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Micro-Cooling, Heating and Power (CHP) is the decentralized generation of electricity in 

which normally wasted heat is recovered for use in heating and cooling of the space.  A 

micro-CHP demonstration facility is needed to showcase the system and allow for 

experiments to be performed.  This thesis illustrates the steps taken for the installation 

and instrumentation of a Micro-CHP (Cooling, Heating, and Power) demonstration 

facility.  Equipment sizing was performed by creating an accurate building model and 

performing a transient building analysis.  Temperature, pressure, flow rate, and relative 

humidity are measured in order to determine accurate energy balances through each piece 

of equipment in the micro-CHP system.  The data is collected using a number of 

LabView subroutines while a Visual Basic program was developed to display the 

information. 
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CHAPTER I 

INTRODUCTION 

 A Micro-Cooling, Heating, and Power (micro-CHP) demonstration facility has 

been constructed for both research and community outreach.  This facility will be used to 

inform engineers, contractors and end-users about the benefits and upfront requirements 

of a micro-CHP installation in a residence or small commercial building.  While micro-

CHP is widely available in the European market, their systems are designed to meet a 

higher heating load with electrical power as the useful by-product.  In the Southeastern 

United States, micro-CHP systems are designed to either meet the entire electrical and 

heating/cooling loads of the building, or supplement both the grid and existing 

heating/cooling devices.  Because of these differences, several components required for a 

micro-CHP installation are not commercially available.  While most components can be 

purchased, mismatches in equipment will exist and optimization will be required.  The 

micro-CHP demonstration facility will allow for these components to be optimized in a 

real world installation. 

What is Micro-CHP? 

 Micro-CHP is the decentralized generation of electricity in which normally 

wasted heat is recovered for use in heating and cooling of the space.  Micro-CHP denotes 
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the power regime of less than 15 kW of electricity and is applicable to the small 

commercial and typical residential sectors. 

 A Micro-CHP system consists of several components in which a building can 

operate either completely grid independent, or connected to the grid to provide peak load 

power.  The key component of a micro-CHP system is the prime mover, which is used to 

generate both the electricity and thermal energy.  Several prime mover technologies are 

available which include but are not limited to reciprocating engines, sterling engines, 

micro-turbines and fuel cells.  Commercial availability for the “micro” regime is still 

limited in the United States but is under active development by several companies. 

Commercial Availability of Micro-CHP Components 

 A Micro Cooling, Heating, and Power (micro-CHP) facility for use in a hot and 

humid climate are designed to meet the heating and cooling loads of the target building.  

Since temperatures regularly reach 100°F and humidity levels of 99%, the selected prime 

mover will normally meet the required electrical load.  In some cases in order to meet the 

thermal load of the building, the prime mover will actually generate more electricity than 

is required; this electricity can then be sold back to the local electrical provider. 

 Micro-CHP is still in its infancy in the United States, as the two key components 

for an installation, the prime mover and absorption chiller, have limited commercial 

availability or are not available with the required specifications.  Europe has 

commercially available micro-CHP units, but their design specifications were to meet the 

heating load of a residence with power production as a by-product.  European micro-CHP 

systems are simply a prime mover with heat recovery.  Their systems do not cool the 
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living space.  The average size of a European home is 940 ft2 while the average American 

home is 2330 ft2, almost 2 ½ times larger. (EuroACE, 2001) (NAHB, 2004)  The 

difference in both climate and house size emphasizes the need for technologies which are 

designed for use in a hot and humid climate. 

 The remaining components of the CHP system are widely used in commercial 

water heating and cooling systems which employ fan-coil units.  The system can be 

designed to use either a two-pipe or four-pipe scheme.  Other readily available 

components include but are not limited to the water tank, pumps, makeup boilers, and 

other various plumbing components. 

Absorption Chiller 

 The absorption chiller is one of the key components to a micro-CHP installation 

with limited availability in the United States.  This device uses the recovered thermal 

energy to chill water for use in fan-coil units.  In order for an absorption chiller to be used 

in a micro-CHP system it must be water fired, many small (100 ton or less) absorption 

chillers are natural gas fired. 

 Absorption chiller technology is not a “new” technology and has been developed 

quite extensively for the large commercial market.  The main problem with absorption 

chillers for use in micro-CHP is the availability of smaller units which are water fired.  If 

the absorption chiller is direct fired, by natural gas or LPG, then the heat recovered when 

cooling is needed cannot be used to provide a cooling effect for the living space and will 

be wasted.  Four of the most well known HVAC manufacturers do not produce water 

fired chillers in the range that a micro-CHP facility would require.  Table 1.1 shows the 
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smallest available water-fired absorption chillers that are available for purchase and 

installation from these manufacturers.  The smallest available unit is 75 tons, which 

would provide enough cooling for a 38,000 square foot living space in the Southeastern 

United States, assuming approximately 500 ft2/ton. 

Table 1.1   Smallest Water Fired Absorption Chiller From Large Manufacturers 

Manufacturer Smallest Size (Tons) Note 
Carrier 75  
Lennox N/A Does not manufacturer chillers 
Trane N/A All chillers are steam fired. 
York 100  
 
 

  

 Through an extensive search of absorption chiller manufacturers’ websites, it was 

found that only two have water fired absorption chillers that would work for a micro-

CHP application.  Each manufacturer has a 10 ton unit which would be larger than is 

required for the average American home.  Table 1.2 lists the available 10 ton absorption 

chillers along with the hot water temperature range and required piping system. 

Table 1.2   Water Fired Absorption Chiller Ratings 

Manufacturer Size Range 
(Tons) 

Hot Water Temp 
Range (°F) 

Manufactured 
In 

Thermax 10-80 158-230 India 
Yazaki Energy 10-30 158-203 Japan 
    

 
 The first manufacturer, Thermax, has a water fired, 10 ton absorption chiller 

available with a heat medium temperature range of 158 to 230 °F.  This unit uses Lithium 

Bromide as the refrigerant and uses 3 solution pumps for operation and is available only 

in a single effect configuration. 
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 The second manufacturer of small tonnage water fired absorption chillers is 

Yazaki Energy.  Yazaki’s absorption chiller is also a 10 ton unit which provides a cold 

water temperature of 45°F with a flow rate of 24 GPM.  It requires hot water anywhere 

from 158°F to 203°F with a flow rate of 38 GPM.  The cooling tower flows at 80 GPM 

and rated temperature is 87.5°F.  Lithium bromide is used as the refrigerant and is 

available only in a single effect configuration. 

 Direct fired absorption chillers have a wider availability in the United States in 

the smaller tonnages required for micro-CHP applications.  These units were developed 

to replace the conventional vapor compression systems and use natural gas as the energy 

input.  These units are being marketed to home users to help reduce the peak electrical 

loads during the summer months.  Manufacturers of direct fired absorption chillers offer 

models which can produce chilled water or both chilled and hot water.  The units with 

both heating and cooling effects can replace the entire conventional unit, requiring only a 

blower and a single coil.  The units with only cooling will still require a furnace, but a 

water coil will replace the refrigerant coil.  Of the several manufacturers of direct fired 

absorption chillers, Robur Corporation and Cooling Technologies, Inc. offer the most 

robust line of chillers for residential or small commercial applications. 

 The Robur Corporation, based out of Evansville, Indiana, produces several small 

tonnage direct fired absorption chillers.  Their units are designed to be placed outdoors, 

with an air cooled condenser.  Robur offers units which vary in size from 5 to 20 tons of 

cooling effect and a water outlet temperature of 37°F.  Robur offers several different 

units with cooling and cooling-heating effects for a wide range of climate conditions.  
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Their units will require an indoor water coil, water pump and proper plumbing. (Robur, 

2006) 

 Cooling Technologies, Inc., with headquarters in Toledo, Ohio, offers a direct 

fired absorption chiller with a cooling output of 5 tons.  Their units can operate from a 

variety of heat sources including natural gas, microturbine exhaust and fuel cells.  For 

larger cooling loads they offer a solution to operate their absorption chillers in packs 

where 2 to 6 unit are connected with single point connections for fuel, chilled water, and 

electrical connections.  The Cooling Technologies absorption chillers come with an 

optional chilled water pump and will require the installation of indoor plumbing and fan-

coil unit.  These units only provide chilled water and use of a natural gas or electric 

furnace will be required for heating. (Cooling Technologies, Inc., 2006) 

Prime Mover 

 The prime mover, which drives the electrical generator, also has limited 

availability in the United States.  Several different types of prime movers are currently 

under development with market availability coming in the next couple of years.  

Currently available technologies in the United States include internal combustion 

engineers, Micro-Turbines, and Stirling engines.  Technologies under development, with 

no commercially available units, include Rankin Cycle engine and the Fuel Cell.  A list 

of manufacturers and information about their available micro-CHP generators can be 

found in Table 1.3. 
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Table 1.3   Prime Mover Manufacturers 

Manufacturer Prime 
Mover 

Technology

Power 
Output 
(kW) 

Thermal 
Output 

(BTU/hr)

MFG 
In 

Marathon 
Engine 
Systems 

Internal 
Combustion 2.0-4.7 48,000 USA 

Whisper Tech Stirling 1.2 27,000 New 
Zealand 

Capstone 
Energy 

Micro-
Turbine 30 366,000 USA 

Solo Stirling Stirling 7.5 75,000 Germany 

     
 

 The prime mover can hold two significantly different rolls in a micro-CHP 

application.  Units with relatively small electrical output but large thermal output are 

better suited for areas with cooler climates in which the recovered thermal energy is of 

primary interest and the produced electricity is used to reduce the electrical consumption 

from the grid.  Units with large electrical generation can provide for grid independent 

installations in which no additional power is required.  Each installation may require the 

use of a boiler or other means to meet the thermal requirements of the facility.  

 The internal combustion engines inclide four-cycle prime movers with one to four 

cylinders depending on power output; thermal heat is recovered through the water jacket 

surrounding the motor and through an exhaust heat exchanger.  Marathon Engine 

Systems manufactures a single cylinder engine with a power output of 2.0 to 4.7 kW and 

a thermal output of up to 48,000 BTU/hr.  These units are able to provide the base 

electrical load requirements of a building.  Additional power will be required for peak 

loads.  This energy can be provided from peak load generators, battery array, or from the 

grid. 
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 The stirling engine is a well developed technology that is making a comeback in 

power generation.  A stirling engine can be powered by any fuel source, including solar 

energy, and is very quiet during operation.  Whisper Tech, based out of New Zealand, 

manufactures 1.2 kW stirling engines with a thermal output of 27,000 BTU/hr.  Another 

manufacturer of stirling engines is Solo Stirling Engines based out of Germany.  Their 

unit has a power output of 7.5 kW with a maximum thermal output of 75,000 BTU/hr. 

 Stirling engines are widely accepted in the European market for micro-CHP 

applications and are currently under development by several US companies.  Infinia 

Corporation, formerly The Sterling Technology Company, is developing a 1 kW unit.  

The thermal output of the unit has not been specified and the company has no plans of 

availability of their units in the United States. (ENTAC, 2005)  A United States based 

manufacturer of stirling engines, Stirling Energy Systems, they currently offer solar 

power stirling engines with future plans for Biogas and Hydrogen systems.  Their units 

will be offered as single units or in “Gensets” where 2 or more units can be connected in 

parallel to obtain higher electrical and thermal output. (SES, 2006) 

 Micro-Turbines are an emerging technology for use in the micro-CHP market.  

The available micro-turbines produce more electricity than is needed for a typical micro-

CHP application but could be used for a neighborhood type installation where several 

homes or businesses are powered from a single installation.  Capstone Energy, a 

California manufacturer of micro-turbines, produces a 30 kW unit which runs off of 

natural gas and has a thermal output of 366,000 BTU/hr.  Capstone microturbines can be 

“ganged” into packs of 10 to increase both electrical and thermal output. 
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 There are several other manufacturers of microturbines for use in power 

generation.  These units produce electricity from 30 kW to well over 100 kW.  The 

average home in America uses 10,654 kWh of electricity a year, which comes out to an 

average load of 1.2 kW excluding HVAC equipment loads. (Department of Energy, 

2001)  Peak loads will vary greatly as an average air conditioning unit will consume 3500 

W, computers will consume approximately 65 W, and the various lighting used within 

the re6sidence will consume 1.1 kW on average.  Microturbines have greater potential for 

use in housing projects, housing units in which several residences are power and cooled 

from a central location. 

 Elliot Microturbines of Florida produces 100 kW microturbines for use with CHP 

applications.  Their unit produces 587,000 BTU/hr of heat with an overall thermal 

efficiency of 85%.  (Elliot, 2006)  Another manufacturer of microturbines designed for 

the CHP market is Ingersoll-Rand Industrial Technologies.  Their unit produces 70 kW of 

electrical power and 13,330 BTU/kWh of thermal recovery. (Ingersoll-Rand, 2006) 

 Rankin cycle engines are currently under development with several companies 

promising to have commercial units available in the next five years.  With a relatively 

high thermal output and a low electrical output, these units will be used for thermal 

generation with the electricity being used for load shedding.  Cogen Microsystems, based 

out of Australia, is developing a Rankin cycle generator with a power output of 2.5 kW 

and a thermal output of 11 kW (3 tons).  The expected overall efficiency is 90% based on 

the higher heating value.  Their unit is expected to be commercially available in 2007. 

 Fuel Cells are an emerging technology which converts the fuel into electricity and 

heat energy through an electrochemical process without direct combustion of a fuel 
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source.  Typically, hydrogen reacts with oxygen electrochemically to create water and a 

DC current.  Fuel cells are of great interest as their only byproducts are pure water when 

fueled by pure hydrogen.  Reforming is used when pure hydrogen is not available and can 

easily extract the required hydrogen from natural gas.  The reforming process is where 

carbon is released to the atmosphere, but is done without direct combustion. 

 The electrochemical process creates a DC current and heat.  This heat can be 

recovered and used to help drive the reforming process and for process heat.  Fuel cells 

are very attractive for micro-CHP applications due to their small size, silent operation and 

reliability.  There are several different types of fuel cells, and their main difference is the 

membrane used for the electrochemical process and the fuel used to drive the reaction.  

Fuel cells are being developed for power in small commercial and residential markets and 

as peak shaving units for commercial and industrial uses.  The main drawback of fuel 

cells is the initial cost to purchase and install.  Since fuel cells are still relatively new with 

respect to many other technologies, it is expected that their prices will fall in the years to 

come. 

 Ceramic Fuel Cells Limited (CFCL), based out of Australia, is developing a 

micro-CHP demonstration unit with a 1 kW electrical, 1 kW thermal output and an 

overall efficiency of 80%.  The demonstration unit is designed to work in parallel with 

the grid and offers peak power shaving and backup power.(CFCL, 2006)  CFCL also is 

currently developing a Distributed Generation (DG) fuel cell which has an estimated 5 to 

6 kW average power output with peak loads of up to 10 kW.  Heat recovery is an option 

which can be added to the unit. (CFCL, 2006)  Both of CFCL’s units have a single phase 
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electrical output of 220V.  This fuel cell is suited for off-grid applications in which the 

fuel cell will be able to meet the entire electrical demand of the facility. 

 Plug Power of Latham, NY manufactures fuel cells for standby, continuous and 

emergency use.  Plug Power’s fuel cells are not applicable to the micro-CHP market as 

they currently do not manufacturer units with heat recovery options.  Their GenCore line 

was developed for backup power in case of outages and produces either 60 or 120 Vdc 

power and runs off of pure hydrogen. (Plug Power, 2006)  Plug Power is also currently 

developing a fuel cells for off-grid, prime power applications called GenSys.  The 

technical specifications for this unit are not currently available. 

 Another source of micro-CHP prime-movers can be found by using existing 

backup or standby generator sets and installing heat exchangers to recover the normally 

wasted heat energy.  On an internal combustion engine a heat exchanger can be used for 

the both the water jacket and the exhaust.  For microturbines and fuel cells heat 

exchangers can also be used for the exhaust streams.  Depending on the electrical and 

thermal output of the engine, these units can be designed for load shedding or as an off-

grid installation. 
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CHAPTER II 

DESIGN 

Demonstration Facility 

 The target buildings for micro-CHP systems include both residences and small 

commercial facilities.  A demonstration site must be able to showcase the micro-CHP 

technology for both types of applications, as the thermal loads and electrical loads will 

vary between the two.   

 The Mississippi State University micro-CHP demonstration facility includes two 

separate areas which include a fully working wood shop and an office area.  Figure 2.1 

shows the overall layout of the demonstration facility.  The wood shop area is 

approximately 2000 sq ft and has 10 foot drop ceilings which resemble typical small 

commercial buildings.  The office area is approximately 1000 square feet with 12 foot 

solid ceilings which resemble a residence or office area.  There is also a small mechanical 

room located outside the office area which will be used to house the micro-CHP 

equipment.  A large covered area is adjacent to the office area and mechanical room 

which houses large equipment. 
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Shop
2000 sqft

Office
1000 sqft

Mechanical Room

Covered 
Area

 
 

Figure 2.1   Demonstration Facility Layout 

 To illustrate how equipment will be installed in real world applications, the 

system was split into two major areas, electrical and thermal generation systems and the 

HVAC systems.  The electrical and thermal generation components are housed in the 

mechanical room and under the covered area depending on the size of the equipment.  

The HVAC equipment was placed indoors for office area and the packaged units, placed 

outdoors, are used for the wood shop area. 

Electrical and Thermal Generation Subsystem 

 Electrical power for the micro-CHP demonstration facility is provided by a 

generator which was sized to meet the max electrical requirements of the facility.  This 
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allows for complete grid independence, and the only fuel source required by the facility is 

natural gas.  An automatic transfer switch is used to select which power source the 

demonstration facility will use; grid power or generator power.  Accommodations have 

been made in order to allow for easy installation of additional prime mover technologies. 

 Thermal energy produced by the generator, which is normally vented to the 

atmosphere, is used to heat water which can then be used to drive thermally activated 

devices such as absorption chillers, desiccant dehumidifiers and heating coils.  The 

method of heat recovery will vary greatly depending on the type of prime mover used for 

power generation.  A 200 gallon insulated water tank is used for thermal storage in which 

all hot water circulates from this tank.  In cases where the prime mover cannot supply the 

needed thermal energy for the facility a 200,000 BTU/hr boiler will be installed for 

makeup energy.  Plumbing for the heat recovery loop was designed in such a manner that 

additional prime movers can be added at a later date. 

 Cooling is provided through an absorption chiller which was sized to meet the 

cooling load of the demonstration facility.  Fan-coil units are used in the shop and office 

areas in order to provide the cooling effect.  The absorption chiller is water fired as to use 

the recovered thermal energy from the prime mover.  Plumbing was designed in a manner 

to provide for additional absorption chiller technologies. 

 The water tank, boiler and absorption chiller along with all required pumps are 

housed in the mechanical room.  The cooling tower required by the absorption chiller has 

been placed in the rear of the facility.  Prime movers and additional absorption chillers 

will be housed under the covered area as dictated by space.  Figure 2.2 shows the overall 

layout of the mechanical room and covered area. 
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Figure 2.2   Mechanical Room Layout 
 

HVAC Subsystems 

 The Heating, Ventilation and Air Conditioning systems were split between the 

shop and office areas to showcase the types of units traditionally found in residential and 

small commercial installations.  Each area is heated and cooled through either a micro-

CHP system or a traditional vapor compression system.  The installation of two systems 

allows for comparisons of performance between the two different types of systems to be 

performed. 



www.manaraa.com

16 

 

 The office area has a vertical up flow, four-pipe fan-coil unit which was sized to 

meet the cooing requirements of the office space.  This unit provides heating and cooling 

to the space through hot or cold water produced from the micro-CHP system.  Power for 

this unit is provided from the generator.  The traditional vapor compression system for 

the office is a split unit with the condensing unit placed outside.  This unit has a vertical 

up flow arrangement with an integrated natural gas furnace to provide heating.  Power for 

the traditional system is provided from the power grid and will not affect the electrical 

load of the micro-CHP system. 

 The fan-coil unit and the traditional unit were installed on a common plenum and 

supply air to a common supply duct.  Dampers were installed on the supply side of each 

unit to isolate the unit which is providing active air conditioning for the space.  The 

common supply and return allows for unbiased comparisons to be performed and each 

unit will have comparable specifications.  Figure 2.3 shows the locations of the office 

HVAC equipment and location of the ductwork to supply cold air to the space. 

 The shop area is heated and cooled through outside, packaged units.  The micro-

CHP fan-coil unit is a four-pipe arrangement and is powered from the generator.  The 

traditional vapor-compression system is an outdoor packaged unit with an integrated 

furnace to provide heating for the space and is powered from the grid.  The micro-CHP 

system and the vapor compression system share a common supply and return installed on 

the supply side of each unit.  Figure 2.4 shows the layout of the Shop HVAC equipment. 
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Figure 2.3   Office HVAC Equipment Layout 
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Figure 2.4   Shop HVAC Equipment Layout 
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CHAPTER III 

EQUIPMENT SIZING 

Introduction 

 For the successful installation of a micro-CHP system, components must be 

properly sized for the area which is to be heated and cooled.  Both the electrical and 

thermal loads of the building must be calculated to insure that the prime mover can 

provide the required energy.  If the motor generator can provide enough thermal energy 

but not enough electrical, supplemental power from the grid or backup generators will 

need to be installed.  The same applies to the thermal load, where a boiler has been 

installed to provide supplemental heat. 

 Equipment sizing was performed through use of the TRNSYS program 

(www.trnsys.com).  TRNSYS is a flexible tool which performs simulations for the 

transient response of thermal systems.  In order to determine the thermal requirements of 

the building, an energy rate conservation (ERC) simulation was performed.  An ERC 

simulation calculates the thermal energy needed to hold a space at the initial conditions. 

 The demonstration facility was modeled in TRNSYS using the PREBID 

component.  PREBID allows for accurate modeling of buildings by modeling the 

radiation absorptivity, heat transfer, and heat capacity of the walls and other masses 

contained within the building.  To build an accurate model of the demonstration facility, 
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an accurate blueprint of the building was constructed by measuring all room dimensions, 

ceiling heights, and determined wall and door locations.  The thermal characteristics of 

the building were determined by measuring wall thicknesses, insulation, and wall 

covering types.  The building model was split into zones according to each room, with 

the boundary conditions including the wall type and area.  Figure 3.1 shows the 

demonstration facility and the zone used for the TRNSYS program.  The ceilings were 

modeled taking into consideration the type of ceiling and insulation thickness. 

 

1

62

3 11

8

7 9
4

5 – Shop Attic 10 – Shop Attic

Wood Shop Office Area

Figure 3.1   Demonstration Facility Zones for PREBID 

 The concrete slab of the building produces a significant thermal storage and care 

was taken to properly model this feature.  Two different approaches were taken 

depending on whether the room was interior (all walls are connected to other zones) or 

exterior (at least one wall was connected to the outside).  For exterior rooms the concrete 
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slab was modeled by setting the 3ft strip near the exterior wall at the ambient (outside) 

temperature.  The remaining area was held at the interior room temperature.  For interior 

rooms the concrete slab’s temperature was held constant at the room’s temperature. 

 The inputs required for the building model include the ambient air temperature, 

ambient relative humidity, and a sky temperature model.  The radiation is determined 

through a component which will calculate the radiation on each surface throughout the 

year.  This radiation model uses the latitude and accurate sun paths along with weather 

information for the location to determine the energy each surface of the building sees. 

HVAC Equipment 

 The micro-CHP demonstration facility was designed to be heated and cooled by 

two different HVAC systems, one unit for the shop area and another unit for the office 

area. Figure 3.2 shows which areas are to be served by the office and shop air 

conditioning units.  The required cooling tonnage (1 ton = 12,000 BTU/hr) was 

determined through an ERC simulation of the demonstration facility.  The ERC 

simulation was run using weather data in a TMY2 format, acquired from the Department 

of Energy’s website, for Meridian, MS.  The TMY2 format contains average weather 

conditions for a given location over the last 10 years and is widely used in building 

thermal simulations.  The simulation was run over the entire year with data taken every 

hour for each zone which had active air conditioning.  Temperatures of the occupied 

spaces were held constant at 77°F and a relative humidity of 50%. 
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Figure 3.2   HVAC Service Areas 

 The required cooling loads of the shop and office units were determined by 

creating histograms depicting the hours operated at half ton intervals for the year, four 

month cooling season, and worst month and worst day.  The worst month was determined 

by calculating which month used the most total energy for cooling.  Table 3.1 shows each 

month and the total energy used.  The worst day was calculated by determining which 

day used the most total energy for cooling.  Table 3.2 shows the worst 10 days for 

cooling for the office, while Table 3.3 shows the 10 worst days of cooling for the shop. 
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Table 3.1   Total Cooling Requirements for Shop and Office 

Shop Office 

Month 
Sensible 
(BTU) 

Latent 
(BTU) 

Total 
(BTU) 

Sensible 
(BTU) 

Latent 
(BTU) 

Total 
(BTU) 

Jan 2.7E+05 5.4E+04 3.3E+05 3.3E+04 3.0E+04 6.3E+04
Feb 3.4E+05 1.4E+05 4.9E+05 4.5E+04 9.1E+04 1.4E+05
Mar 6.0E+05 1.7E+05 7.7E+05 9.7E+04 9.7E+04 1.9E+05
Apr 1.2E+06 4.7E+05 1.7E+06 2.9E+05 2.8E+05 5.7E+05
May 2.2E+06 1.0E+06 3.2E+06 6.2E+05 5.9E+05 1.2E+06
Jun 2.6E+06 2.5E+06 5.1E+06 8.4E+05 1.5E+06 2.4E+06
Jul 3.4E+06 3.4E+06 6.8E+06 1.3E+06 2.1E+06 3.4E+06
Aug 2.8E+06 3.7E+06 6.5E+06 1.0E+06 2.2E+06 3.2E+06
Sep 2.1E+06 2.0E+06 4.1E+06 6.5E+05 1.2E+06 1.9E+06
Oct 1.1E+06 5.8E+05 1.7E+06 2.4E+05 3.4E+05 5.9E+05
Nov 6.2E+05 5.1E+05 1.1E+06 1.2E+05 2.9E+05 4.1E+05
Dec 1.8E+05 2.9E+04 2.1E+05 2.8E+02 1.5E+04 1.5E+04

 

Table 3.2   Ten Worst Days of Cooling 
for Shop 

  

Table 3.3   Ten Worst Days of Cooling 
for Office  

Date 
Sensible  
(BTU) 

Latent 
(BTU) 

Total 
(BTU)   Date 

Sensible 
(BTU) 

Latent 
(BTU) 

Total 
(BTU) 

07/01 2.2E+05 1.3E+05 3.6E+05   07/01 8.8E+04 8.7E+04 1.8E+05
08/12 2.1E+05 1.3E+05 3.4E+05   07/08 7.8E+04 9.1E+04 1.7E+05
07/08 2.0E+05 1.4E+05 3.4E+05   08/12 7.9E+04 8.7E+04 1.7E+05
07/22 2.0E+05 1.3E+05 3.3E+05   07/22 7.8E+04 8.7E+04 1.6E+05
08/19 1.8E+05 1.4E+05 3.2E+05   07/09 7.8E+04 8.4E+04 1.6E+05
07/29 2.3E+05 8.4E+04 3.2E+05   08/19 7.0E+04 8.9E+04 1.6E+05
07/09 1.7E+05 1.4E+05 3.1E+05   07/02 7.5E+04 7.5E+04 1.5E+05
06/24 1.9E+05 1.2E+05 3.1E+05   08/05 6.2E+04 8.3E+04 1.5E+05
07/02 1.7E+05 1.2E+05 2.9E+05   06/24 6.7E+04 7.8E+04 1.4E+05
08/05 1.7E+05 1.3E+05 2.9E+05   07/29 8.8E+04 5.6E+04 1.4E+05

    
 With the worst month and worst day determined for both the shop and office, 

histograms were created showing the hours operated at the given level.  The histogram 

bin sizes were split into half ton increments, depicting the normal air conditioner coil 
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sizes.  A line was added to the histograms showing the percentage of total time each bin 

operates at the given tonnage. 

 Figure 3.3 through Figure 3.6 show the histograms for the shop space for the year, 

cooling season (May through September), and worst month and worst day which were 

used to size the HVAC equipment.  Figure 3.7 through Figure 3.10 show the histograms 

for the office space for the year, cooling season, and worst month and worst day. 
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Figure 3.3   Shop Cooling for the Year 
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Shop Cooling for the 4-Month Cooling Season
March-August
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Figure 3.4   Shop Cooling for the Cooling Season 

Shop Cooling for the Worst Month
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Figure 3.5   Shop Cooling for the Worst Month 
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Shop Cooling for the Worst Day
July 1
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Figure 3.6   Shop Cooling for the Worst Day 
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Figure 3.7   Office Cooling for the Year 
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Office Cooling for the 4-Month Cooling Season
March-August
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Figure 3.8   Office Cooling for the Cooling Season 
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Figure 3.9   Office Cooling for the Worst Month 
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Office Cooling for the Worst Day
July 1st
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Figure 3.10   Office Cooling for the Worst Day 

 Using the histograms the office and shop air conditioning units were sized to meet 

the cooling requirements of the space.  For the office a coil size of 2 tons was selected.  

As can be seen in Figure 3.10, two tons will be able to cool the space 100% of the time.  

Since air conditioners are sold in half ton sizes, a unit of 1.5 tons would only be able to 

meet the cooling requirements of the space on the worst day 80% of the time.  For the 

worst month a 1.5 ton unit would meet the cooling requirements 96% of the time.   

 A Trane XV90 air handler with integrated natural gas condensing furnace was 

selected as the conventional system for the office area.  Cooling is provided by a 14 Seer 

condenser with 2 ton comfort coil installed above the air handler.  This unit will be 

installed in parallel with a 2 ton fan-coil unit.  The fan-coil unit is a Trane vertical up-

flow unit with 800 CFM air flow and contains four coils, 2 each for cooling and heating.  
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The vapor compression system and the fan-coil units were installed with a common 

supply and return to insure accurate comparisons. 

 For the shop area, a coil size of 5 tons was selected.  This coil is oversized per the 

histograms shown, and is due to the use of the area.  The shop area is a fully working 

wood shop with several pieces of machinery which are run on variable schedules and 

their thermal output could not be modeled.  There are also extended periods of times in 

which the area’s rollup door is open to allow access for large pieces of wood.  The open 

door will greatly increase the infiltration rate of the space. 

 The office systems have been installed with a common return and supply in which 

only one system will be operated at a time.  Back flow is prevented through dampers 

installed on the supply side of each unit which are activated by powering the unit.  The 

common supply and return alleviates discrepancies when comparing the performance of 

the two systems. 

 An outdoor packaged unit, with a max cooling rate of 5 tons, manufactured by 

Trane was selected as the conventional air conditioning unit for the shop space.  This unit 

contains a two stage compressor which can operate at either 3 or 5 tons of cooling.  This 

will allow for greater efficiency and lower cooling bills as it will only operate at the 5 ton 

level when the interior temperature continues to rise with 3 tons of cooling.  This unit 

contains a natural gas condensing furnace for winter heating.  The unit has a Seer rating 

of 12. 

 The conventional unit has been installed in parallel with a 5 ton, 4 pipe, fan-coil 

unit.  This unit will provide heating and cooling to the space using the water heated and 



www.manaraa.com

30 

 

cooled by the micro-CHP system and its fan is powered by the generator.  The fan-coil 

and conventional system for the shop area have separate returns, due to installation 

requirements, and a common supply.  The common supply helps alleviate discrepancies 

when comparing the performance of the two systems. 

 With a combined cooling load of 7 tons for both the office and shop areas a 10 ton 

absorption chiller was selected for creating the chilled water for use with the micro-CHP 

system.  The absorption chiller selected was a Yazaki Energy Systems WFC-SC10.  This 

unit produces 10 tons of cooling with an outlet temperature of 45°F at 24.2 GPM.  Heat is 

supplied to the unit with 190°F water at 38 GPM with a total heat input of 191.7 GPM.  

Cooling water is required at 87.5°F and 80 GPM with a heat output of 291,000 BTU/hr.  

While this unit exceeds the maximum cooling by 3 tons, it was the smallest commercially 

available water fired absorption chiller.  The pressure drops through the chilled water, 

heat medium, and cooling water loops are 8.1 psi, 13.1 psi and 12.3 psi respectively.  The 

absorption chiller requires a maximum of 210 W of three phase power to operate. 

Plumbing 

 Once the HVAC equipment was sized to meet the requirements of the 

demonstration facility, the water tank, pumps, and plumbing were properly sized.  Figure 

3.11 displays the overall plumbing schematic, pipe diameters and flow rates used for the 

demonstration facility.   
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Figure 3.11   Plumbing Schematic 

Electrical and Thermal Generation 

 The generator was sized to be able to handle the entire electrical load of the 

demonstration facility minus the equipment included in the wood working shop.  This 

equipment was omitted since it was powered from 3 phase electricity, which small 

commercial and typical residences normally do not require.  The peak electrical load was 

calculated by inspecting all equipment to be included in the building and calculating the 

electrical usage.  The lighting, computers, TVs, refrigerators, and other various 
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components were included in the calculations to insure the generator would not be 

overloaded. 

 The shop area contains 4 rooms which house equipment or serve as restrooms.  

The lighting in these areas is by fluorescent light bulbs with 2 bulbs contained in each 

fixture at 20 watts per bulb.  It was found that the shop area contained a total of 30 light 

fixtures for a total power draw of 1.2 kW.  The office area contains twenty 30 watt 

compact fluorescent light bulbs for a total power draw of 600 W.  The 4 exterior 100 watt 

incandescent light bulbs were also included in the power calculations. 

 The HVAC equipment power draws will include the blowers used in the fan-coil 

units, pumps used to circulate water and the power required by the absorption chiller.  

The office fan-coil unit uses a maximum of 200 W while the shop unit will use a 

maximum of 1 kW.  Table 3.4 shows the required motor sizes and fully loaded amps 

required to drive the required pumps.  The cooling tower fan is powered by a 1 ½ HP 

motor with a current draw of 6.6 Amps.  The absorption chiller draws a maximum of 210 

W when the solution pump is active.  The total electrical power draw by the HVAC 

equipment was calculated to be 9.6 kW when all pumps are fully loaded. 

Table 3.4   Pump Motor Horsepower and Current Draw 

Pump Power (HP) Amps (Fully Loaded) 
Hot Water 2 8.3 
Chilled Water 1 6.4 
Cooling Tower 1 ½ 8 
Heat Recovery 1 6.8 
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 The total electrical power required for operation of the micro-CHP demonstration 

facility is 12.4 kW.  Table 3.5 displays the electrical draw of each component considered 

for the facility.   

Table 3.5   Power Requirements of Equipment 

Component Electrical Draw 
Hot Water Pump 1.9 kW 
Chilled Water Pump 1.5 kW 
Cooling Tower Pump 1.8 kW 
Heat Recovery Pump 1.5 kW 
Absorption Chiller 210 W 
Cooling Tower Fan 1.5 kW 
Office Fan-coil Unit 200 W 
Shop Fan-coil Unit 1 kW 
Shop Lights 1.2 kW 
Office Lights 600 W 
Additional Equipment 1 kW 
Total 12.4 kW 
  

 
 In order to meet the electrical demand of the demonstration facility a 15 kW 

Generac Standby Generator model number 004742 was selected.  This generator was not 

specifically designed for micro-CHP applications and does not have heat recovery, thus 

two heat exchangers were added to the unit.  From the specifications of the generator, the 

engine thermostat is set at 190°F and a plate heat exchanger was installed before the 

radiator.  A second fin-tube heat exchanger was installed in the exhaust line.  The exhaust 

leaves at 1200°F, and there can be a maximum pressure drop of 2.1 inches of water in the 

exhaust lines.  The heat recovery loop is constantly circulating in order to control the 

temperature and insure there is no boiling in the lines. An exhaust diverting valve is used 

before the fin-tube heat exchanger.  The motor used to control the diverting valve is 
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spring loaded in the normally open position such that in the case of a power or controls 

failure, the exhaust will default to diverting the heat exchanger. 
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CHAPTER IV 

INSTRUMENTATION 

Introduction 

 One of the core functions of the micro-CHP demonstration facility is to determine 

the performance of the overall system and of each component.  This data is used to show 

the economical and environmental benefits of a micro-CHP system.  In order to 

determine the performance of each component and the overall system, the energy flow 

rates must be determined.  The energy flow rate includes thermal and electrical power 

used or generated. 

 The energy flow rates for water streams are determined through Equation (4-1). 

Q m Cp T= ⋅ ⋅Δ  (4-1)
 
Cp  was determined through creating a polynomial function based on temperature for 

water which is shown in Equation (4-2) with an uncertainty of .028 kJ/kg °K.  

3 4 2 6 4

10 5 12 6 15 7

4.217 3.484 10 1.286 10 2.731 10 ...

        3.587 10 1.934 10 4.544 10
pC T T T

T T T

− − −

− − −

= + − ⋅ ⋅ + ⋅ ⋅ − ⋅ ⋅

− ⋅ + ⋅ ⋅ − ⋅ ⋅
(4-2)

 
The temperature used for the Cp function will be evaluated at the average temperature. 

The mass flow rate ( m ) will be determined through Equation (4-3). 

Qm
ρ

=  (4-3)
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 The density ρ will be determined through creating a polynomial function based 

on the temperature for water and will be evaluated at the average temperature.  The 

polynomial found for the density is shown in Equation (4-4) and has an uncertainty of 

2.66 kg/m3. 

3 2 5 3

7 4 9 5

999.833 0.075 8.896 10 7.364 10 ...
       4.746 10 1.349 10

T T T
T T

ρ −

− −

= + ⋅ − ⋅ ⋅ + ⋅ ⋅

− ⋅ ⋅ + ⋅ ⋅
(4-4)

 
For a water stream, Q  and TΔ  are the two variables which need to be measured.  TΔ  

will be measured by placing temperature transducers on the inlet and outlet of the device 

of interest. 

 The energy flow rate of an air stream will be determined through a psychrometric 

code.  This code is based on the Gibbs free energy equation and uses dry bulb 

temperature and relative humidity as its inputs.  The code has density and enthalpy of the 

wet air as its outputs.  Equation (4-5) will be used to calculate the heat flow rate into or 

out of the air stream. 

( )out inQ m h h= ⋅ −  (4-5)
 
The mass flow rate for the air stream will be determined by Equation (4-2) using the 

density determined from the psychrometric code.  For the wet air stream the dry bulb 

temperature, relative humidity, and flow rate will be needed to calculate the heat flow 

rate. 

 Heat input into the generator, boiler and gas furnaces will be found through 

measuring the natural gas flow rate and by determining the heating value of the gas.  

Power generated or used by equipment will be determined by either directly measuring 
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the power or through measuring the voltage and current and determining the power 

through Equation (4-6). 

P V I= ⋅  (4-6)
 

Transducers 

Power 

 The Generac 15 kW standby generator produces 240VAC at a maximum of 70 

amps of power.  The power generated will be measured through an Ohio Semitronics 

PTB412E1 multifunction power meter.  The multifunction power meter measures the 

voltage and amperage on both lines of the 240VAC system and measures the total power 

passing through the meter.  This device has a maximum input of 150V and 100A for each 

line.  The current will be measured by passing the line through a coil which steps the 

amperage down by 20:1.  The device has an accuracy of ± 0.5% full scale for voltage, 

amperage and power. 

 Power used by all other equipment will be determined through Ohio Semitronics 

ACT current transducers.  This transducer has an accuracy of ± 0.25% full scale for 

current measurements up to 20 Amps.  For current measurements exceeding 20 Amps, 

the accuracy increases to ± 0.5% full scale.  Devices powered by 120VAC will use one 

current meter to measure the power, while devices requiring 240VAC will use two meters 

to measure the current used on each line.  The absorption chiller required three phase 

power which was created through a transformer which used 240VAC single phase power.  

Table 4.1 shows the devices where power will be determined and the amperage range 
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needed.  The power will be determined through Equation (4-6) where the voltages will be 

determined from the multifunction power meter connected to the generator. 

Table 4.1   Current Transducer Range 

Component Voltage (VAC) Amperage Range 
Hot Water Pump 240 20 
Chilled Water Pump 240 20 
Cooling Tower Pump 240 20 
Heat Recovery Pump 240 20 
Cooling Tower Fan 240 20 
Absorption Chiller 240 20 
Office Fan-coil Unit 120 20 
Shop Fan-coil Unit 240 20 
Office Indoor Traditional Unit 120 20 
Office Outdoor Condenser 240 25 
Shop Packaged Traditional Unit 240 50 

 
 

 The current and power transducers came with factory calibrations which were 

checked by producing a current through a variable resistance.  Power meters which did 

not meet the specified accuracy were returned to the manufacturer and replaced. 

Temperature 

 Temperatures will be measured at the inlet and outlet of each device to determine 

the temperature change through the device in order to calculate the heat losses throughout 

the system.  Temperatures of water streams will be measured by a National Instruments 

Ready-Made RTD.  The National Instruments Ready-Made RTDs are Platinum resistance 

temperature devices with a resistance of 100Ω  at 0°C with a slope of 0.00385 /C° Ω .  

The RTD has an accuracy of (0.3 0.005 )t C± + °  where t is the absolute value of the 

temperature being measured in °C. 
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 The RTDs calibration was checked through a water bath which was initially at 

0°C and was raised to 100°C.  An accurate mercury thermometer was used as the 

standard for the calibration.  The temperature read by the RTD was checked at 5°C 

intervals and recorded to an excel spreadsheet.  RTDs which did not meet the specified 

accuracy were discarded. 

 The dry bulb temperature of the air streams will be measured by a Greystone 

Energy Systems TE200DC Continuous Averaging Duct Sensor.  The TE200DC has a 20’ 

copper tube which contains evenly spaced 100Ω  platinum RTDs throughout.  The sensor 

electronics are mounted to the outside of the duct and the copper coil is installed in such a 

manner that the coil crosses the entire profile of the duct.  The TW200DC has a default 

range of 0 to 70°C, an accuracy of ± 0.1% full scale, is powered by 24 VDC and has a 4-

20 mA output. 

Relative Humidity 

 The relative humidity of the air stream is measured by an Omega Engineering 

HX94C relative humidity/temperature transducer.  This probe measures the relative 

humidity at a single location in the air stream and is placed near the center of the flow.  

The HX94C has an accuracy of ± 2% RH with a range of 3% to 95% RH, is powered by 

24 VDC and has a 4-20 mA output.  A picture of the relative humidity probe can be seen 

in Figure 4.1. 
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Figure 4.1   HX94C Relative Humidity Sensor 
(www.omega.com) 

Pressure 

 Pressure measurements are taken on the inlet and outlet of each component in 

order to calculate the head losses of the component and of the pipe.  The transducer range 

was determined by examining the inlet and outlet conditions of the hot water pump.  

Water is supplied to the suction side of the hot water pumps at 30 psi in which the pump 

produces 30 feet of head for a maximum pressure of 43 psi.  Cole-Parmer EW-68073-10 

High-Accuracy Industrial Pressure Transmitters with a range of 0 to 50 psi gauge were 

selected to measure the pressure of each water line.  The transmitter has an accuracy of 

± 0.13% full scale with a compensated temperature range of -4°F to 176°F, is powered 

by 24 VDC and has a 4-20 mA output.  Figure 4.2 shows a picture of the pressure 

transmitter used. 

 The calibration of the pressure transducers was checked through the use of a dead 

weight testing device.  The pressure indicated by the transducer was recorded at 5 PSI 

intervals throughout the range of the transducer.  Pressure transducers which did not meet 

the specified accuracy were discarded. 



www.manaraa.com

41 

 

 

Figure 4.2   EW-68073-10 Gauge Pressure 
Transducer (www.cole-parmer.com) 

Flow Rate 

 Water flow rate is determined through a Dynasonics Ultrasonic Transit Time flow 

meter.  The transit time flow meters use two transducers which operate as both a 

transmitter and receiver.  Ultrasonic sound is first transmitted in the direction of flow and 

then against the flow.  Since the moving fluid will carry the sound wave faster the 

difference in the transit time is directly proportional the fluid velocity.  Figure 4.3 shows 

the operation of an ultrasonic transit time flow meter. 
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Figure 4.3   Transit Time Flow Meter Operation 
(www.dynasonics.com) 

 The Dynasonics flow meters are used to measure the water flow rate through the 

hot, chilled and cooling water loops through the absorption chiller, and the hot and 

chilled water passing through each water coil.  The heat recovery loop and boiler loops 

are measured using the Dynasonics flow meters as well.  The Dynasonics flow meters 

required 24VDC for power and have an accuracy of ± 1% of reading with a 4-20 mA 

output. 

 The absorption chiller controls a bypass valve which is placed on the hot water 

inlet side of the chiller.  To obtain accurate energy balances this flow rate is measured on 

the outlet side of the chiller such that only the flow through the chiller is measured.  The 

chilled water is also measured on the outlet of the absorption chiller.  The cooling tower 

flow rate is measured on the inlet side of the chiller in a position where the pipe will not 

run dry when the cooling tower pump is turned off.  The water flow rate for the fan-coil 

units is measured before the bypass valves because of the complex plumbing which exist 

after the valves.  In order to obtain accurate energy calculations, the temperatures are also 

measured before the bypass valves.  Other water flow rates which are measured are the 



www.manaraa.com

43 

 

boiler loop and the heat recovery loop.  Table 4.2 lists the flow meters which are installed 

and the range specified for each transducer. 

Table 4.2   Ultrasonic Flow Meter Locations and Ranges 

Location Flow Range (GPM) 
Absorption Chiller – Hot Water 0-50 GPM 
Absorption Chiller – Chilled Water 0-50 GPM 
Cooling Tower 0-90 GPM 
Boiler 0-30 GPM 
Heat Recovery Loop 0-15 GPM 
Office – Hot Water 0-10 GPM 
Office – Chilled Water 0-10 GPM 
Shop – Hot Water 0-30 GPM 
Shop – Chilled Water 0-30 GPM 
 
 

 The ultrasonic flow meters are accurate in measuring the flow rate of several 

types of liquids and are calibrated at the factory for the specified conditions.  Field checks 

of the calibration are performed by measuring the pressure drop through the circuit setters 

which exist in the system to regulate the flow.  In order to obtain accurate flow readings 

from these devices, the circuit setter is opened fully to alleviate errors in reading the 

position of the valve.  The circuit setter contains a venturi type flow meter with high and 

low pressure ports.  The flow rate through the circuit setter is found by reading the 

differential pressure and reading the supplied charts. 

 Natural gas flow rates are measured by creating a pressure drop across a Laminar 

Flow Element and measuring the differential pressure across this element.  The FloCat 

LA10 precision gas flow meters were selected to measure the flow rate of natural gas for 

the boiler, generator and the furnaces.  These meters are installed in the gas line and have 

a flow rate display incorporated.  The meters have an accuracy of ± 1% full scale, are 
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powered by 24 VDC, and have a 4-20 mA output.  The boiler and generator have a range 

of 0 to 250 L/min while the natural gas furnace flow meters have a range of 0 to 100 

L/min.  NIST calibration certifications exist for these devices and calibration is field 

checked through timing the residential gas meter indicators. 

 The air flow rate measured in the duct is measured through a duct velocity 

averaging element which traverses the entire duct sensing the velocity through the entire 

profile.  The element operates by creating a differential pressure through a positive 

pressure port positioned into the flow and a static pressure port which is placed on the 

same plane separated by twice the critical angle.  A drawing of the operation of the 

sensing element can be seen in Figure 4.4.  The sensing ports are placed throughout the 

length of the sensing element.  For rectangular ducts the sensing elements are placed 

throughout the duct as seen in Figure 4.5.  In circular ducts, the sensing element is placed 

in a cross pattern as seen in Figure 4.6. 
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Figure 4.4   Paragon Controls Primary Sensing Element  
(www.paragoncontrols.com) 

 

Figure 4.5   Rectangular Duct 
Configuration 
(www.paragoncontrols.c
om) 

Figure 4.6   Circular Duct 
Configuration 
(www.paragoncontrols.
com) 
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 The office duct has an external diameter of 16 inches with one inch of insulation 

and has two sensing elements installed in a cross pattern.  The Shop supply duct is 

rectangular with a 14 inch by 48 inch dimensions and has two sensing elements evenly 

spaced in the flow.  The flow sensing elements have an accuracy of ± 2% of the 

calculated velocity for velocities of 100 FPM and higher.  The differential pressure is 

measured by an Omega Engineering PX655-0.5DI differential pressure transmitter with a 

range of 0 to 0.5 inches of water.  These meters are powered by 24 VDC, have a 4-20 mA 

output and an accuracy of ± 0.25% full scale.  The flow velocity is determined from the 

following equation. 

VPV C
ρ

= ⋅   (4-7)

 
 Where VP  is the measured differential pressure, V is the velocity of the flow 

stream, ρ  is the fluid density and C is a coefficient which is equal to 1096.7.  The 

calculated velocity is then multiplied by the area of the duct to obtain the volumetric flow 

rate.  The air flow rate is converted to CFM for display and calculations. 

Data Acquisition 

 A distributed modular data acquisition system was used for the micro-CHP 

demonstration facility to allow for shorter wire runs, instrumentation of additional 

equipment and replacement of faulty equipment.  Data acquisition systems will be 

installed in the office and shop areas, in locations close to the HVAC equipment, and in 

the mechanical room.  Having the data acquisition system close to the transducers will 

allow for shorter wire runs which will reduce noise and increase accuracy.  The modular 
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system will allow for additional equipment to be instrument by adding modules to the 

existing data acquisition controller or by adding a new controller and modules.  The 

modular system will also allow for “hot” swapping of the individual modules in the event 

of failure.  Figure 4.7 shows the location of the data acquisition systems. 

 

 

Figure 4.7   Data Acquisition System Locations 

 National Instruments (NI) FieldPoint DAQ products were selected for the data 

acquisition system.  The FieldPoint DAQ system allows for communication with a 

computer through serial communication or over a TCP/IP network.  The FieldPoint DAQ 

system contains a single controller module which will acquire data from up to nine DAQ 

modules.  The FieldPoint DAQ modules allow for measuring analog and digital signals 

and outputting digital and analog signals depending on the module installed.   

 The NI FP-RTD-122 allows for measurement of up to eight 3-wire RTDs.  The 

module uses a stable current source for excitation and contains a microcontroller which 

will return the temperature in °C, °F or °K.  The RTD module has 16 bit resolution, 50/60 
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Hz noise rejection and an accuracy of ± 0.25°C.  The RTD module is powered by the 

controller. 

 The NI FP-AI-110 module is used to measure the 4-20 mA output signals of the 

transducers.  This module allows for the measurement of 8 or 16 voltage measurements 

with a range of ± 125 V and up to 8 current measurements with a range of ± 25 mA.  The 

module has built in noise rejection for 50, 60 and 500 Hz and has an offset error of 

± 1 Aμ  with a gain error of ± 0.04% for current measurements.  This module allows for 

connection of common power source which is distributed to each channel in order to 

provide power to the transducers.  Table 4.3 shows the pin-out of the FP-AI-110 module. 

Table 4.3   FP-AI-110 Pin-Out 

Terminal Numbers 
Chanel VIN IIN VSUP COM 

0 1 2 17 18 
1 3 4 19 20 
2 5 6 21 22 
3 7 8 23 24 
4 9 10 25 26 
5 11 12 27 28 
6 13 14 29 30 
7 15 16 31 32 

 
 

 The required number and type of modules were determined through creating 

drawings of each location with the sensors in the required locations.  The number of 

sensors was then counted for each location and the required channels required were 

calculated.  Figure 4.8 shows a diagram of the mechanical room plumbing with the 

locations of the transducers.  Figure 4.9 and Figure 4.10 show detailed views of the 

transducer locations for the generator and absorption chiller respectively. 
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Figure 4.8   Mechanical Room Transducer Locations 

 

Figure 4.9   Generator Transducer Locations 
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Figure 4.10   Absorption Chiller Transducer Locations 

 Figure 4.11 shows the transducer layout for both the shop and office HVAC 

systems.  The shop HVAC system will have an additional duct averaging temperature 

transducer and an additional relative humidity transducer due to the separate returns. 
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Figure 4.11   Shop and Office HVAC Transducer Locations 

 The traditional vapor compression system for the office area will have two current 

meters using three channels since the indoor fan unit uses 120VAC and the outdoor unit 

used 240VAC.  The traditional vapor compression unit for the shop area will have a 

single current meter using three channels since the unit requires three phase power.  

Table 4.4 lists each location, the type of transducer and the number of total channels 

required for each type of measurement. 
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Table 4.4   Transducer Quantities and Locations 

 Transducer Type Channels 
Mechanical Room  
 RTD 20 
 Water Flow Rate 4 
 NG Flow Rate 2 
 Power Meter (Per line) 12 
 Pressure 20 
 Total Channels 58 
Shop  
 RTD 8 
 Water Flow Rate 2 
 Natural Gas Flow Rate 1 
 Air Flow Rate 1 
 Relative Humidity 3 
 Duct Average Temp 3 
 Power Meter (Per line) 5 
 Pressure 4 
 Total Channels 27 
Office  
 RTD 8 
 Water Flow Rate 2 
 Natural Gas Flow Rate 1 
 Air Flow Rate 1 
 Relative Humidity 2 
 Duct Average Temp 2 
 Current Meter (Per Line) 6 
 Voltage Meter (Per Line) 2 
 Power Meter (Total) 1 
 Pressure 4 
 Total Channels 29 
TOTAL CHANNELS 119 

 
 

 The FieldPoint Modules were selected in order to meet the required channels 

listed in Table 4.4.  Additional channels were added in order to provide data acquisition 

for equipment which may be installed at a later date.  Figure 4.12 shows the FieldPoint 

layout for the mechanical room DAQ panel.  The panel contains 24VDC power supplies 

which will provide power to both the FieldPoint Controller modules and the transducers. 
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Figure 4.12   Mechanical Room Data Aquisition Panel Layout 

 The mechanical room panel contains 4 RTD modules which will allow up to 32 

temperature measurements to be made.  The panel contains 7 analog input modules for a 

total of 56 4-20 mA inputs to be measured.  There is room for one additional module to 

be installed which will allow for additional measurements or control of equipment. 

 The office and shop panel have similar layouts and can be seen in Figure 4.13.  

The panels contain 24VDC power supplies to provide power to the FieldPoint controllers 

and transducers.  Power to the panel can be turned off by DC1, a disconnect switch, and 

each power supply’s output is fused.  The displays for the Dynasonics Ultrasonic flow 

meters are also mounted inside the panel enclosure for security.  The shop and office 
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DAQ systems use one RTD module for temperature measurement and three analog input 

modules for a total of 24 4-20 mA inputs. 
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Figure 4.13   Shop and Office DAQ Panel Layout 

Data Storage and Display 

 Displaying the performance of the micro-CHP system and each component is 

needed for showcasing the equipment and providing information to the visitors of the 

demonstration facility.  A Microsoft Visual Basic program was developed which displays 

an overall view of the facility and allows the user to select components for a more 
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detailed display.  A window will open and display the selected component of the system 

and the current state of the component.  The current state includes the pressure, 

temperature and flow rate of water and air streams, power input into electrical devices 

and the energy flow in and out of the component.  Figure 4.14 shows the overall view of 

the system. 

 

Figure 4.14   Micro-CHP Front-End Main Display 

 The front-end allows for users to select which system they would like to see in the 

upper left hand panel.  Selecting a system will load the appropriate drawing in the main 

panel which will allow selection of individual components.  The second panel on the left 
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hand side allows the user to select the units they wish displayed.  The first option is 

Standard which will display the temperature in °C, flow rates in m3/min and energy rates 

in kJ/hr.  The second option is English which will display temperatures in °F, flow rates 

in GPM for water and CFM for air, and energy rates in BTU/hr. 

 The component windows display a schematic for the component of interest, the 

flow rates of air and water, inlet and outlet temperatures and pressures and all energy 

flow rates in to, and out of the system.  For the generator an, electrical, thermal, and 

overall efficiency is displayed.  Depending on the type of component, efficiencies are 

displayed for thermal and electrical performance.  Figure 4.15 shows the Absorption 

Chiller detail popup. (The numbers for this component are not correct as the data was 

acquired while the system was not fully running) 

 

 

Figure 4.15   Absorption Chiller Detail Screen 
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 The data will be retrieved from the FieldPoint controllers with a National 

Instruments LabView program.  Several modules (sub-VIs) were developed in order to 

scale the 4-20 mA input to the proper number.  For the flow meters, power transducers, 

duct average temperature, and current transducers, a common subVI was developed in 

which the min and max values which signify the range of the device are set and the sub-

VI outputs the actual value the device is reading in the proper units.  The relative 

humidity and duct flow rate measurements were converted from the 4-20 mA signal to 

the actual value through the equations given with the literature.  The main LabView VI 

for data acquisition and the sub VIs are included in Appendix B. 

 The acquired data is then stored in a MySQL database.  The MySQL database 

allows for a larger amount of data to be stored than would be possible in text based files.  

The database also allows for easy querying of the needed data in which the user can 

select the date span and which columns of data they would like to obtain.  A MySQL 

database was used over the Microsoft Access database for increased speed and 

robustness.  Microsoft access did not have the response time that a MySQL database 

server has which could possibly cause data loss. 

 A two database table scheme was used for data storage.  The first table, display, is 

updated every 2 seconds in which all data is first deleted then the new data is added.  This 

table is used for the Visual Basic front-end and to allow any other program to access live 

data.  The second table, measurements, is updated at a user selected interval, which has a 

default of 5 minutes, and no data is ever deleted.  This table is used for comparisons or to 

evaluate performance over a length of time.  The LabView program automatically creates 
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the needed tables in the event that they do not exist.  This was done in order to allow for 

less experienced users of the MySQL Database Administrator to add additional 

instrumentation to the database. 
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CHAPTER V 

CONCLUSION AND FUTURE WORK 

 The micro-CHP demonstration facility was designed to work as both a system in 

which experiments on the performance for micro-CHP technologies can be performed 

and as a center for information on micro-CHP.  The facility selected for the micro-CHP 

system closely resembles both a small commercial building and a typical residence. 

 Through the use of existing commercially available equipment, the micro-CHP 

system was sized to meet both the electrical and thermal requirements of the facility.  A 

15 kW standby generator with a heat recovery system was installed to supply both 

electricity and thermal energy for the building, while a 10-ton water-fired absorption 

chiller was used to meet the cooling requirements of the facility.  Four-pipe fan-coil units 

were used to heat and cool the space while running on the CHP system.  High efficiency 

traditional vapor compression units were installed in parallel with the four-pipe units in 

order to perform comparisons of traditional systems with micro-CHP performance. 

 The whole micro-CHP system was instrumented in order to obtain energy 

balances for all thermal devices.  Temperature, pressure and flow rates of water and 

temperature, relative humidity, and flow rates of the air streams are measured in order to 

determine the energy transfer rate.  The flow rate of natural gas is measured for each 

device which uses natural gas as the fuel. 
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 A National Instruments FieldPoint distributed instrumentation system is used to 

collect the measurements of all transducers.  Three wire RTDs are used to measure the 

temperature of the water streams which require a NI FieldPoint module designed 

specifically for three wire RTDs.  All other transducers have a 4-20 mA output and are 

measured through an analog input module which can measure transducers with either 

voltage or amperage output. The data collected is processed through a National 

Instruments LabView system to convert the 4-20mA input signal to the proper 

measurement.  Once processing is completed, all data is stored in a MySQL database to 

allow for large amounts of data to be saved. 

 Future work to be performed on the facility includes testing the full system for a 

period of time to insure all equipment is working optimally.  Extended running of the 

system may exposes potential problems and allow for easy fixes.  Problems with the 

instrumentation can also be found and corrected before experiments on the performance 

are performed. 

 In addition to an extended test run of the system, current transducers need to be 

installed to obtain the pump power usage.  This will allow for pump curves and efficiency 

to be determined.  Field checks of the flow meters and pressure transducers need to be 

performed on a regular basis to insure the accuracy of these measurements. 
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APPENDIX A 

LABVIEW PROGRAM
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Figure A.2   Mechanical Room Database Fields Array 
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Figure A.3   Office Database Fields Array 
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Figure A.4   Shop Database Fields Array 
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Figure A.5   Mechanical Room Data Acquisition 
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Figure A.6   Office Data Acquisition 
 

 



www.manaraa.com

70 

 

 

Figure A.7   Shop Data Acquisition 
 

 

 

Figure A.8   4-20mA Sub VI 
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Figure A.9   Pressure Transducer Sub VI
 

 

 

Figure A.10   Relative Humidity Sub VI 
 

 

 

Figure A.11   Duct Flow Rate Sub VI 
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APPENDIX B 

TRANSDUCER SPECIFICATIONS
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Figure B.1   Ohio Semitronics ACT Current Transducer 
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Figure B.2   Ohio Semitronics PTB Multifunction Power Transducer 
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Figure B.3   NI Ready-Made RTD 
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Figure B.4   Greystone Energy Continuous Averaging Temperature Sensor 
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Figure B.5   Omega Engineering HX94 Relative Humidity Transmitter 
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Figure B.6   Cole Parmer 0-50 PSI Pressure Transmitter 
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Figure B.7   Omega Engineering Differential Pressure Transducer 
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Figure B.8   Dynasonics TFXL Ultrasonic Clamp-On Flow Meter 
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Figure B.9   FloCat Volumetric Gas Flow Meter 
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Figure B.10   Paragon Controls FE-1000 Sensing Element Specifications 
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Figure B.11   Paragon Controls FE-1000 Sensing Element Flow Table 
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