
Residential Energy Storage and Propane Fuel Cell Demonstration Project 
by the Delaware County Electric Cooperative, Inc.1 

Mark Hilson Schneider (Delaware County Electric Cooperative, Inc.; Delhi, New York, USA); 
mark.schneider@dce.coop 
Ib Olsen, Ph.D. (Gaia Power Technologies,) 

Rural electric cooperatives such as the Delaware County Electric Cooperative, Inc. (DCEC) frequently must 
service very rural (i.e., remote) residences that have not previously been served by an electric utility or that 
represent newly expanded residential areas. For example, the DCEC services 6.2 customers per linear mile of 
distribution and is seeing an increase in electrical demand as well as an impending five-fold rise in demand 
charges in the coming years. Its total demand is approximately 15 MW, but its ability to dynamically self-
manage peak-demand changes is only about 1 MW. Consequently, the DCEC and other similarly structured 
rural co-ops such are looking for alternatives to their current costly service model. This model requires $50,000 
per mile to build or re-build distribution lines and $4,000 per year, per mile to maintain lines and rights of way. 
Residential energy storage can reduce the need for line upgrades and enable off-grid residences with reasonably 
sized, co-op owned distributed generation. 

The DCEC, with partners Plug Power, Gaia Power Technologies, and Mirabito Fuel Group, is conducting a 
1-year demonstration of a propane fuel cell and energy storage device as an alternative to utility power. This 
project evaluates the effectiveness of the demonstration system’s abilities for peak shaving and for serving the 
entire load of a typical residence in New York State using a fuel cell and intelligently managed energy storage. 
It is hoped that the project’s success will demonstrate the viability of a grid-independent residence. 

Additionally, the results will be used to validate certain objectives for propane fuel cells for edge-of-grid 
residences. The demonstration will measure and report the technical performance of the fuel cell; provide cost 
data and an analysis of the economic viability of the technology; and document maintenance and operations 
activities specific to fuel cells in combination with energy storage. Much of this information will also be used to 
determine the appropriate size for fuel cells for residential applications. Typically, an upstate New York 
residence requires only 2-kW of average generation capacity to fully serve its load. Without a fully optimized, 
energy-storage-based fuel cell control algorithm, however, it has been necessary to size residential fuel cells at 5 
kW. It is anticipated that appropriately sized and managed energy storage can reduce the size of residential fuel 
cells to below 3 kW, which would also reduce the initial cost for the fuel cell. DCEC is collaborating with the 
National Rural Electric Cooperative’s Cooperative Research Network (CRN) and Energy Now, Inc. to 
contribute to a national database of distributed generation and energy storage projects designed to assess the 
viability of distributed generation and energy storage on a national scale. 

The demonstration site (shown in the photo at right) is 
capable of complete independence from the grid using a 
propane fuel cell as a battery charger and feeding the 
entire electrical load from a battery bank. (DCEC is 
using propane for chemical energy storage due to its 
ready availability and because it complies with the 
safety goals and aesthetic standards for the project.) 
The site is a typical upstate New York residence that 
also includes an outdoor hot tub with electric pumps 
and water heaters. As such, the demonstration home 
represents a challenging real-world application for a 
stand-alone energy storage system (ESS). 

                                                           
1 This project is part of the Joint Energy Storage Initiative between the New York State Energy Research and Development Authority 
(NYSERDA) and the Energy Storage Systems Program of the U.S. Department of Energy (DOE/ESS), and managed by Sandia National 
Laboratories (SNL).  



Figure 1 displays a simplified one-line diagram of the fuel cell, PowerTower energy storage device, and the 
home’s main electrical panel. The load at the site is characterized as follows: 

• Average energy use per day: 47.6 kWh 
• Maximum energy usage in one day: 67 kWh 
• Average power draw: 1.98 kW 
• Maximum power draw: 15.2 kw 

 
Figure 1. One-line Electrical Diagram of Demonstration Residence 

System installation was completed in May 2005 and commissioning was completed in June. The installation 
included the PowerTower, the 5-kw fuel cell, a 1,000-gallon propane tank, thermal recovery equipment for hot 
water and space heating, and data acquisition and communications equipment. 

The PowerTower (shown at right) has a total power capacity 
of 11 kW, including 600 Ah of deep-cycle, lead-acid battery 
energy storage that is discharged through a pair of 5.5-kW 
inverters. The PowerTower controller acts as the central 
controller for the demonstration project, acting as charge 
controller, inverter controller, fuel-cell output controller, 
and in-home load controller. Because, in general, residential 
power use is less well defined and more arbitrary than 
power use for industrial applications it was necessary to 
ensure that all controller functions were tightly integrated 
(i.e., automatic) and to provide a high level of 
communication and monitoring to ensure that the load can 
be served continuously without violating certain operational 
constraints: the inverter output is limited to <5.5 kW/leg 
based on wire and breaker sizing, input from the fuel cell is 
limited to 5 kW to prevent wear and tear on the unit, and the 
system’s load-shedding capability is 6 kW (i.e., the hot-tub 
load). The hot tub was selected for load shedding because it can be turned on and off without inconveniencing 
the homeowner. Additional load-shedding capabilities could be added to the control software, but might result 
in some inconvenience (e.g., turning off a clothes dryer). Operational goals for the system include maintaining 
the battery charge state between 50 and 80%; limiting fuel-cell output set-point changes to 6 or less per day; and 



minimizing or eliminating full-load transfers to grid power. These goals were used to define the system’s 
control algorithms, but will not cause a system stop if they are exceeded. Several of these parameters will be 
optimized during the demonstration. 

The PowerTower can be used as a peak-shaving device for both grid-connected and stand-alone operation. 
Figure 2 shows the demand in kW for the 2 months preceding the installation of the PowerTower and the 
following 2 months (during which the residence was grid-connected). The maximum daily demand was reduced 
from ~15 to 7.7 kW. Throughout the grid-connected portions of the demonstration, parameters will be fine 
tuned to further reduce peak demand. Using this data in simulated operation, the number of daily setpoint 
control operations for adjusting the power output of the fuel cell was reduced from 12 to 6 (one of the 
operational constraints listed above) while still remaining within the desired operating ranges. As an additional 
measure of control and to ensure that the ESS remains within the allowable output power range, the 
PowerTower controller has integrated in-home load control. The hot tub, which has a large resistive heating 
load, is the only load currently controlled by the PowerTower. Figure 3 shows the whole-house demand rising 
toward a preset threshold before being reduced by 6 kW using the load-shedding feature on the PowerTower 
controller. 

Tweedie Residence Utility Data before and after installation of Gaia PowerTower
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Figure 2. Tweedie Residence Demand Profile with and without Power Tower Peak Shaving 
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Figure 3. Demand Reduction Resulting from Hot Tub Load Shedding 



To date several challenges have been identified related to both the propane fuel cell and the system’s electrical 
design and energy storage component. A potential incompatibility exists between the propane tank dehydration 
additives and the fuel reformer/scrubber. To prevent damage to the fuel cell, it may be necessary to work with 
the propane provider to ensure that the concentration of additives is present in only the expected quantities (the 
concentration tends to be higher in new propane tanks than in the propane used during factory testing of the fuel 
cells). It has also been difficult to integrate the fuel-cell controls with the energy storage controller in the 
PowerTower largely because many distributed generation products are not designed to efficiently and easily 
integrate with battery storage. For example, regulated DC output is not available and modes of operation do not 
include off-grid, constant output. Commissioning and system operation have indicated that the 11-kW inverter 
may not be large enough for the load without further optimization of the load profile. Voltage dips of 10 to 20% 
(i.e., noticeable to the consumer) have occurred when the hot tub heater starts. The dips are due, in part, to an 
approximately 2-second delay before the PowerTower’s peak limiting control algorithm settles in at the desired 
inverter current output. In other words, the control algorithm doesn’t respond fast enough to prevent current 
being passed through the ESS from the fuel cell. The large current passing through undersized wiring results in 
a safe, but noticeable, voltage drop. Nevertheless, the system is operating largely as expected and with further 
fine tuning the demonstration is expected to be successful. 

The PowerTower will operate with the propane fuel cell as a battery charger through June 2006; power flow 
between the grid and the residence will be zero except in the case of a prolonged fuel-cell outage and during 
fuel cell startup. During the following six months (July through December 2006) the fuel cell will act as a stand-
alone peak shaving device for the grid-connected residence. The system will measure and record real-time load 
characteristics and power quality events at the demonstration site. The initial three months worth of data will be 
gathered at 1-minute intervals to augment three years’ worth of data gathered at 15-minute intervals by the 
DCEC’s automated meter reading equipment. The DCEC and Gaia are optimistic that information in CRN’s 
national database will help rural electric cooperatives around the country make informed decisions about the use 
of residential energy storage. DCEC views energy storage technologies as strategic to its power distribution 
operations. This project is the first of several demonstrations to be managed by DCEC. Energy storage will play 
a key role in the ‘peak shifting’ that is of critical economic importance to DCEC, its sister cooperatives in New 
York State, and the many New York municipal systems with similar demand profiles and power purchasing 
options. DCEC hopes to become a leader in identifying and implementing energy storage technologies for 
consumers of public power in New York State. 

DCEC wishes to acknowledge the financial and technical contributions made by the United States Department of Energy 
(DOE) Golden Field Office through a Congressional earmark, The NYSERDA/DOE Energy Storage Initiative, and the 
Propane Education and Research Council. 


