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Overview

Many policy and market issues are changing the nature of how and when various types of generators are dispatched.  Whether it is due to a broader compliance effort directed at reducing CO2 emissions from existing power generators, or part of a state renewable portfolio standard, coal generators will likely not continue the historically favorable dispatch position that they’ve held in the past, and they may be on the margin.  This marginal operation will entail more frequent starts and stops, and a ramping up of operation to meet demand, which is expected to shorten the operating life of mechanical components and increase operation and maintenance (O&M) costs.

This report evaluates the effects of more frequent startups and shutdowns and load changes on O&M costs in existing, baseload, coal-fired power plants.Information available in the literature was leveraged using the experience of an international engineering, procurement and construction firm experienced in the design, operation, and maintenance of power plants. 

An analysis, based on a discrete number of cold starts
 per year, was conducted to determine the impact of starts, stops and load changes on a 300 MW coal-fired unit’s O&M cost, and the resulting cost of electricity (COE).  The impact on COE captures the increased costs associated with electricity generation ($/MWh basis).  For the purposes of this analysis, the capital cost of the existing unit is assumed to have been completely paid off, and is therefore no longer considered part of the COE calculation.

The scope of this report is limited to cold starts, which: (a) vary less in number across the existing fleet, and (b) have a more significant impact on plant equipment – per start –  then either warm or hot starts. The latter is the result of the greater thermal cycling range of cold starts, from ambient to operating temperature.  Warm and hot starts – while outside the scope of this analysis – may be significant for units in which the number of these starts outnumber cold starts, and will be investigated in the future.  

Results

Findings of this report focus on the changes to the O&M and fuel costs related to reducing generation through: 

1. Decreasing the plant annual operating hours by increasing the number of plant shutdowns,

2. Operating the plant below its design capacity, at a lower load factor
.

Conclusions

The results are primarily represented as increases with respect to O&M and fuel components of the COE.  The increases are not expressed with respect to the total costs of electricity since the capital component of the existing unit under consideration is assumed to be fully paid off.  The key findings of the report are as follows:

· The combination of startup fuel cost, periodic replacement and major maintenance costs, and annual routine maintenance and inspection cost of susceptible components could range from $12,800/MW/year for 1 annual cold start to $18,340/MW/year for 12 annual cold starts.

· Additional maintenance (in excess of the major maintenance costs noted above) for susceptible components and startup fuel costs could range from $100/MW/Start to $490/MW/Start depending on the number of annual cold starts between 1 and 12.

· On an annual basis, the routine maintenance and inspection costs for susceptible components can be as significant as the periodic replacement and maintenance costs.

· When the number of annual cold starts increases from 1 to 12, the susceptible components require additional maintenance due to thermal cycling, and there are additional startup fuel costs.  These additional costs are presented as an increase in COE.  This component of COE can vary by 42% (from $1.73/MWh to $2.46/MWh)
 depending on the number of cold starts.  

· About 20% of the fixed O&M cost contribution of the COE is related to the startup susceptible component maintenance cost and startup fuel cost. 

· Increasing annual cold starts and stops from 1 to 6 (or 12) increases the total fixed costs
 by about 10%.  

· Reducing capacity factor by decreasing load factor
 has a greater adverse impact on COE than by increasing the number of shutdowns (decreasing operating time).
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�Power plant startups are typically classified as hot, warm, or cold starts based on the length of time elapsed after shutdown, which directly relates to how much the process equipment has cooled down.  While there are significant variations in the definitions of these terms, cold starts can be classified as when the boiler and steam turbine have sufficiently cooled down, reaching temperatures less than 250°F. Generally speaking, this occurs after the unit has been off-line for more than 48 hours.





� The capacity output level expressed as a percent of the full plant capacity.  For example, 240MW plant operating at a load factor of 50% will have an output 120MW.


� This analysis assumes 85% annual capacity factor


� Fixed operating and maintenance are independent of the annual MWh’s generated by a power plant. 


� Load factor is defined as the ratio of actual output to maximum rated output.





