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Vote Solar is pleased to provide these comments on the Draft MI Health Climate Plan (“Draft 
Plan”) proposed by the Department of Environment, Great Lakes, and Energy (“Department”) on 
January 14, 2022.1 

I. Summary of Recommendations 

Vote Solar commends the Department for proposing a comprehensive and ambitious plan guided 
by specific and achievable goals. The Governor’s goals as articulated in Executive Directive 
2020-10 are not only necessary but also achievable and economic. We recommend 
enhancements to the energy production strategies articulated in the Draft Plan to leverage 
distributed energy resources in a manner that can save the state billions of dollars, while creating 
tens of thousands of good-paying jobs. 

To better understand and define the opportunity presented by electrification and decarbonization, 
Vote Solar commissioned Vibrant Clean Energy (“VCE) to compare current business as usual 
scenarios for the power sector with optimized plans that deploy clean energy and decarbonize the 
economy through electrification. Electrification and Decarbonization Pathways for Michigan 
lays out a realistic, affordable, job creating path to decarbonization of the electricity sector. 
As identified in the Draft Plan and discussed extensively in the Working Groups, decarbonizing 
the power sector is a key part of the overall efforts to decarbonize the economy. In fact, the 
modeling shows that opportunities created by advancing clean energy technology and leveraging 
Distributed Energy Resources (“DER”) that result in a completely carbon free power sector by 
2050 saves families money compared to a business-as-usual scenario that still falls well short of 
even the utilities less ambitious power sector carbon reduction goals.    
The analysis finds that accelerating the growth of local solar + battery storage on Michigan’s 
electric grid can save residential and commercial utility customers $773 per year, compared to 
resource plans proposed by Michigan utilities. Additionally, sustained investments in local solar 
and storage could create 159,000 full-time jobs in Michigan by 2045. 
In addition to the money that local solar and battery storage systems save the grid, distributed 
energy resources provide significant societal benefits, including: increased energy equity; greater 
individual and community resilience during blackouts and extreme weather; local job creation 

 
1 Draft MI Healthy Climate Plan, Michigan Department of Environment, Great Lakes, and Energy, January 14, 
2022. 
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and economic activity; greater reductions in air pollution; the ability to achieve clean energy 
goals on a faster timeline; and the opportunity to provide consumers with a tangible and 
meaningful mechanism for mitigating climate change impacts. 
Vote Solar recommends addition of several points to the Draft Plan that build upon the excellent 
work done by the Workgroup on Energy Production, Transmission, Distribution, and Storage. In 
addition, we recommend adoption of the 50% renewable energy standard proposed in the Draft 
Plan. 

II. About Vote Solar 

Vote Solar is an independent 501(c)(3) nonprofit working to repower the U.S. with clean energy 
by making solar power more accessible and affordable through effective policy advocacy. Vote 
Solar seeks to promote the development of solar at every scale, from distributed rooftop solar to 
large utility-scale plants. Vote Solar has over 90,000 members nationally, including over 2,600 
members in Michigan. Vote Solar is not a trade organization, nor does it have corporate 
members.  

Vote Solar participated actively in the Energy Production, Transmission, Distribution, and 
Storage ("EPTDS") Workgroup and with our partners participated in the EPTDS sub-groups over 
the course of 2021. 

III. Background on Energy Production Goals in the Plan Development 

In September 2020, Governor Gretchen Whitmer signed Executive Directive 2020-10, which 
committed Michigan to a goal of achieving economy-wide carbon neutrality no later than 2050 
(and maintaining net negative GHG emissions thereafter). In addition to the goals set by these 
directives, Michigan joined 24 other states and Puerto Rico – under the umbrella of the US 
Climate Alliance – in committing to an interim goal of a 52% GHG reduction by 2030. 
Specifically, the Plan strives to reduce GHG emissions from 2005 levels: 28% by 2025, 52% by 
2030, achieve carbon neutrality by 2050, and maintain net negative GHG emissions thereafter. 
In developing the Draft Plan, the Governor established the Council on Climate Solutions to serve 
as the primary venue for gathering and channeling input from Michiganders. In addition, the 
Council established five workgroups on key areas to gather insight on key topics: 

• Energy Production, Transmission, Distribution and Storage  
• Transportation and Mobility  
• Buildings and Housing  
• Energy Intensive Industries, and 
• Natural Working Lands and Forest Products. 

Each of these workgroups met multiple times throughout mid-2020 to develop recommendations 
for the full Council on Climate Solutions. The Workgroup on Energy Production, Transmission, 
Distribution and Storage -- co-chaired by Michigan Public Service Commissioner Katherine 
Peretick and Douglas Jester of 5 Lakes Energy -- submitted its recommendations to the Council 
on October 21, 2021.2 

 
2 https://www.michigan.gov/documents/egle/Workgroup-Recommendations-Energy-Production-Transmission-
Distribution-Storage_739700_7.pdf 
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The EPTDS Workgroup produced a 37-page document summarizing multiple recommendations 
for achieving power sector greenhouse gas emissions reductions, but narrowed its 
recommendations to 5 specific recommendations: 

1. Implement holistic and integrated energy system planning: The Michigan Public Service 
Commission (MPSC) should implement a series of measures towards more holistic and 
integrated energy system planning in Michigan. This should include traditional resource 
planning, long-range transmission planning, distribution planning, storage planning, 
consideration of new and emerging resources, planning around areas of interdependency 
between the electric and natural gas systems, and consideration of community and health 
impacts. 

2. Enable behind-the-meter resources: Advance policies that enable behind-the-meter 
resources, demand control, and demand flexibility including rooftop solar, electric 
vehicle aggregation and vehicle-to-building and vehicle-to-grid technologies, microgrids 
and off-grid capabilities, energy storage, and enhanced energy productivity and energy 
waste reduction while utilizing low-cost financing and prioritizing low-income and 
environmental justice communities. 

3. Explore innovative rate designs: Explore innovative rate design concepts, including 
studies and other considerations in the design of customer rates as decarbonization efforts 
progress. 

4. Facilitate siting of necessary energy infrastructure: Adopt state policies and programs that 
will facilitate siting of necessary renewable generation, storage, and transmission 
sufficient to achieve a clean energy transition of the electric power sector. 

5. Evaluate gas system regulatory and policy options: The governor should direct EGLE 
and/or the Michigan Public Service Commission to initiate a staff-run stakeholder group 
or proceeding to evaluate opportunities and considerations for changes to gas utility 
regulatory and policy structures needed to support cost-effective and equitable 
achievement of the state's economywide greenhouse gas reduction goals. 

IV. Draft Plan Summary 

The Draft Plan that was released on January 14, 2022 lays out the broad vision for fulfilling the 
Governor’s commitment to achieving the climate goals articulated in Executive Directive 2020-
10. The Draft Plan built upon the collective work of the Climate Council and the workgroups 
throughout spring, summer, and fall of 2021.  

The Draft Plan sets out six Key Focus Areas: 
a. Overarching Goal 
b. Energy Production  
c. Transportation  
d. Businesses and Homes  
e. Environmental Justice, and 
f. Leadership and Innovation 

In each Key Focus Area, the Draft Plan identifies strategies that will be pursued by the State to 
achieve the economy-wide reductions needed to avert the worst impacts of climate change.  
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The Draft Plan indicates that power sector currently accounts for 27% of Michigan’s GHG 
emissions (second only to the transportation sector). The Draft Plan also acknowledges that 
power sector has made the most significant GHG reductions since 2005 on the national level – 
cutting its overall GHG emissions by 14.4% in that period. The Draft Plan then points out the 
particular importance of the power sector in the overall plan: 

While that progress is worth celebrating, we estimate that Michigan must drive 
reductions in the carbon intensity of our power sector to 80% by 2030 relative to 2005 
levels, if we are to achieve our medium-term target of 50% decarbonization by the end of 
this decade. And by 2050, our goal is to achieve 100% clean, renewable electricity paired 
with robust energy storage. 3 

The Draft Plan proposes four “focus areas” for the Energy Production sector in the 2022 to 2030 
timeframe. These serve as near-term actions that can be adopted to accelerate progress that has 
been made so far.  

• Holistic statewide energy planning – Implement a series of measures towards more 
holistic and integrated energy system planning in Michigan. This should include rate 
design, traditional resource planning, long-range transmission planning, distribution 
planning, storage planning, consideration of new and emerging resources, planning 
around areas of interdependency between the electric and natural gas systems, and 
consideration of community and health impacts. 

• Clean energy resources – Adopt a renewable energy standard of 50% by 2030, either 
through legislation or formal commitments in proceedings before the MPSC. In addition, 
Michigan should commit to end its use of coal-fired power electricity production by no 
later than 2035. 

• State electricity use – State-owned facilities will utilize 100% in-state renewable energy 
by 2025 and reduce energy intensity in state facilities 40% by 2040. 

• Siting – Implement a plan to site solar on state-owned lands and properties to help deploy 
solar across the state as quickly as possible. Complement this work by assisting local 
units of government in adopting best practices for siting renewable energy systems within 
their communities.4 

V. Modeling Decarbonization and Electrification with Distributed Energy Resources 
The Draft Plan proposed by the Climate Council adopted several of the key recommendations of 
the EPTDS workgroup related to holistic state energy planning, advancement of renewable 
energy, energy use at state facilities, and siting process improvements. However, Vote Solar 
believes that the plan misses a significant opportunity to optimize the benefits of the clean 
energy transition through Distributed Energy Resources.5  

A. Modeling an Optimized Energy System to Achieve Carbon Reduction Goals 
To better understand and define the opportunity presented by electrification and decarbonization, 
Vote Solar commissioned Vibrant Clean Energy (“VCE”) to compare current business as usual 

 
3 Draft Plan, pg. 13. 
4 Draft Plan, pg. 10. 
5 In this context, DER includes all of the behind-the-meter resources described in EPTDS recommendation #2, as 
well as distribution-connected community solar and small wholesale generation in front of the meter. 
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scenarios for the power sector with optimized plans that deploy clean energy and decarbonize the 
economy through electrification. Electrification and Decarbonization Pathways for Michigan 
lays out a realistic, affordable, job creating path to decarbonization of the electricity sector. 6 The 
complete report is included as Attachment A to these Comments. 

The study was conducted using Vibrant Clean Energy’s WIS:dom®-P model, a state-of-the-art 
planning tool that uses advanced analytics to produce an inclusive picture of grid resources, costs 
and benefits. WIS:dom®-P analyzes trillions of data points, including every potential energy 
resource, and the direct costs and benefits associated with bringing the most cost-effective 
resource mix to the electric grid. Importantly, unlike traditional electric utility resource planning 
software, WIS:dom® -P performs detailed capacity expansion and production cost calculations 
while co-optimizing utility-scale generation, storage, transmission, and the distribution system. 
In this co-optimization framework, energy supply resources (traditional generation) interact with 
load on the demand side of the model to define the optimal mix of grid-scale generation taking 
into account opportunities for shaping load through all types of DER. The model uses DER 
located closer to customers on the distribution side of the grid and shapes the load to make it 
possible to take advantage of the most economic and efficient supply-side bulk energy resources. 

National modeling with WIS:dom®-P demonstrated that optimizing the power grid for 
distributed energy resources (local solar and storage) results in the lowest cost transition to 100% 
clean electricity. 
The study compared three potential scenarios: 

• Business-as-usual (“BAU”) with major utilities in Michigan following their 
respective IRPs (“IRP”): In this scenario, major utilities in Michigan follow their 
respective IRPs for capacity additions or retirements. Beyond the horizon of approved 
plans for the major utilities, the model is forced to do whatever is most efficient to 
achieve their stated carbon reduction goals as of fall 2021. 

• Electrify and decarbonize Michigan in line with the Governor’s Executive Directive 
without distribution co-optimization (“Decarb+nonOptDER”): In this scenario, 
Michigan undergoes economy-wide electrification of energy related activities and 
completely decarbonizes the electricity sector by 2050. In addition, the scenario must 
meet 30% of demand from renewable electricity by 2025. In this scenario the distribution 
system is not co-optimized with the utility-scale grid. 

• Electrify and decarbonize Michigan in line with the Governor’s Executive Directive 
with distribution co-optimization (“Decarb+optDER”): This scenario is identical to 
“Decarb+nonOptDER” scenario with the single exception that the distribution system 
grids are co-optimized with the utility-scale grid. 

Importantly, the two “Decarb” scenarios were designed to achieve economy-wide net zero 
carbon emissions by 2050. As a result, as will be discussed below, the electricity sector grows 
significantly as the economy electrifies to achieve the decarbonization goals. The two “Decarb” 
scenarios also assume transmission capacity from Michigan to the rest of MISO remains at 2018 
levels. There is potential for further cost savings if this transmission capacity is allowed to 
expand beyond 2018 levels. 

 
6 Clack, Christopher; Choukulkar, Aditya; Coté, Brianna; and McKee, Sarah. Electrification and Decarbonization 
Pathways for Michigan, Vibrant Clean Energy, February 11, 2022. 
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B. Key Findings 
The modeling conducted by VCE using WIS:dom®-P resulted in a number of exciting findings. 
Importantly, the modeling provides a roadmap for achieving the Governor’s carbon reduction 
goals while actually reducing Michigan families’ and businesses’ overall energy costs. The 
remainder of our comments will focus on the comparison between the BAU and 
Decarb+optDER plans, since the Decarb+optDER option produces consistently better results 
than the option without co-optimization.7 

1. Michigan families spend less on energy in a decarbonized and electrified 
economy. 

In the BAU IRP scenario, customer energy burden (defined as total spending for traditional 
electricity, space and water heating, and transportation) reduces from approximately $4,950 in 
2018 to $4,126 in 2030 as a result of reduced retail rates and reduced petroleum prices. After 
2025, the energy burden remains almost constant as any reductions in the electricity sector 
spending (due to reduced retail rates) is offset by increased spending in the heating and 
transportation sector due to increasing natural gas and petroleum costs. 

In the Decarb+optDER scenario, energy burden reduces from approximately $4,950 in 2018 to 
$3,305 in 2030 as a result of the greater reduction in retail rates and electrification of some of the 
energy related activities, which cost less due to the lower cost electricity rates and higher energy 
efficiency. After 2030, the rate of reduction of the energy burden slows down as any savings 
from electrification of heating and transport are offset by the increase in spending in the 
traditional electricity sector due to load growth from electrification of cooking and clothes drying 
as well as from the increasing electricity rates. Cumulatively by 2050, the Decarb+optDER 
scenario results in savings of $24,741 per customer compared to the IRP scenario. Industrial 
customers also see a reduction in energy spending of approximately $69,680 per customer 
annually. 

 
7 There is much to learn from a comparison between to the Decarb+nonOptDER scenario and the Decarb+optDER 
scenario discussed in the attached report. 
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Figure 1: Annual spending for an average residential and commercial customer in Michigan in the IRP-BAU scenario (top 
panel) and the Decarb+optDER scenario (bottom panel) 
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2. Business as Usual will not achieve the carbon goals 
The lower total energy burden costs in the Decarb+optDER scenario take place in the context of 
achieving the Governor’s economy wide and electricity sector emission reduction goals. One 
important finding of the VCE study is that the current plans of utilities, as expressed in their 
announced IRP goals AND their corporate carbon goals, fall far short of the State’s carbon 
reduction goals as outlined in Executive Directive 2020-10. 

 
Figure 2: Percentage reduction in economy-wide energy related carbon emissions from 2005 levels. The dashed line indicates 
the Governor’s emission reduction goal of 28% by 2025. 

3. Decarbonization and Electrification leveraging DER creates more jobs in 
the power sector than the BAU-IRP scenario 

Another important finding of the study is that decarbonization and electrification with 
distribution system co-optimization results in significantly more jobs in the power sector than the 
BAU-IRP scenario. The total full-time equivalent jobs in the electricity sector in the BAU-IRP 
scenario increase from approximately 45,000 in 2018 to 90,000 in 2050 driven largely by jobs 
supported by the solar industry. However, job growth in the Decarb+optDER scenario is even 
more robust, as higher concentrations of DER combined with significant new investment in the 
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utilities’ distribution systems to accommodate increase DER penetration results in 159,000 jobs 
by 2045.  

 
Figure 3: Direct full-time equivalent jobs created in the electricity sector by industry for the scenarios 

VI. Recommendations for Path Forward in the Power Sector 

A. Add a Strategy to Prioritize Incorporating Distributed Energy Resources 
WIS:dom® -P modeling shows that DER play a central role in achieving co-benefits, jobs and 
energy savings. The Draft Plan could be strengthened by adding an emphasis on leveraging DER 
to the Energy Production section of the “Key focus areas for 2022-2030.”  

Enable Distributed Energy Resources: Advance policies that enable behind-the-meter 
resources, distribution-connected community solar & small wholesale renewable 
generation, demand control, and demand flexibility including rooftop solar, electric 
vehicle aggregation and vehicle-to-building and vehicle-to-grid technologies, microgrids 
and off-grid capabilities, energy storage, and enhanced energy productivity and energy 
waste reduction while utilizing low-cost financing and prioritizing low-income and 
environmental justice communities. 
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This is a slightly modified version of the second recommendation of the EPTDS workgroup to 
reflect inclusion of a broader range of distribution-connected DER beyond the behind the meter 
resources contemplated in EPTDS recommendation #2.  
The proposed language also incorporates language that would leverage the potential equity 
benefits of DER, as discussed below. 

B. Adopt the Proposed 50% Renewable Energy Standard 
The WIS:dom® -P modeling supports the adoption of the 50% renewable energy standard 
(“RES”) by 2030 proposed in the Draft Plan. Under the Decarb+optDER scenario generation 
from renewable energy would be over 53% of the total by 2030. Thus a 50% RES is not only 
achievable but understates the actual expected contribution of renewable energy in the optimal 
portfolio.  

C. Equity and Environmental Justice Benefits of DER  
The clean energy transition presents an opportunity to not only leverage technology to achieve 
economic benefits on the way to decarbonization, but it also represents an opportunity to address 
inequities of disproportionate environmental harm and economic inequality of the carbon-based 
economy. 

Unlike other supply side resources available in conventional resource planning, DER can be used 
to directly address equitable access to clean energy through programs designed to reduce energy 
burden and increase energy independence. Other states have created specific incentives for 
qualifying low-income customers to receive wrap-around energy services, from weatherization 
to rooftop solar. These programs unlock the benefits and cost savings of DER while also 
prioritizing low-income communities for additional savings. 

Customer-owned or sponsored distributed generation provides increased value by distributing the 
profits from renewable generation as direct customer bill savings. The value of a megawatt of 
solar owned by customers produces returns as direct bill savings to individual customers. Utility 
scale generation, on the other hand, also requires transmission and results in increased line 
losses, further reducing the value to customers.  
In addition to less overall savings for ratepayers, the savings that do occur from utility-owned 
generation are not equally shared by those historically shut out of the economy. Instead, the 
savings flow through cost-of-service rules to predominantly the largest energy users. 

Finally, job creation and local business development opportunities are inherently greater for 
community-based renewable energy than for large, centralized energy systems for multiple 
reasons: 

• A larger number of smaller projects create more jobs, both during construction and long-
term during operations, than a single large project of the same total size. This creates a 
much more stable and sustainable long-term workforce opportunity. 

• Distributed generation development also disperses business development and job creation 
opportunities, making jobs and enterprises more accessible to a wider range of 
Michiganders. Financing is also more feasible locally for relatively smaller sized 
projects. 
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All of these benefits can be captured through deliberate programs and prioritization referenced in 
the language recommended in Subsection A above. 

D. Adopt the roadmap for power sector decarbonization presented in the 
WIS:dom® -P study as the modeling basis for the Draft Plan 

The modeling exercise by VCE’s WIS:dom® -P software and presented in the Electrification 
and Decarbonization Pathways for Michigan report attached provides the State with a clear 
roadmap to achieve decarbonization and electrification at lower total costs than business as 
usual. The report describing the results of the modeling in additional detail is attached to the 
comments. In addition, we are poised to make additional detail available to the Department and 
the Governor’s office should it be deemed valuable to your efforts. 

We note that the section of the Draft Plan on the “Roadmap to a carbon-neutral 2050”8 indicates 
that “this roadmap will be further informed with modeling and analysis focused on greenhouse 
gas emissions reduction, equity impacts, and cost-effectiveness…” The WIS:dom® -P model 
provides a clear and specific roadmap for the electricity sector, and are poised provide additional 
technical resources for use as the Plan is being finalized. We would be pleased to support 
adoption of this modeling work and/or work with the State to incorporate this modeling effort 
into the final Plan. 

VII. Conclusions 

In conclusion, thank you for the opportunity to participate in the EPTDS workgroup and 
subgroups as well as for the opportunity to comment on the Draft Plan. Once again, we 
commend the Governor for her leadership on this important issue and the Department, the 
Council on Climate Solutions, and the many stakeholders including businesses, individuals, and 
organizations that have participated in the development of the Draft Plan thus far.  
The Draft Plan provides an excellent basis for moving forward. Modeling that we have 
conducted shows that the Governor’s goals are achievable and can actually save Michigan 
families on energy expenses. We stand ready to make our modeling work available to serve as 
the roadmap to decarbonization for the power sector. We strongly support the recommendation 
in the Draft Plan for the adoption of a 50% renewable energy standard by 2050. Finally, we urge 
the Department and the Governor to adopt several changes, as outlined in these comments, to 
fully unlock the opportunities provided by DER and distribution system co-optimization. These 
changes will accelerate necessary carbon reduction, reduce energy burden, and provide 
additional benefits to Michigan families. 

 
 

 

 
8 Draft Plan, pg. 38. 
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1 Study Description 
 
Major utilities in the state of Michigan have released their Integrated Resource Plans 
(IRPs) outlining their projections for meeting demand out to 2050. The Governor of 
Michigan, in the meantime, signed an Executive Directive for Michigan to become 
carbon neutral economy-wide by 2050. In the present study, Vibrant Clean Energy, LLC 
(VCE®) was commissioned by Vote Solar to study the IRPs released by the major 
utilities in the lower peninsula of Michigan and compare them against scenarios that 
achieve the Governor’s carbon neutrality goal for the state. The modeling in this study 
was performed through 2050 using WIS:dom®-P, a state-of-the-art model capable of 
performing detailed capacity expansion and production cost while co-optimizing 
utility-scale generation, storage, transmission, and distributed energy resources 
(DERs). The modeled scenarios use the National Renewable Energy Laboratory (NREL) 
Annual Technology Baseline (ATB) 2020 “advanced” cost projections for installed 
capital and Operation and Maintenance (O&M) costs. For fuel costs, projections from 
the Annual Energy Outlook (AEO) 2020 High Oil and Gas supply scenario are used.1  
 
The scenarios modeled in the present study are as follows: 
(1) Business-as-usual with major utilities in Michigan following their respective 

IRPs (“IRP”): In this scenario, major utilities in Michigan follow their respective IRPs 
for capacity additions or retirements. The portions of Michigan not covered by the 
IRPs undergo optimal capacity expansion. The model does not co-optimize the 
distribution system with the utility-scale generation (as this is not included in the 
IRPs released by the utilities in Michigan). The model follows all existing RPS and 
greenhouse gas mandates passed into law. In addition, the model enforces 
Consumers Energy to reduce its electricity sector emission by 90% as declared by 
the utility in a recent announcement.2 WIS:dom-P is constrained to follow the 
capacity changes in the IRP unless additional capacity is needed for reliability or to 
meet emission reduction goals or mandates. In this scenario, Michigan does not 
undergo economy-wide electrification. 
 

(2) Electrify and decarbonize Michigan in line with the Governor’s Executive 
Directive without distribution co-optimization (“Decarb+nonOptDER”): In this 
scenario, Michigan undergoes economy-wide electrification of energy related 
activities and completely decarbonizes the electricity sector by 2050. In addition, 
the scenario must meet 30% of demand from renewable electricity by 2025. In this 
scenario the distribution system is not co-optimized with the utility-scale grid. 
Natural gas fired power plants with carbon capture and sequestration (CCS) and 
advanced nuclear power plants [small modular reactors (SMR) and molten salt 
reactors (MSR)] are allowed to be installed after 2025 and 2035, respectively, if 
determined cost-optimal by WIS:dom-P. 

 
1https://www.eia.gov/outlooks/aeo/data/browser/#/?id=3-AEO2020&region=1-
0&cases=highogs&start=2018&end=2050&f=A&linechart=highogs-d112619a.3-3-AEO2020.1-0~highogs-d112619a.36-3-AEO2020.1-
0~highogs-d112619a.37-3-AEO2020.1-0~highogs-d112619a.38-3-AEO2020.1-0~highogs-d112619a.39-3-AEO2020.1-0~highogs-
d112619a.40-3-AEO2020.1-0&map=highogs-d112619a.4-3-AEO2020.1-0&sourcekey=0 
2https://www.usnews.com/news/best-states/michigan/articles/2021-06-23/consumers-energy-plans-to-complete-coal-phaseout-by-
2025 
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(3) Electrify and decarbonize Michigan in line with the Governor’s Executive 

Directive with distribution co-optimization (“Decarb+optDER”): This scenario 
is identical to “Decarb+nonOptDER” scenario with the single exception that the 
distribution system grids are co-optimized with the utility-scale grid. 

 

The scenarios are initialized and calibrated with 2018 generator, generation, and 
transmission topology datasets. The model then determines a pathway from 2020 
through 2050 with results outputted every 5 years. As part of the optimal capacity 
expansion, WIS:dom-P must ensure each grid meets reliability constraints through 
enforcing the planning reserve margins specified by the North American Electric 
Reliability Corporation (NERC) and having a 7% load following reserve available at all 
times. Detailed technical documentation describes the mathematics and formulation 
of the WIS:dom-P software along with input datasets and assumptions.3   

 
3https://vibrantcleanenergy.com/wp-content/uploads/2020/08/WISdomP-Model_Description(August2020).pdf 
 

https://vibrantcleanenergy.com/
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1.1 WIS:dom®-P Model Setup 
 
To investigate the various scenarios, as described in the previous section, WIS:dom-P 
modeled the state of Michigan (upper and lower peninsula) with its existing generator 
topology, transmission, and weather inputs obtained from National Oceanic and 
Atmospheric Administration (NOAA) High Resolution Rapid Refresh (HRRR) model4 at 
3-km horizontal resolution and 5-minute time resolution. The initialized generator 
dataset is created by aligning the Energy Information Administration Form 860 (EIA-
860) dataset5 with the 3-km HRRR model grid. The existing generator topology in 
Michigan in 2018 along with existing transmission at 3-km resolution is shown in 
Figure 1.1.  
 

 
Figure 1.1: WIS:dom-P model domain and existing generators with transmission. The regions shaded show 

territories of the major Michigan utilities.  

Existing transmission corridors between Michigan and neighboring states are 
modeled as imports and exports and are constrained to be consistent with limits set 
by MISO. The energy prices for the imports and exports are provided by a background 
modeling scenario (“CE-DER”) from a previous study.6 In addition, the transmission 
capacities between Michigan and neighboring states are assumed to remain constant 
over the modeling period. 
 
Weather inputs obtained from National Oceanic and Atmospheric Administration 
(NOAA) High Resolution Rapid Refresh (HRRR) model7 at 3-km horizontal resolution 

 
4 https://rapidrefresh.noaa.gov/hrrr/ 
5 https://www.eia.gov/electricity/data/eia860/ 
6 https://www.vibrantcleanenergy.com/wp-content/uploads/2020/12/WhyDERs_TR_Final.pdf  
7 https://rapidrefresh.noaa.gov/hrrr/ 

https://vibrantcleanenergy.com/
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and 5-minute time resolution are used in WIS:dom-P for applications with load, 
transmission and most noticeably with the dispatch and placement of solar and wind. 
The average fixed latitude tilt solar capacity factors and 100-m hub-height wind 
capacity factors calculated from the HRRR model output over the model domain are 
shown in Fig. 1.2. Michigan‘s wind resource is highest over the eastern part of the 
lower peninsula (the “thumb”) and western portion of the upper peninsula along with 
a significantly stronger offshore resource. The solar resource is highest over the over 
the western part of upper peninsula and central portion of the lower peninsula. 
 

 
Figure 1.2: Average capacity factors for 100-m hub-height wind (top) and fixed axis latitude tilt solar 

(bottom) over the state of Michigan calculated from the HRRR model outputs. 
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2 Modeling Results 
 

2.1 System Costs, Retail Rates & Jobs 
 
In order to study the impact of each scenario on customer bills, the energy burden on 
customers is calculated for each of the scenarios modeled. The energy burden 
calculations include customer spending on traditional electricity, space and water 
heating, transport and industrial operations. The energy burden calculations are 
combined for residential and commercial customers, while the energy burden for 
industrial customers is calculated separately. The annual energy burden for an 
average residential and commercial customer in the “IRP” (top panel) and 
“Decarb+optDER” (bottom panel) scenario is shown in Fig 2.1.  
 
In the “IRP” scenario, the economy-wide energy related activities are assumed to 
continue to operate on the current fuel mix and use coal8, natural gas9 and oil10 cost 
projections from AEO High Oil and Gas Supply scenario. The energy burden in the “IRP” 
scenario reduces from approximately $4,950 in 2018 to $4,126 in 2030 as a result of 
reduced retail rates and reduced petroleum prices. After 2030, the energy burden 
remains almost constant as any reductions in the electricity sector spending (due to 
reduced retail rates) is offset by increased spending in the heating and transportation 
sector due to increasing natural gas and petroleum costs. 
 
In the “Decarb+optDER” scenario, the energy burden reduces from approximate 
$4,950 in 2018 to $3,305 in 2030 as a result of the greater reduction in retail rates and 
electrification of some of the energy related activities, which cost less due to the lower-
cost electricity rates and higher energy efficiency. After 2030, the rate of reduction of 
the energy burden slows down as any savings from electrification of heating and 
transport are offset by the increase in spending in the traditional electricity sector due 
to load growth from electrification of cooking and clothes drying as well as from the 
increasing electricity rates. Cumulatively by 2050, the “Decarb+optDER” scenario 
results in savings of $24,741 per customer compared to the “IRP” scenario. This 
cumulative savings translates to an annual savings of $773 per average residential and 
commercial customer. Therefore, the “Decarb+optDER” scenario achieves the 
Governor’s goals of electrification and decarbonization of economy-wide energy 
related activities while reducing costs on energy related activities for residential and 
commercial customers. 
 

 
8https://www.eia.gov/outlooks/aeo/data/browser/#/?id=15-AEO2020&region=0-
0&cases=highogs&start=2018&end=2050&f=A&linechart=~highogs-d112619a.37-15-
AEO2020&map=&ctype=linechart&sourcekey=0 
9https://www.eia.gov/outlooks/aeo/data/browser/#/?id=13-AEO2020&region=0-
0&cases=highogs&start=2018&end=2050&f=A&linechart=~highogs-d112619a.35-13-AEO2020~highogs-d112619a.36-13-
AEO2020&map=&ctype=linechart&sourcekey=0 
10https://www.eia.gov/outlooks/aeo/data/browser/#/?id=12-AEO2020&region=0-
0&cases=highogs&start=2018&end=2050&f=A&linechart=~~highogs-d112619a.12-12-AEO2020~highogs-d112619a.17-12-
AEO2020&map=&ctype=linechart&sourcekey=0 
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Figure 2.1: Annual spending for an average residential and commercial customer in Michigan in the “IRP” 

scenario (top panel) and the “Decarb+optDER” scenario (bottom panel). 

 
The “Decarb+optDER” scenario also results in savings for industrial customers who 
electrify most of their operations with some high heat processes using green 
hydrogen. As a result of electrification, industrial customers save a cumulative of $2.23 
million per customer in the “Decarb+optDER” scenario between 2018 and 2050, which 
is equivalent to an annual savings of $69,680 per customer. This annual savings is 
roughly 10% of the average annual operating cost over the modeling period. These 
savings in industrial energy spending can result in increased profits or be passed on 
to customers through reduces prices for goods. 
 
The change in total resource costs (which are electricity sector and hydrogen11 costs) 
and retail rates in Michigan for the scenarios modeled is shown in Fig. 2.2. In the “IRP” 
scenario, the total resource costs reduce from approximately $10.7 billion in 2018 to 
about $7 billion in 2050. The cost reductions come from retirement of expensive coal 
generation and replacing it with mostly variable renewable energy (VRE) generation 
along with some imports from other MISO load zones. As a result, the retail rates in 

 
11 Hydrogen is produced only in the “Decarb+nonOptDER” and “Decarb+optDER” scenarios. No hydrogen is 
produced in the “IRP” scenario. 
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the “IRP” scenario also decrease from approximately 11.4 ¢/kWh in 2018 to about 8 
¢/kWh in 2050.  
 
In the two electrification and decarbonization scenarios (“Decarb+nonOptDER” and 
“Decarb+optDER”), the total resource costs reduce more than the “IRP” scenario until 
2030 despite serving additional electricity demand due to electrification. Therefore, 
the retail rates in the electrification scenarios are substantially lower than the “IRP” 
scenario bringing significant cost savings to customers. The retail rates in the 
electrification scenarios drop from 11.4 ¢/kWh in 2018 to approximately 7 ¢/kWh in 
2030. 

 

 
Figure 2.2: Total system cost (bars) and retail rates (solid lines) in Michigan for the scenarios modeled. 

After 2030, the rate of electrification accelerates brings in significant new demand into 
the electricity sector, and the electrification scenarios experience greater investment 
in the electricity sector to build clean generation to meet the Governor’s goal of 
electrifying and decarbonizing the economy. As a result, by 2050, the annual system 
cost in the “Decarb+nonOptDER” scenario is $16.8 billion, while in the 
“Decarb+optDER” scenario it is $15.9 billion due to savings from the distribution 
system co-optimization. These systems costs are however spread over a much larger 
load which results from electrification of energy related activities in the rest of the 
economy. The retail rates also start to increase slowly after 2030 as a result of the 
additional investments in the electricity sector and decarbonizing the economy. By 
2050, the retail rates in the “Decarb+nonOptDER” scenario are slightly higher than the 
“IRP” scenario at 8.4 ¢/kWh, while the retail rates in the “Decarb+optDER” scenario are 
almost the same as the “IRP” scenario at 8 ¢/kWh. Therefore, in the “Decarb+optDER” 
scenario, Michigan can electrify and decarbonize its economy without causing 
increases in rates for customers compared to the “IRP” scenario. It is to be noted that 
the maximum import and exports from Michigan are held constant at 2018 levels. 
Therefore, it may be possible to reduce costs and thus retail rates further if the 
transmission capacity were allowed to grow beyond 2018 levels with the rest of MISO 
and possibly PJM.  
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The contributions to the cost per kWh of electricity delivered broken out by sectors in 
the scenarios modeled is shown in Fig. 2.3. In 2018, almost half the cost of electricity 
is due to fossil fuel generators, with coal being the largest contributor to cost of 
energy. In the “IRP” scenario, as the coal is gradually retired, the cost of energy reduces 
as the VRE generation provides energy at much lower cost.  
 
In the electrification scenarios (“Decarb+nonOptDER” and “Decarb+optDER”), the cost 
of energy reduces faster than the “IRP” scenarios because the fossil fuel generation is 
retired at a faster rate and the cost of energy is distributed over a larger demand. The 
cost of energy in the electrification scenarios stays below the costs in the “IRP” scenario 
until 2045. After 2045, as Michigan decarbonizes the electricity sector completely, the 
cost of energy in the electrification scenarios increases slightly compared to the “IRP” 
scenario. The cost of energy increase in the electrification scenarios could be tied to 
limiting the amount of imports and exports out of Michigan to 2018 levels and allowing 
the expansion of transmission to other load zones in MISO could help Michigan 
achieve decarbonization at a lower cost. Compared with the “Decarb+nonOptDER” 
scenario, the “Decarb+optDER” scenario has lower cost of energy throughout the 
modeling period. The co-optimization of the distribution system ensures that the 
distribution system costs in the “Decarb+optDER” scenario remain lower as a result of 
deferring distribution system capital investment. 
 

 
Figure 2.3: Contribution to total system cost per kWh load from each energy system sector for the 

scenarios modeled. 

The total full-time equivalent electricity sector jobs in the scenarios modeled is shown 
in Fig. 2.4. The total full-time equivalent jobs in the electricity sector in the “IRP” 
scenario increase from about 45,000 in 2018 to 90,000 in 2050 driven largely by jobs 
supported by the solar industry. In the electrification scenarios, the job growth over 
the investment periods is higher than the “IRP” scenario due to the larger VRE 
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deployment. By 2045, the electrification scenarios see 150,000 and 159,000 jobs in the 
“Decarb+nonOptDER” and “Decarb+optDER” scenarios, respectively. The largest job 
growth is observed in the distributed solar sector. Between 2045 and 2050, the 
electrification scenarios deploy large amounts of solar and storage in order to meet 
the 100% decarbonization goal. As a result, these scenarios see a large increase in 
workforce in the electricity sector to support this increase in generation deployment. 
By 2050, the storage industry supports the largest number of jobs in the electrification 
scenarios, followed by the solar industry. The “Decarb+optDER” scenario see slightly 
less jobs created in the distribution sector due to the distribution co-optimization 
deferring investments in the distribution grid. 
 

 
Figure 2.4: Direct full-time equivalent jobs created in the electricity sector by industry for the scenarios 

modeled. 
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2.2 Changes to Installed Capacity & Generation 
 
The changes to installed capacity and generation mix in Michigan for the three 
scenarios modeled are shown in Fig. 2.5. The “IRP” scenario is the slowest to retire coal 
generation keeping it online until 2040. The retired coal generation in the “IRP” 
scenario is replaced with some new natural gas combined cycle (NGCC) generation 
and VRE generation with solar being the dominant addition. WIS:dom-P models both 
utility scale photvoltaic (UPV) and distributed photovoltaic (DPV). The distributed solar 
(DPV) includes both rooftop solar and community solar installations. In the 
electrification scenarios, the capacity turnover takes on very similar paths. Coal is 
completely retired by 2030 along with some older natural gas generation. Wind makes 
up a significant portion of new VRE generation added due to the better wind resource 
available in Michigan along with wind generation’s better correlation with 
electrification load, especially in winter. The electrification scenarios deploy carbon 
capture and sequestration (CCS), molten salt reactors (MSR) and small modular 
reactors (SMR) to provide dense clean dispatchable generation. All CCS in the 
electrification scenarios is retired by 2050 as they are not 100% emission free. 

 
Figure 2.5: WIS:dom-P installed capacities (top) and generation (bottom) for the  scenarios. 
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The VRE generation deployed in the “IRP” scenario is higher than that proposed in the 
IRPs of the major utilities in Michigan. The larger deployment in mainly to satisfy the 
90% decarbonization by 2040 goal of Consumers Energy utility. In order to meet its 
90% decarbonization goal, Consumers Energy utility needs to deploy about 1,400 MW 
of additional wind generation, 1,300 MW of additional utility-scale solar and 236 MW 
of additional storage over that proposed in its IRP. Furthermore, Consumers Energy 
depends on imports of clean generation from DTE which deploys an additional 3,000 
MW of wind and 487 MW of utility-scale solar to export clean energy to Consumers 
Energy. Therefore, the IRP proposed by Consumers Energy through 2034 falls well 
short of reaching its own 90% decarbonization goal by 2040. 
 

 
Figure 2.6: Additional VRE deployed by WIS:dom-P to ensure Consumers Energy meets it 90% 

decarbonization by 2040 goal. 

The storage power and energy capacities installed over the investment periods in the 
scenarios modeled is shown in Fig. 2.7. In the “IRP” scenario, very little new storage is 
added until 2040 at which point about 700 MW of storage is added to the grid. In 
comparison, the electrification scenarios add significantly more storage over the 
investment periods along with a large deployment of storage between 2045 and 2050 
to meet the 100% decarbonization goal. By 2045, the “Decarb+nonOptDER” scenario 
deploys 5,800 MW of storage to the grid to effectively utilize the installed VRE 
generation. The average storage duration in 2045 in the “Decarb+nonOptDER” 
scenario is 7.5 hours to help cover lulls in the VRE generation. The “Decarb+optDER” 
scenario, on the other hand, has a total of approximately 8,000 MW of storage 
deployed by 2045, out of which 2,000 MW is on the utility grid and the rest is on the 
distribution grid with an average duration of 7.5 hours. 
 
Between 2045 and 2050, the electrification scenarios deploy large amounts of storage 
to the grid with the total storage installed reaching about 19,500 MW in both the 
electrification scenarios. In the “Decarb+optDER” scenario, 8,300 MW of the total 
storage is on the distribution grid. The average duration of the storage installed is 
approximately 24 hours. The long storage duration is specifically aimed at meeting 
load during the long lulls in wind generation that occur over the course of the year. 
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Figure 2.7: Utility storage and distributed storage installed in each investment period for the “Optimized 

DER” scenario. 

Although the wind resource is significantly better in Michigan compared with the solar 
resource, the electrification scenarios add substantially more solar generation on the 
grid compared with the “IRP” scenario. The “IRP” scenario installs about 11,000 MW of 
solar by 2040. About 1,800 MW of this is additional solar added by WIS:dom-P over the 
values prescribed by the IRPs in order to ensure Consumers Energy meets its 90% 
decarbonization goal. 
 
The electrification scenarios install more wind generation over solar until 2045 due to 
the better wind resource in Michigan. After 2045, the electrification scenarios install 
about 12,000 MW of solar to help meet the 100% decarbonization goal. The 
“Decarb+optDER” scenario installs slightly more distributed solar compared with the 
“Decarb+nonOptDER” scenario as the distribution co-optimization uses the distributed 
solar along with the distributed storage to defer distribution system upgrades and 
save costs. 
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2.3 CO2 Emissions & Pollutants 
 
The percentage reductions in economy-wide carbon dioxide (CO2) emissions from 
2005 levels for energy related activities is shown in Fig. 2.8. The “IRP” scenario reduces 
the economy-wide emissions by 25% from 2005 levels by 2025 and, thus, falls short of 
the Governor’s goal of 28% reduction by 2025. By 2050, the annual economy-wide 
emissions reduce by 38% from 2005 level in the “IRP” scenario as a result of retirement 
of coal generation and replacing it with VRE generation. The additional VRE 
installations by WIS:dom-P over the IRP proposed values help the “IRP” scenario reach 
the 38% reduction by 2050. The electrification scenarios, by contrast, reduce annual 
economy-wide emissions by 37% by 2025, exceeding the Governor’s goal. This 
reduction in annual emissions is possible through a combination of electrification and 
decarbonization of the electricity sector. By 2050, the electrification scenarios reduce 
annual economy-wide emissions by almost 97% from 2005 levels as the economy-
wide energy related activities are electrified and the electricity sector is 100% 
decarbonized.  
 

 
Figure 2.8: Percentage reduction in economy-wide energy related carbon emissions from 2005 levels. The 

black dashed line indicates the Governor’s emission reduction goal of 28% by 2025.  

Figure 2.9 shows the cumulative economy-wide CO2 emissions from the three 
scenarios modeled. The “IRP” scenario, which does not electrify economy-wide energy 
related activities, has the highest cumulative CO2 emissions of 4,374 million metric 
tons (mmT) by 2050. The “Decarb+nonOptDER” and the “Decarb+optDER” scenarios, 
which have similar emission reduction profiles, cumulatively emit 2,650 mmT of 
carbon dioxide by 2050. Therefore, electrification and decarbonization of the 
electricity sector can cumulatively reduce Michigan CO2 emissions by 1,724 mmT by 
2050, which is more than 10 times the economy-wide emissions in 2018. A majority of 
these emission savings (1,650 mmT) come from electrification of economy-wide 
energy related activities. Therefore, electrificatinon is a key element for effective 
decarbonization.  
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Figure 2.9: Cumulative economy-wide carbon dioxide emissions for the three scenarios modeled. 

In addition to reducing CO2 emissions, the modeled scenarios also reduce emissions 
of criteria air pollutants emitted by fossil fuel generation. The air pollutants tracked by 
WIS:dom-P emitted by the electricity sector are shown in Fig. 2.10. In the “IRP” scenario, 
the SO2, PM10, and PM2.5 emissions reduce steadily from 2018 to 2035 as coal 
generation is retired and then sharply reduce to zero by 2040 as all coal generation 
gets retired. In the electrification scenarios, all coal generation is retired by 2030 and 
hence the SO2, PM10, and PM2.5 emissions see rapid declines to zero by 2030. In the 
“IRP” scenario, some NOx, CH4 and VOC emissions remain due to presence of natural 
gas generation on the grid, while in the decarbonization scenarios these emissions are 
reduced to zero by 2050 as a result of the decarbonization goal. Hence the 
electrification scenarios not only reduce greenhouse gas emissions, but also eliminate 
emissions of criteria air pollutants, which will result in better health outcomes for local 
populations. 

 

 
Figure 2.10: Emissions of criteria air pollutants from the electricity sector in the “IRP” scenario (left) and the 

“Decarb+optDER” scenario (right). 
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2.4 Siting of Generators (3-km) 
 
WIS:dom-P uses weather datasets spanning multiple years at 3-km spatial resolution 
and 5-minute temporal intervals over the contiguous United States. WIS:dom-P 
performs an optimal siting of generators on the 3-km HRRR model grid. The WIS:dom-
P installed capacity layout at 3-km resolution along with the transmission paths above 
115 kV in 2050 for the “IRP” scenario is shown in Figure 2.11 (left panel), while the 
installed capacities for the “Decarb+optDER” scenario is shown in Figure 2.11 (right 
panel). The greater VRE deployment in the “Decarb+optDER” scenario is apparent 
along with deployment of dense clean dispatchable generation in the location of 
retired fossil fuel generation. 
 

 
Figure 2.11: Installed generation layout in 2050 in the “IRP” scenario (left) and “Decarb+optDER” scenario 

(right) at 3-km resolution along with transmission paths above 115 kV. 

As seen from Fig. 2.11 (left panel), the “IRP” scenario installs almost all the wind in DTE 
territory, and most of the solar deployed in Consumers territory. The VRE generation 
is more widely distributed in the “Decarb+optDER” scenario. The DTE region still 
installs most of the wind generation, with substantial wind installed in the Consumers 
regions as well. Most of the utility-scale solar is installed in the DTE region, while the 
Consumers region is dominated by distributed solar. The locations of retired fossil fuel 
generators are used to build MSRs and SMRs. 
 
When making the siting decisions, the model takes into account several criteria to 
determine the optimal siting for generators. In addition to accounting for expected 
generation and distance from the load (for transmission considerations), the model 
ensures that generation is not sited in unsuitable locations. The model also ensures 
that the technical potential of each grid 3-km grid cell is not exceeded. The technical 
potential for the various VRE technologies in each grid cell is determined according to 
factors such as population, land cover, terrain slope, and others. In addition, each 
technology is limited by a maximum packing density to ensure that generators do not 
hamper performance of other generators in the grid cell, such as through wakes for 
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wind turbines and excessive shading for solar panels. More information about these 
criteria and the WIS:dom-P model can be found in the technical documentation.12  

 

 
12 https://vibrantcleanenergy.com/wp-content/uploads/2020/08/WISdomP-Model_Description(August2020).pdf  
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