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Background
The Alaska Center for Energy and Power (ACEP) was conditionally awarded $433,045 from the Denali Commission under the Emerging Technology Fund for testing power electronics devices that could allow wind-diesel systems in Alaska to operate in a diesel-off mode.  This is important because by operating in a diesel-off mode, a much greater cost savings can be realized from these systems.  The scope of work for this project centered on reconfiguring existing Northwind 100kW inverters (the most common and robust turbine installed in Alaska) to provide frequency, voltage, and VAR support while the diesel generators are shut off (provided adequate wind is available).  This option has never been tested in a lab which must first be done, before field testing, due to the high risk of interrupted power to the community.    By simply reprogramming existing inverters with new algorithms a low cost solution could be applied to over ten communities which would result in increased power stability with the ability to shut the diesel gen-sets off.   
The original proposal requested funding support in the amount of $866,097.  Due to funding constraints the Denali Commission only awarded the project $433,045. This required ACEP to rescope the project as the equipment needed for the original project was not able to be purchased.  
This is the basis for research on power electronics at the Alaska Center for Energy and Power (ACEP): to simulate operation of the wind diesel systems on a Hybrid Power Test Bed to assist the Alaskan wind industry in developing and improving hybrid power generation systems. Using simulated village loads, researchers can evaluate the interaction of these power sources under realistic conditions at the test bed and work through actual problems the system might encounter in the field.
The key objectives of this project are to:
1. Address technical issues related to high wind penetration as part of the overall generation portfolio in order to reduce the amount of diesel fuel used and improve the economics of existing and planned wind-diesel systems.

2. Confirm that an inverter can stabilize power quality in a diesel-off mode.

3. Address issues specifically related to operation of turbines and ancillary equipment in remote locations.

4. Take high penetration systems to the next level by enhancing the rate of success of diesel-off operations.

5. Significantly contribute research which will solidifying Alaska as the leader in wind-diesel technology worldwide and expand employment and economic opportunities in this sector.

In developing the testing protocols, key research questions will be identified and addressed:

1. Impact of increased wind penetration and conditions under which the increased penetration will result in violation of reliability criteria: 
a. with concomitant displacement of aged conventional generation;
b. without any decrease in existing conventional generation.

2. Assess (and/or develop) control enhancements to fully utilize the reactive power capability of the machine and the power electronic converters under high penetration with regard to voltage response and stability. Such control enhancements may include
a. grid-side reactive power boost that allows the grid-side converter to inject reactive power into the grid when the rotor is short circuited with a crowbar to protect  the rotor-side converter;
b. retrip prevention and dc overvoltage prevention that protect the power electronics and allow maximum utilization of reactive power.

3. Confirm ability of power electronics to meet certain operational technicalities such as low voltage ride through (LVRT), dynamic reactive compensation as per the requirements of FERC[footnoteRef:1] standards, etc. [1:  The Federal Energy Regulatory Commission is the US federal agency with jurisdiction over high voltage interstate transmission systems, sales, wholesale electric rates, hydroelectric licensing, natural gas pricing, and oil pipeline rates.] 


4. Overall, since power electronic devices tend to be sensitive to high voltages and currents, the equipment should validate the converters for each aspect of impact of increased wind power penetration on: 
· small-signal and transient stability, 
· frequency stability, 
· voltage response, and 
· market operation.

Recent Activity
Trip to the National Renewable Energy Lab and Sustainable Automation
Billy Muhando and Katherine Keith traveled to Boulder, Colorado in June 2010 to discuss the installation of the Alaska Hybrid Test Bed.  A similar unit was installed at NREL when there was a focus on village power systems in the late 80’s early 90’s.  This original test bed was used during the design and construction of the Wales High Penetration Wind-Diesel system which was installed in 2002.  The ACEP researchers met with Mari Shirazi at NREL who walked us through the layout and design of the test bed, making recommendation for a newer and more modern design.  Kat and Billy also met with Jerry Bianchi who provided schematics from the test bed and spent significant amount of time speaking with us about the intricacies of the project.  Jerry originally managed the program at NREL and therefore is extremely well qualified to discuss future projects.  There also were a couple meetings with Steve Drouilhet, President of Sustainable Automation with discussions revolving around equipment selection, maintenance and warranty of purchased equipment, and modeling software.  A tour was also given of the existing testing facilities at Sustainable Automation.  
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Figure 1:  Steve Drouilhet and Billy Muhando

Power Electronics Review
The report is on its final iteration and is close to completion.   The table of contents is listed below: 
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Equipment Status	
Initial equipment has been purchased through Sustainable Automation and is expected to be delivered by December 2010.  The equipment includes:
1. Model WTS-IG-100-480-60 Wind Turbine Simulator, 100 kW, induction generator, 3-phase 480 VAC input power, 3-phase 480 VAC output power.  Includes LabVIEW-based control software. 
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Figure 2:  Sustainable Automation Wind Turbine Simulator


2. Lead-Acid Battery Bank, valve-regulated, maintenance-free, deep cycle, Absolyte GP or equivalent, 336 VDC, 896 Ah nominal capacity. Estimated lifetime = 10 years.
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Figure 3:  Lead Acid Battery Bank and Inverter Cabinet


3. Grid-Forming Energy Storage Power Converter, 200 kVA, 480 VAC, 60 Hz.  Multiple operating modes:  grid-forming (voltage and frequency regulation), diesel-parallel (load and VAR sharing), and controlled battery charging.  Includes wall-mounted battery disconnect DC circuit breaker. (Does not include grid isolation transformer or battery bank).
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Figure 4:  Sustainable Automation Inverter


4. Transformer, Isolation, 225 kVA, 480V Delta Primary, 480/277V Wye Secondary 

5. Matlab/Simulink/SimPowerSystems model of Diesel Genset, Inverter, Battery, and Primary Load. Models of any future components purchased from Sustainable Automation shall be provided at no charge.
Future Work
During the next quarter it is expected that the design drawing for the test bed configuration will be completed along with testing protocols.  
Considering the lead time in delivery of the equipment (about 6 months), we shall be making initial preparations - setting up the workspace at the GVEA Bidwell building with e.g., potable water, addressing safety and security concerns etc.
A close collaboration with the installation contractor (Marsh Creek) is deemed necessary, and it is expected he shall be allowed access to the GVEA facility to facilitate layout design, etc.

Data collection is still an ongoing process and we plan to analyze and harmonize all pertinent data from several high penetration areas of Alaska to gauge suitability of the equipment, as well as form a basis for recommendations to the contractor during construction of the test bed for adequate instrumentation. Potential high penetration site visits may be necessary for this task.
We also plan to get the flow battery currently at the ACEP facility in serviceable condition so that we may run high storage capability tests on the hybrid test bed.
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