














































































































































































































































































































































































































MEMORANDUM 

 
TO:  

FROM:  

 

Interested Persons ~  

Terry Black, proje~ b~r  

Michigan Electricity bptions S udy  
 
SUBJECT: Michigan Electricity Options Study (MEOS) Reports  

On October 22, 1987 the results of the Michigan Electricity Options Study (MEOS) were released. The Study 
examined the cost, contribution and other key characteristics of a wide range of options and option combinations 
to meet electricity needs under various future demand scenarios.  

Attached for your information is a complete list of the reports prepared in conjunction with the Study. These 
reports are available at the cost of printing and mailing, and multiple copies can be ordered.  

A. Summary of the MEOS Project  

Unprecedented in its broad scope and cooperative nature, the ME OS Project involved about 200 participants 
from more than 90 organizations--electric utility companies, commercial and industrial users, business 
associations,  
environmental organizations, universities, consumer groups and state government. All of the major stakeholders 
in our electricity system helped both to frame the Study and to assure that its results were credible, useful and 
reasonably balanced. That participants were able to agree on so much is a tribute to the strength of their 
commitment to producing the data and tools required to assure a least-cost, reliable power supply for Michigan's 
future.  

Among the Study's more important contributions to rutur e electric resource planning are the following:  

 It provides for the first time a comprehensive description of Michigan's existing electricity system, current 
electricity usage, major supply- and demand-side options, and analyses of resource alternatives under 
various constraints and assumptions about the future.  

 It indicates the major economic and environmental consequences of choosing different resource strategies 
for meeting future needs.  

 It shows that the capital investments and total economic costs of different resource strategies will vary by 
hundreds of millions of dollars by the year 2005. 

  
 It demonstrates that the costs of electric resource options can vary from as little as one-half cent per 

kilowatt-hour of electricity generated (or saved) to over ten cents per killowatt-hour, with the least 
expensive options being conservation and efficiency, cogeneration, refurbishment of existing plants and 
power purchases.  

 It shows that extending the Ii ves of current generating plants could provide over 4,400 megawatts of 
capacity over the next 20 years (the equivalent of 6-8 new, medium-size power plants), cogeneration and  
renewable fuels could provide over 800 megawatts of capacity, and conservation and load management 
programs could provide over 2,000 megawatts of capacity equivalency.   

•  
 
It suggests that average electricity rates in the Detroit Edison/Consumers Power region could 
be reduced by more than 20 percent during the next two decades (in real, non-inflated dollars) 
under current assumptions about demand growth and future fuel prices.  

 
 
 
 

 
 And, it provides the basic information, analyses and tools needed by electric utilities and business 

customers to make cost-effective electric resource decisions for the future.  

 

 



 

Guide to MEOS Reports  

Three levels of detail are presented in the various MEOS reports. Overviews of study results are presented in the 
Executive Summary and Final Report. The Executive Summary covers the Study's principal conclusions and 
highlights of key information about the options studied and scenarios analyzed. The Final Report contains more 
details of the options studied, the scenario analyses, and the study's methods and tools. It also summarizes the 
results of the six MEOS Work Groups' analyses.  

The second level of detail is presented in the six Work Group reports which cover the information gathered, 
analyses performed and conclusions reached by each of the Work Groups. These reports also contain the 
principal results of the work of the various consultants that were contracted to undertake detailed analytical 
studies for the Work Groups.  

The third level of detail includes the contractor/consultant reports. These reports are the most detailed and 
technical, and they tend to be highly specific in focus.  

In considering which reports may be useful, it is important to realize that some of the same information is 
covered at each type of report. If you are uncertain as to the level of detail in which you may be interested, it 
may be  
useful to start with the more general--the Final Report--followed by Work Group reports and then the contractor 
reports.  
 

 

A JOint Public and Pnvate Sector Project Coordinated by the Michigan Department of Commerce  
 



Preface  

Early in 1984 the Michigan Department of Commerce's Energy Administration (EA) was 
asked by Governor James Blanchard to assist public policy makers in analyzing future electric 
power needs and options. After reviewing the information available at that time, the EA 
concluded (1) that Michigan had many options for meeting future power needs, (2) that the 
costs of various options differed significantly, and (3) that Michigan's primary focus should 
shift from determining exactly when new capacity will be needed to what is the least 
expensive ~ to provide that capacity at a given level of reliability.  

The July 1984 EA report clearly documented the need for comprehensive integrated 
resource assessment in Michigan. Making such assessments requires the development of a 
quantitative modeling structure that will accommodate the various demand- and supply-side 
data needed for comparing resource options. In addition, it requires a relatively 
comprehensive cost analysis of Michigan's resource alternatives. Thus, the EA report 
recommended that a detailed study be performed by the Department of Commerce in 
cooperation with utility companies, customer groups and other stakeholders regarding the 
feasibility, cost and long-term economics of the various options for meeting Michigan's future 
electric power needs.  

In 1985, at the direction of the Governor, the Commerce Department invited the input and 
cooperation of all the major electricity stakeholders in framing a comprehensive study of 
resource options. As a result, the Michigan Electricity Options Study (MEOS) was initiated to 
generate the information and analyses required to assist utility planners, state regulators and 
other interested parties in making economically sound judgments regarding the potential 
contribution of various resource options for meeting Michigan's uncertain electricity needs 
over the next 20 years.  

Given the scope of the Study, it was necessary to divide the work among six working groups. 
  

Work Group # I examined options for improving the existing generating, transmission and 
distribution system and for extending the life of existing power plants.  

Work Group #2 examined the potential for demand management options, including peak load 
management and energy efficiency and conservation alternatives. 

 Work Group #3 investigated the potential for non-utility power production, including 
cogeneration and alternative fuels.  

Work Group #4 examined new utility power plant options and alternative options for 
completing Midland.  

Work Group #5 prepared a series of baseline electricity peak load and sales estimates for use 
by the Work Groups and Project Management in developing MEOS demand and sales growth 
assumptions. And,  

Work Group #6 served Project Management in a technical advisory role with principal 
responsibility for developing project-wide assumptions, assisting with the integration of the 
results produced by other Work Groups, and coordinating the modeling work needed to 
develop the integrated resource analysis portion of the Study.  

A management consultant, ICF Incorporated, was hired to help coordinate the overall 
Study effort, resolve technical problems, and assist with the integration of the final results 
through the development and use of an Integrated Planning Model (IPM). Several other 
contractors were employed to assist the various Work Groups, providing needed expertise and 
additional resources to complete the work in a timely and efficient manner.  
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As part of the broader MEOS effort, this Work Group Report is designed to provide 
important information for utility planners, customer groups, state regulators and other 
electricity stakeholders. It is written for readers who are interested in the information, 
assumptions and analyses underlying the integrated analysis framework used in the 
MEOS for analyzing electricity resource options available to meet Michigan's future 
electricity needs.  
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Figure 1-1  
Michigan Electricity Options Study  
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  !     
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  Final Report     
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Table 1-1: Work Group #6 Work Tasks  

Tasks 

Assessment Phase  

1. Prepare a list of tasks and time  

table for Work Group #6.  

2. Review and assess existing planning  

approaches, methods and models that  

might be available to analyze the  
options, their costs and ability to  

satisfy the anticipated range of demand.  

3. Propose research questions to be answered  

by the study and recommend parameters  
(scope) and criteria for screening  

options to analyze.  

4. Request from each Work Group a list of the  

key characteristics for each option, plus  

the assumptions and input variables needed  
to complete their respective analyses. Request  

reporting format ideas from other Work Groups.  

5. Assist with the preparation of "a description  

of the information (or output variables)  
needed to answer research questions.  

6. Review the integrated planning tools, models  

and methods proposed to be selected and/or  
developed to produce the information (or  

output variables) needed to answer the  

research questions.  

7. Evaluate and advise Project Management on  
the assumptions and data proposed by reF  
to be used in the models to produce the  
information (or output variables) needed.  

8. Advise Project consultant on modifying  
methods and models as needed.  

9. Review proposed model modifications and  

modified models.  
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Work Plan 

Subgroup  

Work Group #6  

Models Subgroup  

and Work Group #  

Work Group #6  

Models Subgroup  

and Work Group 

::  

Models Subgroup  

and Work Group 

::  

Work Group #6  

Models Subgroup  

Models Subgroup  



Table 1-1 Continued  

Tasks 

Assessmen t Phase  

10. Review and advise Project Management  
regarding the preliminary data compiled  

by Work Groups and rCF for preliminary 
test.  

11. Assist rCF in performing a 
preliminary  

integration test.  

12. Assist Project Management in developing 
an  
approach to environmental cost 

assessment.  

Research Phase  

13. Review revisions of the integrated models 
and  
data, and advise Project Management 
regarding  
quality of products.  

Integration Phase  

14. Advise rCF regard~ng integrated 

analyses  
and review preliminary work products.  

Recommendation Phase  

15. Assist in the formulation of 

recommendations  
and review draft reports prepared by 
Project  

Management  

Final Review Phase  

16. Review proposed Final Report to Advisory 

Committee.  

17. Review documentation prepared by rCF on 
tools,  
models, methods and data for future use.  
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Models Subgroup  

Models Subgroup  

Environmental  
Subgroup  

Models Subgroup  

Work Group ~6  

Work Group ~6  

Work Group #6  
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Also, in its early efforts to assist in developing the scope and overall research structure of 
the Study, the Work Group was instrumental in developing research questions and identifying 
the analytical tasks that needed to be completed to answer the research questions. (See Table 1-
2, Proposed Research Questions.)  
The proposed research questions were divided into three categories:  

 Analysis of Options by Work Groups #1-#4  
 Electricity Demand by Work Group #5  
 Integration Analysis by Work Group #6  

2. Assumptions Development  

While Work Group #5 and Project Management were primarily responsible for developing 
the economic, electric sales, demand, financial and fuel price assumptions, Work Group #6 
provided review and recommendations to Project Management regarding those assumptions. 
Work Group #6 also provided the environmental and regulatory assumptions used by the Work 
Groups in their options analysis.  

At Project Management's request, rather than establishing an electric sales and demand 
forecast per se, the Work Group reached agreement on two reference demand scenarios=Cases 
A and B, for both demand and sales. The reference cases took into account preliminary Work 
Group #5 sector projections, as well as other forecasts of Michigan electricity demand in 
formulating its assumptions. In addition, the integrated planning analysis provided for wide-
ranging sensitivity analyses to be conducted for each of the cases. (See Chapter III for further 
details of Work Group #6's role in the development of key assumptions.)  

Since the principal objective of the Study was to develop and illustrate applications Of 
integrative planning tools, a demand scenario approach was considered the most appropriate 
one to pursue. This would avert a potentially controversial, protracted and expensive effort to 
produce a forecast. It was generally felt by both Project Management and Work Group #6 that 
better project resource allocation would result from this decision.  

3. Inter-Work Group Consistency  

The membership structure of Work Group #6 was helpful in assuring that inter-Work Group 
consistency was achieved. Each of the Work Group Coordinators was a member of this Work 
Group, and therefore, Feedback to and from each of the Work Groups was facilitated by the 
Coordinators.  

Some of the Work Group #6 activities were directly related to the consistency effort. Early in 
the Project, the Work Group's Models Subgroup developed a set of screening criteria, which 
provided each Work Group with guidelines on which options to study. This provided some 
consistency in deciding how options were to be culled out for detailed consideration (See 
Figure 1-2, Criteria For Screening Options.)  

The Work Group also assisted Project Management by reviewing each of the Work Groups' 
Final Report Executive Summaries during the final phase of the Study.  
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Table I-2: Michigan Electricity Options Study  
Proposed Research Questions 

Analysis of Options by Work Groups #1- #4  

1. What criteria should be used to determine which resource options are to be analyzed? 
(first-level screening)  

2. What are the technical and achievable potential contributions of each option?  
(kW, kWh, availability profile)  

3. What will be the owning and operating costs for each resource option?  
(cents/kWh, dollars/kW)  

4. What is the time schedule for achieving the achievable potential?  

5. What are the other key characteristics and impacts (environmental, societal, legal, 
regulatory, etc.) of each option that cannot be stated in dollar terms?  

6. What will affect the key characteristics of each option?  

7. What are the uncertainty and probability distributions of the key characteristics of each 
option?  

8. How can the uncertainty of key characteristics be reduced or mitigated through risk 
management strategies?  

Electricity Demand by Work Group #5  

1. What is the likely range of electrical energy (kWh) and peak demand (kW) needs  
and resulting load shapes for each year from 1985-2005?  

2. How is electricity used by end-use?  

3. Wha t are the impacts of electricity and fuel prices and economic growth on electrical 
energy, peak demand and load shapes?  

4. What are the likelihoods (probability distributions) of electrical energy, peak demand 
and load shape forecasts?  

Integration Analysis bv Work Group #6 and Project Management  

1. What criteria should be used to determine which options are to be evaluated?  
(second-level screening)  

2. What criteria should be sued to determine which combinations of options are to  
be evaluated? (third-level screening)  

3. What are the owning and operating costs for each option and each option combination 
for each demand scenario?  
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Table 1-2 Continued  

4. What are the quantifiable environmental, societal, legal, regulatory and other costs of each 
option and each option combination for each demand scenario?  
(both total dollars and cents/kWh and dollars/kW)  

5. What are the non-quantifiable key characteristics and impacts (environmental, societal, 
legal, regulatory, etc.) of each option and for each option  
combination for each demand scenario?  

6. What is the price of electricity for each option combination for each demand scenario?  

7. What are the uncertainties and probability distributions of the key characteristics of each 
option and option combination for each demand scenario?  

8. How will each combination of options perform with respect to risk management strategies 
to reduce or mitigate the uncertainty of key characteristics.  

9. What combinations of options are "most desirable" based on both the quantifiable and 
non-quantifiable costs of each option for each demand scenario?  
(fourth-level screening)  

10. What implementation strategies would be required and appropriate to achieve each  
desirable combination of options?  

11. What is the economic impact of "over" or "under" providing electricity resource options?  

8  



Figure 1-2  

MICHIGAN ELECTRICITY OPTIONS STUDY  
CRITERIA FOR SCREENING OPTIONS  

 

Firs~-Level Screening  

Criteria by WG's #1-Q4  

Which Options to Study  

(P~ss/Fail)  

1. Minimum potential  

contributions in kW  

and kWh .•  

2. Technology is 

commercially available 

by  

1987.  

3. Maximum cost per kW  

and per kWh .•  

4. Likely to meet or can  

achieve current 

regulatory standards.  

 

Second-Level Screening  

Criteria by WG 06 & PH  

Which Options to  
Evaluate  

(Pass/Fail)  

1. Minimum potential  

contributions in kW  
and kWh.  

2. ~4Ximum costs per kW  

and per kwh.  

3. Meets or can achieve  

current regulatory  

standards.  

 

Third-Level Screening  

Criteria by ~G U6 & PH  

Which Option 

Combinations to 

Evaluate  

1. Balances supply and  
demand (energy and  

peak) with specified  
levels of reliability.  

2. Cost per kW and per  

kWh.  

3. Meets specified  

environmental and  
regulatory 

performance 
standards.  

 

*Levels to be determined by each work group.  
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II. Model Development and Implementation  

A. Model Development  

Assisting in the selection of an "Integrated Planning Model" was a function assigned to 
Work Group #6. Project Management, with Work Group #6's advice, was responsible for 
defining the type of model that would best serve the goals of the MEOS Project. It was 
determined that part of this process should be to conduct a preliminary review of a number 
of available planning models, in order to provide the Work Group with a basis for making a 
recommendation on model selection and to begin the education of those members of Work 
Group #6 who were not experts in the field of modeling. The Work Group identified 
planning models used by the following entities  
for review: the Northwest Power Planning Council, Bonneville Power Administration, 
Electric Power Research Institute, Detroit Edison, Consumers Power, Virginia Public 
Service Commission, the State of California and the State of Wisconsin.  

It was agreed that the model(s) chosen should incorporate the following characteristics: 
flexibility, ease of use, and the ability to develop both near-term and long-term cost 
projections. Because of the complexity and importance of the modeling responsibilities, 
Work Group #6 established the Models Subgroup.  
The initial function of the Subgroup was to review the available planning models and make 
recommendations to Work Group #6 as to which would best meet the needs of the Project.  

Preliminary work of the Models Subgroup involved the review of a number of models, 
including:  

 o  "HELM," a load/resource model used to examine end-use by sector.  

 "WASP," a production costing model developed for the International Atomic Energy 
Agency. WASP (Wein Automatic System Planning Model) can be used to find the optimal 
generation expansion policy for an electric system.  

 EPRI's "Over/Under Capacity Planning Model," a model that performs risk analysis in 
conjunction with system analysis. It considers demand uncertainty, measures trade-offs 
between having adequate/Inadequate energy and determines construction programs yielding 
minimum total cost to the  
customer.  

 o  EPRI's "LMSTM," a load management strategy testing model:  

 "OGP-FSP," Optimum Generation Planning--Financial Simulation Program developed by 
General Electric, a capacity planning model which uses a linear programming approach. The 
Financial Simulation Program is a simplified corporate model which uses the output from 
OGP to generate  
financial statements.  

 "MAREL," Multi-Area Reliability Computer Program, a model which estimates generation 
system reliability on an interconnected system.  
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 "PROMOD," a production costing program which was developed by Energy Management 
Associates. PROMOD uses an equivalent load approach to estimate the generation dispatch 
and resulting fuel and production costs.  

 "PROJANAL," a model developed by Detroit Edison which provides levelized bus bar costs 
for proposed generating units.  

The selection of ICF as Project Consultant in October 1985 accelerated the model 
selection process. Preliminary model review work by the Models Subgroup, reflecting the 
ideas and thoughts behind the model selection process, was embodied in the MEOS "Draft 
Model Primer." This document, combined with continued input from the Subgroup, provided 
Work Group #6 with the necessary information to make a final  
recommendation on model selection.  

ICF and the Models Subgroup defined the MEOS Project requirements which needed to 
be met by the planning model chosen. The key requirement of the modeling framework for 
MEOS was that "production costing" and "resource planning" be incorporated into the model. 
The model would need to consider the variable costs of a full range of electricity options, 
along with plant and transmission system operating characteristics and constraints 
(availability of generation units and transmission equipment, minimum turndown and 
demand-side option performance), in determining the least-cost dispatch which would meet 
projected load requirements, i.e., a "production costing" model. However, the model would 
also need to consider the full costs (capital and other fixed costs, as well as the variable costs) 
of new electricity resource options in making capacity planning or demand-side decisions to 
satisfy future load requirements, i.e., a "resource planning" model.  

Decisions to add new utility capacity, demand-side management options or non-utility 
supply options to the system have to be made in tandem with present and future dispatching 
decisions. Capacity 'planning decisions also have to be made based on the expected demand 
for electricity and the available options for meeting capacity requirements over time. 
Dispatching decisions depend on the hourly demand for electricity and conversely on the 
resource option decisions made. Ideally, the modeling framework should not only integrate 
the alternative electricity options and scenario assumptions being developed by the Work 
Groups, but also integrate "resource option" and "production costing" considerations as well.  

The types of models available to meet the requirements of the MEOS Project as set forth 
by the subgroup and ICF were then reviewed. Models cannot be easily characterized as a 
certain type or in a specific category because they are often hybrid in nature, using different 
decision rules and structures within the same model. However, there are certain general 
model types or attributes which are useful characterizations:  

 
Optimization Models--These are models which are specifically designed to determine a 
"best" solution or solutions (in the sense of a minimum or maximum of some objective 
function) given a specific objective or set of objectives and a set of solution constraints. 
Generally, an objective function is expressed as an equation to minimize costs or maximize 
revenues. In the case of electricity resource planning, an optimization model would develop a 
"least-cost" electricity plan subject to a detailed set of cost and financial assumptions, 
environmental and other constraints. Optimization models which reflect standard engineering 
or economic relationships use a long series of linear equations that serve as constraints. For 
example, total electricity generation from all power plants or other resource options less 
distribution losses would be required to equal sales demand (less imported power). All of 
these equations are solved simultaneously to determine a "least-cost" solution.  
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Optimization models are very suitable for problems in which decisions are based on 
economic, financial or other analytical relationships. They are less suitable when behavior 
cannot be explained on the basis of economic or other statistical relationships. They also 
require a great deal of data and information in order to solve problems accurately, and they 
can take a great deal of computation time.  

2.Simulation Models--differ from optimization models in that rather than determining a "least-
cost" or "best" solution given a long series of economic and engineering relationships, these 
models solve to meet a limited set of conditions or requirements with a large portion of the 
decisions regarding resource options and future events already predetermined and treated as 
specific inputs to .the model.  In the case of electricity option considerations, a  

simulation model might operate or dispatch an electricity power system subject to a fixed 
capacity expansion or resource plan with a given set of dispatch rules specified by the user. 
 Generally, many, if not all, of the resource decisions are specified by the user in a 
simulation model.  

Simulation models are suitable when relationships are so complex that analytical 
solutions are not possible or practical, or when "least-cost" behavior, other financial rules 
or statistical relationships do not apply. They also provide detailed outputs with much less 
computation time. Simulation models are often used in very large scale macroeconomic 
forecasting efforts. However, they usually do not provide least-cost economic solutions, 
which are extremely useful to policy makers or managers wanting to explore the  
implications of specific policies, regulations or financing restrictions on the  
types of strategies to be pursued.  

3. Large-Scale Integrated Models--are models which are really several models or modules 
linked together. These models are used to satisfy several objectives and they provide very 
different types of outputs. Benefit-cost models are examples of large-scale integrated models 
which measure benefit and cost outputs separately and in some cases try to optimize on both 
criteria. The models can be "optimization" or "simulation," or structured as a combination of 
both. Various modules can also be simple accounting models. That is, outputs are based on 
simple relationships between forecast variables and outputs. For example, sulfur dioxide 
emissions might simply be equal to a factor such as an emissions rate times forecast fuel 
consumption.  

A number of resource planning models were reviewed that were available and 
potentially useful in providing an integrated analytical framework for evaluating 
alternative resource decisions. These models differed across a number of attributes, some 
more important than others. The major component of an integrated modeling framework' is 
the resource planning component. The structure, approach and sophistication of this model 
is most important when comparing models. Most of the other models are ancillary to the 
major functions of the integrated framework, typically providing information to report 
writers or preprocessors of data.  
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Executive Summary--Environmental Subgroup of Work Group #6  
Environmental Assessment of Electricity Resource Options  

Michigan Electricity Options Study 

         October 1987 

A key component of MEOS was to determine the environmental output levels, impacts and, for one 
case study the financial costs of selected electricity resource options ' environmental characteristics (e.g., 
S02 emissions). It was the goal of the environmental assessment to assist with the MEOS integrative 
analysis of resource options through environmental data collection and environmental analysis of both 
the individual options and the option scenarios.  

An Environmental Subgroup of Work Group #6 was formed to assist in meeting this goal. The 
Subgroup was comprised of representatives from the Public Service Commission, utilities, 
environmental advocates and the Michigan Department of Natural Resources.  

The Subgroup undertook five separate tasks:  

1. Review the environmental data provided by the Work Groups on each resource option for 
validity, consistency and reasonableness.  

2. Provide an approach to incorporating environmental assessment into the MEOS analytical 
framework, including methodology development.  

3. Identify key environmental characteristics and output levels not covered by the Work 
Groups for selected stages of electricity production or demand modification.  

4. Assess the environmental impacts of the electricity resource options analyzed by the 
Work Groups and the MEOS resource scenarios.  

5. Evaluate and recommend methods of environmental cost assessment (dollar valuation) and 
provide an example to test the methodology.  

Efforts on each of these tasks resulted in three major accomplishments. First, the data base on 
the environmental characteristics of electricity resource options in Michigan is the most 
comprehensive compiled to date. Second, methodologies have been developed which provide a first 
step towards reaching the goal of providing decision-makers and the public with understandable 
information to assess some of the environmental consequences of particular courses of action. 
Finally, major issues  
of environmental concern and analysis with respect to electricity generation and conservation have 
been identified and consolidated to provide a focus for future research needs.  

Key Parameters and Limitations  

Key parameters were established in the initiation of this effort which provided a focus for the 
research. These key parameters also limited the scope of analysis undertaken.  
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The first of these parameters was to focus data collection only on environmental characteristics that 
have impacts within the geographic boundaries of Michigan and that occur at the point of conversion 
for the different technologies--i.e., the on-site characteristics of either the conversion of energy into 
electricity or the conservation of electricity (including the waste disposal of on-site by-products).  
Second, environmental characteristics have been collected for normal operation of the electricity 
options. Accidental or unusual discharges or other characteristics were not included.  Third, the MEOS 
analysis was generic in nature and did not include site-specific factors (such as the effects of water 
discharges on the receiving environment)--important in assessing environmental impacts of particular 
courses of action.  

As a result of these decisions regarding the focus of this initial assessment, the MEOS 
environmental analysis has a number of limitations. First, the characteristics provided and analysis 
conducted is heavily oriented towards air emissions and, to a lesser extent, solid waste. Second, 
because site-specific factors were not included and because of the difficulty of capturing the  
environmental effects of demand-side and dispersed options, the data on environmental 
characteristics across technology options is neither equivalent nor complete.  

Third, neither the environmental assessment nor the general MEOS effort attempted to incorporate a 
net energy balance approach to determining the effects of resource extraction and conversion or resource 
depletion.  

And, finally, time, resources and the state of current knowledge did not permit a full economic 
valuation of all the environmental characteristics for all the resource options so that a full comparison 
of societal costs could be made.  

Findings  

1. The reliance on life extension of existing utility power plants for meeting a substantial portion 
of future capacity addition needs (4,400 MW over the analysis period) will result in the 
maintenance of current emission values. The Integrated Planning Model (IPM) sensitivity run 
which excluded life extension as an option resulted in emission reductions in the ranges  
of 22 percent for S02' II percent for NOx' 8 percent for TSP and 4 percent solid waste 
reductions in 2005, but increased cumulative capital investment requirements of almost 37 
percent and increased the net present value of 20 years' annualized costs from the base case 
by 7 percent.  

2. The calculated relationship of S02 and NOx emissions to deposition on receptors yielded four 
primary results. First, the major receptor of Michigan emissions is Michigan. Second, the 
major source of emissions received by Ontario is Ontario. Third, Michigan has been 
contributing a significant part (20 percent) of its own sulfur deposition but relatively little (4 
percent) of the deposition in the critical areas of the Northeast (New York and southern 
Ontario). Fourth, a new coal-fired plant (700 MW, 70 percent capacity factor, 10,000 
Btu/kWh, 0.6 lbs. S02/MMBtu)  
satisfying NSPS requirements will add very little to the existing Michigan and New 
York/Southern Ontario sulfate deposition patterns, (0.19 percent and 0.04 percent, 
respectively).  
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3. In the higher demand growth _ sensitivity case for the Broad Options Scenario, air emissions in 
2005 will increase from 1985 levels by 135,000 tons (25 percent) for S02' 144,600 tons (42 
percent) for NOx and 7,000 tons (28 percent) for TSP. Air emissions will generally have increased 
back to pre-1980 levels by 2005. Only the Reduced Environmental Impact Scenario is able to 
hold down sulfur dioxide emission levels during the 1985-2005 period. In the high demand (Case 
A doubled) sensitivity runs for all scenarios, there is a substantial increase in solid waste 
generation by  
2005, ranging from 2.3 to 3.9 million tons per year, or approximately 23 to 39 percent of the 
current total for the state's solid waste generation.  

4. At the lower demand growth (Case B) cases of the IPM runs , the increases in environmental 
outputs are small under all scenarios. Furthermore, scenarios that promote renewable and 
conservation options are more effective in reducing environmental outputs when load growth is 
low. This occurs because, at the higher growth rates, these resources reach saturation levels before 
supply and demand are matched. At the lower growth rates, the relative contribution of demand-
side options to the additional capacity needs is higher.  

5. There is no change in indoor air quality in any of the scenarios because no retrofit 
weatherization was selected. If, however, in future iterations of the IPM such retrofits are 
selected, the weatherization of existing electrically-heated homes in Michigan will have impacts 
(small, but not negligible) on indoor air quality and human health if control technologies, such 
as air-to-air heat exchangers, are not employed. However, only 5 percent of Michigan homes 
are heated electrically at the present time, and it is expected that relatively few new homes will 
be heated with electricity.  

6. Initial assessments indicate that outdoor air, water and land pollution resulting from manufacture 
of weatherization materials is negligible compared to the environmental effects of generating the 
displaced power from conventional sources.  

7. Michigan's production of carbon dioxide through the combustion of foss il fuels to generate 
electricity is about 3.1 percent of the U.S. total carbon dioxide production from such combustion. 
 By comparison, Michigan's population is 3.7 percent of the U.S. total population.  

Recommenda tions  

While the initial MEOS environmental assessment resulted in some important findings and 
accomplishments, it should be viewed as only a beginning. As such, the following recommendations have been 
compiled by the Environmental Subgroup to provide focus and direction to future efforts .  

1. Data collection on the environmental characteristics of electricity options should be expanded 
for future resource assessments in order to more adequately detail the outputs associated with 
all the technology options--supply-side, demand-side and dispersed.  
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2. Continue to develop methodologies which can incorporate site-specific characteristics into a 
generic planning model. Specifically, incorporate a generic site characteristics in the data 
collection of technology options and, when data are available, establish a computer model 
which maintains the flexibility to incorporate new or different (a) electricity options ,  
(b) design, operating and environmental characteristics, (c) resources at risk, and (d) 
impacts.  

3. Develop a simple methodology to attribute the environmental characteristics of demand-side 
and dispersed options to that portion of the option related to electrical generation or 
conservation.  

4. Develop a method by which important parameters of electrical production or conservation 
(i.e., net energy balance, manufacturing of equipment, fuel cycle impacts, accidental 
discharges) can be fairly accounted for in the environmental assessment of electricity resource 
options. This method would need to include consideration of the regional percentage of 
production, the boundaries for such an expanded analysis, and the application of this analysis 
to the technologies being examined and the integrated analysis of MEOS.  

5. Continue to utilize the IPM to determine the amount of emission reduction achieved through 
the selection of alternative options and the retrofitting of existing resources, and the cost of 
such alternatives.  

6. Research on the correlation between emissions, acidic deposition, and health and ecosystem 
impacts should continue to be examined. When such data become available and applicable, 
the correlations should be quantified to provide a better measure of the value received for 
making emission reductions.  

7.Although an economic valuation methodology for environmental characteristics/impacts 
was developed and sample calculations were modeled, there was insufficient agreement on 
the data and data economic values to permit an analysis of cost impacts. Such a methodology 
would be useful in providing more detailed comparisons of specific courses of action--
information that is not available through the identification and quantification of option 
environmental characteristics. However, additional research, discussion and, finally, 
agreement on the data and data economic values must occur in order for the methodology to 
be useful in integrated resource planning.  
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PREFACE  

Early in 1984 the Michigan Department of Commerce's Energy Administration  

(EA) was asked by Governor James J. Blanchard to assist public policy makers  

in analyzing Michigan's future electric power needs and options. After  

reviewing the information available at that time, the EA concluded (1) that  

Michigan had many supply- and demand-side options for meeting future power  

needs, (2) that the costs of various resource options differed significantly,  

and (3) that Michigan's primary focus should shift from determining exactly  

when new capacity would be needed to what is the least expensive way to meet  

electricity needs at a given level of reliability.  

The 1984 EA report clearly documented the need for a comprehensive and  

integrated approach to resource assessment in Michigan. Making such  

assessments requires the development of a quantitative analytic structure that  

takes account of the extensive data and assumptions needed for comparing  

resource options. In addition, it requires a relatively comprehensive  

technology and cost analysis of Michigan's resource alternatives. Thus, the  

EA report recommended that a detailed study be performed by the Department of  

Commerce in cooperation with utility companies, customer groups and other  

stakeholders regarding the feasibility, costs and long-term economics of the  

various options for meeting Michigan's future electric power needs.  

In 1985, at the Governor's direction, the Commerce Department invited the  

participation of Michigan's major electricity stakeholders in framing a  

comprehensive study of resource options. As a result, the Michigan  

Electricity Options Study (MEOS) was initiated to generate the information and  

analyses required to assist utility planners, state regulators and other  

interested parties in making economically sound judgments regarding the  

potential contribution of various resource options for meeting Michigan's  

uncertain electricity needs over the next 20 years.  

The MEOS initiative is a joint private and public sector research effort  

to identify and analyze the costs and potential contributions of the major  

demand-side and supply-side electric resource options available to Michigan.  

It also represents a cooperative effort to strengthen and broaden Michigan's  

electric resource planning capabilities. Unprecedented in its broad scope and  

cooperative nature, the Study has involved nearly 200 participants from over  

90 organizations, including state government, electric utility companies,  

commercial and industrial users, business associations, universities,  

environmental organizations, and consumer and other interest groups.  

While representatives of numerous agencies, organizations and companies  

participated in this study and helped to frame its approach, the assumptions,  

conclusions, findings, and recommendations do not represent the official  

positions of any of the participants. Project assumptions and, ultimately,  

its findings, conclusions and recommendations, reflect substantial agreement  

but not full consensus among project participants.  
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I. INTRODUCTION TO THE MEOS PROJECT  

The 1984 Energy Administration study of Michigan's future electricity  

needs and options reflected broad public concerns regarding the costs and  

availability of competitive power supply in the 1990's and beyond. In  

response to the Study, Governor Blanchard initiated an effort to ensure an  

adequate, reliable, and cost-effective future electricity supply for the  

state. One of the major components of the initiative was completion of a  

comprehensive assessment of available electricity resource options. This  

report presents the findings of the Michigan Electricity Options Study (MEOS),  

which was initiated in the spring of 1985 to accomplish that assessment.  

MAJOR PROJECT GOALS  

The MEOS represents a cooperative effort to strengthen and broaden  

electric resource planning capabilities in Michigan. Its primary purpose was  

to develop and make available for use within the state the tools and expertise  

required to perform integrated assessments of electricity resource options.  

Integrated assessment means the analysis and comparison of the planning  
trade-offs related to a wide range of resource options based upon  

consideration of a variety of important option characteristics. These  

characteristics include cost, potential (for reducing electric demand or  

increasing generation capacity), reliability, environmental impacts, and  

socioeconomic effects. Resource options means devices or equipment used to  
generate or transmit electricity to utility customers, devices or equipment  

used by businesses or individuals to generate electricity for their own needs,  

and conservation and load management programs sponsored by utilities or  

government agencies which increase the efficiency or change the patterns of  

electricity use by customers.  

The following goals were the major focus of the MEOS Project:  

 establish a cooperative process for integrated  
resource assessment,  

 conduct basic research to develop essential data  
and models, and  

 demonstrate the usefulness of the integrative  

process, data and models in planning to meet  

Michigan's future electricity needs.  

Establishing a cooperative process for integrated resource assessment  
was important because it permitted the project to draw upon the knowledge,  

skills and perspectives of many different organizations and individuals who  

have a stake in Michigan's electricity future.  An important product of the 

process has been the interactions and communications among the parties and the  

education of all participants about the concerns of other stakeholders in  

utility planning. In addition, a framework was developed which can be used to  

provide objective analyses of and insights about utility planning issues.  

 

 



Figure 1  
Major Project Goals and Objectives  
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Basic research was conducted to provide the data, methods and models  
required to make the analytic framework useful. Alternative methods and  

models designed to perform cost and technology assessments were reviewed, and  

the tools best suited to Michigan and its perspective on electricity planning  

were selected. Data was gathered and assumptions were developed to provide  

inputs for the methods and models. Because the data bases necessary to  

perform comprehensive resource assessment were not available within the state,  

a substantial portion of the in-kind and monetary resources devoted to MEOS  

was allocated to data development. Although significant progress was made in  

this area, project resource and time limitations prevented the development of  

all of the information needed for a totally comprehensive assessment of option  

characteristics and impacts.  

The other major goal of MEOS was to demonstrate the usefulness of the  
process, data and models to perform integrated resource assessments under a  

variety of assumptions and different planning perspectives. Resource  

scenarios were developed for analysis to illustrate the quality of the  

project's information and analytic techniques, as well as to provide insights  

regarding the relative costs, potential contributions, environmental impacts,  

and risks associated with various options and option combinations. The  

results of this demonstration could be used to develop resource planning  

strategies for the state and to set a research agenda for improving and  

refining the assessment process.  

PROJECT OBJECTIVES  

The project's basic goals gave rise to six specific objectives:  

 (1)  assess the state's current electricity usage, existing power  

supply system, and forecasts of future electricity 

demand;  

 (2)  analyze the costs and other characteristics of resource  

options now available to Michigan;  

(3) develop a "least-cost" approach to resource assessment;  

 (4)  examine the trade-offs between minimizing costs and meeting  

other important planning objectives;  

 (5)  address the uncertainties and risks associated with  

alternative planning decisions; and  

 (6)  make MEOS information and tools available to parties  

interested in the utility planning process.  

 

























"We do not inherit the earth from our ancestors, we borrow it from our children."

We are the stewards of this land.
Are we protecting it and keeping it healthy for our Children?



Enbridge’s Oil Pipeline Breach Near Kalamazoo, MI

OUR LEGACY?



Clean, Pure Michigan

Is our Energy Production Polluting our Land, Or MAKING IT CLEANER?



300 MPGe over last 6,000 Miles
Built in a Barn by Michigan Public School Graduate

Efficiency by DESIGN

WE MUST DESIGN CLEANNESS INTO ENERGY PRODUCTION.



GOOD NEWS!
In 2012, Wind Power in Michigan is less expensive to install than Coal!

BAD NEWS!
641 Wind Turbines = 978 MW
1 Nuclear Plant = 1,000 MW

1 Coal Plant = 1,000 MW



Germany Gets about as Much Sun at ALASKA
Yet, is producing 40% of its Electricity with SOLAR!

Why?  Feed-In Tariffs, Guaranteed Grid Access



ENERGY STORAGE MYTHS

High Level Nuclear Dry Cask Storage at Big Rock Point, 
Traverse City, Michigan.

Safe storage for 10,000 YEARS+ !?
Who says we can’t store energy over night?



A123 GRID STORAGE SYSTEM.  
Up to 4 MWh Capacity Per Trailer



The Ultimate GRID STORAGE SYSTEM
Battery Electric Cars with Grid Access

We’re Building them TODAY!



In Summary, 

I recommend that we phase out Coal, Nuclear and Natural Gas as existing plants reach the end of their lives, and that we replace them 
with clean, and less costly renewable sources like wind and solar.  We also must focus on reducing consumption by improving 
efficiency’s of our cars and buildings.

1. In 2012, Wind Power in Michigan is less expensive to install than Coal today!
2. Use Germany’s success with Solar as a template to grow our Solar Industry

a. Legislate Feed-In Tariffs with 20 year contracts 
b. Guaranteed grid access 
c. Streamline paper work for Solar Installations 

3. Develop a standard to allow Electric Vehicles to function as Grid Storage Systems
4. Encourage Michigan Battery Producers to support Grid Storage Applications.
5. Heighten Focus on Legislation to set higher standards for Efficiency's in Buildings and Cars
6. Continue to make legislation that sets extremely high standards for clean environment

To solve our problems we must all be involved and active in doing the work that needs to be done to prepare for a healthy future.

The role of our policy makers is to set high standards for what is best for the entire community in the long run.  We must not seek to 
just please our immediate constituency.

Thank You, Kraig Schultz, www.SchultzEngineering.US, 616-540-7027

http://www.SchultzEngineering.US/


















































MICHIGAN  

ALTERNATIVE & RENEWABLE ENERGY 

CENTER (MAREC) 

 

Kim Walton 

Program Director for MAREC/GVSU 

 

 

Welcome to  



O-Degrees -MI gets 79% of Miami 
Fl’s solar Radiation (Panels Laying 
flat)  
 
90 Degrees –MI gets 97% of Miami 
Fl’s solar Radiation (Panels up 
right)  
 
Set at Latitude - MI gets 81% of 
Miami Fl’s solar Radiation 
 
Set at Latitude -15 degrees - MI 
gets 84% of Miami Fl’s solar 
Radiation 
 

So you’ve heard MI doesn’t have good solar! 



Key Project Goals 

Quantify Michigan’s 
Micro Climates 
 
Assess the  benefits of 
renewable energy 
technology on 
working class families 
 
Work with the Great 
Lakes  Renewable 
Energy Association  to  
build off the 3.5 
million dollar grant  
money, to help local 
businesses. 
 



Wind 
Key Project Goals 

 To collect and analyze wind data essential 
to the consideration of future wind 
industry development on the Great Lakes 

  To develop real-time / hub-height 
offshore wind data called for by prior 
Great Lakes wind assessment studies 
(2004 & 2009) 

  To validate the use of laser pulse (LIDAR) 
technology on a mobile platform as a 
viable wind assessment technology 

 Goal to advance the knowledge of bird 
and bat ecology over the Great Lakes 



 

Michigan has a good start on 
renewable energy usage and 

the businesses to support 
these technologies are here. 

 

We need to keep 
moving forward 

Summary 
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