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1.0 Introduction 
1.1 Background and Scope 

The City of Escanaba Electric Department (EED) retained Power System Engineering, Inc. 

(PSE) in August 2003 to prepare a power supply study to determine the needs for generation 

resources over the next 20 years and the preferred strategy for meeting those needs reliably and 

at a reasonable cost.  Study results are being provided in a series of reports.  The Load Forecast 

Report was issued in October 2003 and approved by the City with slight modifications to 

recognize recent announcements of expansions of two large loads.  The Alternatives Report was 

issued in November 2003 and discussed at length in an open meeting with EED, the Escanaba 

Electric Advisory Council, City officials and the interested public.  At that time, PSE organized a 

meeting in Marquette to explore the interest of eight other municipal and cooperative electric 

systems in the Upper Peninsula in a coal-fired plant at Escanaba that would supply baseload 

power for them as well as covering EED’s baseload needs.  That meeting revealed strong support 

among the participants for a larger plant at Escanaba to meet part of their needs.  The group, 

collectively known as the Upper Peninsula Transmission Dependent Utilities (UPTDU), agreed 

to continue defining their collective power supply needs and to consider a coal plant at Escanaba 

as one of their resource options.   

The UPTDU group has historically purchased all requirements service primarily through contract 

purchases from UPPCo and WE Energies.  Upcoming expiration of some of those contracts is 

motivating the UPTDU group to seek new power supplies.  Since the November meetings in 

Escanaba and Marquette, EED has also met with UPPCo to discuss their interest in a long-term 

contract purchase of baseload energy from a new coal plant at Escanaba.  UPPCo has also been 

actively seeking additional power supply and could aggregate loads possibly including UPTDU 

for future wholesale power contracts.  Thus, there are multiple possibilities for contract sales to 

support a larger coal unit at Escanaba if that proves advantageous to the City. 

The scope of this study calls for comparison of power supply alternatives based on the  generic 

plant cost and operating parameters that are regularly published by the U.S. Department of 

Energy (USDOE).  Unfortunately, the USDOE data applies exclusively to the predominant plant 
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sizes being constructed.  Those plant sizes are larger by a factor of 10 than the plants that would 

be required to meet EED’s expected loads.  Reference plants in the EED size-range are very 

scarce.  This study does not include extensive work with vendors or any preliminary design 

studies to develop site-specific conceptual cost estimates.  Rather, both investment and operating 

costs have been scaled from the large units and select budgetary figures obtained from a variety 

of vendors and other sources. 

The intent is to establish a strategic direction that narrows the EED focus to a few alternatives 

and then proceeds to firm up the final plant selection through negotiation and subsequent design, 

costing, and permitting studies.  In response to PSE requests, EED has provided the following 

specific guidance regarding the scope of this report: 

• Final alternatives of interest for detailed evaluation include  

o The most economic mix of generating facilities to cover the 20-year load forecasts 
of Escanaba and other participating utilities plus 20% reserves either through joint 
ownership or contract sales from Escanaba to the buyers. 

o Include only firm transmission-based reliable and economically competitive 
power resources as the possible supplies from others. 

• The future operations and maintenance (O&M) costs for the existing units are inherently 
unpredictable.  For this study, it will be sufficient to assume that recent costs will escalate 
based on expected inflation. 

• EED does not believe that the Hannahville project1 is sufficiently developed at this time 
to provide a basis for detailed evaluation.   

• EED does not wish to actively pursue a power purchase from White Pines. 

• EED would be reluctant to accept the risk of heavy reliance on natural gas for generation 
unless the economic benefits were sufficiently compelling to offset substantial risks of 
fuel price volatility. 

• Costing of the options should be based on the present scope of work without proceeding 
to obtain site and size specific conceptual estimates. 

• This study will not include American Transmission Company (ATC) transmission studies 
to assess the needed transmission improvements that will most likely be required if 
significant capacity additions are made at Escanaba. 

                                                 
1 See Section 2.4. 



Escanaba Electric Department 1-3 Introduction 
Power Supply Study Evaluation Report  Power System Engineering, Inc. 

Based on evolving discussions with UPPCo during March and April of 2004 and reactions to the 

initial economic evaluations, EED has defined several additional alternatives to be explored 

including: 

• A 50 MW coal-fired unit would be built by EED to come on-line in 2009 with a sale of 

15 MW to UPPCo for ten years.  After ten years EED would sell 15 MW at market rates 

based on a new 600 MW coal-fired plant at an unnamed location.  EED would lease the 

existing coal-fired plant to UPPCo for ten years with UPPCo responsible for all costs 

associated with the existing plant. 

• Assume continued operation of the existing plant for 20 years with addition of 

environment controls in 2006.  EED would purchase interruptible power to match load 

growth.  EED would add a 40 MW used combustion turbine (CT) in 2013 to provide 

backup for the coal-fired units and for the interruptible purchases. 

1.2 Purpose 

The Alternatives Report provided levelized cost analyses designed to identify the technologies 

and sizes of unit additions which would provide the least-cost generation mix for EED over a 20 

year planning horizon.  Drawing on the information developed in the Load Forecast and the 

Alternatives Reports, the purpose of this study is to identify specific plans that will allow EED to 

assess the relative attractiveness of a ‘go-it-alone’ versus a ‘coalition of the willing’ strategy.  

Each plan identifies the specific size, technology, fuel and timing of each future generating unit.  

Detailed annual cost projections are provided for each plan based on best estimates of the likely 

financing parameters.  Plans are evaluated against cost, reliability, risk, and environmental 

criteria.  The final selection of a plan will only be possible following a period of negotiations 

with potential participants or contract purchasers and more detailed and site-specific costing 

studies.  This report is intended to substantially narrow the relevant options to pursue and to 

provide a sound framework for ongoing evaluations. 

1.3 Report Roadmap 

The remainder of this report begins with Section 2.0, which summarizes the characteristics, 

advantages and disadvantages of different technologies and fuels for power generation.  Some 
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options that were initially thought to be of interest are no longer considered viable.  Section 2.0 

also summarizes the basis for excluding some options from further consideration at this time.  

Section 3.0 develops the detailed cost parameters for each technology and shows the estimated 

variation of costs over the size ranges of interest.  Fuel cost projections are also included in 

Section 3.0.  Section 4.0 characterizes the uncertainties faced by EED in their power supply 

planning effort and defines the complete list of alternatives to be evaluated.  The rankordering of 

plans to align with City preferences can only be achieved when the evaluation criteria to be used 

are clear.  Section 5.0 identifies the criteria used in this report.  The combination of specific 

generation unit additions into finite investment and utilization forecasts is addressed in Section 

6.0.  Detailed financial evaluations of each plan are provided and additional plan evaluations are 

described in terms of risks and environmental impacts.  The report closes with Section 7.0, which 

summarizes the conclusions and recommendations of this study and addresses the ongoing 

evaluation and implementation efforts that will be needed to achieve the preferred result. 
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2.0 Needs, Opportunities and Available Options 
This section begins with a review of the forecasted capacity and energy requirements for EED 

juxtaposed against the current generating resources that EED has.  Sales opportunities are also 

summarized to the extent known at this time.  The potential uses of EED’s existing generation 

over the next two decades are then reviewed and the needs for new resources are identified.  

Finally alternative types of generation that could meet the needs are compared and the basis is 

provided for elimination of some possible options from detailed evaluation. 

2.1 Needs and Opportunities 

2.1.1 EED’s Own Needs 

The Load Forecast published in October 2003 anticipates growth in the annual (summer) peak at 

a rate of 1.9% per year, which increases the peak demand by about 14 MW over the next two 

decades.  Energy growth is slightly slower at an annual rate of 1.5%, which lowers the annual 

load factor as shown in Table 2.1.  Escanaba also has a dramatic economic development effort in 

progress and a possible major expansion at one of their existing customers that would 

dramatically increase the total loads served.  Those possibilities are not yet sufficiently firm to 

include in the generation expansion plan and would each need to be treated as separable 

additions to those evaluated in this study.  

Table 2.1 EED Load Forecast Summary 
Year Winter Summer Annual Total Energy Annual LF

1999 25,400 26,400 26,400 137,962 59.7%
2000 24,100 25,500 25,500 137,134 61.4%
2001 23,800 30,500 30,500 145,395 54.4%
2002 23,700 31,725 31,725 144,074 51.8%
2003 26,685 30,582 30,582 152,036 56.8%
2008 30,167 35,217 35,217 171,631 55.6%
2013 32,337 38,150 38,150 182,753 54.7%
2018 34,546 41,199 41,199 193,910 53.7%
2023 36,790 44,365 44,365 205,072 52.8%

Includes Expected Increases for Walmart and EMP in 2004  
Note: The winter, summer and annual peaks are expressed in kW.  Total energy 
requirements are expressed in MWh of ex-plant production. 
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Figure 2.1  Loads and Resources 

Escanaba Resources vs Requirements
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As a starting point for the net needs assessment, this report assumes that all EED existing 

generation could continue to operate for the next 20 years without major failures that would be 

prohibitively costly to repair.  Figure 2.1 compares needs and resources under this assumption.  

Under that assumption and planning for 20% reserves, Figure 2.2 and Table 2.2 show the 

necessary capacity additions.  Total capacity increases needed by 2023 are about 11 MW. 
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Figure 2.2 Needed Increments Above Existing Resources2 
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Table 2.2 EED MW Increments Needed Above Existing Resources 
Year Base Forecast Base + 20% High Forecast

1994 -                  -                 -                 
1995 -                  -                 -                 
1996 -                  -                 -                 
1997 -                  -                 -                 
1998 -                  -                 -                 
1999 -                  -                 -                 
2000 -                  -                 -                 
2001 -                  2,600             -                 
2002 -                  -                 -                 
2003 -                  -                 -                 
2004 -                  -                 -                 
2005 -                  -                 -                 
2006 -                  -                 -                 
2007 -                  -                 -                 
2008 -                  260                -                 
2009 -                  960                -                 
2010 -                  1,653             -                 
2011 -                  2,361             344                
2012 -                  3,066             1,415             
2013 -                  3,780             2,507             
2014 -                  4,502             3,621             
2015 -                  5,230             4,754             
2016 -                  5,962             5,904             
2017 -                  6,698             7,073             
2018 -                  7,439             8,260             
2019 -                  8,187             9,469             
2020 450                  8,940             10,697           
2021 1,083               9,700             11,946           
2022 1,720               10,464           13,214           
2023 2,365             11,238         14,507          

                                                 
2 The Rbase and Rhigh Forecasts refer to revised forecasts reflecting Wal-Mart and EMP load additions that were 

announced after the completion of the draft Forecast Report. 
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2.1.2 Retirements of Existing Resources 

In defining the plans for evaluation, EED originally proposed that the existing 24 MW of coal-

fired capacity be kept operational for backup and maintenance duty as long as it was economic to 

do so.  This study included a review of plant operating records, a walk-through inspection and 

interviews of plant operating personnel.  The conclusion reached by the engineer that conducted 

these evaluations was that there is no apparent reason that these units could not continue to 

operate for another ten years but no meaningful forecast beyond that date was possible based on 

this level of evaluation3.   

A new ruling issued by EPA in March 2004 will require investments of about $3.0 million in 

pollution control equipment for these units or would force restricted use of these units by 2008.  

EED has calculated that the units without added pollution controls would be restricted to 900 

hours per year operation to comply with tighter EPA emission limits.  The high fixed costs for 

these units coupled with such restricted operation would suggest that retirement of the units 

would most likely be the most cost effective option at the time that EPA limits would become 

effective.  Thus, any option that assumes continued operation of these units beyond 2008 must 

include the investment in new pollution controls.  Even with such investments, prudent planning 

should acknowledge the possibility of retirement of these units in 2013 which dictates a very 

short payback time for the investment in pollution controls.  Plant operating personnel believe 

that these units can operate for another 20 years with seven-year overhauls plus increased 

maintenance and downtime.  Plausible retirement dates could then be 2008 to avoid the pollution 

control investments, 2013 to accommodate the possibilities envisioned in the 2003 walk-through 

evaluation, or 2023 to match the views of plant operating personnel.  As a practical matter, if 

EED adds new coal-fired generation to cover its near-term capacity needs, the new units should 

cover the firm baseload needs for the system over the planning horizon.  The existing units can 

then be used as allowed and advantageous but prudent planning should acknowledge the 

possibility of major outages or failure of the units at a date within the planning period.  

                                                 
3 A more complete discussion of the plant evaluation is provided in the Power Supply Alternatives Report. 
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2.1.3 Sales Opportunities 

PSE is working with a group of eight cooperatives and municipal utilities in the Upper Peninsula 

that have historically been provided with all requirements wholesale service from UPPCo and 

WE Energies.  Expiration of those supply contracts in 2006 and in 2011 has created interest 

among this group in a long term contract purchase or possible ownership interest in a new 

baseload plant at Escanaba.  Based on our current estimates of UPTDU requirements, a new 

EED coal plant could sell 15 MW in 2008 followed by 40 MW in 2011.   

In light of these UPTDU needs, the following three UPTDU sales options are considered in this 

report: 

• Sale of 15 MW at 80% capacity factor beginning in 2008 and continuing for 20 years. 

• Sale of 15 MW in 2008 followed by sale of 40 MW beginning in 2011 for a 20-year 
period.  The annual capacity factor for each sale is assumed to be 80%. 

• Sale of 40 MW at 80% capacity factor for 20 years beginning in 2011. 

In each case, it is assumed that UPTDU will provide reserve capacity to cover its share of these 

transactions. 

It is possible that there might be an opportunity to build a considerably larger coal-fired plant and 

to sell the excess above EED’s needs on a long-term contract basis if a responsible party could 

aggregate enough load.  To cover the likely range of possibilities, this study assumes that a 

regional aggregator would serve the UPTDU load plus an additional 50 MW in 2008 and 2011.  

Thus, the total sales potential from a new EED coal plant would be 65 MW in 2008 and 90 MW 

in 2011.   

Finally, UPPCo indicated in a March 12, 2004 email that they might be interested in a contract 

purchase of up to 40 MW for a ten-year period beginning in 2008 if the costs are competitive 

with their other options. 

Obviously, these sales opportunities would need to be firmed up in negotiations but it is expected 

that the assumed figures will be sufficient to illustrate the economic differences among the 

alternatives. 
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2.2 Existing Resources 

As noted in the Power Supply Alternatives Report, the existing EED coal units (2X12 MW) 

appear to be in very good condition for their age and it is not possible to predict a forced 

retirement of either unit with any degree of certainty.  Nevertheless, the coal units are 

approaching 50 years of service and it would not be prudent to assume indefinite life extension.  

The units have functioned well under an arrangement that has allowed regular shifting between 

EED’s generation and market purchases depending on the relative costs.  That operation will no 

longer be possible when the UPPCo contract ends in 2005 and Escanaba will be faced with a 

more regular diet of relatively expensive coal generation4.  The net heat rate for these units is 

about 15,000 BTU/kWh.  It is fully expected that generation additions during the next 20 years 

will allow full retirement of the existing coal units although they may also be kept in running 

order to provide backup and maintenance power if it is profitable to do so.  Including 

replacement of these two units, the total capacity increment required will be about 35 MW to 

cover EED’s own requirements. 

The other EED generation is a recently installed 18.0 MW rebuilt combustion turbine.  Both the 

heat rate and fuel oil costs for this unit are rather high at 16,000 BTU/kWh and around 

$6.00/MMBTU respectively.  However, this unit may need to run substantially longer hours 

when the existing coal units are retired.  The current air quality permit for this unit would limit 

its operation on fuel oil to about 1,200 hours per year (hpy) or about 21,600 MWh of output5. 

2.3 Technologies and Fuels 

The technologies available to provide the needed new capacity include: 

• Coal-fired steam units with a scrubber 
• Gas and/or oil-fired combined cycle (CC) units 
• Gas and/or oil-fired combustion turbines (CT) 
• Gas and/or oil-fired diesel units 

                                                 
4 The cost analyses have been developed for the period from 2004 through 2023 and have been simplified by 

assuming that EED would rely totally on its own generation beginning in 2004.  This assumption is common to all 
plans and will not influence plan comparisons. 

5 Some plans assume greater output from the existing CT than is allowed, in which case unit operation beyond 1,200 
hpy can be thought of as a proxy for purchases or possibly for demand side management or distributed generation.   
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This range of technologies must be carefully combined to provide the least cost portfolio.  New 

coal units have relatively high investment costs but relatively low fuel costs.  The high fixed 

costs must be spread over many hours of operation to make this technology competitive.  Once 

these units are installed, they will typically be run as many hours as possible with allowances for 

forced outages and scheduled outages needed for maintenance.  Since these units run most 

efficiently at full load, the operating strategy is to minimize the number of starts and stops per 

year.  The units are brought up to full load and run as close to that level as possible for as long as 

possible.  Net heat rates might range from 9,000 BTU/kWh for a 600 MW unit, to 10,750 

BTU/kWh for a plant in the 200 MW size range and as high as 12,500 for units in the 50 MW 

range6.  These heat rates correspond to efficiencies of about 38%, 32% and 27% respectively.  

Efficiencies are important because they combine with fuel prices to determine the dominant 

operating cost.  

Combined cycle units add a waste heat boiler and a steam turbine to a gas turbine to allow 

efficient use of expensive but clean fuels.  Many configurations are possible.  A simple 

illustrative layout for a nominal 15 MW unit from Solar Turbines is shown in Figure 2.3.  Larger 

units of this type recently dominated the new generation market in many areas of the country 

because of the low capital costs, relatively short lead times, efficiencies achieved and the use of 

one of the cleanest generating fuels.  Sharp increases in demands for natural gas and limited 

increases in sources, however, have led to very volatile and very high gas prices.  As a result, 

many are now reticent to rely heavily on gas-fired generation as a dominant baseload technology.  

Dual fuel capability allows some hedging against gas price spikes by allowing the use of fuel oil 

that can be bought when prices are attractive and stored for use in case gas prices increase 

dramatically for a short period of time.  The efficiencies for large combined cycle units may 

reach 45% to 50% while smaller units may be in the 35% to 40% range.  The other combined 

cycle advantage in certain circumstances is the possibility of modular construction.  The gas 

turbine can be installed first and used for peaking.  The steam turbine can then be added later if 

the unit is needed for intermediate or baseload duty. 

                                                 
6 Heat rate data cannot be presented simply in an unequivocal way since the heat rates of units depend on many 

factors including the ambient air temperature and full load vs. part load operation.  The heat rates presented here 
are intended to be indicative of achievable averages over typical duty cycles. 
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Figure 2.3  Illustrative Solar® Combined Cycle Layout 
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Gas/oil combustion turbines offer low investment costs per kW and quick response times but are 

very costly to operate because of low efficiencies and high fuel costs.  They are preferred for 

peaking and reserves since they provide relatively inexpensive capacity and they are not 

expected to run for substantial numbers of hours per year.  An illustrative layout for of a nominal 

15 MW Solar® gas turbine is provided in Figure 2.4.  For large CTs in the 200 MW size range, 

efficiencies can range from 31% to 36%.  For small CTs, such as that shown in Figure 2.4, 

efficiencies are likely to be in the 30% range depending on full load vs. part load operation and 

on the ambient air temperature during operation.   
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Figure 2.4 Simple Cycle Gas Turbine 
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A final technology that can be considered is small diesel units that are ideal for distributed 

generation and for modular power supply additions.  A wide range of diesel units is available 

with lower cost units designed for peaking and more expensive units capable of baseload 

generation.  Both gas and oil-firing is possible.  Unit sizes in the 1 to 3 MW range are available 

that can be strategically placed on systems.  The peaking unit investment costs are relatively low 

and heat rates are relatively high so that the economic use is limited to relatively few hours per 

year.  Many smaller municipal utilities in the Midwest have substantial installed diesel capacity 

that has historically allowed them to purchase most of their power requirements on an 

interruptible basis.  With the more recent disappearance of excess capacity in many power 

markets, the opportunities to use diesels in that way have been diminished.  They remain, 

however, an attractive option in certain niches. 
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2.4 Excluded Alternatives 

The original scope of this study included consideration of several options that are not being 

considered for detailed economic evaluation at this time.  The status of those options can briefly 

be summarized as follows: 

• Hannahville Power Project – The Hannahville Indians have been considering a power 
plant project at a site near Escanaba for several years.  Early discussions with Vierbiecher 
Associates who has been working with them on economic development indicated that 
they felt that they have a site that may have some permitting advantages based on their 
status as a sovereign nation that would not be bound by the same regulations as other 
sites.  At that time, however, they did not have a specific project commitment that would 
be available to EED as a resource at a known point in time.  Their most recent 
discussions with EED have indicated that they are now working with Cinergy to develop 
a relatively large coal plant in the UP but the project remains insufficiently developed for 
specific economic evaluation at this time.  Certainly, this possibility should be monitored 
as EED planning proceeds but a more developed concept will be needed to compare to 
more concrete EED options that need to be pursued soon. 

• Repowering Existing Coal Units – This study included a walkthrough inspection, 
interviews of the plant operating staff, and review of plant operating and maintenance 
records by an experienced power plant engineer.  His assessment of the plant was 
provided in the Alternatives Report.  In summary, he found that the plant has been 
extremely well maintained and that it is reasonable to expect that it can continue to 
operate near present parameters for another decade.  No firm date for mandatory 
retirement can be established on technical grounds.  Nevertheless, it would not be prudent 
to assume that both units will continue in service indefinitely and it is appropriate to plan 
for the retirement of these units before significant deterioration in performance or a 
catastrophic failure.  Plant heat rates are not competitive with new units, many spare parts 
are no longer available from the original manufacturers, and the plant is designed to 
operate on relatively expensive Eastern coal.  Based on these findings, it does not appear 
prudent to consider these units as the primary baseload source for the next two decades.  
These units could continue to provide backup and maintenance power if the fixed costs 
are not prohibitive.  They could also be leased to others for specific purposes if the costs 
would be competitive with other options.   

• Purchases from Others – PSE recently sought power supply proposals on behalf of 
UPTDU, and UPPCo also recently issued a Request for Proposals (RFP).  PSE received 
proposals from out-of-state suppliers but none could provide firm service due to the 
severe transmission constraints for power flows into the UP.  ATC has ambitious plans to 
construct new transmission but such projects are difficult to permit and complete in time 
to meet EED’s needs for additional capacity.  Meetings with the Escanaba Electric 
Advisory Council revealed a strong City aversion to reliance on the existing transmission 
system or possible upgrades to that system as the primary supply source. 
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• Distributed Generation – Installation of small diesel generators at select locations on the 
distribution network can be attractive if it provides both power supply and avoids 
significant upgrade investments in the distribution or transmission network.  The 
Alternatives report has shown that the primary need for EED capacity expansion is for 
cost-effective baseload energy both to cover load growth and to replace the existing coal 
units.  Distributed generation may play a role in the capacity expansion plan but 
exclusive reliance on gas and oil is likely to be both a risky and expensive strategy.  
Establishing the size and timing of the next coal unit is the cornerstone around which 
distributed generation options should be considered.  Additions of small diesel units have 
been included in many of the alternatives evaluated to slightly shift the timing of major 
new units but no plan has been considered which relies exclusively on such units.  Heavy 
use of diesels on diesel fuel would likely violate Michigan standards on nitrous oxide 
(NOx) emissions and has not been assumed.   

• Renewable Energy – The key finding of the Alternatives report is that the first priority for 
EED power supply planning is to identify the source of new baseload generation.  One of 
the fastest growing renewable technologies for electric generation in the U.S. is wind 
power.  However, the full generation load hours of wind turbines typically range between 
2,000 and 3,000 hours per year and this resource is not dispatchable.  MAPP, for 
example, will only accredit approximately 25 to 30% of the installed wind capacity for 
load and capability purposes.  Certainly wind power is now an attractive supplemental 
technology for utilities that have sufficient resources to cover peak demands and required 
reserves on a firm basis.  In addition to the difficulties with accredited capacity, any wind 
resources in the UP will most likely require transmission upgrades that are not currently 
committed.   

A baseload renewable technology that might prove attractive for EED would be 
generation based on landfill gas.  However, such a project is highly specific to the 
particular characteristics of the local landfill and cannot be adequately assessed in a study 
of this kind that is founded on generic cost and operating parameters.   

The other baseload technology that would appear interesting for EED would utilize 
biomass for fuel in a circulating fluidized bed boiler for generation.  Biomass boilers 
typically have higher investment costs than coal boilers.  Chipping and drying equipment 
could also be required that adds investment and operating costs relative to coal.  The 
technology becomes attractive if fuel cost savings are sufficient to offset the additional 
investment.  Biomass also becomes attractive if renewable energy credits are available to 
support a project.  At this time the future of Federal credits remains unclear and subject to 
future legislative action.  Initial UP contacts regarding the possibility of long-term 
contracts for biomass supply did not identify a significant number of competitive 
vendors.  Mead Paper is one dominant vendor that could possibly fill this role but initial 
indications were that the cost of this fuel would exceed the cost of Western coal.  Given 
these indications, it does not seem that full reliance on biomass will be competitive with 
coal.  However, co-firing with 10% biomass combined with coal-firing could be 
attractive if the environmental benefits would be deemed sufficient to offset the 
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incremental cost.  Co-firing will be considered in general terms but total reliance on 
biomass will not7. 

 

                                                 
7 The City of Manitowoc, Wisconsin is in the process of adding a new 60 MW circulating fluidized bed boiler that 

will use pet coke or coal as a primary fuel but will also use up to 10% paper pellets derived from recycled waste 
paper.  This kind of alternative could be attractive for EED if pellet suppliers can be identified that will provide 
fuel at competitive costs and if renewable credits can be obtained. 
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3.0 Cost Parameters 
3.1 Costing Methodology 

In the project preparation cycle, several refinements of cost estimates are typical with each level 

intended to match available study budgets and to support a certain level of decision making.  In 

proceeding from the general to the specific, more precise cost estimates are required because 

more consequential decisions are made.  Rough guidelines for typical sequences are: 

• Pre-feasibility studies are broad explorations intended to decide if a feasibility study is 
warranted and to determine the scope of that study.  Cost estimates are taken from readily 
available secondary sources with little if any attempt to tailor the data to specific layouts 
or locations.  Tolerances of plus or minus 25% are often acceptable for this purpose. 

• Feasibility studies are intended to narrow the range of alternatives to particular 
technologies and unit sizes that will be appropriate for further development.  Ideally, 
comparable reference plants can be used to narrow the range of uncertainty in both 
investment and operating cost parameters.  Tolerances in the range of 20% are normal 
depending on the volume of reference plant data available.  Scaling of reference plant 
data is often necessary to obtain estimates for the particular plant sizes of interest.  Costs 
are simply indicated on a dollar per kW or per MWh basis without detail on the 
components included. 

• Conceptual design studies may consider data from multiple vendors and site-specific 
characteristics.  The resulting cost estimates often include about ten line item 
components.  Such studies are useful in determining the scope of design studies.  
Accuracy can vary widely depending on the specificity of the estimate and the number of 
system components to be optimized at the design stage. 

• Preliminary design studies typically begin with a selected technology, size and site.  
Alternative layouts and equipment configurations are evaluated to provide a clear notion 
of what is to be built.  Cost estimates would normally be accurate within 10% to 15% 
following this step. 

• Final design studies develop specifications sufficient to obtain bids from suppliers and 
should support cost estimates accurate within 5% to 10%. 

The Alternatives report for this feasibility study can be thought of as a pre-feasibility study that 

has established EED’s primary interest in coal-fired plants at the existing Escanaba power plant 

site as the next major step in the capacity expansion plan.  It is also expected that Western coal 

will be the preferred fuel.  The plant size remains open depending on whether EED will meet 

only local needs or will build a larger plant to sell baseload capacity and energy to UPPCo or 
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directly to neighboring cooperatives and municipal utilities.  It currently appears that plant size 

alternatives could range from 25 MW to 125 MW based on site capacity and sales opportunity 

estimates.  The Alternatives report also showed that EED could cost-effectively use a small share 

of a large combined cycle unit for intermediate duty.  This study includes consideration of a 

smaller combined cycle unit scaled to EED’s needs.  Combined cycle units are also considered as 

a baseload alternative to new coal-fired generation at Escanaba. 

Reference plant data becomes increasingly scarce as the needed unit sizes move further from the 

current norms.  The DOE coal plant parameters used for this feasibility study were adjusted 

values based on 600 MW plants while the combined cycle plant data were adjusted values from 

DOE’s 250 MW standard units.  Since a key focus of this report is on the relative attraction of a 

“go-it-alone” strategy and a “coalition of the willing” strategy, PSE has identified reference 

plants that are more closely aligned with EED needs as shown in Table 3.1.  Analysis and scaling 

of the cost data available for these plants has provided both the investment costs and heat rates 

for coal plants evaluated in this study.  The investment cost scaling curve in Figure 3.1 shows 

cost premiums of 50 percent or more for units smaller than 100 MW compared to 600 MW units. 

Figure 3.1 Coal Plant Investment Cost Scaling Curve 
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Table 3.1 Coal Reference Plants 

Plant Type Size Range 
(MW) 

Fuels Source Region 

CFB Coal Plant 250 – 300 Low grade coal 
Tires, Pet Coke 

Utility Southeast  

Coal Plant 75 – 100  Coal Utility Midwest 
Biomass Plant 25 – 50  Wood Chips Confidential Southwest 
Generic Coal Plant 2 X 350 Pulverized Coal Siemens Europe 
Generic Coal Plant 200 Pulverized Coal Siemens Europe 
Generic Coal Plant 50  Pulverized Coal Siemens Europe 
1992 Coal Plant 4 X 60 Stoker Coal Operator Eastern U.S. 
Generic Coal 600 Pulverized Coal DOE U.S. 
 

Smaller plants are also more expensive to operate.  The dominant variable operating cost is for 

fuel purchases.  Fuel input required to produce a net kWh of output is shown for various plant 

sizes in Figure 3.2. 

Figure 3.2 Coal Plant Heat Rate Scaling 
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For gas/oil-fired combined cycle and combustion turbine plants, PSE obtained simple layouts 

and data from Solar®, which is a division of Caterpillar.  Indicative combined cycle data was 

also obtained from Alstom but the smallest plant they actually offer is in the 80 MW range.  For 

diesel generators, PSE used data that we compiled for a large number of utility installations for a 

distributed generation study sponsored by the Electric Power Research Institute (EPRI) and data 
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from the DOE Annual Energy Outlook, 2004 (AEO 2004).  The EPRI data is for peaking diesels 

while the DOE data applies to baseload diesels.  For both types, the nominal size considered is 2 

MW. 

3.2 New Coal Plant Costs 

Investment costs have been developed on a cost per kW basis for all options to be considered in 

the following steps.  First, overnight construction costs expressed in 2004 dollars are estimated 

for the plants referenced above using the scaling factors shown in Figure 3.1.  The overnight 

costs are then spread over the expected construction period using typical expenditure schedules 

and the costs are escalated to each year being considered assuming plant construction costs will 

increase at 3.0% per year.  The expenditure schedule in nominal dollars is then used to determine 

the interest during construction (IDC).  Financing costs of 2.0% of the total bond issue have been 

assumed.  Both IDC and the financing costs are assumed to be capitalized.  Twenty-year bonds 

have been assumed with an interest rate of 5.5% for all plant investments.   

The non-fuel operating and maintenance costs for coal plants reflect both time-based and use-

based components.  Regular periodic maintenance generally relates to the equipment included in 

the plant and is sometimes estimated as a fixed percent of investment cost.  Such costs are 

referred to as fixed O&M in this study.  Estimates for this report for smaller units have been 

scaled from the DOE estimates in the AEO 2004 for a 600 MW unit.  The scaling factors are tied 

to relative investment costs.   

Variable O&M costs are most directly related to the amount of fuel used, which in turn is 

dictated by the heat rates for the plants.  Variable O&M costs per MWh of output for this report 

have been scaled from the DOE 600 MW unit data from AEO 2004.   

Table 3.2 summarizes the key cost and operating parameters for coal plants ranging from 25 to 

150 MW that could be of interest for Escanaba.  Data are also shown for the DOE 600 MW 

reference plant.  Escalation of all non-fuel O&M costs has been projected using the DOE 

forecasts of the GDP price index, which is expected to increase by 2.9% per year from 2003 to 

2023. 
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Table 3.2 New Coal Plant Parameters by Plant Size 

 

The 2004 $/kW cost data represent overnight costs with no escalation or interest during 

construction.  They provide a good sense of the economies of scale associated with building 

larger plants.  The construction period for a coal plant is typically four years8 on a greenfield site 

with the cost distribution assumed to be 10%, 20%, 40%, and 30% for each year.  Table 3.2 

shows the spread of construction cost outlays as well as the annual debt service for 20 years that 

has been used to evaluate the costs of each plant.  Annual fixed and variable O&M parameters 

are provided for the first year of operation.  Results are provided for multiple plant sizes and on-

line dates of 2008 and 2011 to show the cost impacts of deferral.  Finally, net heat rate estimates 

for each plant size are reported.  The heat rates determine fuel consumption, which will 

determine the dominant operating cost.  

3.3 Combined Cycle Plant Costs 

A combined cycle plant includes both a gas turbine and a steam turbine that is driven by waste 

heat from the gas turbine.  Higher efficiencies are obtained through utilization of this waste heat.  

Many different configurations are available over a wide range of sizes and costs.  Such plants 

can operate over a broad range of duty cycles to provide baseload, intermediate or peaking 

power.  Modular installation of the gas turbine for peaking and later addition of the steam turbine 

to extend the duty cycle is also possible.  EED could potentially benefit from participation in a 
                                                 
8 Siemens is now quoting a 30-month period from receipt of the order to the beginning of testing for coal-fired 

plants of the size considered in this report.   
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larger combined cycle unit, which would lower the unit investment costs and raise the unit 

efficiencies.  However, since no specific opportunity to participate in such a unit has been 

identified at this time, this option has been evaluated on a “go it alone” basis using a Solar® 

layout with nominal gross kW capacity of 15 MW.  Solar® offers this small unit on a turnkey 

basis with a maintenance contract.  Installations of up to 45 MW have been based on multiple 

modules of this layout.  Larger units have also been costed based on the scaling curves shown in 

Figure 3.3.  While these costs are representative over the range of sizes of interest, it should be 

emphasized that there is substantial latitude for optimization of these layouts and the variability 

of costs is much wider than for conventional coal plants. 

Figure 3.3 Combined Cycle Scaling Curves 
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For combined cycle units larger than 45 MW, conventional financing has been assumed.  The 

costs are presented in the same format as previously discussed for the coal units.  As shown in 

Table 3.3, the construction period for the larger CCs is three years with the cost distribution 

assumed to be 20% in the first year and 40% in each of the two subsequent years.   

Table 3.3 New Combined Cycle Plant Parameters 

 

While these units offer substantially lower investment costs than coal-fired units, the economies 

of scale in moving from very small units appear rather steep.  If this technology proves attractive 

on these terms, it will be important to explore all vendors offering appropriate units and to 

consider alternatives to the maintenance contract, which appears to be relatively expensive.  The 

O&M costs for all of the larger units have been assumed to be equal due to lack of sufficient data 

to distinguish these costs over this range of sizes. 

3.4 Diesel Units 

Diesel units have been popular with many smaller municipal utilities since they are available in 

small sizes that allow modular expansion and since they are ideal for distributed generation 

applications.  Units are available for both baseload and peaking duty cycles.  Diesel units can be 

fueled by either gas or diesel oil.  Thus, this is a very flexible technology that fills many niches.  

For this study, costs have been estimated for 2.0 MW peaking and baseload diesels as shown in 

Table 3.4. 

This table also illustrates the impact of different financing assumptions.  The EXPINT line 

assumes that EED would pay interest and finance charges during the construction periods to 
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minimize the size of the long-term bond issues.  The CAPINT lines assume that EED pays the 

finance charges up front but capitalizes interest while the CAPINTFIN assumes that no payments 

would be made during construction.  All plan comparisons are made based on capitalized interest 

and finance charges but alternate financing mechanisms could be used to optimize the favored 

plans. 

Table 3.4 Diesel Plant Parameters 

 

Combustion turbines would normally be considered as alternatives to diesels for peaking.  In this 

case, however, it is clear that the primary need of EED is to decide on how to cover baseload 

needs following the retirement of the existing coal-fired units.  Also, the small CTs that have 

been priced offer less flexibility and higher costs than the diesel units.   

3.5 Fuel Price Forecasts 

The existing EED generation baseload units are designed to burn Eastern coal.  The existing CT 

burns fuel oil.  The historic use of the CT has been limited and it has not made economic sense to 

pay to extend the natural gas line to this site.  That could change if this unit is used more 

intensively in the future or if EED would wish to extend operation beyond the 1,200 hour limit 

that is now allowed by Michigan air quality regulations.  New coal units at Escanaba will almost 

certainly burn Western coal from the Powder River Basin in Wyoming for both economic and 
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environmental reasons9.  The combined cycle and diesel units have been evaluated based on gas-

firing.   

The gas and fuel oil price forecasts shown in Figure 3.4 are taken from the DOE AEO 2004 and 

represent the cost of these fuels delivered to electric generators in the East North Central Region.  

The Eastern coal forecast is based on actual costs for 2003 with escalation estimated based on the 

AEO 2004 forecast of the GDP Chain Type Price Deflator.   

Delivered prices for Powder River Basin coal were separated into mine-mouth and delivery 

components.  Mine-mouth prices for Western coal are currently about $10.00 per ton and have 

been separately forecast to rise gradually in the AEO 2004.  They are expected to first exceed 

$11.00 per ton in 2010.  Delivery costs from the Powder River Basin to the East North Central 

Region were 0.96 cents per ton-mile in 1997 and 1.21 cents to the West North Central Region.  

Substantial upgrades are now underway of a railway route from the Powder River to the 

Mississippi River, passing through southern Minnesota, explicitly intended to facilitate expanded 

coal shipments to the Middle West.  This upgraded route intersects north-south lines running to 

Duluth that would allow combined rail and water shipment to Escanaba.  Wisconsin Public 

Service Corporation (WPS) currently receives three to four unit-trains (110-120 rail cars) per 

week of Powder River coal at its Weston plant.  Direct rail shipment to Escanaba will also be 

possible.  The average delivery costs per ton-mile to the West and East North Central Regions 

have been escalated based on the GDP deflator forecast in the AEO 2004.  Those costs have been 

increased by 10% to reflect the impact of smaller shipments and possible higher escalation to 

recover the substantial investments being made in the railway route.  Escanaba is about 1,300 

miles from the Powder River Basin.  The delivered price of Western coal to Escanaba for 2004 is 

comprised of $10.11 per ton at the mine-mouth plus $17.35 per ton for delivery.  The average 

calorific value of Powder River coal is 9,000 BTU/pound or 18 MMBTU per short ton.  Thus, 

the 2004 cost per MMBTU is $1.53, which compares with an estimated cost of $1.83/MMBTU 

for Eastern coal.   

                                                 
9 Interest is now growing in the use of pet coke as a fuel in fluidized bed boilers.  This may also be an option that 

EED will wish to consider as part of the preliminary design phase. 
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Figure 3.4 Fuel Cost Projections 
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4.0 Plan Development 
4.1 Setting And Assumptions 

In developing plans for reliable and cost-effective power supply, EED is faced with unusual 

elements of uncertainty based on all of the following conditions: 

• The load forecast is based on normal development trends for the area but Escanaba is 
actively pursuing major economic development initiatives that could bring one or more 
very large loads to their service territory.  Addition of such loads would dramatically 
influence the optimal power supply plan. 

• The impact of the recent EPA ruling will have important influence on the retirement dates 
for the existing coal units and the timing of EED’s next baseload resource. 

• ATC has recognized the current lack of transmission access to the Upper Peninsula and 
has developed plans to relieve these constraints.  However, firm commitments have not 
been made nor funding identified for all that is envisaged.  While access to larger 
regional generators appears attractive, it cannot currently be assured in the time frame 
that is critical for EED. 

• Regardless of transmission access outside the UP, addition of substantial new capacity at 
Escanaba will likely require regional transmission upgrades that have not yet been 
identified or planned to provide delivery paths for sales and for backup and maintenance 
power. 

• The status of the largest generating units in the UP, at Presque Isle, is also unclear both 
because of the uncertainty surrounding continued mining operations and because of 
environmental regulations that could influence these plants. 

• Substantial, but undefined, sales opportunities exist with neighboring utilities whose 
historic contract purchases are being terminated.   

• EED anticipates that the existing CT will not run more than 1,200 hours in any year due 
to economic, environmental and technical considerations. 

• No specific source has been identified for interruptible sales to EED although one 
alternative assumes that a source will be available from 2008 on.  

Despite these uncertainties, EED must act soon to secure new baseload supply by 2008 if the 

existing units are to be retired by that time to avoid investment in pollution controls.  To proceed, 

this study rests on the following assumptions: 
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• Plans are developed for the current forecast of EED peak demands plus a reserve margin 
of 20%.  If major new loads materialize, the plan will need to be adjusted to 
accommodate those changes once they are known.   

• The 20% reserve margin is assumed to be adequate to cover variations from the load 
forecast due to weather fluctuations and forecast error.  It is further assumed that this 
reserve level will provide adequately for backup and maintenance power, which will be 
purchased in the market if necessary.   

• The recent EPA ruling would provide three years for compliance with a one-year 
extension possible if justified.  If the existing EED units cannot comply, this would 
suggest investment in pollution controls in 2007 and restricted operation or retirement in 
2008.  If the units can comply, the preferred retirement date would be 2011, which would 
allow EED to synchronize the next baseload unit with regional demand growth due to 
contract expirations.  Thus, both 2008 and 2011 are considered as possible retirement 
dates for plans that include new baseload generation at Escanaba.  All alternatives that 
assume unrestricted operation of the existing units after 2007 include an investment of 
$3.0 million in pollution control in 2007.  It is assumed that this investment is financed 
with twenty-year bonds at 5.5% and issuance costs of 2.0%.   

• The only apparent way to force greater clarity of future transmission in the UP is to 
define EED’s preferred generation plan assuming that current limitations on outside 
access will continue in the relevant near term.  If the costs associated with new UP 
generation are higher than for the region, it will define the economic importance of 
removing bottlenecks but will also provide EED with an actionable strategy in case 
transmission improvements are not made or are not made in time.   

• Both the possible future availability of heavily depreciated generating plant at Presque 
Isle and the possible future opening of access to a broader regional market dictates that 
EED carefully secure the loads that it is building to serve over a period sufficient to pay 
for the plant through long-term financing.  

• Assumptions are made here regarding UPTDU and UPPCo potential interest in purchases 
from new EED generating facilities.  Plans are developed based on those assumptions but 
need to be revised as those levels of interest become more concrete. 

• Although plans have not been constrained to 1,200 hours of operation for the existing CT, 
the costs associated with that generation are assumed to be sufficient to cover purchases 
for the amount of peaking energy required in excess of 21,600 MWh per year.  For that 
incremental energy, the existing CT can be thought of as a proxy for a purchase. 

• The cost of interruptible purchases beginning in 2008 has been estimated based on the 
fuel costs plus variable operating costs of a new 100 MW gas-fired combined cycle unit 
plus 10%.  A generic transmission cost of $7.00 per MWh has been added to estimate the 
total delivered cost for such purchases by EED. 
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4.2 Strategies and Plans 

There are two basic strategies that EED can follow in selecting new baseload capacity.  The “Go 

It Alone” (GIA) strategy means that EED would continue to build or secure new generation 

sources to meet the City’s needs.  This is certainly the simplest to implement but the cost 

analyses in the previous section showed that there are substantial economies of scale in baseload 

generation so that economic forces push toward construction of larger plants with lower unit 

costs.  The second strategy is based on awareness that many neighboring utilities are faced with 

the need to identify new power supplies.  Sales to cover other regional needs would allow EED 

to build a larger plant.  This sales based strategy could involve direct sales to the loose federation 

of municipal and cooperative utilities known as UPTDU, to UPPCo, or to any other aggregator 

which might be interested in aggregating the UPTDU load with other area loads to support a 

larger plant.   

Sixteen alternative supply plans have been defined to reveal the preferred timing and size of the 

next EED baseload plant under various assumptions about retirement of the existing coal units 

and about the specific sales that would be made either to UPTDU or to UPPCo.  Table 4.1 

presents a summary comparison of the alternatives.  Detailed cost analyses for each alternative 

are included in the Appendices. 

4.2.1 Alternative 1 - CF3508 R2408 

This is a simple plan that assumes that 24 MW of existing coal units are retired in 2008 

and replaced with a new 35 MW coal plant.  The new plant covers both the replacement 

of the existing coal units plus all expected EED growth through 2022.  One 2 MW 

peaking diesel is added in 2023 to maintain the 20% reserve margin in all years.  This 

plan reflects the desire to add the largest possible coal unit consistent with EED’s 

requirements to take maximum advantage of economies of scale.   

4.2.2 Alternative 2 - CC3508 RCF2408 

This plan has the same retirement assumptions as Alternative 1 but replaces the coal unit 

addition in 2008 with a 35 MW combined cycle unit.  This provides significant savings in 

investment cost and eases some of the time pressure of attempting to get a new coal unit 

approved and built by 2008.  The 35 MW combined cycle has been represented by the 
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cost parameters of the 15 MW Solar® unit, which is most likely conservative.  This plan 

balances the investment cost savings against the higher operating costs based on gas.   

4.2.3 Alternative 3 - CF3511 R2411  

This plan is intended to reveal the preferred strategy if the retirement of the existing coal 

units is deferred until 2011 through investments in pollution controls in 2007.  Then, 

EED can meet its reserve requirements prior to 2011 with the simple addition of a 2 MW 

diesel in 2008.  The diesel will have lower dispatch costs than the existing CT and will 

later end up serving as an intermediate unit.  Deferral of the commitment to a large 

investment in a new coal unit is convenient both from a scheduling perspective and in 

providing more time for the transmission improvements to materialize.  With this plan, 

the order for the new coal unit could be deferred until 2007.  New opportunities for 

purchases may then become available that cannot be identified at this time.  This 

alternative, and all others that defer the retirement of the existing coal units beyond 2008, 

include the estimated $3.0 million investment in pollution control equipment in 2007 that 

will most likely be required to allow baseload operation from 2008 on. 

4.2.4 Alternative 3A – CF2511 D120823 R2411 

This option follows the timing of Alternative 3 for the next coal plant but reduces the size 

to 25 MW.  Small 2 MW diesel units are then used to closely match EED load growth.  

The total excess capacity of this plan is just 22.5 MW-years over the next 20 years.  This 

is less than 25.0% of the excess for other alternatives due to the small modular additions.  

The first diesel is added in 2008 with five more units added over the planning horizon.  

The diesels can be either peakers or baseload units depending on the number of hours that 

they would be used under economic dispatch.  Baseload diesels have been used for these 

additions since the desired operating hours exceed typical peaking duty cycles. 

The differences between alternatives 3 and 3A are graphically evident in Figures 4.1 and 

4.2.  Alternative 3 seeks cost reductions by building a larger coal plant but then carries 

the burden of excess reserves.  Alternative 3A achieves a better balance between load and 

capability but relies on less efficient technology and higher cost fuel. 
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Figure 4.1 Alternative 3 Capacity Balance10 
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Figure 4.2 Alternative 3A Capacity Balance11 
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10 Series 6 in this graph represents the peak load forecast plus 20% reserve margin. 
11 Series 5 in this graph represents the peak load forecast plus 20% reserve margin. 
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4.2.5 Alternative 4 – UPTDU 1508 CF5008 

UPTDU’s first needs that EED could meet are for about 15 MW in 2008.  If UPTDU 

adds this capacity either singly or as a group, it will likely be in the form of distributed 

diesel units or as a small combined cycle unit.  EED could offer a coal-fired alternative 

on a long-term contract basis beginning in 2008.  This would allow EED to construct a 50 

MW coal plant rather than the 35 MW unit selected under the GIA strategy.   

4.2.6 Alternative 5 – UPTDU 1508 4011 CF5008 CF2511 

This plan is designed to synchronize EED’s coal plant additions with the evolving 

regional needs.  UPTDU would be in a position to purchase 15 MW in 2008 and then 

increase that purchase to 40 MW by 2011.  EED could cover those demands plus its own 

load by adding a 50 MW coal-fired unit (CF) in 2008 followed by a second 25 MW CF 

plant in 2011.  This plan will be costed as if it were a single 75 MW unit since some 

economies should be realized from close sequential construction of the two units.   

4.2.7 Alternative 5A - UPTDU 1508 4011 CF4508 D321123 

This plan assumes the same graduated sale to UPTDU with the EED supply coming from 

a 45 MW coal unit completed in 2008 followed by 22 MW of intermediate capacity in 

2011 and then modular additions of 2 MW diesel units.  The 22 MW added in 2011 could 

be a combined cycle unit or diesels.  Costing has been developed assuming that all 32 

MW of intermediate and peaking capacity is from diesel units. 

4.2.8 Alternative 5A1 - UPTDU 1508 4011 CF4508 CC2511 

This is the same as the previous plan except the modular additions of diesel units 

beginning in 2011 are replaced by a single 25 MW gas-fired combined cycle.  Three 2 

MW peaking diesels complete the supply additions in 2017, 2019 and 2022.  Sales to 

UPTDU begin with 15 MW in 2008 and then increase to 40 MW in 2011. 

4.2.9 Alternative 5B - UPTDU 1508 4011 CC4508 CF2511 

Another way of supplying the same sales to UPTDU would be to complete a 45 MW 

combined cycle unit in 2008 followed by a 25 MW coal unit in 2011.  Combined cycle 

units can be comfortably completed in three years while coal units will normally require a 
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minimum of four years to complete.  Thus, completion of a coal unit by 2008 would 

require a compressed development schedule.  All plans that provide new capacity by 

2008 to allow retirement of the existing coal units will benefit from avoiding the $3.0 

million investment in pollution controls. 

4.2.10 Alternative 6 – UPTDU 4011 CF7511 D208 

If retirement of the existing EED plants is deferred until 2011, EED could simply sell 40 

MW to UPTDU from a new 75 MW CF that comes on-line in 2011.  Prior to that, the 

only need would be for one 2 MW diesel unit in 2008.  All sales to UPTDU are assumed 

to be baseload sales with an 80% annual capacity factor. 

4.2.11 Alternative 6A – UPTDU 4011 CF5011 CC2511 D208 

This alternative is a slight modification of Alternative 6.  The 2011 capacity addition is 

comprised of a 50 MW coal unit plus a 25 MW gas-fired combined cycle.  The sale to 

UPTDU would be limited to 40 MW beginning in 2011.  Comparison with Alternative 6 

will test the gains from lower investment costs and higher efficiencies against the higher 

fuel costs for the combined cycle. 

4.2.12 Alternative 7 – Regional 6508 CF10008 D223 

This alternative assumes that a regional aggregator would purchase the UPTDU 

requirement of 15 MW in 2008 plus an additional 50 MW.  Coupled with the EED 

requirements of 35 MW this would suggest construction of a 100 MW coal plant to come 

on-line in 2008 if the existing units are retired by that time.  The new coal plant would 

cover all needs through 2022.  A 2 MW diesel would be added in 2023 to maintain the 

20% reserve requirement in all years. 

4.2.13 Alternative 8 – Regional 9011 CF12511 D1511 

If retirements of the existing units can be deferred until 2011 and a regional aggregator 

would purchase the 40 MW UPTDU need plus 50 MW at that time, the EED coal plant 

could increase to 125 MW.  That is the scenario assumed for this plan.  In addition to the 

coal plant, 15 MW of baseload diesels are added in 2011 following one 2 MW baseload 

diesel that is added in 2008. 
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4.2.14 Alternative 8A - Regional 9011 CF75 CC5011 D208 

The same regional sale of 90 MW beginning in 2011 can be supplied from a 75 MW coal 

unit and a 50 MW CC.  This provides increased flexibility of operation, fuel diversity and 

a mix of high and moderate investment costs per kW.  One 2 MW diesel unit in 2008 

allows EED to cover its peak requirements with existing capacity until 2011.   

4.2.15 Alternative 9 - CF5008 UPPCo 24+1508 

The most recent information from UPPCo suggests that they might be interested in an 

arrangement in which they would purchase up to 40 MW from EED for a period of ten 

years.  If EED were to build a 50 MW new coal unit to come on-line in 2008, they could 

sell 15 MW to UPPCo for ten years and lease the existing plant to UPPCo for the same 

period.  The existing coal units would then be retired in 2018.   

4.2.16 Alternative 10 - Interruptible Purchases CT4018 

This is a hypothetical solution that can provide a useful benchmark.  Although the 

sources are not known, it is assumed that EED can purchase interruptible power to match 

load growth from 2008 on.  It is further assumed that the existing coal units are kept 

operational until 2018.  Finally, an additional 40 MW used combustion turbine is 

installed in 2013 to allow EED to carry its entire load with combustion turbines for a 

short period in case the coal units were to fail and to provide the necessary backup to the 

interruptible purchases.   

The alternatives above have been defined to identify the preferred technology, size and timing of 

new generating units for EED compared to the hypothetical purchase strategy.  EED has also 

expressed interest in co-firing biomass with coal.  Preliminary contacts with Mead as a biomass 

supplier suggest that wood supply would be more expensive than Western coal.  Some additional 

investment would be required as well.  Thus, the case for this alternative rests on environmental 

rather than economic grounds.  However, if the renewable energy credit were restored, it may 

become cost effective to consider co-firing with wood.  This alternative will be considered as a 

modification to the preferred coal-based solution.   
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Table 4.1 provides a convenient summary of the sixteen alternatives in terms of the retirement 

dates assumed for the existing coal units, the additions of new plants and the sales that are 

assumed. 
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5.0 Evaluation Criteria 
EED is facing a near-term need to make major investment and/or contract decisions that will 

shape both the technical and financial profile of power supply to the City over the next two 

decades.  The lack of clear and timely solutions to the transmission bottlenecks that now 

characterize access to the Upper Peninsula is forcing EED to consider new construction options 

both to meet its own needs and, if beneficial for all, to provide part of the needed power supply 

for other UP utilities.  There are no build options that are inexpensive and construction of a large 

power plant by a city the size of Escanaba will necessarily require careful assessment of costs, 

reliability, risk and environmental impacts. 

5.1 Cost Metrics 

Costs of new power plants can vary significantly based on the financing method used to build the 

plant.  EED has sufficient fund balances to allow expensing of interest during construction and 

the assumed 2.0% financing fees if desirable.  That may be desirable if the new plant is built 

solely for EED needs since that would reduce the annual costs incurred over the life of the plant.  

However, for shared plants it will be more appropriate to capitalize interest and financing fees, 

which will then be part of the annual fixed costs shared by all users of the plant.  To put all 

alternatives on a comparable financing basis, all new plant additions have been evaluated by 

assuming that both interest and finance costs are capitalized.   

For each power supply alternative, costs for each plant have been separately estimated in terms 

of investment, fixed O&M, non-fuel variable O&M and fuel costs for each year from 2004 

through 2023.  All costs are expressed on an “ex-plant” basis and do not include additional 

transmission investments that may be related to some of the plans.  Transmission requirements 

will only be determined in cooperation with ATC once the size and type of plant to be built at 

Escanaba has been identified.  The only transmission cost that has been included in the analysis 

is associated with the assumed interruptible purchases since all other alternatives provide 

generation at the EED site. 

Three summary measures of cost are used to describe each alternative.  The evolution of costs 

over time is most readily seen in graphs that show the total ex-plant cost per MWh for each 
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alternative.  These graphs, however, do not provide a clear ranking of plans if, for example, Plan 

A is higher cost than Plan B in the early years but Plan B is higher cost in the later years.  The 

present value of total plan costs will provide the needed ranking in this case if the two 

alternatives meet exactly the same power requirements.  When power requirements differ across 

alternatives, the present values of each plan can be converted to a levelized figure and divided by 

the average power requirement to provide a clear basis for plan ranking based on levelized cost 

per MWh.  All present values and levelized costs have been calculated based on a discount rate 

of 5.5%, which is the assumed cost of capital for EED.   

5.2 Reliability and Flexibility 

All alternatives have been evaluated against a common reliability standard that is defined as 

having sufficient capacity to cover EED’s projected peak demands plus 20% reserves plus any 

assumed contract sales of capacity.  Thus, when EED’s projected peak demand reaches 40 MW, 

the total capacity requirement for EED has been set at 48 MW.  With an assumed sale of 40 MW 

to UPTDU, for example, the total capacity requirement would then be 88 MW.  Any discussions 

with UPTDU or UPPCo regarding contract sales should make it clear that EED is not proposing 

to carry reserves for the sale portion of the load.  Of course, EED could offer to provide reserves 

as well but not at the costs that have been estimated here.   

All new coal-fired and combined cycle plants have been assumed to achieve 90% availability for 

all years in the evaluation period.  EED has achieved that availability with the existing coal-fired 

units and should be able to do so with new plants.  Gas availability has not been explicitly 

explored for this study.  The combined cycle units that have been considered would be capable 

of burning either gas or oil.  Stored oil should be sufficient to cover any expected interruptions to 

the gas supply due to either abnormal supply conditions or price fluctuations.  Since the diesel 

units and the existing CTs would only be used part of the year, availability of 100% has been 

assumed.  Low load periods of the year should provide ample opportunity for needed 

maintenance.   

Energy scheduling for this study has been developed by adding assumed contract sales to the 

EED load duration curve and then dispatching the available units using the lowest variable cost 

units to their fullest potential first.  The contract purchases by UPTDU or UPPCo have been 
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assumed at an 80% capacity factor while the larger generic regional sales have been assumed at a 

75% capacity factor.  These assumed figures would need to be determined in negotiation of any 

sales contract.  The cost analyses have used only EED generating resources to cover the energy 

requirements that result from these assumptions.  For several alternatives this results in 

significant use of the existing EED CT.  When an alternative assumes greater production than is 

likely from the existing CT, it can be seen as a proxy for purchases that would likely be used to 

supplement the CT production.  In practice, EED would always look for opportunities to 

purchase either maintenance power or economy energy if and when that could be obtained at less 

cost than use of their own resources. 

The new coal and combined cycle units have been evaluated as single units for dispatch 

purposes, which tends to underestimate the total energy that can be taken from more flexible 

dispatch of multiple units with the same total capacity.  The number of units for a selected plan 

should be optimized in preliminary design studies. 

The annual energy scheduling against a load duration curve that is typically used for power 

supply studies also does not consider the details of daily plant operation and scheduling.  

Preliminary design studies will need to address the coverage of minimum loads once those loads 

are established in negotiation of sales contracts if sales are included in the selected alternative.  

Similarly, preliminary design studies should identify the needed maintenance periods for new 

units and forced outage rates.  Maintenance should then be scheduled for the low load periods of 

the year. 

Based on the assumptions and methods described here, all of the alternatives that have been 

evaluated are considered equally reliable. 

5.3 Risk 

The alternative power supply plans that have been evaluated in this study require estimated 

investment costs ranging from $54 million to $311 million which are very sizeable investments 

for Escanaba12.  Both fiscal prudence and the demands of bond rating agencies will require 

                                                 
12 These indicative figures are actually the sum of all annual costs incurred from 2004 through 2023 that are driven 

by plant investments.  These costs include financing fees, interest during construction and annual debt service. 
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careful assessment of the risks associated with such investments.  Key risk components of these 

investments are described in the following sections. 

5.3.1 Load and Sales 

For the “Go-It-Alone” strategies, load risk will be assessed in terms of the load forecast and the 

competitiveness of the electric rates that will be required to provide adequate debt service 

coverage on the amount of money to be financed through bonds.  Possible losses of retail load 

under existing and possible expansions of allowable retail competition will need to be considered 

in the context of the electric rates that will be necessary to recover the costs of any selected 

power supply alternative.  The bond prospectus will need to include a financial forecast to 

demonstrate the capability of Escanaba to cover the bond repayment. 

For options that rely on substantial sales of capacity and energy, both the length and strength of 

the contracts that secure those sales will be tested.  Fixed volume contracts will be easier to 

justify than any that are related to variable future loads.  At present, separate contracts would 

likely be required with individual members of the UPTDU group, which has no independent 

legal status or contracting authority.  However, combined contracting for major purchases could 

most likely be arranged through some expansion of the authority assigned to the joint action 

agency that was formed to allow investment in joint transmission facilities.  Contract sales to 

UPPCo will likely require consideration of the financial strength of UPPCo and/or of WPS 

depending on which entity would sign the contract.  Similar considerations would apply to the 

hypothetical regional aggregators that have been assumed for some of the alternatives. 

5.3.2 Future Competing Resources 

The market opportunity that is driving current interest in new power supply in the UP is 

significantly impacted by severe transmission constraints to this area and a lack of current 

committed plans to relieve those constraints in the very near term.  ATC has identified needs and 

plans to make major investments to improve transmission access.  However, transmission 

projects are controversial and subject to protracted permitting and right-of-way conflicts that 

make the timing and financing of such projects highly uncertain.   
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Other generating resources in the UP that could compete with new EED resources are the 

refurbished units at White Pines and the Presque Isle plant.  White Pines has recently priced sales 

from their units based on their perception of the market but their required investment costs are 

much lower than would be needed for new coal-fired capacity.  The 600 MW coal-fired plant at 

Presque Isle currently serves primarily mining load which has a highly uncertain future.  If that 

load were to be significantly reduced, this plant, which is already heavily depreciated, may be 

able to offer very competitive prices for baseload generation.  The continued operation of the 

Presque Isle plant may also be impacted by the recent EPA ruling which is forcing EED to 

consider retirement or severely restricted operation of its existing coal-fired plant. 

This study has not attempted to quantify the competitive threat from White Pines or from 

Presque Isle.  Rather, we have assumed that any contract sales will be secured with contracts of 

sufficient length and strength to satisfy EED’s potential lenders.  To provide a basic indication of 

the competitive standing of the EED power supply alternatives, we have included rough 

estimates of the cost of baseload power from a new 600 MW coal-fired, IOU financed unit that 

operates at an 80% capacity factor.  If UP transmission constraints are relieved in the future, this 

type of plant would be the likely competitor to EED13.  In entering a long-term contract 

agreement with EED, certainly UPPCo or UPTDU members would need to assess the likelihood 

of this type of opportunity becoming available in the future.  EED will need to be certain that 

cost based contract sales cannot be compromised if that were to occur. 

5.3.3 Fuel Prices 

The present value of fuel costs for alternatives that rely on new coal-fired plants account for 

about 45% to 50% of the total plan costs.  For alternatives that rely on combined cycle units, the 

fuel share of total costs increases to 64% to 68% both because investment costs are lower and 

fuel costs are higher.  Based on recent history and expected future market conditions, gas prices 

are believed to be much more volatile than coal prices.  The total volumes of each type of fuel 

required by each alternative will provide useful indicators of the relative fuel risk associated with 

that plan. 

                                                 
13 The relevant comparison here is between the all-in cost of the new coal units that are included in the EED plans 

and the much larger IOU coal unit.  All sales that have been considered in this study have been baseload sales at 
capacity factors of 75% to 80%.   
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5.3.4 Carbon Tax 

The present administration has opposed ratification of the Kyoto protocol, which would have 

bound the U.S. to reduce carbon emissions to levels below 1990 levels by 2012.  Europeans, in 

sharp contrast, have actively embraced the Kyoto protocol and are aggressively pursuing carbon 

reductions.  In this setting, future carbon policy of the US must be considered uncertain and 

subject to change with changes in administrations.  One possible manifestation of a more 

aggressive U.S. policy on carbon would be a carbon tax.  Another possibility would be an 

emissions trading scheme similar to the U.S. sulfur dioxide (SO2) market scheme.  While it is 

not useful to speculate on specific potential carbon policies for the U.S., it would not be prudent 

to proceed with major new plant construction plans without considering the possible risks 

associated with those plans.  Carbon reductions are now being sold for $5.00 to $6.00 per ton of 

CO2 in international transactions.  A single MWh of electricity produced from Powder River 

coal at a net efficiency of 30% could produce 1.2 tons of CO2 depending on the carbon content 

of that coal.  A single MWh of electricity produced from gas in a combined cycle unit with an 

efficiency of 37.0% would produce 0.54 tons of CO2.  Thus, the advantage of gas on this basis 

would be 0.66 tons of CO2 per MWh of electric production.  Assuming a value of $5.50 per ton 

of CO2, this would raise the cost of coal production relative to gas production by $3.63 per 

MWh of electric output.  The estimated tons of CO2 emissions associated with each alternative 

are provided to indicate the level of carbon risk associated with the plan. 

5.4 Environment 

The primary environmental impacts of constructing a new power plant relate to land, water use, 

emissions to the air, fuel delivery and ash disposal.  Since EED has a well-suited site for 

construction of a new power plant to replace the old, it is assumed that land impacts will not be 

the primary focus of environmental impact assessments.  This study has not considered the water 

requirements for the new plants considered but has assumed that the access to Lake Michigan 

will be sufficient to cover the plant needs within the parameters required for permitting.   

The primary differences in choosing between small plants and larger plants to meet regional 

needs and in choosing between gas and coal-fired options will be related to the amounts and 

types of fuel used, the methods of delivery to the plant site and the disposal of ash from coal 
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combustion.  Currently the EED coal units use between 60,000 and 80,000 tons per year or a 

maximum of 219 tons per average day.  The alternatives considered in this report have new 

plants that range from usage of zero tons per average day to 1,214 tons per average day.  Specific 

emissions and ash disposal requirements will depend on the characteristics of the coal that is 

selected, but the usage in tons per average day provides a useful indicator of the delivery and 

storage requirements and a proxy indicator for emissions and disposal.  Of course, the plans that 

rely less heavily on coal will require substantial increases in gas and oil.  A new gas connection 

to the proposed site of the power plant will be required.  The cost of that connection has not been 

included in the cost comparisons for this study since it may be paid by the gas supplier as part of 

a long-term contract purchase.   
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6.0 Alternative Supply Plan Evaluations 
The quantitative cost, risk and environmental evaluation factors that were identified in Section 

5.0 are presented in this section for various subsets of the alternatives that have been considered.  

Subsets are defined by the three basic strategies of covering just EED needs or selling to UPTDU 

or to UPPCo or unspecified regional aggregators capable of substantially larger purchases.   

6.1 Cost Comparisons 

6.1.1 Go It Alone Alternatives 

Alternatives 1 through 3A were developed to illustrate available alternatives for EED if it wishes 

to follow a “go-it-alone” strategy intended to cover the City’s projected power supply needs 

through 2023 by building new capacity.  Figure 6.1 provides the graphic depiction of projected 

unit costs of these alternatives.  If the existing coal units are retired by 2008 due to non-

compliance with the recent EPA ruling, EED could build either a 35 MW coal-fired plant or a 35 

MW combined cycle gas-fired plant to cover baseload needs of the City over the planning 

horizon.  The only other capacity additions that would then be required would be a 2 MW diesel 

peaking unit in 2023.  The cost similarities and differences between these choices are evident in 

the graph.  For both Alternatives 1 and 2, there will be a significant cost increase in 2008 

reflecting the necessary new plant investments as opposed to the costs of continuing to maintain 

the existing plant without new investment.  The coal plant option has overnight investment costs 

of $1,933 per kW in 2004 prices compared to $742 per kW for the combined cycle option14.  The 

combined cycle unit also has an efficiency advantage with an estimated net heat rate of 9,476 

BTU/kWh compared to 13,032 BTU/kWh for the coal plant.  Of course, the combined cycle 

plant uses gas, which has an estimated 2008 cost per MMBTU of $4.55 compared to $1.64 for 

Western coal.  The impact of higher fuel price escalation for gas than for coal is also evident in 

the graphic comparison.  The combined cycle plant offers lower costs per MWh until 2013.  By 

that time the impact of escalating fuel costs offsets the investment cost advantage.  By 2023, the 

costs from Alternative 2 are about 20% higher than for Alternative 1.   

                                                 
14 This investment unit cost was based on the 15 MW Solar® combined cycle unit and is probably on the high side 

for a 35 MW unit. 
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Figure 6.1 also provides unit cost comparisons for alternatives 3 and 3A, which include the 

addition of pollution controls that will allow the existing EED plants to operate until 2011.  

Alternative 3 relies primarily on a new 35 MW coal unit similar to Alternative 1.  Alternative 3 

replaces 10 MW of coal with modular additions of 2 MW peaking diesels which substantially 

reduces the excess being carried.  The 25 MW of coal-fired capacity is still able to provide a 

dominant portion of energy without excessive reliance on gas or oil use in the diesels or the 

existing CT.  Total investment costs for Alternative 3A are $87.1 million compared to $108.3 

million for Alternative 3.   

Figure 6.1 GIA Ex-Plant Costs Per MWh Comparisons 

GIA Plan Cost Comparisons
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Alternative 3A is clearly the most cost-effective GIA build solution even with the inclusion of 

$3.0 million for pollution control equipment that allows the existing coal units to continue 

operation until 2011.  Alternative 3A includes diesel generation of about 34,000 MWh in the 

maximum year of 2023.  It is assumed that compliance with NOx emission limits can be 

achieved through primary reliance on gas but this will need to be verified if this plan is pursued.  

If NOx limits were exceeded, additional generation would come from the existing CT but the 

costs would increase.  The present value and levelized cost comparisons presented in Table 6.1 

also show a significant cost advantage for Alternative 3A over the other GIA alternatives. 
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Table 6.1 Levelized Unit Costs and Present Value of GIA Plan Costs 
Plan Investment Fixed O&M NF Var OM Fuel Total Levelized Ave MWh $/MWh
Alt 1 CF35 08 D2 63,501$         28,551$        13,371$          82,469$       187,891$     15,723$       183,867  85.51$    
Alt 2 CC35 08 D2 30,232$         27,674$        4,780$            130,286$     192,972$     16,148$       183,867  87.82$    
Alt 3 CF 3511 D2 55,530$         32,095$        14,335$          81,931$       183,892$     15,388$       183,867  83.69$    
Alt 3A CF25 11 D12 44,279$         29,245$        14,923$          81,746$       170,193$     14,242$       183,867  77.46$    
Alt 10 Purchases 11,501$         34,985$        18,329$          104,638$     169,454$     14,180$       183,867  77.12$     

The hypothetical Alternative 10 provides a useful benchmark for judging the other plans but 

relies on a number of strongly optimistic assumptions including: 

• A supplier can be found that will sell 2.0 MW increments of capacity to closely track 
EED’s load growth. 

• The price for these interruptible purchases will reflect a 10% adder above the variable 
cost of production from a new 100 MW combustion turbine. 

• Transmission access will be available from 2008 on to deliver this power to EED from 
the unnamed source at a cost of $7.00 per MWh. 

• The existing coal units will be able to continue providing the dominant share of EED’s 
requirements until 2018 with just the necessary investment of $3.0 for pollution controls 
in 2007.  More than 81% of the total EED requirement for 2008 through 2017 period is 
being provided by the existing coal units in this analysis compared to 15.1% from 
purchases, 2.6% from the existing CT and 1.1% from the additional CT added in 2013. 

• Availability of the existing coal units has been gradually reduced from 90% to 80% over 
a ten-year period but no sustained outages for major rebuilds have been assumed. 

• The purchase of the used 40 MW CT in 2013 provides the ability to cover the EED load 
with just CTs but this would be extremely expensive if continued for any sustained 
period.   

Even with all of these optimistic assumptions, this alternative does not offer decisive cost 

advantages over Alternative 3A based on the levelized costs of power over the next 20 years.  

The significant advantages for this option derive from the relatively low investment and the 

deferral of any significant investment until 2012 when the second CT would be added.  This 

would provide maximum opportunity to allow for transmission improvements to be made that 

would possibly provide EED with access to purchases from a portfolio of larger units.  The value 

of that deferral is irreducibly uncertain and cannot be reasonably quantified at this time.  In 

contrast, Alternative 3A is actionable and also provides for modular additions of 10 MW of 

baseload diesel generation that could be replaced with purchases if improved transmission access 
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makes this possible.  Alternative 3A places no reliance on the existing coal units beyond 2010 in 

spite of the pollution control investments in 2007.  Those units could have some lease value from 

2011 forward that has not been included in this evaluation.   

6.1.2 UPTDU Sale Options 

Seven plans have been considered to explore the various possibilities of selling to UPTDU with 

primary emphasis on new coal-fired capacity.  Alternatives 4 through 5B assume initial EED 

capacity additions in 2008 to avoid pollution control investments in the existing coal units and to 

add a potential sale of 15 MW to UPTDU beginning in 2008.  Alternative 5B recognizes the 

compressed planning, permitting, and construction schedule that would be required to complete a 

new coal plant by 2008.  In Alternative 5B the 2008 plant is a combined cycle which is then 

followed by a new 25 MW coal unit in 2011.  Alternative 4 is a minimalist sale alternative with 

EED providing just 15 MW of coal-fired capacity to UPTDU over the 2008 to 2023 period.  

Plans 5 through 5B assume the UPTDU purchase would begin with 15 MW purchase in 2008 but 

increase to 40 MW in 2011 when additional UPTDU contracts expire.  Finally, Alternative 6 

assumes only the 40 MW sale beginning in 2011. 

Figure 6.2 provides the unit cost plan comparisons for the UPTDU sales options.  The most 

attractive plans are 5A, 5A1 and 6A.  Both 5A and 5A1 replace the existing coal units in 2008 

with a new 45 MW coal unit.  Alternative 5A then relies on 32 MW of baseload diesel units for 

future capacity additions while 5A1 adds a 25 MW combined cycle in 2011 followed by 6 MW 

of peaking diesels in future years.  The cost difference between these plans is very slight but 

Alternative 5A1 does provide assurance that any problems with diesel compliance with NOx 

emission limits could be overcome by substituting the combined cycle unit for the diesels.  Costs 

for these plans increase rather sharply from existing system levels when the new coal unit is 

added in 2008 with only 15 MW of sales.  When sales increase to 40 MW in 2011, however, 

costs per MWh return to a trajectory that is consistent with the past trends prior to major plant 

additions. 
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Figure 6.2 Ex-Plant Unit Costs for UPTDU Sales Plans 

UPTDU Sales Plan Cost Comparisons
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Alternative 6A provides the third attractive option which avoids any near-term rate shocks by 

deferring the 50 MW coal plant addition and the 25 MW combined cycle addition to 2011 when 

the 40 MW sale to UPTDU begins.  Costs are lower until 2011 but then somewhat higher for the 

rest of the planning period due to the larger coal plant and the escalation of plant investment 

costs.  This plan would allow deferral of a commitment to the new plant until the beginning of 

2007 to see if transmission improvements would provide more attractive options in the future.  It 

might also be possible to reduce the EED investment obligation by having UPTDU or another 

party build the combined cycle plant either at the EED site or a different site.   

The levelized cost per MWh rankings for the UPTDU sales options shown in Table 6.2 confirm 

the advantage of Alternatives 5A, 5A1 and 6A over other options and show very narrow 

differences among these three plans.  The present value of investment costs lie within a range of 

about 5.0% and the levelized costs differ by about 0.5%.  Alternative 5A1 levelized unit costs are 

about 10.0% below the Alternative 3A levelized unit cost which represents the lowest cost GIA 

strategy of equivalent certainty.  The fundamental EED choice here is between lower costs and 
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additional investment.  The 10% reduction in the cost per MWh requires investment of $98.4 

million compared to $44.3 million for Alternative 3A in the GIA strategy. 

Table 6.2 Levelized Unit Costs and Present Value Costs – UPTDU Sales Plans 
Plan Investment Fixed O&M NF Var OM Fuel Total Levelized Ave MWh $/MWh
Alt 4 CF 50 08 D2 89,242$         35,177$        18,212$          114,483$     257,115$     21,515$       267,963  80.29$    
Alt 5 CF50 08 CF25 11 122,108$       43,318$        24,130$          154,011$     343,566$     28,749$       381,843  75.29$    
Alt 5A CF45 08 D32 97,370$         37,552$        26,919$          157,231$     319,072$     26,700$       381,843  69.92$    
Alt 5A1 CF45 08 CC25 11 98,424$         41,778$        20,210$          158,177$     318,589$     26,659$       381,843  69.82$    
Alt 5B CC45 08 CF25 11 D6 80,757$         41,646$        20,398$          214,918$     357,719$     29,934$       381,843  78.39$    
Alt 6 CF75 11 109,814$       45,575$        24,191$          146,575$     326,155$     27,292$       366,075  74.55$    
Alt 6A CF50 CC 25 11 93,072$         45,827$        21,602$          146,299$     306,800$     25,673$       366,075  70.13$     

6.1.3 Generic Sales and UPPCo Options 

Four plans have been considered to explore the potential economies of scale in building a larger 

coal-fired plant with assumed sales of the excess capacity and energy above EED’s needs and the 

possibility of a combined sale and lease to UPPCo.  Alternative 7 includes a 100 MW coal-fired 

plant coming on-line in 2008 with sales of 65 MW at 75% load factor to an unnamed regional 

aggregator.  Alternative 8 tests the largest coal plant that has been considered with the 125 MW 

addition coming on-line in 2011 with sales of 90 MW at 75% load factor.  Seventeen MW of 

baseload diesel generation has been included in this alternative to provide additional operating 

flexibility and to avoid excessive reliance on the existing CT.   

UPPCo’s interest in purchasing capacity and energy from new EED generation facilities has 

been confirmed but the size and timing of such purchases has not.  Alternative 7 relies primarily 

on a new 100 MW coal unit completed in 2008.  Alternative 8 could cover requirements with a 

125 MW coal-fired unit but this would begin to rely very heavily on the existing EED CT with 

more than 4,000 hours of full load equivalent operation per year.  To provide extra flexibility and 

to reduce reliance on this CT, an additional 15 MW of diesel capacity has also been added in this 

plan.  Since Alternative 8 would probably encounter restricted diesel operation due to NOx 

limitations, the plan was modified to reduce the coal unit to 75 MW and to replace the diesels 

with a 50 MW combined cycle plant.  Finally, a more specific plan has been defined to match the 

expressions of interest from UPPCo.  Alternative 9 assumes that UPPCo would lease the existing 

coal-fired units from 2008 through 2017 and would be responsible for all costs associated with 

those units including the $3.0 million investment required in 2017 to allow unrestricted operation 

of the units throughout the lease.  An annual lease fee of $1.5 million has been assumed and used 
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as a credit against the cost of operation of the other EED units.  In addition, EED adds a new 50 

MW coal unit in 2008 with a sale of 15 MW at 80% load factor to UPPCo.  Following 2017, it is 

assumed that EED could sell the 15 MW share of the 50 MW unit at the all-in cost of a new 600 

MW coal-fired unit.  Since those costs are somewhat lower than the all-in costs of the 50 MW 

EED unit, this results in an addition to EED’s operating costs. 

Figure 6.3 compares the annual costs per MWh for these four alternatives while Table 6.3 

presents the present value and levelized cost comparisons.  Alternative 8A is the clear winner in 

this competition although it relies totally on the hypothetical 90 MW sale.  Of these plans, 

Alternative 9 offers the most concrete possibility since this would merely require an agreement 

with UPPCo.  The key to making this work would be the attractiveness of the combined offer to 

UPPCo.  Assuming that the $3.0 million in pollution control investments was financed over ten 

years at 10% and annual lease payments of $1.5 million, the ex-plant cost of power from the 

existing EED CF units would range from $68.21 per MWh to $83.84 per MWh at an 80% 

capacity factor over the lease period.  Transmission costs would be added to this to get the 

delivered cost to UPPCo.  The ex-plant cost is roughly competitive with UPPCo’s construction 

of a new 100 MW coal-fired plant with 10.0% financing.  A 25 MW purchase at 80% load factor 

from a new EED coal unit would have lower costs to UPPCo than the lease option for the 

existing units. 

Figure 6.3 Ex-plant Unit Costs For UPPCo Sales Plans 

UPPCo and Larger Generic Sales Cost Comparisons
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Table 6.3 Levelized Unit Costs and Present Value Costs – UPPCo/Generic Sales Plans 
Plan Investment Fixed O&M NF Var OM Fuel Adjusts Total Levelized Ave MWh $/MWh
Alt 7 CF 100 08 169,255$       55,767$        32,059$          205,898$     462,979$     38,742$       525,507  73.72$    
Alt 8 CF 125 D15 11 180,742$       63,464$        35,312$         195,465$    474,982$    39,746$       568,212  69.95$   
Alt 8A CF 75 CC 50 11 134,193$       50,410$        31,486$          224,204$     440,293$     36,843$       568,212  64.84$    
Alt 9 CF 50 08 89,242$         35,177$        18,212$         114,483$    (8,894)$   248,221$    20,771$       267,963  77.51$    

6.1.4 Best of the Best Options 

The lowest cost GIA strategies were Alternative 3A, which added 25 MW of CF capacity in 

2011 and 6X2 MW of diesel units, as needed, from 2008 through 2023, and Alternative 10, 

which relies on hypothetical interruptible purchases backed up by addition of a 40 MW CT in 

2013.  Alternative 10 assumes that the existing coal units can provide baseload power until 2018 

once pollution controls are added15.   

Cost analyses of these two plans, shown in Figure 6.4 and Table 6.4, really provide little basis 

for choosing one over the other since the total difference in the present worth of EED costs of 

power supply over the next two decades is just 0.4%.  The more critical differences are 

qualitative.  Alternative 10 defers major investment until 2013 while Alternative 3A adds on 

diesel in 2008 and the new coal unit in 2011.  Thus, if the assumed interruptible purchases are 

available, Alternative 10 has a cost advantage through 2012.  Following that, however, 

Alternative 10 costs are driven by gas prices while Alternative 3A benefits from much lower coal 

prices.   

In general, Alternative 10 is the riskier option since it relies on assumptions that cannot be 

firmed up including the availability of interruptible purchases in the exact increments desired and 

the continued baseload operation of the existing coal units beyond the period that can be assured 

through simple inspection.  By contrast, Alternative 3A can be implemented solely by EED 

through development of preliminary design studies for a 25 MW coal unit to come on-line in 

2011 and the addition of a 2 MW diesel in 2008.  That is a comfortable timeline that would allow 

for optimization of this plan.   

                                                 
15 The cost analyses of these two plans have been slightly refined for this final comparison to recognize that the 

pollution control investments may need to be amortized over the remaining life of the coal-fired units.  For 
Alternative 3A amortization is over the period from 2007 through 2010 while Alternative 10 amortizes this 
investment over 11 years.  The effect is to slightly raise the costs of Alternative 3A relative to Alternative 10 
compared to the earlier evaluations. 
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Fortunately, there is no need for a firm choice between these GIA plans before 2007 when 

commitments would need to be made to the new coal unit to implement Alternative 3A.  In the 

interim, EED can continue to explore the market for interruptible purchases to compare against 

the addition of the 2008 diesel unit.  EED can also monitor the development of improved 

transmission access.  If transmission investments are made to provide EED with access to 

participate in larger units, this may favor Alternative 10.  However, if the City wishes to 

establish a firm GIA option at this time, Alternative 3A is the lowest cost option that has been 

identified. 

For Escanaba to build new capacity to meet regional power needs, there would need to be clear 

economic incentive to undertake a larger project with all of the necessary contractual agreements 

plus substantially greater local generation.  The average cost analyses summarized in Figure 6.4 

and Table 6.4 demonstrate significant gains from Alternatives 5A1 and 6A compared to the GIA 

options.  Alternative 5A1 provides UPTDU with 15 MW in 2008 and 40 MW in 2011 while 

Alternative 6A provides only the 40 MW sale beginning in 2011.  Both sales are at an assumed 

capacity factor of 80%.  Alternative 5A1 avoids the $3 million investment in pollution control by 

retiring the existing coal units in 2008.  Alternative 6A includes that investment amortized over 

four years and retirement of the units in 2011.  Both of these alternatives include a mix of new 

coal-fired and combined cycle gas-fired generation with spot additions of peaking diesels to meet 

the reserve requirements. 

The average cost analysis shows that Alternative 6A is slightly higher cost in 2007 and from 

2011 on but Alternative 5A1 is higher cost in 2008 through 2012.  On a levelized cost per MWh 

basis Alternative 5A1 has a slight 0.5% advantage.  However, the average cost analysis is not 

sufficient for evaluation of plans with significant sales unless one assumes that all sales will be 

priced at the average cost.  In these cases, the UPTDU purchases are at an 80% load factor, 

which is considerably higher than the EED system load factor.  The incremental cost of serving 

the UPTDU load should then be calculated based on the higher load factor applied to the costs 

from the major new coal-fired and combined-cycle generation units.  EED should realize some 

mark-up on costs calculated in this way to recognize incremental risk and the additional effort 

needed to consummate and manage regional sales contracts and to cover costs of local generation 

that may not have been included in the cost analysis.  Certainly, the purchasers would incur 
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additional costs if they were to develop this same capacity to serve their own needs.  The sale 

prices based on a 10% adder to the 80% load factor costs from the new generators in each plan 

are compared in Table 6.5.  Based on these assumptions, the UPTDU sales options both offer 

EED some incentive to move away from their GIA options, which have present value power 

supply costs of about $170 million.  Alternative 5A1 would save EED about $11 million 

compared to the $5 million savings associated with Alternative 6A.   

Alternative 5A1 requires immediate action on preliminary design, environmental permitting, 

financing, and contract negotiation if the 2008 date for the new CF is to be realized.  Deferral to 

2009 may be possible if EPA will grant an exemption to the limits on emissions from the 

existing coal fired plant.   

Figure 6.4 Lowest Cost Options for Each Sales Strategy 

Best Plan Comparisons
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Table 6.4 Best of the Best Levelized Cost Comparisons 
Strategy Alternatives Investment Fixed O&M NF Var OM Fuel Total Levelized Ave MWh $/MWh

GIA Alt 3A CF25 11 D12 44,529$         29,245$       14,923$         81,746$      170,442$ 14,263$       183,867$     77.57$   
GIA Alt 10 Purchases 11,751$         34,985$        18,329$          104,638$     169,704$ 14,201$       183,867$     77.23$    
UPTDU Alt 5A1 CF45 08 CC25 11 98,424$         41,778$        20,210$          158,177$     318,589$ 26,659$       381,843$     69.82$    
UPTDU Alt 6A CF50 CC 25 11 93,322$         45,827$        21,602$          146,299$     307,049$ 25,694$       366,075$     70.19$    
Generic/UPPC Alt 8A CF 75 CC 50 11 134,443$       50,410$        31,486$          224,204$     440,543$ 36,864$       568,212$     64.88$     

 



 

Escanaba Electric Department 6-11 Alternative Supply Plan Evaluations 
Power Supply Study Evaluation Report  Power System Engineering, Inc. 

Table 6.5 Sales Prices and EED Net Power Costs, 2008 - 2023 
Sale Prices Sale Prices Sale Prices 100 MW CF

Year Plan 5A1 Plan 6A Plan 8A 10% Int
Multiplier 1.10         1.10         1.05

2008 64.50$      
2009 65.31$      
2010 66.13$      
2011 66.83$      67.44$      64.02$      79.51$       
2012 68.73$      69.17$      65.74$      80.66$       
2013 70.99$      70.64$      67.44$      81.76$       
2014 72.75$      72.20$      68.87$      82.77$       
2015 75.19$      73.99$      71.03$      83.92$       
2016 76.82$       75.89$       72.38$       84.96$       
2017 78.84$       77.69$       73.98$       86.40$       
2018 80.22$       78.63$       75.17$       87.51$       
2019 82.28$      80.14$      76.92$      88.80$       
2020 84.97$      83.03$      79.19$      90.57$       
2021 88.02$       85.70$       81.78$       92.22$       
2022 90.82$      88.24$      83.73$      94.04$       
2023 93.37$      90.61$      86.48$      95.94$       

EED Net PV Cost 04-23 158,943$   165,136$   154,995$   
Index 96.25 100.00 93.86  

The most attractive larger sale option shown in Figure 6.4 is Alternative 8A, which adds a 75 

MW coal unit and a 50 MW combined cycle in 2011 to support sales of 90 MW at a 75% load 

factor.  This is a hypothetical alternative since no specific regional aggregator at this level has 

been identified.  UPPCo could possibly play this role but they have not indicated willingness to 

buy this amount for this duration.  Certainly, EED could propose something like this to UPPCo 

to see if they are interested but this is best considered as a hypothetical plan.  If interest could be 

found, this plan does offer significant savings and is the lowest cost plan that has been 

considered for EED.  As shown in Table 6.4, the levelized cost per MWh is about 7.1% below 

the best UPTDU sales plan and about 16.4% below Alternative 3A, which is the best, firm GIA 

plan.   

Again, the average cost analysis does not provide the complete picture for Alternative 8A.  Table 

6.5 provides estimated sales prices based on a 5.0% markup over the incremental costs for the 

new CF and CC operating at 75% load factor.  Given a sale of this magnitude, a somewhat lower 

markup may be justified compared to the UPTDU cases.  To maintain perspective, Table 6.5 also 

provides estimates of the costs of equivalent generation from a new 100 MW coal plant built by 

an IOU and financed at 10.0%.  Based on these estimates, it appears that this sale could compete 

with other new baseload generation.  The present worth of cost savings to EED is about $4 
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million compared to the best UPTDU option and about $15 million compared to the GIA 

Alternative 3A. 

6.2 Risk and Environmental Comparisons 

Section 5.0 identified the following additional plan evaluation indicators that EED should 

consider in selecting its preferred options: 

• Share of MWh for EED use vs. sales 

• Costs per MWh for best plans compared to a new, hypothetical 600 MW coal-fired unit 
that is built by an IOU for on-line service in 2008 or in 2011. 

• Total volumes of each type of fuel used from 2008 – 2023. 

• Estimated tons of CO2 emitted by each plan from 2008 – 2023. 

Comparisons of the best of the best plans in terms of each of these indicators are provided in this 

section.  Periods prior to 2008 are not considered since all plans are the same during that time.   

6.2.1 EED Share of Total Energy Generation 

The risks associated with generation that is intended to cover EED’s own loads will be assessed 

differently by potential bond rating agencies and lenders than the risks associated with sales to 

others.  Risk from own load relates primarily to the perceived accuracy of the load forecast.  

Risks from sales will be evaluated based on the length and strength of the contract that secures 

those sales and possibly the financial strength of the parties entering the contract.  It is 

anticipated that the sales could be structured to avoid Escanaba’s loss of tax-exempt status on the 

bonds used to finance the projects.  That should be achievable if the purchasers are also tax 

exempt but may be more difficult if the purchaser is an IOU.  As shown in Table 6.6, the 

dependence of various plans on sales varies widely.  At the extremes are GIA strategies and 

Alternative 8, which anticipates that 72% of electricity production at Escanaba will be for export 

to an unspecified regional aggregator. 



 

Escanaba Electric Department 6-13 Alternative Supply Plan Evaluations 
Power Supply Study Evaluation Report  Power System Engineering, Inc. 

Table 6.6 Share of Plan Production for EED and GWh for Sales 

 

Percent of MWh GWH For Sales Sales To
Plan Plan Description For EED 08-23 2008 - 2023
3A Alt 3A CF25 11 D12 100% 0 None
5A1 Alt 5A1 CF45 08 CC25 1 43% 3,960                   UPTDU
6A Alt 6A CF50 CC 25 11 45% 3,644                   UPTDU
8A Alt 8A CF 75 CC 50 11 28% 7,687                 Generic  

6.2.2 Competitive Benchmark 

The willingness of others to enter the type of long-term contract that EED will need to finance 

new export related generation will most likely depend on how others see the future power 

markets in the UP evolving.  If current transmission bottlenecks to the UP are relaxed by ATC 

transmission investments, the UP could conceivably have access to baseload power from a large 

new unit in Wisconsin.  This possibility has been benchmarked by rough estimates of the cost of 

power from a hypothetical new 600 MW coal unit that would come on-line in 2008 or in 2011.  

Coal costs have been reduced by 5.0% to reflect high volume unit-train delivery from Powder 

River.  Weighted average financing costs of 10% rather than 5.5% have been used for this 

benchmark calculation.  Figure 6.5 contrasts the costs from the benchmark large plant with the 

best plan costs for 2008 and for 2011 for EED.  The cost premium for the smaller plants ranges 

from about $4 per MWh in the early years to about $13 per MWh in the out years of the 

evaluation period when plants of the same vintage are compared.  These comparisons are on an 

ex-plant basis and do not recognize any possible differences in transmission costs. 

Figure 6.5  Competitive Benchmark Assessment 

Best Plan Sale Prices vs IOU CFs
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6.2.3 Fuel Costs and Use 

One of the most critical risk factors in the implementation of any power supply plan relates to the 

future costs of fuel.  Table 6.7 provides best plan comparisons based on this indicator.  Since all 

of the best plans rely on comparable mixtures of new coal and new combined cycle or diesel 

generation, this comparison does not provide a strong basis for choice among the lowest cost 

plans.  Fuel costs for all of these plans account for between 47 and 51% of the total present value 

of plan costs.  By contrast, other plans that were considered in this study that relied on combined 

cycle units for baseload power have between 60% and 70% of total plan costs tied to fuel.  Fuel 

costs are obviously a dominant consideration in choice of a power supply strategy but the 

differences among the final options are rather narrow. 

Table 6.7 PV Fuel Costs/PV Total Costs By Plan 

Plan Plan Description Fuel Costs Total Costs Fuel %
3A Alt 3A CF25 11 D12 81,746$              170,442$             48.0%

5A1 Alt 5A1 CF45 08 CC25 1 158,177$            318,589$             49.6%
6A Alt 6A CF50 CC 25 11 146,299$            307,049$             47.6%
8A Alt 8A CF 75 CC 50 11 224,204$           440,543$            50.9%  

 
The fuels of each type that are used from 2008 through 2023 for each alternative are summarized 

in Table 6.8.  The reliance on gas and oil ranges from about 13% for Alternative 3A to almost 

23% for Alternative 8A.  Since gas and oil prices are much more volatile than coal prices, this 

provides a good indicator of the fuel cost risk of the various plans.  Local coal use, however, 

provides an indicator of local environmental impacts.  Coal use nearly doubles to move from 

Alternative 3A to the options that provide sales to UPTDU, and nearly triples for the largest sale 

option considered.  These differences translate to a range of about 3.3 million tons of coal over 

the evaluation period or about 560 tons per average day to be delivered to, stored, and burned at 

Escanaba.  Ash disposal will be generally proportional to the tons of coal used and would also 

vary widely across these alternatives. 
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Table 6.8 Fuels Used by Type by Plan, 2008 - 2023 

Plan Plan Description BBTU Ex Coal BBTU New Coal BBTU Gas BBTU Oil BBTU Total GWh Generated Efficiency
3A Alt 3A CF25 11 D12 6,809                  27,468                  2,958                 2,193              39,428             3,013                 26.1%

5A1 Alt 5A1 CF45 08 CC25 1 -                      63,083                  14,016               4,211              81,310             6,973                 29.3%
6A Alt 6A CF50 CC 25 11 6,961                  58,408                  10,662               3,255              79,285             6,658                 28.7%
8A Alt 8A CF 75 CC 50 11 6,961                  85,988                  22,473               5,070              120,492           10,700               30.3%

3A Alt 3A CF25 11 D12 17.3% 69.7% 7.5% 5.6% 100.0%
5A1 Alt 5A1 CF45 08 CC25 1 0.0% 77.6% 17.2% 5.2% 100.0%
6A Alt 6A CF50 CC 25 11 8.8% 73.7% 13.4% 4.1% 100.0%
8A Alt 8A CF 75 CC 50 11 5.8% 71.4% 18.7% 4.2% 100.0%  

6.2.4 CO2 Emissions and Possible Cost Impacts 

The final indicator that has been chosen for alternative evaluation is CO2 emissions measured in 

metric tons16.  Generic emission factors for Eastern coal, Western coal, natural gas, and fuel oil 

are 0.34, 0.36, 0.20 and 0.28 MT/MWh of fuel use respectively.  Estimated CO2 emissions for 

each alternative from 2008 through 2023 are indicated in Table 6.9. 

Table 6.9 CO2 Emissions By Plan 2008 - 2023 
Plan MWh Existing Coal MWh New Coal MWh Gas MWh Oil MT of CO2

Alt 3A CF25 11 D12 1,995,703                    8,050,394                    866,997                  642,660              3,930,025              
Alt 5A1 CF45 08 CC25 -                               18,488,697                  4,107,761               1,234,144           7,823,044              
Alt 6A CF50 CC 25 11 2,040,052                    17,118,315                  3,124,998               953,847              7,748,288              
Alt 8A CF 75 CC 50 11 2,040,052                    25,201,736                6,586,382             1,485,975         11,499,592            

At this time there is no economic penalty associated with CO2 emissions in the U.S. although 

Europe is aggressively pursuing such reductions in conjunction with the development of carbon 

markets that will allow trading as the least cost method of complying with their commitments 

under the Kyoto protocol.  The U.S. has chosen not to sign that protocol but that position could 

change depending on the outcomes of future elections.  To illustrate the possible monetary 

impact of a shift in U.S. carbon policy, a carbon tax of $4.00 per MT of CO2 has been assumed 

to begin in 2009.  The impact of that tax on the average cost per MWh for each of the final 

alternatives is shown in Figure 6.6.  Each alternative benefits from substantial decreases in the 

carbon tax impact when new generation is added.  The three sales plans have similar long-term 

exposure ranging from about $4.20 to $4.50 per MWh since they each rely to a similar extent on 

a combination of new coal and new gas generation.  The GIA Alternative 3A is the most 

vulnerable since it relies most heavily on coal.  The assumed carbon tax would raise the long-

term average cost of power by about $5.00 per MWh for this plan. 

                                                 
16 A metric ton is equal to 2,200 pounds or 10% more than a short ton.  The metric ton has been chosen here since 

that is the unit in which carbon is being traded in international markets. 
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Figure 6.6 Hypothetical Carbon Tax Impact 
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6.2.5 Biomass Co-Firing 

Now that the range of preferred alternatives has been narrowed, it is also useful to consider the 

costs and benefits of co-firing biomass with coal in one of the preferred coal alternatives.  

Assuming that the existing EED units would be able to continue unlimited operation through 

2010, Alternative 8 might be selected as the desired power supply plan for the City.  The cost 

impact of co-firing with wood can be estimated using the following assumptions: 

• Delivered biomass in 2004 would be priced at $1.75 per MMBTU compared to Western 
coal priced at $1.53 per MMBTU.  Both prices escalate at the same rate.  Assuming 10% 
co-firing, the combined fuel costs would then increase by about $0.02 per MMBTU in 
2004 and by about $0.04 per MMBTU by 2023. 

• Investment costs and fixed O&M would both be 5% higher to allow co-firing with 
biomass. 

• Variable O&M would be 1.0% higher than for coal due to the additional fuel handling 
and possibly drying and disposal for 10% of the fuel. 
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• The renewable energy credit would be restored at a fixed level of $15.00 per MWh for 
the portion of the energy generated from wood rather than coal.  This provides credits 
with a present value of $4.308 million.   

• The reduction in the present value of carbon taxes due to co-firing is $1.352 million. 

Table 6.10 summarizes the cost comparisons of coal versus co-firing with and without the 

assumed green credits and carbon tax reductions.  The credits do not quite compensate for 

incremental costs but the difference in levelized costs is less than 0.7%.  Without any carbon or 

renewable credits, co-firing is about 2.4% more expensive on a levelized cost per MWh basis. 

Table 6.10 Biomass Co-Firing Vs. Pure Coal Costs – Plan 8 
Biomass Summary Alt 5A1 - Coal Alt 5A1 - Coal Alt 5A1 Co-Fire Alt 5A1 Co-Fire

Levelized $/MWh PV (TUSD) Levelized $/MWh PV (TUSD)
Investment 21.57$                98,424$                22.78$                  103,959$            
Fixed O&M 9.16$                  41,778$                 9.38$                     42,811$              
Variable O&M 4.43$                  20,210$                4.46$                    20,364$              
Fuel 34.66$                158,177$              34.89$                  159,215$            
Total 69.82$                318,589$              71.52$                  326,349$            
Net of Credits 69.82$                318,589$              70.28$                  320,689$             
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7.0 Summary, Conclusions, Recommendations and 
Implementation 

7.1 Summary 

The combination of restricted transmission access to the Upper Peninsula and the lack of clear 

and committed plans to improve that access has stimulated strong interest in building new 

generation in the UP for the first time in many years.  However, the UP electric industry is 

comprised of numerous relatively small municipal, cooperative, and investor-owned utilities that 

have historically been bound together by a set of contractual power sales and select own 

generation.  Those contract arrangements are now being terminated in many instances and some 

existing generation is facing retirement either due to tightening environmental restrictions and/or 

economic and technical obsolescence.  In this setting, Escanaba faces a challenging task in 

planning for new power supply to cover their own and possibly additional regional needs for 

power over the next twenty years.   

A rather large number of alternatives has been defined for this report in an attempt to test various 

technologies, fuels, and sizes of new plants with different timelines for retirement of existing 

plant and under various assumed sales scenarios.  The most basic determinant of EED’s needs 

relates to the timing of retirement or severely restricted operation of the existing coal-fired units, 

which are now about 50 years old.  Three retirement dates for these units have been tested for 

most of the alternatives in this report.  Retirement in 2008 would be necessary to avoid a $3.0 

million investment in pollution controls or severely restricted operation of the units to comply 

with the 2004 EPA emission limits.  A new unit in 2008 would also be well timed to take 

advantage of a possible sale of 15 MW to UPTDU, which needs that amount of additional 

capacity at that time.  Retirement in 2011 would be driven by the desire to have new units at that 

time to take advantage of a possible sale of 40 MW to UPTDU, which has additional contracts 

expiring in that time frame.  Finally, the walk-through inspection of these units that was 

conducted as part of this study concluded that they should be able to operate through 2012 much 

as they have in the past.  However, it is not possible to speculate on these units beyond that time 

frame.  Thus 2013 would be a logical retirement date to consider if sales opportunities could be 

synchronized with that timing.  Two additional plans have been considered which assume 
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continued operation of the existing units until 2018 but these plans did not appear competitive 

with other options on a risk-adjusted cost basis. 

The second most fundamental issue to be resolved is the amount of load to plan to serve from 

new generation at Escanaba.  The load forecast prepared to support this power supply study 

identified growth of about 11 MW in EED capacity needs over the next two decades.  Coupled 

with retirement of 24 MW of existing coal units, this creates a need for about 35 MW of 

additional capacity to cover the City’s own needs.  The sales opportunities that have been 

considered are for sale of baseload capacity and energy either to the UPTDU group or to 

unnamed regional aggregators who may be in a position to aggregate UPTDU load with that of 

others.  Sales ranging from 15 MW to 90 MW have been evaluated.  It is believed that UPPCo 

could play the role of regional aggregator but they have not indicated interest in a long-term 

contract purchase sufficient to justify EED’s construction of a new unit to support the larger 

sales options. 

7.2 Conclusions and Recommendations 

This challenging study of EED’s alternatives for future power supply has explored a relatively 

large number of options in the search for a clearly dominant strategy.  The evaluations of those 

alternatives that have been presented in Chapter 6.0 support the following conclusions: 

• To provide reliable power supply over the next two decades, EED will need to secure 35 
MW of additional capacity to replace the 24 MW of existing coal-fired units and to 
accommodate the anticipated growth of 11 MW of load plus reserves. 

• The type of capacity that EED needs for economic replacement and growth is primarily 
baseload since that is what is being replaced and since the EED system load factor is 
relatively high. 

• While the existing coal-fired units could conceivably function as baseload units for 
another 20 years, prudent planning should provide for the replacement of those units 
within the next ten years. 

• Any plan chosen should attempt to extract maximum remaining value from the existing 
coal units through a lease arrangement.  This study considered a lease to UPPCo but the 
assumed terms did not appear competitive with UPPCo’s other options. 

• The variety of plans that has been considered tested different sizes and times for additions 
of coal-fired units and gas-fired combined cycle units.  The results showed that a mixed 
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solution with about two-thirds of the capacity as coal and one-third as gas-fired combined 
cycle provided the lowest cost alternatives.  These cost advantages come from mixing the 
operating cost advantages of the coal units and the investment cost advantages of the 
combined cycle. 

• Mixed strategies also provide fuel diversity that is useful when future fuel prices are 
subject to so much uncertainty.   

• Mixed strategies also balance economic and environmental objectives. 

• Significant new baseload capacity is now being built in Wisconsin by WPS and by WE 
Energies.  Normally, this would provide purchase options to compare against EED build 
options.  At this time, however, transmission access to the UP is severely constrained and 
the timeline for improved access is neither clear nor firm.  Thus, suppliers outside the UP 
are not willing to bid with firm transmission included.  This situation renders reliance on 
unidentified future purchase opportunities a high-risk strategy.  Benchmark costs for new 
large coal units have been provided for comparison but no firm plan of this kind can be 
identified at this time.   

• Lack of market access dictates consideration of new units that are consistent with the 
emerging power needs of the UP.  The UP is served by many relatively small utilities 
which makes it contractually complex to aggregate enough load to exploit rather large 
economies of scale in power plant construction. 

• Reliance on relatively small power plants that are aligned with the UP market poses the 
following challenges to EED: 

o Reference plant databases in these atypical size ranges are thinly populated, 
making it difficult to develop accurate cost estimates for the units of interest 
without at least conceptual design studies. 

o The scaling curves that have been developed for this study suggest that the 
appropriate units will have rather high investment and operating costs compared 
to the more normal units sizes in unconstrained markets. 

o Without significant load aggregation, it is difficult to build an economic mix of 
different types of generation since each unit is already relatively small. 

o The most economic power supply additions typically track load growth rather 
closely to minimize the amount of surplus capacity in the system.  With load 
growth including reserves of just 2 MW per year, it is difficult to add baseload 
capacity in small enough increments to follow this growth. 

• Environmental regulations add additional complexity to the EED power supply planning 
challenge.  The latest EPA ruling will seriously compromise the continued use of the 
existing EED coal-fired units unless about $3.0 million is invested in controls in 2007.  
That investment may need to be amortized over just four years if these units are retired in 
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2011 to take advantage of sales opportunities at that time with new units.  The possibility 
of a waiver of these limits for a period sufficient to allow replacement of the coal units 
should be explored.  In addition, future U.S. carbon policy changes could have significant 
impacts on the cost of coal-based solutions but such change cannot be usefully predicted. 

• For peaking capacity, EED has installed an 18 MW refurbished CT that should provide 
sufficient peaking capacity for the foreseeable future.  However, this unit burns oil and is 
limited to 1,200 hours of operation per year by the applicable emission limits.  Gas is not 
currently available at the EED power plant site and would require significant investment 
to obtain.  That investment would probably be justified for intermediate or baseload gas-
fired generation but it is not clear whether it would pay for peaking use. 

• Since EED’s needs are primarily for additional baseload generation, the relevant demand-
side alternative would be conservation measures.  Beneficial conservation measures can 
undoubtedly be identified that can shade the sizing of the new generation that is needed, 
but it must be recognized that conservation alone cannot provide 35 MW of new capacity 
for baseload operation.  This study is primarily directed at finding the preferred 
cornerstone capacity additions to meet EED’s long-term needs.  This is not intended to 
foreclose promotion of cost-effective conservation.  Once the main generation sources are 
selected, conservation measures should be pursued to optimize the size and use of the 
units.  It should be recognized, however, that the units being considered are already rather 
small and aggressive conservation could raise the unit costs of the new units. 

• The most fundamental questions faced by EED in this power supply planning effort are: 

o When to retire the existing coal-fired units 

o Whether to become a small regional supplier or to remain exclusively as a local 
utility 

o Whether to build capacity or wait for transmission access to improve to allow 
shopping in a broader market. 

Any power supply plan that is selected will involve trade-offs among economic, risk, and 

environmental parameters that can only be fully assessed by the City.  This report has attempted 

to provide quantifiable indicators that will allow the City to visualize these trade-offs in their 

plan selection process.  Table 7.1 provides a summary of the comparisons of the best plans that 

have been identified for the three sales strategies considered. 

The GIA strategy and the 90 MW sale strategy provide the bracketing solutions in terms of 

economics, environmental impacts and risks.  Alternative 8A covers all of EED’s anticipated 

power supply requirements through 2023 at a cost about $15 million lower than the independent 

strategy represented by Alternative 1.  However, Alternative 8A has the largest local 
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environmental impact and risk while Alternative 1 has the least local impact and risk.  The two 

UPTDU sales plans provide moderate solutions that offer much of the economic benefit of 

Alternative 8A with substantially less environmental impact and risk.  Alternative 5A1 saves 

about $6.0 million compared to Alternative 6A with roughly equivalent environmental impact 

and slightly higher risk.  The choice between these two plans will likely reduce to a 

determination whether Alternative 5A1 can actually be implemented by 2008 or only slightly 

modified for 2009 completion.  Alternative 6A provides a nearly equivalent alternative with a 

more relaxed time schedule. 

Table 7.1 Decision Matrix 
Criterion Units 3A GIA 5A1 UPTDU 1540 6A UPTDU 40 8A Generic 90
Economics
Investment PV TUSD 44,529$                98,424$                93,322$              134,443$          
Pollution Control TUSD 3,000$                   -$                       3,000$                3,000$              
EED Power Cost

  Levelized $/MWh 77.57$                   72.34$                   75.15$                70.54$              
  Present Value TUSD 170,442$              158,943$              165,136$           154,995$          

Sales Price 
2011 $/MWh #N/A 66.83$                   67.44$                64.02$              
2023 $/MWh #N/A 93.37$                  90.61$                86.48$             

Environment
2011 - 2023 2008-2023 2011 - 2023 2011 - 2023

  New Coal Tons 1,525,997              3,504,635              3,244,872           4,777,129         
  New Coal TPD 322                        600                        684                     1,007                

2008-2023 2008-2023 2008-2023 2008-2023
Total CO 2 08-23 MT 3,930,025              7,823,044              7,748,288           11,499,592       
Diesel Generation MWh 08-23 314,701               45,850                 48,499               41,318             
Risks
Gas Exposure PV TUSD 10,015$                47,566$                36,227$              76,370$           
Oil Exposure PV TUSD 15,681$                 24,478$                 19,977$              27,596$            
Unserved Load MWh 08-23/Yr 0 1,570                     0 417                   
Potential Carbon Tax PV TUSD 7,940$                  15,857$                15,702$              23,347$           
Commitment Dates
  New Coal 2007 2004 2007 2007
  New CC NA 2008 2008 2008
  New Diesel 2005 2014 2005 2005  

Based on these comparisons, PSE recommends that EED pursue Alternative 5A1 as the preferred 

power supply plan with Alternative 6A as the default option if the schedule for Alternative 5A1 

is prohibitively tight.  While no consultant can fully know or adopt the City’s preferences for 

economy, environmental improvement and risk avoidance, the basis for our recommendations is 

as follows: 

• The lowest cost solution is largely hypothetical at this point and the process for finding a 
purchaser for 90 MW in a short time frame is not obvious.  PSE recommends that this 
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option be floated with UPPCo to determine whether they have interest in a 20-year 
purchase of this sort.  If not, this option would not be pursued further. 

• The simplest alternative with lowest investment costs and the least environmental impact 
is Alternative 3A, which covers only EED’s needs.  This plan, however, is more than $11 
million more costly than Alternative 5A1.  There is really no loss in first aggressively 
pursuing the UPTDU opportunities.  If those alternatives prove too difficult to 
implement, Alternative 3A can always be reinitiated in 2006 since the first major 
commitment with this plan is in 2007.   

• Alternative 5A1 avoids the $3.0 million in pollution control facilities for lame duck 
generation.  Although the schedule will be very tight to bring a new coal plant on-line by 
2008, the second addition of the CC would not be committed until 2008.  This leaves 
time to see if transmission access and market opportunities will materialize that would 
make the addition of the CC unnecessary.  There is currently a glut of this kind of 
capacity in most markets that could be exploited if transmission access improves to the 
extent that is anticipated and needed. 

• Alternative 5A1 has Alternative 6A as a default option that is nearly as attractive but 
without the difficult timeline. 

• Since Alternative 5A1 has the tightest time frame, it will assure that the needed design 
studies, contract negotiations, and permitting efforts are initiated early enough to allow 
timely pursuit of the other alternatives if that becomes necessary and/or desirable.   

• This PSE recommendation is conditional on being able to secure long-term contracts for 
the assumed sales to UPTDU.  If, at any point, it becomes clear that such contracts cannot 
be obtained or they become too difficult to pursue, PSE recommends that EED revert to 
Alternative 3A as the preferred power supply plan. 

7.3 Implementation Issues 

This section lists and briefly discusses the types of continuing efforts that will be required to 

implement the recommended power supply plan in a timely fashion for the City. 

7.3.1 City Plan Adoption 

This report provides many alternatives that offer different mixes of attributes.  The PSE 

recommendation of Alternative 5A2 reflects a certain weighting of the criteria reported in Table 

7.1.  As a first step, the City should decide whether the potential economic benefits from the 

sales to UPTDU justify additional local generation and investment.  Without a positive finding 

on this point, there is no reason to pursue the necessary negotiations with UPTDU to formalize 
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this plan.  Assuming that the City concurs with PSE on the desirability of pursuing the UPTDU 

sales plans, the following steps should be taken. 

7.3.2 Contract Development and Negotiation 

Once EED’s desire to pursue Alternative 5A1 is confirmed, the next step will be to enter 

discussions with UPTDU to determine their interest and capability to enter the type of contract 

that is envisaged in Alternative 5A1.  This study provides feasibility level estimates of the costs 

and initial forecasts of the prices at which EED could sell to UPTDU.  In general, these cost 

estimates are believed to be conservative but they should be sufficient to test UPTDU interest in 

this plan.  UPTDU should be encouraged to decide how they would contract for such a purchase 

and to confirm the size of purchases that they seek both in terms of capacity and energy.  Hourly 

load shapes for the combined group should be solicited to allow refined planning of the 

generating units included in this plan.  For EED, it would greatly simplify the process if UPTDU 

were to extend the powers of their existing joint action agency to include power supply 

acquisition.  This would allow EED to contract with a single entity that represents the eight 

separate members of the current UPTDU group.  It may require some time to formalize that 

organization but this would greatly simplify contracting. 

A letter of intent (LOI) should be sought from the UPTDU group that formally confirms their 

intention to enter into a contract with EED to purchase power on a twenty-year contract basis 

from the units included in this plan.  The LOI should identify the dates when formal acceptance 

will be required and the anticipated terms of the sales.  This LOI should be sufficiently specific 

to justify continued effort by EED to develop and implement this plan.  A rather specific LOI 

will simplify the transition to a contract agreement at the time when it is needed.  Any intended 

cost sharing of the plan development costs should be indicated in the LOI. 

7.3.3 Cost Refinement and Preliminary Design Studies 

Given the relatively small size of all of the units considered in this study, reference plant data is 

extremely sparse.  The scaled estimates of plant investment and operating parameters used to 

evaluate the plans in this report are based on small samples of plants and the potential variation 

in these parameters is large.  With both EED and UPTDU interest in Alternatives 5A1 or 6A 

confirmed, EED will now be able to commission preliminary design studies to refine the plan 
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concept and the operation of the units to supply the combined loads of EED and UPTDU.  Both 

of these plans include a nominal 45 - 50 MW coal-fired unit and a nominal 25 MW CC.  The 

preliminary design studies should focus on development of a detailed project schedule for 

Alternative 5A1 to determine the earliest possible on-line date.  If an on-line date of 2008 is not 

possible, a waiver should be sought from EPA or other adjustments made to avoid the $3.0 

investment in pollution controls for the existing coal units if possible.  

The second primary purpose of the preliminary design studies is to provide final sizing and 

refined cost estimates for the project.  In addition to firming up the investment costs for new 

plant, fuel supply and cost issues should be addressed.  All of the best plans assume that gas will 

be extended to the EED plant site.  The availability of gas and the cost of connection need to be 

added to the analyses developed for this study.  Delivery routes and modes for Western coal 

should be established and priced.  The possibility of joint purchasing and/or shipments with WPS 

should be explored. 

Energy scheduling from the generating units included in each alternative has been developed for 

this study using conventional methods of fitting units under simplified annual load duration 

curves.  Preliminary design studies will need to determine the specific sizes of units, 

maintenance schedules, and weekly operating schedules to provide more precise cost estimates.  

Provisions for backup and maintenance power will also need to be considered.  Finally, 

Alternative 5A1 has three years (2008-2010) during which the existing CT has been assumed to 

operate in excess of the allowed 1,200 hours.  The excess generation in each of these years is 

about 8,000 MWh.  Detailed planning must determine how these excess MWh will actually be 

provided. 

In the course of this study, PSE explored the 60 MW circulating fluidized bed boiler that 

Manitowoc Electric is in the process of constructing.  This project would be very instructive for 

EED to visit.  Manitowoc plant personnel have extended an invitation to EED to visit the project.  

PSE strongly recommends that EED arrange to visit the Manitowoc project.  Both the costs and 

schedule for that project appear very encouraging and EED could gain a lot from meeting with 

Manitowoc staff.   
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Finally, this study has ignored the transmission implications of the various plans that have been 

considered because ATC studies will be required to determine what is needed for any given 

development scenario.  Before any long-term contract sale of significant size can be drafted, 

transmission issues will need to be resolved, needed improvements committed, and investment 

cost sharing arrangements made.  Only then will the full price of supply from new EED units 

become evident. 

7.3.4 Permitting 

As noted above, the schedule for Alternative 5A1 and the allowed operation of the existing coal 

units must be synchronized to avoid expensive addition of pollution controls on soon to be 

retired units.  UPTDU will also need to know whether supply will be available to cover their 

2008 needs or not.  If the Alternative 5A1 schedule cannot meet the 2008 on-line date, the 

flexibility of the EPA ruling must be tested to determine the most cost-effective means of 

achieving compliance. 

Permitting for a new power plant is neither a simple nor a quick procedure.  Any size or 

operating limits related to a new plant at the proposed site need to be identified at an early stage 

so that the generic alternatives evaluated here can be adjusted if necessary.  It will also not make 

sense to proceed very far with contracting and financing efforts without a good sense that the 

proposed project is feasible from a regulatory perspective.  Permitting regulations are complex.  

The City is likely to need to retain a consultant to assist with permitting and possibly legal 

assistance if the City wishes to seek exemption or variation of the requirements for some reason.  

Permitting will undoubtedly have a prominent spot on the critical path for these projects and 

should be initiated as soon as loads are established.  

7.3.5 Financing  

To build the CF and CC plants, the City of Escanaba will most likely require the largest bond 

issue in its history.  This study has made simple financing assumptions that are common to all 

plans to provide cost comparisons.  For financings of this size, the total dollar cost of a few basis 

points on the loan rate represents a lot of money over the life of the loan.  EED has a significant 

cash reserve that could be applied to these projects.  The optimum mix of debt and cash to use 

for these projects should be determined in consultation with the City’s financial advisor.   
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Several other issues should be carefully considered in the area of financing.  EED will need to 

get a clear determination of the impact of financing a large plant with City funds with the 

intention of selling substantial portions of the capacity and energy to other utilities.  As long as 

the sale is to other municipal or cooperative systems, the bonds should remain tax-exempt but 

this will need to be verified. 

The entire process of preparing a large bond issue should be discussed with the City’s financial 

advisor to determine the elements that will be required, the cost, any potential pitfalls, and the 

timeline for preparation of key inputs, which may include an official statement and a financial 

forecast for the City.  Contract purchasers should also be notified of their potential information 

requirements to support the financing.  The final cost of the borrowing is often related to the debt 

service coverage that is committed.  The financial models are needed to weigh the desirability of 

higher or lower coverage and to show the linkage between certain ratios and the rates needed to 

provide that coverage. 
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Glossary 
Annual Debt Service The annual payments required to pay back the money borrowed 

through selling bonds.  Annual debt service includes both interest on 
the outstanding debt and principal payments that reduce the 
outstanding debt. 

Baseload Baseload generating units are those that are run most of the time and 
that provide most of the required energy.  Typically, baseload units 
will run at least 6,000 hours per year and will operate at a capacity 
factor of at least 70%.  Baseload units are expensive to build but 
inexpensive to operate compared to peaking units, which have the 
opposite cost characteristics. 

Biomass In the context of this report, biomass refers to various types of non-
fossil fuels that could qualify for renewable energy credits.  Wood, 
paper and straw are common examples of biomass fuels that can be 
used for power generation. 

Capacity Capacity is a measure of the maximum potential output of a 
generating unit.   

Capacity Factor The capacity factor is defined as actual energy production as a percent 
of maximum possible production over a given period of time.   

Capital Costs Capital costs refer to outlays that are recovered over a period longer 
than one year as opposed to expenses, which are recovered in the year 
in which they are incurred. 

Capitalized Interest Interest costs incurred during the period of construction of a power 
plant may either be expensed or capitalized.  When they are 
capitalized, they are accrued and included in the total amount of the 
bonds that are issued.   

Combined Cycle A type of generation unit that combines a combustion turbine and a 
steam turbine.  Waste heat is utilized to provide higher efficiencies 
than are achieved with simple cycles.  This type of generation is 
typically cost effective for either intermediate or baseload generating 
cycles. 

Combustion Turbine A type of generation unit that is most commonly used relatively few 
hours to cover peak loads and/or to provide reserve capacity.  A CT 
has relatively low investment costs but high operating costs. 

Demand-Side 
Management 

A general term that refers to a wide range of activities that are 
intended to modify the amount or shape of the demand curves for 
electricity. 



 

Escanaba Electric Department G-2 Glossary 
Power Supply Study Evaluation Report  Power System Engineering, Inc. 

Dispatchable Dispatchable generating resources are those that can be used on-call to 
follow variations in load.  Dispatchable generators are distinguished 
from “must-run” units that are restricted to certain usage schedules 
regardless of the variations in load.  Generation that relies on variable 
flow fuel sources such as wind or run of river hydro is not 
dispatchable since it cannot be used whenever it is needed. 

Distributed 
Generation 

Due to economies of scale, traditional power generating stations have 
featured concentrations of large units with supply through extensive 
transmission and distribution networks.  Distributed generation refers 
to a different generation strategy that emphasizes many more small 
units located on or near load centers.   

Dual Fuel Dual fuel generators are those that can operate on more than one fuel.  
Typically, this refers to units that can operate on either natural gas or 
fuel oil. 

Energy 
Requirements 

The total energy requirement at the generating station is the sum of all 
customer demands plus all transmission and distribution losses 
measured over a specified period of time such as a month or a year. 

Expensed Interest If interest during construction is not capitalized, it is expensed.  This 
means that annual interest costs are paid during the construction 
period to minimize the size of the bond issued needed to finance the 
power plant. 

Ex-Plant This is a reference point in an electric system that is defined as the 
intersection between the generating facility and the entry to the 
delivery system typically at transmission voltage.   

Fixed Costs Fixed costs for power generation consist of annual debt service plus 
the operating and maintenance costs that are time-dependent rather 
than usage dependent.  Typically, fixed costs are expressed in $/kW-
year. 

GDP Price Index or 
GDP Price Deflator 

A broad price index calculated by the U.S. Bureau of Labor Statistics 
and intended to reflect general inflation in the U.S. economy. 

Heat Rate (Net Heat 
Rate) 

Heat rate is an inverse measure of the efficiency of a power plant 
expressed in BTU In/kWh out.  The heat rate divided into 3,412 is the 
efficiency of the plant.  The gross heat rate has total electric 
production in the denominator while the net heat rate has total 
production less station demand in the denominator.  Station demand is 
the amount of electricity used by the power plant.   

Interest During 
Construction 

A baseload power plant can take four years to build.  When funds are 
borrowed to pay for the construction expenses in year one through 
four, interest costs will be incurred.  These costs are called interest 
during construction regardless of whether they are capitalized or 
expensed.   
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Interruptible Power Power purchases may be on a firm basis or an interruptible basis.  The 
purchaser of interruptible power must be prepared to provide 
alternative power supply in the event of interruptions that are allowed 
by the terms of the purchase contract.   

Levelized Costs Power supply plans in this report are costed over a future period of 
twenty years.  Costs of each plan increase year by year both because 
of the additional generation that is required and because of increase in 
prices of key inputs such as fuel costs.  The time pattern of cost 
increases will vary due to different investment periods and different 
fuels used in alternative plans.  Levelized costs provide a simple way 
to compare alternatives that supply the same amount of electricity in 
each year.  Levelized costs are what you would have to pay for a 
power supply plan if you wished to have the same payment in every 
year.  Levelized costs are calculated by converting the present value of 
the plan cost to an annuity using the applicable discount rate.  
Levelized costs per MWh equal the fixed annual cost divided by the 
average MWh produced over the period of analysis. 

Load Factor The load factor is defined as (energy used in period x)/((peak demand 
in period x)*(hours in period x)).  If a system had a constant load for 
every hour in the year, the load factor would be 100%. 

Nominal Dollars Costs expressed in nominal dollars for year x are calculated at the 
prices that are applicable for year x.  Thus costs expressed in nominal 
dollars include the effects of inflation.   

Operations and 
Maintenance (O&M) 

O&M costs reflect those annual expenditures that are required to 
produce power and to keep equipment in good working order.  Fixed 
O&M costs are time dependent and do not vary with the hours of 
operation.  Variable O&M costs relate to the hours of operation and 
include fuel plus non-fuel categories. 

Overnight 
Construction Costs 

A hypothetical cost of a power plant that would apply if the plant 
could be built instantaneously.  Actual costs will include escalation 
and interest over the relevant construction period. 

Peak Demand The maximum electric demand on the system over a given time 
interval. 

Peaking Generation Generation intended to cover very high load periods of relatively short 
duration.  This type of generation is relatively inexpensive to build but 
very expensive to operate. 

Present Value Each power supply plan requires annual expenditures to cover debt 
service and all O&M costs over the next 20 years.  The present value 
of those annual expenditures is the current equivalent of those 20 
years of costs calculated using a discount rate equal to the EED cost of 
capital.  If EED were to invest the present value cost of a plan in 2004 
at the chosen discount rate, it would yield sufficient annual funds to 
pay all power supply costs through 2023.   
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Requirements 
Service 

This is a type of power sale in which the seller agrees to provide the 
requirements of the buyer, whatever those requirements may be.  
Thus, the seller takes all of the risk of load variation.  The alternative 
is for the buyer to contract for fixed amounts of energy and/or 
capacity.  Then the buyer assumes the risk of load variation. 

Transmission 
Constraints 

For any given transmission system only finite flows are possible.  
Existing transmission grids were not designed for the types of bulk 
power transfers that are now encouraged by market reforms.  Thus, 
certain nodes in the grid can become congested at times and no 
additional power transfers between certain regions are possible. 
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Appendix Table 1 Alternative 1 - CF35 08 D2 - No Sales 
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Appendix Table 2 Alternative 2 - CC35 08 D2 – No Sales 
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Appendix Table 3 Alternative 3 - CF 3511 D2 – No Sales 
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Appendix Table 4 Alternative 3A - CF25 11 D12 – No Sales 
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Appendix Table 5 Alternative 4 - CF 50 08 D2 - UPTDU 1 
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Appendix Table 6 Alternative 5 - CF50 08 CF25 11 - UPTDU 12 - 15 08 40 11 
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Appendix Table 7 Alternative 5A - CF45 08 D32 
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Appendix Table 8 Alternative 5A1 - CF45 08 CC25 11 
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Appendix Table 9 Alternative 5A1 Co-Fire - CF45 08 CC25 11 
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Appendix Table 10 Alternative 5B - CC45 08 CF25 11 D6 - UPTDU 1 2 - 15 08 40 11 

 



 

A-11 

Appendix Table 11 Alternative 6 - CF75 11 - UPTDU 2 - 40 11 
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Appendix Table 12 Alternative 6A - CF50 CC 25 11 – UPTDU 2 – 40 11 
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Appendix Table 13 Alternative 7 - CF 100 08 –GEN 65 - 65 08 

 



 

A-14 

Appendix Table 14 Alternative 8 - CF 125 D 15 11 – GEN 90 - 90 11 

 



 

A-15 

Appendix Table 15 Alternative 8A - CF 75 CC 50 11 – GEN i90 - 90 11 

 



 

A-16 

Appendix Table 16 Alternative 9 - CF 50 08 – UPPCO - 15 08 
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Appendix Table 17 Alternative 10 – Purchases – No Sales 

 


	1.0 Introduction
	1.1 Background and Scope
	1.2 Purpose
	1.3 Report Roadmap

	2.0 Needs, Opportunities and Available Options
	2.1 Needs and Opportunities
	2.1.1 EED’s Own Needs
	2.1.2 Retirements of Existing Resources
	2.1.3 Sales Opportunities

	2.2 Existing Resources
	2.3 Technologies and Fuels
	2.4 Excluded Alternatives

	3.0 Cost Parameters
	3.1 Costing Methodology
	3.2 New Coal Plant Costs
	3.3 Combined Cycle Plant Costs
	3.4 Diesel Units
	3.5 Fuel Price Forecasts

	4.0 Plan Development
	4.1 Setting And Assumptions
	4.2 Strategies and Plans
	Alternative 1 - CF3508 R2408
	Alternative 2 - CC3508 RCF2408
	Alternative 3 - CF3511 R2411
	Alternative 3A – CF2511 D120823 R2411
	Alternative 4 – UPTDU 1508 CF5008
	Alternative 5 – UPTDU 1508 4011 CF5008 CF2511
	Alternative 5A - UPTDU 1508 4011 CF4508 D321123
	Alternative 5A1 - UPTDU 1508 4011 CF4508 CC2511
	Alternative 5B - UPTDU 1508 4011 CC4508 CF2511
	Alternative 6 – UPTDU 4011 CF7511 D208
	Alternative 6A – UPTDU 4011 CF5011 CC2511 D208
	Alternative 7 – Regional 6508 CF10008 D223
	Alternative 8 – Regional 9011 CF12511 D1511
	Alternative 8A - Regional 9011 CF75 CC5011 D208
	Alternative 9 - CF5008 UPPCo 24+1508
	Alternative 10 - Interruptible Purchases CT4018


	5.0 Evaluation Criteria
	5.1 Cost Metrics
	5.2 Reliability and Flexibility
	5.3 Risk
	5.3.1 Load and Sales
	5.3.2 Future Competing Resources
	5.3.3 Fuel Prices
	5.3.4 Carbon Tax

	5.4 Environment

	6.0 Alternative Supply Plan Evaluations
	6.1 Cost Comparisons
	6.1.1 Go It Alone Alternatives
	6.1.2 UPTDU Sale Options
	6.1.3 Generic Sales and UPPCo Options
	6.1.4 Best of the Best Options

	6.2 Risk and Environmental Comparisons
	6.2.1 EED Share of Total Energy Generation
	6.2.2 Competitive Benchmark
	6.2.3 Fuel Costs and Use
	6.2.4 CO2 Emissions and Possible Cost Impacts
	6.2.5 Biomass Co-Firing


	7.0 Summary, Conclusions, Recommendations and Implementation
	7.1 Summary
	7.2 Conclusions and Recommendations
	7.3 Implementation Issues
	7.3.1 City Plan Adoption
	7.3.2 Contract Development and Negotiation
	7.3.3 Cost Refinement and Preliminary Design Studies
	7.3.4 Permitting
	7.3.5 Financing


	Glossary

