes away 

from their burrows. 

Solar flux
 Perhaps the canonical example of wildlife mortali-

ty from solar power generation involves injury to birds 

from the concentrated solar energy created at power 

tower style concentrating solar plants. The Ivanpah 

Solar Electric Generating System adjacent to Mojave 

National Preserve is the best-known venue for this 

particular form of wildlife injury. Ivanpah generates 

electricity by focusing tens of thousands of mirrors 

onto boilers at the top of three towers, the result being 

zones around each boiler where the concentrated 

sunlight – “solar flux” – can cause the moisture inside 

living things to vaporize immediately. Ivanpah functions 

as a kind of “ecological trap”: insects are attracted by 

the bright glow of the boilers and the superheated air 

around them. Birds that eat insects instinctively head 

for those lights as well, as do birds that eat small birds, 

or even just seek out updrafts to gain altitude. Smaller 

birds, or less-small birds that penetrate into the areas 

of the strongest flux, literally explode from the pressure 
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of their bodily fluids vaporizing. Others may merely find 

their feathers signed, itself a mortal injury when desert 

survival requires flight.

Lake effect
 Another potential cause of solar-related wildlife 

mortality is the so-called “lake effect,” in which birds 

in flight mistake large solar power plants for bodies of 

water and attempt to land there. Mirrors installed at 

concentrating solar plants pose an obvious risk of this 

sort, but even photovoltaic (PV) panels, which do not 

particularly resemble water to the human eye, may give 

the false impression of water to birds using polarized 

light to navigate. Collisions with mirrors and solar pan-

els, along with their support infrastructure, are a signif-

icant cause of bird mortality at solar project sites. Even 

if the birds land uninjured, the mistaken identification 

may doom them. Many water birds, such as loons and 

cormorants, need open water to take off again. Strand-

ed in the desert, they usually succumb quickly to thirst 

and predation.

Corridor blockage
 The North American Deserts are generally charac-

terized by basin and range topography, where moun-

tains rise as tall “islands” surrounded by valleys. In much 

of the desert, these basins and ranges are oriented in 

a north-south direction. As the desert warms, wildlife 

populations – including both animals and plants – will 

need to move northward to survive.

 Solar developers tend to use a very specific type of 

topography for their projects – land at the bottoms of 

valleys with a five percent grade or less. In narrow val-

leys, technologically optimal sites for solar development 

may occupy the width of a valley, preventing animals 

that cannot negotiate steeper slopes from migrating 

northward.

 Even if a corridor remains between projects that 

may technically facilitate migration, connectivity may 

suffer if – as with some large mammals – wildlife is 

reluctant to venture between the fencelines. For species 

like desert tortoise whose movements are limited to an 

individual territory, development may hinder gene flow 

if the remaining corridors are too narrow to provide 

feasible year-round habitat, eroding the ability of the 

species to weather climate change.   

Heat island effect
 The whole point of a solar power plant is to absorb 

sunlight. Some of that energy is turned into electrical 

power. The rest becomes heat. That heat goes into the 

surrounding environment. A 2016 study found that pho-

tovoltaic power plants surrounded by desert wildlands 

created a “solar heat island” effect, in which tempera-

tures near the power plant rose by 5.4-7.2°F (3-4°C) 

over the surrounding open desert.3 That’s a big enough 
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Scraped Earth 
And Desert Winds

BY PAT FLANAGAN

Several other articles in this issue have described the 

damage done when undisturbed desert lands are uti-

lized for energy generation at large scale photovoltaic 

installations. Damage to the biotic community when 

the surface is scraped clean is obvious. A less obvious 

consequence is the release of carbon which has been 

sequestered in the soil for centuries. Still another con-

sequence that is visible, but which is seldom acknowl-

edged, is the release of dust into the air that results from 

the construction itself and from the changes in land 

cover in the succeeding years. It is this fugitive dust that 

is the subject of the article here. I will begin with a story.

 In 1907 John Muir, the co-founder of the Sierra 

Club, traveled south with his daughter Helen from 

their home in northern California. Helen, a survivor of 

tuberculosis but still unwell, was advised to live in a dry 

desert environment. Having earlier checked out Palm 

Springs, the father and daughter arrived in Daggett, a 

small railroad town east of Barstow on the edge of the 

Mojave River. Helen stayed and did well in Daggett – the 

air was clean as well as dry. She was fortunate.

 Since the 1960s there has been a noticeable transi-

tion in the Mojave River Valley as the stable vegetated 

dunes transformed into dunes on the move. The death 

of the vegetation stabilizing the dunes was caused 

principally by agriculture and groundwater pumping re-

sulting in the lowering of the ground water table. These 

human activities began the sand and dust movement 

problems experienced today. More recently, the dam-

age has come from another human source.

 In 1982 Daggett became the home of the exper-

imental Solar One, the first sun driven thermal power 

plant. On 130 acres, it was designed to produce 10MW 

of energy to be fed into Edison’s commercial grid. I 

worked at the Solar One site in 1982. My job was to find 

any birds that had crashed into the surface of a helio-

stat, mistaking the clear view mirrored behind them for 

the path ahead - a story for another time. 

 While walking the completely graded field, I re-

member noticing the amount of dust raised by tractors 

plowing the agricultural fields near the Barstow-Dag-

gett Airport and wondering how the pilots could land 

safely. A 1983 Sandia Report on the construction of 

Solar One gives us more background, ”. . . during plant 
construction the existing ecosystem within the plant 
site was completely removed, an estimated 160 metric 

A disregarded consequence of solar photovoltaic construction

tons of sand have been blown from the heliostat field to 
adjacent downwind areas, and some of the annual plant 
growth has decreased where the most sand has been 
deposited.”1 The dunes on the move were part of the 

Sand Transport Path releasing their fugitive dust, but I 

didn’t know this back then.

 Fugitive dust is any solid particulate matter (PM) 

that becomes airborne without passing through a stack 

or duct, directly or indirectly as a result of anthropo-

genic (human) activities. Particulate Matter PM10 and 

PM2.5 are official criteria air pollutants, meaning that 

acceptable limits have been determined for health and 

to avoid property damage under the federal Clean Air 

Act and California air pollution law. The smaller parti-

cles, 2.5 microns in diameter, pose the greatest risk to 

health since these fine particles can get deep into your 

lungs and some may even get into your bloodstream.2 

 Today, the Solar One project has been dismantled, 

but in its place, Clearway Energy Group is constructing 

Daggett Solar Power + Battery Energy Storage System 

(BESS). When completed, this Daggett Solar project 

will produce 482 MW of solar power with 394 MW of 

energy storage on 3,636 acres, making it the largest so-

lar + battery storage project currently built in California.

 The Mojave Desert Air Quality Management District 

(MDAQMD), charged with monitoring the air in compli-

ance with federal and state laws, requires an approved 

Dust Control Management Plan before construction 

begins. District monitoring for particulate matter (PM) 

east of Barstow where Utility Scale Solar (USS) projects 

are developed, is carried out with Purple Air monitors,3 

Daggett Solar site with alfalfa field on the left and 
healthy desert on the right with creosote rings. 
Photo Google Earth
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not recognized by the EPA for regulating but very good 

for letting you know what is happening in real time.

 Dust is made of fine particles of solid matter, 

generally consisting of particles in the atmosphere that 

come from various sources such as soil lifted by wind 

(an aeolian process), volcanic eruptions, and pollution. 

Sand grains are heavy and don’t move much above 6 

feet. Dust is very light and can travel thousands of feet 

into the air and go for many miles. Sand and dust move 

in high winds. The MDAQMD Plan 403 for Fugitive Dust 

Control clarifies high winds - when the wind speed 

instantaneously exceeds 25 miles per hour, or when the 

average wind speed is greater than 15 miles per hour. 

The average wind speed determination shall be on a 

15-minute average at the nearest District-approved 

meteorological station. Unfortunately, when winds raise 

dust at Daggett Solar, the approved MDAQMD moni-

toring station in Barstow is 15 miles upwind from the 

source and is unable to provide useful information.

 Clearway Energy, owner of Daggett Solar, is an 

energy provider to at least five different utilities across 

the western United States.4 Energy from the Mojave 

Desert will be transmitted hundreds to thousands of 

miles to satisfy these regional companies’ commitments 

to provide green energy to their customers. Newberry 

Springs and Daggett, both disadvantaged communi-

ties with Environmental Justice scores on CalEnviro-

Screen4.0 of 75, get none of the energy or even a credit 

on their electric bill.

 As you will see, this green energy has repercussions 

for the downwind community of Newberry Springs. 

Already fugitive dust is a hazard in the local commu-

nities. This is documented thoroughly in the Newberry 

Springs Community Alliance blog at bit.ly/3HOg3vr. 

It is well known that airborne dust can trigger asthma 

attacks, and visual consequences of blowing dust are 

best shown graphically.

 It wasn’t until 2013, with the construction of the 

first two solar projects in the Joshua Tree area that I 

personally began experiencing dust outs during wind 

events where I live three miles east (downwind) from 

the facilities. I reported on this in the March 2017 Desert 
Report. Sand Transport Paths (STP) are wind-driven, 

low-relief accumulations of eolian sand deposits found 

in the basins between mountain ranges. Source areas 

for the sand are dry lakes, or in the case of Daggett/

Newberry Springs area, the Mojave River. The STPs 

found throughout the Mojave Desert Basin and Range 

Province, began forming at the end of the ice ages as 

the desert climate warmed and the lakes dried. Today 

undisturbed STPs are stabilized by plant roots, com-

monly creosote bush and galleta grass, and covered by 

intact desert soil crust.5 The two solar facilities near my 

home were built on a scraped STP on private land. At 

the same time Lucerne Valley to the north of me was 

caught off guard by dust blows from two other proj-

ects, one on 80 acres and the other on 152. The soil unit 

descriptions noted only a slight hazard of eolian dust, 

but the contractor found 70-acre feet of water was 

needed to suppress the dust and not very successfully. 

In an already depleted aquifer this is serious. Newberry 

Springs was blessed with the 22-acre Soitec Solar that 

from its construction onward buried the house across 

the street. All three projects are on soil units that the 

Natural Resource Conservation District has analyzed 

with high potential for blowing dust when disturbed. 

 The examples that have been given here highlight 

one of the general problems that accompany the con-

struction of many of the large photovoltaic projects in 

the desert. There is an argument that the state needs 

both utility scale solar projects as well as distributed 

solar to meet California’s goal of 100 percent renewable 

and zero-carbon electricity by 2045. However, unless 

utility scale solar sites are thoughtfully chosen and care-

fully constructed, human health and possibly lives will be 

impacted by the release of sand and dust during con-

struction, operation, and decommissioning. Revegetation 

to the original condition has little history of success. On 

paper the San Bernardino County encourages develop-

ment on already disturbed land such as fallowed agricul-

tural fields, parking lots, warehouse roofs, and industrial 

brownfields but they continue to approve projects on 

intact desert. We know that fallowed agricultural fields, 

when scraped, can also emit dangerous levels of dust.

 Chuck Bell, president of the Mojave Desert Re-

source Conservation District advises, based on years 

of experience, that construction be halted during the 

months with high winds – January to June. Further only 

small areas should be graded, mulched, and stabilized 

before moving on. If mulch doesn’t work then gravel 

is the answer. The Owen’s Dry Lake strategy, based on 

years of research to restore what had the dustiest air in 

California, applies 4 inches of 1/2 inch gravel.6 Requir-

ing water application has never been shown to work 

beyond a few minutes. Clearway maintains they are 

watering as directed and using the dust suppressant 

product FSB-1000 at triple strength, and you see in the 

blog how well that is working. There are no actions that 

do not have consequences. Far better that we should 

plan in advance than learn after the fact.

Pat Flanagan has been resident in the Mojave Des-
ert since 2002. She represented her Desert Heights 
community on the Morongo Basin Municipal Advisory 
Council, is a board member of the Morongo Basin Con-
servation Association, and is on the Technical Advisory 
Committee for the Mojave Desert Resource Conserva-
tion District.

Footnotes cited in the article can be accessed at www.
desertreport.org by selecting “references” at the bottom 
of the home page.
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A Costly Omission In 
Planning For 
Climate Change

BY ROBIN KOBALY

Most people are not aware of the vast amount of 

carbon that is captured and stored underground in 

desert soils. When comparing carbon storage in desert 

landscapes to that in forest landscapes, for example, it 

is easy to underestimate carbon stocks in the desert, 

because desert plants in most arid habitats are small 

and short in stature and are often well-spaced, with 

very little leaf litter or mulch on the ground. This might 

lead to a conclusion that, with such sparse biomass in 

foliage and wood and little mulch to hold carbon on 

the ground, the desert must not be able to sequester or 

store much carbon. We need to look deeper to find out 

how wrong this perception is.

 Desert plants store much of their captured carbon 

deep underground in a massive network of connected 

roots and fungal root-partners, unlike forests which 

store most of their carbon aboveground or near the soil 

surface. Historically, much of the desert’s “soil organic 

carbon” has been missed by soil scientists, because 

many soil studies conclude at “plow-line depth,” or 

between 6 and 12 inches. These studies aren’t of much 

relevance in the desert because most of the carbon that 

desert plants capture is stored extremely deep in the 

How wide-scale desert soil disturbance releases stored carbon

soil. Roots of most desert plants grow incredibly deep, 

up to ten times longer than the plant is tall in their criti-

cal quest to find soil moisture, and the subterranean bio-

mass of this network of deep roots is filled with carbon.

 Some of this carbon is stored in the tiny but numer-

ous filaments of root-partnering fungi, called mycor-

rhizal fungi, that live in partnership with plant roots. 

The filaments, or mycelium, of one large group of these 

mycorrhizal fungi are coated with a “sealant” called 

glomalin made from carbon that was captured abo-

veground by the plant host. Because there can be so 

many miles of fungal hyphae (covered with glomalin) in 

each cubic foot of desert soil, glomalin is credited with 

storing one-third of the world’s soil carbon.

 Much of the carbon these plants capture abo-

veground from the air and convert into sugar is even-

tually turned into inorganic carbon underground. When 

the long roots breathe out carbon dioxide deep into 

dark moist soil, this carbon dioxide combines with the 

abundant calcium in our arid soils to create mineralized 

deposits called caliche (calcium carbonate). These de-

posits start as tiny crystals but eventually grow to large 

crystals, then chunks, and into layers of caliche that can 

start at the surface or form at various depths under-

ground. These caliche deposits can store captured 

carbon in this inorganic form for hundreds, to thou-

sands, to even hundreds of thousands of years . . . if not 

disturbed. Most of the caliche in our desert soils was 

actually formed during the Pleistocene when the cli-

mate supported more dense and productive vegetation. 

In fact, Dr. Michael Allen at the UCR Center for Conser-

vation Biology commented on the desert’s capacity to 

store large amounts of carbon dioxide as caliche, noting 

that “The amount of carbon in caliche, when accounted 

globally, may be equal to the entire amount of car-

bon as carbon dioxide in the atmosphere.” Despite its 

long-term storage capacity, caliche releases its seques-

tered carbon when vegetation is removed and soils are 

disturbed and exposed to erosion. As caliche degrades 

in disturbed soils, its calcium and carbon molecules are 

uncoupled, releasing the carbon to again reenter the 

atmosphere.

 Unfortunately, agencies planning for California’s 

30X30 Initiative have been slow to include the desert’s Long Lived Desert Plants. 2019 © Robin Kobaly
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carbon stocks (both organic and inorganic) in their 

modeling processes. By extension, they undervalue the 

California Desert as a landscape capable of contribut-

ing to sequestered carbon stocks in their planning. If 

the value of the desert’s role in carbon sequestration 

is not recognized, no one should be surprised when 

vast swathes of the desert are scraped bare of vege-

tation to build industrial-scale solar to meet the state’s 

ambitious goals for reaching net-zero carbon. There will 

be a temptation to put almost the entire burden of the 

state’s climate goals squarely on the desert – and no 

one will much care because “the desert isn’t helping us 

in the carbon capturing/storage column anyway.”

 I feel that a new story, a new tagline, a new slogan 

is needed to help convince land managers to consider 

the value that our intact deserts offer before it’s too late. 

One argument used to justify excluding the desert in 

carbon balance equations is that no one knows exactly 

how much carbon is stored underground in the desert. 

No one has yet figured out how to measure deeply 

buried carbon across such a vast landscape that is so di-

verse in topography, soils, climate, and vegetation. Car-

bon-storing caliche deposits are distributed in patches in 

some places and in vast layers in other places. Also, it is 

distributed at varying soil levels depending upon rainfall 

and the depth of desert plant roots that can deposit 

carbon all the way down to groundwater. Arriving at a 

total value for stored underground carbon in the diverse 

desert is much more challenging than for other more ho-

mogeneous landscape types. But should we feel free to 

destroy the desert because we don’t yet understand it 

and can’t yet precisely quantify its stored carbon? Could 

we convince non-desert-trained scientists to protect the 

desert if a reasonable estimate were made?

 One approach might be to calculate the amount 

of carbon that a single, long-lived desert plant could 

capture in its lifetime, because that is a value we can es-

timate with reasonable accuracy. We might first look at 

Mojave yucca (Yucca schidigera), an ancient, extremely 

slow-growing plant that is very common across both 

the Mojave and Colorado Deserts, and that has been 

found to reach ages of 2000+ years. We could calcu-

late how much carbon one plant captures each year, 

then extrapolate how much carbon an individual yucca 

plant would sequester in say, a 1000-year lifespan. Then 

figure how many Mojave yuccas are expected to be 

ripped from the ground in a typical industrial solar field 

such as the newly-approved 5,000-acre Yellow Pine 

Solar Project in the Mojave Desert (Pahrump, Nevada) – 

in this case, over 80,000 Mojave yuccas will meet their 

demise during the construction of an array expected 

to operate for perhaps twenty years before becoming 

obsolete. Will the reduction in carbon that would have 

been sequestered (and stored underground) by those 

80,000 Mojave yuccas actually be offset by possibly 

twenty years of the solar project that replaced them?

 If we could do the same for the creosote bush that 

also can live for thousands of years, we might gain still 

more perspective on the critical question of net carbon 

gain or loss through various management practices in 

our ancient desert landscapes. More precise estimates 

of the carbon-capturing contributions by our long-lived 

desert plants could raise awareness of their value in 

helping us fight climate change . . . before we lose them 

needlessly to large-scale solar developments.

 If few people realize the intrinsic value of the des-

ert’s carbon contributions, it becomes more difficult 

to protest when thousands and thousands of acres 

of desert habitat are scraped bare for solar fields. It 

appears that the California Deserts may be sacrificed 

to meet California’s climate goals without even consid-

ering the full consequences of doing so. Where will our 

carbon footprints lead us . . . down a path that leads to 

a slashed-apart, industrialized desert where throngs of 

people once flocked for solitude and for vast uninter-

rupted vistas of an ancient landscape? Let’s not lose 

this treasure when there is a smarter path forward, in-

cluding solar panels on rooftops, parking lots, fallowed 

agricultural lands, and even exposed aqueducts.

With a Master’s Degree in biology, Robin Kobaly had 
a twenty-year career as a botanist with the BLM, also 
serving as a wildlife biologist, and natural history 
interpreter. She is currently executive director of the 
SummerTree Institute, a 501(c)3 nonprofit corporation 
dedicated to providing responsible viewpoints toward 
our environment, our place in it, and our responsibility 
to it. robin@summertree.org

Deep roots, evening primrose. 
2018 © Robin Kobaly
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Solar Energy That 
Spares The Land

BY DUSTIN MULVANEY

Energy sprawl from utility scale solar projects is a 

leading cause of land use conflict across the American 

West. These projects can be very large facilities with 

footprints on the order of square miles; the Desert 

Sunlight Solar Farm in Desert Center California is six 

square miles (3,800 acres), while the Gemini Solar Proj-

ect in Nevada is over eleven square miles (7,100 acres). 

Some solar projects have damaged cultural resources 

– geoglyphs, cremation sites, and spiritually import-

ant locations. Others have resulted in significant local 

ecological impacts to habitat of important species such 

as desert tortoise, kit fox, bighorn sheep, fringe-toed 

lizard, Joshua trees, and Mojave ground squirrel. There 

is a wide spectrum of impacts from large utility scale 

projects, and many of the worst impacts can be avoid-

ed by taking advantage of land with existing industrial 

uses. Although the Western Solar Plan1 adopted by the 

Bureau of Land Management attempts to direct proj-

ects onto previously disturbed or lower conflict sites, 

the sprawl onto “green field” or otherwise undeveloped 

sites continues unabated.

 The opportunities to avoid habitat degradation 

through better land use selection are widespread. In 

addition to incentives to increase distributed energy 

resources in the built environment, there are several 

other solutions advocated by researchers and practi-

tioners that could offer fewer land use conflicts over 

utility-scale solar power. Many of these projects offer 

multiple benefits in addition to solar power: water sav-

ings, agro-ecosystem enhancement, more productive 

land uses, and carbon sequestration – in addition to 

avoided habitat loss. 

Land-sparing solar opportunities
 The idea of “land-sparing” utility-scale solar in-

stallations was introduced by University of California 

researchers.2 Recognizing the impacts of big solar 

projects on habitat, this research identified land-sparing 

sites such as contaminated agricultural lands, aban-

doned landfills and mines, brownfields, and other previ-

ously disturbed sites and found that there was enough 

of these parcels to supply enough power to the United 

States many times over, with over 800 thousand square 

kilometers (>309,000 square miles). Total power de-

mand for the United States would require on the order 

of 5,800 to 14,600 square miles of solar development 

Multiple benefits are possible with photovoltaic panels

(15,000 to 38,000 km2) according to a 2021 Prince-

ton Net Zero Study to decarbonize energy by 2050.3 

The task of integrating solar projects into existing and 

proposed infrastructures cost-effectively is a major 

challenge on its own, but land-sparing projects 

show potential for an enormous supply of renewable 

energy with minimal impacts to ecosystems of the 

American West.

 The Environmental Protection Agency launched a 

program, RE-Powering America’s Lands, which as-

sessed contaminated or brownfield opportunities for 

solar development and which included a screening 

process to ensure the lands have the appropriate slope, 

aspect, and absence of shade to be viable sites for 

solar.4 The EPA has inventoried are over 17,000 square 

miles of these lands. Many of the sites of former indus-

trial activity are near electrical transmission facilities. 

The same goes for abandoned mine lands, of which 

there are between 80,000 and 250,000 sites according 

to the U.S. General Accounting Office.5 There are also 

numerous new examples of Superfund hazardous waste 

sites converted to solar projects. In one example in Sac-

ramento, California, the municipal utility district built a 6 

MW solar project on lands contaminated by rocket fuel 

and where manufacturing had ended in 1993. Finally, 

a legacy of industrial agriculture in California’s Great 

Central Valley has resulted in the contamination of 

land by salts like selenium. These lands might also have 

habitat characteristics like foraging areas for raptors 

or ground squirrels, which would suggest caution with 

some developments, but in general salt-contaminated, 

abandoned agricultural lands represent another import-

ant area that could supply solar power with fewer land 

use conflicts. 

Integrating agriculture and solar power with 
agrivoltaics
 Integrating photovoltaics into agriculture can be 

a productive idea. Agriculture covers about 1.4 million 

square miles in the United States, and it is one of the 

most intensive and impactful land uses in human civili-

zation. The United States for example grew 87.6 million 

acres of soy beans and 92.1 million acres of corn crop, 

with the latter sending 40% to ethanol production. 

Imagine instead of supplying a transportation fuel (eth-

anol is generally 10% of gasoline in the U.S.), some small 
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fraction of these corn and soybean lands were convert-

ed to solar farms producing energy for electric vehi-

cles. The U.S. corn and soybean fields could produce 

25 terawatts of solar power, more power than used by 

humans today. Only a fraction would be needed, but 

solar projects sited on former farmlands and developed 

with an emphasis on ecological restoration could yield 

multiple benefits. Recent research finds grassland res-

toration at solar farms in the Midwestern United States 

(mostly lands formerly dedicated to corn/soybean row 

crops) increases pollinators, sequesters carbon, reduces 

sediment loss, and retains water in soils.6

 Agrivoltaics – a play on agriculture integrated 

with photovoltaics – are one way to produce energy 

and crops from the same land. Rows of crops and 

solar panels contribute side by side, yielding less than 

either would alone in a field, but more in total, espe-

cially with crop quality improvements or reduced input 

costs. The partial shading that agrivoltaics can provide 

reduces water stress; these system offer water savings 

and can even improve crop quality. Recent research 

from South Korea shows that the color of broccoli and 

cabbage improved when grown in agrivoltaics. Water 

can be the limiting factor for some crops, and the solar 

arrays’ shade can make microclimates that improve soil 

moisture. 

 Center-pivot agriculture is a type of irrigated ag-

riculture where the watering system rotates around a 

single point, resulting in fields of crops that are circular. 

The lands surrounding these fields in the corners of 

square parcels could be another space that could be 

utilized with minimal impact. Another paper led by UC 

Davis Professor Rebecca Hernandez found this could 

supply 8,100 square miles (1,350 GWh) in the US, most-

ly in the western states where irrigated agriculture is 

most common.7 

Floating solar power and canal-solar
 A recent study in Nature found covering 10% of the 

world’s reservoirs that generate hydropower with float-

ing solar panels would install nearly 4,000 gigawatts 

(GW) of solar capacity.8 For context, global power 

demand today is on the order of 20,000 GW. These 

kinds of deployments also offer multiple uses, including 

aquaculture or integration with other coastal or energy 

infrastructures. But they also require study and best 

practices to ensure they do not result in unintended 

negative impacts to birds or to aquatic and benthic 

species.

 The water saving opportunities for floatovoltaics 

are straightforward. Research on water savings found 

that a “4,500 square meter-floatovoltaics covering the 

entirety of the reservoir produces 425,000 kWh and 

saves 5,000 cubic meters of water via avoided evapora-

tion per year.”9 In the land-sparing paper written led by 

the UC scientists in 2017, the team estimates 39 TWh/

year of energy potential over 40 square miles (104 km2) 

of agricultural reservoirs in California’s Central Valley. 

This could contribute 15% of California’s annual electric-

ity supply and save 31 billion gallons (0.12 km3) of water 

per year.

 Floating solar will also encounter many use con-

flicts as water bodies are used for navigation and 

flood control. In May 2002, China’s Ministry of Water 

Resources banned wind and solar floatovoltaics from 

freshwater bodies to protect the hydrological integrity 

of water bodies and flood management.10 They claimed 

solar and wind projects can obstruct the steady flow of 

water and damage river banks and dikes, which are key 

to protecting communities and agriculture.11 As a result 

of the new rule, the massive 1GW/$1.2 billion Tiangang 

Lake floating solar project in Jiangsu province will be 

dismantled. The social and environmental impacts of 

these infrastructures need to assessed to make sure 

projects are done right. 

A better solar future for land use
 Solar still can get the land question right, but it will 

require convincing politicians, environmental organiza-

tions, and the public that these alternatives are viable 

and worthy of resources. It is a false choice to frame 

conservation in opposition to renewable energy when 

other alternatives are available. In addition to em-

phasizing rooftop solar and parking lot canopies and 

coordinating them as microgrids, there are many other 

opportunities to be strategic about where to put even 

utility-scale solar facilities that do not disturb important 

habitat. Some of these require further research, but we 

have already identified and characterized many multi-

functional and synergistic deployment strategies. It is 

time to design and implement policy and procurement 

incentives from buyers of renewable energy that ensure 

that proper land use receives top consideration. We 

might only have one chance to get this right. 

Dustin Mulvaney, Professor of Environmental Studies, 
San Jose State University, author of Solar Power: Sus-

tainability, Innovation, Environmental Justice published 
by the University of California Press, 2019, and Sustain-

able Energy Strategies: Socio-ecological Dimensions 

of Decarbonization, with Palgrave-MacMillan/Na-
ture-Springer, 2020. Dustin is on the board of advisors 
to Basin and Range Watch. www.dustinmulvaney.com 
Twitter: @DustinMulvaney

Footnotes cited in the article can be accessed at www.
desertreport.org by selecting “references” at the bottom 
of the home page.
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Photovoltaics In The Energy Transformation
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of solar and wind by 2050. Through limiting demand 

growth, blending different resources and approaches, 

and balancing different essential goals (sustainabil-

ity, feasibility, affordability, reliability, etc.), following 

the IPCC model pathways for solar photovoltaics out 

to 2050 becomes much more feasible. Nevertheless, 

reaching the scenarios limiting warming to 1.5º C over 

pre-industrial global temperature, will require roughly 

tripling the current rate of installing renewable electric 

power, including solar photovoltaics.

 Widening the scope of available tools can help a 

lot, using the concept that “many hands make light 

work”. Photovoltaics is just one of a number of methods 

for using solar energy, which can also provide hot wa-

ter, space heat, lighting, cooking, industrial processes, 

air conditioning, refrigeration, generate electricity from 

heat, and produce renewable fuels. 

 Some of these applications already exist at a large 

scale, with half a trillion watts of solar thermal (mostly 

solar hot water) panels installed in the world today.11 

However, this is a small fraction of the potential, provid-

ing about one percent of building heat. 

 Direct use of solar energy – where it is possible – is 

usually far more efficient than solar photovoltaics. For 

example, converting sunlight to electricity, then using 

the electricity to power a lightbulb, wastes at least 90 

percent of the captured solar energy.

 Looking at California, solar photovoltaics has grown 

dramatically from one percent of the state’s electricity 

in 2011,12 to over 20 percent today.13 Total renewable en-

ergy provides half of the state’s electricity, if customer 

solar and large hydroelectric power plants are includ-

ed.14 California electricity has already reached the IPCC 

pathway’s average share of renewable energy for 2030 

to limit warming to 1.5°C, almost a decade early, while 

Greenhouse Gas emissions in the state’s electricity sec-

tor have been reduced by about half since 2008.15

 This dramatic success has been accomplished 

through a coordinated set of policies all pulling in the 

same direction:

•  The Renewables Portfolio Standard (RPS) requires 

an increasing share of retail sales of electricity to be 

from state qualified renewable sources, rising from 

20 percent a decade ago, to 33 percent in 2020, and 

60 percent in 2030; there is also a planning goal for 

100 percent renewable and zero carbon electricity by 

2045.16, 17

•  The California Solar Initiative/Million Solar Roofs 

program set a target of 3,000 megawatts of customer 

solar photovoltaics by 2016, with the aim to transform 

this technology into a standard product; today over 

10 percent of California homes have solar, and over 

12,000 megawatts of customer sited solar has been 

installed.18, 19

•  State law (SB 350) set a target for additional ener-

gy efficiency that is projected to reach over 80,000 

gigawatt-hours per year of annual electricity savings 

by 2029 compared to a 2015 baseline.20

•  The power plant Emissions Performance Standard re-

quires that new contracts with baseload power plants 

limit carbon dioxide emission rate to no higher than a 

natural gas power plant, which is effectively phasing 

Total Renewable Generation Serving California Load by Resource Type
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out coal generation in California’s electricity supply.21

•  The Cap and Trade program places a price on carbon 

dioxide emissions, including coverage for electric 

distribution utilities that sell carbon pollution permits 

(called “allowances”) to power plants.22

•  Local government procurement of renewable energy 

beyond what state law requires, for residences and 

businesses in their jurisdiction, through Community 

Choice Aggregation.23

 Despite long standing concerns about the ag-

gressive renewable electricity law, its targets are so 

far easily being met, with the large utilities and most 

other retail sellers reaching or exceeding the 33 percent 

requirement for 2020.24 While historically, biomass, 

geothermal, and hydropower where the main sources of 

renewable energy, in recent years at first wind and then 

solar photovoltaics have dominated new development.25 

 By 2019, half of California’s renewable energy was 

solar photovoltaics. (In the graph, “BTM Solar” means 

solar photovoltaics that is behind customer meters, 

while “Solar” refers to utility scale solar projects 

contracted by retail sellers of electricity) This emerg-

ing pattern is true not only in California, but also in the 

United States as a whole, where 90 percent of new 

power generation is renewable, primarily solar and 

wind.26

 Current events remind us that the existential im-

perative of reducing greenhouse gas emissions is only 
one of the reasons for transforming the energy system. 

Even if there were no global warming, the depletion 

of extracted fossil resources would force the issue for 

human survival. Fossil fuels cause air pollution which 

kills and sickens millions of people, and causes trillions 

of dollars in damage every year.27 Fossil fuels pose 

immense global security challenges, and for a century 

have been a center of conflict between nations, with 

the war in Ukraine only the most recent example.28 

Fossil fuels also increase energy insecurity by creating 

vulnerable energy infrastructure, including power grids, 

in the context of a warming world.29, 30

 Solar photovoltaics is a key tool that, if rightly 

deployed in combination and balance with other tools, 

can bring about a revolution in energy to help resolve 

several of the most important problems of our time.

Robert Freehling is an independent consultant who 
focuses on state and local clean energy policies.

Footnotes cited in the article can be accessed at www.
desertreport.org by selecting “references” at the bottom 
of the home page.

The Desert Is Alive

increase to threaten the survival of nearby trees and 

shrubs already struggling with a hotter, drier desert. 

Conclusion
 This is not an exhaustive list of potential biological 

impacts: solar installations also bring with them a raft of 

threats to wildlife that are shared by many other kinds 

of development, including night-time light pollution, 

noise and industrial vibration that damages the hearing 

of burrowing creatures, importation of invasive plant 

seeds, predator subsidy, and use of toxic substances 

not found in nature.

 Faced with the reality that converting an area twice 

the size of Joshua Tree NP to electricity generation will 

have substantial, potentially catastrophic ecological 

effects, one might reasonably ask where else we might 

put those thousands of square miles of solar panels. 

You could derive a hint from earlier in this article, with 

the list of cities I used as a land acreage comparison. If 

we need an area the size of Los Angeles to build solar 

generating capacity, why not use Los Angeles? Solar on 

rooftops, on parking lots, on landfills and brownfields 

and logistics centers in cities throughout California and 

Nevada would help meet our demand for electricity 

while posing minimal threat to wild nature. And done 

right, we could even improve the standards of living for 

people in those cities.

Chris Clarke is Associate Director of the National Parks 
Conservation Association’s California Desert program, 
and cohost of the desert protection podcast 90 Miles 
from Needles. He lives in Twentynine Palms with his wife 
Lara and their dog Heart.
 

1. https://www.eia.gov/state/print.php?sid=CA.

2. https://en.wikipedia-on-ipfs.org/wiki/

List_of_largest_California_cities_by_land_area.

3. https://www.nature.com/articles/srep35070.

Lake Effect at the Topaz photovoltaic facility in the 
Carrizo Plain. Photo by Craig Deutsche
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Putting solar on rooftops is the best way to protect our 
public lands and the environment

In 1976, Mary McGregor’s “Torn Between Two Lovers” 

hit No. 1 on the Billboard Hot 100 chart. As we move 

toward an increasingly solar-powered future, you could 

say California is caught in a similar situation, torn be-

tween two ways to get there.

 In 2018, the Golden State set a goal, with Senate 

Bill 100, to achieve 100% clean energy by 2045. Envi-

ronment California, the California Sierra Club, and many 

other groups pushed hard for this legislative accom-

plishment, and we remain intensely proud of it. 

 But it’s not enough to simply phase out fossil fuels 

and build a carbon-free economy: we are also facing 

a dire biodiversity crisis, in large part, from large-scale 

habitat loss. To address these problems, California Gov. 

Gavin Newsom set a goal in 2022 to protect 30% of our 

state’s land and water by 2030. His proclamation was 

part of an international effort to protect more of the 

natural world. If the 30x30 goal is achieved, it will not 

only help to ensure our survival, but will create richer, 

better, happier lives for all of us. 

 By setting these ambitious environmental goals, 

California has once again demonstrated its ability 

to lead on protecting the natural world. Californians 

should be proud that the Golden State is taking 

meaningful action despite partisan dysfunction and 

well-heeled opposition that can stymie environmental 

policies. 

 And it would be lovely if the story ended there, but 

it doesn’t. We still need to get to 100% renewable ener-

gy – without destroying more imperiled species habitat.

 This is where the problem lies. One way to get to 

100% clean, renewable electricity is to ramp up large, 

industrial-scale, utility-run solar projects. The think-

ing goes something like this: Let the utilities go nuts 

building solar farms; solar farms are preferable to coal 

and natural gas, so we can put them anywhere; more is 

always better. 

 And the truth is that we do need these major solar 

projects. Utility-scale solar does need to be a part 
of the overall plan to hit 100%. But utility solar often 

does have either a direct or indirect impact on natural 

landscapes. The far better option is to put solar in an 

already-built environment, which is mostly to say, put 

solar on roofs. Home roofs, church roofs, school roofs, 

Walmart and other big box-store roofs – they’re all 

good. Additionally, the solar panels can cover parking 

lots and provide a little shade to those parking their 

electric (and gas, for now) cars there. https://tinyurl.

com/24ysehdn

 To be clear, in our preference for rooftop solar, 

we’re not throwing shade at utility-scale clean energy 

systems. It’s simply that, in many cases, building solar 

on already developed land in our cities and towns 

makes much more sense. Environment California Re-

search & Policy Center report “The Environmental Case 

for Rooftop Solar” looked into the most immediate rea-

sons why we should prioritize rooftop over utility-scale 

solar. Here they are: https://tinyurl.com/ycxw3k7x

 One: Rooftop solar energy does not change exist-
ing land uses and can help California protect agricul-
tural land, fragile habitats, and natural areas. 
 Landscapes are disrupted by utility-scale solar 

projects. We will need some big solar projects. But by 

choosing rooftop solar opportunities, California can 

reduce the total amount of utility-scale solar needed 

and help to protect natural areas. Consider this: state 

regulators calculate an additional 28.5 GW of rooftop 

solar will be built by 2045. By using this amount of 

rooftop solar instead of utility-scale solar, California can 

preserve more than 148,000 acres of land – an area 

about half the size of the City of Los Angeles. 

Torn Between Two 
Solar Pathways

BY LAURA DEEHAN

California must embrace the best one

A small photovoltaic installation outside Blythe, 
CA. Note the airfield immediately to the left of the 
field of panels. Photo Google Maps, 3/10/2020
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Two: Rooftop solar produces electricity where it is 
also consumed, and this eliminates the need to pipe 
the electrons across long-distance transmission lines. 
 Rooftop solar produces electricity close to where 

it is consumed. As a result, it reduces the need for 

new transmission infrastructure, which can harm 

land conservation efforts by damaging farmland and 

ecosystems. Additionally, as we’ve witnessed time and 

again, downed or damaged transmission lines can spark 

massive wildfires. https://tinyurl.com/2x985rkj

Three: Rooftop solar can be installed more quickly 
than any other electricity generating source, enabling 
California to respond at the speed and scale neces-
sary to address the climate crisis.
 A residential rooftop solar project is typically 

installed within three months of inception, and com-

mercial rooftop installations typically take between two 

and four months. That’s not quite real time, but it’s fast. 

And the faster the installation, the more we can avoid 

climate emissions now, which helps to limit the extent 

of warming that the state and the rest of the world will 

experience down the line. Put another way, pollution 

reductions today provide greater benefit than the same 

emission reductions a year or 10 years in the future. 

 But how does the state go about “choosing” the 

better form of solar? Knowing that we need some of 

both, how do we ensure that we get the most roof-

top solar possible? To start, California can cut the red 

tape associated with solar; second, the Golden State 

shouldn’t cut incentives and thus knee-cap the market.

 In terms of cutting red tape, local governments 

have hours of paperwork per application. And as a 

result, consumers have experienced delays in getting 

solar panels on their roof. That’s why the Department of 

Energy developed SolarAPP+. U.S. Sec. Jennifer Gran-

holm came to California to celebrate the promise of this 

new tool “to make installing solar panels cheaper, faster 

and even more popular.”

 Thanks to the state legislature’s investment in last 

year’s budget, the California Energy Commission will 

have a new grant program available to support local 

governments adopting this system. Passing Senate Bill 

379 is the next step to speed up adoption and ensure 

that consumers and solar companies can quickly move 

through the application process.

The California Public Utilities Commission has 
proposed new fees on rooftop solar. 
 It may seem unbelievable that a state known for its 

green leadership is considering these changes, but here 

we are.

 Currently, Californians who generate excess 

electricity from their rooftop solar panels are able to 

sell that energy to their local utility through a process 

called “net metering.” In December, CPUC proposed 

what amounts to a $700 per year tax on these local 

power generators. After public backlash, the proposal 

was shelved, but in May of this year, the Commission 

began seeking public input on three new changes to 

net metering, including an average $300 to $600 per 

year solar tax. https://tinyurl.com/4pt7yw5v

 In response to the Commission’s plan, Environ-

ment America Research & Policy President Wendy 

Wendlandt said:: “We’re facing a climate emergency. 

California will not meet its goals to fight climate change 

if we back off from rooftop solar. Actually, we need to 

quadruple rooftop solar capacity by 2045. Every roof-

top without solar is a missed opportunity for a cleaner, 

healthier future for every Californian. The last thing we 

need to do is make rooftop solar more expensive.”

 It makes no sense to place a new financial burden 

on Californians who, by their own actions, are increasing 

the amount of renewables in our energy mix. We should 

incentivize rooftop solar and other forms of clean, re-

newable energy, not drive people back to fossil fuels. 

Political leadership 
 California produced a joint agency SB100 report, 

which indicates California will need 28.5 GW more 

rooftop solar capacity to meet the state’s clean energy 

goals by 2045. That’s nearly four times the state’s cur-

rent rooftop solar capacity. 

 We’ll need leadership to get there. But getting 

to 100% is achievable – and profoundly necessary to 

mitigate the worst impacts of climate change. While 

California will continue to be torn between two solar 

pathways, the person best situated to ensure that state 

agencies and political bodies continue to embrace solar 

is Gov. Newsom. If he can lean into the Legislature and 

Public Utilities Commission, our state will be much bet-

ter positioned to ensure that we embrace rooftop solar.

Laura Deehan directs Environment California’s work to 
tackle global warming, protect the ocean, and fight for 
clean air, clean water, open spaces, and a livable planet. 
Laura stepped into the State Director role in January, 
2021 and has been on staff for over twenty years. Laura 
lives with her family in Richmond, California, where she 
enjoys hiking, yoga and baking. https://environmentcal-
ifornia.org

Rooftop solar near San Diego. Photo by Bill Powers
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State planners assume California will reach its ambi-

tious decarbonization targets by developing remote, 

utility-scale solar and wind farms dependent on new 

transmission lines to reach urban centers. It is a largely 

unquestioned article of faith that the cheapest solar 

and wind power is generated at remote, utility-scale 

sites, and therefore the priority should be the develop-

ment of these remote renewable resources. The cost 

of new transmission infrastructure to move this power 

to customers is not considered when assessing these 

solar and wind production costs. When it is, the most 

cost-effective location for solar power is on large com-

mercial/industrial rooftops and parking lots in urban 

load centers. There is ample capacity in California, on 

the order of 50,000 MW of large commercial/industrial 

rooftop and parking lot solar potential, for this resource 

to displace much of the remote solar and wind power 

proposed to meet California’s target of 100 percent 

clean electricity by 2045. 

Utilities oppose rooftop solar – unless they own it
 There are two basic locational alternatives to meet-

ing California’s decarbonization mandate: 1) distributed 

solar generation located at or near the point-of-use on 

the distribution grid, or 2) remote, utility-scale renew-

able power, primarily solar power, delivered to load 

centers over lengthy transmission lines.

 The traditional investor-owned utility (IOU) busi-

ness model is antithetical to distributed generation 

(DG) produced by non-IOU parties. Edison Electric 

Institute (EEI) is the national IOU trade association. 

In 2012, EEI identified distributed solar generation, 

specifically rooftop solar, as an existential threat to the 

IOU business model, stating that DG solar generation 

heralded the prospect “of declining retail sales and 
earnings, (of declining) financing of major investments 
in T&D [transmission and distribution] . . . , (and of the) 
potential obsolescence of existing business and regu-
latory models.” EEI is the architect of attacks by IOUs 

across the nation against rooftop solar. California’s IOUs 

are major contributors to EEI, with each contributing 

about $2 million per year to the organization.1  

 California leads the nation in DG solar despite utility 

opposition, with over 12,500 MW of installed capacity.2 

This DG solar capacity is currently growing at a rate of 

more than 1,500 MW per year.3 This rooftop capacity is 

close to the 14,000 MW peak combined output of the 

IOU’s (and community choice aggregators) utility-scale, 

transmission-dependent solar projects.4 

Remote renewable energy dependent on new 
transmission lines is the highest cost option
 The California Independent System Operator 

(CAISO), the grid operator in the state, is projecting 

over $30 billion in new transmission construction to 

achieve the 100 percent clean electricity goal.5 The 

new lines will be built to facilitate increased utility-scale 

renewable power from high quality renewable energy 

production areas like the California deserts, the Central 

Valley, and Arizona and New Mexico.6 The strategic flaw 

in the economic argument for this approach is the fail-

ure to integrate the cost of the new transmission lines 

into the total delivered cost of that renewable power. 

 Fortunately, the cost burden imposed by new 

California transmission lines dedicated to transmitting 

solar power or wind power is known with a high degree 

of accuracy. The two largest renewable energy trans-
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mission lines built in California in the last decade are the 

1) San Diego Gas & Electric (SDG&E) $1.9 billion 500 

kilovolt (kV) Sunrise Powerlink transmission line, and 2) 

the Southern California Edison (SCE) $3.06 billion 500 

kV Tehachapi Renewable Transmission Project (TRTP).7 

 Both the annualized cost of these two transmission 

lines and the amount of renewable energy they transmit 

are known. This allows calculation of the transmission 

cost burden on each kilowatt-hour (kWh) of renewable 

power delivered to customers by these transmission 

projects. In the case of SDG&E’s Sunrise Powerlink, the 

renewable energy transport cost is approximately $0.09/

kWh, or $90/megawatt-hour (MWh).8 The renewable en-

ergy transport cost of SCE’s TRTP is about $45/MWh.9 

 How does this transmission cost compare to the 

cost of commercial rooftop solar? Poorly. The National 

Renewable Energy Laboratory (NREL) projected the 

2021 production cost for a “one-off” commercial roof-

top solar array to be $45/MWh.10 This is about one-half 

the renewable energy transport cost of the Sunrise 

Powerlink and about the same as the transport cost 

of the TRTP. In other words, the production cost of a 

stand-alone commercial rooftop project in 2021 is at 

or below the transmission cost for energy delivered by 

new transmission lines from remote sites. These trans-

mission costs are in addition to the production cost of 

solar energy at these utility-scale sites, estimated by 

NREL to be about $25/MWh in 2021.11

 The high renewable energy transmission costs 

imposed by the Sunrise Powerlink and the TRTP on 

remote solar and wind power are not outliers. CAISO 

is currently evaluating a new SDG&E renewable energy 

transmission project, the $3.7 billion Imperial-to-Serrano 

500 kV transmission line,12 to move renewable power 

from remote desert sites to Southern California coastal 

load centers. This project would transmit up to 1,412 

MW of new remote renewable power.13 This equates to 

a transport cost of $155/

MWh, when scaling from 

the actual cost and quan-

tity of renewable power 

transmitted by SDG&E’s 

500 kV Sunrise Powerlink.14 

 Looked at another 

way, the Imperial-to-Serra-

no 500 kV transmission line 

would cost $2.6 million per 

MW of renewable capacity.15 

From a customer stand-

point – the person paying 

the bill – this transport cost 

must be added to the cost 

of the remote utility-scale 

solar or wind projects to 

determine the total cost of 

the green power. 

 NREL identifies the cost of new utility-scale solar 

(without battery storage) at $0.9 million per MW.16 The 

total capital investment, including generation and trans-

mission, to produce and deliver new remote utility-scale 

solar in SDG&E territory over the Imperial-to-Serrano 

500 kV line would be $3.5 million per MW.17 

 Battery storage, in 2022, must be considered a 

mandatory element of new solar and wind projects to 

assure that power from these projects is available when 

it is most needed. 

 NREL projects the cost of 1 MW of commercial/in-

dustrial building rooftop solar, with ample battery stor-

age capacity,18 to be about $2.3 million per MW.19 This 

is much less than the all-in cost of remote utility-scale 

solar that would rely on the proposed Imperial-to-Ser-

rano 500 kV line for delivery to customers.

Back to the future – the advantages of solar 
development on warehouse rooftops and 
parking lots
 There was a time at the dawn of utility-scale solar 

development in California, in 2008 and 2009, when it 

appeared that much utility-scale solar development 

would occur on commercial and industrial rooftops. In 

March 2008, SCE proposed to build 250 MW of solar 

on warehouse rooftops in the Inland Empire. The proj-

ect involved aggregating a large number of 1 MW to 2 

MW rooftop projects. The CPUC ultimately approved a 

larger 500 MW SCE warehouse rooftop solar project in 

June 2009, stating:20

   Unlike other generation resources, these (large-
scale rooftop solar) projects can get built quickly 
and without the need for expensive new transmis-
sion lines. And since they are built on existing struc-
tures, these projects are extremely benign from an 
environmental standpoint, with neither land use, 

San Diego International Airport microgrid, combination of rooftop and 
parking lot solar. Photo Google Earth
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water, or air emission impacts.
 The genesis for the focus on warehouse rooftops 

was former Gov. Arnold Schwarzenegger. He explained 

the basis for his push for warehouse rooftop solar in a 

speech to EPA personnel as he was leaving the gover-

nor’s office in late 2010:21

   I always said that I want to fly over California 
with the helicopter one day and just see not roof-
tops but see just solar on top of rooftops just to 
blanket it . . . because we have so much warehouse, 
so many warehouses, so much warehouse rooftops 
in California, we should blanket them. And now they 
are doing that. 

   You can have all the renewable energy in the 
Mojave Desert but you still need to build transmis-
sion lines to bring it in . . . But if you have it on the 
rooftops of those warehouses it goes right to the 
grid and you don’t even have to build the transmis-
sion lines.

 SCE installed about 100 MW of warehouse rooftop 

solar before the program was modified to convert the 

remaining capacity to remote, transmission-dependent 

solar projects.22 The focus on warehouse rooftops lost 

its champion when Gov. Schwarzenegger left office. It is 

reasonable to assume that, had the warehouse roof-

top program retained support at the highest levels of 

state government, there would now be 1,000s of MW of 

warehouse rooftop solar in California and substantially 

less pressure to build new renewable energy transmis-

sion lines to remote desert sites. 

Large commercial and industrial rooftop and parking 
lot solar potential exceeds 50,000 MW
 The CPUC determined in 2009 that there is more 

than 11,500 MW of large commercial and industrial 

rooftop capacity within three miles of IOU substations.23 

Warehouses, other than high demand refrigeration 

warehouses, generally have low electricity demand and 

as a result are poor candidates for net-metering. How-

ever, they are good candidates for selling wholesale 

solar power directly to the grid. 

 There is also a vast amount of large commercial and 

industrial parking lot area available for solar development 

that was not evaluated by the CPUC. The parking lot 

solar potential is vast. For example, the 2019 Clean Coa-

lition San Diego Solar Siting Survey for commercial and 

industrial building sites in San Diego with potential great-

er than 1 MW states that 75 percent of the solar capacity 

for large sites is parking area capacity.24 This is consistent 

with a 2014 Powers Engineering assessment that found 

California has a commercial and industrial building park-

ing lot solar potential of nearly 40,000 MW.25

 The combined large commercial and industrial 

rooftop solar potential (11,500 MW) and parking lot 

potential (39,500 MW) exceeds 50,000 MW. 

 With adequate battery storage to assure reliability 

of supply, commercial and industrial rooftop and park-

ing lot solar qualifies for local resource adequacy (RA) 

payments that further reduce the net cost of DG solar 

production. The CPUC requires that electricity provid-

ers have sufficient reliable resources under contract to 

withstand peak demand conditions with some major 

infrastructure out-of-service, such as one or more trans-

mission lines. Reliable resources receive RA payments 

to assure they are available when needed. 

Conclusion
 The least-cost utility-scale solar resource, from the 

perspective of the delivered cost to the customer, is ag-

gregated large commercial and industrial building roof-

top and parking lot solar connected at the distribution 

grid level in urban and suburban areas of California. This 

resource is plentiful, with over 50,000 MW of potential 

capacity. It can be built quickly, without expensive new 

transmission lines, and is environmentally benign. With 

effective political leadership the state can “blanket” 

warehouse rooftops and parking lots with solar panels, 

and in the process protect desert lands from high-cost 

and unnecessary renewable energy development.

Bill Powers is a registered professional mechanical engi-
neer in California with 40 years of experience in energy 
and environmental engineering. He has written numer-
ous articles on the strategic cost and reliability advan-
tages of local solar power over large-scale, remote, 
transmission-dependent renewable resources, and he 
frequently appears as an expert witness on alternatives 
to conventional power generation infrastructure.

PAGE 17

Target net zero energy store in Vista, CA. 
Photo by Target



Desert Report August 2022 19

Electricity Storage For 
Our Carbon-Free Future

BY TYSON SIEGELE

Essential and achievable

California’s grid of the future will run on 100% car-

bon-free energy by leveraging energy storage and 

spare renewable generating capacity. To accomplish 

this, will we need expensive and environmentally ques-

tionable solutions? Or will emerging technologies and 

the family vehicle create a greener future than even 

optimists foresee? To explore those questions, we’ll look 

at some of the most important factors influencing the 

use of grid-supporting batteries: electric vehicles (EVs), 

bi-directional charging, low solar prices, spare renew-

able capacity, and grid planners’ imminent obsession 

with December.  

Electric vehicles: the future of storage
 Regardless of solar and wind procurement de-

cisions, California’s grid operator will need a lot of 

electricity storage. Today, the California grid operator, 

CAISO, controls 3,136 megawatts (MW) of battery 

capacity.1 Modeling in the Senate Bill (SB) 100 Report 

found that California will need to install 55,000 MW of 

utility-scale battery storage for reliable grid operations.2 

Each of those 55,000 MW has a duration of four hours, 

equaling 220,000 megawatt hours (MWh) of stored en-

ergy. According to the report, California needs 17 times 

as much battery storage as has been installed today. 

 The electric utilities will not have to buy anything 

near this proposed storage capacity because of an ex-

citing feature of upcoming electric vehicles (EV). Soon 

most EVs will have bi-directional charging capabilities. 

Car batteries will act as a battery, not just for the ve-

hicle but for the home, for a local business, or even for 

the grid itself. Cars will be able to buy electricity from 

the grid or sell it back. Because of the battery’s large 

size, the typical EV can go six days between charging, 

allowing it to sell some of its stored electricity back to 

the grid on the handful of days each year when electric-

ity supplies fall short of demand.

 By 2035, 100% of light-duty vehicles sold in Califor-

nia must be electric. The California Air Resources Board 

(CARB) proposed a regulation for vehicle sales requir-

ing that 35% of annual vehicle sales be electric by 2026 

and that 68% be electric by 2030.3 Enforcement of the 

proposal ensures that a large number of electric vehi-

cles will join the one million California EVs already on 

the road. The average EV battery capacity is 75 kWh, 

and approximately 30 million light duty vehicles are 

registered in California. If 75% of the registered vehicles 

are electric by 2045 – the target year for a carbon-free 

electricity grid – the fleet’s battery capacity will equal 

1,687,500 MWh or seven times what grid planners’ claim 

will be needed to secure electric reliability. 

 In just a few years, most EVs will include (1) bi-di-

rectional charging hardware that will allow owners to 

either buy from or sell to the grid, (2) software to make 

sure the owner always has enough electricity after un-

plugging, and (3) software to maximize charging during 

times of low electricity cost. When manufacturers inte-

grate these features, EV batteries will enable grid plan-

ners to reduce their projections for stationary battery 

storage needs, entirely remove the need for grid-based 

multi-day storage, and still maintain a supply buffer 

to ensure reliability. EVs will save electric customers 

money and save everyone time in the transition to a 

carbon-free grid. 

 Access to EV storage capacity addresses our daily 

and weekly storage needs but leaves the question of 

seasonal storage untouched. Should grid planners re-

quire utilities to purchase seasonal storage or are there 

better ways to address the large seasonal variations in 

renewable energy supply? 

The seasonal storage mirage
 Over the last few years, the natural gas industry 

has championed hydrogen for a large number of pos-

sible applications. The industry has decided that the 

only way it can survive the coming era of widespread 

electrification is to transition from its high-impact 

global-warming product, methane, to a less potent 

greenhouse gas, green hydrogen.4 One of the proposed 

uses for hydrogen has been the seasonal storage of 

electricity. Seasonal storage means that electricity 

would be produced in the summer, stored through the 

fall, and supplied in the winter. Unfortunately, no form 

of seasonal storage has ever been found to be cost 

effective. That includes hydrogen-based seasonal stor-

age. As we look at the best way to generate and store 

enough energy for California’s green future, I’ll explain 

why seasonal storage has remained intriguing and why 

it always disappoints. 

 California adds new renewable energy and stor-

age to the grid every day. As these resources become 
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California renewable energy expansion is the primary 

driver behind new renewable energy project devel-

opment in the West. A primary benefit of prioritizing 

a Distributed Energy Resource (DER)1 future in Cali-

fornia, is its potential to minimize remote renewable 

energy generation and transmission, and thereby 

alleviate or eliminate further damage to Western desert 

ecosystems. 

 DERs, generally local solar power with or without 

battery storage, is less expensive than remote renew-

able generation when the full cost of energy transmis-

sion infrastructure that is not built is credited to the 

DERs.2 How we best develop and organize that local 

DER potential, and who should operate this DER-based 

system, is an ongoing challenge.

 California leads the nation by far in deployment 

of solar and battery storage on existing homes and 

businesses, with over 12,500 megawatts (MW) installed 

to date. It requires solar on all new residential construc-

tion. However, rooftop solar is perceived by California 

electric utilities as a threat to the traditional business 

model – which it is under the current regulatory system. 

They have opted to fight rooftop solar instead of ad-

justing the utility business model to accommodate it, as 

has been done in Hawaii.

 Reform of the investor-owned utility (IOU) business 

model in California, or replacing it with other non-profit 

publicly-accountable utility models, is essential if DERs 

are to become the state’s primary pathway to achieving 

100 percent clean electricity. 

 The choice now for California, and much of the 

southwestern United States, is to continue the busi-

ness-as-usual expansion of transmission lines used to 

import renewable electricity to major urban load cen-

ters – and export jobs and dollars from those centers 

– or maximize DER potential locally. Organizing these 

DERs into community-based microgrids and virtual 

power plants (VPPs) will maximize the reliability and 

resiliency of the local grid, while creating jobs and other 

economic multipliers at the local level. 

Maximizing DER value through microgrids and VPPs
 Microgrids enable sections of the grid to operate 

independently of the larger grid, or “to island,” keeping 

the lights on in emergencies when the grid is not avail-

able to provide power. The microgrid assures very high 

levels of reliability. VPPs take advantage of advanced 

communications to aggregate hundreds or thousands 

of individual customer batteries electronically to act as 

if they were a single “virtual” large battery. The VPP can 

be scheduled and dispatched as if it were a tradition-

al peaking power plant, and qualify for the revenue 

streams associated with this capability, while at the 

same time providing back-up power reliability at the 

homes and businesses where the batteries are located. 

 A microgrid involves a single building, a home or 

commercial structure, or a collection of such buildings 

interconnected on the same distribution circuit, which 

can be isolated from the grid and operated autono-

mously. Individual homes or commercial buildings with 

solar panels and battery storage can be considered a 

single-structure microgrid, or a “mini-microgrid.”3 Large 

microgrid complexes that consist of many buildings, 

such as the San Diego Airport and UC San Diego,4,5 

have very sophisticated microgrid management sys-

tems. These microgrids can isolate from the utility and 

auto-supply with either onsite renewable power or a 

combination of onsite renewable power and onsite con-

ventional power. 

 VPPs are up and operating. The first residential 

VPP in the country, involving 2,000 residential battery 

systems and developed by Green Mountain Power 

(Vermont), began operation in 2017. Southern California 

Edison launched an 85 MW VPP, also in 2017, comprised 

of battery storage units in dozens of commercial build-

ings in Orange County, California.

 Local solar and battery storage requires a reliable 

local distribution grid to enable rooftop solar and bat-

tery storage to work collectively to power microgrids 

and VPPs, or export power from one neighborhood to 

another. Figure 1 provides an example of rooftop solar 

powering a neighborhood while isolated from the grid 

under emergency conditions. 

 Switchgear that isolates the neighborhood, as 

shown in Figure 1, is added to the distribution substa-

tion. Some battery storage is also added at the substa-

tion to keep the substation energized after it is isolated 

from the grid. Rooftop solar and battery storage locat-
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ed at individual homes and businesses can then feed 

other loads on the isolated, or “islanded,” neighborhood 

grid – also known as a neighborhood microgrid – to 

provide power to all customers on the microgrid.

 Microgrids and VPPs maximize the potential of 

DERs to enhance grid reliability and provide revenue to 

the battery owners. However, the IOUs and the Califor-

nia Public Utilities Commission (CPUC) have been slow 

to advance microgrids and VPPs. A limited number of 

microgrids have been developed by the IOUs at the 

direction of the CPUC.

 Pilot neighborhood-based microgrid projects have 

been funded by The California Energy Commission 

(CEC) – Oakland EcoBlock, Lancaster Advanced Energy 

Community VPP, and Port of Long Beach. The final 

report for the Oakland EcoBlock noted it was “a trans-

formative model for accelerating the rapid deployment 

of advanced energy communities.” 7 But these projects 

are facing challenges in their implementation, and ad-

vocates are calling for policy changes such as creating 

“Community Microgrid Operator” (CMO) designations 

that are exempted from Public Utility Code Rule 218 

(defines what is an electrical corporation) and requiring 

IOUs to cooperate in making connections to the main 

distribution grids they operate.8 

 There are legitimate issues regarding: 1) needed 

infrastructure improvements to accommodate VPP 

and microgrid development, 2) interface with the 

larger distribution network, and 3) resource adequacy 

and assignment of “qualifying capacity” issues, some 

of which are the subject of CPUC proceedings. The 

Federal Energy Regulatory Commission (FERC) issued 

a rule last year to agencies like the California Indepen-

dent Systems Operator (CAISO), the state’s non-profit 

that controls the operation of the California electrical 

grid system, to require them to revise tariffs to ensure 

that its market rules facilitate the participation of DER 

aggregations.9

 The main obstacle continues to be that IOUs see 

no financial upside to encouraging DER development. 

Without a financial structure that rewards utilities for 

promoting the development of DER projects, such as 

aggregations of apartments and multifamily homes, 

neighborhoods and local business districts into VPP 

and community-based microgrids, these projects will 

be difficult to realize at a meaningful scale. 

Traditional and current utility models 
 How can and will traditional utility models – public-

ly owned and operated utilities (POUs), publicly-regu-

lated for-profit investor owned utilities (IOUs), and the 

increasing number of community-choice aggregation 

(CCA) entities address the opportunities and options of 

a DER-based energy future? 

 POUs, like the Los Angeles Department of Water 

and Power, the Sacramento Municipal Utility District, 

and a variety of municipalities like the City of Ana-

heim, have traditionally prioritized low-cost power and 

high reliability. They have varying governance models, 

including elected city councils, independently elected 

boards of directors, and designated representatives. 

The POU commitment to expansion of DERs varies but 

it has generally not been a priority. Most POUs follow 

Figure 1. 
Neighborhood 
microgrid operating 
independent of the 
larger grid6. 
SunRun Solar
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the same approach established by the IOUs when it 

comes to renewable energy, with predominant reli-

ance on remote utility-scale solar and wind resources. 

Sacramento Municipal Utility District (SMUD) reported 

recently that they are locating “the largest combined 

solar and battery energy storage system in northern 

California” in their service territory.10

 The three major California IOUs regulated by the 

CPUC dominate the energy landscape in California and 

have been resistant to the expansion of DERs. That 

resistance is due in large part to the current regulatory 

IOU financial model which rewards investments in “steel 

in the ground” infrastructure with a guaranteed rate of 

return on assets. IOUs want to promote the expansion 

of infrastructure that they will own and control. They 

see DER as competition and continue to set up barriers 

to its expansion. 

 California IOU resistance to rooftop solar with 

onsite battery storage is evidenced in the current CPUC 

net energy metered (NEM) solar proceedings. IOUs and 

their allies are working vigorously to undercut the value 

of NEM solar by imposing much higher fixed minimum 

charges and by substantially decreasing the value of 

NEM solar power exported to the grid.

 This has been met with vigorous response from 

non-profit organizations like the Solar Rights Alliance, 

rooftop solar industry trade groups, solar homeowners, 

and other DER advocates. This pressure contributed to 

Governor Gavin Newsom calling for a reappraisal of the 

CPUC’s December 2021 proposed decision that heavily 

favored the IOUs and that would have devastated the 

residential rooftop solar market in California.

 Over the past several years California’s three major 

IOUs have been required to coordinate with local juris-

dictions that have created Community Choice Aggrega-

tion (CCA) entities. CCAs are enabled by State legisla-

tion and procure electricity supply for their customers 

while the IOUs continue to transmit and distribute the 

electricity supplied. CCAs seek to deliver higher renew-

ables content electricity at parity or better pricing than 

the incumbent IOU. 

 The aspiration of many activists that fought to es-

tablish CCAs in their communities was that CCAs serve 

as an engine of DER development. For example, the 

City of San Diego Sustainable Energy Advisory Board 

recommended several principles for operation of a San 

Diego CCA in December 2015. They included the goal 

of “producing all CCA energy from renewables generat-

ed within and on developed land or land designated for 

urban development within the (CCA)…boundary.” “The 

ideal is that distributed generation, energy efficiency, 

and compatible storage are heavily promoted to push 

energy up out of the neighborhoods into the rest of 

the local grid…” This CCA ideal has not been realized 

anywhere in the state.

 Operational CCAs have generally mimicked IOU 

renewable energy procurement policies, focusing on 

remote transmission dependent solar and wind projects 

and ignoring the inevitable transmission build-out that 

this policy implies. Bay-area CCA MCE is working with 

non-profit ZNE Alliance in the lower-income neighbor-

hoods of Richmond to renovate abandoned properties 

for sale to first time homebuyers and businesses and to 

equip them with solar, storage, and efficient appliances 

to operate as VPPs. It remains to be seen whether other 

CCAs will adopt a more DER-focused development 

strategy, or stay locked-in to the “big and remote” pro-

curement approach.11

Changing utility financial incentives to maximize the 
advantages of DERs
 Is there a regulatory framework that would enable 

the IOUs to embrace and promote DER-based VPPs 

and microgrids? Yes - Performance Based Ratemaking 

(PBR) for DERs. The Hawaii Public Utility Commission 

initiated PBR in 2021. It financially rewards Hawaii Elec-

tric Company, an IOU, for quickly connecting rooftop 

solar and battery storage systems to the local grid and 

for providing funding for energy efficiency upgrades. 

The traditional IOU cost of service regulatory model has 

been revised to reward the IOU for “exemplary perfor-

mance” in fast-tracking interconnection of DERs and 

maximizing their potential grid reliability benefits.12 

 

Energy independence through energy 
interdependence
 Whether the Hawaii PBR model is the best alterna-

tive to achieve a DER-centric grid is an open question, 

but the initial results are promising. Another alternative 

is replacing the IOU(s) with public power agencies or 

local energy cooperatives. The City of San Diego is con-

ducting further studies of “community-owned utilities” 

as a potential alternative to the monopoly franchise 

granted to SDG&E. 

 One worthy proposal suggests a progressive 

implementation of community-based microgrids using 

municipal facilities and the facilities of other public and 

We will need to inform our families, 

friends, neighbors, and greater  

communities about the full range of  

benefits of locally-based Distributed 

Energy Resources in order to build the 

collective will to move beyond the 

current “big and remote” renewable 

energy status quo.
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public-benefit chartered agencies (school districts, 

water districts, college campuses, …) as key microgrid 

nodes. Neighborhoods and business district infrastruc-

ture would be converted literally block-by-block into 

community-owned and controlled microgrids and VPPs. 

 Charter cities like San Diego, and municipalities 

with term-limited utility franchise agreements, have 

a greater ability to implement such a plan. The abili-

ty and willingness of CCAs to serve as developers of 

microgrids and DER solutions in conjunction with such 

a conversion strategy needs to be encouraged and 

strengthened. 

 Three examples of movement towards a DER 

strategy were reported recently by the Clean Coalition: 

1) Peninsula Clean Energy CCA is proposing solar & 

storage projects on fifteen public facilities owned by 

their member municipalities in San Mateo County and 

Los Banos; 2) City of Goleta has cleared the way for a 

solar & storage component of a microgrid to help elim-

inate dependence on a gas-fired generator and a large 

transmission line through an environmentally vulnerable 

area along the central California coast; and 3) Support 

for proposed East LA Solar Microgrids to be incorporat-

ed into a larger Community Microgrid.13 

 The real issue boils down to who owns and controls 

the generation, transmission, and distribution systems, 

who are they accountable to, how they are held 

accountable, what are the primary directives they 

operate under, and who sets those directives and 

enforces them.

 We will need to inform our families, friends, neigh-

bors, and greater communities about the full range of 

benefits of locally-based DERs in order to build the 

collective will to move beyond the current “big and 

remote” renewable energy status quo. DER advocates 

will need to be coordinating, cooperating, and commu-

nicating among each other in these advocacy efforts. 

 The strategic goal must be to shift from a primarily 

defensive role, fending off multiple ongoing regulatory 

and legislative attacks on DERs, to harnessing off-the-

shelf tools, like PBR for IOUs, while developing the 

capacity and viability of CCAs and community-owned 

utilities to advance the DER approach. The future of 

Southwest deserts depends on it.

Jay Powell serves as the Environmental Advocate 
member of the City of San Diego Sustainable Energy 
Advisory Board, was a former executive director for the 
City Heights Community Development Corporation, and 
has served as conservation programs staff for the San 
Diego Chapter of the Sierra Club.

Footnotes cited in the article can be accessed at www.
desertreport.org by selecting “references” at the bottom 
of the home page.



available, summer electricity supply continues to grow 

rapidly even while summer peak demand has started 

to shrink.5 Summer electricity supply will easily outstrip 

demand within the next few years, and the trend is 

expected to continue.

 Grid planners will soon ignore summer genera-

tion and instead will focus on how to meet the winter 

demand, specifically customers’ electricity demand in 

December. This is the final problem to solve because 

both wind and solar production decrease substantially 

in the winter, and solar, in particular, always bottoms 

out in December. Grid planners must size the state-wide 

renewable capacity to serve December demand even 

though that will necessitate spare capacity through the 

rest of the year. 

 This new renewable electricity supply will rely 

almost entirely on solar, because wind is significantly 

more expensive. In California, solar energy costs half as 

much as wind at $0.03/kWh versus $0.06/kWh.6 Cali-

fornia Public Utility Commission consultants have also 

determined that solar-plus-storage facilities provide 

twice the reliability as wind-plus-storage facilities.7 In 

combination, California would have to spend four times 

as much money on wind generators to achieve the 

same reliability level met by solar generators. Addition-

ally, rooftop solar alone could serve nearly all of the 

state’s electricity demand.8 Rooftop solar (i.e., genera-

tion at the point of use) would minimize the 

proposed $30 billion expansion of California’s 

transmission system.9 

 The assumption that solar will emerge as the pri-

mary electricity generation source aligns with the SB 

100 Report. Some of the report’s modeling concludes 

that California should add 20-times more in-state solar 

than in-state wind. As solar will dominate future energy 

production, we’ll use solar generation and the annual 

solar production curve to describe California’s electrici-

ty procurement needs.

 CAISO operates the transmission lines that deliver 

electricity to 80% of California. The chart below shows 

two metrics from 2021 for the CAISO service territory: 

monthly demand in blue bars corresponding to the left 

y-axis and monthly solar supply in yellow bars corre-

sponding to the right y-axis. 

 In the visualization below, we’re looking at the scale 

of solar production at 12.5 times the scale of demand. 

The yellow solar supply bars have been scaled up in this 

way to closely align the lowest-supply solar month, De-

cember, with the demand for that month. In all months 

other than December and January, the scaled solar sup-

ply bars far exceed the bars representing total demand. 

By comparing the demand bars to the supply bars, 

one can see that when the grid achieves a zero-carbon 

energy supply, December will be the month most likely 

to experience a supply shortfall. Supplying summer 

demand will have long since ceased to be a concern.

 Conservation has always been a theme of the 

environmental movement and an ethic for people in 

Electricity Storage For Carbon-Free Future
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general. The spare solar capacity shown in the chart 

has triggered planners’ conservation mentality. Grid 

planners want to align electricity supply with electricity 

demand rather than see electricity generation capacity 

so significantly surpass demand during most months 

of the year. For this reason, grid planners continue to 

research the idea of seasonal storage. The seasonal 

supply imbalance also encourages gas companies to 

promote the idea that hydrogen-based seasonal stor-

age will reduce costs and aid in the energy transition. 

 We can see that shifting the excess solar energy 

from spring and summer months to serve demand in 

winter months would reduce the need for renewable 

generation capacity. Unfortunately, the poor conversion 

efficiency of hydrogen-based seasonal storage and 

its high equipment costs make seasonal storage more 

wasteful and costly than building spare renewable gen-

erating capacity.

 Hydrogen-based electricity storage employs a 

“power-to-hydrogen-to-power” storage method. The 

process involves powering electrolyzers with the elec-

tricity to be stored. The electrolyzer generates hydro-

gen. The hydrogen is stored until electricity is needed. 

When needed, the hydrogen is burned in gas-fired 

generators to produce electricity. The average efficien-

cy factor of the process is 31%.10 That means the storage 

process requires three times more input electricity than 

will be returned after storage. 

 If California were to use hydrogen as a seasonal 

storage medium, the state would have to generate 

additional energy to offset the losses occurring during 

the energy conversions. This additional generating 

capacity would be similar to the amount needed to 

meet the winter demand in the first place. Dismissing 

hydrogen-based seasonal storage eliminates the cost 

of electrolyzers, the cost of hydrogen-fired generators, 

the cost of hydrogen storage, the cost of hydrogen 

pipelines, the NOx pollution emitted when burning 

hydrogen, and the global warming effects caused by 

hydrogen. California grid planners agree that hydrogen 

storage costs are not competitive with other sources of 

storage and generation.11

 Choosing the more efficient excess capacity plan 

would produce spare power in the summer months. 

Some of the spare power will be purchased by indus-

trial customers that chose to take advantage of the 

lower-cost seasonal electricity prices by operating only 

during months of excess supply. Industrial users will 

likely plan their repairs and upgrades for January and 

December during which time they will suspend typi-

cal operations. The spare capacity can also be sold as 

exports aiding neighboring states in their clean energy 

transitions. 

 But even if none of the spare capacity is used, the 

costs are much lower than might be intuitive. In the 

example from the chart, 49% of the generating capacity 

goes unused. Solar is currently $0.03/kWh, but if we 

have to pay for approximately twice as much as what 

we use, the price doubles to $0.06/kWh. To put that 

three cent cost increase into context, San Diego Gas 

and Electric charges its residential customers up to 

$0.69/kWh for electricity, 23 times the three cent price 

difference.12

 While conceptually appealing, seasonal storage 

would reduce summer supply without conveying asso-

ciated environmental or fiscal benefits. For this reason, 

spare capacity outperforms seasonal storage.

Storage advancements: inevitable, welcome, 
unnecessary 

 In 2010, no one could have guessed what the elec-

tricity storage landscape would have looked like today. 

Battery pack prices have dropped 89%. Electric vehicle 

sales grew from non-existent to over 6 million last year 

alone. Battery energy densities have skyrocketed, and 

battery chemistry options have multiplied. Because of 

the last decade’s advancements, today’s commercial-

ized technology enables a carbon-free grid. The future 

of electricity storage will be just as exciting. Automotive 

companies have committed to spending over half a tril-

lion dollars on batteries throughout the coming decade. 

New funding guarantees incremental improvements in 

battery performance, incentivizes manufacturing effi-

ciencies, and increases the possibility of technological 

breakthroughs. California can achieve its 2045 electric 

grid goals with today’s technology. Tomorrow’s technol-

ogy may allow us to meet those goals well ahead 

of schedule.

Tyson Siegele has worked for two decades integrating 
energy efficiency and renewable energy into electricity 
grids from New York to California. He currently provides 
expert testimony and analysis in proceedings at the 
California Public Utilities Commission.

Footnotes cited in the article can be accessed at www.
desertreport.org by selecting “references” at the bottom 
of the home page.
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The continued growth of rooftop solar and battery 

storage is key to a successful clean energy transition, 

one that puts the needs of the public at the center, with 

lower costs, protection from black-outs, and quick-

er pollution reductions. Because remote, industrial 

scale generation has long worked to the advantage of 

California’s Investor Owned Utilities, they have actively 

lobbied for state regulations that would discourage 

rooftop solar. It is the purpose of this article to counter 

their principal arguments.

 The most detailed study of its kind shows that in-

tegrating lots of local solar and storage with large-scale 

renewables as part of the clean energy transition could 

save Californians $120 billion over the next thirty years. 

These savings occur because local distributed energy 

reduces the price tag of long-distance power lines and 

peak demand infrastructure.1 It does not eliminate the 

power lines altogether. But it reduces their risk and ex-

pense, with major economic benefits flowing to individ-

uals and the community. 

 These savings are happening right now and will 

increase if rooftop solar and storage keeps growing. For 

example, in 2018, rooftop solar and energy efficiency 

prompted the state to scale back more than twenty 

power line projects, saving $2.6 billion in unneeded 

investment.2

Growing rooftop solar is the majority position of the 
California public and social change community
 Public opinion polling shows overwhelming support 

for the foundational policy driving rooftop solar growth 

– net metering. 64% are opposed to making negative 

changes to net metering. In addition, seven out of ten 

voters believe California should do more, not less, to 

support the expansion of solar energy.3

 Over 600 local, state, and national organizations 

have come together to call for the continued and eq-

uitable expansion of rooftop solar and battery storage 

and stand in opposition to utility-led efforts to make 

rooftop solar unaffordable for the working class. These 

groups are committed to environmental and racial jus-

tice, consumer protection, affordable housing, commu-

nity empowerment, climate change, land conservation, 

and faith-based stewardship.

Utilities want to slow down the growth of 
rooftop solar
 In their argument to the California Public Utilities 

Commission (CPUC), the Investor Owned Utilities have 

a different story: they claim that rooftop solar is bad for 

California. They assert that solar users impose an annual 

cost of $3 billion on other ratepayers.4 This “cost shift,” 

as they call it, happens because solar users don’t pay 

their fair share for the electrical grid, and that the credit 

solar users receive for the energy they share back to 

the grid is overvalued. These claims are unsupported by 

the evidence and are promoted using three question-

able accounting fallacies.

How the utilities justify their claim: 
Three accounting fallacies
 The utilities base their claims on computer models 

that purport to account for the value to ratepayers of 

each kilowatt-hour of solar energy generated by on-site 

(i.e. rooftop) solar, both in the past, present, and future. 

The utilities make their claim of a solar “cost-shift” 

by manipulating the computer modeling, specifical-

ly through three accounting fallacies, outlined below. 

When these accounting fallacies are corrected, the cost 

shift claim falls flat. 

The Utility “Cost Shift” 
Fallacy

BY DAVE ROSENFELD

The accounting methods behind the utilities’ claims about rooftop solar

Rooftop solar. Photo by Birgitta Jansen
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Accounting fallacy #1: Counting solar energy made 
and used on-site (instead of buying it from the utility) 
as a “cost” to other ratepayers 
 When solar users make and use their own solar 

energy on-site, they reduce the amount of electricity 

they would otherwise receive from the electrical grid. 

These “load reductions” add up, reducing strain on 

the California electric grid which, in turn, reduces total 

costs of building and maintaining the power grid. These 

cost reductions benefit all ratepayers. 

 The most detailed energy modeling ever performed 

in the U.S. shows that if we do not increase local gen-

eration as we turn to electric vehicles and electrified 

buildings, it will lead to a super-sized grid that has 

supersized costs.5

 In contrast to the evidence and common sense, the 

utilities assume that self-consumed energy from roof-

top solar does not significantly reduce the total costs of 

the grid.6 They thus conclude that the energy produced 

and used by rooftop solar owners – and the subsequent 

bill savings – should be counted as a “cost” to other 

ratepayers. 

 This is similar to arguing that households that 

hang-dry their clothing force households that use a 

clothes dryer to pay more for electricity. It also flips a 

standard principle of ecology on its head, suggesting 

that reducing one’s burden on society’s infrastructure is 

negative and should be penalized.

Accounting fallacy #2: Omitting over a decade of 
rooftop solar benefits
 Typical energy planning credits the benefits of an 

“energy asset” to all ratepayers for the asset’s en-

tire lifetime. An energy asset is a power plant, a wind 

turbine, or in this case, a rooftop solar system. Rooftop 

solar systems are usually warranted for twenty to twen-

ty-five years and can actually last a lot longer. 

That means that we should calculate the costs and ben-

efits of each rooftop solar system over that time period. 

In contrast, the utilities only calculate a single year of 

rooftop solar benefits, and then attribute those benefits 

for only the next ten years (2020-2030).7

 This method shortchanges the true value of roof-

top solar, and only provides a partial picture of rooftop 

solar’s savings over time. It hides the fact that rooftop 

solar’s value increases in the later years of the clean en-

ergy transition, as it gets harder to site and build large 

scale energy and power lines over time. Rooftop solar 

installed today will be there in the future when we need 

it even more.

Accounting fallacy #3: Lowballing the long-distance 
power line costs that rooftop solar helped avoid
 The computer model used by the CPUC is sup-

posed to include assumptions about how rooftop solar 

reduces spending on long-distance power lines, but the 

computer model shortchanges these savings. Specifi-

cally, the CPUC’s computer model only counts deferred 

long-distance power line spending. It doesn’t count 

spending that was proposed and eliminated due to 

rooftop solar, and thus never built. 

 This is a critical omission. The Protect Our Commu-

nities Foundation estimates that the transmission costs 

avoided by rooftop solar are more than twice that of 

the utilities’ alleged “cost shift.”8 In 2018, the California 

Independent Systems Operator (CAISO) canceled $2.6 

billion in proposed transmission projects in the Pacific 

Gas and Electric (PG&E) service territory, citing both 

rooftop solar and energy efficiency. Protect Our Com-

munities Foundation estimates that each solar system 

installed in PG&E territory in the 2015-2017 period alone 

avoided approximately $620/yr in new transmission 

costs. These savings far outweigh the alleged “cost 

shift” but are not included in the computer model.9

 This is not a one-time effect. CAISO’s recent 

2020-2021 report continues to credit rooftop solar and 

efficiency for reducing transmission line spending.10 

Protect Our Communities Foundation shows how this 

effect could be even greater were it not for the utilities’ 

influence at the CPUC to approve unnecessary trans-

mission projects, such as the $1.8 billion Sunrise Power-

link Trans-mission line and the $3.07 billion Tehachapi 

Renewable Transmission Project.11

The real cost shift: Rate hikes, blackouts, and wildfires
 These irregular accounting methods help the 

utilities deflect attention from the root cause of Califor-

nia’s ever-rising electricity bills – the escalating costs 

of long-distance power lines. California’s utilities are 

incentivized by the government to maximize spending 

on this infrastructure, reaping a guaranteed 7–10% profit 

margin for every ratepayer dollar spent. This perverse 

incentive, coupled with lax regulatory oversight, has led 

to a massive spending spree by utilities – all shouldered 

by ratepayers.12

 This infrastructure involves the same power lines 

that have sparked massive wildfires due to utility 

neglect, causing death and destruction, and more rate 

hikes to pay for expensive “wildfire mitigation.” These 

same power lines must now be de-energized for ex-

tended periods of time every year, as the planet warms 
PAGE 28
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and wildfire threats intensify. These rolling blackouts 

pile on even more economic loss and danger to the 

public, in the form of lost work and school days, food 

and medicine spoilage, and loss of life-supporting med-

ical devices. 

 California utilities and their allies are now pushing 

to make the current system the exclusive path forward. 

By excluding consumer choice and prosumer solutions 

like rooftop solar, it is a recipe for failure. California 

needs all clean energy and decarbonization strategies 

on the table. And, as noted earlier, the data points to a 

much better way.

The utility echo chamber
 One of the first times the phrase “cost shift” 

appeared in print was in a leaked 2016 utility industry 

strategy memo. The memo was part of an effort by the 

American utility industry to figure out a way to blunt 

the impact of rooftop solar through propaganda.13 

Armed with this new strategy, the California utilities 

spent over $30 million in campaign donations to Cali-

fornia politicians, nonprofit organizations, and academic 

research groups aimed at building an echo chamber of 

voices making the cost shift claim.14

 Today, the utilities’ “cost shift” claim is promoted 

by a small group of seemingly independent utility allies 

in coordination with the major investor-owned utilities. 

These include organizations who should know better: 

the Energy Institute at the Haas School of Business 

at UC Berkeley, Natural Resources Defense Council 

(NRDC), The Utility Reform Network (TURN), Public 

Advocate’s Office at the California Public Utilities Com-

mission (CPUC), AARP and utility-favored consulting 

firms like Energy & Environmental Economics (E3) and 

Verdant Associates. 

 Each of the organizations listed above use the 

same accounting methods outlined earlier to justify 

their position, in many cases referring to each other in 

a circular pattern, and in one instance, simply using the 

utilities’ raw calculations. 

 Take for example the CPUC’s favored consultant, 

E3. Because they are the CPUC’s official consultant, 

their work is assumed to be independent. However, E3 

is also a vendor for utilities nationwide, including PG&E, 

SDG&E, and SoCal Edison.15 This strongly suggests a 

significant conflict of interest. Unsurprisingly, E3 uses 

the utilities’ accounting fallacies listed above to reach 

their conclusions, including counting behind the meter 

consumption (energy produced and used on site with-

out ever entering the grid) as a cost16, 17 and omitting a 

decade of rooftop solar benefits.18

 NRDC and TURN rely on E3’s work to justify their 

claims, or employ the same accounting fallacies in their 

own work.19, 20, 21 NRDC’s co-founder was also the CEO 

of Edison International.22 The organization has public-

ly entered into numerous strategic alliances with the 

American utility industry that led NRDC to promote 

deregulation,23 shield the utilities from liability,24 and 

lobby side-by-side with utilities to undermine  

rooftop solar going as far back as 2016.25 More about 

NRDC and TURN respectively on the Solar Rights 

Alliance blog.

 The Public Advocate’s Office, which is supposed 

to be an independent advocate for rate-payers, is even 

more transparent about its coordination with the util-

ities. In response to a data records request, the Public 

Advocate revealed that their supposedly independent 

analysis is simply a copy/paste of the utilities own cal-

culations that we cited above.26, 27

 The Haas School of Energy at Berkeley also uses 

the accounting fallacies outlined in this article.28, 29 Haas 

is led by an individual who has a long track record 

of making incorrect energy predictions. Utilities are 

among Haas’ funding sources.30 More about the Energy 

Institute on the Solar Rights Alliance blog. https://solar-

rights.org/haas-rooftop-solar

Conclusion: Rooftop solar saves all ratepayers money 
and should be expanded, not blocked. The real “cost-
shift” is our continued reliance on PG&E and the other 
profit-driven utilities. 
 At this writing, state officials at the California Public 

Utilities Commission (CPUC) are considering utili-

ty-backed changes to rooftop solar policy that would 

put local clean energy out of reach for most consumers. 

The CPUC is pointing to the utilities’ cost shift claims as 

the reason why their proposed changes are necessary. 

The CPUC is expected to make a final decision before 

the year ends. 

 It would be a tragedy if California’s rooftop solar 

success was ended because of a clever deception. We 

urge members of the news media, policymakers, and 

the public to closely examine the utilities’ cost shift 

claims to understand their questionable underpinnings, 

and hold state officials accountable for allowing the 

utilities to have so much influence over their supposed-

ly independent fact-finding.

Dave Rosenfeld is Solar Rights Alliance’s executive 
director. Solar Rights Alliance is the nonprofit  
association of California solar users. We believe you 
have the right to make energy from the sun without 
unreasonable interference by the utility. Learn more 
at www.SolarRights.org.

Footnotes cited in the article can be accessed at www.
desertreport.org by selecting “references” at the bottom 
of the home page.
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Solar Power And 
Environmental Justice

BY DUSTIN MULVANEY

Making clean energy healthy and safe will keep the planet’s future bright

aluminum. Other key components in a typical 

photovoltaics module include aluminum, silver, copper, 

and plastics.

 Silicon metal is next processed into a product 

called polysilicon, 90% of which is produced in China. 

Metallurgical grade silicon and polysilicon produc-

tion has recently been linked to human rights abuses 

in the Xinjiang autonomous region in northwestern 

China where 45% of the global supply of polysilicon is 

produced. The accusations assert that ethnic minority 

Uyghur, Kyrgyz, Kazakh, and Tibetan peoples are used 

in forced labor schemes for the production of silicon 

metal and polysilicon. These allegations are denied 

by the Chinese government and companies operating 

there, but they implicate the four largest polysilicon 

manufacturers in the world. The charges assert that 

ethnic minorities are being transported to the region 

for retraining and re-education in labor camps. Visibil-

ity into what is happening on the ground is severely 

hampered as human rights observers have left the 

region, citing a lack of meaningful access to production 

facilities and workers.

 The U.S. government now restricts imports from 

places accused of forced labor through executive 

action and a law passed by Congress. Since 2021, 

Customs and Border Protection has detained photo-

voltaic modules, some made by the largest solar panel 

manufacturers in the world. The Department of Home-

land Security who enforces laws related to customs 

and imports announced that subsidiaries of polysilicon 

makers Daqo, GCL, East Hope & Hoshine would all be 

barred from selling products in the United States.2 The 

four largest solar panel manufacturers in the world all 

source from one or more of these suppliers.3 At least 

one of the polysilicon and silicon metal companies tied 

to forced labor were also associated with the Xinjiang 

Production and Construction Corps (XPCC), which the 

U.S. government considers a paramilitary organization. 

Most recently Customs and Border Protection began 

detaining photovoltaic modules that cannot document 

their supply chain for quartzite used to make poly-

silicon. These imports were destined for polysilicon 

manufacturing facilities in the U.S. and seized to enforce 

the Uyghur Forced Labor Prevention Act. This points to 

Environmental justice is the principle that no one should 

be overburdened by pollution. Solar power offers op-

portunities for cleaner air around highways, fossil fuel 

refineries, and power plants where for many decades 

communities that live near these polluting roads and 

industrial facilities have endured their noxious airborne 

emissions. This pollution damages public health and 

disproportionately impacts people of color. In addi-

tion to eliminating carbon emissions, solar power can 

bring electricity to people of the developing world who 

otherwise depend upon local biomass for warmth, light, 

and cooking. This energy access not only improves 

quality of life, but may also reduce deforestation where 

transitional biomass collection puts heavy pressures on 

natural resources and ecosystems.

 Environmental justice for solar power also means 

ensuring that workers and communities are not over-

burdened anywhere across its supply chain. Most solar 

power today relies on semiconductors and this kind of 

manufacturing left a legacy of contaminated bodies 

and groundwater from the 1960s and 1970s in Silicon 

Valley and elsewhere around the world since.1 In addi-

tion to management of chemicals and waste, ensuring 

occupational health and safety is critical to environmen-

tal justice – across the entire supply chain from cradle 

to grave, from resource extraction and manufacturing, 

to siting, to end-of-life disposal or recycling. 

Justice in supply chains, manufacturing, and 
installation
 Making solar panels begins with mining quartzite. 

High purity quartz is used to produce a silicon metal 

— metallurgical grade silicon — which is later refined 

to even higher purity silicon. Most of a solar panel by 

weight is glass, another key component derived from 

another kind of quartz. Quartzite mining impacts can 

be a source of land use conflict, ecosystem degrada-

tion, or water overuse. Key environmental justice issues 

relate to worker occupational health. Handling and 

processing of quartz can expose workers to silicon dust, 

and silicosis is one of the oldest occupational diseases 

in human civilization. Most quartz mined and silicon 

processed at this stage is sent to other industries. The 

solar industry is one of many buyers of quartz as glass 

and other silicon containing products from rubber to PAGE 32



The Electrical 
Industrial Complex

BY LORETTA LYNCH

California regulators’ scheme to kill rooftop solar supports utility profiteering 

I headed the California Public Utilities Commission 20 

years ago, at the dawn of California’s rooftop solar rev-

olution. We opened the doors for families and business-

es to go solar to grow the amount of clean, local-solar 

electricity produced in California. We knew then that 

community-based solar power stood as a bulwark 

against the Enron-type electricity-trading shenanigans 

that California had just barely survived.

 Subsequent Governors, both Republicans and 

Democrats, embraced rooftop solar, and millions of 

Californians responded, making local solar the key to 

a clean, safe, reliable energy future. Community-gen-

erated solar power not only strengthened the safety 

and reliability of California’s electricity grid, it reduced 

the overall peak amount of electricity that California 

needed to buy on hot summer days. And it shrank the 

number of expensive new transmission lines California 

needed to build. Supporting local rooftop solar ben-

efited all customers through lower costs; less water 

used by power plants for cooling; less degradation of 

wild and sensitive lands used to site large-scale power 

plants; and fewer health problems caused by high-

ly-polluting alternatives. 

 Now, that bright, sustainable trajectory may well 

be cut short by the California PUC’s outright attack on 

solar customers. The PUC stands poised to gut Califor-

nia’s amazingly successful local-solar program. Their 

plan1 imposes unwarranted, draconian charges on every 

solar customer, levying monthly fees just to stay on 

the grid, fees that could total more than seven times 
what customers are paying today. Unjustifiably, the PUC 

plan slashes payments that solar customers receive for 

selling their power to the grid. These customers provide 

clean electricity without the need for huge transmission 

lines to bring electricity from out-of-state. Those trans-

mission lines are not only extremely costly; they also 

cause wildfires and trample sensitive desert environ-

ments, which local solar production does not.

 The PUC’s conduct fails the tests of both facts and 

fairness. This rogue administrative agency relies on 

skewed, results-driven analysis designed to kill Califor-

nia’s solar program. The PUC plan ignores the reams 

of evidence of the benefits of local solar, and its initial 

decision even admitted that the PUC failed to consider 

all of the benefits of solar in order to reach its crimped 

conclusion that California’s current solar program 

should be changed. With its crusade against solar cus-

tomers, the PUC creates winners (private utilities) and 

losers (California customers, our health and the envi-

ronment) by disregarding inconvenient facts about the 

important benefits we receive from community-based 

solar while cooking up inflated costs attributed to local 

solar customers. By ignoring nearly all of the benefits of 

local-solar production, the PUC tips the scales against 

solar customers, favoring the utilities. 

 Why? Why kill a successful, cost-effective clean-en-

ergy source that benefits everyone? Just follow the 

money to understand why, because this communi-

ty-based solar dispute is all about money. When big, 

centralized power plants produce electricity – be they 

gas-fired, coal or even solar – the utilities need big, 

expensive transmission lines to carry that power to the 

businesses and families that use it. That’s because those 

centralized power plants are now built in rural, desert, 

or remote areas instead of the poor urban communities 

that bore the burden of large-scale, polluting power 

production in the 20th century. Now rural and remote 

areas, including desert areas throughout the southwest 

United States, increasingly bear the burden of industrial 

electricity production – both gas-fired power plants 

as well as large-scale, often utility-owned, solar & wind 

developments.

 Thanks to changes made by federal and state 

regulators, building those enormous transmission 

lines now translates into new sources of profits for the 

utilities and transmission companies that own the lines. 

The Federal Energy Regulatory Commission – FERC 

– has worked overtime to bestow lucrative incentives 

for transmission infrastructure, inviting profiteering 

in transmission projects. FERC’s Order 6792 allows 

unwarranted, estimated, and unproven costs; grants 

unjustified profit increases; and approves unsubstanti-

ated ratemaking assumptions for transmission projects. 

Along with FERC’s arcane accounting procedures, 

Order 679 enables utilities and other transmission 

owners to inflate their actual costs and earn extraordi-

nary profits, all paid for by consumers. So the causes 

of excessive transmission costs are not hard to identify: 
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profiteering enabled by lax regulation and regulators’ 

utter disregard for costs, allowing transmission owners 

to earn higher profits by building new transmission 

lines, disconnected from the actual costs of construct-

ing those lines. 

 California has also acted as an enabler of transmis-

sion owners’ fleecing of California ratepayers by larding 

on excessive transmission charges and inflating costs. 

The California Independent System Operator (CAISO), 

a private corporation that runs California’s transmission 

grid, imposes a “transmission access charge” which 

comprises a rapidly increasing component of California 

retail electric rates. And California consumers already 

pay punishingly high electric bills. The transmission 

component of California electric rates totals six times 

more than the same component of Arizona electric 

rates. Even the PUC identified transmission costs as 

one of the fastest-growing components of California’s 

high rates.3 

 But every new rooftop-solar home or business 

means less need to build those incredibly profitable 

transmission lines. So California’s utilities are engaged in 

a scorched-earth fight to kill rooftop solar before com-

munity-based solar kills their golden goose of transmis-

sion profiteering. Community-based solar throws a big 

wrench in those besotted sugar-plum dreams of bigger 

and bigger utility profits, all paid for by ratepayers. 

FERC’s Order 679 not only fosters building unneeded 

transmission lines to nowhere that further damage sen-

sitive desert and wild environments – it also enables the 

Sons of Enron to ride roughshod again over California’s 

economy and safety. Local solar saves us from building 

unneeded and expensive interstate transmission lines, 

lines that Enron and its cronies used so successfully to 

fleece Californians twenty years ago.

 FERC-authorized profiteering needs to stop. But 

until state as well as federal policymakers get serious 

about controlling costs, consumers and our economy 

will suffer needlessly, crowding out necessary system 

upgrades because the profiteers push through expen-

sive transmission boondoggles. California’s PUC should 

concentrate on shrinking those exorbitant costs instead 

of backsliding on our climate commitments by aban-

doning thriving local-solar programs.

 After public outcry from consumers and businesses 

alike, the PUC did allow additional public comments 

this summer. But they limited those comments4 only to 

the questions of how higher fees and grid connection 

charges should be implemented – explicitly disallowing 
any evidence of whether and how local solar production 

benefits the grid, the environment, and the economy or 

questioning how the PUC calculated costs – the issues 

that California law charges the PUC with addressing.5 

 To comply with the law, the California PUC must 

incorporate all the available data about the reality of 

community-based solar generation – and not just rely 

on solar opponents’ studies that exaggerate the costs 

and minimize the benefits of local-solar production. 

The PUC’s regulatory nibbling at the edges of its 

scheme to kill solar power produced locally in Califor-

nia won’t cut it. Modifying the PUC’s defective plan by 

only increasing fees four-fold, instead of seven-fold, 

won’t fix the fatal flaws or eliminate the myriad pollu-

tion, safety, and water problems that killing communi-

ty-based solar will cause.

 By contrast, Florida has rejected efforts6 to hob-

ble local community solar programs and instead has 

stayed on track to provide easy access to local solar 

production by Florida’s businesses and families. Cali-

fornia regulators’ behavior stands in stark and shame-

ful contrast and will set California back decades in its 

quest to decarbonize its electricity sector. Instead of 

killing community-solar power production that reduc-

es pollution and the health and climate consequences 

of fossil-fueled electricity, the PUC should expand 
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how deeply forced labor is embedded in the key mate-

rials used in solar production.

 These forced labor accusations are concerning not 

for just the obvious reasons, but also because polysil-

icon production can be both dangerous and laborious 

work. In 2020, several explosions at polysilicon man-

ufacturing facilities in Xinjiang within weeks of each 

other took down 20% of global polysilicon production 

resulting in manufacturing delays. Explosive hydrogen, 

silicon dust, refrigerants, and other heat transfer fluids 

require care and special training in handling. After 

production, polysilicon crystals are broken into chunks 

before the next step in processing, and much of this 

repetitive work is done manually. Such dangerous and 

tedious work can be an environmental injustice in the 

workplace.

 The next step in the solar supply chain is solar cell 

manufacturing where ingots are cast from polysilicon 

and cut into wafers which are then made into the solar 

cells that comprise a final photovoltaic module. Solar 

cell manufacturing uses lots of chemicals, so environ-

mental justice here means the industry needs to be a 

good neighbor with regards to emissions, effluents, and 

accidents. A hydrofluoric acid spill at a solar cell man-

ufacturing plant in China in 2011, caused by Jinko Solar, 

resulted in a fish kill and injured domestic farm animals 

who bathed in or drank the contaminated water. This 

led to a protest where villagers stormed the facility and 

broke windows and equipment. 

 One distinct technology to generate solar power, 

not described so far, is called thin films because they 

use very thin layers of semiconductor. Most thin films 

today do not use silicon but instead use cadmium 

compounds to make solar panels. Since cadmium is 

an acutely toxic metal in elemental form, this raises 

concern all along the supply chain back to smelters and 

mining. Cadmium based thin films can present risks to 

land use where damage from hail or tornados might 

cause cadmium-contaminated glass to be mixed with 

soils or water.

 There are several occupational health and safety 

issues related to developing land for solar installa-

tions. The Centers for Disease Control found several 

outbreaks of valley fever at solar farms where workers 

were over-exposed to dust with spores that cause the 

infection.4 Solar work is often done in hot conditions 

meaning risk of heat stroke where working conditions 

are poor. Environmentally just work must be safe work. 

Cultural resources and procedural environmental 
injustice
 The impacts of solar power on tribal communities 

and nations raise other important environmental justice 

considerations. As stated in the opening, reprieve 

from fossil fuel pollution and access to energy are very 

important benefits to communities. But too often in 

the American West, solar project land uses can impact 

important cultural resources. These are not limited to 

what we typically understand to be cultural resources, 

such as artifacts or burial sites, but also living organ-

isms. The Quechen Tribe sued the Bureau of Land 

Management (BLM) in 2010 because a solar project 

would harm a species central to their creation story, the 

flat-tailed horned lizard.5 Recent research on the  

cultural resources impacted in the Ivanpah Valley by 

a solar project found impacts to ecosystem services 

“including cultural services to eighteen Native American 

ethnic groups.”6 

 Conflicts with Tribes and cultural resources can 

be matters of procedural environmental injustice. For 

example, there may be opportunities for Tribal consul-

tation with public lands agencies. But in practice, too 

often the consultation processes have largely failed the 

Tribes.7 The consultation process does not give much 

meaningful consideration to the opinions and perspec-

tives of tribes. Failing to adequately consult is what 

environmental justice researchers call a procedural 

environmental injustice. 

Recycling end-of-life solar
 The idea of a circular economy is to move beyond 

the “take-make-waste” economy to one where materials 

are recovered and made into new things. Ensuring that 

materials are reused, recovered, and recycled has many 

obvious and well-documented benefits such as avoided 

mining and lower energy use. Recycling solar panels at 

the end of their useful life is also an important environ-

mental justice aspect, as they should not add to the 

burden of pollution from landfills or materials recovery 

facilities. Unfortunately recycling and materials recovery 

facilities are also sources of pollution to local commu-

nities from heavy metals to noise and truck traffic. Dis-

posal and recycling facilities can also exposure workers 

to heavy metals like lead and cadmium. 

 So environmental justice at the end of a solar 

panel’s life could best be accomplished through safe 

recycling and recovery of the materials alongside 

eliminating any toxics like lead and cadmium. In the 

U.S. only 5% of solar panels are recycled. Unless there 

are substantial quantities of hazardous materials in the 

product, most end-of-life electronics and solar panels 

are not covered by hazardous waste laws. Contrast this 

with Europe, where 95% of solar panels are recycled. 

European law requires producers be responsible for all 

electronics products by requiring take back and collec-

tion program. Finally, identification of novel materials 

of concern early on is important for public health and 

occupational safety. The CDC has recently coined the 

term “indium lung” to describe an occupational illness 

associated with recycling the flat panel displays so 
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ubiquitous in our everyday life. Regulatory agencies are 

often slow to recognize and regulate emerging chem-

ical risks. The development of the next generation of 

thin film and perovskite solar technology could present 

new occupational exposures and illnesses in recycling.

A just transition to solar
 Environmental justice and the solar industry 

intersect in many ways, from technology as a force 

to reduce energy poverty and pollution in fence-line 

communities, to the potential for creating other new 

pollution impacts on communities, and to compromised 

health and safety for workers. Key to ensuring envi-

ronmental justice is a workforce with rights to collec-

tive bargaining. Unfortunately, some parts of the solar 

industry have been reluctant to support unionization 

and have relied too often on temporary workers. Living 

wage campaigns and the right to collective bargaining 

could help ensure the best jobs for people working in 

the solar manufacturing industries. 

 Solar power’s bright side will clearly bring envi-

ronmental justice to some communities. Cleaner air 

and less water use for energy will be in addition to the 

decarbonization benefits. But as a product that requires 

natural resources, labor, and land, solar power will have 

unequal impacts. A focus on environmental justice can 

help our energy transition ensure that solar power does 

not end up on the dark side.

Dustin Mulvaney, Professor of Environmental Studies, 
San Jose State University, author of Solar Power: Sus-

tainability, Innovation, Environmental Justice published 
by the University of California Press, 2019, and Sustain-

able Energy Strategies: Socio-ecological Dimensions 

of Decarbonization, with Palgrave-MacMillan/Na-
ture-Springer, 2020. Dustin is on the board of advisors 
to Basin and Range Watch. www.dustinmulvaney.com 
Twitter: @DustinMulvaney

Footnotes cited in the article can be accessed at www.
desertreport.org by selecting “references” at the bottom 
of the home page.
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solar accessibility for all Californians, to achieve a safe 

and clean California for everyone.

 The PUC justifies its plan to kill off rooftop solar 

by asserting that only well-off Californians can afford 

to install solar panels, thus disadvantaging low-income 

customers. Although 150,000 low-income customers 

have managed to install solar panels despite the PUC’s 

roadblocks, the PUC has worked hard to limit solar 

accessibility at every turn. To get back on the right 

track, California should scrap the PUC’s declaration of 

war against local solar and the PUC should go back to 

the drawing board to allow greater solar access in all its 

programs. 

 The California PUC should expand solar access by: 

•  reforming its restrictive eligibility rules and end its 

hostility to expanding local-solar programs; 

•  changing its rules to make community-based local 

solar available to renters – 45% of Californians; 

•  allowing rooftop solar to be financed through custom-

ers’ bills – so that Californians, whatever their income, 

can install solar power; and

•  reversing its 2021 decision preventing the CARE 

low-income program from offering the same solar eli-

gibility and payments to CARE customers who install 

solar as the PUC now offers to other solar customers. 

 California simply cannot reach its clean energy and 

climate goals without going all in for community-based 

solar. And California cannot protect its economy from 

onerous unnecessary cost burdens if it continues to 

spend like a drunken sailor on big central-station solar 

projects and new gas-fired power plants – all bought at 

premium prices. Expanding locally-produced solar en-

ergy won’t waste California’s precious water, wildlands, 

or deserts for industrial power production the way 

large-scale electricity power plants do, nor will it cost as 

much. And expanding community-solar energy produc-

tion will curb the transmission profiteering that not only 

drives up prices but despoils our earth.

Loretta Lynch served as a commissioner at the Califor-
nia Public Utilities Commission from 1999 through 2004 
and served as President of the Commission from 2000 
through 2002, during the California Energy Crisis. (She 
fought deregulation and PG&E’s first bankruptcy bailout, 
and worked for renewable energy at reasonable prices.) 
Prior to government service, she was a partner at Keker 
& Van Nest in San Francisco, and now advocates as a 
lawyer and progressive activist.

Further references on the subjects of this article can be 
found in other articles in the series - editor

Footnotes cited in the article can be accessed at www.
desertreport.org by selecting “references” at the bottom 
of the home page.



 We understand the need to end our reliance on 

fossil fuels – including those used to generate electric-

ity. We already use hydro-electric power and, to some 

extent, nuclear power, but energy provided by wind and 

solar is becoming increasingly popular and is seen as 

viable alternative. But how viable is it really? 

 Between 1921 and 1950, consumption of electrical 

energy increased by a factor of thirteen.1 Although this 

growth in electrical usage slowed significantly in the 

most recent decade, it will almost certainly increase 

again as, for example, electric vehicles become the 

norm,2 and as residential dwellings come to rely more 

heavily upon electricity for heating, cooling, and other 

household uses.3 But there is another serious issue 

waiting in the shadows that has not received the kind 

of coverage that it should. The electronic technology 

industries are poised to massively increase their con-

sumption of energy, mostly electrical. It is this increase 

in demand which is to be addressed in this article. 

5G Communications
 5G is the 5th generation of wireless technology. 

This is promoted as not just another G. It is a G specif-

ically designed to provide universal connectivity unlike 

anything we’ve seen before. The scale of the network 

and necessary infrastructure is enormous. Although it is 

not yet fully developed, it has already been rolled out in 

a number of countries.4 5G is a stunningly complex, ca-

pable, and very ambitious telecommunications system. 

 The telecommunication industry expects that by 

increasing high speed connectivity the system can ef-

ficiently provide the capacity for massive data growth. 

5G is described as not only a lot faster than anything 

that has come before, but also provide greater connec-

tivity for many devices simultaneously. The system is 

intended to allow for uninterrupted sharing, streaming, 

and browsing, and to have superior network reliability, 

imperceptible latency, and a huge increase in network 

capability.5 

 5G enables “mission-critical communications” 

which include, for example, remote control of critical in-

frastructure, vehicles, and medical procedures. 5G is in-

tended to connect a multitude of embedded sensors in 

virtually everything. This is referred to as the Internet of 

Things (IoT).6 5G is to be a vast network with top speed 

connectivity between everyone and everywhere. “One 

suggested target is a 1000x increase over the current 

capacity.”7 In addition, 5G is expected to drive global 

growth, increase economic output into the trillions of 

dollars, and create millions of new jobs. Ultimately it 

will change the way the world connects and commu-

nicates. The industry claims that these developments 

are in response to “the world’s demand for high-speed 

connectivity.”8 

 But . . . there are dark sides, including for instance 

the energy needed to power the system. 5G is un-

derstood to be “power-hungry.”9 This is described in 

numerous papers and websites, and it appears to be 

widely accepted. 

 There are a number of reasons for this. 5G neces-

sitates an immense infrastructure that will certainly 

be costly not only in financial terms but also in energy 

costs. More specifically, the 5G infrastructure includes 

base stations (specialized forwarders for the cellular 

mobile network that provides wireless connectivity to 

devices on the move).10 These base stations adapted 

to 5G will draw up to twice (or more) the power of 4G 

base stations.11 

 In addition, a great many of them will be required 

because of the higher spectrum bands, a need for more 

antennas, and a denser layer of small cells (miniature 

cell towers).12

 Because the system uses higher frequencies (mil-

limeter wavelengths), indoor penetration is not opti-

mum. Therefore the small cells will need to be installed 

approximately 250 meters apart especially in densely 

populated areas. New York City for example, will require 

approximately 3,135,200 small cells that will have to be 

manufactured and maintained.13 Also needed will be 

many miles of fiber optic cable, network equipment, 

and more.14 These are just a few examples of the many 

changes required.

 The current mobile system uses wireless connectiv-

ity to cell phones and tablets. But this will increasingly 

include cars, drones, industrial and agricultural equip-

ment, robots, home appliances, medical devices, and so 

on.15 Despite the industry’s assurances that 5G is more 

power efficient, the sheer increase in deployment is 

thought to more than cancel out any power efficiency 

in the system.16 The expectation is that telecommunica-
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tions network operators will face significant growth in 

their energy costs.17 In fact 5G is likely to double or even 

triple energy consumption once the networks are fully 

operational. Overall energy demands are described as 

“staggering.” To address this issue, the telecommuni-

cations industry is actively researching and developing 

ways to address this “energy problem.”18

 Meanwhile 6G is already in development and prom-

ises to offer a connection speed that is ten times faster 

than 5G and is expected to completely revolutionize 

mobile connections as we currently know them.19 Clear-

ly the need for electricity can be expected to continue 

increasing. 

 Oh, one more thing: customers will need new smart 

phones and other devices that are compatible with the 

5G network system. Perhaps we can expect to need 

new ones again when 6G rolls out? 

Cryptocurrency
 Satoshi Nakamoto (the name used most likely 

by an anonymous developer or group), launched the 

world’s first cryptocurrency, Bitcoin, in 2009. It is now 

the best known and most popular cryptocurrency 

by market capitalization.20 Many others have since 

followed. His intention was to create a decentralized 

payments platform that would revolutionize how every-

thing was bought and sold. He believed that his system 

would enable quick, borderless transactions. It didn’t 

work out that way. Instead of facilitating financial trans-

actions, cryptocurrencies have mainly become specula-

tive assets.21

 Cryptocurrency is a virtual currency designed to be 

used as a form of payment in the same way money is 

used. But cryptocurrency is outside the control of any 

one person, group, or entity. This means that there is no 

third-party involvement in any of the financial trans-

actions. It uses encryption techniques to control the 

creation of monetary units and to verify the transfer of 

funds.22 

 Blockchains were invented specifically for cryp-

tocurrency. They are the decentralized ledgers of all 

transactions that take place. Entries are encoded. Trans-

actions are recorded in “blocks” and linked together 

on a “chain” providing a complete record of all cryp-

tocurrency transactions. This technology enables the 

existence of cryptocurrency.23 

 Regardless of the widely differing perspectives and 

opinions about cryptocurrency, there is one thing all ap-

pear to agree on: “The digital gold rush has come with a 

catch: massive electrical consumption.” In other words, 

“Bitcoin is extremely energy-hungry.” One frequently 

mentioned example is that it uses more energy than the 

annual electrical consumption of Finland or Denmark.24 

The problem seems to be the process of mining the 

cryptocurrency which uses computers (competitive 

mining computers called rigs) to do so. Even increasing 

machine efficiency doesn’t appear to ameliorate the 

tremendous need for electricity. 

 This is how the mining is described (although 

somehow not easy to comprehend): “Bitcoin, along 

with other cryptocurrencies, works on a simple con-

cept. Every ten minutes the bitcoin protocol – essen-

tially, the code underlying bitcoin – generates a math 

equation with a numerical solution. In order to mine bit-

coin, the miner needs to guess what that solution is. As 

more people (i.e. computers) try to guess that number, 

the protocol adjusts itself to make the number harder 

to guess, so more computing power is needed to make 

more guesses quickly.”25 When multiple miners partici-

pate, the computations increase in complexity. Electri-

cal usage increases as they compete for rewards, and 

the “work” that needs to be done to find the right nu-

merical sequence increases as well. This in turn means 

that electrical consumption continues to escalate. 

 More recently, a number of companies started 

giant mining operations. These are huge facilities with 

many racks with specialized bitcoin-mining computers 

which consume even greater amounts of electricity. 

Since these operations can run quite hot, more cool-

ing is needed to maintain the equipment’s functioning. 

And once again, electrical consumption increases. The 

bottom line is that cryptocurrency involves the need for 

vast amounts of power.26

Data Centers
 Data centers are physical facilities that organiza-

tions use to store, process, and disseminate data and 

applications for daily operations. Almost all businesses 

and governments build and maintain their own data 

centers or they have access to someone else’s. There 

are also large data center services provided by hosts 

like Amazon, Microsoft, Sony and Google.27, 28 At present 

there are two kinds of data centers. Those developed 

first are now referred to as legacy data centers. Newer 

iterations are the cloud based data centers which are 

increasing in popularity. Electricity is critical to data 

centers because no electricity means no data centers. 

In fact to make everything run smoothly, the equipment 

needs a constant and steady supply of uninterrupted 

electricity.29 

 As more and more data is produced, the need for 

electricity also continues to grow. In the legacy data 

centers, the servers, lights, cooling, monitors, humid-

ifiers, and other critical IT equipment pieces require 

electricity. To begin to understand what that means, 

we need to know that the sheer size of these data 

centers is staggering. They range from 100 square-foot 
PAGE 38
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Environmentalists and scientists understand that time is 

running short if an ecological disaster is to be avoided. 

We must immediately limit the accumulation of green-

house gases in the atmosphere, and there have been 

many proposals on how this is to be done. Although 

some would attempt to capture and store carbon diox-

ide after it has been produced, most suggestions seek 

ways to the reduce or eliminate the use of fossil fuels in 

the first place. Many articles in this issue of the Desert 
Report and elsewhere have discussed the possible role 

of photovoltaic solar systems in meeting our energy 

needs. The following might be a summary of problems 

to consider:

 1) The manufacture of the photovoltaic panels and 

their installation consumes significant quantities of 

energy and materials.1 One study of solar installations 

in Germany and Switzerland found that the energy re-

quired for their installation consumed more energy than 

they would send to the electrical grid in their expected 

lifetime.2 Most solar panels are currently made in China 
and they use coal to meet their energy needs for mining 
and manufacturing.
 2) Where and how PV panels should be installed 

is subject to continuing debate. There are many 

possibilities, each with their own advantages and 

disadvantages.3

 3) Financing the generation and distribution of 

renewable energy remains in question. Sources may 

include government subsidies of various kinds, direct 

charges to electrical customers, and fees levied on 

rooftop solar installations for their use of the electri-

cal transmission grid. These questions are intensely 

political.3 

 4) As sunlight is available only during daylight 

hours, nighttime demands for power will require alter-

nate sources. Proposals include long distance transmis-

sion from other areas and/or storage of excess daytime 

electrical power that can then be released it at night.3

 5) Finally, there are questions about collateral 

damage that might occur in the transition away from 

fossil fuels. Physical damage to the environment will be 

significant where large scale solar facilities are located 

in otherwise undisturbed areas. Beyond this, it will be 

essential that burdens of the transition not be placed 

on already disadvantaged communities.3

 There is another concern should be added to the 

five that have already been listed. It is possible that 

even a massive investment in renewable energy will 

not significantly reduce emission of greenhouse gases 

to the desired extent. Published in 2012, a review of 50 

years of data across the world concluded: “ . . . focusing 

specifically on electricity, each unit of electricity gener-

ated by non-fossil-fuel sources displaced less than one-

tenth of a unit of fossil-fuel-generated electricity.4 This 

report is somewhat dated, so one might hope that as 

the solar industry expands, success will be greater. But 

other facts concerning energy use are not encouraging. 

 Electrical energy consumption in the United States 

has increased significantly in the past half century,5 

and the article by Birgitta Jansen in this issue indicates 

that the future demand for electrical energy will almost 

certainly be massive. In short, it is probable that future 

increases in renewable solar energy will be consumed 

largely by the rising demand for electrical energy. If this 

is the case, then fossil fuel emissions will likely continue 

at a level comparable with present and past history. 

How the transition to electric vehicles and how the elec-

trification of domestic heating and cooking might alter 

these conclusions will depend upon many unknowns. 

 Given the uncertainties in making a transition to 

renewable energy sources, perhaps the solution to our 

environmental dilemma lies in the more efficient use of 

the energy sources that we already have. Unfortunately 

there are many historical cases in which the increased 

efficiency in using a resource has failed to reduce its 

consumption. 

 When fuel efficient cars became available in the 

United States, the result was that people drove farther, 

and gasoline consumption increased.6 Similarly, when 

fuel efficient appliances became available in Japan, peo-

ple frequently used their saved money to buy bigger 

appliances.7 First reported in 1865 by William Stanley 

Jevons, this phenomenon is now known by his name. 

Increased efficiency in the use of electrical energy will 

be of minor use if consumer demand continues to rise. 

 Given the possibility that technical advances may 

not be able to sufficiently reduce the presence of 

greenhouse gases in the atmosphere, restraint in our 
energy consumption is an option that must be con-

sidered. When J. B. MacKinnon looked at the (rare) 

occasions following WWII when carbon emissions fell, 

it was apparent that these correlated with periods of 

reduced or even negative economic growth.8 For over a 

century it has been a matter of unquestioned faith that 

if we are to maintain our standard of living, our industri-

al economy must grow. The suggestion that this growth 
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must end is deeply disturbing for many.
 In support of continuing to grow our GDP, a group 

of economists argue that it is possible to decouple 

economic growth from energy usage.9 Called a circular 

economy, the proponents of this idea argue that the 

material requirements of our civilization can be met by 

massive recycling of resources and that increases in ef-

ficiency will make solar energy sufficient for our needs. 

Even with the imagined recycling and efficiencies, if 

such an economy continued to grow, it would still need 

new inputs of materials and energy to keep the larger 

circle turning. It seems intuitive that an endlessly grow-

ing economy on a finite planet is impossible.

 Some climate activists maintain that our only 

chance for a reasonable future will require an immediate 
and abrupt end to the use of fossil fuels.10,11 They also 

argue that direct efforts to restore the natural biosphere 

must be initiated, including both an end to industrial 

agriculture and to urban expansion. These writers are 

less helpful in explaining how this is to be done without 

creating extraordinary social dislocations along the way.

 Another group of writers argue that although 

difficult, a less abrupt and planned reduction in our 

economy is possible. Known as the Degrowth move-

ment, it proposes a new order where economic activity 

is no longer at the center of everything; democracy is 

direct; income and wealth are distributed according to 

egalitarian principles; vital resources, infrastructures, 

and spaces are held in common; technology is conviv-

ial and serves social purposes; resource throughput is 

minimized; and working hours are reduced by cutting 

consumption, production, and wasteful expenditures.12

 The utopian nature of this vision is obvious, and 

proponents of the Degrowth movement acknowledge 

that there are no known groups that have fully demon-

strated its practicality. They insist that a capitalism as 

we know it is incompatible with their proposed society, 

but they also point out examples where communities 

have lived well without growth. These ideas are inter-

esting, but they have gained rather little attention in the 

United States.

 An alternate but related view argues for what is 

called a steady state economy. The fundamental princi-

ple is that the overall size of the economy, as measured 

by Gross Domestic Product (GDP), should not grow, 

but that adjustments to labor, resources, investments, 

and social amenities would be possible as conditions 

require. To be stable, such an economy must provide a 

decent standard of living throughout the world, and if it 

is not to outrun the resources of the planet, it would of 

necessity entail what the industrial nations of the world 

consider a lower standard of living.

 A 2013 study published in Ecological Economics13 

examined the connection between Gross Domestic 

progress (GDP) and a broader indicator of well being 

which included environmental health and social ben-

efits. Between 1950 and 2003 and across seventeen 

countries, the study found a genuine direct correlation 

between GDP and well-being – until a certain threshold 
was reached, and after this, the correlation fades. This 

suggests that nations should indeed focus on building 

GDP as they come out of poverty, but once they are 

reasonably well off, other measures become more im-

portant and relevant.

 The modern notion of a steady state economy can 

be attributed to a 1973 publication, Toward a Steady-
State Economy by Herman Daly.14 More recently, he 

and Brian Czech founded the non-profit Center for 

Advancement of the Steady State Economy (CASSE) 

which is the most visible advocate for the steady state 

movement in the United States. Somewhat unlike the 

proponents of Degrowth, CASSE is formally organized 

and its website lists its goals as well as intermediate 

objectives.15

 Given the level of consumption in the United States 

and the unquestioned acceptance of our consumer 

culture, the prospect of a shrunken economy is nearly 

beyond imaging. But before assuming that no change 

in lifestyle is possible, several observations can be 

made. By most standards, the quality of life in Europe 

is equivalent to that in the United States, but they 

have maintained this standard with a Gross Domestic 

Product per person that is about half of ours. A sec-

ond observation can made from our experience with 

COVID. Our economy shrank; large gatherings were 

constrained; oversea travel was nearly impossible; and 

shopping for more than essentials was deferred. It 

was unpleasant, but we survived. If we think about our 

greatest losses, these were the opportunities for our 

children to attend school, our opportunity to visit family 

in other cities, and a quiet meal at a restaurant. Our ma-

terial deprivations were not the ones that mattered; it 

was our personal connections that we missed. A steady 

state economy may be survivable after all.

 Predicting the future in a time of climate change 

is a highly uncertain endeavor. We must act on the 

basis of what seems most probable, but we must 

also acknowledge that our knowledge of the natural 

world is incomplete. Similarly, we have been unable to 

adequately anticipate the changes created by our new 

technologies. A lengthy and perceptive discussion of 

these changes has been written in a book by Vaclav 

Smil called The Grand Transitions: How the Modern 
World Was Made.16 He argues that none of the transi-

tions – population explosion, agricultural advances, har-

nessing of energy, changing economics, environmental 

losses – could have been foreseen or understood while 

they were underway. The conclusion which Smil draws 

is that in our present state of uncertainty, all our options 

must be kept open.

 Renewable solar energy may be a key to surviving 

our environmental crisis, or it may be seriously insuffi-

cient. We will almost certainly find our culture radically 

transformed – ideally through planning that affirms the 

best of our human nature and maintains the integrity of 

our planet. It would be an error to commit to any strate-

gy without attempting to consider the consequences 

that might ensue.

Craig Deutsche is managing editor of the Desert Report.
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buildings – considered small – to hyper-scale 400,000 

square-foot data centers that house thousands of data 

cabinets. A data cabinet is a server or a data stor-

age cabinet that can be placed on the floor space to 

organize IT equipment and data.30 Whenever someone 

uses any internet service, it will connect to one of the 

thousands of data centers around the world. 

 In 2006 there were 11 million servers in data centers 

worldwide. In 2020 there were 18 million.31 Studies have 

shown that as humankind’s annual digital activities 

increase, the overall energy consumption will also in-

crease. Now it is especially the large cloud data centers 

(often referred to as hyperscale centers) that are steadi-

ly increasing their electrical consumption. 

 The industry’s stated intention is to balance the 

increase by significantly investing in “green initiatives” 

such as energy efficient equipment and the use of 

renewable energy – mostly wind and solar.32 Consid-

ering that data centers are already among the highest 

consumers of electrical power,33 this brings us to the 

question: can wind and solar provide enough power to 

satisfy industry’s continually increasing demand? 

Google
 It is interesting to take a look at what Robert Bryce 

calls, “the Giant Five: Google, Apple, Amazon, Face-

book, and Microsoft,” because most of the services they 

provide are heavily dependent on the growing use of 

electricity.34

 For example Google, regarded as one of the world’s 

richest and most powerful corporations, is wholly 

dependent on electrical power; massive quantities of 

it. Like all members of “the Giant Five,” it has its own 

electric grids to provide continuous electricity to data 

centers and fiber-optic networks. In addition Google’s 

use of electricity is doubling approximately every three 

years. As the information available on-line increases, 

electrical consumption increases.35

 Bryce writes, “Electricity is the world’s most import-

ant and fastest-growing form of energy. It is also fueling 

nearly every aspect of the Information Age. Google rep-

resents the most obvious manifestation of this merger 

of bits and electrons.”36 Growth in this business appears 

unstoppable. Electrical power is relied on to make this 

growth happen. 

Conclusion
 This article raises the question, “Where will all this 

electricity come from?” and it illustrates how massive 

this demand already is and how it will continue to 

increase. Furthermore the industries described in this 

article are not the only ones requiring massive amounts 

of electricity to power their operations, especially with 

the global trend toward increased consumption and 

economic growth. Residential use of electrical power 

will increase for heating/cooling and various appliances. 

The electrification of transportation is already ongoing. 

Furthermore the human population continues to grow 

which will increase the need for power to operate all 

that we use.

 Coincident with this significant increase in demand 

for electrical power, we are attempting to ameliorate cli-

mate change and other environmental issues. Generat-

ing electricity in a way that does not negatively impact 

the environment appears to be elusive as illustrated by 

several articles in this issue of Desert Report. 

 This raises additional questions: What will the 

impact of uncontrolled growth be on our planet? And 

how will the electricity be distributed? Our aging power 

grid cannot handle the current needs for electricity as 

described in a June 2, 2022 article in the Washington 

Post.37 Will power outages become the norm? It is un-

clear what is being done to address this. 

 The logical conclusion appears to be that the only 

way to adequately meet these challenges is to slow 

down or even decrease growth. The companies that 

drive this growth cannot be expected to support any 

movement toward this. It would threaten not only jobs 

but, more importantly to companies, profits. But what 

do we want, as consumers, as citizens, as people? This 

brings us right back to “Fundamental Choices.” We do 

need to slow down; we do need to decrease growth and 

consumption. Our current upward trajectory is, most 

likely, not sustainable. Therefore our present and our 

future depend on the choices that we, individually and 

collectively, make now.

Birgitta Jansen has been an active volunteer in Death 
Valley National Park. Currently residing in British Colum-
bia, she is a managing editor of the Desert Report, has 
written previously on a number of environmental topics, 
and has completed a book about the October 2015 flash 
floods in Death Valley NP.

Footnotes cited in the article can be accessed at www.
desertreport.org by selecting “references” at the bottom 
of the home page.
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