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ChE 102
Spring 2013

Final Project: Chena Hot Springs – Ammonia Absorption Chiller

Commercial Cooling System, 500 kW cooling

Introduction

Heat stored beneath the Earth’s surface holds 50,000 times the energy of all the oil and gas in the world combined. If it could be harnessed, it would be an ideal source of base-load power: Geothermal is cleaner than fossil fuels, and more reliable than alternative sources like tidal, wind, wave and solar. Today, geothermal plants in the United States generate nearly 3000 megawatts of electricity—enough to power South Dakota. Almost all of it comes from reservoirs that are at least 300°F.

The water rising through a fracture in the granite pluton under Chena is only 165°F. Experts do not think it is hot enough to produce serious power. But with the nearest electrical grid 32 miles away and generators burning through $1000 worth of diesel fuel daily, Chena really wants to see if it is possible to use this “low-grade” geothermal resource to power its electrical, cooling, and heating needs.

In 2003, Chena Hot Springs Resort built the first Ice Museum in the United States. Chena is located 60 miles (100 km) northeast of Fairbanks, Alaska, which is the traditional world capital of ice art. The Aurora Ice Museum was, from its inception, intended to be a year-round structure, something that had never before been attempted. Unfortunately, due to a number of reasons, the initial version of the Museum did not survive an unseasonably warm spring in 2004.

One of the primary problems is the cost of refrigeration for the structure. Chena Hot Springs is located 30 miles (50 km) from the nearest utility grid and the cost of power generated onsite from a 200 kW diesel generator is about 30¢ per kWh. The on-site generator is not large enough to power a 700 kW Trane unit, and so a separate 500 kW generator would need to be installed to start and operate it. The fuel cost alone for operating the Trane unit would be over $500 per day.

You are asked to design an ammonia absorption chiller system that uses the geothermal water available at Chena Hot Springs. The design should meet the following criteria: 

· Provide 500 kW of cooling capacity to the Ice Museum
· Chilled coolant fluid should be provided to the Ice Museum at -20°C, returning at -5°C
· The system should be optimized to the lowest Equivalent Annual Operating Cost (EAOC)
· Cooling water available from a nearby well is available at 4.5°C, but must be returned no warmer than 20°C
· [bookmark: _GoBack]Geothermal water will be returned to the geothermal well at a temperature at least 27°C

Background

The Absorption Cycle was invented in 1846 by Ferdinand Carré for the purpose of producing ice with heat input. It is based on the principle that absorbing ammonia in water causes the vapor pressure to decrease. Absorption cycles produce cooling and/or heating with thermal input and minimal electric input, by using heat and mass exchangers, pumps and valves. 

An absorption cycle can be viewed as a mechanical vapor-compression cycle, with the compressor replaced by a generator, absorber and liquid pump.  A schematic of a proposed ammonia absorption chiller for the Chena Ice Museum is shown in Figure 1.
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Figure 1: Schematic diagram showing ammonia absorption chiller


From Figure 1, it can be seen that the only inputs to the ammonia absorption chiller are geothermal water (heat), cooling water (cooling), and pump power (electricity). There will be an optimum temperature and corresponding optimum pressure at which to run E-101 (i.e. T1).  There will also be an optimum temperature at which to run the evaporator (E-103) and an internal flowrate () that will be necessary to achieve the desired cooling rate. All heat capacities will be assumed constant (Cp = 4.184 J/g K), and you should assume that the effective annual interest rate, i, is 7% p.a., and that the length of the project, n, is 10 years. 

The pressure inside E-101 can be calculated using the relationship in Equation 1 and is dependent on the composition of the process (ammonia + water) stream:


		()

The mass fraction of water in the vapor stream out of the generator, yw,1, is also related to the temperature inside the generator and can be calculated as follows:


		()




The mass of the process stream fed to the generator, () is split into two streams, vapor () and liquid (). The ratio of the liquid mass flowrate to the feed mass flowrate is given by


		()

and the sum of the flowrates out of the generator, E-101, equal the flow in.


		()

The temperature in Stream 7 out of the absorber (V-102) can be found using the relationship in Equation 5 and data for the two incoming streams


		()

The heat required in the evaporator (E-103) is 500 kW of cooling and can be calculated using 


		()



where  is the flowrate [kg/s] of the process stream through the evaporator, and  is the heat of vaporization (1,400 kJ/kg) of the process stream. 

Economic Data

As in previous projects, the objective function for your optimizations should be the equivalent annual operating cost (EAOC) of purchasing and installing the turbines and energy recovery system. 

Capital Investment Costs (installed costs for all equipment are given below)

The design equation for the heat exchangers (generator, evaporator, and condenser) is given by


[bookmark: ZEqnHexQ]		()

for streams undergoing a temperature change, or for streams undergoing a phase change (either evaporating, i.e., E-101 and E-103, or condensing, i.e., E-102)


		()




where 

		()
and 


0.8 (assume that this is constant for all cases)
U = overall heat transfer coefficient = 1000 W/m2K
i = either stream

The cost of the heat exchanger is based on its area, which can be calculated by solving for A in Equation 7.  The cost equation is


		()

The cost of the pump may be estimated using Equation 11


[bookmark: ZEqnPumpCost]		()

The cost of the absorber may be estimated as $3,000.

Operating Costs

Cost (value) of electricity, Celect = $0.30/kWh

The operating cost of a pump may be estimated using Equation 12


[bookmark: ZEqnPumpOperatingCost]		()
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