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Introduction
In case U-14231 the Michigan Public Service Commission (MPSC) established the Capacity Needs Forum.  The goal of this forum is to develop forecasts of optimum power supply and demand for Michigan.  As part of the forum, the Alternate Generation Working Group was formed to evaluate nontraditional power supply options that would be feasible within Michigan.  Specific tasks include: 1.) define the most promising alternates to traditional generation, 2.) quantify the cost structure of these alternates and 3.) determine the capacity that could be online within 2009 timeframe and detailed by three geographic areas in Michigan (Upper Peninsula, SE Michigan & balance of Lower Peninsula).
Promising Alternates
The working group decided to evaluate four technologies based on cost, suitability within Michigan and commercial viability.  The technologies included combined heating power (CHP), wind, landfill and anaerobic digestion.   Other technologies that have potential such as solar & fuel cell were classified as emerging and not evaluated.  Unlike central station power, there is relatively little cost and operating history for alternate generation.  While workgroup extracted sufficient data to develop a position on forecasted costs and quantities of alternate generation, it should be noted that the results are approximations based on the limitations mentioned above.
Combined Heating and Cooling (CHP)  
CHP technology takes process steam generated by industrial boilers and passes the steam through a turbine before it is used for its ultimate purpose.  Where direct heat is needed (not steam) a turbine is fired by natural gas and the turbine exhaust is used for the industrial heat.  This technology provides fuel efficiency by utilizing the fuel source twice, once for generation and then for heat.  Such fuel efficiency can be up to 60% of a traditional power generation unit.   Scale of these can be from a fraction of a megawatt per unit to over 100 megawatts per unit.
 There is an estimated 4,580 MW of CHP currently installed in Michigan.  Of this, 2419 MW (52%) of CHP is at the Midland Cogen Venture and the Dearborn Industrial Generation sites, serving DOW and Ford Motor Company respectively.  An additional 990 MW (22%) of installed CHP capacity is at eight different utility-owned sites.  The installed base of remaining 26% of Michigan’s CHP capacity can be broken down into sectors as follows:

Sector
CHP MW

Pulp and Paper
209 MW

Educational 
132 MW 

Other Automotive
  63 MW

Other Industrial
  67 MW

Municipalities
  17 MW

Hospitals
    5 MW

Data from the Michigan Boiler Permit database, E-Grid database and Midwest CHP Applications Center’s database, suggests that there is as much as 1471 MW of additional base load capacity for CHP could be available, the workgroup believes that 37 companies that have large (100,000+ lbs/steam/hr) boilers have the best potential to provide an estimated 1085 MW of potential CHP capacity.  Capacity by sector is as follows:

Sector
%
  Potential

Automotive/Transportation
43%
466 MW

Mining/Metal Forming
18%
193 MW

Pulp/Paper
15%
159 MW

Chemical/Pharmaceutical
10%
108 MW

Food Processing
9%
 99 MW

Other



       6%
            59 MW
The cost structure for large scale CHP systems is as follows:

	
	CHP
	CHP
	Central Plant

	 
	Coal Fired
	Gas Turbine
	Coal Fired (a.)

	Assumptions
	
	
	

	Capital Installed Costs ($/kW)
	 $     1,500 
	 $     1,200 
	 $     1,447 

	Capital Recovery Rate (%)
	14%
	14%
	14%

	Annual Operating Hours
	8760
	8760
	8760

	Capacity Factor (%)
	80%
	90%
	80%

	Efficiency for 150 PSI Steam (MMBtu/MW)
	        4,000 
	      10,000 
	      10,000 

	Fuel Costs $/MMBtu
	 $       4.00 
	 $       7.00 
	 $       4.00 

	
	
	
	

	Resulting Costs per kWh
	
	
	

	Capital Recovery
	 $     0.030 
	 $     0.021 
	 $     0.029 

	Fuel
	 $     0.016 
	 $     0.042 
	 $     0.040 

	O&M
	 $     0.005 
	 $     0.001 
	 $     0.005 

	
	
	
	

	Average Cost of  CHP Power:
	 $     0.051 
	 $     0.064 
	 $     0.074 

	
	
	
	


(a.) for reference only.

Need to break down CHP by geographic area.  Concerned about Cap Factors – autos are running at 75% of capacity and are trending downward.
Wind  
Wind generation technology is comprised of a generator placed atop a 100 meter tower and driven by three 30 meter wind turbine blades.  Output of each generator is between one and three megawatts.  Groups of turbine generators are located in favorable locations (wind farms) that provide consistent winds with substantial velocity to drive the wind turbines.

 Based on NREL data approximately 820 MW of Class 4 (high quality) wind capacity exists in Michigan.  Taking into account siting issues and lack 100M wind data at the potential sites, the workgroup decided to take a conservative approach and estimate approximately 50% or 410MW of capacity is feasible within the timeframe of the study.  Of this amount 7MW exists in the Upper Peninsula, 40 MW in SE Michigan and the balance in the rest of the Lower Peninsula.
The cost structure for Class 4 wind systems is as follows:

	Assumptions
	

	Capital Installed Costs ($/kW)
	 $     1,600 

	Capital Recovery Rate (%)             (a.)
	8%

	Annual Operating Hours
	8760

	Capacity Factor (%)
	25%

	Efficiency (MMBtu/MW)
	            -   

	Fuel Costs $/MMBtu
	 $       0.00 

	
	

	Resulting Costs per kWh
	

	Capital Recovery
	 $     0.058 

	Fuel
	 $     0.000

	O&M
	 $     0.010 

	
	

	Average Cost of  Wind Power:
	 $     0.068 


Capital cost was based on five1.5MW wind turbines at an elevation of 100 meters.  These costs are based on an estimated 25% annual capacity factor and monthly on and off peak  average wind speeds to calculate capacity factors that would equate to the 25% annual number.   Capacity factor calculations are difficult for wind generation because wind speed varies due to climatic conditions.  The following capacity factors used by the workgroup are based on average wind speed at the Muskegon Airport:
	
	Weighted
	
	
	
	
	Weighted 

	 
	 Average
	On-peak
	Off-peak 
	On-peak
	Off-peak 
	Capacity

	Month
	 Wind speed
	Wind speed
	Wind speed
	Cap. Factor
	Cap. factor
	Factor

	January
	8.52
	8.68
	8.19
	45.66
	37.44
	41.55

	February
	8.21
	8.47
	7.70
	42.42
	31.11
	36.77

	March
	7.61
	8.06
	6.72
	36.56
	20.68
	28.62

	April
	7.60
	8.00
	6.81
	35.75
	21.52
	28.63

	May
	7.34
	7.99
	6.05
	35.61
	15.09
	25.35

	June 
	6.42
	7.18
	4.92
	25.84
	8.12
	13.98

	July
	5.94
	6.73
	4.37
	21.28
	5.69
	13.48

	August
	5.59
	6.35
	4.05
	17.88
	4.53
	11.20

	September
	6.63
	7.17
	5.55
	25.73
	11.65
	18.69

	October
	6.57
	6.84
	6.03
	22.34
	14.94
	18.64

	November
	7.67
	8.01
	6.98
	35.88
	23.18
	29.53

	December
	7.69
	7.86
	7.36
	33.90
	27.17
	30.54

	Total
	7.15
	7.61
	6.23
	31.57
	18.43
	25.00


Landfill Gas
Landfill gas technology involves extraction of methane gas produced from buried waste in landfills and using it to fuel micro turbines to produce electricity.  In the past the methane would be typically flared and if the gas was not flared, a greenhouse gas would be emitted.   Since the methane gas production is anaerobic (absent the presence of oxygen), the amount of methane extracted is somewhat limited so that oxygen is not pulled into the buried landfill.   However technology and operating experience has developed to the point where landfill generators can now produce electricity to follow load.  

Currently there are 79MW of landfill gas generators in Michigan.  Expansion potential at these sites is estimated to be 54 MW to provide 123 MW of capacity.  New sites are also expected to be developed and provide another 104MW of capacity over the next ten years.  The geographic locations of these sites and existing and potential capacity are as follows:






Existing
Expansion
New

Total

Upper Peninsula


       0

         0

      2

     2



SE Michigan 



     53

       29

    62

 144
Balance of Lower Peninsula
                 26

       15

    40

   81
Total




     79

       44

  104
 
 227
Since new landfill gas sites will require transmission the capital costs are approximately 30% higher than expansions at existing sites.  The typical unit size is 800KW and all expansion would be in 800KW increments.  Capacity factors were based on sufficient landfill gas being available for all on-peak periods to provide full generator output.
	Assumptions
	New
	Expansion

	Capital Installed Costs ($/kW)
	 $     1,600 
	 $     1,200 

	Capital Recovery Rate (%)
	14%
	14%

	Annual Operating Hours
	8760
	8760

	Capacity Factor (%)
	65%
	65%

	Efficiency (MMBtu/MW)
	      12,000 
	      12,000 

	Fuel Costs $/MMBtu
	 $       0.00   
	$       0.00   

	
	
	

	Resulting Costs per kWh
	
	

	Capital Recovery
	 $     0.039 
	 $     0.030 

	Fuel
	 $     0.000   
	$     0.000     

	O&M
	 $     0.030 
	 $     0.035 

	
	
	

	Average Cost of  Power:
	 $     0.069 
	 $     0.065 


Anaerobic Digester

Like landfill gas, anaerobic digesters produce methane from farm waste (typically cattle waste) and use it to fuel micro turbines or for farm heat.  However a digester dome needs to be constructed to capture the methane.  To make the economics work, herds of over 500 head of cattle are needed.  Currently there are farms in Michigan that could use anaerobic digesters to produce approximately 51MW.  The geographic locations of these farms are:

Upper Peninsula


       2




SE Michigan 



       5



Balance of Lower Peninsula
                 44



Total




     51

       

It should be noted that very limited cost and operational data is available.  The group’s best estimate of cost is as follows:

	Assumptions
	

	Capital Installed Costs ($/kW)
	 $     2,500 

	Capital Recovery Rate (%)
	14%

	Annual Operating Hours
	8760

	Capacity Factor (%)
	63%

	Efficiency (MMBtu/MW)
	      10,000 

	Fuel Costs $/MMBtu (fertilizer replacement)
	 $       0.50 

	
	

	Resulting Costs per kWh
	

	Capital Recovery
	 $     0.063 

	Fuel
	 $     0.005 

	O&M
	 $     0.005 

	
	

	Average Cost of  Power:
	 $     0.073 


Summary:
 The four technologies studied have the potential to provide approximately 1700MW of capacity in the near to mid term.   The capacity and cost by technology is:
Technology


MW


$/kwh 
CHP - Coal





$.051
CHP - Gas





  .064

Landfill – Expansion

  44


  .065




Wind



410 


  .068

Landfill – New

104


  .069

Anaerobic Digester 
              51


  .073
Total 


          1681


$.063
This analysis did not include any incentives for emission reductions or any subsidies for green/renewable energy programs.  Need to expand.
Alternate generation resources can play a significant role in capacity growth within the State of Michigan.  Due to smaller size and lower environmental impacts alternate units could be brought on line within a shorter timeframe than central station power plants.  This generation could provide a stop gap solution to projected capacity needs.  Need to expand.
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