A BINARY GEOTHERMAL POWER PLANTS

USING THE KALINA CYCLE PROCESS

Reference List September 2000. 

1.0 Prospects of Other Working Plants

Exergy , Inc" has accumulated more than 8,600 hours of experience operating a Kalina Cycle pilot plant at Canoga Park, California. Three commercial plants are currently operating.

1.1 Canoga Park Pilot Plant
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Recognizing that some of the innovative features of the Kalina Cycle are a departure from conventional power plant designs, and taking into account the risk-averse nature of the power industry , Exergy decided that a pilot plant would have to be built and operated to confirm the fundamental principles of the technology and its robust operability , i.e., that it is inherently safe, reliable, controllable and maintainable. 
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The site selected for the pilot plant was the Energy Technology and Engineering Center (ETEC), a U .5. Department of Energy (DOE)-owned facility located near Canoga Park, California, approximately 50 km northwest of Los Angeles. The plant was configured as a three megawatt bottoming cycle, working in conjunction with an existing 545 °C, natural gas-fired waste heat source to replicate the exhaust of a gas turbine. At three megawatts the plant was large enough to allow specification of equipment from normal power industry vendors. A photograph of the plant's installation is shown in Figure 1.

The reader is cautioned not to use the arrangement of the pilot plant shown in Figure 1

as the basis with which to infer the plot plan System KCS34 at this project. The pilot plant was designed as a high temperature, gas-turbine-based bottoming cycle having aggressive turbine throttle conditions (515 °C, 112 ata) and corresponding complexity that do not exist for geothermal plants.

The demonstration plant was built in 1991 and became fully operational in July 1992. Between July 1992 and February 1997 the plant accumulated approximately 7,000 hours of fired operation. The plant was shut down during most of 1996 to install a Solar Centaur gas turbine, thereby changing the plant to a 6.5 MW Kalina Combined Cycle. It was operated in this configuration for approximately 1,600 hours from December 1996 through February 1997. Testing was completed and the plant was shut down at the end of February .

The five year test program achieved six key objectives:

· The plant's thermodynamic performance confirmed the Kalina Cycle's advantageover the Rankine cycle.

· The thermodynamic property data for ammonia-water mixtures, compiled by Exergy , were proven accurate.

· Changing and controlling the composition of the working fluid mixture were easilyaccomplished.

· The operation of the Distillation & Condensation Subsystem (DCSS) met or exceeded design goals.

· Operation was safe, stable and reliable. Start-up and shutdown were accomplished using remote, automated control.

· All materials and equipment in the plant were shown to be compatible with the ammonia-water working fluid.

1.2 SU Steel Works . 
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This project is located in Kashima City in Ibaraki, Japan. The plant's design is based on KCS34g, having a net electrical output of 3.1 MW using 98 °C water. The water used as the heat source is heated during the production of steel in a mill. Without the use o.f.Kalina Cycle technology, the heat would be discarded. The plant has passed full-power performance testing by MIll and is operational since late 1999. The project is being built and managed by Exergy's licensee in Japan, Ebara Corporation.1999.
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1.3 KCF Project

This project is located in Fukuoka City, Japan. Its heat source is the combustion products of burning municipal solid waste at the rate of 200 tonnes per day in the existing incineration facility. The plant's net output is 4.0 MW. The plant is fully operational since fall 1999. The project is being built and managed by Exergy's licensee in Japan, Ebara Corporation.


1.4 Husavik, Iceland

This plant was constructed for Orkuveita Husa-vikur in Husavik, Iceland. Based on KCS34, the plant yields 2 MW net power based on a flow of 90 kg/s of geothermal brine at 124 °C and cooling water available at 5 °C. Figure 5 provides an artist's conception of the appearance of the plant after construction has been completed.

All long-lead equipment items (pumps, turbine, and heat exchangers) have been ordered for delivery to the site in Decembe 1999. 


Final piping arrangements and detailed engineering are currently being developed. The plant start-up start took place in July 2000.

Exergy , Inc., has the role of the principal engineering contractor and is responsible for the specification and purchase of all major equipment, as well as the plant layout, piping design, and control philosophy.

1.5 Steamboat

This plant is designed to use KCS11 to produce 6 MW net power from 140 kg/s of geothermal brine. The prospective plant is located approximately 15 km south of Reno, Nevada. The resource temperature at the evaporator inlet is 160 °C. The plant is air cooled. All preliminary engineering and equipment specifications for long lead items have been completed. Construction of the plant is currently on hold, pending the purchase of the original project developer.

The original project developer, Western Power Investments (WPI), is an affiliate of Far West Capital, who has installed and is currently operating a 30 MW ORC plant at the same site. WPI has made a direct comparison of the economics of an isobutane ORC vs. Kalina binary and have concluded that the latter's economic performance is superior.
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