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ABSTRACT 

 

This study uses 20 years of data from the Energy Information Administration on 

commercial renewable energy installations in the United States to gauge what their 

economic effect is on the local labor markets and how well renewable energy facilities 

can be used to generate place-based jobs. I measure changes in employment, 

unemployment, and labor force participation rates in the year a facility begins 

commercial production using an Ordinary Least Squares (OLS) regression, a Vector 

Error Correction (VECM) model, and a Panel Vector Autoregression (PVAR) model. 

The results show that though renewable energy facilities generate reductions in 

unemployment rates and gains in employment rates that last only a handful of years, they 

seem to cause longer lasting (at least 10 years) gains in labor force participation, 

indicating that the facilities draw people out of chronic unemployment. Though, while all 

of these results are statistically significant, the magnitude of these effects are all small. I 

argue that these results indicate that renewable energy facilities cannot be used on their 

own to generate long-term, place-based jobs, but instead provide a ‘shot in the arm’ 

effect, offering a temporary boost to local labor markets and economies. As such, for 

policy makers who want to use these facilities for place-based jobs, renewable energy is 

best suited to being part of a more comprehensive economic development strategy.  
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1. INTRODUCTION 

 

The scientific community has reached 100% consensus on the anthropogenic nature of 

climate change, and policy makers around the globe recognize it as one of the most pressing 

problems facing the world today, (Powell, 2017; United Nations, 2020). This makes reducing 

greenhouse gases emissions a worldwide priority. Researchers estimate that, globally, energy 

production accounts for approximately 35% of greenhouse gas emissions, (IPCC, 2014). Hence a 

significant component of blunting climate change’s impact is the speedy transition to renewable, 

low, or zero carbon emission energy technologies. Recently, leaders and pundits in the U.S. have 

seen this transition to renewable and low-emission forms of energy as a way to remake the U.S. 

economy into one in which there are ample employment opportunities in “green jobs,” jobs 

connected to environmentally beneficial industries or activities, including in renewable energy, 

(Bureau of Labor Statistics, 2013; Biden Harris, 2022). A key element to the ‘green economy’ is 

jobs in renewable energy, which some, including President Biden, have predicted to number in 

the millions, and have been pitched as a way to bring jobs to communities across the country 

(Wei et al., 2009, Joebiden.com, 2022). However, at present, despite the significance of both 

climate policy and the prospect of a re-engineered U.S. economy, there is little academic 

research on what commercial renewable energy installations’ employment effects have been to 

date. (Notable exceptions include Xiarchos et al. (2013) and Çelik (2021).). This paper seeks to 

add to this academic literature, by quantitatively evaluating to what extent renewable energy 

generating facilities have driven employment outcomes at the local level in the US over the last 

20 years. 
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Ex-ante, it is not clear whether renewable energy facilities will increase a local 

community’s employment rate, or not. In the run-up to a commercial energy-generating facility 

coming on the grid, there will be a significant demand for construction workers and skilled labor. 

However, once the facility is finished and operating, there will no longer be such demand for 

construction and trades workers. There will be some demand for those who work in the day-to-

day operations and management of the facility, but those jobs are likely to be much fewer in 

number than the construction jobs and employ a different talent pool. Manufacturing the required 

equipment and components for renewable energy facilities may generate long-term employment, 

but there is no reason to think that notable manufacturing facilities will be co-located with the 

energy facilities. Other indirect employment effects, like local contractors and vendors supplying 

goods and services to the worksite, as well as the effect of workers spending money in the local 

community, may grow the economy. However, the longevity of this growth is questionable, as 

the large pool of local construction jobs is likely to decrease once the facility’s construction is 

finished. These various channels provide reasons to think both that renewable energy facilities 

may and may not correlate with a notable increase in employment in the surrounding 

communities. In short, it is unclear whether or not commercial renewable energy installation 

would notably boost local employment rates. This paper addresses this question through an 

empirical, quantitative analysis. 

Using 20 years of Energy Information Administration (EIA) county-level data on energy 

installations throughout the United States, I run a series of Ordinary Least Squares (OLS) and 

Vector Error Correction Model (VECM) regressions, as well as a Panel Vector Autoregression 

(PVAR) model to test whether or not renewable energy installations drive local employment 

outcomes. I collapse the data so that megawatts (MWs) of renewable energy installed in a given 
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county in a given year is the independent variable, and a series of current or lagged employment, 

unemployment, and labor force participation metrics for that county are the dependent variables. 

Basic economic controls are included as well. The results of these regressions and models show 

the following: in the year the facility begins commercial generation there is no statistically 

significant change in unemployment or employment rate, though there is a minor and statistically 

significant increase in the portion of the county population in the labor force. In the years 

following the first year of commercial production, there are minor but statistically significant 

gains in the employment rate and decreases in the unemployment rate, but these effects do not 

appear to last for more than 6 years. Labor force participation does seem to continue to grow 

over a ten-year window, but only at a small rate, and with a great degree of uncertainty. These 

results indicate that renewable energy has the potential to help revitalize local communities, and 

boost local economies, however, in order to do so it must be part of a greater approach that 

involves other economic development efforts. My results demonstrate that, on their own, 

renewable energy facilities are not sufficient to create lasting changes in unemployment and 

employment rates. Thus, I describe renewable energy’s employment effects as a ‘shot in the 

arm,’ rather than leading to lasting change. 

From here the paper proceeds as follows. After a brief review of theoretical 

considerations, briefly recounting the existent literature’s view on renewable energy and 

employment and the limited, published quantitative results. I then continue the theoretical section 

by considering how a renewable energy facility could affect local employment, both through 

channels direct and indirect. In the end, I find that these considerations are indeterminate, 

particularly without quantitative analysis. I then proceed to the third portion of the paper, where I 

describe the research design, model, and results in greater depth. The fourth part of the paper 
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discusses the policy implications of these results. Finally, in the fifth section, I summarize and 

conclude the paper.  

 

2. LITERATURE AND THEORETICAL CONSIDERATIONS 

 

This paper studies what (if any) changes in local employment and unemployment trends 

occur when commercial, renewable energy generation facilities arrive in a locality. The existent 

research on this topic can be grouped, broadly, into two different sorts: 1) forward-looking, 

economy-wide models, and 2) retrospective quantitative analysis. 

Forward-looking studies generally use some form of simplified, national economic model 

(such as an input-output model or a general equilibrium model) and then predict how national or 

regional employment will change as a result of specific energy and environmental policies. For 

instance, Wei et al. (2009) find that strengthened energy efficiency protocols and. A 30% 

renewable portfolio standard could create 4 million full-time-equivalent jobs by the year 2030. 

They also estimate that non-fossil fuel energy produces more jobs than fossil fuel energy per unit 

of energy delivered. Many other studies concur that increasing the supply of renewable energy 

will lead to notable job creation, such as Lehr et al. (2011), Fragkos and Paroussos (2018), 

Markaki et al. (2013), and Garrett-Peltier (2017), who estimates that $1 million spent on fossil 

fuels develops, on average, 2.65 full-time-equivalent jobs, but $1 million spent on renewables or 

energy efficiency would create roughly five more full-time-equivalent jobs on average. 

However, some models, such as that of Rivers’ (2013), that predicts a net increase in 

unemployment as electricity sector emissions decline, implying that increased renewable energy 

will lead to job loss. 
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While many models focus on the U.S. as a whole, there are some analyses that are much 

smaller and focus on a single state, or even a single site. Such examples include Ratliff et al.’s 

(2010) economic assessment of wind power in San Juan County, Utah, Lantz’s (2008) study of 

the economic benefits of wind power in Nebraska, and Loomis’ (2014) study of the economic 

impact of a single wind energy project in Livingston County, Illinois. Each of these analyses 

estimates job numbers via the National Renewable Energy Laboratory’s (NREL) Jobs and 

Economic Development Impacts (JEDI) model. The JEDI Model is an input-output model that 

takes project-specific data and estimates the number of jobs a given energy project is likely to 

support, (Loomis, 2014; NREL, 2022). Importantly, JEDI measures gross job numbers, meaning 

it models the jobs created by the project, but does not factor in any losses or gains associated 

with resultant replacement of other exiting electricity generations facilities or alternate 

investment schemes, (Ratliff et al., 2009). Each of these three models estimates significant job 

growth in the construction phase, but far fewer jobs.1 

The other kind of study is a retrospective data analysis that uses data collected over many 

years to test for evidence of Granger causality between increases in renewable energy investment 

and changes in employment. Xiarchos et al. (2013) find a positive relationship between 

renewable energy and employment. However, Çelik, (2021), performing a similar test, does not.  

The literature on renewable energy and employment as a whole (including both 

prospective models and retrospective data analysis) generally finds increases in renewable 

 
1 Specifically, Ratliff et al. (2010) finds that a 50 MW wind power project in San Juan County 

would generate 285 construction period job and 17 permanent jobs. If the project were 100 MW 

these figures would be 497 and 36, respectively. Lantz (2008) estimates that 7800 MW of wind 

power in Nebraska by 2030 would support 20,600 to 36,500 construction period jobs, and 2,200 

to 4,000 long-run operations jobs. Lastly, Loomis (2014) estimates that the then-planned 243 

MW wind project at Pleasant Ridge would produce 384 jobs in Livingston County during 

construction, and 92 long-run operations jobs in Livingston County.  
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energy correlate with net positive gains in employment for the pertinent region or country 

(Cameron and van der Zwaan, 2015). Though, the literature, as a whole, shows limitations. A 

systematic review of 70 papers and studies of renewable energy and employment revealed that 

only 15 presented original data and were published in peer-reviewed journals, indicating that 

much of the literature uses unoriginal data and is not subject to the same academic rigor as some 

other fields (Cameron and van der Zwaan, 2015). However, there are many challenges in trying 

to assess or predict renewable energy’s relationship to employment that makes the research 

difficult. For forward-looking models, the model must simplify the economy and the method for 

doing so (such as an input-output method, or an analytical method) can affect estimates, 

(Lambert and Silva, 2012). Similarly, the unit of measure can make a big difference in models. 

The two most common ways of measuring the job creation of renewable energy are 1) by jobs 

per MW installed, and 2) person-year per MW installed, (Lambert and Silva, 2012). Jobs per 

MW installed generally reflect longer-term employment—a permanent job—whereas person-

years per MW measures temporary jobs, (Lambert and Silva, 2012). (‘Person-year’ or ‘man-

year’ means full-time work for one person for one year.) Other factors make forward-looking 

model building a challenge, including the source of information used to model renewable and 

employment, distinguishing between gross employment gains versus net effects (i.e., if 100 jobs 

are gained, but 200 are lost, then the net effect is negative even though jobs were created), and 

the intensity of the labor required for the expansion of renewable energy, (Lambert and Silva, 

2012). In sum then, the academic literature on renewable energy and employment is generally 

(though not entirely) positive, but subject to questions of rigor. 

This study, however, is neither a forward-looking, economy-wide model nor a test of 

Granger causality. Instead, it is an assessment of what employment effects renewable energy has 
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on a local level (which in this study means the county level). Thus, it is important to understand 

how renewable energy facilities can affect local employment rates in order to form a hypothesis. 

However, in order to accomplish this goal, one first must understand how renewable energy’s 

employment effects are measured. 

Renewable energy’s employment effects can be broken down into three different kinds: 

direct versus indirect versus induced effects, (Lambert and Silva, 2012). Direct effects are those 

due to the demand for goods and services immediately connected to renewable energy. For 

instance, direct effects would include jobs created when hiring people to install solar panels or 

manufacture wind turbines. Indirect effects are those effects from changes in demand for goods 

and services that result from the activity in the sector of the economy under consideration, but 

that are not themselves part of that sector. Indirect effects would, as an example, include jobs 

created when hiring people to work at a steel mill in order to produce more steel for solar panels. 

Lastly, induced effects are those related to the expansion or contraction of private or household 

consumption of goods and services. For example, jobs are created when consumers spend more 

money on goods and services because their electric bills are lower. How a job forecast handles 

these effects affects its prediction for renewable energy’s job creation potential. 

 Within direct effects there is an industry-specific distinction in the kinds of jobs created 

by renewable energy: construction, installation, and manufacturing jobs versus operations and 

management jobs The distinction between construction, installation, and manufacturing (CIM) 

jobs and operations and management (OM) jobs is exactly as it appears. CIM jobs are jobs in the 

construction, installation, and manufacturing of renewable energy facilities and their 

components. OM jobs are jobs in the operations and management of renewable energy facility 

once it is up and running, (Wei et al., 2009). Examples of CIM jobs include manufacturing solar 
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panels, wind turbines, nuclear power plant components, constructing the infrastructure necessary 

to deploy renewable energy technologies, and installing the technologies. OM jobs would 

include facility maintenance and working in the control center of a plant. A tacit element of this 

distinction is that demand for CIM jobs comes predominately before a renewable energy facility 

comes online and begins adding energy to the grid, and OM jobs are jobs that only begin once 

the energy generation is up and running. Construction and installation are considered one-time 

employment, whereas OM jobs offer long-term employment opportunities, (Wei et al., 2009). 

(Manufacturing, though it is part of the CIM designation and necessarily occurs before the 

facility begins commercial operations could be long-term.) The number of CIM jobs required to 

stand up a commercial renewable energy facility may be rather large, in the hundreds perhaps, as 

the facility will have to be built and all the components will have to be manufactured. However, 

this of course assumes that some, if not the bulk, of the CIM workers, are hired from the local 

population. If the CIM worker base is mostly made of a traveling group of workers who are not 

from the location where they work, the years leading up to a facility joining the grid would not 

display a notable drop in local unemployment due to CIM jobs. This is on top of the fact that the 

duration of these jobs is necessarily fixed. These jobs last until the facility opens and the CIM 

workers are no longer needed. Once the facility is operational, these workers will lose their jobs. 

(If locals wanted to keep the employment, they would have to pull up stakes and be mobile, 

roving CIM workers. Furthermore, though manufacturing may provide long term employment, 

there is no reason to think either 1) that the boosts in manufacturing will be permanent, avoiding 

layoffs, and 2) that  that 1) manufacturing facilities will be co-located with the renewable energy 

facilities themselves. So while local employment rates may increase in the years leading up to 
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the facility becoming operational, they are likely to decline (all else being equal), in the years 

after the facility comes on the grid. There is, however, the separate question of the OM jobs. 

 The OM jobs are long-term. These positions can offer people decades long careers, or at least a 

career as long as the energy facility is in operation. So, perhaps even if the CIM jobs do not offer 

long-term employment opportunities, OM jobs do.  However, OM jobs may go to non-locals 

who relocate to the community, and there are likely to be fewer of them than CIM jobs, meaning 

that even if all the laid-off CIM workers had the skills to take OM jobs at a facility, it is unlikely 

all would accept it. Moreover, some OM jobs are already being automated or made redundant by 

technological advances, further reducing opportunities for employment, (Chandler, 2022; 

Tisheva, 2022). Given all this, it is hard to hypothesize what direct effects such a facility may 

have on local employment and unemployment rates.  

Indirect effects are the employment effects of changes in demand for the constituent 

goods and services that are part of the process of building renewable energy facilities. A 

quintessential example would be an increase in demand for steel used in building wind turbines 

and solar panels. However, just as there is no reason to think that manufacturing facilities that 

respond to direct demand (i.e. assembly of solar panels) would be located in the same 

community as the energy facility, so too is there no reason to think that a manufacturing facility 

that responds to indirect demand (i.e. a steel mill) would be located in the same community.2. 

Though, while manufacturing as an indirect effect may not provide an opportunity for increased, 

local employment effects in the local community, other opportunities may arise. Building a 

significant energy-producing facility will likely require a notable amount of goods, for the 

worksite. The construction of the facility would also require significant local services, such as 

 
2 In fact, there is already evidence that this is not the case, (Strong, 2021; Brown, 2021). 
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surveyors. Many of these products and services may be purchased from local contractors or 

vendors, which would boost the local economy and could well create jobs.  

Similarly, induced effects, those related to expansion or contraction of household 

spending, seem to offer some promise. There are (I argue) two general kinds of induced effects: 

1) those from changes in household spending as energy prices change due to greater share of 

energy coming from renewable source, and 2) changes due to workers connected to the 

renewable energy facility (and other households somehow tied to the facility and its 

construction) spending money in the local economy. As for the first, it remains an open question 

whether or not a greater share of energy on the grid generated from renewable sources will lead 

to higher or lower prices. Some think estimates of job effects from renewable energy regularly 

ignore what are sure to be higher prices of energy, which will contract household spending, as 

households will not change their energy consumption but will instead reduce their spending on 

other goods and services, and the economy will contract, (Lesser, 2010). This contraction would 

cost jobs, so the argument goes. Such an effect would happen across an economy larger than a 

local community or county, though its effects would likely be present to some degree in the local 

community. Others, (Jaeger, Gonçalves, Harsono, and Bird, 2022). However, maintain that 

renewable energy would decrease the cost of energy, which could conceivably increase 

household spending, spurring local growth. Again, this effect would likely be present across an 

economy larger than a local community or county, but the effects would likely be visible at the 

local level to some degree. In short then, this aspect of induced demand is, as much of the 

foregoing, indeterminate, as there are reasons both to think, ex-ante, that the economy may 

contract or expand. 
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With respect to what I have identified as the other aspect of induced employment effects, 

more workers spending money in the local community, we might expect an increase in 

employment. As workers spend money in the community, the local economy will grow and may 

add jobs. However, if there is economic growth due to workers spending more money in the 

local community, and much of this is due to CIM workers whose jobs will evaporate or leave 

town when the energy facility is completed, this growth may not be sustainable or long-term.  

In sum, then, what does the analysis of direct, indirect, and induced effects show us? 

Without further information, we cannot determine what the direct employment effect would be; 

as the answer seems to depend on what time frame of a facility’s construction and operation a 

researcher studies, and how one weights temporary jobs against permanent jobs. Indirect 

employment effects are similarly unclear. While some indirect economic growth, such as more 

steelworkers, is unlikely to happen in the same place as the energy facility, other channels for 

indirect growth seem plausible, such as all the local businesses and contractors who will sell 

more of their goods and services serving and supporting the construction and job site. As for 

induced effects, of the two channels I have identified, one is indeterminate (as there is still debate 

about how a greater renewable energy affects energy prices), the other seems to point toward at 

least short-run economic and job growth. How renewable energy facilities affect local 

employment rates is then a question that can best be answered empirically. 
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3. DATA AND EMPIRICAL RESULTS 

 

In this section, I describe the data and model used in the analysis as well as the empirical 

results. Included are graphics for key summary statistics. Other tables and graphics are included 

in the appendix. I begin with the data and model description. 

 

Data  

 

The data comes from four sources: 1) the Energy Information Administration’s (EIA) 

Form-860 data, 2) The Bureau of Labor Statistics (BLS) Local Area Unemployment Survey 

(LAUS), 3) the U.S. Census Bureau and 4) the Bureau of Economic Analysis (BEA). The years 

of this study are 2001 to 2020. 

The EIA data furnishes information on every commercial energy generator built in the 

United States and the details about the facility in the year it began commercial production. For 

this study, the data is aggregated by total nameplate capacity generation of different energy 

sources in each county for each year (see Appendix Table A.1).3 County-year nameplate capacity 

for each energy source is used as the independent variable 

 
3 EIA Form-860, records each facility’s nameplate capacity and year of commercial operation 

(which together form the basis of the independent variable). The nameplate capacity for a 

generator can be adjusted on an 860 form if the generator has been altered or rewound. (For 

example, a natural gas plant may have begun operations in 2005, and at the time had a nameplate 

capacity of 100 MW, but if the generator is altered in 2008, the nameplate capacity could be 

something  other than 100 MW on all 860 forms submitted after 2008.) I used EIA 860 forms 

from 2011 to 2020 to gather data about generators installed between 2001 and 2020, so some 

reported nameplate capacities of generators on the 860 forms for 2011 may not reflect the 

nameplate capacity at installation. However, with nothing to indicate otherwise, I assume all 

reported nameplate capacities are as they were at installation. 



 13 

The BLS data gives four different measures of the labor force and employment: each 

county’s employed population , unemployed population, unemployment rate, and labor force. 

The Census Bureau data gives the population of each county in a given year. The employed 

population is divided by labor force to yield each county’s employment rate. The employed 

population is divided by the overall population to yield a variable for the percent of the 

population employed. And, lastly, the labor force is divided by the overall population to get the 

percentage of the population in the labor force. (Note this is not a proper labor force participation 

rate because the denominator includes people not in the working-age population.) These three 

measures of employment and labor force participation, as well as the unemployment rate, serve 

as the dependent variables in the model.   

Lastly, the BEA data gives each county’s per capita income and GDP in current 

thousands of dollars (a statistic only calculated starting in 2001). These measures, in addition to 

county and year fixed effects, serve as controls. 4 

 

Results 

 

The results of this study are presented as follows. First, I present a simple graph that 

shows what happens to unemployment rates in counties that have a renewable energy facility 

installed at some point in the study time frame. (See Appendix Table A.1 for a definition of what 

energy sources are classified as renewable sources.) This amounts to a ‘treatment on the treated 

effect,’ and at first blush appears to indicate notable decreases in unemployment years after the 

 
4 Because of mismatches in how local jurisdictions’ names are reported in EIA data versus 

Census data, observations from Alaska and Hawaii, as well as some from Virginia, could not be 

matched one-to-one, and were dropped.  
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installation of a renewable energy facility. I then continue with a baseline Ordinary Least 

Squares. (OLS) the regression that includes controls to analyze what happens to employment 

metrics in the year a renewable energy facility goes online. This is followed by coefficient plots 

of these baseline regressions, and finally robustness checks for long-term effects in the form of 

vector error correction model (VECM) regressions and panel vector autoregression (PVAR) 

models.  

 

Treatment on the Treated and Baseline Regression 

 

Figure 1 shows an initial plot of county unemployment rates three years before and after 

the renewable energy facility begins adding energy to the grid. Unemployment rates in the year 

the facility joins the grid, year 0, are normalized to 1.  
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Figure 1. Change in normalized unemployment rates before and after facility begins 

commercial operation. Unemployment normalized to 1 in year 0. 

 

Figure 1 indicates that in counties in which a renewable energy facility is installed, 

unemployment rates drop significantly over at least the three succeeding years. However, this 

form of analysis has no controls, and only measures whether or not a facility was in a county in a 

given year, but not the size of the facility, the nameplate capacity. This motivates us to build a 

better baseline model.  

The baseline model is as follows: 

 

(1)   Ymit = α + β nameplate_capacity sit + X it + ε it 
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In this equation, Ymit is employment measure m in county I in year t, nameplate_capacity sit is the 

total nameplate capacity of commercial energy generation for energy source s in county I, 

beginning commercial operations in year t, and X is a vector of controls for county I in year t. 

Note that all of the variables are logged, meaning that the coefficient β represents the percentage 

change in employment metric m in county I in year t for a 1 percent increase in energy source s 

in county I in year t. The results of this regression for all four employment metrics are shown in 

Table 1. 



 

 

Table 1. Percent change in employment metrics for a 1% increase in renewable energy in a given year 
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Column 1 shows the percent change in the unemployment rate when installed renewable energy 

increases by 1%. Column 3 displays the percent change in the labor force as a percentage of the 

county population when renewable energy increases by 1%. Column 5 shows the percent change 

in the employment rate when renewable energy increases by 1%. Lastly, Column 7 shows the 

percent change in the employed population as a percentage of the overall county population 

when renewable energy increase by 1% in the county. Columns 2, 4, 6, and 8 display these same 

metrics, respectively, but including economic and fixed effect controls. These results show that 

all changes are small (employment rate infinitesimally so), and neither unemployment rate nor 

employment rate change in a statistically significant way. However, labor force as a percentage 

of county population (columns 3 and 4) and employed population as a percent of the population 

(columns 7 and 8) each show positive and statistically significant results. Once controls for 

economic and fixed effects are included (columns 6 and 8), these two metrics are statistically 

significant at the 1% level. Combined with the insignificant changes in unemployment and 

employment rates, this indicates that in the year a renewable energy facility in a given county 

begins commercial operations people who have left the labor force rejoin the it, thus increasing 

the portion of the population in the labor force and the portion of the population employed. 

While these coefficients are small (only slightly greater than 1/1000th of 1%) on the scale of an 

entire county these effects could be noteworthy.  
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Further Analysis and Duration of Effect Robustness Checks 

 

Different Energy Sources. While net effects of renewables on the unemployment rate, 

employment rate, the labor force as a percentage of the county population, and the employed 

population as a percentage of the county population are small, even when statistically significant, 

some sources of fuel may be particular drivers of these trends. Figures 2 and 3, for which the 

labor force as a percentage of the county population and the employed population as a 

percentage of the county population are the dependent variables, respectively, show coefficient 

plots for each of the different energy sources considered in the study.5 

In both Figures 2 and 3 only two energy sources are positive and statistically significant 

at the 95% confidence level:  renewables in general and solar power, indicating that solar energy 

may be disproportionately responsible for renewable energy’s positive and significant 

coefficient.  Some other energy sources, such as energy storage facilities, have relatively large 

coefficients, but large error bars that make them insignificant. Worthy of note is that fossil fuels 

have a slightly negative coefficient for these measures of labor force participation. These are not 

significant at conventional levels. Petroleum products have a significant and relatively large, 

negative coefficient.6 

 
5 See Appendix Table A.1 for an overview of energy sources.  
6 See Appendix Tables A.2 and A.3 for tables with the estimated coefficients for each energy 

source in Figures 2 and 3. 
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Panel A 

 

Panel B 

 

Figure 2. Coefficient plot for the point estimate of each energy source as the independent variable 

in regression equation (1). Panel A:  Labor force as percentage of county population is the dependent 

variable. NOTE: Error bars represent 95% confidence interval. Panel B: Employed population as 

percentage of county population is the dependent variable. NOTE: Error bars represent 95% confidence 

interval.  
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Appendix Figures A.1 and A.2 show coefficient plots for these different sources of 

energy with unemployment and employment rates as the dependent variables. Renewable energy 

shows no statistically significant employment effects in these graphs, and neither do fossil fuels. 

Energy storage and nuclear are the only sources to exhibit statistically significant, negative 

employment effects. 

 

VECM for Lagged Effect. Increased renewable energy installation in a county appears to show 

positive labor force and employment effects. However, this has only been shown for the year in 

which the facility begins commercial energy production. In order to test whether or not these 

labor force and employment effects continue beyond the year in which the facility begins its 

operations, I employ a vector error correction model (VECM) to measure future employment 

effects of renewable energy installation in a county. The VECM establishes a short-term 

relationship between renewable energy capacity and the four employment metrics, while 

correcting for the future movement of employment metrics. As Appendix Table A.5 shows, 

while the estimates for renewable energy’s effect on the share of the population in the labor force 

and the share of the population employed are positive and statistically significant in the first 

difference (the first year of commercial operation), by just one year later they are statistically 

insignificant, indicating that by a year later there are no longer continued gains in the labor force 

or employed population. Interestingly, the VECM estimates indicate an increase in 

unemployment in the year following that of initial commercial operation. Thus, the VECM 

regressions show that the baseline model’s initial insignificant unemployment and employment 

effects are not a fluke; there remain no gains in employment rate and decrease in unemployment 

rate after one year. 
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Panel Vector Autoregression (PVAR) for Long. Term Effects. As a final analysis and robustness 

check, I employ a panel vector autoregression (PVAR) model in order to estimate the effect of 

renewable energy on employment and labor force participation for 10 years after the initial year 

of operation. The PVAR model also allows for analyzing the bidirectional causality between 

renewable energy installation and employment (Abrigo and Love, 2016). This PVAR model is of 

order 5. The results for the four-employment metrics are shown in panels (a) through (d) in 

figure 4. 

The PVAR model shows two interesting trends, one among employment and 

unemployment rates, another among the share of county population employed, and the labor 

force as a percentage of the county population. Panels (a) and (b) of figure 4 show opposite 

trends for employment and unemployment rates (which is not surprising). For these metrics, the 

PVAR model projects that there are small, though statistically significant and increasing, gains in 

employment, matched by larger and statistically significant and increasing successive decreases 

in unemployment over the first 3 years. The following 3 years exhibit similar trends, though 

instead of each year’s effect increasing in magnitude, they decrease in magnitude. By about year 

6, there are no more gains in employment and decreases in unemployment, and afterward, all 

effects indicate a drop in the employment rate and an increase in unemployment for the 

remainder of the model window.  

Panels I and (d), percent of the county population in the labor force and percent of the 

county population employed, respectively, each indicates an increase in the working population 

over the 10-year window. Panel I, renewable energy’s effect on the share of the county 

population employed, indicates that these renewables-driven increases in the employed 
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population as a share of county population accrue mostly in the second 5-year window, as the 

estimated effect remains near zero for the first 5 years, and then grows rapidly between year 5 

and year 10. (An interesting observation given that over the same window annual changes in 

employment rate due to renewable energy, panel (a), become negative.) Panel (d), renewable 

energy’s effect on the share of the county population in the labor force, grows too, however, 

unlike panel (c), the annual effects are rather constant, though the slope of the line is flatter after 

year 5 than before. Notably, both panels (c) and (d) have much larger confidence intervals than 

panels (a) and (b), especially later in the 10-year window. 

If we limit ourselves to the first 5 years, which across the four panels have the tightest 

confidence intervals, then we find that renewable energy-driven gains in employment and 

decreases in unemployment remain positive (though they decrease in magnitude, and are small at 

all points), there appear to be no to very small changes in the percent of the county population 

employed, and the effect of renewable energy on the percent of the population in the labor force 

increases, though remains small and with a great deal of uncertainty.  

 

Limitations 

 

Importantly this study has its limits. These limits, though, can instruct further research. 

One of these limitations is that I am only able to measure the effect after the facility 

begins operations. There is likely some employment effect before the facility begins commercial 

operations, however, I only have data that indicates when the facility began operations, and do 

not know when construction or planning began. This calls for more research on the employment 

effects in the run-up to a facility opening, which is near impossible to do without more detailed 



 

  24 

information about each facilities permitting and construction history. Local studies like those of 

Ratliff et al. (2010), Lantz (2009), and Loomis (2014) indicate that there are significant numbers 

of jobs in the construction phase, but for the share of permanent operations jobs is much smaller. 

However, these studies are also models of individual projects, and they all use the same input-

output model. There is thus a need for a quantitative study of the employment effects of 

renewable energy facilities in the construction phase that uses after-the-fact data from multiple 

observations in order to discern trends. Such a study that focus on the years prior to a generation 

rather than after, may shine more light on the prevalence and benefits of CIM jobs that actually 

accrue in a community, and could test the strength of input-output models such as the popular 

JEDI model. 

Another limitation is that this study only measures the effect in the county in which the 

facility is installed. There may be greater effects on the surrounding multi-county region which 

this study does not measure. Similarly, any increase in employment that results from increased 

demand for constitutive elements of a renewable energy facility (i.e., demand for more steel) that 

drives greater employment outside the county (i.e., hiring more steelworkers at a steel mill 

elsewhere), is not measured. Nor would this model measure an increase in employment from a 

renewable energy company hiring more people for its central office (which may be nowhere near 

its energy-generating facilities). Each of these considerations indicates a need for quantitative 

research to understand the supply chain employment effects of renewable energy and their 

geography. Such a study would also help quantify what portion of jobs created by a renewable 

energy facility land at the site itself, and what portion is distributed elsewhere (such as distant 

manufacturing facilities and corporate offices). If this portion is low, it may mean that 
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communities without a commercial renewable energy facility can still benefit from renewable 

energy’s positive employment effects. 

A third limitation is that these models only measure commercial renewable energy 

production effect on employment. Any changes in employment from the greater installation of 

private or domestic renewable energy (i.e., solar panels on private homes) is not measured. 

Industry data may be helpful for measuring these effects. 

 

 

 

Figure 3. Plots showing the PVAR model for renewable energy’s effect on four measures of 

employment: (a) the employment rate; (b) the unemployment rate; (c) the employed population 

as a percentage of the county population; and (d) the labor force as a percentage of the county 

population; All variables are logged, and projections take place over a ten-year window. The 

shaded region represents the 95% confidence interval. 
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The PVAR model is the most robust and informative of any of the analyses in the paper. 

When we compare its results to the consideration from section 2 we observe trends that both do 

and do not match with the ex-ante theoretical considerations. That unemployment falls (and 

continues to for a few years) after the facility begins commercial operations is a surprise. If CIM 

jobs end when the facility begins commercial production, and OM jobs start (and OM jobs are 

fewer in number than CIM jobs), then we would expect a drop in employment rates and bump in 

unemployment rates. However, this effect occurs only after five years. There are several 

explanations for why this may be. CIM job loss may be more dispersed over a multi-county 

region, which would not show up in this analysis as it focuses only on the county of the facility. 

CIM job loss may also be more temporarily spread-out, meaning there is not since year when the 

bulk of the CIM workers are laid off. As well, OM jobs may be numerous enough to partially or 

entirely offset the CIM losses in the first few years of operation (though the literature generally 

considers CIM jobs to be more numerous than OM jobs). One explanation that would be in-line 

with ex-ante theoretical considerations would be that the overall effects on the community may 

lead to a net increase in employment in the first few years are great enough to create net gains in 

employment and decreases in unemployment.  

This effect, that unemployment goes down and employment up, does change after about 

five years though. This may be explained by CIM losses and a slowdown in the local economy, 

as the effects of the large investment of a commercial renewable energy facility wear off, and 

locals reduce their private and commercial spending.  

Lastly, it is hard to explain why the percentage of the population in the labor force and 

the percentage of the population employed increase over time. If, as theoretical considerations 

may predict, the investment in renewable energy spurs the local economy in some way, those out 
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of the labor force may rejoin, and even as they lose the first job they take re-entering the labor 

force, they appear to stay in the labor force. 

No matter how well the ex-ante considerations explain these trends, the PVAR model 

indicates that in the first five years after a renewable energy facility opens there are statistically 

significant increases in the employment rate and decreases in the unemployment rate, and that 

over a longer window there are positive gains in the portion of population employed and in the 

labor force. 

 

4. POLICY IMPLICATIONS 

 

 This section provides several of the key policy implications, drawing on the results from the 

empirical sections. Specifically, the foregoing analysis shows that renewable energy installations 

seem to pull people out of ‘deep’ unemployment, and back into the labor force. Though the 

magnitude of this effect is small. As well, while renewable energy does seem to boost 

employment and reduce unemployment for a few years, the effects do not seem permanent. This 

indicates that renewable energy facilities are not, long-term solutions to revitalize communities 

with low employment. Importantly, the temporary employment effects of renewable energy 

facilities underscore the importance of distinguishing between long-term and short-term 

employment in job projections. The previous two implications suggest a third: renewable energy 

facilities could be used as part of a comprehensive community investment strategy to revitalize 

communities if other businesses, training programs, and sources of employment or employment 

prospects were co-located in the same county/community as the facility.  
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Renewable Energy Facilities Pull People Back into the Labor Force, But Not That Many 

 

 As shown in Table 1, in the year a renewable energy facility begins commercial operation, the 

facility appears to have no statistically significant effect on the unemployment or employment 

rate. However, the facility does have a statistically significant effect on increasing the share of 

the county population a) in the labor force, and b) employed. These facts together indicate that 

the renewable energy facilities appear to bring people back into the labor force who have left it. 

While it is unclear from these statistics alone who is reentering the labor force, or if they are 

working at the renewable energy facility at all, that renewable energy facilities seem to cause 

people to re-enter the labor force is significant. Declining labor force participation among some 

groups, particularly young, non-college-educated men, is concerning, and remains hard to 

explain (Binder and Bound, 2019). If renewable energy facilities can serve as a way to bring 

back those out of the labor force, they could play a role in helping to revitalize economically 

depressed areas. However, while they seem to offer the chance of increasing labor force 

participation, the scale of this effect is not terribly impressive. 

The coefficient values on the independent variable for equation (1), shown in Table 1, are 

small. On a county-wide scale, it seems that increasing renewable energy capacity significantly 

would only translate to a few jobs. For example, if a county increased its commercial renewable 

energy capacity by 40%, then the portion of the population in the labor force would increase by 

about .0464%. If a county with a population of 100,000 had 50,000 people in the labor force, a 

40% increase in renewable energy capacity would increase the labor force by about 23 

participants. The same 40% increase in this same county, if, for example, 47,000 of the 50,000 

people in the labor force were employed, would be expected to increase the number of people 
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employed by about 24. These are not large numbers. However, they should not be ignored. On a 

national scale, even if any given county does not gain a significant number of jobs, the overall 

effect could be noteworthy. Secondly, the number of jobs created by a renewable energy facility 

may depend on the size of the investment rather than just the percent change. While the model 

assumes a constant, linear relationship, this may not hold in all cases. If a county has 50 

megawatts of renewable energy installed, 5 more megawatts would be a 10% increase. However, 

if a county has 500 megawatts of renewable energy installed, a 50-megawatt addition would also 

be a 10% increase, but a much larger investment in every other way. The latter may create more 

employment opportunities than the former, even controlling for each county’s different starting 

points. 

Though, it is worth reiterating that employment effects that come from the construction 

and installation of the facility (which necessarily occurs before it begins commercial operations) 

are not included in these models and analyses because of the aforementioned empirical 

limitations. These effects may be greater than those reflected in these models which only 

measure employment metrics in the year of and years following initial commercial operation. 

In short, renewable energy facilities seem to pull people out of deep unemployment and 

back into the labor force and boost the share of the overall county population employed. 

However, though these effects are certainly present in the data, they are small.  

 

Renewable Energy Facilities’ Employment Effects Appear to be Short Term 

 

 Both the VECM (Appendix Table A.5) and the PVAR models indicate that while renewable 

energy facilities have an initial benefit to the local labor pool, the effects are not long-lasting. 
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The VECM model finds that the initial boost is not replicated in the following year, and the 

PVAR model (figure 3), the most robust of all the analyses, finds that roughly 6 years after the 

renewable energy facility begins commercial generation there the annual effects increase 

unemployment and decrease employment, though the positive effects on the portion of the 

county population employed and the portion participating in the labor force persist. However, 

while these last two metrics are statistically significant at the 95% confidence interval, there is a 

significant amount of uncertainty. Together, these facts indicate that renewable energy offers 

short-term gains in employment and a drop in unemployment for a few years, but not for more 

than 5 or 6, with great uncertainty about its effects on the labor force in general. Renewable 

energy facilities are thus ill-suited to offer long-term employment. 

Policymakers interested in ‘green jobs,’ jobs connected to climate sustainability, must 

look beyond renewable energy alone. This also indicates that renewable energy facilities on their 

own are ill-suited for so-called “place-based jobs.” Place-based jobs and programs are  policies 

that aim to create employment opportunities in a specific location, often distressed communities 

(Bartik, 2020). Though, as mentioned in the previous paragraph, it may be the case that these 

facilities generate many more construction and installation jobs in the period leading up to 

commercial operation than CIM and OM jobs they produce or maintain after they begin 

generation. However, even if there are many more CIM jobs in the lead-up commercial 

generation, these jobs are definitionally short-term. This underlines the temporary nature of the 

lion’s share of jobs generated by renewable energy. Future job projections must be careful not to 

blur the line between short-run CIM and long-run OM jobs.  
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In sum, renewable energy facilities on their own appear ill-suited to create long-run 

place-based jobs.7 These facilities do appear to create a boost in short-term employment though. 

This finding ought to remind modelers to distinguish between temporary employment created by 

facilities (such as increased demand for construction workers over a period of one or two years) 

and permanent employment created by these facilities (such as operations managers).  

 

For Better Employment Outcomes in the Long-run, Renewable Energy Facilities Could be 

Co-located with Other Place-Based Job Investments 

 

 The preceding two policy implications show that 1) renewable energy facilities increase labor 

force participation, but not by terribly much, and 2) beneficial local employment effects from 

renewable energy facilities do not last more than 6 years. Together these features suggest that 

renewable energy facilities could play an important role in boosting employment if these 

facilities are co-located with other place-based job investments. Otherwise, renewable energy’s 

employment effect is more of a temporary stimulus, a so-called ‘shot in the arm,’ rather than a 

long-term contributor to the local labor market’s labor demand. 

 That renewable energy facilities boost labor force participation (albeit to a small extent) is a 

positive feature. However, that the jobs they produce seem to be short-term is a challenge: if we 

are concerned with creating long-run jobs why promote renewable energy facilities as a way to 

increase employment in communities when these jobs will only fade away in less than a decade? 

However, if other place-based jobs were co-located in communities with renewable energy 

facilities then policymakers would be able to take advantage of renewable energy’s strength in 

 
7 (Again, the case may be different for manufacturing facilities that are not co-located with 

renewable energy generating facilities.) 
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bringing people into the labor force and solve its fleeting employment problem. For example, 

locating a workforce training program for in-demand jobs that do not require a bachelor’s 

degree, or government investment (such as a highway maintenance center) would presumably 

offer employment and training opportunities to those looking for work, and take advantage of the 

increased labor force participation in the area. In this way, policymakers could use renewable 

energy to catalyze greater participation in the labor force and increase employment rates over the 

long term.  

Renewable energy facilities’ local employment effect appears to be small and temporary, 

but it does nonetheless appear to draw people out of chronic unemployment and into the labor 

force. This is a valuable trait, and policymakers can take advantage of it by designing policies, 

such as other investments in place-based jobs and workforce training, to take advantage of the 

increased workforce participation and absorb those leaving temporary jobs connected to 

renewable energy.  

 

5. CONCLUSION 

 

Climate change poses a grave threat to the well-being of all living creatures, and ought to 

be the most pressing policy problem for governments around the world. Renewable energy is one 

of the keys to addressing the climate crisis. However, renewable energy has also been proposed 

as an industry that can serve as an important source of employment for communities across the 

US in years to come. While there is a literature that focuses on modeling increased renewable 

energy production’s effect on the economy, studies documenting local effects of renewable 

energy transition is scant. . This paper has attempted to take a first step in measuring this by 
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measuring what employment effects renewables have offered American communities over the 

past 20 years. Though, due to data limitations this study only measures the changes in 

employment that happen in the wake of a facility beginning commercial generation, not in the 

years prior, and does not measure manufacturing employment. This study’s results are still 

important because if renewable energy is going to be a helpful economic revitalization and 

development tool policymakers should know what its effects on the labor market are after 

commercial generation begins. Using different regression techniques and models, the most 

sophisticated of which is a PVAR model, I find that there are limited, short-term gains in 

employment and reductions in unemployment in a county that has a renewable energy facility, 

but that these gains do not last more than a handful of years. Importantly though, renewables 

seem to lead to greater labor force participation by the local population, bringing people out of 

deep or chronic unemployment and back into the labor force. This effect appears to last for at 

least 10 years, though there is a fair amount of uncertainty, especially towards the end of the 10 

year window. However, in each case, changes in employment rates and labor force participation, 

the magnitude of the effects are small, indicating that renewable energy facilities can serve as a 

way to temporarily boost an economy, but are unlikely to provide long-run, significant economic 

activity on their own. 

If renewable energy’s local employment effects and their policy implications were 

reduced to one notion it would be the following: A renewable energy facility in a given 

community can serve as a shot in the arm, a temporary boost, that brings people back into the 

workforce and helps increase (though just marginally so) the employment rate decrease (again, 

marginally) the unemployment rate. However, renewable energy is not the silver bullet for 

rejuvenating a local economy. These effects are small in magnitude and the changes in 
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employment and unemployment rates appear only transitory. The boost in labor force 

participation rate appears to have more longevity, but is still small and the confidence interval is 

relatively wide. In order to take advantage of renewable energy’s employment effects, 

policymakers must understand that it must be paired with other economic development tools and 

programs, rather than being used in isolation.
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APPENDIX 

 

Table A.1. Different sources of energy in study 

 

Energy Source# Renewable or Fossil Fuel 

Coal Fossil Fuel 

Electricity for energy storage^ Renewable 

Gaseous renewable biomass Renewable 

General hydroelectric Renewable 

Geothermal Renewable 

Liquid renewable biomass Renewable 

Natural Gases Fossil Fuel 

Nuclear Renewable 

Petroleum Products Fossil Fuel 

Solid renewable fuels Renewable 

Solar Renewable 

Wind Renewable 

Renewables* Renewable 

Fossil Fuels ** Fossil Fuel 

Notes for Table A.1 

 # energy sources as described by EIA form 860 

^ electricity for energy storage not coded as renewable or non-renewable, but have coded 

it as renewable because energy storage facilities are often co-located with renewable 

energy facilities. 

* sum of nameplate capacity of all forms of renewable energy 

** sum of nameplate capacity of all forms of fossil fuel energy 

 

Table A.2. Point estimates (with SE) for main text Figure 2 

 

Energy Source Renewable or Fossil Fuel 

Coal .0001552 (.000861) 

Electricity for energy storage .0041084 (.00217885) 

Gaseous renewable biomass .0003993 (.0009297) 

General hydroelectric .0011658 (.0013999) 

Geothermal -.0010774 (.00330457) 

Liquid renewable biomass .0016116 (.0013589) 

Natural Gases .0000707 (.0003115) 

Nuclear -.0007476 (.0002706) 

Petroleum Products -.0023118 (.001044) 

Solid renewable fuels -.0003446 (.0015916) 

Solar .0022693 (.0007262) 

Wind .000751 (.0005479) 

Renewables .0011642 (.0003866) 

Fossil Fuels -.0000684 (.000289) 
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Table A.3. Point estimates (with standard errors) for main text Figure 3 

 

Energy Source Renewable or Fossil Fuel 

Coal .0003296 (.0009398) 

Electricity for energy storage .0027115 (.0023061) 

Gaseous renewable biomass .0008016 (.0009814) 

General hydroelectric .0013376 (.0019364) 

Geothermal -.0022922 (.0035788) 

Liquid renewable biomass .0004038 (.0020352) 

Natural Gases -.0000608 (.0003292) 

Nuclear -.0010048 (.0002897) 

Petroleum Products -.0001917 (.0003057) 

Solid renewable fuels -.0002733 (.0017912) 

Solar .0025274 (.0007449) 

Wind .0007153 (.0005977) 

Renewables .0012579 (.0004123) 

Fossil Fuels -.0025777 (.0010943) 

 

 

 
 

Figure A.1. Coefficient plot for the point estimate of each energy source as the independent 

variable in regression equation (1) with employment rate as the dependent variable. NOTE: 

Error bars represent 95% confidence interval. 
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Table A.4. Point estimates (with standard errors) for Figure A.1 

 

Energy Source Renewable or Fossil Fuel 

Coal .000173 (.0003078) 

Electricity for energy storage -.0015074 (.0005058) 

Gaseous renewable biomass .0003986 (.0003033) 

General hydroelectric .0001426 (.0008013) 

Geothermal -.0011755 (.0008178) 

Liquid renewable biomass -.0012418 (.0013627) 

Natural Gases -.0001291 (.0000837) 

Nuclear -.0002425 (.000038) 

Petroleum Products -.0002075 (.0002778) 

Solid renewable fuels .0000778 (.0005821) 

Solar .0002025 (.000227) 

Wind -.000052 (.0001117) 

Renewables .0000666 (.0001066) 

Fossil Fuels -.0001177 (.000078) 

 

 

 
 

Figure A.2. Coefficient plot for the point estimate of each energy source as the independent 

variable in regression equation (1) with unemployment rate as the dependent variable. 

NOTE: Error bars represent 95% confidence interval. 



 

  38 

Table A.5. Point estimates (with standard errors) for figure A.2 

 

Energy Source Renewable or Fossil Fuel 

Coal .0010056 (.0030609) 

Electricity for energy storage .012064 (.0058585) 

Gaseous renewable biomass .0006612 (.0035874) 

General hydroelectric -.0038443 (.0057293) 

Geothermal .0101747 (.0089229) 

Liquid renewable biomass .0048172 (.0076016) 

Natural Gases .0009594 (.0009102) 

Nuclear .0085431 (.0004773) 

Petroleum Products .002899 (.0035707) 

Solid renewable fuels -.0012434 (.0048906) 

Solar -.0025279 (.0020111) 

Wind .000639 (.001228) 

Renewables -.0005953 (.0010008) 

Fossil Fuels .0010543 (.0008486) 



 

  

Appendix Table A.6. VECM model of percent change in employment metrics for a 1% increase in renewable energy in a given 

year (with and without controls). Renewable Energy = D indicates the change in the initial year of operation; Renewable Energy = L 

indicates the lagged, long-term effect (1 year later). 
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