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1. Introduction  
 
Tecogen, Inc. (Tecogen) provided equipment and managed the installation of a combined heat and 
power (CHP) system at West Side Manor. The Principal engineer designed the project and oversaw the 
installation. The site is receiving an incentive from NYSERDA, of which the first two milestones have 
been paid out in full. The CHP system includes one (1) Tedom Micro T35 engine generator unit. The 
induction-based system is intended to produce a gross output of 35 kW and recover engine jacket water 
and exhaust heat recovery for the Domestic Hot Water system. A single load DHW load module was 
designed and provided by Tecogen for integration into the site’s hot water system. 
 
 
The CHP system will provide power in parallel with the existing utility service only, with no capabilities 
to energize itself during outages. This system will not be providing backup power to the site.. 

 
2. Instrumentation  

 
In order to quantify the performance of the CHP system, the CHP system fuel input, net electrical 
output, and useful thermal output will be measured. To capture that data, Tecogen supplied the meters 
and instrumentation listed in Table 1 on page 4.  

 
Data Logger  
 
Readings for the installed instrumentation are recorded by a CHPInsight datalogger provided and 
installed by Tecogen. The computer samples all sensors approximately once per 30 seconds and records 
the information. The readings of heat recovery temperatures and flow rates will be used to provide an 
accurate calculation of heat transfer on the heat recovery loops, which are all continuous flow loops. 
Based on the number of monitored data points, the logger will have sufficient memory to store 3-days 
of data if communications with the logger are interrupted.  
 
The data will be downloaded from CHPInsight once per day via an Internet connection provided by the 
Site. The data will be loaded into a Tecogen database for long term storage and checked for validity.  
 
Onsite Installation  
 
Tecogen installed a CHPInsight panel in the cogen room right next to the CHP unit. The monitoring 
system panel is approximately 2 ft x 16 in x 10 in. The panel is supplied with 120 VAC power (it requires 
1 amp or less). The panel is conveniently located relative to the sensors listed above as well as the 
communications line provided by the site.  
 
Communications  
 
The CHPInsight has a connection to the Internet. An IP address has been supplied. The logger uploads 
data every night to the Tecogen servers, is compiled into a csv file, and then distributed on an annual 
basis and provided to NYSERDA based on their monitoring requirements. 
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On Site Support  
The facility has assisted in providing a network connection for the CHPInsight. Tecogen is responsible for 
providing a complete monitoring installation, as well as any access for return trips to verify sensors or 
service the monitoring system.  
 
Table 1. Overview of CHP System Monitoring Instrumentation  
 

Data 
Point 

Tecogen 
Label  

Description Units Instrument / Sensor Output 
Type 

Location 

PNET 
 

EM-1 Generator NET 
Electrical Output 

kW/ 
kWh 

Veris E50C2 ModBus CHP Room 

POUT POWER Generator Gross 
Electrical Output 

kW/ 
kWh 

Tedom Micro T-35 On-Board CHP Room 

GIN GM-1 Net Generator Fuel 
Input 

CF 3M175TC Roots 
Meter  with 
Adam4150 Counter 

Pulse Garage/Gas 
Inlet 

TOUT1 TS2-BTU Engine Heating 
Module Supply 
Temperature 

°F Onicon System-10 ModBus CHP Room 

TRET1 TS1-BTU Engine Heating 
Module Return 
Temperature 

°F Onicon System-10 ModBus CHP Room 

FNET1 FM-1 Engine Heating 
Module System Flow 

GPM Onicon System-10 ModBus CHP Room 

QNET1 BTU-1 CHP Engine Heat 
Supplied 

BTUh Onicon System-10 
Calculation 

ModBus CHP Room 

 
3. Data Analysis  

 
The collected data listed in Table 1 on page 4 will be used to determine the net power output of the 
system as well as the fuel conversion efficiency (FCE).  
 
Peak Demand or Peak kW  
 
The peak electric output or demand for each power reading will be taken as the average kW in a fixed 
15-minute interval (0:00, 0:15, 0:30, etc.), defined as:  
 

𝑘𝑊 =
∑ 𝑘𝑊ℎ 

15 𝑚𝑖𝑛

∆𝑇
=

𝑘𝑊ℎ 𝑝𝑒𝑟 𝑖𝑛𝑡𝑒𝑟𝑣𝑎𝑙

0.25ℎ
  

 
Net Power Output  
 
The power meter will measure the generator power output (POUT). The internal generator meter will 
measure the gross output of the engine generator as a check.  
 
The parasitic power (PPAR) is estimated to be 1.5 kW.  The net power (PNET) can be determined by 
subtracting parasitic power (PPAR) from the power output (POUT).  
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𝑘𝑊𝑁𝐸𝑇 = 𝑃𝑂𝑈𝑇 − 𝑃𝑃𝐴𝑅   
 
Heat Recovery Rates  
 
The heat recovery rates will be calculated based on the 30 second interval data collected. The piping 
arrangement at this site allows for the total recoverable heat rate to be determined at one location as 
there is no heat rejection unit included with the installation:  
 
The rate of useful heat recovery in Btu/h is defined as:  
 

𝑄𝑁𝐸𝑇 = 𝐶𝑃 × ∑(𝐹𝑁𝐸𝑇 × (𝑇𝑂𝑈𝑇 − 𝑇𝑅𝐸𝑇)  × 𝑛)  

 
where:   Cp = ~ 500 Btu/h-gpm-°F for pure water;  

n = Number of 1-minute intervals included in period of interest  
 
The heat recovery loop fluid is expected to be pure water.  
 
Any heat recovery measurement can be calculated for an interval sum (Btu) by the following:  
 
Calculated Quantities  
 
The fuel conversion efficiency (FCE) of the CHP system, based on the higher heating value of the fuel, 
will be defined as:  
 

𝐹𝐶𝐸 =
𝑄𝑁𝐸𝑇  +   (3413 ×  𝑃𝑁𝐸𝑇)

𝐺𝐼𝑁  ×  𝐻𝐻𝑉𝐺𝑎𝑠
 

 
where:   QNet = Total Useful heat recovery (Btu) (QU)  

PNet = Engine generator net output (kWh)  
GIn = Generator gas consumption (Std CF)  
HHVgas = Higher heating value for natural gas (~1020 Btu/CF)  

 
The FCE can be calculated for any time interval of interest (hourly, daily, monthly, etc.), depending on 
the resolution available for the gas meter reading.  
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Appendix A 
System Schematics 
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MOTORIZED 3-WAY VALVE

FLEX CONNECTION

THERMOMETER

PUMP SCHEDULE

PUMP NO. SERVICE FLOW CONNECTION PUMP MODEL

P-1 CHP MODULE PUMP 13.16 GPM FLANGE  1 1/4'' MAGNA 1 32 - 80F

P-2 DOMESTIC LOOP HEATING 12.8 GPM FLANGE  1 1/4'' UP 26 -99

PLATE HEAT EXCHANGER

 MODEL DW 5x20-70

 TYPE BRAZED PLATE AND FRAME

 MATERIAL STAINLESS STEEL

 SERVICE DOMESTIC HOT WATER

 SIDE HOT COLD

 FLUID TYPE NON-POTABLE WATER POTABLE WATER

 FLUID FLOW 13.2 GPM 12.8 GPM

 TEMP IN 194 ÁF 131ÁF

 TEMP OUT 150 ÁF 176ÁF

 PRESSURE

DROP

0.7 PSI 0.6 PSI

THERMISTOR SCHEDULE

TS  NO. SERVICE

TS-1 CHP RETURN

TS-2 CHP SUPPLY

TS-3 ON / OFF PUMP P-2

THERMOSENSOR

TANK SCHEDULE

PUMP NO. SERVICE CAPACITY

AT-1 CHP LOOP FILL TANK

17 gal

ET-1 CHP LOOP EXPANSION

6.6 gal

CSF COGEN SHOT FEEDER

2 gal

AB

A

B

P-1

13.16 GPM

194ÁF

158ÁF

HX-1

DOMESTIC HW

194ÁF

150ÁF

13.16

GPM

2

1

P-2

3

4
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LOAD MODULE
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BTU

TS1

BTU

TS2

STORAGE

TANK

DRAWING TITLE

FLOW DIAGRAM

DRAWING NUMBER

PROJECT

DRAWN BYDATE

9/11/17 RJC

West Side Marquis
70 W 95th St.

New York, NY 10025

DATE REV DESCRIPTION
PE STAMP/SEAL

ELECTRICAL ENGINEER

MECHANICAL ENGINEER

45 FIRST AVE,
WALTHAM, MA 02451
WWW.TTCOGEN.COM

146ÁF

110ÁF

16

GPM

FM

VV

1 CONTRACTOR TO COORDINATE WITH ENGINEER ANY DESCREPANCIES BETWEEN DRAWING SETS.  A DOCUMENTED RFI SHOULD BE
PREPARED AND SENT TO ENGINEER ADDRESSING ANY ISSUES, TECOGEN SHOULD BE COPIED.

2 MECHANICAL CONTRACTOR SHALL OBTAIN ALL REQUIRED PERMITS IN ACCORDANCE WITH STATE AND LOCAL CODES, RULES AND
 REGULATIONS.
3 INSTALL ALL PIPING AND EQUIPMENT IN ACCORDANCE WITH ALL STATE AND LOCAL CODES, RULES AND REGULATIONS.  FINAL

INSPECTION REQUIRED PRIOR TO START UP.
4 COORDINATE ALL PIPING WITH ENGINEER, BUILDING OWNER, AND ALL OTHER TRADES.  ALL PIPING SHALL BE INSTALLED AS HIGH AS
 PRACTICAL ABOVE FINISHED FLOOR.  PIPING SHOULD BE CONFIGURED AS TO AVOID RUNNING ABOVE THE EQUIPMENT.
5 ALL PIPING SHALL BE INSTALLED SO AS TO AVOID BULLHEAD TEE CONFIGURATIONS WITH BOTH CONVERGING AND DIVERGING FLOW.
6 ALL NEW LIQUID PIPING, HEAT EXCHANGERS, AND DISTURDED AREAS TO BE INSULATED.
7 BACK OUT AND RESEAT ALL STRAINER BUSHINGS PRIOR TO FILLING TO AVOID SIEZING.

8 VALVES, DRAINS, GAUGES, WELLS, ETC AS SHOWN ON P&ID NEED TO BE INSTALLED FOR SERVICE AND TROUBLESHOOTING.
 FAILIARE TO DO SO WILL PREVENT START UP.
9 INSTALL AUTOMATIC AIRVENTS (H20 SYSTEMS) AND MANUAL AIR VENTS (GLYCOL SYSTEMS) AT ALL SYSTEM HIGH POINTS AND
 DRAINS AT ALL SYSTEM LOW POINTS.
10 INSTALL TECOGEN SUPPLIED THERMISTORS AND WELLS IN NEW & EXISTING PIPING FOR SYSTEM CONTROL AND MONITORING.
11 PROVIDE TEMPERATURE AND PRESSURE GAUGES AT INLET AND OUTLET PIPING CONFIGURATIONS TO ALL EQUIPMENT.
12 ENGAGE A FACTORY AUTHORIZED SERVICE REPRESENTATIVE TO PERFORM START UP SERVICE ON COGEN EQUUIPMENT. TEST,
 INSPECT, AND ADJUST COMPONENTS FOR PROPER EQUIPMENT OPERATION.
13 FLUSH SYSTEM OF ALL IMPURITIES PRIOR TO OPERATION.  WHEN FILLING THE SYSTEM, BE SURE TO BLEED AS MUCH AIR AS
 POSSIBLE AT HIGH POINTS.  CRACK PUMP FITTINGS OR PLUGS TO ENSURE THE PUMP IS FLODDED PRIOR TO OPERATION.

REFER TO PUMP I&O PRIOR TO START UP.
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Measurement & Verification Plan for CHP System at West Side Manor 
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• SYSTEM-10-MOD BTU METER •
MODBUS RTU RS485 or MODBUS TCP/IP COMPATIBLE

FEATURES

MODBUS Compatible Serial Communications - Provides 
complete energy, flow and temperature data to the 
control system through a single MODBUS  RTU network 
connection, reducing installation costs.

Simple Installation and Commissioning - Factory  
programmed and ready for use upon delivery. All  
process data and programming functions are  accessible 
via front panel display and keypad.

Single Source Responsibility - One manufacturer is 
responsible for every aspect of the energy  measurement 
process ensuring component  compatibility and overall 
system accuracy.

N.I.S.T. Traceable Calibration with Certification - Each 
Btu measurement system is individually  calibrated 
using application specific flow and  temperature data 
and is provided with calibration certificates. 

Precision Solid State Temperature Sensors - Custom  
calibrated and matched to an accuracy better than  
±0.15° F over calibrated range.

Highly Accurate Flow Meters - ONICON offers 
a  variety of insertion and inline type flow meters 
including turbine, electromagnetic and vortex sensing. 
Each type offers unique advantages. All ONICON flow 
meters are individually wet calibrated and operate over 
a wide flow range. Accuracies range from ±0.2% to 
±2.0% of rate depending on the model.

Complete Installation Package - All mechanical 
installation hardware, color coded interconnecting 
cabling and installation instructions are provided 
to ensure error-free  installation and accurate system 
performance.

DESCRIPTION
The System-10 BTU Meter provides highly accurate 
thermal energy measurement in chilled water, hot water 
and condenser water systems based on signal inputs 
from two matched temperature sensors (included) and 
any of ONICON’s insertion or inline flow meters (ordered 
separately). The System-10-MOD provides energy, flow 
and temperature data on a local alphanumeric display 
and to the network via the MODBUS RTU RS485 or 
MODBUS TCP/IP communications adapter. An optional 
auxiliary input is also available to totalize pulses from 
another device and communicate the total directly to the 
network.

APPLICATIONS
 Chilled water, hot water and condenser water systems for:
  • Commercial office tenant billing
  • Central plant monitoring
  • University campus monitoring
  • Institutional energy cost allocation
  • Performance/efficiency evaluations
  • Performance contracting energy monitoring
 
ORDERING INFORMATION

The System-10 BTU Meter is sold complete with 
temperature sensors. Thermowell installation kits and 
flow meters are purchased separately.

ITEM # DESCRIPTION
SYSTEM-10-MOD* System-10 BTU Meter, MODBUS Compatible

SYSTEM-10-OPT8 High temperature sensors (over 200° F)

SYSTEM-10-OPT9 Add one analog output

SYSTEM-10-OPT10 Add four analog outputs

Choose from the following commonly used 
thermowell installation kits:

SYSTEM-10-OPT4 Upgrade to outdoor thermowells (pair)

BTU-ST-INSTL32 Brass kit for welded steel pipe (¾" - 5")

BTU-ST-INSTL52 Brass kit for threaded steel pipe (¾" - 2½")

BTU-ST-INSTL34 SS kit for welded steel pipe (¾"  and up) 

BTU-ST-INSTL36 Brass kit for copper tube (¾" - 2")

BTU-ST-INSTL37 Brass kit for copper tube (2½" - 3")

Choose from the following flow meters:
F-1100/F-1200 Insertion Turbine Flow Meter (1¼” - 72”)

F-1300 Inline Turbine Flow Meter (¾” - 1”)

F-3000 Series Inline Electromagnetic Flow Meter (¼” - 48”)

F-3500 Insertion Electromagnetic Flow Meter (3”- 72”)

F-4200 Clamp-on Ultrasonic Flow Meter (½” - 48”)

F-2000 Series Inline Vortex Flow Meter (½” - 12”)

Refer to catalog for flow meter installation kits.
Consult with ONICON for additional thermowell 

installation kit and flow meter options.

PROCESS CONTROL EQUIPMENT 
3GF5

*HS version with restricted functions available for use  
  in U.S. government facilities and other installations  
  where enhanced security is required.

FLOW AND ENERGY MEASUREMENT

BEgan
Rectangle

BEgan
Rectangle

BEgan
Rectangle
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SYSTEM-10-MOD BTU METER SPECIFICATIONS
CALIBRATION
 Flow meters and temperature sensors are individually 
  calibrated followed by a complete system calibration.
 Field commissioning is also available. 

ACCURACY  
TEMPERATURE 

Overall differential temperature measurement uncertainty of  
   ≤ ± 0.15° F over the stated range
(Includes uncertainty associated with the sensors, transmitters,   
   cabling and calculator input circuitry)  
Temperature sensors meet EN1434 / CSA C900.1 accuracy  
   requirements for 1K sensors for cooling applications, 32 - 77° F
Temperature sensors meet EN1434 / CSA C900.1 accuracy  
   requirements for 2K sensors for heating applications, 140 - 212° F 

CALCULATOR 
Computing nonlinearity within ±0.05% 
Calculator meets EN1434 / CSA C900.1 class 1 accuracy  
   requirements for 2K sensors for all applications

PROGRAMMING
 Factory programmed for specific application
 Field programmable via front panel interface

MEMORY
Non-volatile EEPROM memory retains all program  parameters 

and totalized values in the event of power loss. 

DISPLAY
Alphanumeric LCD displays total energy, total flow, energy 

rate, flow rate, supply temperature, return temperature, serial 
number and alarm status 

Alpha: 16 character, 0.2” high 
Numeric: 8 digit, 0.4” high 
Rate Display Range: 0 - 9,999,999 
Total Display Range: 0 - 9,999,999 
The totals will roll over to zero when the maximum count is 

exceeded. 

OUTPUT SIGNALS
 Network Interface:
  Protocol: MODBUS RTU
  Connection: RS485: 2-wire (half duplex) 
      TCP/IP: 10 Base T, 10 Mbps, RJ45  Connection 
  Baud Rate for RS485: 9600, 19200, 38400, 57600 and 115200  
Partial MODBUS Holding Register List:

NAME Available Units
Total Energy Btu, kW-hrs & ton-hrs

Energy Rate Btu/hr, kW & tons

Total Flow Gallons, liters & meters3

Flow Rate gpm, gph, mgd, l/s, l/m, l/hr & m3/hr

Supply & Return Temperature °F and °C

Operating Mode Single, Dual or Bi-directional

Mode Status Heating/Cooling or Forward/Reverse Flow

Auxiliary Input Total Not Applicable

Energy Total Reset Not Applicable

Flow Total Reset Not Applicable

Auxiliary Total Reset Not Applicable

 Isolated solid state dry contact for energy total:
  Contact rating: 100 mA, 50 V
  Contact duration: 0.5, 1, 2, or 6 seconds
 Optional analog Output(s) (4-20 mA, 0-10 V or 0-5 V):
  One or four analog output(s) available for flow rate, 
  energy rate, supply/return temps or delta-T.

LIQUID FLOW SIGNAL INPUT
 0-15 V pulse output from any ONICON flow meter.

TEMPERATURE SENSORS
 Solid state sensors are custom calibrated using N.I.S.T.
  traceable temperature standards.
 Current based signal (mA) is unaffected by wire length.

TEMPERATURE RANGE
Standard liquid temperature range: 32° to 200° F 
   Optional extended temperature ranges available. 
Ambient temperature range: -20° to 140° F

MECHANICAL
 Electronics Enclosure:
  Standard: Steel NEMA 13, wall mount, 8”x 10”x 4”
  Optional: NEMA 4 (Not UL listed)
  Approximate weight: 12 lbs
 Temperature Sensor Thermowell Kits:

Thermowells and other kit components vary by fluid type, fluid 
temperature, pipe material and pipe size. Commonly used kits 
are listed on the previous page. Contact ONICON for additional 
thermowell kit options, including hot tap installation kits for retrofit 
installations. 

ELECTRICAL
 Input Power*:
  Standard: 24 VAC 50/60 Hz, 500 mA
  Optional: 120 VAC 50/60 Hz, 200 mA
     230 VAC, 50 Hz, 150 mA

*Based on Btu meters configured for network connection with-
out the optional analog outputs

 Internal Supply:
  Provides 24 VDC at 200 mA to electronics and flow meter 
 Wiring:
  Temperature signals: Use 18-22 ga twisted shielded pair
  Flow signals: Use 18-22 ga shielded - see flow meter 
   specification sheet for number of conductors

Note: Specifications are subject to change without notice.

Insertion turbine flow meter shown. 
Any ONICON flow meter may be 
used with the System-10 BTU Meter. 
Consult with ONICON for additional 
flow meter types.

TYPICAL INSTALLATION

Heat Exchanger

SCROLL           RESET          PROGRAM

BTU X 10,000

ONICON Insertion Flow 
Meter
(Purchased separately)

24 VAC Input
MODBUS RTU
Communications 
to Network

Supply Temp
Sensor

Return Temp
Sensor

Supply

Return

SYSTEM-10
BTU METER

FLOW AND ENERGY MEASUREMENT



E50/E51

INPUTS

Control Power, AC 50/60 Hz; 5 VA max.; 90 V min.; UL Maximums:  
600 VL-L (347 VL-N); CE Maximum: 300 VL-N 

Control Power, DC 3W max.; UL and CE: 125 to 300 Vdc  
(external DC current limiting required)

Voltage Input UL: 90 VL-N to 600 VL-L; CE: 90 VL-N  to 300 VL-N 

CURRENT INPUT

Scaling 5 A to 32,000 A

Input Range 0 to 0.333 V or 0 to 1 V (selectable) CTs must be rated 
for use with Class 1 voltage inputs

Pulse Inputs E5xHx  
& E50Fx only

Contact inputs to pulse accumulators (one set with 
E5xH2 and E50F2; two sets with E5xH5 and E51F5)*

ACCURACY

Real Power & Energy 0.2% (ANSI C12.20, IEC 62053-22 Class 0.2S)

OUTPUTS

E50B1 & E5xCx Real Energy Pulse: N.O. static**;  
Alarm contacts: N.C. static**

*10 kΩ Vac/dc to 4 to 10 Vdc.  
**30 Vac/dc, 100 mA max. (AC: 50/60Hz).

E51Cx only
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E5xH2 only

E50Bx Reactive energy pulse 30 Vac**

E5xCx RS-485 2-wire Modbus RTU (1200 baud to 38.4 kbaud)

E5xHx RS-485 2-wire BACnet MS/TP (9600 baud to 115.2 
kbaud)

E50Fx 2-wire LON FT

MECHANICAL

Mounting DIN Rail or 3-point screw mount

ENVIRONMENTAL

Altitude of Operation 3000 m

Operating Temp Range -30 to 70 °C (-22 to 158 °F)

Storage Temp Range -40 to 85 °C (-40 to 185 °F)

Humidity Range <95% RH non-condensing

Mounting Location Not suitable for wet locations. For indoor use only.

WARRANTY

Limited Warranty 5 years

AGENCY APPROVALS

Agency Approvals UL 508 (Open Type Device), IEC/EN 61010-1, California 
CSI Solar, ANSI C12.20, Cat III, Pollution Degree 2

APPLICATIONS

• Energy monitoring in building 
automation systems

• Renewable energy

• Energy management

• Commercial sub-metering

• Industrial monitoring

• Cost allocation

The E5x Series DIN Rail Meter combines exceptional performance 
and easy installation to deliver a cost-effective solution for power 
monitoring applications. The E5x can be installed on standard DIN 
rail or surface mounted as needed. The Modbus, LON, and BACnet 
output models offer added flexibility for system integration. The 
data logging capability (E5xC3 and E5xx5) protects data in the event 
of a communications or power failure elsewhere in the system. 
Combinations of serial communication, pulse output, and phase alarms 
are provided to suit a wide variety of applications. Additional pulse 
inputs on E5xHx and E50Fx provide an easy way to incorporate simple 
flow sensors to track gas, water, steam, or other energy forms using a 
BACnet or LON system.

The E51 models add a bi-directional monitoring feature designed 
expressly for renewable energy applications, allowing measurement 
of power imported from the utility grid as well as power exported 
from the renewable energy source (e.g. solar panels). In this way, a 
facility administrator can track all energy data, ensuring accuracy in 
billing and crediting. They are also useful for monitoring loads that use 
regenerative braking.

SPECIFICATIONS 

Revenue grade 
measurements 
Meets ANSI C12.20 Class 0.2 
standards

Multiple 
applications
Real energy output and phase 
loss alarm output on E50Bx  
and E5xCx models…one device 
serves multiple applications

High reliability 
ANSI C12.20 0.2% accuracy, IEC 
62053-22 Class 0.2S on E5xxx

Data logging 
Ensures long term data retrieval 
and safeguards during power 
failures (E5xC3 and E5xx5)

Easy installation 
DIN rail or screw mounting options

Wide CT 
compatibility
Compatible with CTs from 5 A to 
32000 A

800.354.8556 | +1 503.598.4564 | sales@veris.com | intl@veris.com | www.veris.com
TM

E5X SERIES 
Versatile Energy Monitoring Solution

Power Monitoring Single-Circuit  |  Enhanced Power and Energy Meters

HQ0001710.O   0119
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MEASUREMENT CAPABILITY - FULL DATA SET 

Bi-directional Energy Measurements • • •

Power (3-phase total and per phase): Real 
(kW) Reactive (kVAR), and Apparent (kVA) • • • • • • • • • • •

Power Factor: 3-phase average & per 
phase • • • • • • • • • • •

Present Power Demand: Real (kW),  
Reactive (kVAR), and Apparent (kVA) • • • • • • • • • • •

Import and Export totals of Present 
Power Demand:  Real (kW), Reactive 
(kVAR), & Apparent (kVA)

• • • •

Peak Power Demand: Real (kW),  
Reactive (kVAR), and Apparent (kVA) • • • • • • • • • • •

Current (3-phase average and per phase) • • • • • • • • • • •

Voltage: Line-Line and Line-Neutral  
(3-phase average and per phase) • • • • • • • • • • •

Frequency • • • • • • • • • • •

ANSI C12.20 0.2% accuracy, IEC 62053-22 
Class 0.2S • • • • • • • • • • •

Accumulated Net Energy: Real (kWh),  
Reactive (kVARh), and Apparent (kVAh) • • • • • • • • • • •

Accumulated Real Energy by phase 
(kWh) • • • • • • • • • • •

Import and Export Accumulators of  
Real and Apparent Energy • • • •

Reactive Energy Accumulators by 
Quadrant  
(3-phase total & per phase)

• • • •

Demand Interval Configuration: 
 Fixed or Rolling Block • • • • • • • • • • •

Demand Interval Configuration:  
External Sync to Comms • • • • • • • • • •

DATA LOGGING

Data Logging: 10 16-Bit Configurable 
(can include Date/Time) Data Buffers • •

Data Logging: 3 Timestamped 32-Bit  
Configurable Data Buffers • • •

Store up to 60 days of readings  
at 15-minute intervals • • • • •

OUTPUTS

Alarm Output (N.C.) • • • • • • • •

1 Pulse Output (N.O.) • • • •

2 Pulse Outputs (N.O.) •

RS-485 Serial (Modbus RTU Protocol) • • • •

RS-485 Serial (BACnet MS/TP Protocol) • • • •

LON FT Serial (LonTalk Protocol) • •

INPUTS

2 Pulse Contact Accumulator Inputs • • •

1 Pulse Contact Accumulator Input • • •

4.2” 
(107mm)

3.6” 
(91mm)

1.5” 
(39mm)

2.3” 
(59mm)

1.9” 
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3.6 “
(91 mm)

4.2 “
(107 mm)

0.2 “
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3.9“
(99 mm)

2.4 “
(61 mm)

++

+

4.3 “
(109 mm)

1.2 “
(31 mm) 0.3 “

(8 mm)

0.4 “
(10 mm)

DIN MOUNT CONFIGURATION 
Mounting Diagram

SCREW MOUNT CONFIGURATION 
Mounting Diagram
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 Loop Voltage  3-30 VDC

 Maximum Loop Current  10 mA

 Contact Bounce  0 msec

 Min. Pulse Width  50 msec or 50% of Duty Cycle

 (whichever is smaller)

 Switch Closed  R < 10 OHMS

 Switch Opened  R > 1 MEGA OHM

 Temperature Range  -40°F to +140°F

 -40°C to +60°C

 Humidity  95% non-condensing

 Output*  Form C

 Series 3 & 1 TC (Temp. Comp.) 

Version

 Non-compensated and 

Compensated Pulse

 Counter (CTR) Version  Non-compensated Pulse

 Outputs  Single or Dual Connectors

(Circular, Conduit, or Cable Gland)
Conduit Cable GlandCircular Connector

Meters & Instruments

ROOTS®  Solid State Pulser

The ROOTS® Solid State Pulser+ generates low frequency pulses which represent volumetric information 

necessary for remote data collection units.  Solid state construction eliminates mechanical switches and 

ensures maximum reliability. No battery and no maintenance are required. 

The dual connector option allows one connector to be used with your AMR system and a separate connector 

for your customer. These pulsers are available for our Series B3 (Life-Lubed™) meters and Series A1 (LM-MA) meters.

Features

  • Bounceless Switch

 • Internal Mounting

 • No Battery

 • No Moving Parts

 • Reliable Wiegand Technology

 • Rugged, Weatherproof Housing

 • Corrected & Uncorrected Outputs

 • Universal Interface

 +  U.S. Patent Number; 5,530,298

* Form A wiring acceptable.  A two-wire Form B will not function properly.
  Note: Solid State Pulser can be purchased in a conversion kit or factory installed on a ROOTS® Meter.

Specifi cations
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ROOTS® Solid State Pulser

Version Type # 
Connectors

P/N 
Amph. Conn.

#399 Kit

P/N
Conduit 
Conn. 

#399 Kit

Meter
Size

Pulse
Rate

(English)

Pulse
Rate

(Metric)

Non-
Comp.
Pulse 
Wiring

Comp.
Pulse 
Wiring

Counter Single 057128-060 057128-130 8C-3M 10 cf 0.1 m3 ABC

Counter Single 057128-060 057128-130 5M-11M 10 cf 1.0 m3 ABC

Counter Single 057128-060 057128-130 16M-38M 100 cf 1.0 m3 ABC

Counter Single 057128-060 057128-130 56M 100 cf 10.0 m3 ABC

Counter Dual 057128-070 057128-130 8C-3M 10 cf 0.1 m3 ABC

Counter Dual 057128-070 057128-130 5M-11M  10 cf 1.0 m3 ABC

Counter Dual 057128-070 057128-130 16M-38M  100 cf 1.0 m3 ABC

Counter Dual 057128-070 057128-130 56M  100 cf 10.0 m3 ABC

TC Single 057128-310 057128-260 8C-3M 10 cf .1 m3 ABC DEF

TC Single 057128-310 057128-260 5M-11M 10 cf 1.0 m3 ABC DEF

TC Single 057128-310 057128-260 16M 100 cf 1.0 m3 ABC DEF

TC Dual 057128-320 057128-260 8C-3M 10 cf .1 m3 ABC DEF

TC Dual 057128-320 057128-260 5M-11M 10 cf 1.0 m3 ABC DEF

TC Dual 057128-320 057128-260 16M 100 cf 1.0 m3 ABC DEF

Series B3

(Life-Lubed)

 Note: For Series 3 Pulser-Ready Accessory Units, a credit may be applied for deduction of magnets from SSP #399 Kits.

 Application Guide

HAZARDOUS LOCATION
INSTALLATION MUST BE IN ACCORDANCE WITH 
ANSI/ISA RP 12.6OR NEC ANSI/NFPA 79, ARTICLE 504.
FOR INSTALLATION IN CANADA, INSTALL IN ACCORDANCE 
WITH THE CANADIAN ELECTRICAL CODE, PART 1.

A

C

SIG

COM

Not Connected

MS CONNECTOR 
(IF EQUIPPED)

NON COMPENSATED

NON-HAZARDOUS LOCATION
MAXIMUM SAFE AREA VOLTAGE 250V RMS

CAUTION: ASSOCIATED APPARATUS MUST NOT SUPPLY VOLTAGE 
EXCEEDING 30 VOLTS OR CURRENT IN EXCESS OF 10 MILI-AMPS

USE CSA APPROVED POSITIVE BARRIERS HAVING THE FOLLOWING PARAMETERS:
28 Vdc (Max), 300 ohms (Min)
EXAMPLE: MTL787S (CONNECTIONS SHOWN IN DIAGRAM)

NOTE:
ACCESSORY MODEL SSP FOR USE WITH
ROOTS® SERIES B3 GAS METERS.

INSTALL IN ACCORDANCE WITH THE BARRIER MANUFACTURER'S INSTRUCTIONS.

Field Wiring Diagram 
Solid State Pulser

Customer Installation

Drawing Number 
A057159-000

SHIELDSHIELD

3
4

1
2

( GROUND)
< 1 OHM

GROUNDING BUS

TYPICAL INSTRUMENT CONNECTION

ASSOCIATED APPARATUS

+3 TO +30 VDC, <10 mA

COM

R +VDC

PULSE IN

COMTO BARRIER

IF RESISTOR MUST BE INSTALLED, CHOOSE VALUE BY R = VDC/.01
EXAMPLE: IF VDC IS 5 VOLTS,

R = 5 /.01 = 500 OHMS.
DO NOT USE A VALUE SMALLER THAN THIS.

PRELIMINARY INFORMATION.    APPROVALS NOT YET GRANTED

MTL787S

(BROWN)

(GREEN)

(RED)

B

D

F

SIG

COM

Not Connected

MS CONNECTOR 
(IF EQUIPPED)

COMPENSATED
SHIELDSHIELD

3
4

1
2

( GROUND)
< 1 OHM

GROUNDING BUS

ASSOCIATED APPARATUS

+3 TO +30 VDC, <10 mA

COM
MTL787S

(WHITE)

(BLACK)

(BLUE)

E

Rick Christian
Rectangle



RS-485 I/O Modules: ADAM-4000

RoHS
COMPLIANT
2002/95/EC

Ordering Information
 � ADAM-4118 Robust 8-ch 

Thermocouple Input 
Module w/ Modbus 

 � ADAM-4150 Robust 15-ch Digital I/O 
Module with Modbus

 � ADAM-4168 Robust 8-ch Relay 
Output Module with 
Modbus

Specifications
General
 � Certification FCC, CE, UL, UL Class I 

Division 2
 � Power Consumption 0.5W @ 24 VDC

Analog Input
 � Channels 8 differential and 

independent configuration 
channels

 � Input Impedance Voltage: 20 MΩ 
Current: 120 Ω

 � Input Type T/C, mV, V, mA
 � Input Range 

Thermocouple  
J 0 ~ 760°C R 500 ~ 1,750°C
K 0 ~ 1,370°C S 500 ~ 1,750°C
T -100 ~ 400°C B 500 ~ 1,800°C
E 0 ~ 1,000°C

 
Voltage mode ±15 mV, ±50 mV,  
 ±100 mV, ±500 mV, 
 ±1 V, ±2.5 V 
Current mode ±20 mA, 4 ~ 20 mA

 � Accuracy Voltage mode: ±0.1% or 
better 
Current mode: ±0.2% or 
better

 � Resolution 16-bit
 � Sampling Rate 10/100 samples/sec 

(selected by Utility)
 � CMR @ 50/60 Hz 92 dB
 � NMR @ 50/60 Hz 60 dB
 � Overvoltage Protection ±60 VDC

 � High Common Mode 200 VDC

 � Span Drift ±25 ppm/°C (Typical)
 � Zero Drift ±6μV/°C
 � Built-in TVS/ESD Protection
 � Burnout Detection

ADAM-4118

ADAM-4118
ADAM-4150
ADAM-4168

Robust 8-ch Thermocouple Input Module 
with Modbus
Robust 15-ch Digital I/O Module with  
Modbus
Robust 8-ch Relay Output Module with 
Modbus

ADAM-4150 ADAM-4168

Specifications
General
 � Certification FCC, CE, UL, UL Class I 

Division 2
 � Power Consumption 0.7 W @ 24 VDC

Digital Input
 � Channels 7
 � Input Level 

Dry contact: Logic level 0: Close to GND 
 Logic level 1: Open 
Wet contact: Logic level 0: 3 V max 
 Logic level 1: 10 ~ 30 V 
(Note: The Digital Input Level 0 and 1 status can be 
inverted)

 � Supports 3 kHz Counter Input (32-bit + 1-bit 
overflow)

 � Supports 3 kHz Frequency Input
 � Supports Invert DI Status
 � Over Voltage Protection 40 VDC

Digital Output
 � Channels 8, open collector to 40 V 

(0.8A max. load)
 � Power Dissipation 1W load max
 � RON Maximum 150 mΩ
 � Supports 1 kHz Pulse Output
 � Supports High-to-Low Delay Output
 � Supports Low-to-High Delay Output

Specifications
General
 � Certification FCC, CE, UL
 � Power Consumption 1.8 W @ 24 VDC

Relay Output
 � Output Channels 8 Form A 
 � Contact Rating 0.5 A @ 120 VAC 
(Resistive) 0.25 A @ 240 VAC 
 1 A @ 30 VDC 
 0.3 A @ 110 VDC

 � Breakdown Voltage 750 VAC (50/60 Hz)
 � Initial Insulation  1 G Ω min. @ 500 VDC 

Resistance
 � Relay Response On: 3ms 

Time (Typical) Off: 1ms 
 � Total Switching Time 10 ms
 � Supports 100 Hz pulse output
 � Maximum Operating 50 operations/min  

Speed  (at related load)

Common Specifications
General
 � Power Input Unregulated 10 ~ 48 VDC

 � Watchdog Timer System (1.6 second) & 
Communication

 � Connector 2 x plug-in terminal 
blocks (#14 ~ 22 AWG)

 � Isolation Voltage 3,000 VDC

 � Interface (B version) RS-485, micro USB 

 � Supported Protocols ASCII Command and 
Modbus/RTU

Environment
 � Operating Humidity 5 ~ 95% RH
 � Operating Temperature -40 ~ 85°C  

(-40 ~ 185°F)
 � Storage Temperature -40 ~ 85°C 

(-40 ~ 185°F)

RoHS
COMPLIANT
2002/95/EC

RoHS
COMPLIANT
2002/95/EC

All product specifications are subject to change without notice. Last updated: 25-Feb-2020




