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Executive Summary 
  
Through this project, Advanced Energy Conversion (AEC) has developed, tested, refined and is 
preparing to commercialize a 2.5kW utility-interactive inverter system for distributed generation. 
The inverter technology embodies zero-voltage switching technology that will ultimately yield a 
system that is smaller, less expensive and more efficient than existing commercial technologies. 
This program has focused on commercial success through careful synthesis of technology, 
market-focus and business development. AEC was the primary participant.  AEC is utilizing 
contract manufacturers in the early stages of production, allowing its technical staff to focus on 
quality control issues and product enhancements.  The objective of this project was to bring the 
AEC inverter technology from its current pre-production state to a commercial product. Federal 
funds have been used to build and test production-intent inverters, support the implementation 
of the commercialization plan and bring the product to the point of UL certification.  
 
Advanced Energy Conversion has made a strategic decision to focus on a 2.5kW utility 
interactive inverter for solar photovoltaic applications because: 1) the solar photovoltaic 
regulatory environment is stable; 2) the solar photovoltaic market is enjoying sufficient 
expansion at this power level to support many competing technologies; 3) the power level is 
consistent with significant activity in the wind energy industry where many wind turbine 
manufacturers are interested in transitioning from battery charging to utility interaction; 4) the 
power level is close to that of the emerging residential fuel cell market; 5) the technical risks for 
our inverter concept are lowest at this power level; and 6) it will be easiest to form strategic 
manufacturing and distribution relationships at this power level. 
 
Our inverter technology is based on using parasitic circuit elements to advantage in 
substantially reducing the switching losses.  Reduced switching losses support operation at 
sufficiently high switching frequencies that capacitors and transformers can be reduced in 
physical size, thereby supporting lower cost and a more easily manufactured system.  The 
reduced switching losses allow for operation with lower input voltage than inverters currently in 
the market.  Operation at lower input voltage allows the solar PV array to be configured in a 
series-parallel configuration that is known to be more productive under conditions where the 
array is partially shaded. 
 
The program has focused on commercialization issues that involve technical development, 
market planning, and working out manufacturing details.  To the extent possible, simultaneous 
consideration of technology, market needs, and manufacturing planning has been used to 
create a product that meets unfulfilled need in the market with technological advantages that 
can be manufactured to allow for sustainable profitability. 
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Project Description 
 
Original Project Goals and Objectives 
 
The original objective of this project was to bring the AEC inverter technology from its pre-
production state to a commercial product. Federal funds were to be used to build and test 
production-intent inverters, support the implementation of the commercialization plan and bring 
the product through UL certification.  These objectives would be met by: 

1. Completing the engineering design of the inverter. 
2. Introducing the inverter to the market, developing a sound value proposition for the 

inverter along the way. 
3. Arranging to cover the manufacturing details necessary to take the inverter into 

production. 
4. Handling the regulatory issues of UL certification that are necessary before selling the 

inverter. 
 
Our original commercialization plan for the AEC inverter is detailed below by project task.  
These tasks reflect an interleaving of the four objectives articulated above. 
  

Task 1: Perform a detailed design of the isolation transformer within the inverter.  This 
will involve magnetic design coupled with winding design to create an efficient 
transformer that can be manufactured reliably. 

Task 2: Develop a marketing plan for the inverter. A specific objective is to gain access to 
system integrators that are able to specify the inverter, thereby serving a dual 
role as both customer and distributor. 

Task 3: Develop a manufacturing plan for the inverter.  This will involve selection of a 
manufacturing partner and resolution of issues surrounding the supply of 
components, fabrication of printed circuit boards, final assembly and testing. 

Task 4: Use the test data from the engineering prototype to design the production intent 
AEC inverter.  It is expected that changes will be focused on improving 
performance in some areas of the inverter while trying to drive down the 
manufactured cost of the inverter without sacrificing reliability.  In addition, the 
housing for the inverter will be designed to create an attractive functional 
package that is consistent with manufacturability.  Prospective manufacturing 
partners will participate in reviewing the design for manufacturability. 

Task 5: Seek appropriate intellectual property protection. Given the competitive nature of 
the distributed generation industry, it will be important to protect our novel 
concepts with patent protection.  It appears that the topology, maximum power 
point tracking concept and integrated magnetics concept may all be patentable. 

Task 6: Fabricate the production intent AEC inverter according to the manufacturing plan 
to the extent possible. 

Task 7: Fabricate a test facility as stipulated in IEEE Standard 929-2000.  This will 
facilitate inverter evaluation relative to UL1741.  It is expected that this test facility 
will form the basis of equipment that will be used for final testing of inverters 
according to the manufacturing plan. 

Task 8: Experimentally evaluate the production intent AEC inverter.  The experimental 
evaluation will include characterization of inverter performance over the specified 
input voltage range.  The performance is taken to include inverter efficiency, 
utility power factor, power point tracking, and anti-islanding performance. 
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Task 9: Fabricate four manufacturing prototypes according to the manufacturing plan of 
Task 3.  It is expected that this task will involve the fabrication of a number of 
fixtures that will reduce the amount of manual labor required for manufacture. 

Task 10: Document the performance of the four manufacturing prototype inverters relative 
to competing technologies.  Of interest are issues of consistency among the 
units.  These four units will ultimately be used for acceptance testing at UL as 
well as market development by making them available to system integrators for 
examination and testing. 

Task 11: Evaluate all manufacturing prototypes within AEC for compliance with UL1741. 
Task 12: Prepare technical documentation for the AEC inverter, including installation, user 

and service manuals. 
Task 13: Submit one inverter to Underwriters Laboratories for evaluation relative to 

UL1741 and the New York State interconnection requirements. 
Task 14: Submit one inverter to each of two solar photovoltaics system integrators for field 

evaluation relative to competing inverters. 
Task 15: Begin implementing the marketing plan with a press release of new product 

technology distributed to trade magazines with advertisements as appropriate. 
Task 16: Implement the manufacturing plan and the marketing plan as the AEC inverter is 

launched. 
 
Variance From Original Goals and Objectives 
 
There were no variances from the original goals and objectives.  However, there were variances 
between the work proposed and the work completed. 
 
In particular, important market feedback indicated that the lower input voltage range would be of 
value in incorporating energy storage into the PV system.  Accordingly, we modified the design 
of the inverter so that it is compatible with 48V battery backup as part of the original system 
design, or as an upgrade at some point in the future.  This modification expanded the work 
associated with Task 4 and the subsequent technical tasks.  This modification also had an 
impact on Task 2 and the associated marketing tasks.   
 
We believe the market input to be extremely valuable in helping us to position the inverter for 
commercial success.  While the change cost us time and money that was not budgeted, the 
cost is substantially less than it would have been if we had completed UL certification on a unit 
that would not sell well.  Because of the additional engineering and marketing expenses 
incurred because of this change, we did not complete our original statement of work.  However, 
AEC is continuing to put its own resources into the inverter, and it is expected that the inverter 
will be commercially available by the end of calendar year 2006. 
 
The change in scope of each task is identified below. 
 

Task 1: No change. 
Task 2: This task was expanded based on market input.  Substantial effort was put into 

sharpening the marketing message for the inverter into three succinct points: 
1. A low input voltage inverter allows for greater energy capture under 

partial shade conditions, without sacrificing energy capture in full sun. 
2. A low input voltage inverter allows for easy integration of energy storage 

in the system, either as part of the original installation, or as part of a 
system upgrade in the future. 
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3. A low input voltage inverter supports an incremental system build 
because a smaller number of panels is needed to get up to the inverter 
input voltage.  Additional panels can be added in parallel as needs 
change or additional capital becomes available. 

Task 3: No change. 
Task 4: This task was expanded to include the design of an integrated automatic transfer 

switch to support inverter operation in systems with battery backup.  The 
automatic transfer switch operates to disconnect the inverter from the utility in the 
event of a utility outage, allowing power to continue to flow to a set of pre-
selected loads.  When the utility service returns to normal, the automatic transfer 
switch will automatically reconnect the inverter to the utility.  In addition to the 
hardware design associated with the automatic transfer switch, there were 
significant software changes needed to support the new system configuration.  
When connected to the utility grid, the inverter behaves as a current source.  
When operating as a stand-alone unit, the inverter behaves as a voltage source. 

Task 5: No change. 
Task 6: No change. 
Task 7: No change. 
Task 8: This task was expanded to accommodate the changes in Task 4. 
Task 9: This task was started but not completed because of lack of funds.  AEC is 

presently completing the manufacturing prototypes using its own resources. 
Task 10: This task was started but not completed because of lack of funds.  AEC is 

presently completing the manufacturing prototypes using its own resources. 
Task 11: This task was started but not completed because of lack of funds.  AEC is 

presently completing the manufacturing prototypes using its own resources. 
Task 12: No change. 
Task 13: This task was started but not completed because of lack of funds.  AEC is 

presently completing the manufacturing prototypes using its own resources. 
Task 14: This task was started but not completed because of lack of funds.  AEC is 

presently completing the manufacturing prototypes using its own resources. 
Task 15: AEC began implementing the marketing plan for the inverter much earlier and 

much more aggressively than originally proposed.  The inverter has been 
displayed at three trade shows (the Midwest Renewable Energy Fair, the Solar 
2004 Conference, and the Mid-Atlantic Renewable Energy Conference) and one 
distributor conference (Energy Outfitters, Las Vegas, December 2004). 

Task 16: This task was started but not completed because of lack of funds.  AEC is 
presently completing the manufacturing prototypes using its own resources. 

 
 
Discussion of Work Performed 
 

Task 1: The isolation transformer is the heart of the inverter.  It is used for stepping up 
the relatively low input voltage to a voltage compatible with interfacing to the 
utility.  It is also used to provide galvanic isolation between the dc side (solar PV 
panels) and the ac side (utility).  The use of an isolation transformer is a common 
method for preventing the injection of dc into the ac utility.  This is an important 
issue for obtaining certification to UL1741. 

Task 2: The marketing plan is comprised of strategy and tactics.  The strategy was to 
coalesce the features of the inverter into a clearly articulated value proposition.  
As indicated above, using market feedback this has been achieved.  Marketing 
tactics have been identified to include: a whitepaper to educate the state 
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agencies responsible for managing incentive programs; participation in 
conferences and tradeshows; identification of key installers that are able to make 
powerful recommendations within the industry; and, identification of promotional 
incentives to make sure that installers and distributors are going to recommend 
the AEC inverter. 

Task 3: The central thrust of the manufacturing plan is to make use of contract 
manufacturers for the printed circuit boards (PCBs) within the inverter, the 
magnetics within the inverter, and the enclosure for the inverter.  Suppliers for 
the PCBs, magnetics, and enclosures have been identified.  The contract 
manufacturer for the PCBs was selected after conducting site visits with eleven 
different board houses.  The balance of the manufacturing plan is to perform final 
assembly and test of the initial production units at AEC.  This will allow for 
rigorous testing as the unit gets introduced to the market.  In time as volumes 
grow the final assembly and test will be transitioned to a contract manufacturer.  
All of the board houses we considered are able to do assembly and test in 
addition to building PCBs. 

Task 4: Significant effort went into the engineering design of the inverter.  As described 
above, this design was modified to incorporate the automatic transfer switch to 
support stand-alone operation in the absence of the utility.  The design of all 
PCBs was reviewed with multiple board houses to identify potential 
manufacturing issues; the feedback received was incorporated into the final 
design.  In parallel with the inverter circuit design, packaging of the inverter was 
also considered to make sure that the electrical design would be manufacturable 
while being housed in an enclosure that would be easily accepted by the 
installers working in the solar industry.  We solicited feedback from an array of 
installers and incorporated their insights into the enclosure design. 

Task 5: We have two patents pending on the inverter.  One patent is directed at the 
circuit topology.  The second patent is directed at the control of the inverter.  Both 
patents are in the process of being prosecuted.  At this time we are optimistic 
that both patent applications will result in patents being issued. 

Task 6: Prototype inverters have been built to the manufacturing plan to the extent 
possible.  It is expected that there will be some evolution in the manufacturing 
plan as our initial run of twenty-five inverters is completed. 

Task 7: A test facility was prepared as stipulated in IEEE Standard 929-2000 and 
UL1741.  Prototype inverters were tested against this facility to refine the 
software algorithms that are used to detect an islanding condition.   

Task 8: Prototype inverters have been experimentally evaluated.  The experimental 
evaluation included characterization of inverter performance over the specified 
input voltage range.  The performance analysis included inverter efficiency, utility 
power factor, power point tracking, anti-islanding performance, and operation as 
a stand-alone inverter. 

Task 9: AEC is in the process of fabricating twenty-five inverters according to the 
manufacturing plan.  Twenty of these inverters have been purchased, and the 
remaining five will be used for compliance testing and seeding the market. 

Task 10: This task will be completed as part of checking out the inverters before they are 
delivered to our customer. 

Task 11: This task will be completed as part of checking out the inverters before they are 
delivered to our customer. 

Task 12: Technical documentation for the AEC inverter, including installation, user and 
service manuals, has been started.  The technical documentation is expected to 
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evolve as we go through the experience of building, testing and installing our first 
production run of inverters. 

Task 13: We have undergone a preliminary design review of the inverter with Intertec 
(ETL) to ensure that any UL1741 compliance issues were identified as early as 
possible.  Based on this design review we are not expecting any issues to 
surface during final certification testing. 

Task 14: This task will have to wait until the inverter clears UL1741 certification. 
Task 15: Implementation of the marketing plan is well underway.  As indicated above, the 

inverter has been shown at trade and distributor conferences and expositions.  In 
addition, AEC has prepared a whitepaper on using the inverter to improve the 
productivity of the PV system.  The whitepaper is attached to this report as 
Appendix E.  In addition, application information for the inverter has been 
prepared; this information is attached as Appendix F. 

Task 16: We expect this to be completed by the end of calendar year 2006. 
 
Conclusions and Recommendations For Future Work 
 
Through this program, the commercialization of the AEC inverter for distributed generation has 
progressed significantly.  While the original tasks were not all completed as envisioned, the 
work carried out over the course of the program has: 

1. Completed the engineering design of the inverter. 
2. Supported sufficient testing of the inverter to pass a preliminary design review against 

UL1741. 
3. Supported sufficient market interaction that we have been able to sharpen our 

marketing message. 
4. Put in place the manufacturing details necessary to take the inverter into production. 

 
Additional work remains.  Currently AEC is undertaking the following steps using internal 
resources: 

1. Building twenty-five inverters according to the manufacturing plan.  These inverters will 
be used to support UL certification testing. 

2. After we have completed certification testing, the twenty-five inverters will be used to 
seed the market.  Twenty of the inverters have already been purchased by a company 
with presence on both the east and west coasts.  They are moving into residential 
systems and have selected the AEC inverter for its feature set over the other inverters 
currently in the market.  The remaining five inverters will be used for getting other 
installers and distributors interested in the product. 

3. Establishing a sales and marketing organization to push the inverter into the market. 
 
 
Appendices 
 
 Appendix A.   Final Task Schedule 
 Appendix B.   Final Spending Schedule 
 Appendix C.   Final Cost Share Contributions 
 Appendix D.   Energy Savings Metrics 
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Supplemental Information 
 

Appendix E. AEC’s Whitepaper “Increasing the Productivity of Solar Photovoltaic 
Systems,” Proceedings of the Solar 2006 Conference, Denver, CO, July 
8-13, 2006. 

Appendix F. AEC’s Application Information for the ecoJoule2800 Inverter 
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Appendix A 
 

Final Task Schedule 
 

Final Task Schedule  
 

 

 
Task Completion Date 

Task 
Number Task Description Original 

Planned 
Revised 
Planned Actual Percent 

Complete 
Progress Notes 

1 Transformer Design 11/1/2003 1/31/2004 1/31/2004 100% Completed. 

2 Marketing Plan 9/30/2004 9/30/2004 9/30/2004 100% Completed. 

3 Manufacturing Plan 12/1/2003 5/31/2004 9/30/2004 100% Completed. 

4 Prototype Intent Design 12/31/2003 1/31/2004 1/31/2004 100% Completed. 

5 Intellectual Property 12/31/2003 4/30/2004 2/28/2004 100% Completed. 

6 
Production Intent 

Prototypes 1/31/2004 4/30/2004 4/30/2004 100% Completed. 

7 UL1741 Test Facility 1/31/2004 3/31/2004 3/31/2004 100% Completed. 

8 Prototype Evaluation 2/28/2004 5/31/2004 6/15/2004 100% Completed. 

9 
Manufacturing 

Prototypes 3/31/2004 6/30/2006  60% In process. 

10 Prototype Evaluation 4/30/2004 7/31/2006  0% Not started yet. 

11 
Internal UL1741 

Compliance Testing 5/31/2004 8/31/2006  0% Not started yet. 

12 
Technical 

Documentation 5/31/2004 8/31/2006  80% 

Installer, user, and 
service manuals in 

preparation 

13 UL Testing 7/31/2004 9/30/2006  0% Not started yet. 

14 
Field Evaluation by 
System Integrators 8/31/2004 12/31/2006  0% Not started yet. 

15 
Implement Marketing 

Plan 9/30/2004 11/30/2006  75% In process. 

16 
Implement 

Manufacturing Plan 12/31/2004 12/31/2006  0% Not started yet. 
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Appendix B 

 
Final Spending Schedule 

  

Final Spending Schedule Project Period: 10/1/2003 to 2/28/2006 

Task Approved Budget Final Project Expenditures 

Task 1   Transformer Design  21,550 24,664.74 

Task 2   Marketing Plan  20,241 35,000.00 

Task 3   Manufacturing Plan  24,907 37,556.73 

Task 4   Prototype Intent Design  41,901 133,000.00 

Task 5   Intellectual Property  18,043 18,992.18 

Task 6   Production Intent Prototypes  18,894 62,941.37 

Task 7 UL1741 Test Facility 30,634 34,070.29 

Task 8 Prototype Evaluation 16,552 39,900.00 

Task 9 Manufacturing Prototypes 33,292 56,343.89 

Task 10 Prototype Evaluation 18,292 10,000.00 
Task 11 Internal UL1741 Compliance 
Testing 18,292 22,000.00 

Task 12 Technical Documentation 20,950 34,500.00 

Task 13 UL Testing 27,577 10,000.00 
Task 14 Field Evaluation by System 
Integrators 8,514 0.00 

Task 15 Implement Marketing Plan 13,356 27,000.00 
Task 16 Implement Manufacturing 
Plan 22,630 0.00 

Total  355,625 545,969.20 
    

DOE Share  250,000 250,000 

Cost Share  155,625 295,969.20 
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Appendix C 
 

Final Cost Share Contributions 
 
 

 
 
 Final Cost Share Contributions  

Approved Cost Share Final Contributions 
Funding Source 

Cash In-Kind Cash In-Kind 
Department of 

Energy   250,000  250,000  
Advanced Energy 
Conversion, LLC    155,625  295,969.20 

Total   250,000 155,625 250,000 295,969.20 
          

Cumulative Cost Share Contributions 295,969.20 
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Appendix D 
 

Energy Savings Metrics 
 
One Unit of Proposed Technology: 
 
One unit is taken to be a 2.8kW (peak) solar photovoltaic (PV) system installed on a house in 
New York State. 
 
One Unit of Current Technology: 
 
There are two ways to define the current technology.  The first way is to consider the house to 
be without the solar PV system.  This approach is reasonable on the basis that solar PV has 
such small penetration. 
 
The second way to define the current technology is by comparison with a comparably-rated PV 
system that uses a competing inverter technology. 
 
Energy savings are calculated both ways.  Table 1 states the assumptions that form the basis 
for the comparison.  The energy savings is calculated because experimental data for this 
specific comparison do not exist. 
 

Table 1: Assumptions underlying benefit calculations based on data from the 
New York State Energy Research and Development Authority. 

 
Description Value Units 
Annual Residential Electricity Consumption in New York State 42.239×109 kWhr 
Number of Households 6,766,000  
Residential Electricity Price 0.134 $/kWhr 
CO2 Emissions 1.2687×10-4 ton/kWhr 
Energy Production Per Barrel Petroleum 498 kWhr/barrel
Energy Production Per Ton of Coal 2087 kWhr/ton 
Average Daily Length of Useable Daylight 10 hr 
Average Percentage of Sunshine 50 % 
Incremental Energy Capture Due to Partial Shading 7.5 % 
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Energy Savings Metrics – Comparison to No PV   

A B C=A-B D E=CxD 

Current 
Technology 

Proposed 
Technology 

Energy 
Savings 

Estimated 
Number of 

Units in U.S. 
by 2010 

Energy Savings 
by 2010 

Type of Energy 
Used 

(Btu / yr / unit) (Btu / yr / unit) (Btu / yr / unit) (units) (Btu / yr) 

Oil / Gasoline           

Natural Gas           

Coal           

Electricity   (@ 
10,500 Btu / kWh) 63.536 × 106  9.881 × 106 53.655 × 106 66,100 3.547 × 1012 

Other Energy 1     
(Explain)           

Other Energy 2     
(Explain)           

Other Energy …n   
(Explain)           

Total Per Unit 63.536 × 106  9.881 × 106 53.655 × 106 66,100 3.547 × 1012 

 
 
Energy Savings Metrics – Comparison Against A Competitive Inverter 

A B C=A-B D E=CxD 

Current 
Technology 

Proposed 
Technology 

Energy 
Savings 

Estimated 
Number of 

Units in U.S. 
by 2010 

Energy Savings 
by 2010 

Type of Energy 
Used 

(Btu / yr / unit) (Btu / yr / unit) (Btu / yr / unit) (units) (Btu / yr) 

Oil / Gasoline           

Natural Gas           

Coal           

Electricity   (@ 
10,500 Btu / kWh) 51.509 × 106  53.655 × 106 2.146 × 106 66,100 1.419 × 1011 

Other Energy 1     
(Explain)           

Other Energy 2     
(Explain)           

Other Energy …n   
(Explain)           

Total Per Unit 51.509 × 106  53.655 × 106 2.146 × 106 66,100 1.419 × 1011 
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Discussion of Energy Savings: 
 
To begin, using New York state as an example, the daily electrical energy consumed per 
household is 17.1kWhr.  Output of the competing string inverter for an average day is 2.8kW × 
10hr × 50% × 96% = 13.44kWhr, amounting to 4,906kWhr/year or 51.509 × 106 Btu/year.  The 
energy output of the AEC inverter is taken to be 7.5% higher because of the increased 
productivity under partial shade.  However, the efficiency of the AEC inverter is expected to be 
slightly below the 96% efficiency of the string inverter.  This makes the daily output of the AEC 
inverter 2.8kW × 10hr × 50% × 93% × 107.5% = 14.00kWhr, amounting to 5,110kWhr/year or 
53.655 × 106 Btu/year.     
 
If a home does not have solar PV and installs a system using the AEC inverter, the total energy 
savings over a year is 53.655 × 106 Btu/year.  If a home that already has PV replaces the string 
inverter with the AEC inverter, the total annual energy savings is (53.655 × 106 – 51.509 × 106) 
= 2.146 × 106Btu/year. 
 
AEC’s business plan for the inverter is that through 2010 cumulative sales will reach 66,100 
units. 

 14



 

Appendix E 



DE-FG36-03GO13166 
Advanced Energy Conversion, LLC 

 16

 



DE-FG36-03GO13166 
Advanced Energy Conversion, LLC 

 17

 



DE-FG36-03GO13166 
Advanced Energy Conversion, LLC 

 18

 



DE-FG36-03GO13166 
Advanced Energy Conversion, LLC 

 19

 



DE-FG36-03GO13166 
Advanced Energy Conversion, LLC 

 20

 



DE-FG36-03GO13166 
Advanced Energy Conversion, LLC 

 21

 



DE-FG36-03GO13166 
Advanced Energy Conversion, LLC 

 22

 



DE-FG36-03GO13166 
Advanced Energy Conversion, LLC 

 23

 



DE-FG36-03GO13166 
Advanced Energy Conversion, LLC 

 24

 



DE-FG36-03GO13166 
Advanced Energy Conversion, LLC 

 25 

Appendix F 



DE-FG36-03GO13166 
Advanced Energy Conversion, LLC 

 26 



DE-FG36-03GO13166 
Advanced Energy Conversion, LLC 

 27 



DE-FG36-03GO13166 
Advanced Energy Conversion, LLC 

 28 



DE-FG36-03GO13166 
Advanced Energy Conversion, LLC 

 29 



DE-FG36-03GO13166 
Advanced Energy Conversion, LLC 

 30 


	Project Description
	Appendices
	Supplemental Information
	
	
	
	Final Task Schedule




	Final Task Schedule
	
	
	
	
	Appendix B
	Final Spending Schedule




	Final Spending Schedule
	
	
	
	Appendix C
	Final Cost Share Contributions





	Final Cost Share Contributions
	
	Funding Source
	Cumulative Cost Share Contributions
	
	Appendix D
	Energy Savings Metrics





	Energy Savings Metrics – Comparison Against A Com

