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1. Introduction 
 
The CHP system at Clarkson University consists of three (3) 65-kW Carrier microturbines and a 
Carrier absorption chiller packaged onto a Carrier Pure Comfort system (Figure 1).  The turbines 
have a combined gross output of 195 kW.  The system uses heat from the turbine exhaust to 
drive an absorption chiller/heater that provides chilled and hot water to two buildings on campus.  
The system has a maximum chilled water output of 100-125 tons, and a maximum hot water 
output of 798 MBtu/h.  No dump radiator is utilized for rejection of excess heat, instead turbine 
exhaust is bypass around the chiller. 
 
The primary building served by the CHP system is the infill addition called the Technology 
Advancement Center, between the Education Research Center and the Science Center (Figure 2). 
 

 
Figure 1.  Microturbines and Chiller Building 
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Figure 2.  Site Overview 

 

 
Figure 3.  TAC Infill Addition 

 
The CHP system provides electricity, hot and chilled water to the Technology Advancement 
Center (TAC).   Hot water is also provided to the science center as backup for the campus hot 
water system (but manual tie in valves are operated for this configuration).  Also excess 
electricity (above what the TAC requires) is provided to the Science Center building and to the 
remainder of the campus, although export beyond the science center is highly unlikely.   
 
Electrical interconnection of the CHP system to the TAC and Science Center buildings are 
shown in Figure 4.  The system will operate in grid parallel mode to meet the full electrical needs 
of the TAC and partial electrical needs of the Science Center.  During a utility outage, the dual 
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mode controller will drop the connection to the Science Center and power the entire TAC 
building as an emergency load.  A manual transfer switch allows the TAC to be powered off the 
grid while the CHP system is down for any reason. 
 

 
Figure 4.  Electric Interconnection Schematic 

 
Hot and chilled water produced by the system are piped directly into common supply and return 
headers in each building. The chilled water headers in each building are also connected to the 
campus central chilled water loop, for backup purposes.  Hot water piping is confined to each 
building, but is connected to the campus steam system for supplemental heat.  Figure 5 displays a 
process-piping diagram of the CHP system, showing the connections to the two buildings, (but 
not the piping arrangement inside the buildings). 

Campus 13.2 kV 
distribution system 
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Figure 5.  CHP System Process-Piping Diagram 

 

2. Instrumentation and Data Logging 
 
Monitoring of system performance will be accomplished using the Siemens Building 
Management System as a front end for two back-end instrumentation systems; the Carrier 
Remote Monitoring System (RMS); and a Trane Building Management System.  Both the RMS 
and Trane system will communicate individual sensor readings to the Siemens BMS using 
BACNet. 
 
Table 1 lists the data points to be collected, and the associated instrumentation used to measure 
with.  All instrumentation with the exception of the system parasitic power (WPAR) is installed, 
and field verified that it is in the proper location. 
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Table 1.  Instrumentation and Data Points for Performance Monitoring 

Point Instrument Output Type Sensor 
Location 

Notes 

Facility 
Power  
 

N/A N/A N/A • Data Point WT 
• 15-minute interval 

data for campus 
electricity 
consumption to be 
collected directly 
from National Grid 

Generator 
Power  
Output 

Shark –100 DG 
Meter 

Full data stream  
(kW, kWh used) 
Modbus RTU (COM2) 

CHP Main Service 
Panel (DP-MTA) 

• Data points WG 
• Terminated on 

RMS RS485 
System 
Parasitic  
(Combined) 

Veris H8043-300 4-20 mA Main service of  
DP-MT 

• Data point WPAR 
• Terminated on 

Trane BMS 
Generator 
Gas Input  

Gas Flow Meter 
(GF01) 

4-20 mA 
0-310 lb/h 
0-6,200 CF/h 

On gas main service 
to CHP system, on 
standard pressure 
line 

• Data points FGM 
• Terminated on 

RMS CH1 
 
 

Chilled water 
loop flow rate 
 

SDI Insertion Flow 
Meter 

4-20 mA  
 
 

On hot water supply 
leaving chiller 

• Data point FCHW 
• Terminated on 

RMS CH2 
 
 

Chilled water 
loop 
temperature 

Chiller on-board 
temperature 
sensor(s) 

BACnet read from 
chiller PLC 
 

Chilled water 
supply/return 
connections at 
chiller 

• TCHWS, TCHWR 
• Terminated on 

chiller PLC 

Hot water 
loop flow rate 
 

SDI Insertion Flow 
Meter 

4-20 mA  
 
 

On hot water supply 
leaving chiller 

• Data point FHW 
• Terminated on 

RMS CH7 
 
 

Hot water 
loop 
temperature 

Chiller on-board 
temperature 
sensor(s) 

BACnet read from 
chiller PLC 
 

Hot water 
supply/return 
connections at 
chiller 

• THWS, THWR 
• Terminated on 

chiller PLC 
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Figure 6.  Heat Recovery Temperature and Flow Sensor Locations 

 
 

FHW 

FCHW 

THWR

THWS

TCHWR

TCHWS



M&V Plan  Clarkson University 

CDH Energy Corp. 2 November 14, 2008 

 
Figure 7.  Power Transducer Locations 
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Monitoring of the listed data points will be accomplished via the Siemens BMS, which can 
connect to the Trane BMS and Carrier RMS systems via BACnet.  All channels will be sampled 
at a minimum rate of a 1-minute sampling interval, and averaged or summed into 15-minute data 
records. 
 
3. Data Analysis 
 
The collected data will be used to determine the net power output of the system as well as the 
fuel conversion efficiency (FCE).  Table 2 displays the entire dataset to be collected from the 
various sources on this project. 
 
Table 2.  Summary of Monitored Data Points 

No. Data Point Description 
Eng.  
Unit 

Siemens  
BMS system point name 

1 WT Whole Campus Energy 
(from National Grid) kWh N/A 

2 WG Microturbine System 
Energy kWh TAC_MTURBINE_GEN_KWH 

3 WT_kW Whole Campus Demand 
(from National Grid) kW N/A 

4 WG_kW Microturbine Power 
Output kW TAC_MTURBINE_GEN_KW 

5 WPAR_kW Parasitic Power kW TAC_GEN_BUILDING ELECTRIC 
6 FG Microturbine Fuel Input CF/h TAC_MTURBINE_GAS_INPUT 
7 FCHW Chilled Water Flow rate GPM TAC_MTURBINE_CWF 
8 FHW Hot Water Flow rate GPM TAC_MTURBINE_HWF 

9 
TCHWS 

Chilled Water Supply 
Temperature Leaving 
Chiller 

ºF TAC_MTURBINE_CWS 

10 
TCHWR 

Chilled Water Return 
Temperature Entering 
Chiller 

ºF TAC_MTURBINE_CWR 

11 
THWS 

Hot Water Supply 
Temperature Leaving 
Chiller 

ºF TAC_MTURBINE_HWS 

12 
THWR 

Hot Water Return 
Temperature Entering 
Chiller 

ºF TAC_MTURBINE_HWR 

13 QH Heat Transfer to Hot 
Water Loop MBtu/h N/A (Calculated) 

14 QC Heat Transfer to Chilled 
Water Loop MBtu/h N/A (Calculated) 

Note: Shaded channels not collected via the Siemens BMS system. 
 
Data collected via the Siemens system will be assembled into one file per day (spanning from 
12:00 AM to 11:45 PM).  The data file shall be a column oriented, comma delimited file, with 
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one time stamp per row.  The data file shall be uploaded to the integrated data system web server 
once per night, at 12:00 AM. 
 
Energy Channels (kWh) 
 
The total energy produced or consumed in a 15-minute period, typically an accumulator value 
that continually increases. 
 
Peak Demand or Power Channel (kW) 
 
The peak electric output or demand for each power reading will be taken as the average kW in a 
15-minute interval.  
 
Heat Recovery Rates 
 
The heat recovery rates will be calculated on the Siemens BMS at each scan interval and 
averaged for each 15-minute recording interval.   
 
Heat Recovered for Heating (QH)   = K⋅ [FHW⋅(THWS-THWR)]  
 
Heat Recovered for Cooling (QC)   = K⋅ [FCHW⋅(TCHWS-TCHWR)]  
 
The loop fluid is a 35% propylene glycol-water mixture.  The factor K will be estimated based 
on a periodic reading of the fluid properties with a refractometer to determine the glycol 
concentration. (K ~ 500 Btu/h-gpm-°F for pure water;  ~474 for 20% glycol).  
 
Calculated Quantities 
 
The net power output from the CHP system will be defined as the gross power from the 
microturbines minus the parasitic power.   
 
The fuel conversion efficiency of the CHP system, based on the lower heating value of the fuel, 
will be defined as: 

 

tFGHHV
tWPARWGtCOPQCQHFCE

gas Δ⋅⋅⋅
Δ⋅−⋅+Δ⋅+

=
9.0

)(412.3)/(  

 
where:  QH - Hot Water Heat Recovery 
  QC  -  Chilled Water Heat Recovery 
  COP -  Abs Chiller COP (computed from manufacturer curve) 
  WG - Microturbine gross output (kW)  
  WPAR - Parasitic power (kW) 
  FG - Generator gas consumption (CFH) 
  Δt  - 0.25 for 15-minute data 
  HHVgas - Higher heating value for natural gas (~1015 Btu per CF).  Where 

0.9 is the conversion factor between HHV and LHV 
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4. Calibration of Instrumentation  
 
Documentation of calibration and or verification with another measurement source shall be 
performed at the time of CHP system commissioning.  This shall serve as the only calibration 
required during the one-year M&V period. 
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5. Field Documentation of Installed Instrumentation  
 
The following photos show the instrumentation installed.  Physical location of the 
instrumentation was compared to the design drawings and deemed suitable for use in the M&V 
process. 
 

 
Chilled Water Supply and Return Sensors at Chiller 

 
Chilled Water Flow Meter On Return Leg 

Sensors 
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Hot Water Return and Supply Sensors At Chiller 

 
Hot Water Flow Meter on Supply Leg 

 
Shark 100 Power Transducer For Combined 
Microturbine Power 

 
Gas Meter Installed on Gas Main Service to 
Microturbines For Combined Gas Consumption 

 
 
 

Sensors 
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Electrical Distribution Panels In Chiller Building

CHP Service Panel  
DP-MT 
(Parasitic Loads) 

CHP Main Service 
Panel  
DP-MTA 
(3 Microturbines only) 

Install WPAR on 
main service to 
DP-MT 
(completed) 



 

 

 
 

Appendix A 
 

Marked up CHP System Design Drawings 
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