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Abstract  

The capstone finds that net-zero commitments in Michigan have led utility companies to 

pursue renewable energy portfolios that will increase electricity prices 43.28% by 2040. 

Forecasting of Michigan’s renewable energy mix in 2030 and 2040 showed expected increases in 

MISO-wide congestion costs and hourly LMP. These increases are likely just a fraction of the total 

costs the system would incur if similar forecasting were performed for the entire MISO market.  

Combined with high-capacity costs from a loss in accredited capacity and the securitization cost 

of depreciated assets, energy burden for vulnerable Michigan communities is highly likely to 

increase. Distributed generation and community solar ostensibly present solutions for vulnerable 

communities facing high energy bills, but observations of available circuit hosting capacity in 

vulnerable Michigan census tracts suggest that there are limited opportunities for installation. The 

capstone recommends increased investment in long-range transmission planning to address 

market-wide impacts, and increased investment in distribution system hardening to address 

limited hosting capacity issues. 
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Executive Summary 

Cole Bearden, M.S. EPC ’22, is a Solar Energy Innovator Fellow through the Department 

of Energy’s Office of Energy Efficiency and Renewable Energy. This fellowship offers the 

opportunity to work at the Innovator’s home state utility commission, where fellows can tailor 

their experience to their home state’s needs and personal interests. Cole became interested in 

utility rate regulation after his first course in the EPC program – Energy Law and Policy. At the 

Michigan Public Service Commission, Cole’s projects deal primarily with distributed generation and 

community solar, as well as DEI and social justice. Working as a regulator provides a unique 

perspective on the energy sector that inspired the research question in this capstone project. At 

the MPSC, Cole worked covered the social justice portion of the DTE general rate case U-20836 

and provided insights to the Commissioners for deliberation. This experience revealed everyday 

inequities in the Michigan electric grid that are too often ignored when utilities propose expensive 

and ambitious decarbonization strategies. The EPC program at Johns Hopkins has reinforced 

Cole’s belief in climate change being humanity’s greatest threat but has also highlighted the 

nuances and challenges of financing climate mitigation. This capstone research aims to highlight 

the importance of not leaving vulnerable communities behind as we ignore short-term costs in 

the pursuit of long-term benefits. The capstone research process has been rigorous and insightful 

and has emphasized the challenges and complexities of accurately modelling the future of energy 

with limited time and resources. Cole hopes this capstone’s proposed future research will inspire 

deeper analysis as more data becomes available. 
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Impacts of the Renewable Energy Transition on Michigan Ratepayers 

The State of Michigan has joined the fight against climate change by setting a net-zero 

greenhouse gas (GHG) emissions target by 2050. The two primary drivers of Michigan’s net-zero 

strategy are vehicle electrification and the decarbonization of the electric power sector. Utility 

companies across the State of Michigan aim to decarbonize by retiring “dirty” resources like coal 

plants in favor of “clean” resources such as wind and solar photovoltaics, and the energy transition 

is already underway. (Clark, 2022) 

These decarbonization goals are laudable, but they too often ignore the fact that Michigan 

electric ratepayers already have some of the highest electricity bills in the United States. 

Renewable energy sources (RES) generally have a much cheaper levelized cost of electricity 

(LCOE) than fossil fuels, but the transition to RES also faces several regulatory and infrastructural 

hurdles that could negatively impact customer bills. First, the addition of thousands of new Mega 

Watts from wind and solar could impact the transmission system by imposing high congestion 

costs. Second, the valuation of RES in the regional capacity market threatens to send energy 

import and export costs sky-high due to capacity shortfalls. Third, as utilities retire multi-million-

dollar fossil fuel generating units in favor of intermittent wind and solar resources, they impose 

securitization costs on ratepayers. These three factors exist at a macro scale, because they deal 

with market-wide resource adequacy and costs that are equally distributed amongst ratepayers. 

There are also concerns at the more granular “distribution scale”, which looks at the disparate 

effects of decarbonization on specific circuits as opposed to the entire system. Distributed 

generation and electric vehicles are promising avenues for consumers to reduce their personal 

carbon footprints while taking energy ownership into their own hands, but these solutions may 

also shift costs onto non-participating customers who are often located in already-vulnerable 

communities due to aging distribution infrastructure.  
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This paper aims to investigate the impacts of increased RES penetration in the State of 

Michigan on market-wide resource adequacy and social justice in the context of costs imposed 

on ratepayers. This capstone expects to find that the current decarbonization strategies and 

regulatory environment will lead to more burdensome energy bills for Michiganders between now 

and 2040. The paper first conducts a background and literature review to summarize all actors, 

policies, regulations, targets, and processes relevant to the research. This is followed by an 

explanation of the research methodology and results. The methods and results sections are each 

divided into two subparts, focusing first on the quantitative approach to system-wide impacts and 

followed by the qualitative approach to circuit-level impacts in vulnerable communities. Finally, 

the discussion portion of the research analyzes the system-wide and circuit-level impacts together 

and proposes future research.  

Background and Literature Review 

Analyzing the impacts of the State of Michigan’s future renewable energy and 

decarbonization targets on energy prices requires understanding of the state’s electric grid, the 

relevant actors, and the policies and regulations in play.  

Actors 

The Michigan Public Service Commission (MPSC) is the state’s regulatory body, overseeing 

rates for Michigan’s eight privately-owned utilities. These utilities own both generation and 

distribution assets. Michigan utilities no longer own transmission assets, and transmission lines in 

the lower peninsula now belong to International Transmission Company and Michigan Electric 

Transmission Company, which are subsidiaries of the same holdings company referred to 

hereafter as “ITC”. (About ITC Michigan, 2022) The Wisconsin-based American Transmission 

Company (ATC) owns most of the transmission in the upper peninsula. MPSC has jurisdiction over 

“generation and distribution functions”, while the Federal Energy Regulatory Commission (FERC) 
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regulates Michigan’s transmission lines. (LeBel et al., 2021) The eight investor-owned electric 

utilities in Michigan are listed below in alphabetical order, with a color-coded map of utility service 

territory in Figure 1: 

• Alpena Power Company (Alpena) 
• Consumers Energy Company (Consumers) 
• DTE Electric Company (DTE) 
• Indiana Michigan Power Company (I&M) 
• Northern States Power Company- Wisconsin Xcel (NSP) 
• Upper Michigan Energy Resources Corporation (UMERC) 
• Upper Peninsula Power Company (UPPCO) 

 

 

Figure 1. Service Territories in Michigan (Michigan Public Service Commission, 2022a) 

Most of Michigan’s ratepayers reside within the service territory of DTE, Consumers and 

I&M. For that reason, this paper focuses primarily on the decarbonization goals of those three 

utilities. There are also dozens of municipal utilities and member-regulated cooperatives over 

which the MPSC has limited jurisdiction, and which comprise a minor portion of Michigan’s overall 

capacity.  
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Regulations, Policies and Processes 

The Michigan electric grid is situated within the market footprint of the Midcontinent 

Independent System Operator (MISO). MISO is regulated by FERC, and oversees some aspects 

of “wholesale energy markets, transmission, [and] reliability planning” for Michigan utilities 

alongside the MPSC. (LeBel et al., 2021) This MISO oversight largely pertains to resource 

adequacy requirements, which ensures that the entire wholesale market has sufficient excess 

capacity to meet peak demand. 

Outside of MISO-scale resource adequacy and its impact on energy import prices, it is the 

MPSC that determines the electric rates customers pay in Michigan. While policy research is a 

central component of the MPSC’s decision-making, it is important to note that the MPSC is not a 

policymaking body. Rather, the MPSC is a regulatory agency with clearly defined bylaws under 

MCL 460. The MPSC, in its own words, “is vested by law with the power and jurisdiction to 

ensure safe, reliable utility services at reasonable rates”. (Michigan Public Service Commission, 

2022b) This is achieved through a “general rate case”, which is “a proceeding initiated by a utility 

in an application filed with the commission that alleges a revenue deficiency and requests an 

increase in the schedule of rates or charges based on the utility's total cost of providing service.” 

(Michigan Compiled Laws Complete Through PA 227 of 2022. “Michigan Public Service 

Commission”, Act 3 of 1939, 1939) In these rate cases, utilities frequently propose a variety of 

new pilot projects or investments in new technologies that warrant rate base adjustments. 

Another common request in rate cases is the approval of newly designed rate schedules that will 

allow utilities to bill customers under different structures. In the context of this paper, general 

rate cases are important because they are typically the “battleground” for distributed generation 

tariffs and determine the inflow/outflow pricing for DG owners. 
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The other potential “battleground” for distributed generation and a variety of other 

renewable energy initiatives is state legislation. Michigan has seen two rounds of energy 

legislation- in 2008 and 2016, respectively. In 2008, Public Act 295 (PA 295) introduced a host of 

new energy laws for the State of Michigan as shown in the excerpt below: 

“AN ACT to require certain providers of electric service to establish and recover costs for 

renewable energy programs; to require certain providers of electric or natural gas service to 

establish energy waste reduction programs; to authorize the use of certain energy systems to 

meet the requirements of those programs; to provide for the approval of energy waste reduction 

service companies; to reduce energy waste by state agencies and the public; to create a wind 

energy resource zone board and provide for its power and duties; to authorize the creation and 

implementation of wind energy resource zones; to provide for expedited transmission line siting 

certificates; to provide for customer generation and net metering programs and the 

responsibilities of certain providers of electric service and customers with respect to customer 

generation and net metering; to provide for fees; to prescribe the powers and duties of certain 

state agencies and officials; to require the promulgation of rules and the issuance of orders; to 

authorize the establishment of residential energy improvement programs by providers of electric 

or natural gas service; and to provide for civil sanctions, remedies, and penalties.” (CLEAN AND 

RENEWABLE ENERGY AND ENERGY WASTE REDUCTION ACT (EXCERPT) Act 295 of 2008, 2008) 

This legislation established Michigan’s first concrete Renewable Energy Standards, setting a goal 

of “a renewable energy credit portfolio of at least 15% by 2021”. The 15% figure is a combination 

of energy waste reduction (EWR) and renewable energy generation. PA342 of 2016 revised this 

target to set a goal of “not less than 35% of the state’s electric needs” from EWR and RES. 

(Michigan Compiled Laws Complete Through PA 227 of 2022. “Michigan Public Service 

Commission”, Act 3 of 1939, 2016) 
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 Under the 2008 legislation, customers owning behind-the-meter resources such as rooftop 

solar were eligible to receive the full retail sales price of excess energy injected back into the grid 

by their panels- an arrangement is called “net metering”. Utilities under PA295 were required to 

interconnect net metering customers until the net metering capacity had reached 1.0% of the 

utility’s in-state peak load for the calendar year. This means if a utility has a 10 GW peak load, 

they are not required to interconnect net metering customers beyond 1% of 10 GW = 100 MW 

total. PA295 also established category-specific limitations based on the size of a customer’s 

project. The most recent data on category specific reservations and remaining capacity before 

each utility’s cap is met is shown in Figure 2. After PA342 in 2016, utilities began restructuring 

net metering into the DG tariffs that exist today. These tariffs do not credit DG owners with the 

full retail price, but a modified credit worth a specified portion the electricity they inject back into 

the grid. Michigan utilities in recent years have fought to further restrict the credits awarded to 

DG owners, while public advocates have pushed for more lucrative credits because they see DG 

as a pillar of energy democracy that puts energy ownership into the hands of the community. 

(CLEAN AND RENEWABLE ENERGY AND ENERGY WASTE REDUCTION ACT (EXCERPT) Act 295 

of 2008, 2008) 

This is evident in the recent case for electric utility DTE, Case No. U-20836, which features 

lengthy testimony and cross-examination of witnesses on proposals relative to the Rider 18 

distributed generation tariff. Intervenors in the case included several non-profits with thousands 

of pages of exhibits to support the notion that distributed generation is an important tool for 

lifting communities out of energy poverty. In that case, DTE proposed new mandatory inflow 

schedules for Rider 18 customers and a new pricing methodology on outflow credits based on 

hourly locational marginal pricing. In exchange for approving these proposals (which were not 
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approved for a variety of reasons1), DTE volunteered to increase the cap on their DG program 

from 2%2 to 3% of in-state peak load. (Case No. U-20836 In the matter of the application of DTE 

ELECTRIC COMPANY…, 2022)  

Until new energy legislation allows for more widespread propagation of distributed 

generation, voluntary raises via quid pro quo arrangements in rate cases are the only direct 

channel for expanding DG programs in the State of Michigan. This means DG programs will remain 

relatively small (<1GW in the entire state) for the foreseeable future and begs the question of 

why DG is relevant to this research. There is more than one answer. First, local energy ownership 

(LEO) is a means of clean electricity within a community. Especially in vulnerable communities 

who suffer from poor air quality or water pollution, solar panels not only offset a portion of the 

electricity bill but also alleviate environmental impacts. Second, LEO models like community solar 

and rooftop DG solar arrays improve public attitudes towards and understanding of renewables. 

Third, these energy projects can create local jobs. (Coughlin et al, 2011) Fourth, while arguments 

from the utility side may be inflated to discourage DG expansion, there is still some evidence that 

customers who do not participate in DG programs may be victims of “shifting costs”. (CALSSA, 

2021) This is due to customers with DG systems in place occasionally “paying less towards the 

grid than what should have been paid”. (DEEP, n.d.) This makes the discussion of who can and 

cannot access DG a salient one. Sixth, customer-sited generation alleviates transmission line 

losses and congestion. Then there is FERC Order 2222, which would allow for the aggregation of 

DG capacity for sale on the wholesale market. FERC Order 2222 is years away from being 

 
1 DTE’s proposed D1.12 “stable bill” rate would have based inflow schedules for DG customers on their 3 

highest peak hours, which was deemed “inappropriate” by the MPSC. DG customers are still free to choose from a 
variety of inflow rate options. The proposed outflow rates were also refuted by MPSC Staff, who claimed that the 
proposed rate structure would not have sent accurate pricing signals to consumers. See MPSC Case No. U-20836 

2 DTE’s DG cap, as is the case with many Michigan utilities, has already been voluntarily raised in a 
previous case from 1% to 2% of in-state peak load.  
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implemented, during which time new legislation may arise, but the current Michigan legislation 

would bar homeowners with DG resources from fully taking advantage. (Cano, 2020) 

PA 342 of 2016 also initiated the regular process of utilities filing their integrated resource 

plans (IRPs) with the MPSC at least every five years. While pilots and novel technology 

investments in general rate cases may often deal with renewable energy, the IRP is the most 

future-oriented utility document that the MPSC oversees. The MPSC maintains and consistently 

updates a strict set of filing requirements and modelling parameters for utility IRPs that ensures 

the documents are thorough and exhaustive in their analysis of future strategies. Utilities propose 

a “preferred portfolio” of future generation mixes in their IRP and evaluate the costs and impacts 

of that portfolio using the modelling parameters set forth by the MPSC. By statute, utilities are 

required to lay out a 5-year, 10-year and 15-year resource plan. (Michigan Compiled Laws 

Complete Through PA 227 of 2022. “Michigan Public Service Commission”, Act 3 of 1939, 2016) 

These documents are crucial to ensuring utilities are on track to meet their net-zero targets while 

maintaining grid reliability.  

Targets 

The Michigan Renewable Energy Standards were the first step towards statewide 

decarbonization, and current utility company net-zero goals have taken their ambition beyond the 

35% target. The two largest utility companies in Michigan, DTE and Consumers, have committed 

to net-zero carbon emissions by 2050 and 2040, respectively. This mirrors the overall state 

strategy of net-zero by 2050, which Governor Whitmer’s administration proposed in the April 2022 

“Michigan Healthy Climate Plan” (MHCP). The graphic below illustrates the primary targets and 

decarbonization strategies of note for each of DTE, Consumers and the MHCP. 
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Figure 2. Net-zero targets in Michigan 

Sources: (Clark, 2022), (DTE Electric Co., 2022), (U-21090-0901: Approves a settlement 

agreement resolving all issues in the case, 2022) 

Generating Facility Retirements: Securitization and Cost Recovery 

When a Michigan utility company retires a generating facility (e.g., a coal plant) before its 

scheduled end-of-life, that utility company is entitled to recover the associated costs of the 

depreciated asset. The “unrecovered book value” of the asset is the amount that the MPSC allows 

a utility company to recoup, and the most common method of cost recovery is “securitization”. 

Permitted under Michigan Public Act 142 of 2000, securitization bonds “allow utilities to replace 

higher-cost debts and equity with lower-cost debt”. (Helms, 2020)Securitization surcharges 

appear on customer bills as a separate line item from their electricity rates. While this means that 

the retirement of assets does impose costs on the ratepayer, securitization is intended as a lower-
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cost mechanism than other cost recovery methods. The standard timeline for securitization cost 

recovery is 14 years, to avoid excess burden on ratepayers.  

With both of Michigan’s major utilities increasing their commitments to decarbonization in 

recent years, there have been multiple recent examples of securitization applications for retiring 

coal plants. In June 2021, the MPSC permitted DTE to recover $73 million through securitization 

on the standard 14-year timeline. This approach will save ratepayers approximately $27 million 

compared to other cost recovery mechanisms. (Helms, 2021) In December 2020, the MPSC 

permitted Consumers to securitize up to $677.7 million for the retirement of two coal-fired 

generating units. Because Consumers has recently doubled down on their zero-coal ambitions 

and has multiple retirements planned, the company proposed an alternate 8-year structure for 

securitization that would avoid customers paying for multiple retiring plants simultaneously. After 

some objection from intervening parties over the burden to ratepayers from a condensed 

securitization schedule, the MPSC ultimately decided that the 8-year timeline was prudent and 

will save ratepayers approximately $127 million. (Rusnak & Bearden, 2022) How the electric 

utilities in Michigan attempt to recover costs will be a significant factor in the overall cost of the 

renewable energy transition.  

 

MISO Planning Reserve Auction: A Primer 

One component of shifting electric rates explored in this paper is how increased renewable 

energy penetration can create capacity shortfalls in a regional capacity market. The Midcontinent 

Independent System Operator manages the electric grid in at least a portion of 15 different U.S. 

states, including the whole of Michigan. (Industries Data: Electric Power Sales and Markets- 
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RTOs and ISOs- “MISO", 2022)3 MISO began operating regional transmission systems in the 

Midwestern region of the U.S. in 2005. The MISO capacity market consists of 12 cost allocation 

zones or “Local Resource Zones” (LRZs), and each MISO zone has a capacity requirement referred 

to as the “Local Clearing Requirement”, or LCR. There are also “MISO-wide reserve margin 

requirements, which can be shared among the Zones, and Zones may import capacity to meet 

this requirement above LCR”. (“Use of ‘Zones’ and ‘Regions’ at MISO,” 2021) 

The MISO Planning Resource Auction (PRA) is one of the ways in which Load-Serving 

Entities (LSEs) can demonstrate resource adequacy within their zone as well as import and export 

capacity to other zones. (2022/2023 Planning Resource Auction (PRA) Results, 2022)Low-cost 

generating units fill up the necessary capacity, and when they are no low-cost units remaining, 

the capacity fills with the next lowest-cost unit. This process continues until the LCR is met for a 

zone. The price of the highest cost generating unit required to meet the LCR is referred to as the 

“clearing price” for a given LRZ. For example: even if an LRZ can meet 95% of its capacity from 

solar at $30/MW-day but it requires the last 5% from a coal plant whose cost to produce is 

$100/MW-day, the clearing price for that LRZ would be $100/MW-day. There is a cap on how 

high the clearing price can go in a MISO PRA, and it is referred to as the “Cost of New Entry” 

(CONE). MISO defines CONE as “an industry-wide term, used to indicate the current, annualized, 

capital cost of constructing a power plant” such that the plant would be economically viable for a 

given location. (Resource Adequacy Subcommittee, 2019) If an LSE is short of their capacity 

requirement, they are then generally required to purchase capacity at the clearing price. 

Customers of an LSE that falls short of capacity requirements in a zone where the clearing price 

is equal to CONE therefore face higher electric rates.  

 
3 A small portion of Southwest Michigan is located within the territory of the PJM ISO. Most of the lower 

peninsula comprises MISO Zone 7 and the Upper Peninsula comprises a large portion of MISO Zone 2.  
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The PRA is important to understanding the renewable energy transition in Michigan 

because MISO values intermittent resources like wind and solar differently than it does for thermal 

generating units such as coal-fired plants. While a 100MW solar installation counts as 100MW of 

“installed capacity”, that same solar array is worth just 50MW of “accredited capacity” that can 

be applied towards LCRs. The ratio of accredited value to installed capacity varies for wind based 

on location and historical unit performance under a test known as “Effective Load Carrying 

Capacity” (ELCC), but the MISO average value is currently 16.3%. (Konidena, 2022) This 

approach, in the context of multiple MISO states retiring accredited capacity in favor renewables, 

means that MISO’s accredited capacity numbers are falling and will continue to fall. As Michigan 

LSEs plan to bring on more intermittent resources, there are implications for the regional capacity 

market and potentially ratepayer bills.  

 

Energy Burden in Michigan 

 Electric prices in Michigan have historically ranked as some of the most expensive 

in the country, ranking #38 nationally in electricity affordability. (Nebraska Department of 

Environment and Energy, 2022) The concept of “energy burden” is a manner of evaluating 

the impacts of energy bills on a ratepayer class, and it is measured by dividing a 

household’s average energy bill over the household income to derive a percentage. This 

is a useful indicator for identifying vulnerable communities when it comes to energy 

service, as marginal increases in electric bills do not affect all ratepayers in the same way. 

Consider the following scenario: Household “A” with a $10,000 monthly average income 

and a $200 energy bill, and Household “B” with a $4000 monthly income and the same 

energy bill. Household A would have an “energy burden” of 2%, while Household B’s 
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energy burden is 5%. If the rates for both households in this example were to increase 

by $100 per month, the energy burden gap would widen to 3% for Household A and 

7.5% for Household B, respectively.  

A 2021 “Energy Burden Survey” for residents of Michigan in both Detroit and the 

Upper Peninsula asked participants to indicate how often they suffered negative impacts 

because of high energy bills and/or power outages. 68.7% of survey respondents 

indicated experiencing a power outage of 4 hours or more, and the mean duration of 

respondents’ longest averages was 28 hours. Detroit-based DTE customers experience 

poor electric reliability and frequent outages due to aging distribution infrastructure, 

which leads to financially damaging outages at an alarming rate.  Over one third of Detroit 

residents in the Energy Burden Survey reported food spoilage from power outages. 

Energy burden is high in many urban areas throughout Michigan, and energy burden 

percentages are frequently higher amongst communities of color. According to the energy 

Burden Survey, “[t]hose with high energy burdens who are Black/African American appear 

to experience detrimental energy reliability outcomes and energy unreliability impacts at 

higher rates than white respondents with similar energy burdens. Similarly, Detroit 

respondents appear to experience detrimental energy reliability outcomes and energy 

unreliability impacts at higher rates than Upper Peninsula respondents with similar high 

energy burdens.” (Hutchens, 2021) The inability to afford electric service, both during hot 

summer days and cold winter storms, is a public health risk that will only grow if Michigan 

energy prices continue to increase. This disproportionately affects black communities in 

Detroit. 
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Methods and Analysis 

Part One 

Part One of this research focuses on how increasing levels of RES generation and 

decarbonization efforts will impact electricity costs on the Michigan electric grid. To evaluate that 

impact, two different system-wide factors were considered: Load-Weighted Average LMP for the 

MISO-Michigan Hub in target years of 2030 and 2040 and Projected Accredited Capacity in 2030 

and 2040 and the subsequent impact on PRA clearing prices. 

Data Collection- Fuel Mix. Data on utility fuel mixes for target years of 2030 and 2040 

was collected by cross-referencing utility net-zero commitments with utility integrated resource 

plans. For the integrated resource plans, the utility’s “preferred portfolio” was selected as the fuel 

mix to be used in the simulation of future LMPs. Data on utility generation mix was collected for 

the following utilities: DTE, Consumers, I&M, UPPCO and UMERC. Generation mix data for NSP 

and Alpena was not collected due to low total capacity.  Total generation capacity in MW was 

estimated for the following resource types: Coal, Natural Gas, Wind, Solar PV, Nuclear, Hydro 

Pumped Storage, Demand Response, Biomass and Biofuel, Distributed Generation (behind-the-

meter) and Imported Gas. It was assumed that nuclear plants with expiring licenses would renew 

and continue to operate throughout the target years. Annual statewide load growth was estimated 

to be 0.72% based on a Purdue University study conducted by the State Utility Forecasting Group 

for MISO. (Liwei et al., 2022) 2030 and 2040 were selected as the target years for simulation 

because these years are in line with utility net-zero plans. More specifically, 2030 and 2040 

represent significant benchmarks in coal plant retirements. Most Michigan coal generation will 

retire immediately before 2030, and the final coal retirement will occur immediately before 2040. 
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The projected statewide fuel mixes used for the simulation for each utility are shown for target 

year 2030 in Table 1 and target year 2040 in Table 2.  

Data Collection and Analysis – Accredited Capacity. For the calculation of future 

accredited capacity, it was assumed that the current MISO accreditation practices would remain 

unchanged through 2040 for solar and wind. These accreditation practices were then applied to 

the projected fuel mixes in Tables 1 and 2. For solar installations, the installed capacity estimates 

in Tables 1 and 2 were multiplied by 50% to obtain the total accredited capacity for solar in the 

target year. For wind resources, MISO utilizes a two-step approach that calculates the ELCC for 

all wind resources and then considers the historical performance of wind resources during peak 

demand. For 2022, the final wind capacity credit was determined to be 16.3% for MISO wind 

resources. Because MISO wind capacity credit by node is proprietary information, this research 

assumes the fleetwide 16.3% credit for wind resources throughout Michigan. (Planning Year 

2021-2022 Wind & Solar Capacity Credit, 2020) Where accredited capacity falls short of the local 

reliability requirement, the clearing price would be set equal to Cost of New Entry; as this is the 

current practice in the MISO PRA.4 Rather than speculating the LRC for Michigan resource zones 

in future target years, the ratio of accredited capacity to installed capacity was shown in relation 

to the 2021 ratio. Load growth is assumed for future target years, and the most recent MISO PRA 

saw capacity shortfalls in both Michigan zones. Therefore, higher percentages of unaccredited 

capacity indicate continuing capacity shortfalls. Rather than speculating on the CONE for 2030 

and 2040, the paper suggests the 2022/2023 CONE for LRZ 7 of $93,770 per MWyr as the 

probable clearing price. (Resource Adequacy Subcommittee, 2021) 

 
4 This capstone ignores pending changes to MISO regulatory framework, and refrains from speculating on 

the impact of those regulatory changes to the methodologies employed. Still, it is worth mentioning some of these 
potential changes in the general context of long-term MISO forecasting. MISO is considering adopting a sloped 
demand curve for the PRA that would send more accurate pricing signals, as opposed to the hard stop at CONE. 
MISO is also likely heading towards a seasonal construct that would more appropriately value intermittent resources 
like wind and solar during different parts of the year. See (Konidena, 2022) 



  

 23 

Data Analysis – 2030 and 2040 Simulations and Comparisons. The simulation for 

the MISO energy market was done using a third-party software, called PROMOD, licensed from 

Hitachi Energy company. The study simulates the energy market on an hourly basis, based on 

the security-constrained economic dispatch (SCED) and security-constrained unit commitment 

(SCUC) with detailed market models updated with the most up-to-date input assumptions. The 

model simulates the hourly commitment and dispatch of generators (nodal market simulation) 

while accounting for various constraints including transmission and generation constraints, among 

other constraints. Based on the forecasted system condition, it is a forward-looking analysis of 

the market and its performance in the MISO areas. It evaluates the transmission system and 

associated binding constraints, in MISO market and across the region. This simulation focused on 

the Michigan region while producing results for LMP (locational market prices), congestion and 

other output for each hour of the target year for a total of 8670 data points for each year. The 

input data in terms of generation resource mix for the years 2030 and 2040 are shown in Tables 

1 and 2.  

The 2030 and 2040 simulation data were then compared to the 2021 LMP data for the 

Michigan hub as the baseline. The 2021 LMP data for the Michigan Hub was exported from LCG 

Consulting’s “Energy Online” database, which tracks and stores real-time LMP data. (Energy 

Online Industry Data: MISO (Midwest Independent Transmission System Operator) Actual Energy 

Price, 2022) All comparisons between data sets were done using Python version 3 in Jupyter 

Notebooks. Statistical analysis was carried out using the datascience, pandas and NumPy 

python packages, while visual aids were produced using matplotlib. First, a direct comparison 

of average monthly LMP for 2021, 2030 and 2040 was graphed to illustrate the general trend in 

LMP with increasing RES. In addition, Table 3 shows a simple comparison of the annual average 

LMP for each year. Another graphical comparison was then produced for on-peak hours and off-
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peak hours over the course of the calendar year, followed by a direct comparison of LMP for each 

test year during the peak summer months of July and August. The congestion cost component of 

the LMP projections was then examined independently relative to current MISO congestion costs. 

Part Two 

Data Collection. Part two of this research paper conducts a qualitative analysis of utility 

hosting capacity maps relative to the State of Michigan’s environmental justice screening tool, 

“MiEJScreen”. Consumers and DTE each have publicly available, interactive maps linked on their 

company websites that enable the user to look at the hosting capacity and the distribution voltage 

of a specific circuit. Both utilities house these maps on ArcGIS web servers. Distribution voltages 

shown on the DTE map range from 4.8kV (typically older circuits) to new infrastructure with a 

13.2kV voltage (newer). Distribution voltages impose constraints on the level of additional 

capacity of distributed generation that a circuit can handle. This allows third party DG developers 

and residential customers to use the hosting capacity maps as a “go/no-go” map when looking 

for the best areas to start new DG projects.  These maps are in beta, and so the spreadsheet 

data used to layer the ArcGIS maps is currently unavailable to the public. Figures 3 and 4 

respectively show examples of the DTE and Consumers hosting capacity maps. 
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Figure 3a. DTE Hosting Capacity Map interface. (DTE Electric Hosting Capacity, 2022) 

 

 

Figure 3b. Consumers Hosting Capacity Map interface (Consumers Energy Hosting Capacity, 

2022) 

The EGLE Department’s MiEJScreen tool, which stands for “Michigan Environmental 

Justice” screen, is also hosted on an ArcGIS web server and is currently in beta. There are multiple 

layers that users can manipulate to evaluate which census tracts in Michigan are the most 
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vulnerable to climate change and environmental degradation. There is also the option to import 

spreadsheet data to create additional layers on the map which can impact the cumulative EJ 

vulnerability score for each census tract. Figure 4 shows a view of the MiEJScreen tool. 

 

Figure 4. MiEJScreen tool interface. (EGLE MiEJScreen DRAFT, 2022) 

 Data Analysis. Without access to the utility data behind the hosting capacity maps, this 

paper opts instead for a descriptive analysis of the two maps as a proof of concept. The analysis 

was done by looking at the color-coded EJ vulnerability scores to identify census tracts throughout 

the state with a vulnerability score of 70 or above.5 5 qualifying tracts were selected at random 

from the Detroit area (in DTE territory), as well as 3 tracts from Consumers territory: 1 tract in 

Saginaw County, 1 from Muskegon County and 1 from Kent County. Information was then 

collected from the relevant utility’s hosting capacity map for the nearest circuit or collection of 

 
5 The EJ vulnerability score is a vulnerability percentile according to the US EPA. The threshold for what is 

considered a “vulnerable” community is a topic of debate in modelling utility IRPs. Utilities tend towards higher 
cutoffs of 80%, while intervenors often advocate for 75% or lower.  
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circuits to the selected census tracts. Other relevant information taken from the MiEJScreen tool 

for the selected census tracts includes median household income and unemployment rate. Table 

8 shows census tract ID and county, EJ score, household income, unemployment, available 

hosting capacity and distribution voltage for each of the selected census tracts. 

Data Analysis – Energy Burden. This paper examines only the electricity component 

of energy burden and does not consider changes in the gas cost for consumers. Energy burden 

in this case therefore multiplies the modelled increase in electricity price for 2030 and 2040 by 

the EIA estimated average electricity bill of $117.57/month for Michigan households. (Energy 

Information Administration, 2022) The resultant figure was then divided by the median household 

income for each of the selected census tracts from the MiEJScreen tool to demonstrate the 

percentage of energy burden in the target year. These percentages were then compared to 2021 

baseline energy burden statistics.  

 

Results 

2030 and 2040 LMP Simulations 

The simulation for 2030 and 2040, based on the data in Tables 1 and 2 respectively, 

produced datasets on projected LMP which are summarized below and compared to the 2021 

baseline. Table 3 shows the average annual LMP for each year, while Table 4 shows the monthly 

average LMP in each year. Figures 5, 6 and 7 are graphical representations of the data in Table 

4. Table 5 shows the on-peak vs off-peak average LMP for each month in each year, which is 

illustrated in Figures 8 & 9. Table 6 shows the average monthly LMP for the peak summer months 

of July and August in each test year relative to the baseline. Figure 10 shows each year’s average 

LMP for the month of July, while Figure 11 shows each year’s average LMP for the month of 

August.  
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2021 Annual Avg LMP 2030 Annual Avg LMP 2040 Annual Avg LMP 

$37.815/MWh $39.572/MWh $54.183/MWh 

Table 3. Annual LMP by target year with 2021 baseline. 

Table 3 demonstrates an increase in annual average LMP of $1.757/MWh from 2021 to 

2030 and $16.368/MWh from 2021 to 2040. This reflects a percentage increase in annual average 

LMP of 4.65% above 2021 baselines by 2030, and a 43.28% increase from 2021 baselines by 

2040. The change from 2030 to 2040 of $14.611/MWh reflects a 36.92% increase over that 

period. 
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2021 Average Monthly 

LMP 

2030 Average Monthly 

LMP 

2040 Average Monthly 

LMP 

   

Table 4. Average monthly LMP by target year with 2021 baseline ($/MWh). 

 Table 4 shows that 2030 average monthly LMP is an average of 19.21% higher than 2021 

baselines from December through August.  Meanwhile, in the autumn months of September 

through November, the 2030 LMPs are an average of 34.55% lower.   

 The 2040 average monthly LMP shows similar trends. The average month-to-month 

margin over 2021 baselines in 2040 is 41.04%, but in September through November 2040 

monthly LMP is an average of 3.63% lower. Autumn electricity prices in 2021 were expected to 

be unusually high, due to geopolitical events in Ukraine that increased global gas prices. 

(Hawaiian Electric Co., 2021) The shape of the LMP graphs for each target year demonstrate that 
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high September through November average LMP is indeed out of the ordinary. Absent the 

anomalous expensive autumn in 2021, both 2030 and 2040 show consistent increases across all 

12 months. This is most pronounced in the peak winter months and peak summer months. 

 

Figure 5. 2021 Baseline Average Monthly LMP 
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Figure 6. 2030 Projected Average Monthly LMP 

 

Figure 7. 2040 Projected Average Monthly LMP 
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2021 On-Peak 2030 On-Peak 2040 On-Peak 

   

Table 5a. Monthly average LMP by target year: On-peak 
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2021 Off-peak 2030 Off-peak 2040 Off-peak 

   

Table 5b. Monthly average LMP by target year: Off-peak 
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Figure 8. On-peak monthly average LMP by target year 

 

Figure 9. Off-peak monthly average LMP by target year  
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MONTH 2021 2030 2040 

JULY 36.1872 43.8918 71.4208 

AUGUST 42.0987 42.5385 73.9366 

 

Table 6. Peak summer month average LMP by target year  

 

Figure 10. Average LMP for July by target year  
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Figure 11. Average LMP for August by target year  

Table 6 shows the data inputs for Figures 10 & 11 which represent average LMP for July 

and August, respectively, by target year. In both Figure 10 and Figure 11, the jump in monthly 

LMP from 2021 to 2030 is nonsignificant, while 2040 shows a significant increase in electricity 

prices. There is an increase in average LMP of $7.705/MWh for the month of July from 2021 to 

2030, and an increase of $0.439/MWh for the month of August. This translates to a 21.29% 

increase over the period of 2021-2030 for the month of July and a 1.045% increase for the month 

of August. For 2040, average July LMP increased by $32.234/MWh or 41.692%. 

Accredited Capacity 

Year 2030 2040 

Accredited Capacity 18654.92 MW 16011.49 MW 

Unaccredited Capacity 6064.66 9962.47 MW 

Table 7. Projected Accredited vs Unaccredited Capacity for 2030 and 2040 
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Table 7 shows a simple calculation of the installed capacity in 2030 and 2040 versus 

accredited capacity. In 2030, 32.51% of total Michigan capacity is unaccredited, for a 3.07:1 ratio 

of accredited capacity to unaccredited capacity. In 2040, 62.22% of total Michigan capacity is 

unaccredited, for a 1.61:1 ratio of accredited capacity to unaccredited capacity. This is a 64.27% 

increase in Michigan’s unaccredited capacity from 2030 to 2040. For reference, the ratio of 

accredited capacity to unaccredited capacity was 4.68:1 across all of MISO in 2022, and both 

Michigan resource zone clearing prices still hit CONE. (North Dakota Public Service Commission, 

2022) Even without factoring in load growth, it is safe to assume that Michigan LRZ2 and LRZ7 

will reach the PRA clearing price of CONE under the projected future generation portfolios. 

MiEJ Screen and Hosting Capacity Maps Comparison 

Census Tract 
ID & Utility 
Provider 

MiEJ Score 
Percentile 

Median 
Household 
Income 

Unemployment 
Rate 

Available 
Hosting 
Capacity 

Primary 
Distribution 
Voltage 

26163553000 
(Wayne 
County- DTE) 
 

97 $11,250 29% 150 kW 4.8kV 

26163579100 
(Wayne 
County-DTE) 
 

97 $25,461 16% 150 kW 4.8kV 

26163552400  
(Wayne 
County- DTE) 

95 $26,512 12% 150 kW 4.8kV 

26163546500 
(Wayne 
County- DTE) 

89 $20,597 18% 150 kW 4.8kV 

26163513700  
(Wayne 
County- DTE) 

95 $25,900 9% 143 kW 4.8kV 

26145001100 
(Saginaw 
County- 
Consumers) 
 

71 $17,415 34% 0 MW N/A 

26081003600 
(Kent 
County- 
Consumers) 

90 $21,694 9% 2 MW 7.2kV 
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26121002601 
 (Muskegon 
County- 
Consumers) 
 

73 $37,104 8% 2 MW 7.2kV 

Table 8. Composite list of selected census tracts and circuit data 

 Table 8 shows hosting capacity and distribution voltage alongside socioeconomic 

indicators and MiEJ vulnerability percentiles. DTE service territories selected at random 

throughout Detroit were all primary distribution voltage of 4.8kV, with no more than 150kW 

hosting capacity available on any of the selected circuits. Consumers territory tracts selected at 

random showed 7.2kV primary distribution voltage with up to 2 MW of available DG hosting 

capacity. The selected census tract for Saginaw County had no nearby circuit data on the 

Consumers hosting capacity map. 

 

Table 9. Average energy burden percentage for selected census tracts 

 Table 9 shows the average energy burden for the 8 selected census tracts listed in Table 

8. The 2021 energy burden for the selected census tracts was an average of 6.76%. The projected 

increase in Michigan electricity prices by 2040 shows that the average energy burden across all 8 

census tracts is on the precipice of “high risk” (i.e., 10%). (Hutchens, 2021) 

Discussion 

The results show that 2030 electricity prices in Michigan are on average only marginally 

higher than 2021 LMP and 2040 prices are significantly higher. These results support the 

hypothesis of the capstone that, absent regulatory and legislative intervention, Michigan 

ratepayers will face higher rates because of the renewable energy transition. An analysis of 

vulnerable census tracts further supports the claim that low-income Michiganders and people of 

color are more likely to experience negative impacts from higher rates. Energy burden and limited 
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hosting capacity are indicators of this vulnerability. The projected higher rates boil down to three 

factors: transmission congestion, capacity costs, and retirement costs/cost recovery.  

The simulation of 2030 and 2040 LMP demonstrated a substantial increase in electric 

prices from 2021 to 2040, and this increase was consistent during both on-peak and off-peak 

hours. The peak summer months of July and August showed the largest price gap between 2021 

and 2040, while the peak winter months also showed significant price gaps. Access to electricity 

during the hottest summer days and coldest winter days is crucial to public health, and the 

demonstrated increase in price will be particularly problematic for Michiganders who struggle to 

pay electricity bills. The demonstration of energy burden calculations shows that the average 

energy burden across all selected census tracts was just 0.31% short of the “high risk” category. 

Crucially, this calculation of energy burden includes only the electric component. Factoring in the 

gas/heating bills for each census tract would almost certainly push the average beyond the 10% 

threshold for high risk. 

The nonsignificant jump from 2021 LMP to 2030 LMP, accompanied by the large jump to 

2040 LMP, is likely explained by fuel mix. The projected 2030 fuel mix includes more than 5 

gigawatts of existing “firm capacity” resources (i.e., coal and gas) that do not contribute to the 

increases in congestion costs. With these resources removed from the 2040 fuel mix for newly 

sited renewables, there is an associated increase in transmission congestion. 

Most of the increase in LMP is related to transmission congestion. As coal plants retire in 

favor of solar arrays and wind turbines, the distribution of generator nodes and the times at which 

these generators are injecting into the electric grid changes. Electrons on the grid will inevitably 

travel along different transmission lines over different distances and at different times under these 

new conditions. While the simulations were configured with the goal of minimizing congestion 
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increase, multiple transmission lines still saw large hikes in congestion. One line in Consumers 

Energy territory accounted for $17.6 million in congestion in 2040, for example.  

The $831,536,711.21 figure for added congestion across MISO in 2040 is a response to 

only the change in Michigan generation mix. Because other states throughout MISO have their 

own net-zero commitments and will inevitably undergo similar energy transitions, the total 

congestion costs imposed on the regional transmission system will be demonstrably higher. 

Future research may seek to conduct forecasting simulations like those in this capstone for all 

MISO states to gain deeper insights into the system impacts of the renewable energy transition. 

High congestion costs point to a need for transmission infrastructure investments across MISO, 

which also require high capital expenditures. Distributed generation resources are one method of 

deferring grid infrastructure investments, but Michigan legislation has placed an arbitrary cap on 

the expansion of DG programs and thus limited DG as a solution to congestion. 

While capacity costs are not a component of the LMP modelling, the retirement of 

remaining coal-fired capacity between 2030 and 2040 will also affect prices absent changes in 

the MISO PRA. The continued retirement of accredited capacity in exchange for wind and solar 

at lower credit valuations is likely to result in perennial capacity shortfalls, which will pass costs 

to consumers. 

Michigan must also ensure that the cost recovery strategies utility companies employ to 

recover value of retiring coal plants is not burdensome to ratepayers. The Consumers 2021 IRP 

settlement agreement as approved by the MPSC allows the company to “seek recovery of the 

unrecovered book value [>$1 billion] and decommissioning costs of retiring coal units through 

regulatory asset treatment, rather than continued recovery through traditional ratemaking”. To 

make the burden on low-income customers more bearable, the MPSC ordered Consumers in that 

case to make an initial donation of $5 million and an additional annual donation of $2million/yr 
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to a fund designed to help low-income customers deal with rising rates. (U-21090-0901: Approves 

a settlement agreement resolving all issues in the case, 2022) This is an example of regulatory 

management that allows for expedited decarbonization timelines without sacrificing the financial 

well-being of low-income ratepayers. With DTE Electric Co. set to retire multiple gigawatts of 

coal-fired capacity in the coming decade(s), it is important that the MPSC continue to incorporate 

protections for vulnerable classes of ratepayers.  

The actions necessary to protect vulnerable Michigan ratepayers extend beyond customer 

assistance programs, as supported by the observations of the MiEJScreen and utility hosting 

capacity maps. The qualitative observations of census tracts paired with hosting capacity maps is 

suggestive of low-income people being less likely to have high hosting capacity on their local 

circuits. Of the non-renting population in vulnerable EJ communities that have the legal right to 

modify their property via installation of solar panels, very few may get the opportunity to do so. 

Table 8 suggests that communities with high vulnerability scores are less likely to have the 

available hosting capacity to accommodate distributed generation on a meaningful, community-

wide scale. This trend appears more clearly in DTE service territory throughout Detroit.  

 There are many environmental health, social and economic co-benefits associated with 

local energy ownership- and for this reason it should be a focal point for the MPSC to enable 

growth of community solar and DG programs in Michigan. When these resources are not available 

to low-income communities, however, their existence could have a negative impact on vulnerable 

ratepayers. For that reason, promoting the adoption of DG in vulnerable communities becomes 

doubly important as both a benefit and an avoided cost for participating customers. Of course, 

current state legislation places a limit on the extent of DG’s impact.  

In the context of the projected 2040 electricity prices in Michigan, the inability of 

vulnerable communities to ease their energy bills through distributed generation solutions is akin 
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to “blocking the emergency exit” during a crisis. While an increase in electricity bills hurts all 

ratepayers, it may be the people who suffer the most that have the fewest options for remedy.  

Future research is strongly encouraged to further analyze the correlation between low hosting 

capacity and high EJ vulnerability scores. Once utility data is publicized on hosting capacity, 

adding those spreadsheet files as a layer to the MiEJScreen ArcGIS tool could provide valuable 

quantitative insights.  

Recommendations 

Based on the results in this paper, there are two buckets of issues that threaten to increase 

energy burden on vulnerable Michigan ratepayers. Bucket 1 refers to the congestion costs driving 

the increase in LMP by 2040, high capacity costs from the MISO PRA, and the 

securitization/amortization costs of retiring coal plants. Bucket 2 includes the barriers to local 

energy ownership such as the legislative DG cap and limited hosting capacity. A set of 

recommended policy and regulatory actions, and the actors with the authority to implement them, 

is presented below for both issues: 

 

Proposed Action 
Area 

Relevant Actor(s) Bucket 1 Bucket 2 

Greater focus on 
transmission 
congestion in the 
modelling parameters 
for utility IRPs. 

MPSC; Utility 
Companies 

Yes No 

Redesign and/or 
elimination of the 
legislative DG cap.  

Michigan Legislature Yes Yes 

Focused distribution 
investments to 
increase hosting 
capacity in vulnerable 
communities. 

MPSC; Utility 
Companies 

Yes Yes 
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MISO-wide 
forecasting and 
transmission 
congestion study for 
long-term impacts of 
different scenarios of 
RES penetration. 

MISO; FERC Yes No 

Increased attention 
to low-income 
customer classes in 
rate cases, IRPs and 
other regulatory 
proceedings. 

MPSC, Utility 
Companies 

Yes No 

Redesign of the MISO 
PRA accreditation 
formulae for 
renewable energy, 
and calculation of 
LCR. 

MISO Yes No 

Table 10. Recommended action areas 
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Footnotes 

1 DTE’s proposed D1.12 “stable bill” rate would have based inflow schedules for DG customers on their 3 highest 

peak hours, which was deemed “inappropriate” by the MPSC. DG customers are still free to choose from a variety of 

inflow rate options. The proposed outflow rates were also refuted by MPSC Staff, who claimed that the proposed rate 

structure would not have sent accurate pricing signals to consumers. See MPSC Case No. U-20836. 

 

2 DTE’s DG cap, as is the case with many Michigan utilities, has already been voluntarily raised in a previous case 

from 1% to 2% of in-state peak load. 

 

3 A small portion of Southwest Michigan is located within the territory of the PJM ISO. Most of the lower peninsula 

comprises MISO Zone 7 and the Upper Peninsula comprises a large portion of MISO Zone 2. 

 

4 This capstone ignores pending changes to MISO regulatory framework, and refrains from speculating on the impact 

of those regulatory changes to the methodologies employed. Still, it is worth mentioning some of these potential 

changes in the general context of long-term MISO forecasting. MISO is considering adopting a sloped demand curve 

for the PRA that would send more accurate pricing signals, as opposed to the hard stop at CONE. MISO is also likely 

heading towards a seasonal construct that would more appropriately value intermittent resources like wind and solar 

during different parts of the year. See (Konidena, 2022) 
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Appendix 

Table 1. Projected 2030 Fuel Mix in MW 

Utility DTE Consumers I&M UPPCO UMERC TOTAL 
Coal 3279.6 0 32.5 0 0 3312.1 
Gas 2556 1400 216.7 0 183 4355.7 
Wind 2726.7 858 173.4 0 0 3758.1 
Solar 746.7 4810 281.7 0 0 5838.4 
Nuclear 2549.3 0 457.2 0 0 3006.5 
Hydro 
Pumped 
Storage 

958 1170 0 22.95 0 2151 

Demand 
Response 

859 698 0 0 0 1557 

Biomass/ 
Biofuel 

110.84 0 0 0 0 110.84 

Distributed 
Generation 

82.5 112.4 0 0 0 194.92 

Purchased 
Gas 

0 2153 0 34 0 2187 

 

Table 2. Projected 2040 Fuel Mix in MW 

Utility DTE Consumers I&M UPPCO UMERC TOTAL 
Coal 0 0 0 0 0 0 
Gas 2556 1400 611.1 0 183 4750.1 
Wind 4006.3 858 346.7 0 0 5211 
Solar 2746.7 8000 455 0 0 11201.7 
Nuclear 2549.3 0 0 0 0 2549.3 
Hydro 
Pumped 
Storage 

958 1170 0 22.95 0 2151 

Demand 
Response 

859 1000 0 0 0 1859 

Biomass/ 
Biofuel 

110.84 0 0 0 0 110.84 

Distributed 
Generation 

82.5 112.4 0 0 0 194.92 

Purchased 
Gas 

0 0 0 34 0 34 
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