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ABSTRACT

This article describes a packaged cooling, heating and power (CHP)
system for a buildings project in Austin, Texas operated by Austin
Energy, the municipal utility. The article develops measures to report
system efficiency and also identifies the research agenda to evaluate the
CHP project’s performance.

INTRODUCTION

The Burns & McDonnell DOE CHP Development Project was
installed at the Domain Technology Park in collaboration with the US
Department of Energy, Distributed Energy Program and Oak Ridge Na-
tional Laboratory. The packaged CHP system reduces capital cost using a
modular design, while integrating on-site power generation and a ther-
mally activated absorption chiller. As the project developer and system
integrator, Burns & McDonnell, teamed with Solar Turbines, Broad USA,
Turbine Air Systems, and Austin Energy to install the system. The project
utilizes exhaust heat from a 4.5 megawatt combustion turbine to indi-
rectly fire a 2,500 ton two stage absorption chiller. The system has been
installed in an existing building and supplements an existing central
utility plant with chilled water, while the combustion turbine generator
runs in parallel with the Austin Energy grid. It provides low emission,
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on-site reliable power to the high technology businesses. The absorption
chiller provides 2,500 tons of chilled water and “free cooling” during
peak demand and reduces the need to run existing electrical centrifugal
chillers. In some initial tests, the system has a measured efficiency of
more than 80 percent. The article describes the innovative CHP system
and discusses the benefits to Austin Energy and to the Domain tenants.
It also provides a method of assessing electrical, thermal and system
efficiency based on detailed performance data from the system.

DOMAIN TECHNOLOGY PARK AND CHP SYSTEM OVERVIEW

The Domain Technology Park is a large industrial park that pro-
vides space for high-technology commercial and industrial tenants. The
business park covers about one square mile and has about 1.9 million
net rentable square feet of manufacturing and commercial space [1]. The
electric load at the Domain is currently about 14 megawatts (MW) but
may eventually grow to 100 MW at full capacity [2]. The current peak
thermal load is approximately 4,000 tons of chilled water. The Domain
CHP system was installed in 2004 and operates in parallel with existing
on-site electrical centrifugal chillers and is configured to feed power to
the local electric grid. The Domain packaged CHP system consists of a
4.5 MW Solar Centaur 50 natural gas fired combustion turbine and a
2500 ton Broad USA, two stage, heat recovery absorption chiller that
provides electrical power and chilled water to buildings in the Domain
(see Figure 1).

The Domain CHP system features inlet air cooling to increase tur-
bine efficiency at hotter temperatures (typically above the ISO* point of
59 degrees Fahrenheit), and a bypass damper to vary the turbine exhaust
flow into the absorption chiller. The packaged CHP system has a natural
gas compressor, powered by a 350 horsepower electric motor, to provide
high pressure gas to the combustion turbine.

The Domain CHP system is a packaged or modular system us-
ing standard, pre-manufactured components. The idea is to integrate
the various package components into a pre-engineered package, which
can be delivered to the site on skids. The modular system is designed
to reduce the custom engineering, planning and project lead time that

*International Organization for Standards
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is standard for most CHP systems. A packaged design using standard,
pre-manufactured components allows systems to be scaled up or down
in size to serve a variety of situations. Integrating technologies into
modular systems that include on-site power generation, heat recovery,
and thermally activated technologies is intended to achieve efficiency
gains not possible from designing and building an on-site system[3].

CHP System Outputs:

Electricity & Chilled Water
Diverter Valve Exhaust
and Stack

Inlet Air Cooling

e, 45 MW
Solar Centaur 50

i
{

“sl

2500-ton Broad USA
Exhaust-fired
Absorption Chiller

Figure 1. Domain CHP System Overview [4]

PERFORMANCE MONITORING AND MEASUREMENT

The Domain packaged CHP system is a unique system designed
for efficiently producing electricity and cooling, with low emissions and
detailed performance monitoring and measurement. The Domain CHP
system is designed with extensive data measurement and performance
monitoring equipment. The system is equipped with an array of data
sensors that monitor and record the system inputs and outputs as well
as intermediate conditions. The system has over 30 sensors monitoring
and recording electric and thermal data for all components of the system:
the natural gas compressor, turbine, generator, chiller, cooling tower, and
auxiliaries. The Domain packaged CHP system is producing real-time,
empirically verifiable performance data. All parties involved, the oper-
ating utility, equipment providers, Oak Ridge National Laboratory and
The University of Texas at Austin, are working to assess the system’s
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performance in a manner that is accurate, transparent and verifiable. A
goal of the initial performance monitoring is to provide performance
data in a form that is accurate and makes sense to energy professionals
and others who may be considering installing a packaged CHP system
to meet electric and thermal needs in an efficient manner.

RESEARCH AGENDA

The packaged CHP system is anticipated to have benefits over
systems using traditional grid electricity and standard heating, ventila-
tion and air conditioning (HVAC) technologies as well as over custom
engineered CHP systems. A research agenda was developed to deter-
mine these benefits and to compare performance to other systems. The
agenda for research is designed to understand the performance of the
CHP system under all operating conditions, and to determine what may
be optimal operating parameters for the system. As part of the research
agenda, system performance can be evaluated through thermal, electric
and system efficiency measurements, as well as through identifying a
family of system performance curves based on varying operating pa-
rameters.

EFFICIENCY

System performance can be monitored through measures of ef-
ficiency. Collected performance data allow for the determination of
electric, thermal and system efficiency. An efficiency measurement is
useful way to compare the performance of various technologies as well
as whole systems.

The performance data collected from the Domain CHP system are
complete enough to allow for efficiency to be reported in a number
of ways. In particular, the Association of State Energy Research and
Technology Transfer Institutions (ASERTTI) protocols may be useful
for evaluating the Domain CHP performance as well as comparing the
performance to other systems because these are peer-reviewed sets of
distributed generation testing protocols [5]. ASERTTI established interim
protocols for laboratory testing, field testing, long-term monitoring, and
case studies of microturbines, reciprocating engines, and small turbines
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up to 3 MW. The protocols include methods for determining electrical
efficiency, thermal efficiency and system efficiency for CHP systems. The
test protocols cover microturbines from 10 kW to 250 kW capacity, and
reciprocating engines and turbines up to 3 MW [6]. Although the ASER-
TTI protocols were not developed for the large CHP system installed
at the Domain, the project is using ASERTTI measures of efficiency to
evaluate system performance.

Efficiency for CHP systems is a more complicated measure than
for conventional grid electricity and HVAC equipment because there are
multiple useful outputs. A challenge is to identify a measure or set of
measures that best accounts for the multiple useful outputs of a CHP
system given a fuel input. Another challenge is appropriately factoring
in efficiency losses from auxiliary systems, such as electric pumps, fan
and controls.

CHP electrical, thermal and system efficiencies may be defined
according to the following equations. Equation 1 describes net electric
efficiency. Losses from parasitic loads, or auxiliary systems, may not be
well measured for all systems. When determining efficiency, measures of
net electrical efficiency may be appropriate, because net electrical output
includes auxiliary losses.

net electrical output

Nnet elec

X fuel energy input (Eq 1)

where net electrical output equals gross electrical output minus auxiliary
electrical inputs.

Equation 2 describes the thermal efficiency of the entire CHP sys-
tem.

= net usable thermal output

MNtherm
2 fuel energy input (Eq 2)

It is important to note that Equation 2 is not the thermal efficiency
of just the absorption chiller, but the thermal efficiency of the entire
system.

Equation 3 represents system efficiency. It is the sum of the electri-
cal and thermal efficiencies.
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Nsys = Melec T Ntherm

net electric output + = net usable thermal output

= fuel energy input (Eq 3)

In all equations above, sigma denotes the usual sum over all sourc-
es of inputs or outputs, as indicated. Usable thermal output is considered
to be the total thermal energy recovered from the CHP system (either
cooling and/or heating) in a reporting interval. Fuel energy input is
considered to be the energy of the input fuel based on the higher heating
value in a reporting period. In the case of the Domain, the input fuel is
exclusively natural gas. Because efficiency is a dimensionless number,
all of the quantities must be reported in the same units.

SYSTEM PERFORMANCE

A goal of the research agenda is to test and monitor system perfor-
mance under a variety of operating conditions. To study performance,
a testing program was developed to vary the operating parameters of
the system and record the system outputs and performance. The testing
program is designed to understand the operation of the system under
the various operating conditions outlined in the following table. Table 1
lists the minimum tests that are planned for the Domain CHP system.

Table 1. Domain CHP Testing Plan [7]

Fix Vary

Turbine output Chiller output

Chiller output Turbine output
Chiller output Bypass valve

Chiller output Damper position
Close bypass valve Turbine output
Turbine output Chiller water flow
Turbine output Condenser water flow

1. Repeat tests with full, partial and no inlet cooling.

2. Repeat tests at various temperatures and humidity levels.
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The testing plan is designed to determine a family of performance
curves for the system with the goal of identifying an overall system per-
formance curve (or set of curves). Although, it is likely that equipment
manufacturers have data for the individual subsystems, these curves
for the entire system are not known. The goal of the testing plan is to
be able to quantify these subsystem curves, plot overall system curves
with the data collected from the system, and determine optimal system
performance. Table 2 lists some of the various system and subsystem
curves that describe performance.

Table 2. System Performance Curves [8]

Efficiency vs. turbine output
Efficiency vs. chiller output
Efficiency vs. ambient conditions
Efficiency vs. damper position

CONCLUSIONS

Packaged CHP systems, such as the Domain CHP system, which
includes a 4.5 MW combustion turbine and a 2,500 ton absorption chiller,
are an emerging technology that has great potential to provide users
with cost effective, reliable energy with low emissions. The Association
of State Energy Research and Technology Transfer Institutions (ASERTTI)
developed a standard protocol to assess system performance. In order for
an end user to decide if they want to adopt this technology, they need
to be able to compare performance among alternative CHP systems as
well as existing technologies in terms that are appropriate and meaning-
ful. An important step to promoting packaged CHP systems is to report
system performance in a meaningful way. A next step is to implement the
developed research agenda, designed to understand the performance of
the CHP system under all operating conditions, and to determine what
may be optimal operating parameters for the system. Through this test-
ing, system performance can be evaluated through thermal, electric and
system efficiency measurements, as well as through identifying a family
of system performance curves based on varying operating parameters.
Completing this field performance assessment for the Domain will help
to identify the realized benefits of the packaged CHP system.
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