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EDITOR’S NOTE

The following article includes more content of a commercial nature
than the editor would normally prefer. However, as editor, I decided
the technical content may still be of interest to the readers.

ABSTRACT

Electricity in the United States is typically obtained from “the grid,”
a collection of central power plants and transmission and distribution
networks. Because of inefficiencies in generation and distribution, only
1/3 of the energy input to U.S. power plants reaches the end customer.
Systems employing thermally activated technologies (TATs) can provide
significantly higher efficiencies by integrating TAT equipment with ei-
ther on-site power generation or available waste heat sources. In this
article, two alternatives to central power plant generation will be de-
scribed and operational experience with the systems will be presented.

INTRODUCTION

On-site electrical power generation, termed distributed generation
or DG, has been receiving much attention as a result of several factors,
including reliability issues with grid-supplied electricity, power outages
caused by severe weather, poor power quality, and the economic impact
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of rising energy costs. The key to achieve economical application of dis-
tributed generation is to either (a) use the thermal exhaust energy created
by the prime mover, or (b) recycle available waste heat to drive a ther-
mally activated technology (TAT) device that delivers a second energy
stream valued by the customer. In addition to economic benefits, these
systems have the potential to achieve higher fuel utilization than central
power plants, thereby reducing fossil fuel use and air pollution. These
approaches have been identified as an important part of the U.S. energy
strategy for accomplishing critical energy and environmental goals [1].
U.S. building sector market potential for cogeneration or combined heat
and power (CHP) has been estimated to be at least 17 GW in 2010 and
35 GW by 2020 [2, 3].

In this article, two recently developed energy-saving products will
be described and operational experience with the systems will be pre-
sented. The first product is a family of cooling, heating and power sys-
tems that is the first to integrate microturbines and a double effect ab-
sorption chiller in a pre-engineered solution. The second is a bottoming
cycle designed to utilize waste heat to produce electricity. The novel
feature of this Rankine cycle device is that the components are derived
from commercially available refrigeration equipment. Both systems pro-
vide energy-efficient, on-site power for commercial and industrial appli-
cations.

CHP SYSTEM

The integrated CHP systems of interest in this article consist of four,
five or six natural-gas-fired microturbines, a double effect absorption
chiller /heater, a diverter valve and two or three fuel gas boosters. The
systems, known as the PureComfort™ 240M, 300M and 360M, are pic-
tured in Figures 1-3. These modular, pre-engineered products provide
energy-saving, reliable solutions for building cooling, heating and power
needs. Because the microturbine exhaust is collected in a manifold and
used to directly drive the double effect absorption chiller, the system fuel
utilization exceeds 70%.

The PureComfort™ systems are designed to operate in three
modes: Power Only mode, Power /Cooling mode and Power/ Heating
mode. In Power Only mode the microturbines generate electricity, the
exhaust is vented to atmosphere, and the chiller/heater is not used. In
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Figure 1. PureComfort™ 240M

LY

Figure 2. PureComfort™ 300M

Figure 3. PureComfort™ 360M

the Power/Cooling mode, the microturbines produce electricity and the
exhaust is used to power the chiller, which provides chilled water that
can be used for air conditioning. In Power/Heating mode the
microturbines generate electricity and the waste heat driven chiller pro-
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vides hot water for space heating. The performance specifications of
these three systems are summarized in Table 1.

Table 1. PureComfort™ Performance

System 240M 300M 360M

Gross/Net 59°F: 59°F: 59°F:
Electric 240/229 300/287 360/345

Power 96°F: 96°F: 96°F:
[kW,] 213/202 265/252 316/301

32°F: 32°F: 32°F:
240/229 300/287 360/345

Cooling 95°F: 96°F: 95°F:
Power 420/120 490/140 543/155

[KW_/RT] 59°F: 69°F: 59°F:
585/167 676/193 753/215

Heating 32°F: 32°F: 32°F:
Power 295/1005 358/1222 420/1432

[kW,/MBH] 69°F: 59°F: 59°F:
339/1155 412/1405 483 /1647

Each microturbine in the PureComfort™ systems generates 60 kW
of electric power. The microturbine includes a turbine engine, solid-state
power electronics, a fuel system, and an indoor/outdoor-rated enclosure.
The engine, shown in Figure 4, is a single shaft design with a radial
compressor and a radial turbine. The engine utilizes a recuperator to
preheat the combustion air for improved electrical efficiency. The engine
drives a permanent magnet generator at speeds up to 96,000 rpm at full
load. The high-frequency alternating current output from the generator
is converted to three-phase alternating current by insulated gate bipolar
transistors (IGBTs) in a solid-state power electronics module located in-
side the microturbine enclosure.

The chiller/heater, pictured in Figure 5, was derived with minor
modification from a commercially available direct fired, double effect



72 Cogeneration and Distributed Generation Journal

Figure 5. Waste heat driven absorption chiller.

lithium bromide-water absorption machine. The chiller/heater includes
an evaporator, absorber, condenser, high-temperature and low-tempera-
ture generators, solution heat exchangers, refrigerant and solution
pumps, purge system, controls and auxiliaries. The exhaust flow to the
chiller is regulated by a diverter valve located in the ducting between the
microturbine exhaust manifold and the chiller. The position of the con-
trol valve is commanded by the chiller controller to maintain the chilled
water temperature set point. Any exhaust not required to drive the
chiller is vented through a bypass. When the chiller is not being used, an
air seal blower located in the diverter valve provides a pressurized air
seal to prevent hot exhaust gas from entering the chiller.
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The chiller/heater operates on a typical lithium bromide-water
double effect absorption cycle, in which water at low absolute pressure
(vacuum) is the refrigerant. The chilling effect is created by boiling the
water at approximately 5.7°C (42.3°F). To make the process continuous,
the refrigerant (water) must be removed as it vaporizes in the evaporator.
This is accomplished by using a lithium bromide solution (which has a
high affinity for water) to absorb the water vapor. As this process contin-
ues, the lithium bromide becomes diluted, reducing its absorption capa-
bility. A solution pump then transfers the weak (diluted) solution to the
generators where it is re-concentrated in two stages (double effect) to boil
off the previously absorbed water. A variable frequency drive on the
solution pump automatically maintains optimum solution flow to the
generators at all operating conditions for maximum efficiency. The di-
luted solution is pumped to the high-temperature generator where it is
heated and re-concentrated to a medium concentration solution by the
heat from the microturbine exhaust.

The chiller/heater can also be used to provide hot water for space
heating to reduce or eliminate dependency on existing or supplemental
boilers. When operated as a heater, hot water temperatures of 60°C
(140°F) are standard. In this mode the cycle follows a different vapor
flow path than that undertaken for cooling and does not use the absorp-
tion process. All heat rejection from the machine is designed to take place
through the evaporator (now the heating bundle) in a classic two-pipe
system that utilizes only the evaporator nozzles. Changeover from cool-
ing to heating requires switching the positions of two hand valves, drain-
ing the absorber-condenser water circuit and selecting the heating mode
at the control panel. The chiller/heater also has an option to deliver hot
water at 79.4°C (175°F). In this case, a factory-installed auxiliary heat
exchanger is added to the chiller allowing 4-pipe operation at higher
water temperatures than can be provided through the evaporator circuit.
The PureComfort™ 240M, 300M and 360M are modular, pre-engineered
solutions. The advanced digital electronics of the microturbines provide
clean power that is in compliance with IEEE-519. Mechanical reliability
is inherent in the system based on the low number of moving parts: the
microturbine is a single shaft design that utilizes air bearings, and the
chiller utilizes two hermetic refrigerant pumps. The PureComfort™ fam-
ily of integrated CHP systems is environmentally friendly, with ultra-low
NO, at full power. The chiller/heater utilizes water as the refrigerant,
thus avoiding the use of substances that lead to global warming or
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depletion of the ozone layer. Furthermore, with an overall fuel utilization
in excess of 70%, the system produces significantly lower emissions than
traditional systems utilizing the grid and electric chillers. The system is
designed for low noise and vibration, making possible application to
commercial buildings without requiring costly sound attenuation or vi-
bration considerations. The ability of the system to provide electricity
and utilize the waste heat for cooling and heating provides the opportu-
nity to reduce energy consumption, which has the potential for signifi-
cant savings in energy costs in many markets. Finally, the system is
designed to be remotely monitored.

The PureComfort™ systems are well-suited for commercial build-
ing applications. Typical vertical segments include:

e Hospitals

e  Hotels

e  Large office buildings

e  Supermarkets

o Educational/institutional buildings

The PureComfort™ 240M integrated system has been tested in all
3 modes of operation [4]. The product was introduced in December 2003,
and to date several units have been ordered and are being shipped to
customer sites for installation. In July 2004 the chiller/heater perfor-
mance of the PureComfort™ 240M was enhanced and the
PureComfort™ 300M and 360M were introduced.

RANKINE CYCLE WASTE HEAT RECOVERY

The second energy-saving system of interest is based on the Rank-
ine cycle. The system, shown in Figure 6, is known as the PureCycle™
200, a product which recycles waste heat into electricity. This product
generates 200 kW of net electric power under ISO conditions (59°F, sea
level) provided sufficient waste heat is available. The waste heat can be
from any number of different sources including various industrial pro-
cesses, reciprocating engines, industrial gas turbines and landfill flares.
The system has four major components: a pump, an evaporator/boiler,
a turbine/generator, and a condenser. The PureCycle™ 200 is unique in
that the components were derived from existing refrigeration equipment.
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Figure 6. PureCycle™ 200

This derivation is possible because the vapor compression cycle used by
refrigeration equipment is similar to the Rankine cycle operating in re-
verse.

A comparison of the Rankine and vapor compression cycles is pre-
sented in Figure 7. In the Rankine cycle, waste heat enters the evaporator
and heats the working fluid until it is vaporized. Hot vapor then drives
a turbine to create electrical power. The expanded vapor goes into the
condenser where it condenses back into a liquid as it cools. The cooled
liquid is pumped back into the evaporator to repeat this process. This
closed-cycle process is called the Rankine cycle. In the vapor compres-
sion cycle, energy in the form of heat is absorbed in the evaporator. The
compressor does work on the fluid to raise the pressure so that energy
can be rejected in the condenser. The pressure of the working fluid is
dropped as the fluid flows through an expansion valve and the cycle is
repeated. The vapor compression system can be transformed into a
Rankine cycle by replacing the expansion valve with a pump and by
running the compressor backwards as a turbine. This similarity permits
use of well-known refrigeration technology as the basis for PureCycle™
200 component design.

One key feature of the Rankine cycle device described in this article
is that the turbine is derived from an existing production centrifugal
refrigeration compressor. A centrifugal compressor used in typical HVAC
chillers is shown in Figure 8. Refrigerant vapor enters the compressor
through a set of inlet guide vanes used for capacity control. The com-
pression work is done in the impeller, causing an increase in both the
static pressure and absolute velocity. A pipe diffuser is used at the exit of
the impeller to recover additional static pressure from the kinetic energy
of the high velocity vapor leaving the impeller. The flow leaving the
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diffuser enters the discharge collector before exiting the compressor. This
compressor has state-of-the-art aerodynamic efficiency using a discrete
passage diffuser (pipe diffuser) with variable geometry features, an im-
peller with controlled internal diffusion blading, and a large exit plenum.
The high-speed impeller is connected through a step-up gear to a her-
metic, refrigerant cooled two pole induction motor. An oil pump pro-
vides lubrication for the bearings and gears. These features allow the
compressor to operate in reverse as a turbine.

In addition to the turbine, the PureCycle™ 200 condenser and
evaporator designs are also based on mass-produced HVAC equipment.
The condenser design is based on a typical air-cooled condenser with mi-
nor modifications to the header design and the internal circuiting. The de-
sign of the evaporator (boiler) is based on the generator design used in di-
rect-fired absorption chillers. Additional information on the application of
refrigeration hardware to power cycles may be found in Reference 5.

Because the PureCycle™ 200 power system uses waste heat as free
fuel to generate electricity, there are no costs associated with running the
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Figure 8. Compressor/turbine cutaway.

system other than for extremely low maintenance requirements. No fuel
is burned and no emissions are produced. The U.S. DOE estimates that
4.3 quadrillion Btu’s of waste heat energy are lost annually from indus-
trial processes and equipment [1], including:

e  Industrial processes and stacks
®  Reciprocating engines

¢  Industrial gas turbines

e Thermal oxidizers

e  Flares

*  Incinerators

In addition to extensive prototype testing, full scale test and valida-
tion of the PureCycle™ 200 has been accomplished with three field trial
units. One unit, shown in Figure 9, was powered by the exhaust of three
reciprocating engines. A second field trial unit, shown in Figure 10, re-
covered waste heat from a landfill flare. A third field trial unit, shown in
Figure 11, was driven by a burner. Several thousand hours of field trial
operation have been completed. The PureCycle™ 200 product is sched-
uled for commercial launch in third quarter 2004.

CONCLUSIONS

Two energy-efficient systems for on-site power generation have
been developed and commercialized. One system is the first integration
of four microturbines and a double effect absorption chiller. The system
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Figure 10. PureCycle™ field trial with reciprocating engines.

was shown to achieve an overall fuel utilization that is double what is
achieved by the “grid.” The second system presented was a Rankine cycle
system, the components of which were derived from existing refrigera-
tion components. These systems offer energy-saving alternatives to cen-
tral power plant generation for commercial and industrial applications.
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