

[image: image1]
Impacts on manufacturing workers as part of a whole-system energy transition












	
	TYPE Perspective
PUBLISHED 11 July 2023
DOI 10.3389/fsuep.2023.1204176






Impacts on manufacturing workers as part of a whole-system energy transition

Rebecca E. Ciez*

School of Mechanical Engineering, Division of Environmental and Ecological Engineering, Purdue University, West Lafayette, IN, United States

[image: image2]

OPEN ACCESS

EDITED BY
Saba Siddiki, Syracuse University, United States

REVIEWED BY
Parth Vaishnav, University of Michigan, United States

*CORRESPONDENCE
 Rebecca E. Ciez, rciez@purdue.edu

RECEIVED 11 April 2023
 ACCEPTED 05 June 2023
 PUBLISHED 11 July 2023

CITATION
 Ciez RE (2023) Impacts on manufacturing workers as part of a whole-system energy transition. Front. Sustain. Energy Policy 2:1204176. doi: 10.3389/fsuep.2023.1204176

COPYRIGHT
 © 2023 Ciez. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



Providing access to good employment opportunities has become a key area of focus to ensure a just energy transition and to ensure that there is sufficient support for the technology transitions necessary for deep decarbonization. However, a societal transition to a decarbonized energy system will impact workers beyond those involved in energy resource extraction and energy production. Workers involved in manufacturing, especially those working in manufacturing industries that are energy- and emissions-intensive may face additional changes as those industries undergo technological changes. While discussions of the quality of jobs have focused on things like compensation, employment terms, and representation, other job dimensions, like the intrinsic characteristics of the work, health and safety, and work–life balance, stand to be directly impacted by technology change and are largely excluded from consideration. As these new technologies are developed and new energy sources are introduced to support manufacturing, we should also consider sociotechnical solutions that balance worker quality of life among other considerations like the utilization of new capital resources. Incorporating considerations across a wider definition of job quality dimensions will help to ensure that there is a sufficient workforce available to meet the demands of a decarbonization transition.
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Introduction

Meeting decarbonization targets will not only require the production of new zero-carbon sources of energy but also requires that we develop technologies that can use this energy. While other high-emitting sectors in the US such as transportation and electric power generation have made progress in reducing emissions in recent years, industrial emissions have remained relatively consistent (Greenhouse Gas Inventory Data Explorer, 2023) and are poised to become the second largest source of emissions in the US. Eenergy-related industrial emissions are driven by emissions from manufacturing as well as emissions from mining, construction, and agriculture. The diversity of input energy sources and process operations are significant contributors to this delay in reducing industrial energy-related emissions (Cresko et al., 2022), but technical strategies are centering on a few strategies for achieving decarbonization: increasing energy efficiency, electrifying manufacturing processes, using low-carbon fuels, feedstocks or energy sources, and using carbon capture and storage for processes that cannot be decarbonized by other means.

These new technologies will also require a sufficient workforce to implement them at scale. As steps are taken to fund research, development, and deployment (RD&D) projects to begin the technology transition of the industrial sector, there are calls to incorporate community-based feedback into the development of a workforce to serve these new industries (Cresko et al., 2022), and projects soliciting RD&D support are tasked with providing information on how they will create and sustain “high-quality and good paying jobs,” and support “inclusive and supportive workforce development” (The White House, 2021). Much of this language echoes early just transition concepts identified in labor movements in the 1970s. While fair wages are a clear and important factor in the overall quality of a job, using that as the primary metric for determining job quality minimizes the broader impacts that jobs have on people's lives; worker roles are some of the most important social and economic roles held by most adults, and they dictate how most adults spend much of their time (Hauser and Carr, 1995; Rogers et al., 1999). Access to higher-status jobs also results in a lower risk of death than lower status jobs, even when controlling for factors like income and education (Rogers et al., 1999). While many of the factors that may increase or decrease the status or quality of a job are organizational or human resource management decisions, job quality can also be influenced by the technologies being developed to decarbonize the production of goods, and therefore require sociotechnical solutions.

The remainder of this article is organized as follows: There is additional context about the development of the just transition as a concept from early labor movements. Then, data about how the industrial energy transition compares to the energy production transition is provided. Next, a brief overview is given of social science perspectives on job quality and the impacts of job quality on workers' quality of life. Finally, a discussion follows regarding how to begin to develop sociotechnical metrics for ensuring that the industrial decarbonization transition centers opportunities for good employment within their design.



Jobs as a component of just transitions

The beginnings of the concept of a just transition are often attributed to Tony Mazzocchi of the Oil, Chemical, and Atomic Workers Union (OCAW). He posited that the industries that OCAW members worked in were the cause of health and environmental problems, and he organized strikes at several refineries over health and safety concerns (Morena et al., 2018). By the 1990s, after several decades of corporate-sponsored studies asserting that environmental regulation would result in job losses, the concept of a labor-focused just transition solidified around the idea that labor unions can advocate for both worker and community benefits, along with providing workers with resources necessary to retrain for new jobs so that environmental protection did not result in mass unemployment (Henry et al., 2020; Wang and Lo, 2021).

Academic focus on just transitions began more recently. Many of the academic studies on the labor impacts of the energy transition tend to focus on the quantity of jobs that will shift away from fossil fuel energy production and toward renewable energy production (Wei et al., 2010; Garrett-Peltier, 2017; Ram et al., 2022). More recent studies also aim to determine the geospatial distribution of these labor impacts (Mayfield et al., 2021; Vanatta et al., 2022). Some studies have aimed to compare how the quality of these redistributed jobs may change as part of the energy transition (Popp et al., 2022), while others have examined how job quality, primarily in the form of wages, may impact the energy transition (Mayfield and Jenkins, 2021). Generally, these studies find the additional labor costs associated with wages and other benefits have minimal impacts on the cost of transitioning energy production. While some studies have focused on the manufacturing of the technologies used in low-carbon energy production, there has been little focus on how a decarbonization transition will impact other areas of manufacturing.



Comparing energy use transitions to energy production transitions

The scope of the manufacturing sector, both in energy-related emissions and employment, raises challenges when comparing the sector to energy production transitions. Figure 1A shows end-use energy-related CO2 emissions in the US by segment of the manufacturing sector in 2021, along with total employment (Figure 1B) in each of those sectors. For comparison, energy-related CO2 emissions and employment in the mining sector, which includes oil and gas extraction, coal mining, and other mining activities for metallic and non-metallic ores, is also shown. While employment within the mining sector is down from previous peak levels, the cumulative effects of a successful decarbonization transition of the industrial sector will ultimately impact more employees in the U.S. economy going forward.
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FIGURE 1
 Energy-related CO2 emissions (A) and employment (B) across the manufacturing sector in 2021. Data for the mining sector, which includes oil and gas extraction, is included (shown in orange) for comparison (U.S. EIA, 2022; U.S. BLS, 2023).


While the number of employees impacted by industrial decarbonization may be larger, the impacts on jobs themselves will also be different. Unlike the energy transition, where many of the jobs lost were categorized as mining jobs while jobs gained were in sectors like construction or manufacturing, industrial decarbonization is unlikely to lead to cross-sector job switching. However, within the manufacturing sector, there are likely shifts away from some industries (e.g., refining) to other industries, especially to support the production of zero-carbon technologies. Even in industries that may not play a direct role in supplying the goods necessary to support the energy transition, the use of alternative sources of energy—for feedstocks or as process energy—may result in changes to manufacturing processes and associated jobs. It is important to note that these energy technology transitions are not the only challenge facing manufacturing. Automation is changing the skill sets necessary to perform job tasks, and overall, the sector saw a decrease in total employment during the COVID-19 pandemic. Trade reports indicate that manufacturers are already facing challenges to fill manufacturing positions, and workers cite concerns about both wages and work–life balance considerations as primary factors that may lead them to leave manufacturing (Wellener et al., 2021).

For manufacturing processes where the feedstock must change to decarbonize, while some feedstock replacements may be perfect drop-ins to existing processes, other manufacturing facilities may require additional retrofits or process changes to use zero-carbon alternatives. These retrofits may include more automation, which has been shown to reduce the number of jobs, especially middle-skill manufacturing jobs, polarizing jobs as very low- or high-skilled (Autor et al., 2008; Acemoglu and Autor, 2011). However, if these process modifications include other technological changes, the introduction of new steps in the manufacturing process may counteract some of this polarization as combinations of low-skill and medium-skill processes are completed by workers (Combemale et al., 2021).

The transition to new energy sources may also impact manufacturing. Today, many manufacturing facilities, especially for energy-intensive industries such as chemicals, iron and steel, and cement, produce energy on-site from fossil resources. Often, these facilities have combined heat and power capabilities to provide both electricity and heat resources, and are therefore not dependent on the electricity grid for meeting their energy needs (Otis, 2015). While these facilities may experience energy outages as a result of a lack of access to energy resources, outage events for fossil fuel resources are infrequent, especially for industrial consumers with firm contracts (Freeman et al., 2020). Transitioning to using more electricity may result in additional scheduling challenges as a result of normal grid outages. Similarly, electricity prices are variable on an hourly time scale, while coal and natural gas contracts will last for months. This additional variability may also introduce new opportunities for facility managers to provide demand response resources to the grid (Nezamoddini and Wang, 2017), which may impact worker schedules as production output would be lower or completely curtailed when providing these services. The exact combinations of electricity generation resources and market pricing structures can introduce opportunities for more frequent adjustments to worker schedules around the availability of low-cost energy, which can exacerbate existing challenges with work–life balance.



Social science perspectives on good and bad jobs

Many studies of employment and job characteristics emphasize the impact that jobs can have on the health and well-being of workers, their families, and their communities. Bad jobs can increase rates of poverty, perpetuate gender inequality, and constrain social mobility (Carré et al., 2012; Adamson and Roper, 2019). The mechanisms that cause negative impacts from bad jobs can vary. While traditional employment models imply that workers are able to control the hours they work, in practice there are often mismatches in worker schedules, with many workers feeling overemployed because of long work weeks or undergoing temporary periods of over- and under-work reflecting other market conditions. This mismatch induces a feast-or-famine approach to employment, especially in industrial manufacturing sectors (Bluestone and Rose, 1997; Reynolds, 2004; Reynolds and Aletraris, 2006; Reynolds and McKinzie, 2019). Disparities between the hours workers would like to work and the hours they are scheduled to work can induce different types of stress: economic stresses if they are working fewer hours than they would like to work, and additional difficulties in balancing non-work family obligations if they are scheduled for more (or different) hours than they would ideally work (Reynolds, 2014). Beyond the number of work hours, not all combinations of work hours have the same benefits to workers; working non-standard schedules that include evenings, nights, or rotating schedules pose health risks and social costs (Presser, 2003).

While there is significant evidence that bad jobs have negative outcomes, determining what constitutes a good job has been harder to define. Many of the definitions of good jobs also align with particular branches of social science. Economic research typically focuses on wages and other compensation, while sociologists may focus on the intrinsic quality of work and public health researchers focus on the impact of work schedules and work–life balance. Warhurst et al. identified six key dimensions of job quality across different disciplines that study job quality: pay and other rewards, intrinsic characteristics of work, terms of employment, health and safety, work–life balance, and representation and voice (Warhurst et al., 2017). For each of these dimensions, they emphasize the importance of both objective and subjective measures of job quality. Objective measures focus on the ability of a job to meet workers' needs, while subjective measures account for individual preferences for job features.



Discussion

Although all six dimensions of job quality have a role in a just transition to a decarbonized economy, three may be directly influenced by the technological changes necessary to decarbonize the industrial sector. The intrinsic characteristics of a job may change as the new technologies and energy sources require different combinations of skills from workers, and potentially introduce further automation or oversight that can impact worker autonomy and variety of their jobs. However, the introduction of new manufacturing processes may also require more middle-skilled tasks, counteracting some of the polarization into high- and low-skill jobs common when manufacturing becomes more automated (Combemale et al., 2021). Transitioning to decarbonized manufacturing processes could also impact the meaningfulness and fulfillment workers gain from their jobs if they believe they are making significant contributions to larger societal goals. Understanding which skills may persist or grow in demand in decarbonized manufacturing jobs and which skills are no longer useful will help to determine how workers are trained for these positions. Additional study of how workers in a decarbonized economy feel about the meaningfulness of their work can also help to clarify what job attributes increase their overall satisfaction.

Work–life balance may also be affected by a decarbonization transition. The use of variable renewable energy may introduce more uncertainty into worker schedules, and adjusting manufacturing schedules to utilize least-cost energy sources where prices vary hourly may require different worker schedules. Energy-intensive processes are likely to be the most exposed to these changes, and we should aim to measure the working hours, reliability, and percentage of non-social working hours on worker schedules to ensure that these jobs are attractive enough to maintain the workforce necessary to support these industries. Technology transitions to decarbonize industrial processes may also impact the health and safety of workers; alternative processes may reduce the operating temperatures and pressures, instead utilizing catalysts or electrical potentials to create the thermodynamic conditions necessary for the chemical reactions that drive production processes. While reducing the high temperature and pressurized environments workers are exposed to may reduce the potential for some accidents, additional risk analysis of new processes should consider the potential for multiple risk pathways.

Other job quality dimensions, such as rewards and pay, terms of employment, and representation and voice are very frequently found in discussions of the dimensions of good jobs in the decarbonization transition. While these dimensions can be used to compensate for potential adverse effects from the technological transition to decarbonized manufacturing, they cannot overcome the job quality dimensions that are built-in by manufacturing technologies. As has been the case in other industries, if these job characteristics are too incompatible with workers' lives, then even increasing pay and improving employment terms are inadequate to ensure there is a sufficient workforce (Viscelli, 2016; Zabin et al., 2020). While much of the research focus for industrial decarbonization has focused on technical solutions, sociotechnical solutions may be better poised to address the additional challenge of ensuring a trained and willing workforce to participate in decarbonized industrial production. Metrics to determine the quality of jobs created in developing these jobs should consider how the jobs created affect multiple dimensions of job quality, in addition to ensuring adequate pay and worker rights, and metrics to assess the quality of technologies developed should consider more holistic metrics beyond utilization of capital and other non-labor resources. Failing to consider each of these job characteristics could mean that there are an insufficient number of workers available to sustain a decarbonized industrial sector at the pace necessary to meet climate targets.



Data availability statement

Publicly available datasets were analyzed in this study. This data can be found here: https://www.eia.gov/outlooks/aeo/data/browser/#/?id=22-AEO2023&amp;cases=ref2023&amp;sourcekey=0; https://www.bls.gov/web/empsit/ceseeb1a.htm.



Author contributions

RC contributed to the conceptualization and writing of the manuscript.



Funding

This work was funded by Purdue University and the Alfred P. Sloan Foundation.



Conflict of interest

RC declared that they were an editorial board member of Frontiers, at the time of submission. This had no impact on the peer review process and the final decision.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

 Acemoglu, D., and Autor, D. (2011). Skills, tasks and technologies: implications for employment and earnings. Handbook Labor Econ. 4, 1043–1171. doi: 10.1016/S0169-7218(11)02410-5

 Adamson, M., and Roper, I. (2019). “Good” Jobs and “Bad” jobs: contemplating job quality in different contexts. Work Employ. Soc. 33, 551–559. doi: 10.1177/0950017019855510

 Autor, D. H., Katz, L. F., and Kearney, M. S. (2008). Trends in U.S. wage inequality: revising the revisionists. Rev. Econ. Stat. 90, 300–323. doi: 10.1162/rest.90.2.300

 Bluestone, B., and Rose, S. (1997). The Growth in Work Time and the Implications for Macro Policy. Working Paper, No 204. Levy Economics Institute of Bard College, Annandale-on-Hudson, NY, United States.

 Carré, F., Findlay, P., Tilly, C., and Warhurst, C. (2012). Job quality: scenarios, analysis and interventions. In: Warhurst, C., Carré, F., Findlay, P., Tilly, C., editors. Are Bad Jobs Inevitable? Trends, Determinants, and First Responses to Job Quality in the Twenty First Century. Basingstoke: Palgrave Macmillan.

 Combemale, C., Whitefoot, K. S., and Ales, L. (2021). Not all technological change is equal: how the separability of tasks mediates the effect of technology change on skill demand. Indust. Corp. Chang. 30, 1361–1387. doi: 10.1093/icc/dtab026

 Cresko, J., Rightor, E., Carpenter, A., Peretti, K., Elliott, N., Nimbalkar, S., et al. (2022). Industrial Decarbonization Roadmap (No. DOE/EE-2635). Washington, DC: U.S. DOE.

 Freeman, G. M., Apt, J., and Moura, J. (2020). What causes natural gas fuel shortages at US power plants? Energy Policy. 147, 111805. doi: 10.1016/j.enpol.2020.111805

 Garrett-Peltier, H. (2017). Green versus brown: Comparing the employment impacts of energy efficiency, renewable energy, and fossil fuels using an input-output model. Econ. Model. 61, 439–447. doi: 10.1016/j.econmod.2016.11.012

 Greenhouse Gas Inventory Data Explorer (2023). [WWW Document]. Available oline at: https://cfpub.epa.gov/ghgdata/inventoryexplorer/#allsectors/allsectors/allgas/econsect/all (accessed March 12, 2023).

 Hauser, R. M., and Carr, D. (1995). Measuring Poverty and Socioeconomic Status in Studies of Health and Well-Being. Madison, WI: Center for Demography and Ecology, University of Wisconsin.

 Henry, M. S., Bazilian, M. D., and Markuson, C. (2020). Just transitions: Histories and futures in a post-COVID world. Energy Res. Soc. Sci. 68, 101668. doi: 10.1016/j.erss.2020.101668

 Mayfield, E., and Jenkins, J. (2021). Influence of high road labor policies and practices on renewable energy costs, decarbonization pathways, and labor outcomes. Environ. Res. Lett. 16, 124012. doi: 10.1088/1748-9326/ac34ba

 Mayfield, E., Jenkins, J., Larson, E., and Greig, C. (2021). Labor Pathways to Achieve Net-Zero Emissions in the U.S. by Mid-Century. USAEE Working Paper No 21–494. doi: 10.2139/ssrn.3834083

 Morena, E., Stevis, D., Shelton, R., Krause, D., Mertins-Kirkwood, H., Price, V., et al. (2018). Mapping Just Transition(s) to a Low-Carbon World. Geneva: UNRISD. doi: 10.2307/j.ctvs09qrx

 Nezamoddini, N., and Wang, Y. (2017). Real-time electricity pricing for industrial customers: survey and case studies in the United States. Appl. Energy 195, 1023–1037. doi: 10.1016/j.apenergy.2017.03.102

 Otis, P. (2015). CHP Industrial Bottoming and Topping Cycle with Energy Information Administration Survey Data. Washington, DC: EIA.

 Popp, D., Vona, F., Gregoire-Zawilski, M., and Marin, G. (2022). The Next Wave of Energy Innovation: Which Technologies? Which Skills? NBER Working Paper Series. Working Paper 30343. Available online at: http://www.nber.org/papers/w30343

 Presser, H. B. (2003). Race-ethnic and gender differences in nonstandard work shifts. Work Occup. 30, 412–439. doi: 10.1177/0730888403256055

 Ram, M., Osorio-Aravena, J. C., Aghahosseini, A., Bogdanov, D., and Breyer, C. (2022). Job creation during a climate compliant global energy transition across the power, heat, transport, and desalination sectors by 2050. Energy 238, 121690. doi: 10.1016/j.energy.2021.121690

 Reynolds, J. (2004). When too much is not enough: actual and preferred work hours in the United States and abroad. Sociol. Forum. 19, 89–120. doi: 10.1023/B:SOFO.0000019649.59873.08

 Reynolds, J., and Aletraris, L. (2006). Pursuing preferences: The creation and resolution of work hour mismatches. Am. Sociol. Rev. 71, 618–638. doi: 10.1177/00031224060710040

 Reynolds, J., and McKinzie, A. E. (2019). Riding the waves of work and life: explaining long-term experiences with work hour mismatches. Soc. Forces 98, 427–460. doi: 10.1093/sf/soy112

 Reynolds, J. E. (2014). Prevailing preferences: actual work hours and work-hour preferences of partners. ILR Rev. 67, 1017–1041. doi: 10.1177/0019793914537459

 Rogers, R. G., Hummer, R. A., and Nam, C. B. (1999). Living and Dying in the USA: Behavioral, Health, and Social Differentials of Adult Mortality.

 The White House (2021). Fact Sheet: President Biden Takes Executive Actions to Tackle the Climate Crisis at Home and Abroad, Create Jobs, and Restore Scientific Integrity Across Federal Government [WWW Document]. The White House. Available online at: https://www.whitehouse.gov/briefing-room/statements-releases/2021/01/27/fact-sheet-president-biden-takes-executive-actions-to-tackle-the-climate-crisis-at-home-and-abroad-create-jobs-and-restore-scientific-integrity-across-federal-government/ (accessed March 22, 2022).

 U.S. BLS (2023). Current Employment Statistics. Washington, DC: U.S. BLS.

 U.S. EIA. (2022). Table 19 energy-related carbon dioxide emissions by end use. Ann. Energy Outlook Available online at: https://www.eia.gov/outlooks/aeo/.

 Vanatta, M., Craig, M. T., Rathod, B., Florez, J., Bromley-Dulfano, I., and Smith, D. (2022). The costs of replacing coal plant jobs with local instead of distant wind and solar jobs across the United States. iScience 25, 104817. doi: 10.1016/j.isci.2022.104817

 Viscelli, S. (2016). The Big Rig: Trucking and the Decline of the American Dream. Berkeley, CA: Univ of California Press.

 Wang, X., and Lo, K. (2021). Just transition: a conceptual review. Energy Res. Soc. Sci. 82, 102291. doi: 10.1016/j.erss.2021.102291

 Warhurst, C., Wright, S., and Lyonette, C. (2017). Understanding and Measuring Job Quality. London: CIPD.

 Wei, M., Patadia, S., and Kammen, D. M. (2010). Putting renewables and energy efficiency to work: How many jobs can the clean energy industry generate in the US? Energy Pol. 38, 919–931. doi: 10.1016/j.enpol.2009.10.044

 Wellener, P., Reyes, V., Ashton, H., and Mourtray, C. (2021). Creating Pathways for Tomorrow's Workforce Today. London: Deloitte Insights, Manufacturing Institute.

 Zabin, C., Auer, R., Cha, J. M., Collier, R., France, R., MacGillvary, J., et al. (2020). Putting California on the High Road: A Jobs and Climate Action Plan for 2030. Sacramento, CA: California Workforce Development Board.



OPS/xhtml/Nav.xhtml




Contents





		Cover



		Impacts on manufacturing workers as part of a whole-system energy transition



		Introduction



		Jobs as a component of just transitions



		Comparing energy use transitions to energy production transitions



		Social science perspectives on good and bad jobs



		Discussion



		Data availability statement



		Author contributions



		Funding



		Conflict of interest



		Publisher's note



		References

















OPS/images/cover.jpg
, frontiers ‘ Frontiers in Sustainable Energy Policy

Impacts on manufacturing
workers as part of a
whole-system energy transition





OPS/images/fsuep-02-1204176-g001.gif
Ry
Rinne

i red

Food Pt

Pages P
Tarsasion et
vt i
Faiccd et Dot
Conpatr 04 B
sy

oot Prods

Gl Eqspmert
B o mdsourns

6 W B w0 w0 e e w0

Aot Errg s A Enges (i)









OPS/images/crossmark.jpg
(®) Check for updates





OPS/images/logo.jpg
& frontiers | Frontiers in Sustainable Energy Policy





