ACCEPTANCE AND PERFORMANCE EVALUATION TESTING

Acceptance Testing
Acceptance testing for each new and clean 2 or 2.4MW plant will be done following a period of plant startup, tuning, and general shakedown testing.  Acceptance testing will be done to a mutually agreed upon test plan between Purchaser and Seller. By the time these plants enter into acceptance test phase, there will be at least a draft of an The Performance Test Procedure will be based on ASME performance test code for fuel cells if available. That document It will specify recommended procedures for power and heat rate testing and data evaluation, and provide accuracy projections determination of instrument uncertainty.  This may be used as is, or serve as the basis for a test plan developed between Purchaser and Seller.  

The Performance Test Procedure will include:

· Identification of all parameters to be measured
--  determine if station instrument or temporary test instrument to be used
· Method of correcting measured performance at test conditions to Guarantee Basis Conditions
· Method of verification that unit is at Base Load
· Method of verification that conditions are stable
· Method of verification that simultaneous specific performance is satisfied
--  Compliance with emissions and noise guarantees 
· Prerequisites to commencing the test
--  Functional tests (electrical and mechanical)
· Number or tests and duration of each test ( minimum number of  tests, 1-hour each)
· Definition of “new and clean”
--  means of determining degradation due to operating history
· Means of verifying instrumentation calibration
· Sample performance analysis
· Sample instrumentation uncertainty analysis

The general approach to acceptance testing is as follows:

· Conduct a pre-test review of procedures and expected accuracy for Purchaser and Seller approval. A post-test review of instrument uncertainty This accuracy allowance will be used to determine compliance with guarantee points.
· Verify that basic input conditions are stable (ambient conditions, fuel composition, water quality).
· Ramp the powerplant up to the Maximum Guaranteed Output (2 or 2.4MW net ac)as measured at high side of inverter.  This net output consists of the fuel cell DC power generation minus losses due to:
[Power conditioning]
[Step up of voltage to 480V]
Parasitic power usage within plant (blowers, etc)
Auxiliary power usage (HVAC, lighting, control system power, water treatment, pumps, if any)
The plant control system will measure and report the appropriate net ac power directly.  It can be independently verified by measuring power output with another device (provided by Purchaser).  If that device is located after transformation to a higher voltage than 480V, a correction must be made to account for the additional step-up loss.

· Verify stable, Base Load operation


· Determine efficiency
· Measure fuel input composition at fuel admission point for unit, using gas chromatograph (Purchaser supplied, not part of permanent plant instrumentation) or sample tested by independent laboratory.  This is used to calculate fuel heating value.
· Measure fuel input rate.  The plant control system measures and reports input flow rate, but this can be measured independently with additional Purchaser supplied instruments at the fuel inlet line to each unit if desired.
· Using fuel LHV heating value and input rate as the energy input and net ac power as the output, calculate plant unit efficiency.
· Apply any corrections needed for ambient conditions
· Corrections to include (FuelCell to verify appropriate parameters):
--   Fuel Composition (% CH4, allowable contaminants)
--   Fuel pressure/temperature
--   ambient temperature and humidity
--   water quantity and qualtiy
--   system frequency
--   power factor
--   operating hours
--   catalyst efficiency


· Conduct a post-test uncertainty analysis to verify accuracy of the measured efficiency.


· Determine emissions
· During stable operation at Maximum Guaranteed Output, analyze plant  unit exhaust to determine composition of NOx, SOx, CO, and PM10 particulates.  Procedures to be agreed upon, based on existing guidelines (e.g. EPA), as modified appropriately for the fuel cell application.  The accuracy of these procedures will be assessed and this accuracy allowance will be used to determine compliance with guarantee points.
· 
· Complete 24 hour run
· Monitor the plant while holding at maximum rated guaranteed output for the balance of the 24 hour test.
· Noise test (FCE to propose)
· Water use test (FCE to propose)
· Water dischange test (FCE to propose)


Reliability Test

Operate the facility at base load for   hours without unplanned outages.  (Commercial agreement will define terms).

Performance Testing
Performance Testing can be done at any time during plant operation to assess plant performance.  If the test is to determine warrantee compliance, Performance Testing will be done to a mutually agreed upon test plan between Purchaser and Seller.  That test plan must include tests which allow a determination of which components of the plant (Stack Modules or BOP) are contributing to any measured decay.  The control system and plant instrumentation allows determination of stack module dc output to facilitate this determination.  The general approach to performance testing is as follows:

· Conduct a pre-test review of procedures and expected accuracy.  If the test is for warrantee compliance, the pre-test review should have Purchaser and Seller review and approval. This accuracy allowance will be used to determine compliance with guarantee points.
· Verify that basic input conditions are stable (ambient conditions, fuel composition, water quality).
· Ramp the powerplant up to the highest possible output, not to exceed the Maximum Guaranteed Output.  This net output consists of the fuel cell DC power generation minus losses due to:
[Power conditioning]
[Step up of voltage to 480V]
Parasitic power usage within plant (blowers, etc)
Auxilary power usage (HVAC, lighting, control system power, water treatment, pump, fang)
The plant control system will measure and report the appropriate net ac power directly.  It can be independently verified by measuring power output with another device.  If that device is located after transformation to a higher voltage than 480V, a correction must be made to account for the additional step-up loss.

· Verify stable, Base Load operation

· Determine efficiency:
· Measure fuel input composition at fuel admission point for unit, using gas chromatograph (Purchaser supplied, not part of permanent plant instrumentation).  This is used to calculate fuel heating value.
· Measure fuel input rate.  The plant control system measures and reports input flow rate, but this can be measured independently with additional Purchaser supplied instruments at the fuel inlet line to each unit if desired.
· Using fuel LHV heating value and input rate as the energy input and net ac power as the output, calculate plant efficiency.
· Apply any corrections needed for ambient conditions
· Conduct a post-test uncertainty analysis to verify accuracy of the measured efficiency.  

Determine decay rates

Power output decay = (1-(power output capability at start of operations – power output capability at time of performance test)/(( power output capability at start of operations))/100

Efficiency decay = (1-(efficiency at start of operations – efficiency at time of performance test)/((efficiency at start of operations))/100.  For purposes of these calculations efficiency is expressed as a percentage.


