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EXECUTIVE SUMMARY
This report examines the labor requirements for renewable energy in the United States, from collecting fuel to
manufacturing components to building and running power
plants.
A variety of reinforcing trends make it essential to understand the job benefits of renewables. Renewable energy
is growing steadily both domestically and worldwide,
thanks to policy and technological advances. In the United
States, policies such as state energy funds, state mandates
for renewables, environmental regulations, improved technology and retail consumer interest have increased the
number of installations. Globally, dramatic growth continues in developed nations such as Denmark, Germany
and Japan as well as the developing world.
Specifically, this study estimates the total hours required
to manufacture, install and service wind power and solar
photovoltaics (PV). For biomass co-firing, this study estimates the hours needed to collect, transport and process biomass to fuel a portion of a power plant primarily
fueled by coal. The study is based upon extensive surveys
of firms with U.S. operations. The co-firing study also
includes literature review since commercial operations are
still few.

LABOR ESTIMATES FOR RENEWABLES
On an energy capacity basis, PV employs the most
workers among the renewables examined in this report,
followed by wind and biomass co-firing.
Co-firing has a range of job requirements since different forms of biomass have different labor needs. Energy
crops such as switchgrass provide the most jobs. Mill
residues and urban wood wastes provide jobs at the low
end of the co-firing job range.

Table ES-1. Labor Requirements for Renewable
Energy Technologies
Technology
Solar PV
Wind
Biomass Co-Firing

Model Project
Scale
2-kW systems
37.5 MW
100-750 MW

Person-Years
per MW
35.5
4.8
3.8-21.8

Module assembly (30%), systems integration (17%) and
contracting (15%) make up almost two-thirds of jobs in
PV. Blade manufacturing (26%), turbine servicing (20%)
and installation (11%) lead the activities within the wind
power sector in job requirements. Since co-firing represents a range of biomass feedstock and an associated range
of job requirements, different activities hold different relative job values depending on the feedstock. Farming is
the most important source of work when co-firing with
energy crops. Truckers garner the most work for mill residues.
Economies of scale and technological change will affect
labor requirements in the future:
■ PV manufacturing plants will grow in size and undergo
more automation in module manufacturing, with both
trends cutting the need for labor. The labor requirements for installation should also drop as local markets
grow and standardized PV systems are the norm.
■ The wind industry will feature more advanced rotor
manufacturing, reductions in custom design of blades
and lower operations and maintenance (O&M) needs.
These factors will cut the need for labor. Economies of
scale may represent over half the overall cost reductions for wind over the next 30 years, with reduced
labor one component of lower costs.
■ Finally, biomass co-firing may witness greater yields in
energy crops that cut labor requirements for cultivation and harvesting. However, because biomass co3
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firing is in its infancy, it is difficult to predict what
labor trends will occur.

Figure ES-2. Biomass Co-Firing Versus Coal Mining,
Transport and On-site Preparation (Total PersonYears Per 1,000 Megawatt-Hours)

COMPARISON WITH COAL
Wind and PV offer 40% more jobs per dollar than coal.
And while the labor intensity for renewables may drop
due to economies of scale and technological change, sharp
declines in coal mining should continue, cutting the average labor requirements to fuel and operate coal power
plants by 17% from 1998 to 2008 alone.
Figure ES-1. Comparison of Coal, Wind and PV (In
Person-Years Per $1 Million in Cost Over 10 Years
Including Capital and Construction)

panding renewable energy markets. Organized labor’s involvement in the renewable energy sector represents a
symbiotic relationship with the renewables industry.
While the industry offers jobs and growth, organized labor can provide two elements essential to the long-term
health of the renewables industry:
■ First, labor unions offer certified skills to perform duties such as manufacturing, installation and servicing.

Co-firing may or may not employ more people than coal
on a power output basis. However, the range of job requirements for biomass co-firing extends far beyond that
for coal power. Co-firing with energy crops will employ
more workers than coal, while mill and urban residues
offer more ambiguous results. (Since co-firing does not
require construction of a new power plant, the comparison with coal is limited to coal mining, transport and plantsite coal preparation.)

ORGANIZED LABOR AND RENEWABLES
The results of this study demonstrate that renewables offer many diverse jobs to American workers. For this reason, those, including organized labor, who wish to advance economic development should look seriously at ex4

■ Second, unions offer marketing benefits such as the
“union label” and on-the-ground workers who have
an incentive to expand renewable energy markets—
for example, more sales of PV at the retail level by
encouraging curious residential customers to commit
to buying a PV system.
Labor unions and the renewable energy industry have
good reason to work together. Renewable energy sources
such as solar, wind and biomass offer a diverse array of
jobs. They also tend to offer more jobs than coal power.
Unions’ ability to bring skills and recognition to the renewables sector should complement other market, technology and policy trends that point to the continued
growth of renewable energy in the United States.
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PART ONE. INTRODUCTION

understand the convergence of a number of positive
factors affecting renewable energy’s present and future.

The energy industry is the largest in the United States:
oil, coal and gas extraction, petroleum and coal products
and gas and electricity provision totaled $289 billion in
1998.1 That amount represents 4.6% of the United States’
gross domestic product.

■ What are the types of jobs involved in the manufacture, installation and operation of renewable energy
technologies, specifically solar PV, wind and biomass
co-firing?

Given the size of the energy industry, it is not surprising
that one crucial consideration for future energy investments is their impact on employment. Electric and gas
utilities combined employed 616,000 workers in 1998.
Coal mining, engine and turbine manufacturing and electric distribution equipment manufacturing added another
258,000 workers.2

■ How does renewable energy compare with coal energy
in jobs created? As natural gas price volatility forces
utilities to rethink their strategy of relying on natural
gas for new power generation, coal will gradually assert
a more important role in power generation. A comparison with coal also helps to better understand the
labor impacts of biomass co-firing in place of coal-only
power plants.

Renewable energy is a relatively new entrant in the energy industry. As markets for renewables have slowly
grown, there has been increasing interest from
policymakers, labor unions and renewable energy supporters themselves in the impact of renewables on economic
development. In particular, labor unions have asked
whether or not renewables mean more jobs, and if they
represent a poor alternative to dominant energy technologies such as coal and natural gas power plants.

■ How can labor union involvement in the development
of clean energy influence the expansion of renewable
energy markets?
By addressing these questions, this analysis hopes to help
labor leaders, policy makers and even renewable energy
supporters understand the kinds of jobs and the number
of jobs that certain renewable energy technologies represent now and in the future, as well as the potential benefits of labor unions’ involvement in the renewable energy sector.

In response to such questions and related questions on
climate change policy, which surely would include a transition to cleaner sources of energy such as renewables,
studies up to now have either painted a scenario of economic doom for American workers or asserted the economic development benefits of wind, solar, biomass and
geothermal energy, including jobs and local revenue generation.3 However, beyond the estimates of total jobs
gained or lost, none of these studies discuss the types of
jobs renewables offer.

PART TWO. TWO FORMS OF
RENEWABLE ENERGY

The following analysis intends to fill the gaps between
the current analyses of renewables’ labor impacts. The
analysis focuses on four questions:

I. CENTRAL-STATION RENEWABLES

■ What factors, if any, are driving the expansion of renewable energy markets? Answering this question will
help readers who are not experts in renewable energy

Overall, renewable energy technologies fall into two categories: central-station and distributed generation. As a
result, the labor analysis below includes prominent examples for each of these categories.

Because the U.S. electricity sector overwhelmingly relies upon electricity generated by large, central-station
power plants connected to customers by long transmission and distribution wires, it is not surprising that the
5
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bulk of national renewable energy generation also comes
from central-station plants such as wind, geothermal and
biomass.
This trend is not likely to change significantly in the near
future. Wind energy, and particularly large turbines concentrated in wind “farms”, will capture the vast majority
of the 2,000 megawatts (MW) of renewables to be built
in Texas by 2009. With wind turbines growing in size and
productivity (many new turbines in the market are now
1 MW and larger, compared to 600-kW to 750-kW just a
couple of years ago), wind power on average is the cheapest source of new renewable energy in the United States
today.
While it has not grown as rapidly in recent times as wind
power, geothermal power plants still supply the most nonhydroelectric, renewable power in the United States today. In fact, geothermal power supplies 8% of California’s
electricity needs. (See Box 1 on geothermal’s contributions to economic development.) Unlike wind and solar
power, which produce power variably when the wind blows

Box 1. Examples of Economic Benefits of the U.S.
Geothermal Industry
In 1996, the U.S. geothermal energy industry
provided about 12,300 direct domestic jobs, and
an additional 27,700 indirect domestic jobs. The
electric generation part of the industry employed
about 10,000 people to install and operate geothermal power plants in the United States and
abroad, including power plant construction and
related activities such as exploration and drilling;
indirect employment was approximately 20,000.
Taxes received from geothermal operations are a
significant source of revenue. For example, in
1993, Nevada’s geothermal power plants paid
$800,000 in county taxes and $1.7 million in
property taxes. In addition, the U.S. Bureau of
Land Management collects nearly $20 million
each year in rent and royalties from geothermal
plants producing power on federal lands in
Nevada–half of these revenues are returned to the
state. 4

6

or the sun shines, a geothermal power plant can produce
power as consistently as “baseload” fossil-fuel plants. With
volatile natural gas prices dampening enthusiasm in natural gas power plants, increasing numbers of electricity suppliers are seeking to build more geothermal power plants
in the West.
And finally, biomass energy is another popular source of
renewable power. Much of this power is produced in the
pulp and paper industry in the Northeast, Midwest and
Southeast. Biomass co-firing is perhaps the most promising near-term “biopower” technology. Co-firing involves
feeding 5% to 15% of a coal plant’s fuel intake with biomass ranging from wood to herbaceous plants. Co-firing
thus directly replaces coal and has a clear environmental
benefit in reduced nitrogen oxide (NOx), sulfur dioxide
(SO2), toxics and carbon dioxide (CO2) emissions. One
study estimates that co-firing biomass as 15% on the heat
input for a 100-MW coal plant running at a 85% capacity
factor would reduce SO2 by 15% and CO2 by 14%, assuming good biomass collection practices that permit carbon
sequestration on biomass plantations.5 Co-firing biomass
as 7% of heat input into a coal plant can cut NOx emissions by up to 15%.6
Thus, co-firing can play an important role in “decarbonizing” coal-fired power plants throughout the United
States. The Electric Power Research Institute (EPRI)
and U.S. Department of Energy (DOE) estimate that 12
U.S. coal-fired power plants are either co-firing with biomass, or plan to do so. Utilities include the Tennessee
Valley Authority, Niagara Mohawk and Xcel. Other utilities such as Southern Company are examining co-firing
options to reduce pollution.7

II. DISTRIBUTED RENEWABLES
While central-station power plants typically enjoy a long
life in the United States, there is a growing movement
among environmentalists, consumers and select energy
suppliers to move to small-scale, “distributed” energy that
supplies power close to the point of use. There are several reasons for this trend. Environmentalists hope for
lower emissions compared to central-station power plants.
Customers desire more reliable electricity supplies that
do not rely upon constrained transmission and distribution grids. And numerous energy suppliers expect a profitable market as the novelty of distributed generation
evolves into conventional wisdom.
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Currently, 100,000 MW of diesel generators dominate
the distributed generation market.8 However, stringent
environmental regulations for distributed generation will
emerge in California, and may also emerge in Texas, Wisconsin and other states. Such regulations portend a new
fleet of distributed energy technologies that are relatively
clean and quiet. Among these technologies are fuel cells,
microturbines and PV. Fossil fuels such as natural gas
will power the first two technologies for now. PV requires no fuel other than the sun and exhibits the lowest
emissions among all commercially available technologies.
PV deserves special attention due to its rapidly declining
costs and improving efficiencies. PV scores highest in
public preferences for electricity sources, scoring higher
than natural gas, hydropower and even wind power.9 The
most established of the cleanest distributed energy technologies, PV has system costs that hover between $5 and
$10 per installed Watt. Booming markets in Germany
and Japan have induced PV manufacturers to build more
and bigger plants. For example, First Solar has built the
largest PV plant in the United States at 100 MW of annual production capacity. Fortune 100 firms such as Shell
and British Petroleum have invested in new PV divisions,
as environmental concerns, favorable economics of remote power, power reliability needs and volatile electricity prices have fueled sales of PV technology.
What these trends mean for labor are more jobs. The
following section examines current labor requirements
for wind, biomass co-firing and PV, three renewable energy technologies fueled by concerns about the electricity sector.

PART THREE. DRIVERS
INFLUENCING THE EXPANSION
OF RENEWABLE ENERGY
MARKETS
I. DOMESTIC TRENDS
Since the 1960s, interest in the environmental and consumer impacts of the electricity sector has burgeoned and
appears to be here to stay. Many policies and programs
translate public support for renewables into on-the-ground
projects. First, and most recently, electricity sector restructuring has spurred the creation of new state clean
energy policies. Restructuring in 13 states has led to the

creation of over $3.5 billion in state clean energy funds
to advance renewables, energy efficiency and low-income
energy supply. (Regulated states can also participate in
the trend. As of October 2001, only Wisconsin and Montana have done so among the ranks of regulated states.)
Clean energy funds are expected to support a wide array
of renewables and other, cleaner alternatives, including
solar PV and fuel cells as well as wind, geothermal and
biomass.
In addition to developing clean energy funds, several states
undergoing restructuring, such as Texas, and a few regulated states, such as Minnesota, have passed mandates for
the installation of a certain amount of renewable energy.
These mandates, some of which are labeled “renewable
portfolio standards” (e.g., in Texas, Massachusetts, Arizona and nine other states), have enabled vibrant regional
markets, particularly for wind power. In Texas, wind power
will meet the vast majority of the 2,000-MW renewable
portfolio standard with a 2009 compliance deadline.
Second, environmental regulations covering electricity
production appeared in the 1970s and have evolved since
then. The Clean Air Act in particular has forced electricity suppliers to incorporate environmental controls
into power plants.
In the future, new air regulations may limit emissions of
mercury and perhaps carbon dioxide. Air regulations
should set more stringent limits on nitrogen oxides. Electricity generators are responsible for large proportions of
these pollutants.10 Policymakers, including those at the
U.S. Environmental Protection Agency, have proposed
that renewables receive a greater share of pollution “allowances,” the currency for emissions trading programs
including those for sulfur dioxide and nitrogen oxide. Even
without formal inclusion in regulatory programs,
renewables’ emission profile makes them an attractive
source of energy for energy suppliers to avoid more stringent air regulations in the future.
A spirit of environmentalism, as well as a desire to attract non-utility entrants to electricity generation, has
also crept into federal energy legislation. The Public
Utility Regulation and Policy Act (PURPA) of 1978 and
the Energy Policy Act (EPAct) of 1992 facilitated the
adoption of renewable energy. PURPA required utilities
to buy power from non-utility, renewable energy genera7
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tors if it cost below the avoided cost of power to be generated by the utility itself. PURPA’s enforcement in California in particular was instrumental in the implementing new, non-utility generation. (These “non-utility generators” now control 14% of total generation in the
United States.) For renewables, California was central
to the arrival of wind, geothermal, biomass and solar
power plants. EPAct’s production tax credit for wind has
provided essential financing for thousands of new wind
turbines nationwide.
Third, energy technology and market trends have made
renewables such as wind an economic choice for utilities
and others concerned about volatile electricity costs. At
4.5 cents per kilowatt-hour, wind power is now competitive with new natural gas and coal plants in areas such as
the Northwest, where Bonneville Power Administration
and PacifiCorp Power Marketing are installing over 1,000
MW of new wind farms. Beyond a narrow cost comparison, fuel-free renewables offer significant risk reduction
value, especially when compared to natural gas power
plants subject to wild price fluctuations, and even to hydropower that is dependent on unpredictable rain and
snow patterns.11
Fourth, consumer choice, particularly from large customers such as industrial facilities, has led many states to deregulate the electric utility industry. Restructuring and
the arrival of new entrants in the electricity market hold
ambiguous impacts for renewables. Price competition
alone among generators and retail suppliers does not bode
well for renewables.
However, competition based on values, such as environmental values and low risk of price fluctuations, rather
than just price, will translate into larger markets for renewables. In several deregulated markets including Pennsylvania and Ohio, one unmistakable trend has been the
entry of new companies, and even a few traditional utilities, to supply renewables-based power as a potentially
lucrative retail product for which customers will pay a
small premium. These “green power” programs are not
unique to deregulated markets, but restructuring has
spurred companies in most states to offer green power as
a competitive product. In states that are yet to deregulate, utilities are offering green power in anticipation of
restructuring.
8

Overall, voluntary “green power” purchases have supported 450 MW in existing and planned renewables nationwide over approximately four years of activity.12 Existing wind and geothermal plants have been the workhorse energy sources in supplying green power, with wind
and to a lesser extent biomass (particularly landfill gas)
serving as the technologies of choice for new installations.
Competition based on better services also could benefit
renewables, particularly for those customers who demand
greater reliability in electricity supply. These customers
typically cannot afford power blackouts and brownouts
due to sensitive computer equipment, high-revenue business operations that can come to a halt or the need for
essential services such as medical care. “Distributed”
renewables such as solar PV and small wind turbines are
two parts of the burgeoning distributed energy market.
For example, power interruptions in San Diego during
Summer 2000 spurred a consumer run on PV, as well as
innovative building design such as residential subdivisions
consisting of PV-integrated homes. Overall, observers in
the California market have witnessed demand that is outstripping available supply, with the potential for over 10
MW in sales in that state alone in 2001.
Due to the confluence of state energy policies, environmental drivers and consumer choice, renewable energy
capacity should continue to grow throughout the United
States. (See Table 1.)

II. OVERSEAS TRENDS
Renewable energy holds even greater promise thanks to
overseas markets. Nations such as Japan and Germany
have swiftly seized the lead in solar photovoltaic markets,
both as suppliers and consumers. The same trend has
occurred in Denmark, Germany and Spain for wind
power. Firms such as Kyocera (Japan) and Siemens (Germany) dominate the PV industry, while NEG Micron
(Denmark) and Vestas (Denmark) now lead the global
wind industry.
Beyond the developed world, developing nations are buying more renewable energy to meet energy needs. Geothermal energy is an important source of power in Indonesia, the Philippines and Central America. India and
China have made significant commitments to new wind
energy facilities. And India, in addition to having a nascent solar energy industry, is applying small-scale biom-
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Table 1. Renewable Energy Growth in the United States
(In MW)
Technology
Solar including PV
Wind
Biomass
Geothermal

Installed Capacity
(Latest Year with Data)
365 (1998)
3,804 (2001)
7,367 (1998)
2,917 (1998)

Previous Year
Installed Capacity
334
2,554
7,676
2,853

% Growth from
Previous Year
9%
49%
-4%
2%

Source: Wind data from correspondence with Kathy Belyeu, American Wind Energy Association. All other data from U.S. Energy Information
Administration (EIA). Renewable Energy Annual 1999. Washington, DC, March 2000. DOE/EIA-0603(99). Biomass data includes wood and
wood waste, agricultural waste, straw, digester gas, paper pallets, methane, waste alcohol, tires, fish oils, sludge waste and tall oil. It does not
include municipal solid waste and landfill gas.

ass energy technologies to supply gas and power to its
many villages located far from electricity distribution
networks.
Overseas trends listed above have contributed to impressive growth in the renewable energy industry, as Table 2
indicates.
The totals for the United States and overseas show that
renewables are growing—in particular, wind in the United
States and PV and wind overseas. Biomass and geothermal are also likely to grow due to their ability to run as
often as fossil fuel plants and therefore provide “baseload”
power. The figures also indicate that renewables are not

yet a significant portion of electricity supply in the United
States and worldwide. In fact, renewable energy provided
just 2.4% of electricity in the United States in 1999, and
1.6% of electricity worldwide in 1998.13
But these percentages mask the absolute growth of the
industry and what renewable energy’s potential means for
jobs and economic development. For example:
■ The global PV industry earned $1.3 billion worldwide
in 1997, with the U.S. PV industry collecting $380
million.14

Table 2. Renewable Energy Growth Worldwide
(In MW)
Technology

PV
Wind
Biomass
Geothermal

Total Shipments/
Installed Capacity in Most
Recent Year of Dataa
288 (2000)
17,300 (2000)
14,000 (1998)
7,974 (1999)

Shipments/Installed
Capacity in Previous
Year of Data
201 (1999)
13,500 (1999)
N/A
6,797 (1995)

Annual Growth
(in %)b
43%
28%
N/A
3%

a. Annual shipments data pertains to PV, for which reliable data on global installed capacity is unavailable.
b. Annual growth for geothermal is extrapolated from 1995 and 1999 annual data, and assumes constant growth between 1995 and 2000.
Source: PV data from Worldwatch Institute. Vital Signs 2001. New York: W.W. Norton & Co., 2001. Geothermal data from Geothermal
Energy Association website, www.geotherm.org/wwfacts.htm, viewed December 1, 2000. Wind data from AWEA (see Table 1). Biomass data
from U.S. DOE Biopower program website, www.eren.doe.gov/biopower/basics/ba_bmo.htm, viewed December 1, 2000. Geothermal data from
John W. Lund. World Status of Geothermal Energy Use: Overview 1995-2000. Geothermal Resources Council, October 2000.
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■ The global wind industry is expected to sell $3.8 billion in equipment in 2001. In the United States, investors will pour $1 billion into projects in 2001.15
■ In 1995, the U.S. geothermal industry paid out $150
million in payroll.
■ According to the U.S. DOE, the U.S. biomass power
industry represents $15 billion in cumulative investments.16
One conclusion is clear: there is money in the renewable
energy industry, which is poised to grow both domestically and through export markets. At the same time, the
industry is young enough that its early entrants can win
today and in the future. While renewable energy will
likely not provide more than 10% of the nation’s energy
within the next 10 years, market growth is very real. For
American labor, that means jobs.

as power plants that are dedicated to using biomass resources. The reason for this approach is biomass co-firing’s
relative infancy in the United States, which precludes
wide-ranging surveys of firms within a mature market offering a good indication of labor requirements in the near
future. Because co-firing projects are so few, it will take
more time to see what kind of operations will fare well and
in a sustained manner. The sources of the literature review are cited in the biomass co-firing section.
This study estimates the following jobs for wind and PV:
■ Manufacturing of all finished parts to be incorporated
in power plant
■ Delivery of goods to power plant
■ Construction/installation of power plant, including
project management
■ O&M of power plant for 10 years

PART FOUR. LABOR
REQUIREMENTS FOR RENEWABLE
ENERGY
I. METHODOLOGY BEHIND THE LABOR
ESTIMATES FOR RENEWABLES
Up to now information on the particular skills and associated hours required to build renewable energy facilities
has been difficult to find. The following analysis estimates
both skills and associated person-hours for two examples
of cleaner “central-station” power plant operations—wind
and biomass co-firing—and one example of clean, distributed energy—PV.
The studies for wind and PV are based upon surveys of
the wind and PV industries. The surveys were conducted
by phone and written communication. Whenever possible, more than one firm served as the basis for labor
estimates for each industry activity. Only firms with operations in the United States were contacted, and only
operations in the United States were surveyed.
The biomass co-firing study is based upon surveys of existing biomass energy projects as well as a literature review. The former includes surveys of co-firing projects.
It also includes projects that are not co-firing projects, such
10

For biomass co-firing, this analysis looks at the following
over 10 years:
■ Cultivation and collection of biomass fuel
■ Delivery of biomass to power plant
■ Manufacturing of biomass feeder system in power plant
■ O&M of power plant for 10 years
Biomass co-firing differs from wind and PV because it is
dominated by fuel costs and O&M costs, rather than onetime capital costs.
This study, since it is based on surveys, differs from studies that typically run an input-output (I-O) economic
model. I-O models examine economic relationships in
state and national economies, and determine the impact
of a certain amount of renewable energy development on
jobs and revenues. I-O models do not break down renewable energy jobs by specific tasks, as this study does.
I-O job estimates include direct jobs, indirect jobs (e.g.,
metal industry jobs created to supply wind blade manufacturing) and induced jobs resulting from the multiplier
effect. The following analysis does not include jobs re-
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sulting from the multiplier effect or jobs for manufacturing basic inputs such as steel for wind turbine towers.
This last item, the multiplier, induces the most job creation in I-O models. The multiplier is a factor based on
dollars spent by workers employed in direct and indirect
jobs. This spending supports additional jobs to provide
goods and services. Of course, workers in these additional induced jobs spend their money, thereby creating a
new chain of job creation. The size of the multiplier is
largely based on the savings rate of all the workers involved in the spending chain. By putting money away for
future use, each worker chips away at the dollar that is
flowing through the economy, until the dollar is depleted.
Because this study does not include induced jobs not specific to the renewable energy sector, or even just the energy sector, the total job figures reached will be lower than
those reached in I-O models.
The companies included in this study provided information under the understanding that their names would not
be revealed.

II. SOLAR PHOTOVOLTAICS: BRINGING IN NEW
SKILLS TO THE ELECTRICITY SECTOR
A. Description of Technology
Solar PV presents a strategic opportunity to skilled labor
as a distributed energy technology. PV’s suitability as a
rooftop system means that unlike large, central-station
power plants, it requires the skills of building trades, such
as roofers, electricians and sheetmetal workers who up to
now play essentially no role in electricity generation. By
engaging workers and skills in a new sector, PV offers a
fresh source of local jobs.
The following analysis relates to a PV system installed on
a house. The analysis is of a fixed system, in which the
PV faces one way all of the time, as opposed to a tracking
system, which moves the solar panel to face the sun. The
system produces power for the owner, plus it can send
some power into the electricity grid, thereby becoming a
small power plant feeding into the local electricity system.

The foundation of a PV system is the cell, which converts sunlight to energy. Most cells today are made from
silicon, usually discarded from semiconductor manufacturing plants. When assemblers connect cells with one
another and with glass and plastics, they produce a module. Since a PV system in the United States produces
more electricity when it faces the south, we assume it sits
on top of a mounting frame, which connects it to the
roof of a building. The module is then connected to wires,
which transmit power to an inverter. The inverter, which
in this case is a low-voltage inverter most common to the
PV market, converts direct current (dc) coming from the
module to alternating current (ac) suitable to send to the
electricity grid. Wires then send the ac power to the grid.
A systems integrator puts the module together with the
wires so it is ready for installation. An installer is responsible for setting the module on the roof, connecting it to
the inverter, and connecting the inverter to the grid. A
servicer then provides routine maintenance and repairs.
B. Results
Table 3 shows the hours and skills required to perform 12
different activities to construct, transport, install and service 1 MW of PV. The data is based upon interviews with
10 firms engaged in one or more of these activities. The
survey specifically examined the labor requirements to
create a 2-kW residential photovoltaic system, a size that
is fairly representative of the systems residential customers choose to adopt and supplies a portion of their total
power needs, since few customers choose PV for all power
needs due to its cost.
Thus, unlike the labor figures for 1 MW of wind, the PV
study reaches figures for 1 MW not by adapting data for a
system larger than 1 MW, but by extrapolating based on
data for a much smaller system. With this fact alone, Table
5 implicitly assumes no economies of scale between 2kW and 1 MW. In reality, the data was obtained from PV
firms participating in a domestic industry that produced
60.8 MW of PV last year. The data also includes firms
serving the most active local markets in the United States,
so it is based on the existence of a substantial market with
some economies of scale for manufacturing and distribution. Thus, Table 2 does include current economies of
scale in its estimates.
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Table 3. Labor Requirements Per Megawatt of Photovoltaicsa
(in hours)

Project
Activity

Glass
Plastics
Silicon
Cell
Manufacturer
Module
Assembler
Wires
Inverters
Mounting
Frame
Systems
Integration
Distributor
Contractor/
Installer
Servicingb
TOTAL by
Occupation
TOTAL
Person-Years

Occupational Category
Prof,
Clerical
Tech & & Sales
Manage
(0/1)
(2)
50
50
1,550

Service

(3)

Agri, ProcessFishery,
ing
Forestry
(4)
(5)
50

200

200

3,300

Mach.
Trades

Benchwork

(6)

(7)

50
250
200

Structural
Work
(8)

TOTAL
Misc.
by
Project
Activity
(9)
50

200
300
5,650

200

800

1,600

600

50

150

3,200

3,500
150
750

1,600

8,250

750

6,850

1,700
1,000

1,000

1,000

20,950
1,850
4,750

150

100

150

100

1,500

1,000

11,750
4,000

1,000

500

500

8,900
1,500

2,850
1,500

2,500
5,000

8,000

10,500
5,000

25,250

5,050

200

0

7,550

3,350

10,150

9,950

8,150

12.9

2.6

0.1

0

3.9

1.7

5.2

5.1

4.2

69,650
35.5c

a. Figures derived from a survey to determine labor requirements for a 2-kW residential PV installation.
b. Includes servicing for ten years of operation.
c. Totals for person-years do not add up due to rounding.

The data shows that 1 MW of PV relies upon 69,650
hours of labor. This translates into approximately 36
person-years, assuming 49 weeks of labor at 40 hours
per week and three weeks of vacation and sick leave.
The leading activity is module assembly. Systems
integration and installation are the second and third
leading activities, respectively. Figure 1 shows the
relative job impacts of different components in a PV
project.
12

The leading occupations, as classified in one-digit occupational codes published by the U.S. Department of Labor (DOL), are professional, technical and managerial
work, benchwork and structural work.
C. Trends Affecting Labor Intensity in the Future
The PV industry is ripe for change in manufacturing, assembly, distribution and servicing, due both to technology development and economies of scale. Technology
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Figure 1. Labor Requirements for PV According to Activity

development includes more automated manufacturing
systems. For example, thin film PV involves a process of
depositing silicon between a glass substrate and electrical contact that makes it easily amenable to automated
manufacturing.
Economies of scale feature greater production that induces lower unit production costs. Lower costs occur
because of greater labor specialization, marginal increases
in output from a facility that don’t require significantly
more capital investment, additions to a supply chain that
do not require much more investment upstream (e.g., adding a new factory without having to investment in new
silicon supplies) and many other factors.
Larger regional and local markets can greatly reduce the
labor requirements for distribution, installation and servicing. The reduced labor needs result from the proximity of systems and more efficient installation and servicing shifting the industry away from custom projects to
more standardized ones with common configurations, pro-

cedures and staffing that make what was previously complicated more routine.
One study estimates that for every doubling of PV production, there is a corresponding reduction in the price
per installed Watt of 18%. While the study is solely based
upon empirical data, there are several industry factors that
help explain the trend. First, the efficiency of energy
conversion (i.e., sunlight to electricity) by PV cells has
improved tremendously and is expected to improve even
more in the future. Second, economies of scale have nurtured the construction of larger manufacturing plants with
lower production costs. Third, the labor intensity in
manufacturing has dropped. For example, according to
labor data from U.S. Energy Information Administration
(EIA), labor intensity for PV cell and module manufacturing in the United States dropped 48% from 1993 to
1998.17
Since the U.S. PV industry—especially those firms that
integrate, distribute, install and service PV systems—is
fairly immature, economies of scale will play a significant
13
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role in reducing PV costs, expanding PV markets and
impacting the labor intensity of PV. Several trends should
occur in the future:

Figure 2. Horizontal-Axis Wind Turbine

■ Labor intensity in manufacturing should continue to
drop due to automation and newer, larger factories, such
as the new plant in Perrysburg, Ohio capable of producing 100 MW of PV per year.
■ The cost and labor requirements for systems integration should drop with the rise of standardized PV system packages.
■ There will be lower servicing needs due to more reliable systems.

III. WIND POWER: NEW JOBS IN A BOOM
MARKET
A. Description of Technology
Much of the labor requirements for wind power relate to
the manufacturing and assembly of wind turbine components. The components work together in the following
manner (See Figure 2.):
The blades of a wind turbine connect to a rotor hub.
The rotor hub connects to a drive train consisting of a
gearbox, a generator, shaft and couplings, all of which
convert the energy of the moving rotor hub into electricity. Electronic controls manage the rotation of the blades
in reaction to changing wind directions and speed, thereby
regulating power output and, in the case of excessive
winds or some other need to shut off power production
to stabilize the voltage of the grid, shutting off power production by employing a brake. A nacelle is the pod that
covers the entire drive train. A tower props up the blades
and nacelle.
B. Results
Table 4 shows the hours of labor required to perform 15
different activities to manufacture, transport, install and
service 1 MW of wind power. The data is based upon
interviews with 19 firms engaged in one or more of these
activities. The survey specifically examined the labor
requirements to create a 37.5-MW wind farm, a size that
EPRI and U.S. DOE consider to be fairly representative
of new farms. As of January 2001, of the 38 new projects
for which the American Wind Energy Association stated
14

a capacity, 17 (45%) were between 20 and 60 MW. It is
assumed that the facility is near a high-voltage transmission line required to send power to customers. Thus, new
transmission line construction is not included. Also not
included, due to lack of data, are labor requirements for
transformers, hydraulics and safety equipment.
The table indicates that 1 MW of wind power installed
and operating for one year supports 9,500 hours of labor.
This translates into approximately four person-years, assuming 49 weeks of labor at 40 hours per week and three
weeks of vacation and sick leave. The leading activities
in job creation are blade manufacture, installation, tower
manufacture and gearbox manufacture. The leading occupations, as classified in one-digit occupational codes
published by the U.S. DOL, are structural work, machine
trades, professional, technical and managerial work and
benchwork. Figure 3 depicts the share of jobs according
to components in a wind project.
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Table 4. Labor Requirements Per Megawatt of Winda
(in hours)

Project
Activity

Occupational Category
Prof,
Clerical
Tech & & Sales
Manage
(0/1)
(2)

Transportation 20
Blades
400
Couplings
40
Brakes
60
Monitoring/
Controls
70
Gearboxes
190
Rotor Hubs
10
Generators
40
Towers
100
Nacelles
70
Turbines
60
Development 120
Installation
300
Servicingb
TOTAL by
Occupation
1,480
TOTAL
Person-Years 0.7

Service

(3)

Agri, ProcessFishery,
ing
Forestry
(4)
(5)

Mach.
Trades

Benchwork

(6)

(7)

Structural
Work
(8)

20

50
10

30
80

250
80
190
110

670

270
60
110
30

670
10
10

80
40
550
380
310

TOTAL
by
Project
Activity

(9)
120

670
160
320
50
10

Misc.

20

530

530

1,600

160
2,410
210
390
470
600
170
380
790
470
370
120
1,060
1,900

60

1,660

0

110

1,780

1,140

2,580

670

9,500

0

0.7

0

0.1

0.9

0.6

1.3

0.3

4.8c

a. Figures derived from a survey to determine labor requirements for a 37.5-MW wind facility.
b. Includes servicing for ten years of operation.
c. Totals for person-years do not add up due to rounding.

Applying the results to real world scenarios results in
the following:
■ A 37.5-MW wind farm would create over 356,250
hours of work, or 180 person-years.
■ 2,000 MW of wind power, as is expected in Texas
shortly, will create 19 million hours of work, or 9,694
person-years.

To help assess the many economic development aspects
of wind farms, Box 3 provides data from two case studies
in Iowa and Minnesota.
C. Trends Affecting Labor Intensity of Wind in the
Future
Applying the figures in Table 3 to future growth in the
wind industry should be done with caution. As industries mature and reduce costs, labor is usually one factor
15
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Figure 3. Labor Requirements for Wind by Activity

of production that is affected by technology trends and
economies of scale.
Technology trends. EPRI and the U.S. DOE expect several technology trends that may actually increase labor
requirements per unit of wind power. By 2005, they ex-

pect higher installed costs due to larger wind turbines,
which feature higher towers, larger rotors, higher-performance generators, larger “balance of system” components
(including substations, shipping and control and monitoring equipment) and larger blades. (Improved blade

Box 3. Economic Benefits of Two Wind Farms in the Midwest
Iowa wind farms. Not including the labor required to manufacture parts for wind turbines and wind farm support, the 240 MW of wind capacity installed in Iowa in 1998 and 1999 produced: 200 six-month-long construction jobs and 40 permanent maintenance and operations jobs, $2 million per year in tax payments to counties and
school districts and $640,000 per year in direct lease payments to landowners.
Lake Benton, Minnesota wind farms. Not including the labor required to manufacture parts for wind turbines
and wind farm support, the 143 wind turbines in the 107-MW Lake Benton I project, installed in early 1998,
brought $250 million in investment and 10 full-time jobs to Lincoln and Pipestone counties, the poorest in
Minnesota. Lake Benton’s director of economic development says that each 100 MW of wind development
generates about $1 million annually in property tax revenue. 18 Additionally, farmers hosting a wind farm on their
property through leasing plans can expect $40 to $55 per acre per year revenue on top of earnings from farming or
grazing, with the wind turbines occupying only a small fraction of their land. 19
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manufacturing techniques may offset the heavier labor
requirements for larger blades.)
After 2005, EPRI and U.S. DOE expect technology trends
to reduce labor requirements due to R&D advancements.
Trends include:
■ A reduction in custom design needs for blades, thereby
cutting blade costs by 10% for every doubling of volume
■ Advances in rotor manufacturing
■ Reduced O&M needs for wind farms due to improved
blade design and associated reliability improvements,
as well as larger turbines
■ Small improvements in manufacturing and design costs
for generators
In 2010, the following components will represent a greater
percentage of total initial project capital cost compared
to 1996: rotors, towers and generators. Jobs in the manufacture of these components may accordingly rise as a
share of total jobs. Power electronics and controls, brakes,
nacelles and gearboxes will all drop as a share of total
cost. Subsequently, jobs in the manufacture of these components may drop as a share of total jobs.
Economies of scale. Economies of scale can take place
in the manufacturing sector as well as at the wind farm
itself. For wind, the best example of economies of scale
is the addition of wind turbines to an existing wind farm.
The new turbines, unlike the original turbines, would not
have to follow an extensive siting process including wind
assessments and environmental impact analyses, nor would
they require the construction of roads, grading, fences and
wind farm monitoring equipment, as the original turbines
would have required. Thus, the cost of the new installation would be lower in terms of installed capacity, as well
as power production. According to EPRI and U.S. DOE,
increasing the size of a 50-MW wind farm to 200 MW
would cut the cost of installed capacity by 10%.
EPRI and U.S. DOE expect economies of scale will cut
the cost of installed wind capacity. Of the cost reductions expected per installed MW of wind power between
1996 and 2030, economies of scale may represent 50% to

75% of the reduction, with research and development
(R&D) accounting for the remainder. Economies of scale
will reduce costs per installed MW for all wind components, except for towers. Thus, economies of scale may
have a downward effect on jobs for the manufacture of
all components other than towers.

IV. BIOMASS CO-FIRING: REDUCING AIR
POLLUTION FROM EXISTING POWER PLANTS
A. Description of Technology
Biomass co-firing is a renewable energy option that uses
existing fossil fuel power plants. Therefore, co-firing’s
direct labor benefits will be less than those for wind and
PV, since the power plant is already built. Its unique, indirect benefit is in replacing fossil fuel power generation
without eliminating the infrastructure that lies behind
it. Thus, co-firing can be seen as akin to a pollution control measure for coal power plants—it does not eliminate
the plant itself, but when integrated into its operations,
it can reduce the environmental impact of the plant.
That said, co-firing relies on a unique infrastructure of
biomass collection, transportation and energy conversion.
This labor study examines the direct labor benefits of each
of these steps. The study examines several kinds of biomass that are amenable to co-firing. They can be grouped
into two categories:
Residues and wastes. Co-firing can take advantage of
several byproducts of lumber and agricultural processes,
as well as urban-based activities. This labor analysis looks
at three specific types of waste:
■ Mill residues from paper, lumber and wood products
operations. Many wood products industries have chippers or hammermills to produce chips from large residues. Some residues such as sawdust are already fine
enough for co-firing.
■ Urban wood waste found in municipal, commercial and
industrial solid waste. Urban wood waste encompasses
a diverse array of wood byproducts. It is essential to
sort waste streams so that power plants burn acceptable, non-toxic forms of biomass, such as pallets, used
railroad ties and shipping containers.
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■ Silvicultural wood waste in the form of forest thinnings
generated through forest management (e.g., prevention
of catastrophic forest fires) and commercial operations.
Government agencies and forest companies commonly
chip the waste on the site of their operations. Specialty companies that collect various forest products
can also chip the waste at wood yards. This form of
biomass has aroused controversy among environmentalists concerned about logging, but has also elicited
support from parties focused on reducing catastrophic
forest fires.
This analysis does not look at a fourth and important
form of waste—agricultural residues such as orchard
prunings and corn stover—due to time and financial constraints.
Energy crops. Farmers can also grow biomass fuel on
plantations. This study looks at three crops—poplar, willow and switchgrass—that are the focus of research, demonstration and commercialization programs funded by the
U.S. DOE. Both poplar and willow are tree crops, while
switchgrass is a herbaceous crop. Biomass collection in
this instance includes all of the activities associated with
agriculture, such as field preparation, planting, crop maintenance and harvesting.

output. Thus, this study assumes a separate system that
sends crushed biomass pneumatically to biomass burners
for combustion.
B. Results
Table 5 shows the direct labor requirements for co-firing
six different biomass fuels. The data is based upon a
variety of published studies, interviews with utilities and
companies and surveys of existing operations. (See Appendix A for information on sources for the biomass cofiring study.) Unlike wind and PV, there are few biomass
co-firing projects nationwide, so this labor study relies
more on studies of project scenarios, rather than surveys
of firms within a well-developed industry.
The table indicates that 1 MW of biomass co-firing capacity over 10 years would employ three to 21 personyears, with a median of 13 person-years. Switchgrass represents that high end. Mill residues and urban wood wastes
represent the low end. This is not surprising, since energy
crops are considered to be the most expensive form of biomass, though also potentially the most plentiful. Urban
wood waste and mill residues are typically the cheapest
forms of solid biomass, and the biomass that would be the
first to be used in growing biopower markets.

Once a farmer, government agency or private firm prepares the biomass, truckers then haul it to the power plant.
The general economic rule is that a trucker should not
travel more than 50 to 75 miles from the biomass source
to the power plant, or else the biomass will become unduly expensive for power generation. This analysis assumes that two truck drivers can deliver eight vans with
25 tons of biomass each in a 10-hour shift.

For energy crops and silvicultural wood waste, farmers
(for energy crops) and logging equipment operators (for
silvicultural wood waste) garner the most work, with the
relative labor requirements for truckers and plant operators depending upon project-specific conditions. Truckers are the most frequently employed workers for co-firing mill residues. For urban wood waste, relative labor
requirements among different occupations vary according to project-specific conditions.

Finally, the biomass arrives at the coal power plant. There,
plant operators unload, stockpile and process the biomass before conveying it to the power plant. Once the biomass is ready for combustion, the power plant operator
has two options: mix the biomass directly with the coal
and then send the mixture to a boiler for combustion, or
run a parallel feeding system that conveys the biomass
through a separate boiler for combustion. Today, the second option is most likely, since running biomass along
with coal into the same boiler can reduce the capacity of
the boiler over time, thereby reducing total electricity

The survey summarized above does not include the manufacture of biomass feed systems. According to EPRI and
U.S. DOE, the capital cost for a separate biomass feed
system is about $200 per kW of power generated from
co-fired biomass.20 This translates into $200,000 per MW.
If we assume that labor costs equal 20% of the system’s
total cost, then the labor benefits for a MW-equivalent
feeder system is $40,000 or 80% of the loaded cost of one
worker for one year (assuming a $50,000 loaded labor cost
per full-time employee, including benefits and employer
tax requirements). A biomass feeder that enables a 100-
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Table 5. Labor Requirements Per Megawatt of Biomass Co-Firing Over Ten Yearsa
(in hours)
Activity

Fuel
Switchgrass

Poplar

Willow

Silvicultural
Wood

Mill
Residues

Urban Wood
Waste

0.22 to
0.36

0.26 to
0.35

0.17

0.22
(Logging equipment operators)

0

0.012 to 0.157
(Management,
equipment operator
laborers)

0.08

0.06

0.051

0.057 to
0.111

0.057 to
0.065

0.065

Receive, inspect, store
process and convey at
power plant – Mobile
and fixed equipment
operators, record keeping

0.010 to
0.118

0.010 to
0.118

0.010 to
0.118

0.010 to
0.118

0.010 to
0.118

0.010 to
0.118

TOTAL
(in hours/MWh)

0.31 to
0.558

0.33 to
0.528

0.231 to
0.339

0.287 to
0.449

0.067 to
0.183

0.087 to
0.34

TOTAL
(in hours/MW)

2,3014,144

2,4503,921

1,7152,517

2,1313,334

498
1,359

646
2,525

Total Person-Years
per MW

1.2-2.1

1.3-2

0.9-1.3

1.1-1.7

0.3-0.7

0.3-1.3

TOTAL Person-Years
per MW over 10 Yearsb

12-21

13-20

9-13

11-17

3-7

3-13

Growing, harvesting
and/or preparing –
Farmers unless
noted
Transport – Truck
Drivers

a. Hours are for one year of operation.
b.Does not include jobs associated with manufacturing biomass feeder systems.

MW coal power plant to co-fire biomass at 5% of total
heat input would therefore support approximately four
full-time employees for one year, assuming no economies
of scale tied to the size of the feeder.

DOE assume an 83% linear increase in yields from 1997
to 2020. This trend should reduce the labor requirements
for biomass collection, though the extent of the reduction is unclear.21

When the labor requirements for manufacturing feeder
systems are considered, the range of total full-time employees rises in the first year of the co-firing operation by
0.8 person-years per MW (0.011 person-years per MWh
for the first year of operations), so that the range is 3.8 to
21.8 person-years over 10 years.

Since biomass co-firing is still in its infancy commercially,
the labor results above differ from those for wind and PV
in that they rely heavily on technical studies and projections by utilities and companies that have recently begun co-firing projects or are considering them. Therefore, it is difficult to say what opportunities for technological innovation are available at this time. Once
projects are running and learning accelerates, such opportunities will become more evident.

C. Trends Affecting Labor Intensity of Biomass CoFiring in the Future
According to EPRI and U.S. DOE, increased yields will
reduce the land required for energy crops over time, even
with greater levels of biomass co-firing. EPRI and U.S.

Economies of scale should affect the labor requirements
for power plant operators. If co-firing occurs at higher
19
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volumes, we assume that labor requirements for unloading, stockpiling and conveying the biomass will not rise
proportionally. However, the extent of reduced labor requirements is unclear.

V. SUMMARY OF RESULTS
Table 6 summarizes the labor requirements for solar PV,
wind and biomass co-firing.
Table 6. Labor Requirements for Renewable Energy
Technologies
Technology
Solar PV

Wind
Biomass
Co-Firing

Scale

Person-Years
per MW

Commercial retail
operation selling
2-kW systems

35.5

37.5 MW

4.8

100-750 MW
(see Appendix A)

3.8-21.8

a. Assumes capacity factors of 18% for PV, 30% for wind and 80%
for biomass co-firing.

With the above estimates in mind, the analysis now turns
to comparing the labor requirements of renewables with
the dominant source of power in the United States—
coal-fired power plants.

PART FIVE. A COMPARISON WITH
COAL POWER
I. COMPARISON BETWEEN COAL, WIND
AND PV
This section compares the labor requirements of wind,
PV and biomass co-firing with coal-based power. The
comparison between wind, PV and coal is based on expenditures. This metric connects jobs with investments
in electricity generation. If policymakers are to understand the job implications of different policies to stimulate investment in new power plants, they need to understand what jobs a dollar can support when channeled
to different power options.
Coal provides over half of the U.S. electricity supply and
represents the old guard of the national electricity infra20

structure. However, with natural gas prices rising and
falling sharply throughout the United States and expectations of lower natural gas yields in North America in
the future, it is highly likely that many utilities will turn
to new coal plants to meet future electricity needs.22 For
this comparison of coal with wind and solar energy, we
examine the labor requirements for manufacturing coal
plant hardware, building the plant itself, operating and
maintaining the plant for 10 years, mining coal and transporting coal to the plant.
The methodology for estimating coal power jobs is not
an industry survey. Rather, it is based on model plant
economics, data from the U.S. Census and other federal
sources, and spreadsheet-based modeling. Appendix B
summarizes the assumptions and data underlying the jobs
assessment for coal power.
Figure 4 shows the results of the comparison. The figure
shows that both wind and PV provide more than 40% in
employment than coal. Note that PV does not include
potential jobs losses from the reduced need for transmission lines. Even if transmission is included in the analysis, PV would likely employ more people than a centralstation coal power plant.
Figure 4. Comparison of Coal, Wind and PV (In
Person-Years Per $1 Million in Cost Over 10 Years
Including Capital and Construction)
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Figure 5 compares jobs for coal versus jobs for biomass
co-firing at existing coal plants based on electricity output. We examine electricity output as opposed to expenditures because there is a wide range of potential market
values for different forms of biomass that are difficult to
associate with the job ranges reached in Table 5. The
co-firing estimates include biomass collection, transportation and handling at the plant, plus manufacture and
installation associated with a new feeder at the plant site.
The coal estimates include coal mining, transportation
and handling at the plant. They do not include the feeder,
since it is assumed one is already present at existing plants.
The range of coal jobs reflects a range of plant-site job
values as a percentage of total job requirements equal to
the range plant-site job values for co-firing as a percentage of total job requirements (i.e., 21% to 58% of total
job requirements over 10 years are plant-site jobs).
The results show that co-firing will tend to employ more
workers than coal-only operations. In some cases, such
as the use of energy crops and certain operations involving all other forms of solid biomass examined here, there
is the potential for biomass to employ many more workers. In a more limited range of scenarios (i.e., low-labor
scenarios for urban wood waste and mil residues), coal
can employ more workers. Since the range of co-firing
job requirements reflects ranges within different biomass
Figure 5. Biomass Co-Firing Versus Coal Mining,
Transport and On-site Preparation (Total PersonYears Per 1,000 Megawatt-Hours)

feedstock (e.g., ranges for transportation of forest and mill
residues, growing and collection of different energy crops,
etc.), it is difficult to say definitively whether one source
of biomass will lead to higher labor requirements than
other sources of biomass.

II. COAL MINING TRENDS
The above comparison includes manufacture, installation,
operations, maintenance and fuel for the first 10 years of
operations. When compared to wind, PV and certain
biomass co-firing scenarios, coal appears to employ more
workers for O&M and fuel operations. However, an important component of this labor—coal mining—has drastically become less labor intensive. Coal mining firms
have steadily reduced labor needs by shifting from unionized, labor intensive operations in the East to surface
mining operations in the West, particularly in Wyoming.
In the East, firms are also engaging in mountaintop removal—a form of surface mining—rather than traditional
underground mining. Table 7 shows job loss and greater
productivity in the coal mining industry from 1988 to
1998 and predicts another 36% drop in coal mining jobs
from 1998 to 2008.
Table 7. Fewer Jobs and Greater Productivity in
Coal Mining
Data

1988

Employment
151
(in 1,000s)
Rate of Job Loss

1998

2008

92

59

39%

36%

% Increase in
Output Per
Employee:
1988-2008a
19%

a. Based on dollars of output associated with each employee.
Source: REPP with data from Bureau of Labor Statistics, Employment
Projections—Industry Data. ftp://ftp.bls.gov/pub/special.requests/ep/
ind.employment/indout4.txt., viewed December 5, 2000.

Thus, it is almost certain that labor intensity for coal
power will continue to drop. Based on the results of this
analysis, coal mining represents 46% of all non-manufacturing jobs associated with coal power—that is, mining, transportation and plant O&M jobs for coal plants.
A 36% drop in coal mining labor intensity alone in 10
years will cut total labor for both fuel and O&M by 17%
in 10 years.23
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PART SIX. WHAT CAN
ORGANIZED LABOR BRING TO
THE RENEWABLE ENERGY
INDUSTRY?
The labor estimates in the previous section point to a
nascent industry that can become a significant source of
jobs in the United States. While renewable energy has
important labor benefits, labor—particularly organized
labor—also brings important benefits to the renewable
energy industry. This section outlines two of these benefits.

I. CERTIFIED SKILLS
While the number of renewable energy installations
grows, questions about the installations’ quality and performance continually arise. Skepticism, particularly for
small-scale, distributed renewables, stems primarily from
the early experiences of the industry. In particular, the
boom market for solar water heaters and wind energy in
the 1980s, fed by generous government tax credits, was
followed by a sharp contraction in the industry as incentives disappeared and without such incentives, project
developers lost interest in projects.

Training funds within labor unions tower above the funds
that renewable energy firms can marshal to develop a
skilled technician force. For example, unions that are
members of the AFL-CIO’s Buildings and Construction
Trades Department spend over $500 million annually on
training in 2,000 training centers across North America.
The department estimates that 180,000 apprentices (new
workers) and thousands of journeymen (experienced
workers) receive training each year.24 Overall, the U.S.
DOL’s Bureau of Apprenticeship and Training estimates
that 431,797 U.S. apprentices received registered apprenticeship training in 36,903 programs in 1999.25
Union training programs garner respect among corporate managers and consumers by submitting curricula to
federal standards for quality. In particular, for union
apprentice programs to produce nationally recognized
journeymen, they must register with the U.S. DOL,
which registers only those programs meeting federal
standards.26 Since the U.S. DOL consults with employers as well as unions on apprenticeship standards,
renewable energy firms can actually help shape programs that bring the most benefits to their industry.

II. MARKETING BENEFITS

Fortunately, the renewable energy industry today is typified by firms that sell products certified by nationally recognized standards groups such as Underwriters Laboratories and the Institute for Electrical and Electronic Engineers. However, the renewable energy industry is still
hampered by the lack of skilled installers and servicers.
For example, the PV industry lacks a nationwide network
of technicians with skills certification specific to PV. In
many cases, electricians and roofers can be so unfamiliar
with PV that they discourage potential PV buyers in order to avoid the trouble of installing PV.

Workers who are trained to install technology will encourage consumers to buy that technology. Conversely,
those who do not understand a technology will either
discourage or at least be too ambivalent to help a consumer with an interest in renewable energy. For the PV,
solar water heater or geothermal heat pump industries,
the reliance on a far-flung network of technicians without institutional training programs—and therefore with
limited understanding of these technologies—has certainly cut sales and industry growth, though it is impossible to determine to what extent.

Labor unions offer a ready-made resource to train and
supply skilled technicians who can confidently suggest PV
options to potential customers, and then install and service renewable energy systems. The very existence of
union technicians who understand renewable energy
technology could erase consumer skepticism.

Beyond knowledgeable technicians who are ready to get
a job done, skilled labor offers other marketing benefits.
For example, union-made products receive the “Union
Label” that unions promote to consumers. The AFL-CIO
houses a Union Label and Service Trades Department to
market products with the Union Label at fairs, on televi-
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sion and through newsletters and union member outreach.
A label on renewable energy products such as voluntary
“green power” offers will only strengthen their appeal to
consumers who have different criteria for judging products. The label could be particularly important in states
in the Midwest, Northeast and Far West that have strong
union representation in the workforce. For example, as
green power markets grow throughout the United States,
union involvement in renewable energy projects supplying power could lead to “blue-green power” that is appealing to union members and other Americans concerned
about preserving family-wage jobs.

CONCLUSION
Both labor unions and the renewable energy industry have
good reason to work together. Renewable energy such as
solar, wind and biomass offer a diverse array of jobs. They
also offer more jobs per dollar than coal power. Labor
unions’ ability to bring skills and recognition to the
renewables sector should complement other market, technology and policy trends that point to the continued
growth of renewable energy in the United States
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APPENDIX A. INFORMATION SOURCES AND ASSUMPTIONS FOR
BIOMASS CO-FIRING STUDY
GROWING, HARVESTING AND PREPARING

BIOMASS FUEL TRANSPORTATION

■ Data for energy crops is based on Oak Ridge National
Laboratory’s BIOCOST program, an “Excel-based program with a graphical interface that lets the user select a region and then specify values for several variables including expected yields, land rents, labor costs,
and chemical, fertilizer, fuel, and planting stock prices.
The user can also choose among several key management options.” (Quote from bioenergy.ornl.gov/papers/misc/biocost.html)

Estimates of labor hours for all fuels, except for switchgrass, are based on two sources: Empire State Biopower
Consortium, Economic Development Through Biomass Systems Integration. Electric Power Research Institute and
U.S. DOE, 1995, and “Silvicultural Wood Waste,” a survey of a whole tree chipping operation. It is assumed
that a truck can transport the same amount of switchgrass as wood chips—20 to 25 tons.

■ Data for silvicultural wood is based on a typical whole
tree chipping operation in the Northeast where a crew
consisting of a shearer operator, two skidder operators and a rotary chipper operator can produce 200
tons of silvicultural wood in a 10-hour shift.

POWER PLANT OPERATIONS
Estimates of labor hours are based on interviews with staff
of utilities and companies that are co-firing, have completed co-firing tests, are planning co-firing or are running a large wood-only power plant. The labor study includes several assumptions about power plant operations:

■ It is assumed that the labor requirement for mill residues is zero since firms producing the byproduct must
manage their waste for disposal or another use regardless of co-firing.

■ For plants with multiple boilers, co-firing occurs in only
one boiler.

■ Data for urban wood waste is based on a survey of
three types of operations: a tubgrinder at a landfill
that runs 85% of the time, has a capacity of 20 to 75
tons per hour and is run by one to two operators; a
large wood waste processing facility based on data provided in CONEG Policy Research Center, Inc. Using Recycled Wood Waste as Fuel in the Northeast; and a
chipping operation at a pallet recycling facility. In
the last operation, it is assumed that grinders installed
at the facility have a capacity of 25 to 135 tons per
hour and ground pallets have a typical density of 4.5
tons per cubic yard. An operator is present when the
grinder is running, and the grinder is down for maintenance 10% of the time.

■ The capacity factor for baseload plants is 85%.
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■ Boiler capacities ranges from 100 to 750 MW.

■ The capacity factor for peaking plants is 60%.
■ The labor requirement in baseload plants is 12 hours
per day, seven days per week.
■ The labor requirement in peaking plants is eight hours
per day, five days per week.
■ Biomass fuels are co-fired at 5% of total heat input.
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APPENDIX B. ASSUMPTIONS FOR COMPARISON OF WIND AND SOLAR
WITH COAL POWER
The analysis of jobs generated by coal-fired power plants
includes the following assumptions:

COAL PLANT COMPONENTS AND ON-SITE
ACTIVITIES, NOT INCLUDING OPERATIONS
AND MAINTENANCE
■ The capital expenditure of the coal plant is $1,400 per
kW, with $196 per kW devoted to financing and insurance. We only examine the labor impacts of components manufacture, plant construction, plant project
management and plant engineering. We do not include financing and insurance expenditures in this
analysis, so the remaining capital expenditure is $1,204/
kW. (This analysis also does not include labor for financing and insurance services for wind, solar and biomass.)
■ O&M and fuel expenditures average 2.94 cents per
kWh per year.
■ The size of the coal plant is 200 MW, while the capacity factor is 80%.
■ We examine the labor created by the manufacture of
the following components, and their share of total coal
plant capital expenditures: boilers (24%), fabricated
structural metal (15%), turbines (6%) and industrial
controls (6%). We also examine the labor associated
with the following on-site activities, and their share of
total capital costs: construction (28%), engineering
(5%) and project management (2%).
■ We then estimate the average annual salary for a worker
in each sector based on total payroll and employment
in that sector. Payroll and employment are based on
1997 U.S. Economic Census data, with each activity
associated with a Standard Industrial Classification
code that best captures that activity. Where possible,
this analysis found five- or six-digit SIC codes that
could be linked to activities. In most cases, it employs
four-digit SIC codes.

■ Next, we estimate the average annual salary for all jobs
associated with component manufacture and on-site
activity at the plant. Annual salary is based on the
weighted average of average annual salaries by sector.
For example, boilers represent 27.7% of the costs of
components and on-site activities (24% of total plant
capital costs, with component manufacture and onsite activities representing 86% of capital costs). The
average salary in the SIC code that includes boilers is
$33,160, which is multiplied by 27.7% and added to
the weighted averages of the other sectors to reach the
average annual salary for the plant. The average annual salary for jobs associated with the coal plant is
$36,116 per person-year.
■ We reach a figure for the percentage of plant expenditures that goes to salaries. As with annual salaries, the
percentage is based on the weighted average of average percentages by sector. Thus, for each of the
components and activities above, we estimate the percentage of expenditures for each component/activity
that would go to salaries, and then weight each percentage by each component/activity’s share of total
capital costs. Total expenditures and salaries for each
sector are based on 1997 U.S. Census data. The average is 25.08%.
■ Next, the percentage of expenditures spent on salaries
is multiplied by the per-MW capital cost for the coal
plant, financing and insurance costs excluded
($1.2 million per MW). Thus $302,000 per MW is
spent on labor.
■ The total payroll per MW is divided by the average
annual salary ($36,116) to reach a total labor estimate
for the coal plant—8.5 person-years per installed MW.

25

THE WORK THAT GOES INTO RENEWABLE ENERGY

COAL PLANT OPERATIONS AND
MAINTENANCE (NOT INCLUDING FUEL)
■ To estimate labor for O&M, we assume that $13.28
per MWh is spent on O&M. With an 80% capacity
factor and 200 MW of installed capacity, this translates into $18.6 million spent on O&M in the first
year of the coal plant. This is equivalent to approximately $93,000 per MW.
■ We then estimate average salaries and the percentage
of revenues spent on salaries in SIC code 2211121—
electric services for fossil fuel power generation. We
apply these figures to total O&M spending in the first
year to reach a labor estimate per MW—0.18 personyears. Assuming an 80% capacity factor, we estimate
0.025 jobs per 1,000 MWh.

COAL MINING
■ We estimate total coal consumed by the electricity
sector in 1998 and power generated by coal-fired power
plants that year to reach a figure of short tons of coal
consumed per MWh. Data was obtained from the U.S.
EIA Annual Energy Review 1999. Washington, DC,
July 2000. DOE/EIA-0384(99), Table 7.2 and 7.3.
■ We then reach average tons of coal mined by each
miner (provided in U.S. EIA’s Annual Energy Review
1999, Table 7.6) and apply it to coal consumed per
MWh to reach an estimate of miners associated with
each 1,000-MWh block of power generation from coal
plants—or 0.039 person-years.

Census. Similarly, average percentage of revenues
going to labor is also estimated, with percentages within
each of the three transportation sectors serving as
the basis.
■ We apply the above averages (i.e., for annual salary
and percentage revenues spent on salary) to total
revenues for shipping coal to utilities in 1995, thereby
yielding labor estimates for coal transportation in
1995—30,757 workers.
■ We divide the above labor estimate by total MWh
generated by coal plants, according to EIA Annual
Energy Review 1999 data for 1997, to reach an estimate of coal transportation jobs per 1,000 MWh—0.02
person-years.

WIND ESTIMATES BASED ON EXPENDITURES
■ For wind, we employ our estimates reached in the
survey and summarized in Table 4.
■ We assumed that capital cost for wind is $749,000 per
MW per year, with $10,000 in annual O&M expenditures per MW. These assumptions are based on
estimates for wind in 2000 in Renewable Energy Technology Characterizations by EPRI and the U.S. DOE.
Palo Alto, Calif. and Washington, DC, 1997.
TR-109496.

SOLAR ESTIMATES BASED ON
EXPENDITURES

COAL TRANSPORTATION

■ For PV, we employ the estimates reached in our survey
and summarized in Table 3.

■ To estimate jobs associated with the transportation of
coal, we first estimate the share of annual ton-miles
represented by rail (95.9%), barge (3.8%) and truck
(0.4%). (These percentages include proportional allocation to these three categories of 12% of total tonmiles classified by U.S. EIA as “other.”) Data based
on Energy Policy Act Transportation Rate Study: Final
Report on Coal Transportation. Washington, DC: October 2000. DOE/EIA-0597(2000).

■ We assumed that the capital expenditures for
residential PV are $6.30 per installed Watt, or $6.3
million per MW, with O&M expenditures at 0.01 cents
per kWh, or $154 per MW. These assumptions are
based on estimates for residential PV in 2000 in
Renewable Energy Technology Characterizations by EPRI
and the U.S. DOE. Palo Alto, Calif. and Washington, DC, 1997.

■ Next, the average annual salary for transportation is
reached based on a weighted average annual salary for
the rail, barge and trucking sectors, using data on salaries and employment from the 1997 U.S. Economic
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