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GLOSSARY

DG/CHP System. The units, components, equipment and subsystems that make up the
Disgtributed Generation/Combined Heet and Power system at afacility.

Data Acquisition System (DAS). The contrallers, ingrumentation and other equipment at the
Ste to measure and record data related to the facility or DG/CHP system. Can be a dedicated
data logger, adirect digital control (DDC) system for controlling facility operation, an industrid
control system, or an on-board controller for the DG/CHP equipment. Generdly, the DASis
located on-Site near the DG/CHP System.

Data Collection, Logging, or Recording Interval. Thetimeinterva a which data are recorded
or saved into memory in the on-site DAS.

Data Retrieval Interval. Thetimeintervd a which data are transferred from the on-site DAS to
an off-dte computer system for sorage and andlysis.

Data Point. The measured vaue or reading provided by a sensor or instrument installed as part
of the on-site DAS or from other handheld instruments.

Demonstration Site. A facility or building where a DG/CHP system has been indaled with
financia support from NY SERDA.

Displaced Fuel Use. The natura gas or other fuels that would have been consumed if the
DG/CHP system had not been ingtalled/operating at the Site.

Load. The equipment and systemsin afacility or building that consume or use heet, power, or
cooling that is produced by a DG/CHP system. In the absence of the DG/CHP equipment, the
therma load would be met with bailers, furnaces, chillers, or other fud consuming equipment at
the gte. The eectric load would have been met by the locd eectric utility.

Log or Logfile Thefile or memory locations where control systems save or record time
gamped data. Thisterm is commonly used by building direct digita control systems.

Monitoring Plan. A document describing the sensors and equipment to beingtalled as part of
the DAS. The plan explains the purpose and use of each sensor or data point.

Monitoring System. Same as Data Acquisition System (DAS).

Parasitic Power. Electric power consumed by the DG/CHP system. Can be power use interna
to the DG/CHP unit (interna paragitics) or power use by pumps, fans, compressors and other
components that are required to deliver heet, power or cooling to the load (externd parasitics).

Scan or Sampling Interval. Thetimeinterva at which each sensor or instrument isread by the
on-ste DAS.



Introduction

This document describes the requirements and desirable attributes of an automated data
collection system designed to monitor the performance of a distributed generation/combined heeat
and power (DG/CHP) system. This standard is intended to provide guidance to demonstration
gtesthat are part of NY SERDA’s DG/CHP program. Specifically, this document seeksto guide
demondration Stes through the process of developing amonitoring system and preparing a
Monitoring Plan for their DG/CHP ste.

DG/CHP demongtration sites that receive funding from NY SERDA are generdly required to
collect key performance data a 15-minute intervals over the first year of operation. The
monitored data are intended to quantify facility load profiles, generator power output, fuel
consumption, useful therma outputs, paragitic loads and equipment runtimes. These data
provide the means to confirm dectrica and CHP efficiencies over the year, determine equipment
avalability, and verify sysem economics.

The sections that follow discuss the types of on-dte measurements that are required or
recommended to meet the goa's and monitoring requirements. First, this document describes the
need to fully document the sdlient details of the DG/CHP system and to develop asmple system
schematic. Next, the process of setting monitoring objectives and goas for a CHP project are
described. Then, the process of sdlecting monitoring hardware and instrumentation to meet the
project goadsis demongrated by an example. Findly, the advantages and disadvantages of
various communications and web presentation options are compared.

Documenting System Details

The first step in developing a monitoring plan is to define the key components and equipment as
well asto provide the basic layout of the componentsin the DG/CHP system. Thisgtepis
critica because it hel ps to determine the data points and measured parameters that must be
monitored to quantify system operation.

Describing DG\CHP Equipment

At aminimum, the monitoring plan should include the basic equipment and system detalls listed
inTable 1.

CDH Energy Corp. 1 December 29, 2004



Tablel. Documenting DG/CHP Equipment and Site Details

System overview - Generator size and type

Is power exported to the grid?
standby power functiondity

heet recovery used to meset facility
loads, describe loads and displaced
fuds

Power generating equipment - Nameplate data such as output,
operating voltage, generator type, fue
input

Basic nameplate data on standby
power/auto transfer components
protective relay functions and settings

Heat recovery system and - Rated performance and corresponding
displaced thermal equipment operating temperatures of hesting/
cooling systems

Size and Nameplate data on boilers,
chillers and other equipment that are
displaced by (or provide backup for)
heat recovery operation

Facility load detalls - Fadlity 9ze, use, and other gpplication
details

Electric utility details number of

meters, origind and current eectric and
ges taiff info

System Schematic

An important step to describing and understanding a DG/CHP system isto develop asmple
schemétic representation of the system. Unlike detailed engineering drawings that show the
physica layout of al componentsin a system, asmple schematic conveys the functiona layout
of the system in order to understand the energy flows and thermodynamic boundaries. The key
concepts conveyed by the schematic are the flow of fud, dectricity, and thermd energy between
the DG/CHP system and the facility. The number of heat exchange steps, the direction of fluid
flow, the operating temperature of each loop, the net power supplied to the building, and
exported power are al shown.

Figure 1 shows a smple schematic of a CHP system that supplies hegt recovery to abuilding via
ahot water loop. Hot water from the CHP unit issupplied at 180°F. A heat exchanger (HX) is
required to separate the building hot water loop from the CHP system loop. The extra heat
exchange step lowers the fluid temperature that can be delivered to the load. A dump radiator
regjects heat from the loop when it cannot be used to meet building thermd loads. The system
supplies generated power into the main dectric busfor the facility. This power is consumed
internaly (no power export to the utility). Some externd parasitic power is required to run the
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pumps and dump radiator. The net purchases from the utility are also monitored at the main
meter.

Net Generated Purchased

Power Power

Generated

Power

| Fec] Dump
Fuel -* Parasitic Radiator

CHP Power ;
System >K QHR Hx & Load
[ |=140F
Pum () :

180F = H
—> =& N/ LI i FGT

Measured Data Points : *
WG - Power Generated (net internal parasitcs) f N i
WP - Parasitic Power (external parasitics) Facility Boundary Fuel
FGG - Natural Gas Flow into Generator Thermal
QHR - Useful Heat Recovery
QD - Heat that is Dumped or Unused Measurements
WT - Total Facility Power (to find “useful” and
FGT - Total Facility Gas Flow/Use “dumped” output)

Figure 1. Simple Schematic CHP System

Figure 1 aso shows the location of monitored data points that would be included to measure
DG/CHP system performance. The data point name or tag corresponding to each sensor is
shown as the red, box-enclosed text on the schematic. A key purpose of the schematic isto
show the location of each measured point in order to demongrate that meaningful data are being
collected. The next section talks about process and rationae for saecting these points.

Feasihility Study and Estimated Annual Performance

In most cases a DG/CHP System hasingtaled and built after a detailed engineering feesibility
study has been completed to evauate the cost effectiveness of the syssem. Generaly this sudy
would have assumed or caculated sizes and performance characterigtics for key equipment and
predicted annua power production, daily or monthly load profiles, annua heat recovery savings,
parasitic power use, etc. The key results of the feasibility sudy should be briefly summarized in
the monitoring plan. The origind feashility sudy could also be attached as an appendix or
provided as areference.

1 Appendix A explains the naming convention that was used for selecting the data point names shown in Figure 1.
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Data Collection and Monitoring

Monitoring Objectives

In order to salect the necessary monitored data points the project objectives should first be
clearly dtated, since they drive the monitoring and data collection requirements. The primary
monitoring objectives (listed in Table 2) are usudly required for NY SERDA DG/CHP sites.
Other optiond objectivesareligted in Table 3. The data points necessary to meet these
objectives are listed in each table.

Table2. Primary (NY SERDA Required) Monitoring Objectives

No | Objective Data Necessary to
Meet Objective

1 | Quantify the variation of DG/CHP system power outpu, gas WG', FGG, TAO
consumption, and efficiency over wide range of annud operating
conditions.

2. | Quantify externa parastic loads (e.g., gas compressors, pumps, WP
dump radiators, €tc.).

3. | Quantify the daily, weekly monthly, and annua variation of total WT
facility power use (or power purchased from the utility) so that
actua utility costs can be determined.

4. | Determine the therma |oads imposed on the CHP system by the QHR (or integrated
fadility (or the useful therma output supplied to the fadility) to flows & temperatures),
measure the totd CHP efficiency of the system on adaily, monthly TAO
and annud basis, quantify the variation of these loads with ambient
conditions and operating schedules so the findings from this Ste
can be extended to other climates.

5. | Quantify the displaced fud use on auxiliary equipment and systems Boiler fuel use, total
to confirm the benefit of hest recovery. fecility fuel use (FGT),

chiller electric
consumption

6. | Quantify the amount of available therma energy thet is unused or QD (or integrated flows
“dumped” by the CHP system in order to demonstrate a system & temperatures)
hest balance.

1- Thedatapoint names correspond to the pointslisted in Figure 1 and Appendix A
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Table 3. Optional Monitoring Objectives

No | Objective Data Necessary to
Meet Objective
7. | Determinethe impact of generator operation on power quality in Volts, amps, kVA, hz,
the facility (power factor, KVAR, frequency, tota harmonic THD, etc (total and/or
distortion); measure at generator output and/or main service per phase)
entrance.
8. | Collect diagnostic datato confirm the DG/CHP system operates as Compzfeﬂt statuses,
expected and/or support of maintenance and operation activities. Lgm”;ratff; ressures
9. | Deveop performance maps of CHP equipment and components to QHR, flows,
verify manufacturer specifications. {e‘:::"perat“m statuses,
10. | Determine environmenta emissions from DG/CHP equipment to CO,NO,, THC, etc
quantify net emissionsimpacts of the system.

The primary objectiveslisged in Table 2 require the rdatively smdl set of monitored data points
shownon Figure1l. The optiona objectives would require a more extensive monitoring system.
Generdly dl these data would be captured and recorded at 15-minuteintervals. Though in some
cases one-time readings with handheld meters will sufficient to quantify operation (eg., onetime
readings of paragitic power for a congtantly operating pump; one-time flow readings for loop
flow rates that are constant). Some data, such asloca wesather data, can aso be purchased
instead of measured (www.ncdc.noaa.gov).

In some cases it may be more convenient to measure power at different locations in the system.
For ingtance:
measure totd facility power use instead of net utility purchases,
separately measure generator gross output and interna parasitics instead of net busbar
power output.

These variations are acceptable but must be documented in the monitoring plan tables and
schematic. The Monitoring Plan must include equations defining how the values shown in
Figure 1 can be caculated from the measured data.

Monitoring Hardware | ssues

The necessary sensors and equipment are driven by monitoring objectives as well as the type of
monitoring system hardware and software that will be used. For instance, if the monitoring

system is cgpable of counting pulses, then a utility-grade KY Z (or Form C) output can often be
added to main electric meter a ardatively low cost. Otherwise an additiona power meter with a
more compatible output (e.g., a4-20 ma output proportiond to kW) might have to be ingtalled on
the building main. Similar issues are true for the gas meter ingtalled on the CHP unit.

Another monitoring system issue is the type of software used to sample, record, and save the
monitored data. Building control systems have historicaly had the ability to sample data at
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specified interval and then save that information ina“log”. In contrast data loggers and other
more flexible control systems can usually scan or read sensors a relatively fast interva (eg.,
every few seconds) and then average or totalize the readings over the recording intervd (e.g.,
every 15-minutes). Thisdigtinction can become very important when aggregeting the data to
daily, monthly, or annua vaues. The rdative impact depends on how much the outputs, inputs,
or loads fluctuate in time. Generaly, monitoring systems than can average or totdize over the
recording interva will provide more accurate and useful data

Key examples are the electric power output from a generator or total power use of afacility. The
god is usudly to determine the overdl energy production (kWh) as well as the average demand
(kW) for each recording interval (e.g., 15-minutes). With a pulse output meter, the total energy
use (kWh) is explicitly determined. However, the average demand (kW) intime interva can

aso be determined if the pulse resolution is sufficiently smdl. In this case the average demand

is

KWayg = (Mmeasured KWh per interva) / (time interva)

The other metering option would be to use a power meter that measures power (kW) and
provides an analog output (e.g., 4-20 mA). This meter explicitly measures power demand.
However, the overdl energy use can aso be inferred:

KWhota = (measured kW) x (time interva)

For systems were the measured value changes fagter than the time intervd,, the error in
determining the inferred KWh value can be large. Thisis especidly true for monitoring systems
that only take one samplein the recording interval. Scanning and averaging the power
transducer at afaster rate can generaly dleviate these concerns.

Other more expensive types of power meters solve this problem by independently providing a
kWh and kW reading viaa seria connection (e.g.,, MODBUS) for each interval.

Generdly we believe that priority should be on explicitly determining energy use (kwWh) with a
high-resolution, pulse-emitting meter since this reading is most important to overal economics.
The average demand in any interva can be closaly inferred by the method described above.

Determining the therma outputs from a CHP system has Smilar issues. Determining the thermdl
output generally requires that the flow and delta temperature be measured. The product of flow
and delta temperature must be integrated (or summed) to determine the energy content:

q =k - S{gpm+(Tin — Tout;)} - (timeinterval)

Wherei corresponds the readings at each scan interva. The factor “k” depends on the specific
heet and dengity of the actud fluid at the Ste. The summation is completed for al the scans to

find the tota vaue“q’ for the recording or logging intervd (i.e., 15 minutes). The integration

can be done by a control system/datalogger or by using a dedicated electronic device known asa
BTU Meter. If theflow is known to be congtant throughout the year, then a one-timeflow
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reading can be combined with continuous temperature measurements. In al cases, care should
be taken to properly integrate the flow-temperature product at smdl intervas if the flow varies
(or cycles on and off) to meet the needs of the load.

If acongant flow is assumed, then the Monitoring Plan must explicitly make the case that no
pumps or vavesin theloop will vary. At aminimum, aone-time flow measurement isrequired
to verify the flow rate. Design flow values from drawings or engineering design caculations are
not acceptable.

Monitored Data Points

The monitored data points that are ultimately sdlected need to specified in tabular and graphic
form. The tabular summary needs to specify or provide:

the data point name or tag

adescription of the measured value

the engineering units of the measured/recorded vaue

the type of sensor or transducer and key manufacturer information

Separate tables should be provided for continuous or automatically-collected data points and for
measurements that a taken periodically or one-time with handheld or temporary meters.

The DG/CHP system schematic should be used to show the location of each data point in the
sysem. The schematic must include sufficient detall to explain why and how the measurement
location was selected.

Findly, the rationde and intended purpose for each data point should be described in the text.
The description should explain how the measured point would be used to analyze and understand
DG/CHP system performance. The description can be bulleted text or in narrative format. The
next subsection shows an example of how the monitored data points could be presented and
defined.

Selecting Monitoring Points for and EXAMPLE CHP SITE....

The continuoudy-monitored data pointsin Table 4 were selected to quantify the performance of
the CHP system. Figure 2 shows the location of each monitored point in the sysslem. The CHP
system includes two 60 kW microturbines with integrated heat recovery. Hot water produced by
the microturbinesis used to provide space heating to the building. Hot water is dso provided to
an absorption chiller that can meet the space cooling loads in the summer. Hest recovery
provided for space heeting will displace boiler operation. Hear recovery used by the chiller will
displace operation of the origind eectric chiller.

The monitoring system will use a Campbel Scientific CR-10x data logger that samples and
integrates every 10 seconds and records data at 15-minute intervas
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Table4. Continuousor Automatically Collected Monitoring Pointsfor EXAMPLE CHP System

Channel |Data Pt Eng

Type Name Description Units Sensor Type
Analog-1 Thermocouple reference

Analog-2  |TAO Ambient Temperature F type-T TC
Analog-3  |TCHL Chilled Water Supply - system F type-T TC
Analog-4  |TCHE Chilled Water Return - system F type-T TC
Analog-5  [THXL Hot Water from microturbines F type-T TC
Analog-6  [THXE Hot Water to microturbines F type-T TC
Analog-7  [TBXL Hot Water Supply on Boiler-Side of HX F type-T TC
Analog-8 |TCWE Cooling Water Entering Abs. Chiller F type-T TC
Analog-9

Analog-10 [FHW Heat Recovery Flow gpm Onicon F-1110
Analog-11 (FCH Chilled Water Flow gpm Onicon F-1110
Analog-12 |RHO Ambient RH % Vaisala RH
Pulse-1 |[FGB Building Gas Use cu ft Gas meter”
Pulse-2 FGT Microturbine Gas Use cu ft Gas meter”
Pulse-3  (WCH Electric Chiller Power kWh Veris H-6010
Status-1 |SCH ABS Chiller Status min Veris 800
Status-2  |SHV Boiler/Abs CH Valve Status min Veris 800
Status-3 |SCT Cooling Tower Status min Veris 800
Status-4 |SHP Heat Exchanger Pump Status min Veris 800
MODBUS [(WT1 Power Microturbine #1 kW/V/A |Veris Modbus
MODBUS (WT2 Power Microturbine #2 kW/VIA |Veris Modbus

Notes: 1- Gas meters are utility-grade, temperature- and pressure-compensated meters.
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CH-1 - Abs Chiller

WCT-1 - Cooling Tower for CH-1

T - Microturbines 1 & 2

C - gas compressors for T-1,2
ICHP - exhaust-to-water HXs
HX-1 - heat exchanger to boiler rm

o W l;
i L,
I
|
I

MO0 L 8 GG e

Figure2. System Schematic Showing Sensor Locationsin EXAMPLE CHP System

The dectricd output of the microturbines (WT1 & WT2) will be measured withaMODBUS
power transducer than can aso measure volts, amps and true power for each phase (Objectives 1
& 7). Thegasinput to theturbines (FGT) will be measured by a sngle gas meter with pulse
output (supplied by locd utility) (Objective 1). The parasitic power use of the DC-powered gas
compressors will be captured in the turbine power (S0 a separate power transducer is no longer
needed) (Objective 2). A vave status sensor (SHV) will determine when the heat recovery
output is going to the bailer load or to the chiller (Objectives 4, 6 & 8). The runtimes of the
absorption chiller, constant-speed tower fans, and heat recovery pump will aso be monitored
(SCH, SCT, SHP) (Objectives2 & 8).

The thermd output from the heat recovery unit will be determined from the flow and

temperature difference (FHW, THXL, THXE) (Objectives4 & 9). The datalogger will integrate
these readings every 10 seconds to determine the thermd output. We will dso measure the
temperature of the hot water supplied to the boiler loop after the boiler HX (TB XL) to determine
how effectively the hegt is being transferred into the boiler loop (Objective 8 & 9). Totd gasuse
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for the building (FGB) will be continuoudy monitored to provide an indication of how much
boiler gas use is displaced by heat recovery (Objective 5).

The output of the total chiller system (electric and absorption) will be measured (FCH, TCHL,
TCHE) dong with the condenser water temperature (TCWE) entering the aosorption chiller
(Objectives 4,5 & 9). Thisdatawill alow usto confirm that the COP and capacity of the chiller
is congstent with the manufacturer’ s performance specifications. Absorption chiller and cooling
tower paragtic power will dso be determined by combining one-time power measurements
(WABS, WCTF, WCTP) with the continuoudy recorded component runtimes (SCH, SCT,
SHP) (Objective 2). Thetotd power for the eectric chiller (WCH) will be continuougy
monitored with a power transducer (Objective 5).

Table5. One-TimeMeasured Data Collected for EXAMPLE CHP System

En
Name Description Un%[s Sensor Type
WCH ABS Chiller Parasitic Power kWh Handheld Pwr Meter
SCT Cooling Tower Fan Power kWh Handheld Pwr Meter
SHP Heat Exchanger Pump Power kWh Handheld Pwr Meter

Communications, Data Retrieval Procedures, and Web
Presentation

Communications with the monitoring system can range from manud dataretrievd to fully
automated broadband connections that alow for rea-time ( or near red-time) display of
messured values on aweb page. The type of communication link needed for a project depends
on:

the type of DG/CHP equipment,
how the system is operated, maintained, or dispatched, and
the reporting needs for monitoring.

Strictly spesking, it might be fully rationd to provide a complex monitoring system with no
communications capability if on-Ste staff are available to operate/maintain the system and to
periodicaly transfer monitored data from a computer to a CD or memory stick. Conversdly, a
very smple monitoring system may require adirect broadband connection if system operation
were critical and responsible personnd were remotely located. NY SERDA’s DG/CHP sites are
generdly encouraged to have some form of communication connection so that system status and
periodic reporting can be provided on the web.
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Table6. Communications Optionsfor Data Retrieval and Monitoring

Type of Communications Description / Example
for Data Collection

None/ Manua download Datais manually downloaded or transferred to aCD or
memory gtick on a periodic basis (monthly, weekly, daily).
Phone Data are automaticaly (or manudly) retrieved via phone-

modem link using dedicated software. Dataretrieva rates can
be hourly, daily, weekly or monthly.

Broadband A DSL or Ethernet connection alows continuous automated
dataretrieval. The operating state and performance of the
DG/CHP system can be displayed in red or near-red time. A
web connection can be established directly with the unit
controller or viaan intermediate server cgpable of aggregating
datafrom many gtes.

The system that displays DG/CHP operating data and performance history onthe web can be
implemented with a variety of communications options. The key question is whether the web
Steisintended to present ared time sngpshot of system operation (such as Figure 3 and Figure
4) or present a higher-level summary of recent and historic performance (Figure 5). Red time
control and monitoring of the DG/CHP system clearly require a DSL or Ethernet connection
(though an phone-modem connection polled hourly can approach redl time functiondity).
Requirements for monitoring aone can be less stringent so that a phone-modem connection is
aufficient. The choice of the communications option is often driven by the cost or difficulty of
providing either a phone or broadband connection in the facility.

Figure 3. Example of a Real time Web Page Showing System Status (Served from Inter mediate Site)
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Figure4. Example of a Real time Web Page Showing System Status (Served by Site-level PL C/computer)
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Figure5. Example of aWeb Page Showing Recent System Perfor mance (Served from an I nter mediate Site)
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The frequency of dataretrieval from amonitoring system can vary based on the project needs.
For monitoring systems with a broadband connection, data retrieva rates can take place every
few seconds. For phone-modem systems, data retrieval can take place as quickly as once every
hour.

Even more important than the rate of detaretrieva isthe need for arobust system for archiving
and capturing al the data regardless of the communications status. Data loggers generdly are
most robugt at this task snce datalogging and recording is the highest priority function (i.e., data
logging continues even when communications with the remote hogt are teking place). Even if

the communication connection is logt, the on-board memory can continue to record data for
severd days or weeks until communications are reestablished.  PLCs (programmeable logic
controllers) are at the other end of the spectrum since they can only save the most recent readings
and aloss of communicationstypicaly resultsin aloss of data

A robusgt monitoring system must place as much emphasis on rdiably storing the collected data
inthe locd controller asit does on the redl time display of those vaues.
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APPENDIX A
Suggested Convention for Naming Data Pointsor Tagsin a Monitoring System

An important but often overlooked aspect of developing a monitoring system isto select rationa
and eadly-understood naming conventions for each data point. Consstent naming helps
communications within the project team as well as with outside entities. The following is one
possible convention.

Each data point shoud be named according a hierarchy, for instance:

TAO

TYPE LOCATION (O - outdoors)
(T — temperature)
MEDIUM or FLUID
(A — air)

Suggested designations for the type, medium, or location are given in the table below. One or
more |etters can be used for each designation. The actud |etter designations can change based
on project needs and preferences. The important aspect isthe hierarchy of the naming
convention. Each ste or monitoring entity is encouraged to develop and use their own congstent
naming conventions.

Data Point “ TYPE” Data Point “MEDIUM” Data Point “L OCATION”
T — temperature A —ar O — outdoor
P — pressure G —gas (naurd) | — indoor
RH — reative humidity CH — chilled water E — entering
W — Power (watts/watt- hr) CW — cooling water L —leaving
F—flow HW — hot water

S — gaugruntime CT — cooling tower

V —volts B — boiler

| — current/amps

HZ - frequency

Examples

TCHL: temperature — chilled water — leaving

TBXL: temperature — boiler heat exchanger — leaving

WT1: watts/power — turbine #1

FGT: flow — gas — turbines

FCH: flow — chilled water

VATL volts— phase A —turbine 1
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