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1. Introduction 
 
 
Siemens Building Technologies, Inc. has submitted an application to the NYSERDA CIPP program (PON 
984) to install a CHP system at Burke Rehabilitation Hospital in White Plains, New York. The Hospital 
consists of 17 buildings with a total floor space of 257,000 ft2. In-patient capacity is 140 beds.    
 
The CHP system includes eight (8) Tecogen 75 kW units.  The total gross power output is 600 kW.  
Thermal output from the units will be used to meet various hot water loads in the facility.  Dump radiators 
will reject any unused heat from the engines.  The heat recovery system can nominally provide 4080 
MBtu/h of heat to the facility loads (according to the drawings).  
 
The generators are 480 VAC, 3-phase (wye) induction generators.  The electrical service for the 8 
generators combined is 1200 amps.  The facility electrical service is 480 VAC, 3-phase at 3000 amps.  
The generator power is fed into the main facility panel.  A protective relay monitors generator output as 
well as the utility status to satisfy the Consolidated Edison inter-connection requirements.    
 
Heat from the engine loop can be used to meet thermal loads in the facility via five heat exchangers (see 
Figure 2).  The thermal loads include: 
 

• Terminal Reheating – Loop P-4 (summer, 2550 MBtu/h) 
• Perimeter Space Heating  - Loops P-5 and P-40 (winter, 5550 & 5550 MBtu/h) 
• Makeup water pre-heating for DHW (year-round, 260 MBtu/h) 
• Makeup water pre-heating for Laundry (year-round, 60 MBtu/h) 

 
At full load the generators will consume approximately 7,000 std cubic feet (cf) of natural gas per hour.    
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2. Instrumentation 
 
Siemens will supply the instrumentation listed Table 1 below.  A single power meter will 
measure the gross power produced by the 8 generator units.  One gas meter will measure the 
natural gas supplied to the units.  A separate facility meter will be installed. 
 
Table 1.  Instrumentation Supplied By Siemens 

Point Instrument Output Type Sensor Location Notes 
Facility 
Power  
 

Wattnode   
WNB-3Y-480P  
(2000 amp CTs)  
FCL-2000:0.333V-18 

Pulse output  
(4 hz @ full scale or 
0.11542 kWh/p) 

In the main 
disconnect 
(see Figure 3) 

 

Generator 
Power  
Output 

Wattnode   
WNB-3Y-480P 
(2000 amp CTs)  
CTB-5.0X5.0-2000   

Pulse output  
(4 hz @ full scale or  
0.11542 kWh/p) 

In or near  
“B9S-1” disconnect 
(see Figure 3) 

 

Generator 
Gas Input 
(FG) 

Roots B3 Series 
Model #7M175  

Solid State Pulse (SSP) 
output, 1000 cf/pulse 
(temp-compensated) 

On gas line serving 
all 8 engines 

Roots “TS” pulser 
option 
Pulse rate:  6 p/hr 

Panel  
H-CHP 
Power 
(WH) 

Wattnode   
WNB-3Y-480P  
(200 amp CTs)  
CTS-2000-200   

Pulse output  
(4 hz @ full scale or 
0.011542 kWh/p) 

In H-CHP Panel 
(see Figure 3) 

This panel should 
include all parasitics on 
the engine skid as well 
pumps and fans for heat 
rejection 

Non-
Parasitic 
Power 
(WL) 

Wattnode   
WNB-3Y-480P  
(100 amp CTs)  
CTS-2000-100   

Pulse output  
(4 hz @ full scale or 
0.00571 kWh/p) 

Near L-CHP Panel; 
all non-CHP, non-
parasitic loads from 
H-CHP (e.g. lights, 
plug loads, HVAC) 

WP = WH - WL 

fluid loop 
flow rate 
(FL) 

Onicon  
F-1110 Flow Meter 

4-20mA output 
Full Scale:  400 gpm 

In fluid loop as 
shown Figure 1.  
With 4 feet of 
straight pipe before 
and after meter. 

4” diam pipe,  
nom. flow:  176 gpm 
nom. Q: 4080 MBtu/h 
ΔT:  ~46°F 
 
 

 
The temperature sensors in Table 2 will be supplied by the NYSERDA Monitoring Agent. 
Siemens will provide ¼ inch thermo-wells for the three temperature sensors shown in Figure 1. 
 
Table 2.  Summary of Temperature Measurements 

Point Instrument Output Type Sensor Location 
Hot Water Supply 
(T1) 
 

Watlow /Gordon 
Thermocouple, Type-T, 

Thermocouple 
signal 

In fluid loop as shown Figure 1 

Hot Water Return 
– to Radiator (T2) 

Watlow / Gordon 
Thermocouple, Type-T 

Thermocouple 
signal 

In fluid loop as shown Figure 1 

Hot Water Return 
– to engine (T3) 

Watlow / Gordon 
Thermocouple, Type-T 

Thermocouple 
signal 

In fluid loop as shown Figure 1 
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Figure 1.  Schematic (Drawing M-1) Showing the Location of Temperature Sensors and Flow Meters 

T3 T2

T1FL
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Figure 2.  Schematic (Drawing M-2) Showing the Location of Heat Exchangers Serving Thermal Loads in the Facility 
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Figure 3.  One-Line Schematic (Drawing E-6) Showing Locations of Power Measurement Points 

Generator Power 
(WG) 

Facility Power 
(WT) 

Non-Parasitic 
Power (WL)

H-CHP Panel 
Power (WH) 
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Datalogger 
 
An Obvius Acquisuite 8812 datalogger was installed to record the required data.  The sensors 
will be sampled or scanned at 3 second intervals.  All readings will be averaged, summed or 
calculated for each 15-minute interval.  The datalogger will be able to hold more than 100 days 
of recorded data if communications are lost.  The datalogger will continue to log data for a few 
hours in the event of a power outage at the site.  The data will be downloaded from the 
datalogger twice a day by a phone-modem connection and loaded into a database.  The data will 
be checked for validity and posted on the NYSERDA web site. 
 
Onsite Installation 
 
The NYSERDA monitoring agent will install a datalogger panel at a location in the cogeneration 
room agreeable to the site and developer.  The monitoring system panel will be approximately 2 
ft x 2 ft x 1 ft.  The panel will be mounted near a 120 VAC power receptacle (it will require 1 
amp or less).   The panel should be conveniently located relative to the sensors listed above as 
well as the communications line provided by the site.   
 

 
 
Communications 
 
Phone line will be supplied by the site or developer in a suitable area of the cogeneration room 
after structure erection.  The monitoring agent can provide a phone sharing module so the device 
can be used by facility staff and/or other devices that may need a phone-modem connection. 
 
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).  
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Table 3.  Summary of Monitored Data Points 

Point Description Engineering Units 
WT Facility Power / Purchased Utility Power kWh per interval 
WG Generator Power Output kWh per interval 
FG Generator Gas Consumption Standard CF per interval 
WP Parasitic Power (calculated; see below) kWh per interval 
WH H-CHP Panel Power kWh per interval 
WL L-CHP Panel Power kWh per interval 
FL Fluid Loop Flow Rate gpm 
T1 Hot Water Supply Temperature °F 
T2 Hot Water Return to Radiator °F 
T3 Hot Water Return to Engines °F 

 
Peak Demand or Peak kW 
 
The peak electric output or demand for each power reading will be taken as the average kW in a 
15-minute interval, or  
 
kW  =  kWh  = kWh per interval 
  Δt          0.25 h 
 
Heat Recovery Rates 
 
The heat recovery rates will be calculated from the recorded data after each 15-minute interval.  
The piping arrangement at this site allows for multiple heat rates to be determined with 3 
temperature sensors and one flow reading: 
  
Total Useful heat recovery (QHU) = K⋅ FL⋅(T1-T2) 
 
Rejected (unused) heat recovery (QR) = K ⋅FL⋅(T2-T3) 
 
Total heat recovery (QT)   = K ⋅FL⋅(T1-T3) 
 
The loop fluid is expected to be water.  The factor K is 487 Btu/h-gpm-°F for pure water at 
180ºF (the nominal temperature expected in the heat recovery loop).   
 
Calculated Quantities 
 
The net power output from the CHP system will be defined as the gross power from the engine 
generators (WG) minus the parasitic power (WP).  The H-CHP Panel includes all parasitic loads 
plus the transformer feed for the L-CHP panel, that contains all non-parasitic loads.  The 
parasitic power will be determined using the two power readings: 
 

WLWHWP −=  
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The fuel conversion efficiency of the CHP system, based on the lower heating value of the fuel, 
will be defined as: 

 

FGHHV
WPWGtQHUFCE

gas ⋅⋅
−⋅+Δ⋅

=
9.0

)(412.3  

 
where:  QHU - Useful heat recovery (Btu/h) 
  WG - generator gross output (kWh) 
      WP - Parasitic power use (kWh) 
  FG - Generator gas consumption (Std CF) 
  Δt  - 0.25 for 15-minute data 
  HHVgas - Lower heating value for natural gas (~1030 Btu per CF).  Where 

0.9 is the conversion factor between HHV and LHV 
 
The FCE can be calculated for any time interval.  When converting to daily, monthly, or annual 
values, the each value is summed and then the formula is applied: 
 

∑

∑∑

⋅⋅

−⋅+Δ⋅
= N

gas

NN

FGHHV

WPWGtQHU
FCE

9.0

)(412.3
 

 
Where N is equal to the number of intervals in the period of interest. 
 



 

 

 
 

Appendix 
 

Cut Sheets for Key Sensors and Instruments 
 
 

Obvius Acquisuite Datalogger 
Wattnode Power Transducers 
Flex-Core CTs 
Roots Gas Meter 
Onicon Flow Meter 
Mamac Temperature Sensors 
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Instrumentation, Wiring Schematic, and Installation Details   
 
Site Visits 
 
 
December 6, 2007 Initial Visit (Hugh Henderson, Deodat Jamna) 
April 7-8, 2008 Datalogger and sensors installation.  DAS system operational but 

incomplete (Hugh Henderson, Kendra Scott, Brian Hawkins, Deodat 
Jamna) 

June 5, 2008 All sensors connected, partially verified sensor readings (Hugh 
Henderson, Kendra Scott, Deodat Jamna) 

July 24, 2008 Investigated problems with facility and generator power transducer 
readings, no resolution achieved for either sensor (Kendra Scott, Jeff 
Cosgrove, Deodat Jamna, Fred Nguyen) 

July 30, 2008 Installed new facility and generator power transducers, corrected wiring, 
verified readings (Hugh Henderson, Kendra Scott, Deodat Jamna, Fred 
Nguyen) 

 
Description of Monitored Data Points and Schematics 
 
Table A-1 lists the monitored points installed at the site.  The wiring Schematics are shown in 
Table A-2 and Table A-3.   
 
Table A-1. Monitored Data Point List 

Pt Name

Data 
Logger 
Channel Description Units Sensor Notes

TLS ACQ-IN1 Loop Supply Temperature F Mamac TE-211Z 40 to 140 F Range
TLRBC ACQ-IN2 Loop Return Temperature Before Cooler F Mamac TE-211Z 30 to 180 F Range
TLR ACQ-IN3 Loop Return Temperature After Cooler F Mamac TE-211Z 30 to 180 F Range
FL ACQ-IN4 Loop Water Flow Rate gpm Onicon F-1110 0 to 250 gpm Range
FG ACQ-IN7 Generator Gas Use cuft Roots B3 Series Model #7M175 1000 cubic feet / Pulse
WH ACQ-IN8 HCHP Panel Power kWh Wattnode WNB-3Y-208-P, 200 Amp CTs 200 Amp CTs (11.542 Wh/Pulse)
WL EXP-D1 LCHP Panel Power kWh Wattnode WNB-3Y-208-P, 100 Amp CTs 100 Amp CTs (5.771 Wh/Pulse)
WG EXP-D2 Generator Power kWh Wattnode WNB-3Y-208-P, 2000 Amp CTs 2000 Amp CTs (115.42 Wh/Pulse)
WT EXP-D3 Facility Power kWh Wattnode WNB-3Y-208-P, 2000 Amp CTs 2000 Amp CTs (115.42 Wh/Pulse)  
 
 



M & V Plan – Appendix A  Burke Rehabilitation Hospital CHP 

Appendix A. A-2 August 2008 

 
Table A-2.  Wiring Schematic for Obvius Internal I/O Connections (Modbus Address 250) 

  

Obvius Acquisite A8812 - 1  Data Logger   
Digital Terminals   

Obvius Acquisite A8812 - 1 Data Logger   
Input Terminals   

RS485+   
RS485 -   

I/O   Expansion Board  Input-Output Expansion Module   Obvius A8923-4 

(+) 24VDC   
G   

IN1   
G   

TLS 

(+) 24VDC   Loop Supply Temperature   Mamac TE-211Z-E-E-2 - 1 - E - 3   100-250 F Temperature Range   
 

IN2   
G   

TLRBC 

(+) 24VDC   Loop Return Temperature Before Cooler   Mamac TE-211Z-E-E-2 - 1 - E - 3   100-250 F Temperature Range   
 

IN3   
G   

TLR 

(+) 24VDC   Loop Return Temperature After Cooler   Mamac TE-211Z-E-E-2 - 1 - E - 3   100-250 F Temperature Range   
 

IN3   
G   

FL 

(+) 24VDC   Loop Flow Rate  Onicon F-1110 Flow Meter   0-400 gpm Flow Range   
 

IN3   
G   

(+) 24VDC 

IN3   
G   

(+) 24VDC 

 

IN3   
G   

(+) 24VDC   Generator Gas Use Roots B3 Series Model #7M175   1000 cf/pulse 
 

IN3   
G   

(+) 24VDC   HCHP Panel Power  Wattnode WNB -3Y-480 - P   200 Amp CTs (11.542 Wh/pulse)   
 

FG 

WH 
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 Obvius A8923-4 Input/Output Module 
Analog Terminals 

A1 

G 

(+) 24VDC 

A2 

G 

(+) 24VDC 

A3 

G 

(+) 24VDC 

A4 

G 

(+) 24VDC 

 

 
Table A-3.  Wiring Schematic for Obvius Expansion Board (Modbus Address 001) 

  

Obvius A8923 - 4 Input - Output Module   
Digital Terminals   

Obvius A8923 - 4 Input - Output Module   
Pulse Terminals   

WL   LCHP Panel Power  Wattnode WNB -3Y-480-P 100 Amp CTs (0.005771 Wh/pulse)   

P1   
G   

P3   
G   
P4   
G   

RS485+   
RS485 -   

Obvius Acquis uite 
A8812 - 1   Connection to Obvius Datalogger   Obvius Acquisite A8812 -1 

(+) 24VDC   
G   

P2   
G   

WG   Generator Power  Wattnode WNB -3Y-480-P 2000 Amp CTs (0.11542 Wh/pulse)   

WT   Facility  Import  Wattnode WNB -3Y-480-P 2000 Amp CTs (0.11542 Wh/pulse)   
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 Photos of Installed Sensors 
 

 
Generator Power Transducer (Red LEDs for Negative 
Power) 

Generator Power CTs in Generator 
Disconnect 

 

Wattnode CTs 
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Facility Power Transducer (Yellow and 
Red LEDs for Negative Power with Low 
Power Factor) 

Facility Power CTs in Facility Disconnect 

 
 

Wattnode CTs 
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Parasitic Power Transducers (WL and 
WH) 

Parasitic Power Current Transducers (WL and WH) 

 
 
 

Loop Return Temperature After Cooler (TLR)  Loop Return Temperature Before Cooler 
(TLRBC) 

 
 

WH 

WL 
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Loop Flow Meter (FL)  Loop Supply Temperature (TLS) 
 
 
 
 
 



M & V Plan – Appendix A  Burke Rehabilitation Hospital CHP 

Appendix A. A-8 August 2008 

 
Gas Meter (FG) 
 
 
 
 
One-time Readings  
 
Hand-held power and amp readings were taken on the H-CHP and L-CHP loads during the two 
site visits.  They are summarized in the tables below. 
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Table A-4.  Hand-held Power and Current Readings for the L-CHP Panel During the April Site Visit 

Label Circuit
Current 
(Amps) Power (kW)

EF-1 2 6 0.5
EF-2 4 Off Off
EF-3 6 6 0.5
EF-4 8 Off Off
EF-5 10 6.2 0.52
EF-6 12 Off Off
EF-7 14 Off Off
EF-8 16 6.2 0.52
EF-9 34 4.5 0.28
Tecogen 1 18 11 0.93
Tecogen 2 20 11.2 0.94
Tecogen 3 22 11.1 0.94
Tecogen 4 24 11.2 0.93
Tecogen 5 26 11.2 0.92
Tecogen 6 28 11 0.9
Tecogen 7 30 11 0.93
Tecogen 8 32 11.3 0.96

April 8, 2008 10:51 AM

 
 
Table A-5.  Hand-held Power and Current Readings for the L-CHP Panel During the June Site Visit 

Label Circuit
Current 
(Amps)

EF-1 2 5.22
EF-2 4 5.95
EF-3 6 5.4
EF-4 8 5.2
EF-5 10 5.35
EF-6 12 5.26
EF-7 14 5.21
EF-8 16 5.18
EF-9 34 4.47
Tecogen 1 18 N/A1

Tecogen 2 20 10.11
Tecogen 3 22 10.19
Tecogen 4 24 10.25
Tecogen 5 26 10.09
Tecogen 6 28 10.36
Tecogen 7 30 10.36
Tecogen 8 32 10.36
Notes: 1 - There was no connection from this breaker during the June site visit

June 5, 2008 10:45 AM
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Table A-6.  Hand-held Power and Current Readings for the H-CHP Panel During the April Site Visit 

Label Power (kW)
DC-1 1.39
DC-2 1.26
DC-3 1.39
DC-4 1.35
DC-5 1.39
DC-6 1.26
DC-7 1.33
DC-8 1.32
P-13 Off
P-14 0.88
P-9 5
P-10 Off
Transformer 14.9

June 5, 2008 11:30 AM

 
 
Table A-7.  Hand-held Power and Current Readings for the H-CHP Panel During the June Site Visit 

Label
Current 
(Amps)

DC-1 2.5
DC-2 2.5
DC-3 2.5
DC-4 2.5
DC-5 2.5
DC-6 2.5
DC-7 2.5
DC-8 2.5
P-13 Off
P-14 8.9
P-9 5.6
P-10 Off

April 8, 2008 10:46 AM
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Sensor Calibration 
 
The Mamac Temperatures sensors (TLS, TLRBC and TLR) were extensively bench tested prior 
to installation.  The sensors were connected to a datalogger and placed in an insulated hot water 
bath.  A NIST-traceable glass thermometer was used to record the “true” or “actual” temperature.  
A series of several test runs were completed.  For each run the temperature readings from each 
sensor was compared to the actual temperature.  Four runs were conducted for TLS and TLRBC.  
After seeing little variation in the results for TLS and TLRBC, only two runs were conducted for 
TLR.  A regression analysis was used to estimate the linear correction that would convert the 
actual reading to the true reading.  Table A8 shows the resulting slope and off-set used for each 
sensor to correct the sensor reading to the true temperature.  Also shown in Table A8, corrected 
temperature ranges for each sensor were then calculated and entered into the Obvius datalogger.  
Table A9, Table A-10 and Table A-11 show the data recorded for each sensor compared to the 
true temperature and the resultant curve fit models.   
 
Table A8.  Datalogger Settings for Analog Sensors 

Channel Description Slope Offset Min (F) Max (F)
TLS Loop Supply Temperature 1.005 -4.336 103.777 252.917
TLRBC Loop Return Temperature Before Cooler 0.998 -3.911 104.150 254.461
TLR Loop Return Temperature After Cooler 1.017 -3.110 100.602 249.777

Calibration Results Obvius Ranges
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Table A9.  Loop Supply Temperature (TLS) Calibration 
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Table A-10.  Loop Return Temperature Before Cooler (TLRBC) Calibration 
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Table A-11.  Loop Return Temperature After Cooler (TLR) Calibration 
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Field Verification 
 

Field measurements were taken using an independent handheld meter to verify the sensors 
installed at the site yield a proper reading.   
 
For verification of the WH and WL power transducers, a Fluke 39 power meter was used to take 
readings, which were then compared to the corresponding readings from the Obvius datalogger.  
Two sets of readings were taken for the HCHP transducer and three were taken for the LCHP.  
Neither transducer showed a large difference between the instantaneous hand-held readings and 
the one-minute average readings from the datalogger. 
 
Table A-12.  Verification Readings for HCHP Power Transducer (Scaling Factor: 11.542 Wh/pulse) 

Time 

Handheld 
Power 

Readings 

Datalogger 
Power 

Readings
Difference 

(kW)
10:20 AM 32.1 31.2 0.9
11:10 AM 30.2 29.8 0.4

 
 
Table A-13.  Verification Readings for LCHP Power Transducer (Scaling Factor: 5.771 Wh/pulse) 

Time 

Handheld 
Power 

Readings 

Datalogger 
Power 

Readings
Difference 

(kW)
10:36 AM 12 11.4 0.6
10:41 AM 11.3 11.1 0.2
11:11 AM 10 9.7 0.3

 
On June 5, verification readings were taken for the generator power transducers.  The power 
meter could not be verified using the Fluke power meter in the same manner as the HCHP and 
LCHP.  For these transducers, the voltage readings across the three CTs were measured.  The CT 
voltage compared to 0.333 V is proportional to the amperage through the CT compared to its 
size.  The voltage on all three phases was also measured and the apparent power (kVA) was 
calculated.  The apparent power was then compared to the real power recorded by the Obvius 
and the resultant power factor was calculated.  The power factor was reasonable for the generator 
power. 
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Table A-14.  Verification Data for Generator Power Transducer  (Scaling Factor: 115.42Wh/pulse) 

Generator Power 0.333 VAC CTs
2000 Amps

1:10 PM
Phase CT Volts Voltage Generator Amps Generator kVA
A 0.128 270 769                       208                    
B 0.127 269 763                       205                    
C 0.125 270 751                       203                    
Total 615                    

Obvius kW 598                    
Power Factor 0.97  

 
The facility power also could not be measured directly and was compared to the Tecogen system 
reading a Beckwith meter.  During one site visit, we verified the secondary amp CTs for the 
Beckwith were reading the same primary amperage as the Wattnode CTs.  Then the power 
readings from the two meters were compared on a subsequent visit with the new facility 
Wattnode meter installed.  There was good agreement between the two meters. 
 
Table A-15.  Comparison of Wattnode CT readings to Beckwith CTs 

Phase CT Volts Pri Amps Sec Amps Pri Amps
A 0.188 1,129                 2.750 1,100             
B 0.193 1,159                 2.580 1,032             
C 0.190 1,141                 2.620 1,048             
Total 3,429                 3,180             

Difference (Amps) 249                
Difference (%) 8%

July 24, 2008 12:45 PM
Wattnode CTs (2000:0) Beckwith CTs (2000:5)

 
 
Table A-16.  Verification Data for Facility Power Transducer  (Scaling Factor: 115.42Wh/pulse) 

July 30 12:45 Power Reading (kW) 
Tecogen (Beckwith Meter) 320 
Obvius Datalogger (Wattnode Meter) 312.3 
Difference 7.7 (2.4 %) 
 
The Roots gas meter contains two accumulator readouts for gas use: an odometer-style analog 
readout and a digital readout.  The digital readout is on the pulser unit and is expected to 
correspond to the pulses it puts.  A set of readings was taken, approximately 1.5 hours apart, and 
the difference between was digital readings was compared to the Obvius datalogger.  The 
difference was also calculated for the analog readout and the analog-digital multiplier was 
calculated.  There was no difference between the digital readout and the Obvius reading. 
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Table A-17.  Gas Meter Verification Readings 

Time

Digital 
Reading 

(MCF)
Analog 

(CCF)
10:15 AM 5,147       63,362       
11:33 AM 5,156       63,517       
Difference (cuft) 9,000       15,489       
Analog-Digital Multiplier 0.581         

Obvius Reading (cuft) 9,000       
Digital-Obvius (cuft) -           
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Data Logging Equipment 
 
An Obvius Acquisuite 8812 datalogger was installed to collect the data.  The sensors are sampled 
or scanned at 5-second intervals.  Screen captures of the datalogger settings are shown below. 
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A8812  AcquiSuite DR™ Data Acquisition Server

Description

Obvius, the leader in cost effective data acquisition and
wireless metering solutions introduces the all-new A8812-x
AcquiSuite DR™ data acquisition server, providing high
performance and low cost for:

• Demand response programs

• Benchmarking building operations performance

• Verification of energy savings and utility costs 

• Cost allocation to departments or tenants

• Internet based supervisory control outputs 

The system combines the flexibility of choosing  LAN,
modem or cellular communication paths with the lowest total
installed cost for logging building data such as:

• Electrical, gas and water usage and costs 

• Indoor and outdoor temperatures 

• Pressure, humidity, CO2 

• Industry standard pulse or analog inputs 

AcquiSuite™ brings “plug and play” capability to the data
acquisition market, dramatically reducing the time and
training required to put a typical building on line. In most
applications, the installation can be done by the building
engineer or contractor in less than 2 hours. The system
automatically detects and configures Modbus devices in just
seconds reducing installation time and costs.

Applications 

• Demand response program control and reporting
• Cost allocation to tenants and third parties
• Measurement & verification of energy savings
• Data center branch circuit monitoring 
• Monitoring performance of building systems (e.g.,

chillers, boilers, fans) 

Easy installation saves time and money                               

• Simple “plug and play” connectivity to standard Modbus
meters minimizes installation time and costs

• “Flex” I/O inputs provide easy connections for analog,
pulse and resistance sensors

• Acquisuite hardware and software is designed to provide
data in flexible, industry standard formats for databases,
spreadsheets, etc. 

• A8812 provides onboard plug in for R9120 ModHopper
to allow wireless RS 485 communications

• Integrated relay outputs allow supervisory control from
any location for load shedding or local generation

• Integrated web server provides setup and configuration
using any industry standard web browser (i.e.,
Netscape™ or Internet Explorer™) 

Internet display of key building parameters

• Buildingmanageronline.com™ allows authorized users to
see building performance data in an easy to use graphical
format 

• BMO site provides storage, display and downloads of
historical data in a secure SQL database 

• Users can be notified of alarm conditions in any or all
monitored points

• Open protocols provide connectivity to any energy
management or building automation software

Flexible communications and wireless connectivity

• All data is stored at the site in nonvolatile memory,
insuring protection of valuable information in the event of
power loss 

• Optional on-board ModHopper (R9120-x) for wireless
RS 485 communications (consult factory)

• A8812-1 provides two communication options: Local
Area Network (LAN) or phone line

• A8812-GSM replaces the standard phone modem with a
GSM/GPRS modem for cellular data transfer



SPECIFICATIONS
Processor Main processor: ARM 9 ; I/O co-processor: ARM 7
Operating System Linux 2.6
Flash ROM 16 MB NOR Flash (expandable with USB memory device)
Memory 32 MB RAM
LED 8x pulse input, 4 modem activity, Modbus TX/RX, power status
Console 2 x 16 LCD character, two buttons
LAN 10/100, Auto crossover detection
Modem (phone) V.34 bis, 33,600 bps (Part number A8812-1)
Modem (cellular) GSM/GPRS Class10, 85 kbps (Part number A8812-GSM)
Protocols Modbus/RTU, Modbus/TCP, TCP/IP, PPP, HTTP/HTML, FTP,SNMP, SMTP, XML
Power Supply 24 VDC, included
Serial Port RS-485 Modbus
Approvals CE; FCC Part 15, Class A
USB port USB memory expansion port 
Power Requirement 110-120VAC
Interval recording User selectable 1-60 minutes. Default 15 minute interval.
Outputs 2x, Dry contact 30 VDC, 150 mA max
Inputs 8x, user selectable: 

• 0-10 V - Min/Max/Ave/Instantaneous
• 4-20 mA - Min/Max/Ave/Instantaneous
• Pulse - Consumption, Rate
• Resistance - Min/Max/Ave/Instantaneous
• Runtime - Runtime, Status



Continental Control Systems LLC

THE WATTNODE is a true RMS AC watt-hour 

transducer with pulse output (solid state relay closure)

proportional to kWH consumed. The WATTNODE provides 

accurate measurement at low cost to meet your needs for 

sub-metering, energy management and performance 

contract applications.

Easy Installation saves you time and money.  

The WATTNODE is small enough to fit entirely  

within a standard electrical panel and the  

screw terminals unplug for easy wiring. 

The Advanced Output includes separate pulse channels 

for positive and negative power, for net metering and PV 

metering. Optional models are available with one pulse 

output channel per measurement phase, which can be used 

to monitor each phase independently or to monitor three 

separate single-phase circuits with one WattNode.

Our Diagnostic LEDs provide a per-phase indication of 

power (green flashing), negative power (red flashing), and 

advanced diagnostics (yellow flashing) to help 

troubleshoot connection problems, like swapped CTs, or 

excessive line voltage. See the User's Guide for a full 

description.

The Pulse Series family measures 1, 2, or 3 phases in 2, 3 

or 4 wire configurations. With voltage ratings from 120 to 

600 VAC and current transformer (CT) rating from 5 to 

4000 amps, there is a WATTNODE combination to meet 

your AC power measurement requirements.

ACCURACY of the WATTNODE is is 0.5% of reading over a 

wide range of power factors and harmonic content. You

get true kWH measurements even with switching power

supplies and variable speed drives.

Our Safe CTs, with internal burden resistors produce a

voltage proportional to the load current. At rated current

voltage is only 0.333 VAC. Split-core CTs quickly install

on existing wiring and solid-core CTs cost less for new

wiring. 

C o n t i n e n t a l  C o n t r o l  S y s t e m s

 3131 Indian Road, Suite A

Boulder, CO 80301 USA

(888) 928-8663   Fax (303) 444-2903

sales@ccontrolsys.com 

www.ccontrolsys.com

WATTNODE® 

Advanced Pulse Output AC Power Measurement

WattNode is a registered trademark of Continental Control Systems LLC

WNA-3Y-208-P

RST

(888) 928-8663
• Advanced Pulse Output

Separate pulse channels for positive 

and negative power. Optional models 

are available with one pulse output 

channel per measurement phase.

• Small Size
Can be installed in existing service 

panels or junction boxes.

• Uses Safe CTs
Output limited to one volt.

• Line Powered

No external power supply required.

• Digital Signal Processing
Accurate kWH measurement over a 

wide harmonic range.

• Detachable Terminal Blocks
Easy to install and remove.
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S P E C I F I C A T I O N S WATTNODE® 

Advanced Pulse Output AC Power Measurement

Continental Control Systems

3131 Indian Road, Suite A
Boulder, CO 80301

(888) 928-8663   Fax (303) 444-2903
sales@ccontrolsys.com

www.ccontrolsys.com

MODELS

Model VAC VAC Phases Wires
 Line To Neutral Line To Line
WNB-3Y-208-P 120 208-240 3 4 
WNB-3Y-400-P 230 400 3 4
WNB-3Y-480-P 277 480 3 4
WNB-3Y-600-P 347 600 3 4
WNB-3D-240-P 120 208-240 3 3 
WNB-3D-400-P 230 400 3 3
WNB-3D-480-P 277 480 3 3 
     
    

OPENING CURRENT TRANSFORMERS (SPLIT-CORE)

Model Inside Diameter Rated Amps
CTS-0750 0.75" 5, 15, 30, 50, 70, 100, 150
CTS-1250 1.25" 70, 100, 150, 200, 250, 300, 400, 600
CTS-2000 2.00" 600, 800, 1000, 1200, 1500
CTB Bus Bar 600, 800, 1200, 2000, 3000 (custom)

TOROIDAL CURRENT TRANSFORMERS (SOLID-CORE)

Model Inside Diameter Rated Amps
CTT-0300 0.30" 5, 15, 30
CTT-0500 0.50" 15, 30, 50, 60
CTT-0750 0.75" 30, 50, 70, 100
CTT-1000 1.00" 50, 70, 100, 150, 200
CTT-1250 1.25" 70, 100, 150, 200, 250, 300, 400 

Current Transformer Output Voltage: 0 - 0.333 VAC @ rated current

CT

CT

CT

Phase A

Phase B

Phase C

L
O
A
D

L
I
N
E

Display, Data Logger or

 Energy Management  

System

Neutral

LCD Displays

Model Displays Units   
LCDA-E Energy                    WH, kWH, or MWH
LCDA-P Power        W or kW   
LCDA-EP Energy & Power             WH, kWH, or MWH & W or kW

 

(888) 928-8663

MADE IN THE USA

Measurement Configurations
 Single phase: 2-wire or 3-wire
 Three phase: 3-wire or 4-wire  

Electrical
 Line Powered
 Operating Voltage Range: +15%, -20% of nominal
 Power Line Frequency: 50/60 Hz

 CT Input: 0.333 VAC  

Pulse Output
 Optoisolated, solid state relay closures handle up to  
 maximum 60 VDC & to 5mA 
 Standard: 4.00 Hz Bidirectional Output
 Optional: 0.01 Hz to 600 Hz Bidirectional Output  
 Models 
 Optional: Per-Phase Output Models 0.01 Hz to 150  
 Hz available  

Accuracy
 Normal Operation: Line voltage: 80% - 115% of  
 nominal
 Power factor: 1.0
 Frequency: 48 - 62 Hz
 Ambient Temperature: 25˚C
 Current: 5% - 100% of rated current
 Accuracy: ±0.5% of reading 

Environmental
 Operating Temperature: -30˚C to +55˚C (-22˚F to  
 131˚F)
 Operating Humidity: 5 to 90% (RH)

Mechanical
 Enclosure: High impact, UL rated, ABS plastic
 Size: 3.3” x 5.6” x 1.25” 
 Connectors: UL, CSA recognized, detachable,

 screw terminals (14AWG), 600V 

  Optional LCD Display
 Display: Eight digits, each 0.43" high
 Reset: Wired remote and configurable front panel  
 button
 Enclosure: Panel mount box, 2.95" x 1.52" 
 Battery: Lithium 2/3A, replace every four years
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• F-1110 SINGLE TURBINE •
INSERTION FLOW METER

ANALOG OUTPUT

CALIBRATION
 Every ONICON flow meter is wet-calibrated in 
 our flow laboratory against primary volumetric
 standards directly traceable to NIST. Certification 
 of calibration is included with every meter.

FEATURES
 Unmatched Price vs. Performance - Custom
  calibrated, highly accurate instrumentation 
  at very competitive prices.

 Excellent Long-term Reliability - Patented
  electronic sensing is resistant to scale and
  particulate matter. Low mass turbines with
  engineered jewel bearing systems provide a
  mechanical system that virtually does not wear.

 Industry Leading Two-year "No-fault" Warranty -
  Reduces start-up costs with extended coverage
  to include accidental installation damage 
  (miswiring, etc).  Certain exclusions apply; see 
  our complete warranty statement for details.

 Simplified Hot Tap Insertion Design - Standard on 
  every insertion flow meter. Allows for insertion 
  and removal by hand without system shutdown.

Made in the USA

1500 North Belcher Road, Clearwater, Florida 33765 Tel (727) 447-6140 Fax (727) 442-5699
www.onicon.com  E-mail: sales@onicon.com

DESCRIPTION
 ONICON insertion turbine flow meters are
 suitable for measuring electrically conductive 
 water-based liquids. The F-1110 model provides
 non-isolated 4-20 mA and 0-10 V analog
 output signals that are linear with the flow rate.

APPLICATIONS
 • Chilled water, hot water, condenser
  water, and water/glycol/brine for HVAC

 • Process water and water mixtures

 • Domestic water

GENERAL SPECIFICATIONS
ACCURACY
 ± 0.5% OF READING at calibrated velocity
 ± 1% OF READING from 3 to 30 ft/s (10:1 range)
 ± 2% OF READING from 0.4 to 20 ft/s (50:1 range)
SENSING METHOD
 Electronic impedance sensing
 (non-magnetic and non-photoelectric)
PIPE SIZE RANGE
 1¼" through 72" nominal
SUPPLY VOLTAGE
 24±4 V AC/DC at 50 mA
LIQUID TEMPERATURE RANGE
 Standard:  180˚ F continuous, 200˚ F peak
 High Temp: 280˚ F continuous, 300˚ F peak
 Meters operating above 250˚ F require
  316 stainless steel construction option
AMBIENT TEMPERATURE RANGE
 -5 to 160˚ F (-20 to 70˚ C)
OPERATING PRESSURE
 400 PSI maximum
PRESSURE DROP
 Less than 1 PSI at 20 ft/s in 1½" pipe,
 decreasing in larger pipes and lower velocities
OUTPUT SIGNALS PROVIDED:
 ANALOG OUTPUTS (NON-ISOLATED)
  Voltage output: 0-10 V (0-5 V available)
  Current output: 4-20 mA
 FREQUENCY OUTPUT
  0-15 V peak pulse, typically less than 300 Hz

(continued on back)

 Pipe Size (Inches)       Flow Rate (GPM)

 1¼  0.8  -  95 
 1½  1  -  130
 2  2  -  210
 2½  2.5  -  230
 3  4  -  460
 4  8  -  800
 6  15  -  1800
 8  26  -  3100
 10  42  -  4900
 12  60  -  7050
 14  72  -  8600
 16  98  -  11,400
 18  120  -  14,600
 20  150  -  18,100
 24  230  -  26,500
 30  360  -  41,900
 36  510  -  60,900

OPERATING RANGE FOR
COMMON PIPE SIZES

0.17 TO 20 ft/s
± 2% accuracy begins at 0.4 ft/s



F-1110 Wiring Information

WIRE COLOR CODE             NOTES

(+) 24 V AC/DC
supply voltage, 50 mA

RED

BLACK (–) Common ground
(Common with pipe ground)

Connect to power supply
negative & analog input
ground

GREEN
(+) Frequency output
signal: 0-15 V peak 
pulse

Required when meter
is connected to local
display or BTU meter

BLUE (+) Analog signal:
4-20 mA (Non-isolated)

BROWN (+) Analog signal:
0-10 V (Non-isolated)

F-1110 Wiring Diagram
Flow Meter into Control System (No Display or BTU Meter)

NOTE:   1.  Black wire is common with the pipe ground
   (typically earth ground).
 2.  Frequency output required for ONICON display module 
                or BTU meter, refer to wiring diagram for peripheral device. 

Connect to power supply
positive

ALSO AVAILABLE

SEL RST

GPM

POWER

463798

POWER

SYSTEM-1
BTU METER

Display 
Modules

BTU Measurement
Systems

RED

BLACK

BLUE

BROWN

+ 24 V

COM

SIGNAL GROUND

ANALOG SIGNAL INPUT

Power
Source

Control System

OR

F-1110 SPECIFICATIONS cont.
MATERIAL
 Wetted metal components
  Standard: Electroless nickel plated brass
  Optional: 316 stainless steel
ELECTRONICS ENCLOSURE
 Standard: Weathertight aluminum enclosure
 Optional: Submersible enclosure
ELECTRICAL CONNECTIONS
 3-wire minimum for 4-20 mA or 0-10 V output
 Second analog output and/or frequency
 output requires additional wires
 Standard:   10' of cable with ½" NPT conduit
     connection
 Optional:   Indoor DIN connector with 10' of
     plenum rated cable

Both signals may be
used independently

Typical Meter Installation 
(New construction or scheduled shutdown)

•  Acceptable to install in vertical pipe

•  Position meter anywhere in upper 180˚ 
 for horizontal pipe
 

Typically 
30" - 36"

depending on 
pipe size and
height of valve

assembly.

CLEARANCE 
REQUIRED

FOR INSTALLATION

½" FNPT 
conduit connection

Minimum Hole Size = 1"
Must be centered

Insertion depth
gage provided 
with each meter

FLOW

Connect factory wires
to field wires in appropriate
junction box. 

Standard Installation 
Kit for Steel Pipe

1" Full port ball valve

1" Close nipple          

1" Branch outlet               

Detail of hot tap adapter
with turbine assembly
withdrawn

12-28-00

ONICON INCORPORATED
1500 North Belcher Road
Clearwater, FL 33765
Tel (727) 447-6140
Fax (727) 442-5699
www.onicon.com
sales@onicon.com

2103 / 0213B

Note:  Installation kits vary based on pipe material and application. For installations in pressurized (live) 
  systems, use "Hot tap" 1¼ inch installation kit and drill hole using a 1 inch wet tap drill.

1¼" for 
hot tap

To control  
system Onicon

Display or
BTU Meter
(Optional)



Temperature Transducer
Model TE-2211/213

FEATURES:
• 4 to 20mA, 0-1VDC, 0-5VDC, 0-10VDC, or 1-50KHz

AFCP, and custom output options
• Transducers are available in different housing for

space, duct, immersion, duct averaging, remote strap-
on probe and outside air applications

• -50°F to +500°F wide operating range
• Custom calibration of temperature range is available

APPLICATIONS:
-  Air Ducts -  Paper Storage Rooms
-  Outside Air -  Grain Silos
-  Clean Rooms -  Food Processing Plants
-  Air Handlers -  Green Houses
-  Computer Centers -  Environmental Chambers
-  Laboratories -  Process Control
-  Office Buildings -  Hydraulic Systems

DESCRIPTION:

ENCLOSURE RANGEPROBE
MATERIAL

THERMOWELL
FITTING

MAMAC SYSTEMS
M O N I T O R  • D E C I S I O N  • C O N T R O L

®
7400 Flying Cloud Drive Minneapolis, MN 55344-3720 • USA

800/843-5116 • 612/835-1626 • Fax 612/829-5331
sales@mamacsys.com • www.mamacsys.com

Signal conditioning is performed by industrial quality
integrated circuits to provide a true linear output. The
circuit is factory calibrated but zero and span trimmers
are provided to adjust the output if necessary. Output
accuracy is not affected by long wire runs or electrical
noise. The transducer can operate over a wide supply
voltage range.
The TE-210 is available in many different housings to
cover all applications. For space temperature sensing,
the transducer is available in a unique plastic enclosure
that has two separate compartments divided by a solid
partition. Each compartment is ventilated individually
from three sides. One chamber incorporates the
electronics and the other the sensing element. In this
way there is total isolation between the electronics and
the sensor to assure accuracy. For air duct temperature,
the sensor is encapsulated in a 1/4 inch OD aluminum
or stainless steel probe. The probe protrudes from the
bottom of the die cast aluminum transducer housing
minimizing lead length error. The probe can be inserted
directly into the duct and mounting holes are provided
to rigidly support the assembly. TE-210 is also available
in a bendable aluminum 3/8 inch OD extra long probe
for averaging duct air temperature. The probe
incorporates numerous sensors encapsulated at equal
distances across the length of the probe. The complete

assembly acts as a single sensor and any temperature
change is averaged across the sensors. The probe can be
easily bent to fit any size duct.
For monitoring water temperature, the TE-210 is available
in a die cast aluminum enclosure with a 1/4 inch OD,
probe with a brass fitting that can be screwed directly
into any thermowell providing a rigid support to the
transducer. The TE-210 is also available with a remote
probe to be strapped on a pipe or any other application in
which high temperatures are encountered. For monitoring
outside air temperature the TE-210 is also available in a
weather proof enclosure with a suitable sun shield to be
mounted outside.
TE-210 is also available with 100 ohm or 1000 ohm
precision thin film platinum RTD (±. 1% @0°C), For 100
ohm specify TE-211Y and 1000 ohm specify TE-211Z.
Remaining options are the same as TE-210.

A) Space A) 4 inches 1) Aluminum A) Brass 1/4" NPT 1) 24VDC A)O-1VDC 1)+50°F-+85°F
B) Duct B) 6 inches 2) Stainless Steel B) Brass 1/2" NPT 2) 24VAC B)0-5VDC 2)+ 40°F-+140 °F
C) Immersion C) 8 inches 3) Custom D) Custom 3) 115VAC C)0-10VDC 3)-30°F-+130°F
D) Duct Avg D)12 inches 4) 12VDC D)4-20mA 4)0°F- +100°F
E) RP/SO* E) 2 inches 5) Custom E)4-20mA 5)100°F-+250°F
F) OAWP** F) 6 feet (2-wire) 6)0°F-+250°F
G) Custom G) 12 feet F) 1-50KHz 7)Custom

H) 24 feet Note: TE-211Y/TE-2l1Z available for AFCP
1) Custom 24VDC 4-20mA 2-wire loop only. G) Custom

*Remote probe or strap-on
**Outside air weather proof

OUTPUT
PROBE

LENGTH
SUPPLY

VOLTAGE

ORDERING INFORMATION: TE-210-

The MAMAC warranty covers parts and labor for 1 year from date of shipment. MAMAC Systems reserves the right to change any 
specification without notice to improve performance, reliability, or function of our products.



MAMAC SYSTEMS
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Model TE-210
SPECIFICATIONS:
Range: Accuracy: Ambient Temperature:
-50°F - +500°F ±0.5°F 0-70°C

Advanced Electrical Appl. CESCO Functional Devices Micro Control Sys Solid State Systems
Advanced Micro Systems Climatron General Electric Mosler Solidyne
Aegis Computer Science Hewlett Packard Novar Controls Sparton
Allan Bradley Control Pak Corp Honeywell OakAdec Square D
American Auto-Matrix Control Systems International HSQ Technology Opto 22 Staefa Control Sys
Andover Controls Detection Systems Hypertek Paragon Electric TJ Controls
AT&T Eagle Signal Johnson Controls Powerline Comm Tour Anderson
Atlantic Energy Tech EDA Sims Leviton Radix 11 The Trane Company
Automated Logic Elemco Prime Energy Litton FMS Raytheon Triangle Micro Sys
Barber-Colman Encon Systems Margaux Controls Robertshaw Controls Trimax
Butler Controls Facilitec MCC Powers Rotertshaw Integrated Sys United Technologies
Carrier-Bldg Auto Sys Westinghouse

Space Temperature
Duct Temperature
Outside Temperature
DuctAvg Temp
Strap-On Temp
Remote Temperature
Space Avg Temp
Differential Temp
Space Humidity
Duct Humidity
Outside Humidity

Remote Humidity
Temp & Humidity
Motor Current
Voltage
Pneumatic Pressure
Steam Pressure
Water Pressure
Air Pressure
Duct Static Pres
Bldg Static Pres
Filter Pres Drop

Wind Direction
Air Flow
Water Alert
Ambient Light
Outside Light
Damper Control
Mixing Valve Ctrl
Vane Control
Soil Moisture
Local Indication
Setpoint Control

A Complete Line of Transducers From a Single Source

All Mamac Transducers Are Directly Compatible To:

Compressor Head Pres
Compressor Suction
Pres Chiller Head Pres
Chiller Suction Pres
CW Flow
HWFlow
Steam Flow
Gas Flow
Tank Level
Rainfall
Windspeed

1.75"

2.19"1.94"

Side View

3.44"

1.75"

Top View

3.44"

2.19"

Front View

4.75"

3.69"

Front View

3/8"-24 Threads

1/4" OD. Probe

2.25"

Top View Side View

2.25"
7/8" Hole for 1/2" Conduit

1/4" OD. Probe

1.5"

5.6"

1.0"

1.6" Side View

Threads for 1/2" Conduit

Back View

1.4"

Front View
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