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Introduction 

This report explores unique opportunities and challenges for the Midwest region in the broader 

context of the transformative changes to the U.S. energy system that are required to reduce 

carbon dioxide (CO2) emissions to net-zero emissions in 2050. The scale and rate of physical 

changes to the U.S. energy system will be significant, and the Midwest will play a critical role in 

enabling a national transition. The implications of these changes to the region will be far-

reaching, offering opportunities to grow new industries and jobs, as well as the chance to deploy 

climate mitigation and adaption policies that focus on ensuring an equitable energy transition. 

There are two central questions about the Midwest region in this report: how does the physical 

energy infrastructure in the Midwest region need to evolve to enable a low carbon transition, 

and what are key decarbonization opportunities and challenges in the Midwest? Answers to 

these questions can support regional stakeholders’ efforts to develop a shared vision of pathways 

to deep decarbonization, and advance discussions in states across the region. This study explores 

these questions over three sections: the first section provides context about the national 

pathways to deep decarbonization, which provides the basis for a Midwest regional exploration; 

the second section lays out the regional analysis approach and provides in-depth exploration of 

Midwest-specific topics; the final section considers broader implications of the physical changes 

for policymakers and long-term planners within the region.  

National Context 

Deep decarbonization of the U.S. economy will entail large scale infrastructure changes across 

multiple sectors. To understand the scope of these changes, it is critical to understand how both 

demand for, and supply of energy may evolve to support a low-carbon future. This study builds 

on previous national analysis of decarbonization, including deep decarbonization studies that 

examined the requirements for reducing greenhouse gas (GHG) emissions by 80% below 1990 

levels by 2050 (“80 x 50”),1 as well as a recent study examining the changes necessary to stabilize 

the atmospheric concentration CO2-equivalent at 350 ppm by 2100.2  These previous studies 

found that achieving mid-century GHG reduction targets is technically feasible, economically 

affordable3, and attainable using alternative technologies. 

The primary requirements of a transition to net-zero CO2 emissions by 2050 are the construction 

of energy infrastructure characterized by high energy efficiency, low-carbon electricity, 

replacement of fossil fuel combustion with decarbonized electricity and other low-carbon fuels, 

and carbon capture, along with the policies needed to achieve this transformation. Based on this 

 

1 Pathways to Deep Decarbonization in the United States (2014) and Policy Implications of Deep Decarbonization in the United 
States (2015). Both studies are available at http://usddpp.org/ 
2 Study available at https://www.ourchildrenstrust.org/350-ppm-pathways 
3 The 350ppm study found that the scenarios that meet the carbon constraint have a net increase in the cost of supplying and 
using energy equivalent to about 2% of GDP, up to a maximum of 3% of GDP, relative to the cost of a business-as-usual 
baseline, and a total energy system cost as a fraction of GDP comparable or below spending in the last 50 years. These cost 
figures neglect potential economic benefits of avoided climate change or reduced pollution. See the study for more details. 

https://www.ourchildrenstrust.org/350-ppm-pathways
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analysis, and the previous decarbonization studies cited above, there are critical milestones along 

the pathway to deep national decarbonization. These key actions by decade provide a policy-

outcome blueprint4 for the physical transformation of the energy system. A blueprint will be 

essential because of the long lifetimes of infrastructure in the energy system and the carbon 

consequences of investment decisions made today. Additional blueprints are needed to support 

climate adaptation, which is not explicitly addressed here, and significant study is also needed 

around equity to ensure any energy system transition does not adversely impact disadvantaged 

communities or augment existing inequities. 

2020’s 
 o Large-scale electrification of transportation and buildings needs to begin in earnest 

to enable the very high electrification by the 2040s. 
o Switch electricity system dispatch away from coal and to natural gas while the 

deployment of new renewable generation and transmission-system reinforcements 
both continue to accelerate. 

o Electricity markets begin significant reforms to prepare for major changes load, from 
electrification and load flexibility, as well as a resource mix dominated by 
renewables. 

o End new investments in infrastructure to transport fossil fuels (e.g., pipelines). 
o Launch pilot projects for new technologies that will need to be deployed at scale 

after 2030, such as carbon capture for large industrial facilities. 

2030’s 

 o Achieve maximum rates of renewable generation build-out, which will need to be 
sustained in the following decades. 

o Effect significant build-out of electrical energy storage as storage prices continue to 
fall, and the volume of renewable energy increases. 

o Attain levels of near 100% of new sale shares for key electrified technologies (e.g., 
light-duty electric vehicles). 

o Begin large-scale production biofuels from advanced processes. 
o Deploy large scale carbon capture on industrial facilities. 

2040’s 

 o Achieve near-complete electrification of key end-uses, like light-duty vehicles and 
heating services in buildings, replacing direct fuel combustion with clean electricity. 

o Extend nuclear generation at the end of its plant lifetime or replace it with new low- 
and zero-carbon generation technologies. 

o Fully deploy advanced biofuel production with carbon capture to decarbonize end-
uses where electrification is not a viable strategy. 

o Deploy bioenergy with carbon capture and storage (BECCS) or direct air capture 
(DAC) to achieve net-zero greenhouse gas emissions 

 

4 The list is based current knowledge and forecasts of future costs, capabilities, and events. It is critical to revisit and update this 
type of blueprint as events unfold, technology improves, energy service projections change, and our understanding of climate 
science evolves. 
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The analysis behind this blueprint is based on a Deep Decarbonization Pathways (DDP) scenario, 

which limits CO2 emissions from fossil fuel combustion and industrial process emissions in the 

U.S. to net-zero5 by mid-century. This analysis focuses on energy CO2 emission reductions while 

acknowledging that non-energy and non-CO2 emissions are expected to increase in relative 

importance as the transformation of the energy system advances.6 The DDP achieves these 

emission reductions while providing the same energy services for daily life and industrial 

production as the Annual Energy Outlook (AEO), the Department of Energy’s long-term forecast. 

The scenarios were modeled using two sophisticated analysis tools, EnergyPATHWAYS and RIO, 

which provide a high level of sectoral, temporal, and geographic detail to ensure scenarios 

account for such things as the inertia of infrastructure stocks and the hour-to-hour dynamics of 

the electricity system, in fourteen electric grid regions of the U.S.7 The changes in energy mix and 

emissions for the scenarios were calculated relative to a high-carbon Reference scenario based 

on the AEO. 

U.S. Energy Infrastructure Transformation for Net-Zero CO2 

Figure 1 Four pillars of deep decarbonization

 

 

The DDP achieves its emissions target through four principal strategies (“four pillars”) shown in 

Figure 1: (1) electricity decarbonization, the reduction in emissions intensity of electricity 

generation by roughly 95% below today’s level by 2050; (2) energy efficiency, the reduction in 

energy required to provide energy services such as heating and transportation, by about 40% 

below today’s level; (3) electrification, converting end-uses like transportation and heating8 from 

 

5 In this context, DAC and bioenergy with carbon capture and storage are able to provide negative emissions that can be used to 
offset remaining energy and industrial emissions. 
6 Abatement of non-CO2 emissions is a critical topic for deep decarbonization but falls outside the scope of this analysis. Other 
analysis give a much more detailed treatment of non-CO2 GHG mitigation, including recent work by the Environmental 
Protection Agency: https://www.epa.gov/global-mitigation-non-co2-greenhouse-gases 
7 See the technical appendix for more detail on the analytical tools and methodology. 
8 High electrification of buildings is the most cost-effective approach to decarbonizing the sector, but there are other viable 
pathways to net-zero CO2 in 2050 involve higher levels of natural gas in buildings. These alternative pathways are expected to 
be more costly, potentially significantly more costly. 

https://www.epa.gov/global-mitigation-non-co2-greenhouse-gases
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fossils fuels to low-carbon electricity, so that electricity triples its share from just under 20% of 

current end uses to nearly 60% in 2050; and (4) carbon capture, the capture of CO2 that would 

otherwise be emitted from power plants, industrial facilities, and fuel production, along with 

direct air capture, rising from nearly zero today more than 700 million metric tons in 2050. The 

captured carbon may be stored or utilized for the production of synthetic renewable fuels. 

Achieving this transformation by mid-century requires an aggressive deployment of low-carbon 

technologies. The scale of the infrastructure buildout for the U.S. is indicated in Figure 2, and key 

actions between 2020 and 2050 include: 

• Electrifying virtually all passenger vehicles and natural gas use in buildings. 

• Increasing electricity generation capacity by more than seven-fold, primarily with low-

cost solar and wind power, which grows by more than 10x, to meet greater load from 

electrified end-uses. 

• New types of energy infrastructure will be created to work in tandem with a high-

renewables electricity system to enable net-zero emissions. Namely large-scale 

industrial facilities for carbon capture and storage, the production of biofuels with 

negative net-lifecycle CO2, hydrogen production from electrolysis using excess 

renewable electricity and from biomass, as well as synthetic fuel production which 

utilizes hydrogen and captured carbon.  

 

Figure 2 Low-Carbon Energy Infrastructure Growth 

 

Figure 3 shows that a DDP scenario achieves steep reductions in net fossil fuel CO2 emissions to 

reach net-zero emissions by 2050. Variations on the DDP which explore alternative pathways 

where policy or external factors constrain the set of potential technologies (e.g., limited biomass 
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or a 100% renewable electricity requirement) are more difficult or more costly relative to the 

base DDP case with all options available, which is our focus here. 

Figure 3 Energy-related CO2 emissions9 

For the U.S. as a whole, there is a clear pathway for the transformation of the energy 
infrastructure that can enable a net-zero CO2 economy by 2050. Massive electrification, 
significant increases in end-use energy efficiency, decarbonization of electricity principally 
through wind and solar generation, and carbon capture with utilization are all critical ingredients 
for achieving the emissions target in this study. While a national blueprint for the evolution of 
energy supply and energy demand is a central component for reducing GHG emissions, there are 
also critical questions about adaption, land use, and how enabling policies will balance a variety 
of objectives to enable an equitable transition. The following section explores not only the 
transformation of the Midwest energy infrastructure but key opportunities and challenges, 
including some of the critical questions around policy and implementation, which will impact a 
range of outcomes in the region from the future of nuclear energy, to equity, to soil tilling 
practices.  

 

9 Product CO2 represents feedstocks into industrial processes where the CO2 is sequestered in a final product, principally 
plastics. Bunkering CO2 represents emissions which occur in international waters which don’t count toward U.S. emission 
inventories. Both categories offset fuel combustion counted in other categories. 
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Regional Context 

Why Take a Regional Look? 

While the underlying analysis for this report is for the U.S. as a whole, there are significant 

regional variations in energy demand and supply that provide valuable insights to the Midwest. 

A regional study offers details on how the actions required for deep decarbonization align with 

regional geographical boundaries, and the unique opportunities for a given region in contrast to 

the rest of the country. These insights can illuminate key considerations for a collection of states 

that are likely to share similar resource potential, act as a common market for key technologies, 

and already coordinate on large-scale energy infrastructure (e.g., electric transmission). 

Regions typically share comparable renewable energy resource potential, biomass production 

capability, and have tightly coupled electrical systems which depend on some level of regional 

coordination for long-term planning. They also represent a common market for critical consumer 

technologies such as electric heat pumps and electric vehicles. For example, the states in the 

Midwest have comparable heating and cooling requirements that high-performance heat pumps 

will need to meet, in effect acting as a common market for advanced heat pumps that perform 

well in cold climates. These commonalities for states within a region makes a regional-level 

analysis a valuable exercise for exploring transition in a more granular fashion the whole U.S., 

and also enables a discussion about critical long-term planning and policy questions that are a 

unique concern for the region. 

Existing energy infrastructure is often designed around sourcing supply from one region to 

transport into another region, and we expect future deployments to follow a similar model. Just 

as the Midwest depends on a system of engineered waterways and barrages to move agricultural 

products to market, new large scale infrastructure deployments to enable a transition to a 

decarbonized economy will likely serve regional or sub-regional areas to enable large EV charging 

networks, transport of CO2 to geological storage sites or delivery of renewable energy from areas 

with high-quality resource potential and limited electrical demand to load centers. 

Insights about these unique considerations for each region can empower organizations within 

the region to advance decarbonization efforts within the states they operate. A common 

understanding of the region’s role in a national effort to decarbonize can serve as a starting point 

for a shared vision for a pathway to 2050, supporting the long-term planning and implementation 

work to transform energy use across multiple states. These regional organizations bring a depth 

of experience and expertise on critical topics for constituents and policymakers who can advance 

this long-term planning and implementation work. Regional analysis supports these 

organizations to do the work they are uniquely positioned to do, shaping implementation plans, 

and ensuring long-term planning is incorporating the critical components of a successful 

decarbonization effort for the region. With a coherent shared vision of the energy transition, 

stakeholders are better positioned to explore how to make the transition equitable and the best 

avenues for pairing adaption efforts with mitigation efforts. 
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Scope and Research Questions 

The region studied in this analysis is the Midwest, which for this study consists of Illinois, Indiana, 

Iowa, Michigan, Minnesota, North Dakota, Ohio, South Dakota, and Wisconsin, as shown in 

Figure 4. These states make up 17% of the U.S. population10 and 21% of U.S. energy-related 

emissions.11 In the past, the region has generally received limited attention around long-term 

planning for decarbonization relative to other regions of the U.S., such as the West Coast and the 

Northeast. 

Figure 4 Midwestern States for This Analysis 

 

While states within the Midwest have varied levels of political ambition around reducing GHG 

emissions, the region as a whole is likely to face unique challenges as the country transitions from 

a fossil to a net-zero carbon energy economy. The Midwest is home to a significant number of 

industries that face uncertain changes under an energy transformation, such as the automotive 

and biofuel industries, as well as industries that will decline in a low-carbon future, particularly 

coal mining. Several states within the region are building momentum to confront these 

challenges, plan for a transition to deep decarbonization, and near-term implementation. The 

combination of this momentum, together with existing organizations in the region that are 

focused on confronting the range of issues posed by climate change, presents an opportunity for 

this study to accelerate the discussion in the Midwest. 

This report seeks to address two central research questions for the Midwest region: 

 

10 Based on U.S. Census Bureau estimates for 2018, see https://www2.census.gov/programs-surveys/popest/tables/2010-
2018/state/totals/nst-est2018-01.xlsx 
11 Based on 2016 U.S. emissions data, see table 2 of https://www.eia.gov/environment/emissions/state/analysis/ 

https://www.eia.gov/environment/emissions/state/analysis/
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(1) How do energy supply and demand, investment, and infrastructure in the Midwest 

region need to evolve to enable a low carbon transition?; and 

(2) What are key decarbonization opportunities and challenges in the Midwest, and 

how do they interact both within and outside the region? 

Through these research questions, we hope that this study can advance on-going discussions in 

the Midwest around achieving deep decarbonization to support regional and state-level action. 

Insights from the above research questions can build on existing successful work by organizations 

within the Midwest to solidify a shared vision of the Midwest’s unique role in a national effort to 

reach 2050 emission reduction targets. Efforts like the Principles of Equitable Policy Design for 

Energy Storage,12 which was developed in collaboration with numerous Midwest advocates, and 

the Minnesota Public Utility Commission's recent decision to update the cost of carbon for long 

term planning13 are representative of how decarbonization work is advancing in the region. 

Additional analysis from this study can support more integrated long-term planned and 

continued success in developing implementation plans. 

The Midwest today and in 2050 

The national results presented in the previous section give context and set the stage for exploring 

key considerations for the Midwest as a region in a broader transition to a decarbonized 

economy. Figure 5 shows the types of energy the region relies on today in contrast to the changes 

by 2050. The figure presents final energy demand, demand for delivered energy in its final form 

just before end-use, for 2020 and 2050 for both the Reference and DDP scenarios. These results 

are adapted from national analysis results discussed above 14 and show that in 2020 electricity 

demand is roughly one-fifth of final energy demand in the Midwest. On a percentage basis, the 

region has a slightly higher demand for pipeline gas, which today is effectively only natural gas, 

as compared to the U.S. Shifting to the 2050 results, under the DDP scenario final energy demand 

reduces by more than 30%, driven by energy efficiency, as compared to 2020. There is also a 

major shift away from pipeline gas and liquid transportation fuels towards electricity, with 

electricity supplying more than half of final energy demand.  

 

 

12 See:  https://www.ucsusa.org/clean-energy/renewable-energy/equitable-energy-storage?_ga=2.204878544.1992433560.1567800578-
1363329930.1567800578 
13 See: http://cubminnesota.org/updated-cost-carbon-minnesota/ 
14 See the technical appendix for more details on the methodology for scaling national results to the Midwest region. 

https://www.ucsusa.org/clean-energy/renewable-energy/equitable-energy-storage?_ga=2.204878544.1992433560.1567800578-1363329930.1567800578
https://www.ucsusa.org/clean-energy/renewable-energy/equitable-energy-storage?_ga=2.204878544.1992433560.1567800578-1363329930.1567800578
http://cubminnesota.org/updated-cost-carbon-minnesota/
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Figure 5 Final Energy Demand in the Midwest 

 

At a high level, the transition from the Midwest energy infrastructure of today to a deeply 

decarbonized energy system in 2050 is very similar to the U.S. as a whole. The critical elements 

of the Midwest transition are shifting the electricity mix from fossil to zero-carbon generation, 

electrification of almost all buildings, and most of transportation, displacing final energy demand 

for fuels that are expensive to decarbonize. Figure 6 illustrates this change for the Midwest, 

comparing 2020 to 2050. By 2050 renewables make up more than 95% of electricity generation, 

up from 20% in 2020, driven in part by continued cost declines. Buildings and transportation are 

the key drivers of the major change in final energy demand shown in the previous figure. Total 

energy demand decreases, as more efficient electric technologies displace fuel-combustion 

technologies. Biofuels play a critical role in decarbonizing fuel use that is not displaced by 

electricity, accounting for more than 45% of liquid fuels in 2050 compared to less than 4% in 

2020. 

Figure 6 Midwest Overview of Energy Transition 

  



  

 

 13 © 2020 by Evolved Energy Research 

Critical Topics within the Midwest: Opportunities 

& Central Questions  

While this analysis shows the Midwest following a similar high-level decarbonization pathway as 

the entire U.S., the region plays a unique role in some facets of the transition and faces distinct 

challenges as compared to the rest of the country. From natural resource endowment across 

Midwestern states to unique regional considerations for an equitable transition, the Midwest will 

see significant opportunities but also face important policy and planning decisions on a pathway 

to deep decarbonization. The following sections explore key decarbonization topics for the 

Midwest in greater detail: 

• New biofuels: The Midwest is likely to continue its role as a major producer of biofuels 

for national consumption, but there are questions about the continued dominance of 

corn ethanol driven by the electrification of light-duty vehicles. 

• Carbon capture and storage: The region has about 15% of estimated national geological 

carbon storage capacity, and biomass production and fossil electric generation create 

opportunities for carbon capture in the Midwest. 

• Light-duty auto transition: With numerous manufacturing facilities that support the 

automotive industry inside the region, the Midwest is uniquely positioned to be a leader 

in the massive electrification effort for cars and trucks. 

• Electrification of building heating: The Midwest has higher heating demands than much 

of the rest of the country and will require high-performance heating electrification 

technologies or must instead use decarbonized gas for building heating at an anticipated 

cost premium. 

• Exporting from the wind belt: The Midwest is home to some of the best onshore wind 

resource potential in the country, and the region could act as a major exporter of wind 

energy. 

• Coal transition: More than 25% of current U.S. coal generation capacity is within the 

nine states analyzed. Under a deep decarbonization effort, the nearly 60 GW of coal in 

the Midwest will be retired, but what resources will replace it, and how quickly can this 

happen? 

• The future of nuclear: The there is a significant existing nuclear fleet in the Midwest, 

over 20% of all nuclear capacity in the U.S. Relicensing could be a low-cost means of 

continuing to provide decarbonized electricity however there is uncertainty around this 

possibility. 

 

Each of the sections below offers a deeper dive into each of these topics, specifically examining 

how the Midwest will play a unique role in the national transition as well the opportunity for the 

Midwest and critical questions for enabling the changes.  
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New Biofuels 

Shifting from Corn Ethanol to Advanced Biofuels 

Just as the Midwest has played a central role in U.S. biofuel production historically, the region 

will make critical biofuel contributions to a national deep decarbonization effort. A key 

component of a national strategy is reducing final energy demand for fuels, as they are costly to 

decarbonize. Electrification is more cost-effective for end-uses where it is a viable alternative and 

typically offers significant improvements in end-use efficiency. For the residual fuel demand in 

the economy, biofuels are the preferred approach for lowering the carbon intensity of fuels. The 

left panel of Figure 7 below illustrates the 60% reduction in final energy demand for fuels, along 

with nearly a quadrupling of biofuels consumption under the DDP scenario. 

The right panel of Figure 7 shows the change in biomass supply that enables the significant 

growth in biofuel production. While the reference case slightly decreases total U.S. biomass 

supply for fuels due to the price of fossil alternatives, the DDP case increases supply by two and 

a half times. Biomass supply from the Midwest also increases by roughly 50%. These estimates 

of biomass supply are based on the U.S. Department of Energy’s Billion Tons Study Update 

(“Billion Tons study”), which evaluates current and future potential biomass availability. 

Figure 7 U.S. Fuel Demand and Biomass Supply for Biofuels 

 

This biomass production has a critical role enabling biofuels to lower emission intensity of 

residual fuels in the economy. Low- and negative-carbon agricultural practices to produce this 

biomass could offer an additional emissions reduction benefit, which is not captured in this 

analysis. Where end uses of fuels are very costly or impossible to electrify, the combined cost of 
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biomass feedstocks and the biofuel production capacity to transform the biomass into direct 

replacements for fossil fuels is typically lower cost than any other approaches to decarbonizing 

liquid fuels, particularly for fuels which are long hydrocarbons (e.g., heavy fuel oil and lubricants). 

This analysis finds that amongst the potential range of biofuels that could be produced with a 

constrained supply of biomass, advanced biofuels that are direct replacements for heavy refining 

products for industrial use and hydrogen production with carbon capture are the most 

economical options. Whereas biomass to produce renewable natural gas is generally only 

economical once all other options have been exhausted, as, on an energy basis, natural gas has 

low GHG emissions in comparison to liquid fuels, and AEO forecasts suggest it will remain low 

cost into the future. Biofuels to replace gasoline also play a limited role on account of a 97% 

reduction in gasoline demand due to electrification of the light-duty vehicle fleet. 

Key Questions for Driving a New Midwest Biofuels Industry 

A significant increase in biomass production to supply advanced biofuels presents a significant 

opportunity for the region. With the almost total elimination of the demand for gasoline in the 

DDP case, declining demand for corn ethanol presents a related opportunity for the region. Figure 

8 shows the decline in corn feedstocks for the U.S. and the Midwest specifically, as well as the 

dramatic increase in other biomass feedstocks (e.g., herbaceous residues and energy crops as 

well as woody residues). 

Figure 8 Biomass Feedstock Production 

 

The major shift away from corn feedstock production to other forms of biomass for advanced 

biofuel production will create significant opportunities for new energy infrastructure in the 

region. Moving to a greater dependence on advanced biofuels produced in the Midwest and the 

rest of the U.S. can also support greater domestic energy independence and may increase 

resiliency. A range of national policies has been implemented to advance these objectives in the 

past, including the Energy Policy Act of 2005, which played an important role in expanding the 
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current ethanol industry,15 and well-crafted policy that complements decarbonization efforts 

through 2050 can ensure that the production of advanced biofuels supports multiple policy 

objectives.  

Demand for advanced biofuels from the Midwest will drive the deployment of new biofuel 

production facilities in the region. Given the dynamics of transportation costs for biomass versus 

biofuels, we expect these facilities to be placed in similar locations to existing ethanol production 

facilities, primarily in rural areas with manageable biomass collection costs and potential for low-

cost transportation of refined biofuel outputs. This analysis finds that under a DDP case, by 2050, 

Midwest biofuel production almost doubles from 2020 (~1.5 quads of fuels per year). There will 

also be a significant opportunity to include carbon capture capabilities on newly deployed 

biorefineries in the region, either for utilization or for geological sequestration. The following 

section discusses this topic in greater detail. 

There are critical considerations around realizing these opportunities inside the region: 

• What quantity of biomass that will be available for biofuel production? While there 

have been several major studies of the topic of future biomass availability, including the 

Billion Tons study that this analysis draws on, the range of estimates of future biomass 

availability is wide. The volume of sustainable biomass production will be determined by 

several factors, including potential impacts on food prices and ecosystems. Additionally, 

the impacts of a changing climate on competing land-uses are uncertain, and adaption 

measures may complement or work against biofuel production in some regions.  

• How will the transition away from ethanol and toward advanced biofuels unfold in the 

Midwest? As demand for gasoline declines, existing political and economic interests 

that have supported historical ethanol production will face important decisions. The 

timing and implications of a shift away from ethanol to other biofuels will be critical for 

this part of the transition. Efforts to double down on corn ethanol and increase blending 

standards rather than beginning a transition away from corn feedstocks to other 

biomass production for advanced biofuels will slow the national transition and may put 

the Midwest behind in the development of new biofuel industries.  

• Which policies can help realize the benefits of new biofuel production that aren’t 

captured in this analysis? In the past, biofuel blending standards have been used to 

support energy independence objectives, and there will be opportunities for well-

crafted policies that support the development of advanced biofuels and achieve a range 

of benefits in addition to decarbonization. Agricultural and land-use practices may 

support higher levels of carbon sequestration in soils, and policy could be the best 

means to recognize and incentivize this potential co-benefit. Similarly, economic 

development and new opportunities in rural areas in the Midwest are both important 

facets of equity in the energy transition. 

 

15 https://www.usda.gov/oce/reports/energy/EthanolExamination102015.pdf 

https://www.usda.gov/oce/reports/energy/EthanolExamination102015.pdf
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Carbon Capture and Storage  

Biofuel Production is a High-Value Carbon Capture Application 

Large scale carbon capture, either for utilization in the production of synthetic fuels or for 

geological sequestration, is a core strategy for deep decarbonization of the economy. Potential 

for geological sequestration is an important driver of the level of carbon capture in a least-cost 

system, but so is the cost and quality of different potential sources of carbon capture. Figure 9 

shows that the Midwest represents a modest fraction of total U.S. sequestration potential, about 

15%, while most of the potential is concentrated in the Gulf Coast and Western U.S.  

Figure 9 Geologic Carbon Sequestration Potential  

 

Figure 10 shows sources of captured carbon for the U.S. as a whole and the Midwest. Production 

of biofuels and industrial capture effectively account for all carbon captured in the U.S., and the 

Midwest, with biofuels production making up more than three-quarters of the total. Biofuel 

production is a particularly attractive approach to carbon capture on account of having high-

quality CO2 streams as a byproduct of fuel production, which can be captured. Additionally, if 

biomass feedstocks are carbon-neutral, the carbon capture on biofuel production introduces the 

possibility of negative-emission biofuels. Biofuel production and industrial capture are both 

strongly preferred over electricity generation with carbon capture, which is likely to be one of 

the least economic forms of carbon capture for the Midwest. 

Figure 10 Volume of Captured Carbon in the DDP Scenario 
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Figure 11 Carbon Capture on Biofuel Production Facilities 

 

A deeper dive into what type of biofuel production facilities incorporate carbon capture is shown 

in Figure 11. New advanced biofuels and new biomass gasification facilities are the sources of all 

captured carbon from biofuel production in 2050. In the Midwest, which accounts for one-

quarter of both advanced biofuel production capacity and gasification capacity, two-thirds of all 

new biomass conversion facilities incorporate carbon capture. Deploying this production capacity 

will make the Midwest into an exporter of negative-emissions biofuels. Negative-emission biofuel 

production will become one of the new high-value energy industries in a deeply decarbonized 

economy and has the potential to significantly expand on the economic growth that corn ethanol 

has brought to some areas of the Midwest. 

Key Questions for Building a Negative-Emission Biofuels Export Industry 

While the Midwest is home to coal reserves along with geological sequestration potential, the 

highest value use of carbon capture in the region will be to support a new biofuel industry and 

to lower the emissions of carbon-intensive industries. Carbon capture for advanced biofuels, 

which leverages the Midwest’s abundant supply of biomass and potential negative-carbon 

agricultural practices, could make the region into an exporter of zero-carbon and negative-

emission biofuels to power the rest of the U.S. economy. The export of negative-emission 

biofuels could become an attractive new industry in the region, bringing economic growth. 

The scale of opportunity for the Midwest could be even larger than this analysis suggests, as 

modeling assumptions limit the amount of carbon captured in the region to an amount that can 

be stored/geologically sequestered or utilized within the Midwest. Growth in advanced biofuel 

production in the region might support investment in a captured carbon pipeline, similar to what 
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has been proposed in recent work coordinated by the Great Plans Institute16, which could carry 

carbon from the Midwest to areas with greater geological sequestration potential. This type of 

infrastructure might enable even greater economic deployment of carbon capture on biofuels in 

the Midwest, connecting the region, with its high-value biomass production, to other regions 

with high-value geological sequestration. The development of captured carbon pipelines could 

give the Midwest an even larger role as a major producer of negative-emission biofuels. 

There are important questions about the viability of carbon capture deployment at this scale that 

will need to be addressed for the Midwest to realize the opportunity of becoming an exporter of 

negative-emission biofuels: 

• What sort of business models can enable this scale of deployment? The 2050 results 

represent a much greater level of deployment of carbon storage than the 

demonstration-scale projects we see today. The appropriate business model will be 

critical for enabling scale, as there are many uncertainties around what a sustainable 

business model for carbon storage will look like and how that business model can 

establish effective, long-term partnerships with providers of captured carbon like bio-

refineries and large, carbon-intensive industrial operations. Additionally, the business 

model will need to be able to thrive within a broader transition strategy that focuses on 

equity. More pilot and demonstration projects could support experimentation with 

different approaches to business models for this industry.  

• Will deployment at this scale require policy support, and is that policy support 

politically feasible? The Price-Anderson Act, which offers non-military nuclear facilities a 

form of federally backed insurance to cap a facility’s liability, is often credited with 

enabling the large-scale deployment of nuclear power in the U.S. Would comparable 

support for a burgeoning carbon storage industry be necessary to achieve deployment 

at scale? Would this type of policy support be palatable in the foreseeable future?  

There may be other policy approaches to support this still nascent industry address its 

significant barriers to scaling, including risk pooling over many storage providers or rules 

around carbon storage accounting and potential associated revenues. These questions 

are closely related to the questions around the right business models, and together they 

represent “fork in the road” decision points. If carbon storage is much slower to come to 

market than anticipated, deep decarbonization is still achievable but will be more costly.   

• Could technological challenges slow the pace of deployment?  The industry has 

extensive experience with science and processes behind with carbon capture, 

transportation, and a growing track record with storage approaches.17 However, moving 

 

16 Great Plains Institute has been collaborating with the State CO2-EOR Deployment Workgroup and Carbon Capture Coalition 
on opportunities for carbon capture, including the possibility a new carbon capture pipeline network described in the report: 
Capturing and Utilizing CO2 from Ethanol: Adding Economic Value and Jobs to Rural Economies and Communities While 
Reducing Emissions 
17 For a database of carbon capture and storage projects see https://www.netl.doe.gov/coal/carbon-storage/worldwide-ccs-
database 

https://www.betterenergy.org/blog/capturing-utilizing-co2-ethanol-adding-economic-value-jobs-rural-economies-communities-reducing-emissions/
https://www.betterenergy.org/blog/capturing-utilizing-co2-ethanol-adding-economic-value-jobs-rural-economies-communities-reducing-emissions/
https://www.netl.doe.gov/coal/carbon-storage/worldwide-ccs-database
https://www.netl.doe.gov/coal/carbon-storage/worldwide-ccs-database
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from the scale of megatons per year to 100’s of gigatons per year may present 

unforeseen technical challenges. 

 

Light-Duty Auto Transition 

Midwest Industries Are Uniquely Positioned to Lead the Shift to EVs 

Light-duty automobiles are a major driver of energy consumption in the transportation sector, 

making up nearly 60% of transport energy demand. Improved urban planning and greater access 

to public transit can help mitigate some of these emissions while offering a range of co-benefits,18 

but decarbonization measures will be needed for the remaining light-duty vehicles. The 

overwhelming majority of light-duty cars and trucks on the road today run on gasoline, but 

transitioning to light-duty electric vehicles (EVs) will be the most cost-effective approach to 

decarbonizing this portion of the transportation sector. EVs are much more efficient than their 

respective internal combustion counterparts, and low-cost renewable electricity generation will 

make the cost of decarbonizing electricity much lower than decarbonizing liquid fuels like 

gasoline. 

Figure 12 New Light-Duty Vehicles 

 

The DDP case capitalizes on the cost-effectiveness of light-duty vehicle electrification, and 

transitions nearly the entire vehicle fleet to electric vehicles by 2050. Reshaping the light-duty 

fleet from running on gasoline to running on electricity reduces energy demand for U.S. cars and 

trucks by 70% due to the better efficiency of electric drive trains. This transformation of the 

vehicle stock is driven by new sales of EVs and the natural turnover of cars and trucks. Figure 12 

shows cumulative sales of new light-duty cars and trucks for the 30 years between 2020 and 

2050, where the DDP scenario has cumulative EV sales that are more than six times the reference 

case. In addition to participating in this national transformation, the Midwest could be a major 

driver for the deployment of these new electric vehicles. The region is home to a significant 

 

18 This analysis assumes service demand for light-duty vehicles consistent with AEO forecasts, which implies modest increases in 
public transit ridership and shifting out of light-duty vehicles. 
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portion of the domestic car industry, including car and truck manufacturers, as well as their 

supply chains. 

Key Questions for Midwest Leadership on the Transition to EVs 

The light-duty vehicle transition from gasoline to electric automobiles presents a major 

opportunity for the Midwest. Existing and new manufacturing automotive industries are well-

positioned to dominate the domestic market for light-duty EVs and associated components if 

they can keep pace with innovations in the space. If manufactures within the region can lead the 

transition to electric vehicles, the Midwest can maintain its position as a major player in the 

global automotive market.  

Remaking the U.S. light-duty vehicle fleet will present challenges, and the Midwest region will 

need to address key questions to be positioned to lead these changes: 

● How can industries get ahead and be strategically positioned for this change? Near-

term business pressures are shifting some automakers' focus away from EV 

development. The pace of the transition for cars and trucks will be rapid if the country is 

going to meet ambitious 2050 GHG emission reduction targets, and industries in the 

Midwest will need to continue to prepare for long-term market changes, which may 

include shifts in how these industries are organized and develop products. The question 

of strategic positioning these companies represents a “fork in the road” decision point, 

where the wrong decisions could result in other countries leading the global transition 

to EVs.  

● How quickly will demand materialize? Numerous factors influence customer purchase 

decisions, which can be complicated and weakly tied to the economics of lifetime cost. A 

range of factors will shape how quickly demand for EVs may materialize, and the rate of 

EV demand will be a critical factor in how quickly Midwest automakers and suppliers can 

respond. 

● What role is there for policy? Given the complexity of customer adoption decisions, 

policy can play an important role in accelerating EV adoption. Policy has the potential to 

support higher rates of customer uptake by tackling barriers to EV adoption. These 

policies might target things like the availability of public charging, including “charging 

deserts,” which may have equity implications and working to raise awareness of EV’s. 

Additionally, policy may be able to support anticipated changes in automotive 

industries, including the possibility of EVs resulting in smaller automotive repair and 

service industry. 
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Building Heating Electrification 

Electrification Supports Decarbonization of High Heating Demand  

Buildings are significant consumers of energy to meet heating and cooling service requirements. 

Currently, most space and water heating requirements are provided by boilers and furnaces 

consuming fossil fuels (e.g., natural gas and heating oil). Electrification is a critical strategy to 

decarbonize buildings at a low cost. In the U.S., this is primarily achieved through the adoption 

of electric air source heat pumps (ASHP).  

Energy demand for heating services varies widely across the country. As shown in the top panel 

of Figure 13, heating service demand in the Midwest is approximately two-thirds higher than the 

national average. This is due to the colder climate and results in higher energy use per household, 

as shown in the bottom panel. However, building electrification translates into deep overall 

energy demand reductions despite an increase in electricity consumption.  

 Figure 13 Heating Service Requirements and Energy Demand

 
Key Questions for Massive Electrification of Midwest Space Heating 

Electrification provides an opportunity for the Midwest to both reduce energy use (energy 

efficiency) and reduce air pollution from buildings. Also, ASHP technology provides both heating 

and cooling services, so adoption can also reduce energy use during the summertime relative to 

air conditioners. ASHP performance in cold climates such as the Midwest has also improved 

considerably over the past decade, and the region is ripe for adoption, given its heating and 

cooling needs. 
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States have typically restricted funding for energy efficiency programs to only support the 

adoption of technologies of the same energy source (e.g., ASHP can only replace an electric 

resistance furnace, but not a gas furnace). The Midwest states could open energy efficiency to 

electrification by allowing consumers to switch energy sources (e.g., from gas to electricity), and 

this is pertinent to the region given that electric heating currently makes up a small share of total 

heating.19 Building shell upgrades and air sealing measures will also be important enablers of 

space heat electrification to ensure new ASHP can be sized appropriately to operate at high 

efficiencies. 

Switching from natural gas to electricity to provide space and water heating services raises 

several implementation and business model questions, including: 

• How will new electric peaks be managed? Building electrification will shift the region’s 

peak demand periods from the summer to the winter. This shift has large implications at 

both the system and local level and is expected to require new electric transmission and 

distribution infrastructure.  

• How to manage potential equity and distributional implications of electric heating? 

Shifting to electric heating will represent a significant change from the current systems 

we have today and will have impacts on households where energy costs represent a 

significant portion of their income. A range of important issues will need to be 

addressed, including electric rate design, local resiliency as well as programs to support 

low-income customers as they move from a combination of natural gas and electric 

service to electric only. 

• What is the role of gas utilities and programs focused on gas efficiency? Gas utility 

programs have typically focused on improving the efficiency of gas appliances, which is 

at odds with large scale electrification. Additionally, gas sales are likely to decline 

significantly on account of building electrification. Lower throughput for gas utilities may 

pressure these entities to raise rates and present challenges to the gas utility business 

and their customers. While it will take time to increase the penetration of ASHP, 

resolving questions around the role of the gas utility is a “fork in the road” issue for 

avoiding stranded assets on the gas system. 

• How can other efficiency programs evolve quickly to support electrification? Utility 

programs will need to be able to incentivize fuel-switching to ASHP as well as potential 

building efficiency measures to ensure newly installed heat pumps can perform as 

designed. Reforms and updates to utility programs can be slow and complex issues, but 

the level of heat pump adoption associated with a deep decarbonization pathway 

necessitates a major increase in new sales of electric building heating in the next decade 

and a half. 

 

19 California has recently implemented changes to allow energy efficiency spending for building electrification. See: 
https://www.nrdc.org/experts/merrian-borgeson/ca-billion-efficiency-now-open-electrification 

https://www.nrdc.org/experts/merrian-borgeson/ca-billion-efficiency-now-open-electrification
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Exporting from the Wind Belt 

Midwestern Wind Helps Power a Decarbonized U.S. Grid 

The United States is home to an abundance of wind resource potential and has been referred to 

as the “Saudi Arabia of wind power.” The interior of the country contains very high-quality wind 

resources, and the Midwest region is already home a significant number of wind plants, as shown 

in Figure 14. The availability of a significant supply of high-quality wind resources provides a 

source of clean electricity generation to enable economy-wide deep decarbonization. 

Figure 14 Wind resource quality and Midwest wind plants20 

 

In the DDP scenario, the U.S. delivers approximately 7,000 TWh of onshore wind generation to 

loads in 2050, nearly equivalent to national end-use electricity demand in that year. This quantity 

is more than ten times today’s level of wind generation, and more than 30% of all U.S. onshore 

wind is sourced from the Midwest region, as shown in Figure 15. The buildout in the Midwest 

achieves two purposes: (1) to serve loads within the Midwest with clean electricity; and (2) to 

export to other regions in the U.S. with limited or low-quality wind resource potential. The latter 

is a significant driver of onshore wind development in the Midwest, and the region’s net 

transmission exports are approximately 250 TWh by 2050 making it the largest exporter of 

renewables in the country. These exports help other regions of the U.S. decarbonize, notably the 

Mid-Atlantic and Southeast.  

 

20 Figure adapted from https://emp.lbl.gov/wind-power-performance 

https://emp.lbl.gov/wind-power-performance
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Figure 15 U.S. Wind Generation

 

Key Questions for Becoming a Global Leader in Wind Energy 

National deep decarbonization provides significant opportunities for the wind industry in the 

Midwest. More than 500 GW of onshore wind is installed across the region by 2050, and the 

installation and maintenance of these resources should allow the region to become a global 

leader in the industry. The sheer scale of the development could allow significant positive 

employment, tax revenue, and income for farmers through land leasing.  

Realizing this opportunity in the Midwest depends on addressing several key implementation 

questions and uncertainties: 

• How will the region permit wind turbines at the necessary scale and rate? The buildout 

implies installations of more than 15 GW per year between 2020 and 2050. A supply 

chain, labor force, and available transmission will be needed to achieve these targets. 

Given the attractive economics of Midwestern wind today, early policy steps to enable 

this ramp-up are no regrets actions. 

• How will new intra- and inter-regional transmission be developed? The highest quality 

wind resources are typically located far from load centers. Without new transmission to 

deliver wind generation to load resources within the Midwest (intra-regional), as well as 

load located along the East Coast and Southeast (inter-regional), major growth in wind 

development will be stymied. Questions around new transmission development will be 

challenging to resolve but represent a “fork in the road” decision point for unlocking the 

full potential of Midwestern wind. Robust and inclusive long-term planning processes 

and policy support will be critical for enabling transmission development. 
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• How will wind resource and transmission costs be allocated? The results show that 

wind developed in the region is economical for both customers within the Midwest and 

in other regions in the U.S. (e.g., Mid-Atlantic). However, the analysis provides limited 

insight as to the best approach to allocating the cost of generation and transmission 

among consumers who will benefit from its deployment. Questions of cost allocation 

are central to an equitable pathway to deep decarbonization for onshore wind and 

critical enablers of transmission development and this scale of deployment. 

• How quickly will wind technology costs and performance improve? New, high-quality 

wind generation is already lower cost than many existing coal-fired plants in the U.S.21 

This scale of wind buildout in the Midwest is contingent on continued cost declines and 

turbine performance. In the European Union, onshore wind costs and have steadily 

declined as turbines have improved, driving significant growth in wind capacity.22 The 

uncertainties around future cost and performance will be important factors in how the 

Midwest becomes a global leader in onshore wind. 

 

Coal Transition 

All Midwest Coal Retires and a Mix of Resources Replace It 

Under business-as-usual conditions, the U.S. is projected to retire a significant quantity of coal-

fired capacity. Both the capacity and energy from the retirements are replaced by gas-fired 

resources, as shown in Figure 16. Under deep decarbonization, a mixture of resources, including 

a large amount of wind generation, replace coal generation. The DDP scenario sees the capacity 

from coal-fired resources is replaced by gas-fired thermal resources to maintain resource 

adequacy. These gas-fired resources run very infrequently, with capacity factors of less than 5%, 

producing a small fraction of energy as compared to 2020. These gas plants are a critical 

component for operating an electricity system that is over 90% renewable energy, and they run 

during challenging system conditions when electricity demand is high, and renewable production 

is low. With such low utilization rates, these plants are not a significant source of emissions, but 

these plants could be run on low- or zero-carbon fuels like methane derived from biomass and 

power-to-gas, or a blend of hydrogen depending on the plant’s design.  

A variation on the DDP scenario where all fossil fuels are displaced by renewable generation and 

renewable fuels (100% RE) offers additional support for the importance of thermal capacity that 

produces little energy on very high renewable systems. This alternative pathway burns no fossil 

fuels in 2050 for electricity generation and has 40% more renewable capacity than the DDP 

scenario. This scenario achieves this at a higher societal cost for the entire energy system over 

30 years, a cost premium over the DDP scenario of 5%. To support balancing an electricity system 

with an even higher level of renewables, the 100% RE pathway includes more energy storage and 

 

21 See https://www.carbontracker.org/reports/coal-portal/ for a recent analysis of existing coal cost as compared to new 
renewables 
22 https://windeurope.org/wp-content/uploads/files/about-wind/statistics/WindEurope-Annual-Statistics-2018.pdf 

https://www.carbontracker.org/reports/coal-portal/
https://windeurope.org/wp-content/uploads/files/about-wind/statistics/WindEurope-Annual-Statistics-2018.pdf
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10% more gas capacity than the DDP case. These gas plants run on a fuel that is a mixture of 

biomass-derived renewable gas and synthetic natural gas produced from a power-to-gas process 

and produce one-third the amount of energy from gas plants that the DDP scenario does. This 

larger amount of gas-fired capacity is critical for a small number of hours to ensure there is 

sufficient supply. In other hours the plants remain idle and ready to support reliability. Without 

this gas generation that burns clean fuels in the 100% RE pathway, the cost to ensure reliability 

for the electricity system would increase dramatically. 

Figure 16 Coal- and Gas-fired Capacity and Generation

 

The Midwest also sees the retirement of all coal capacity by 2050, and utilizes a similar strategy 

as the rest of the country to replace both the capacity and energy coal had been providing. The 

region has a higher level of wind generation than most of the rest of the country, and as a result, 

has a slightly higher need for balancing resources to support the greater share of wind generation 

as compared to the rest of the U.S. The DDP scenario increases gas capacity significantly over the 

Reference scenario but generates about one-fifth of the amount of energy from these 

generators. The gas capacity in the region ensures that the system can reliably operate an 

electricity system with 80% of its energy coming from wind generation, and less than 1% coming 

from gas-fired power plants. 

Key Questions for Transitioning Away from Existing Coal 

The Midwest’s sizable coal fleet is currently a significant provider of energy, about 30%, and 

capacity services, but a major source of GHG emissions and air pollution. Deep decarbonization 

necessitates the retirement of these resources, and gas-fired resources running at very low 

capacity factors, potentially burning decarbonized fuels, are the most economical resource to 

provide similar capacity services while renewables are the least-cost means of providing energy. 

Many opportunities exist to ease this transition. First, most of the Midwest region is located 

within a regional transmission operator (RTO), where there should be a focus on electricity 
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markets rewarding sustained peaking capability of replacement resources. Currently, new gas-

fired resources represent the lowest-cost resource to develop at scale for capacity needs. Second, 

carbon and clean electricity policy can ensure that gas plants operate only during reliability 

events and that “locking in carbon” from their operation is avoided. A stringent cap on carbon 

emissions (either the electricity sector only or economy-wide) or a clean electricity standard 

would limit operations and emissions.  

Managing the transition away from coal-fired resources raises several considerations: 

• How quickly should coal plants be retired? The rate of retirement and the need for 

replacement resources depends on a variety of factors, including relative coal and gas 

fuel prices, the cost of new renewables, the need for capacity services partially driven by 

the level of wind and other renewable penetration, and the willingness to build new gas 

plants. One potential option is to delay the retirement of existing coal for reliability but 

only run these units infrequently (e.g., only in the summer). Many existing coal plants 

are uneconomic compared to new renewable resources, and a no-regrets approach 

suggests retirement sooner rather than later. 

• How do we ensure new resources are built for the long-term? Retiring coal resources is 

an obvious and necessary strategy to reduce emissions, but replacing their contribution 

towards resource adequacy is complex. Electricity markets and integrated planning 

processes are well-positioned to send signals to incentivize the development of new gas 

plants and other replacement resources, and price critical reliability services as market 

needs shift during the transition to a deeply decarbonized grid.  

• What is an equitable approach to managing the impacts on jobs and communities as 

coal plants close? While the retirement of coal generation will yield benefits for 

decarbonization, potential cost savings, and improved air quality, it will have major 

impacts on the communities that rely on the coal plants and the mines that supply those 

plants. These impacts are also an important consideration for an equitable transition. 

 

The Future of Nuclear  

Nuclear Relicensing Could Lower the Cost of Decarbonization  

At nearly 100 GW of capacity, the existing U.S. nuclear fleet is a sizable source of low-carbon 

generation. The Midwest is home to roughly a fifth of the U.S. nuclear fleet, with most of these 

plants concentrated in a few states, principally Illinois, Michigan, and Ohio. If this nuclear capacity 

remains online, it can play an important role in supporting a decarbonized electricity system. A 

variety of factors will drive decision making on the timing of nuclear retirement, but a key 

consideration examined in this analysis is relicensing. For the U.S. as a whole and the Midwest, 

the average age of the U.S. nuclear fleet is approaching 40 years, meaning many plants will face 

critical relicensing decisions within the next decade or two.  
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Figure 17 shows nuclear capacity in the Midwest and the rest of the U.S. in 2020 and 2050. In 

both the Reference and DDP case relicensing of nearly three-quarters of the nuclear fleet, about 

60% in the Midwest, appears to be economical. In the DDP case, while new nuclear build is an 

option for the least-cost portfolio that considers all commercial mitigation options, nation-wide 

new nuclear is uneconomic in the DDP scenario. For the Midwest, very good resource potential 

for wind generation undermines the economics of new nuclear, making a wind-heavy electricity 

mix the cheapest option. The role of nuclear in the DDP case contrasts to a sensitivity on the DDP 

case, which does not allow relicensing. In this sensitivity, less than 1.5% of nuclear capacity 

remains online nationally with none in the Midwest and incurring a higher societal energy system 

cost than the all-options case, roughly 1% higher through 2050. 

Figure 17 U.S. Nuclear Capacity 

 

Key Questions for Maintaining the Nuclear Fleet 

While high levels of wind generation are the main feature of a deeply decarbonized Midwestern 

electricity system, existing nuclear capacity may have an important supporting role. Relicensing 

represents a potential opportunity for the Midwest to achieve deep decarbonization at a lower 

cost. Leveraging existing investments in nuclear assets rather than pursuing new nuclear 

deployment within the region could enable lower future costs and support the integration of 

nuclear with high levels of renewables.  

Managing the opportunities for nuclear to support a decarbonized electricity system raises 

several considerations: 

● How much nuclear will retire in the region? Decision making around nuclear retirement 

and relicensing is complex and often contentious. The cost is typically just one of many 
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factors that informs the future of existing of nuclear generation.  States may take 

different approaches to nuclear retirements for the plants within their borders. 

● What will replace nuclear energy where retirement occurs? What factors will shape 

resource procurement decisions if or when retirements occur? Will policy that manages 

nuclear retirement also guide what resources can replace nuclear energy? 
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Study Implications 

Deep decarbonization in the Midwest will present significant opportunities for economic growth 

and new jobs for the region, as well as the possibility of defining and executing a plan for an 

equitable transition to a net-zero CO2 emissions economy. The region could become a global 

leader in wind energy and power other regions with wind exports, lead the massive 

transformation of the light-duty auto fleet from gasoline to electricity and play a critical role in 

shaping a new industry that produces negative-emissions biofuels. But realizing these 

opportunities will require a shared, coherent long-term vision for the region, along with effective 

planning and well-crafted policy to address key questions along the pathway to deep 

decarbonization and execute in the near- and mid-term. 

Achieving these desirable outcomes on the way to a net-zero emissions target in 2050 requires 

action today. This analysis highlights two critical implications for near- and mid-term actions in 

the Midwest to advance deep decarbonization:  

(1) long-term planning and cross coordination between sectors and geographies is 

essential, and builds toward a shared vision of the desired pathway to 2050; and 

(2) maintaining a focus on long-term goals is critical for when establishing near-term 

policy to advance decarbonization. 

Positioning the region and the nation to address the key questions raised in the previous sections 

successfully necessitates effective engagement with stakeholders to able to act on the above 

implications. The focus of this analysis is the physical transformation of the energy system and 

challenges to enabling these changes, but its findings can support the local and state-level 

decision making that will be essential for designing an equitable transition and producing durable 

outcomes that can sustain decarbonization efforts for the next 30 years and beyond. The 

following two sections address the implications of this study for planners, policymakers and 

advocates in greater detail. 

Planning and cross coordination between sectors and geographies 

A common characteristic across low-cost deep decarbonization pathways is much tighter 

coupling of electricity to all sectors that consume energy. This is particularly important for end-

use electrification of buildings, transportation, and industry. Tighter coupling of electricity with 

other energy use will drive significant growth in electrical loads; in this analysis, 2050 load more 

than doubles as compared to 2020. The new loads from electrification will require integrated 

planning across sectors to ensure that new clean generation resources and electric distribution 

and transmission system upgrades are developed to meet growing demand. Inter-sector 

coordination will be critical for planning to enable the transformation necessary to reach a low-

cost 2050 system. 

Effective long-term planning for the energy system will also necessitate regional coordination. 

Long-term regional planning will be critical to address new infrastructure needs across the region, 

as well as new common markets for electrified and highly efficient devices like ASHP. Regional 
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electric planning will face new challenges in developing reliable, high-renewable systems. This 

challenge will be particularly acute in the Midwest, where a bountiful wind resource could power 

both the Midwest and other regions if inter-regional coordination can navigate the difficulties of 

enabling the export of wind generation to eastern load centers. 

RTO and utility planners, public utility commissions, state energy offices, advocates for 

consumers and advocates for an equitable transition all will play an important role in these long-

term planning processes. Planning for deep decarbonization will depend on drawing from 

existing analytical methods along with new approaches for collaborating in long-term planning. 

Given the scale of changes necessary for achieving emission reduction targets, successful 

planning efforts need to layout a technical pathway to achieving long-term goals but also engage 

a broader range of stakeholders to foster a shared vision for a pathway to reaching 2050.  

Maintain focus on long-term goals when establishing near-term policy 

A shared vision of the desired 2050 outcomes is a critical ingredient for enabling the breadth of 

stakeholders in the region to confront the key questions and challenges on a pathway to a deeply 

decarbonized system. Maintaining a focus on long-term goals for transforming the energy system 

is essential for developing policies that can advance the Midwest towards the opportunities that 

the region is uniquely positioned to realize in a national decarbonization effort. With a clear, 

shared picture of the changes the many stakeholders in the region are working toward, it will be 

easier to chart a course through issues that seem intractable when the focus is only on 

incremental changes and near-term outcomes. A common vision will also advance policy 

discussions around establishing criteria beyond cost-effectiveness, including questions like what 

is a just transition from today to tomorrow?; and are burdens distributed equitably across 

communities in the region? Many of these questions are complicated and are likely best 

answered at a local and state level, and a shared regional vision within these policymaking 

contexts can support more equitable and durable decarbonization efforts.  

Long-term goals should inform near- and mid-term policies. Key areas of focus include policies to 

accelerate changes required to reach long-term goals and addressing critical issues that long-

term planning is likely to offer little insight into, such as equity, fair burden-sharing, and resilient 

and robust communities. A long-term focus is critical both for policy around energy supply, which 

already incorporates long-term planning (e.g., integrated resource planning for electric and gas 

utilities), but also for enabling the customer-side transformation where nearer-term policy has 

an important role to play hastening demand for electrified technologies and improving energy 

efficiency. Complete electrification of heating services in buildings will require decades of 

consumer adoption to turn over the building stock by 2050, and policy will likely be needed to 

help transform the market. Similarly, near-term policies to support the electrification of 

transportation need to account for the lag between the saturation of new vehicle sales and 

completely turning over the vehicle stock on the road. Long-term planning helps define what 

changes are needed, while near- and mid-term policy defines how to achieve those changes 

together with critical considerations around equity, cost, and benefits not explicitly considered 

in the long-term planning analysis and economic impacts. 
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Achieving net-zero emissions by 2050 is technically feasible, economically affordable, and will 

offer the Midwest a host of new opportunities for economic growth along with more equitable 

and resilient communities. The Midwest can become a global leader in onshore wind, and the 

region’s manufacturing base can spur a transition to EVs while maintaining its leadership in the 

automotive industry. Midwestern farms can drive a new negative-emission biofuels industry, 

shifting away from corn for ethanol to other biomass feedstocks to produce advanced biofuels 

supporting nation-wide decarbonization efforts. Midwestern leadership on the future of nuclear 

power and the transition away from coal can develop a national model for how long-term 

planning and near-term implementation can advance both equity and decarbonization objectives 

together. Action starting today is necessary to develop a shared long-term vision, which will 

become a foundation for establishing near-term policies that begin enabling a pathway to deep 

decarbonization.  
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Technical Appendix 

The analysis for this report was performed by Evolved Energy Research, using two purpose-built 

tools developed specifically to explore questions about long-term planning for decarbonization 

of the energy economy: EnergyPATHWAYS (EP) and the Regional Investment and Operations 

model (RIO). EP is an energy system demand-side accounting model that simulates the changes 

in load and demand curves from evolving technologies, policy, and stock rollover constraints by 

end-use in every sector of the energy economy. RIO is a cutting-edge integrated resource 

planning model used to find the least-cost investments in the electricity and broader energy 

systems over time. EP and RIO are used in tandem to explore the evolution of both energy 

demand and supply in deeply decarbonized systems. 

 

EnergyPATHWAYS Platform 

EnergyPATHWAYS23 (EP) is a bottom-up energy sector model with stock-level accounting of all 

energy infrastructure. EP was specifically built to explore a range of potential energy system 

transformations, and to this end, the model leaves most energy system decisions to the user. 

Thus, it is appropriate to think of EP as a complex accounting system or simulation model that 

keeps track of and determines the implications of detailed user scenario decisions. EP is the 

offspring of an analytical approach that has already proven to be a successful strategy to 

dramatically change the climate policy discussion at the global, national, and subnational levels. 

The basic insight is that climate policy was stuck in the realm of short-term, incremental changes 

discussed in abstract and academic terms and that this failure was reinforced by the analysis and 

modeling approaches used. The pathways strategy was to force the policy and business worlds 

to address, head-on, the reality that achieving greenhouse gas targets requires transformation, 

 

23 EnergyPATHWAYS is an open-source modeling framework maintained by Evolved Energy Research. Databases used in 
analyses conducted with the EnergyPATHWAYS source code can public or maintained as proprietary. More detail can be found 
here: https://github.com/energyPATHWAYS/energyPATHWAYS.  

https://github.com/energyPATHWAYS/energyPATHWAYS
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not incrementalism; that only a long-term perspective on the kind of infrastructure and 

technology changes required can prevent short-term investments that result in high-emissions 

lock-in; and that only an analysis that moves past the abstract focus on tons of CO2 along an 

emissions trajectory to a focus on the energy supply and end-use equipment that produces the 

CO2 would speak to practical decision-makers in the regulatory, business, and investment worlds. 

Regional Investment and Operations Platform 

RIO blends capacity expansion and detailed sequential hourly system operations to effectively 

capture the value each resource type can offer the system as part of an optimally dispatched 

portfolio. Rather than being a snapshot valuation, either as price taker with static prices or during 

a single year in time, RIO captures the full set of dynamics over the lifetime of the system or the 

lifetime of a resource. It is a powerful tool for both planning and asset evaluation applications. 

Investments that look attractive under current system conditions may not be cost-effective over 

a lifetime of operations. RIO puts every investment into the lifetime context of future policy, fuel 

pricing, technology pricing, and demand-side potential. Without this context, large near-term 

investments are very risky, considering the scale of system change likely to occur over a 

resource’s lifetime. RIO meets the policy goals and reliability constraints of each system modeled 

while finding the lowest cost solution. Investment dynamics, such as the tipping point between 

investing in new thermal or building new renewables, or even generating energy from existing 

thermal resources or investing in renewables, are easily demonstrated by RIO, and elucidate the 

dynamics driving value for one resource versus another. 

Developing Regional Results from National Modeling 

Nation-wide results are used in this study to contextualize key considerations for the Midwest as 

a region in a broader transition to a decarbonized economy, based on a “downscaling” of national 

and sub-national (e.g., census division) data inputs to the Midwest region. The downscaling 

approach utilizes a combination of energy demand and supply input data at a variety of 

geographical resolutions and maps these data together onto one consistent geography. For 

example, space conditioning data is typically provided by DOE climate zone while industrial 

energy demand is provided by census region. The analysis draws on a variety of inputs from the 

U.S. Energy Information Administration’s National Energy Modeling System that produces the 

AEO that are remapped to enable a regional analysis. This methodology is effective for addressing 

the central research for this study, but it is not equivalent to a canonical deep decarbonization 

pathway for the Midwest. This analysis does not provide state-level detail for the collection of 

states considered the Midwest for this analysis. Either of these types of analysis would require 

further study, based on more granular data inputs specific to the states in question rather than 

depending on a downscaling approach. 
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