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* o provide a broad understanding of:
— How to pick a meter

— How to collect the meter outputs, ... —
— How to convert data into information
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— Basic Applications

= Monitoring
— Manual -
— Automatic -

= Verification

onverting data into inform
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If you don’t measure, you're just guessing



erminology

———

recording of a measured variable, e.g., volumetric flow, —

)

B

, pressure, temperature, amperage, voltage, etc.
~ »-Meter A sensor, or group of sensors, used to measure a
calculated variable, e.g, mass flow, BTU, tons of
refrigeration, KW, etc.
» Resolution: The smallest change in a measured value that
the instrument can detect, also known as sensitivity.
» Accuracy How close a measured value is to the actual
(true) value. (% of RATE, % of FULL SCALE)
» Precision (Repeatability) How close the measured

ﬂfues are to each other

Low Accu racy High Accuracy High Accuracy
High Precision Low Precision High Precision



erminology (cont.

—mmm m)_error WhICh shifts all measurements Tbya - —
~..Certain amount.
~ > Instrument Range: The interval between the minimum and maximum
values of the measured variable in which the instrument is accurate
» Volumetric Flow Rate: The flow of the fluid measured as:
q=AxV
where:

g = volumetric flow, ft3/min, m3/sec, gal/min, etc.
A = area of the pipe, in?, cm?, etc
V = velocity, ft/min, m/sec, etc.

or Energy Flow Rate: The actual quantity or energy of fluid, i.e.

in. tons, etc. Re dg?ﬁf'ﬂm

ass Energy
A cubic foot of air weighs about .075 Ibs.; a A pound of propane contains about

cubic foot of water weighs about 825 times as 21,000 BTU; a pound of hydrogen is
much, 62 Ibs. about 3 times greater; 61,000 BTU



The positive displacement flow meter
measures process fluid flow by precision-
- fitted rotors as flow measuring elements.
Known fixed volumes are displaced
between the rotors. The rotation of the
rotors are proportional to the volume of
the fluid being displaced.

The number of rotations of the rotor is
counted by an integral electronic pulse
transmitter and converted to volume and
flow rate.

c—— - -
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In a pressure differential device the
flow is calculated by measuring the
pressure drop over an obstruction
inserted in the flow. The differen-
tial pressure device is based on
Bernoulli’s Equation, where the
flow velocity is a function of the
square root of the pressure drop.

A. Orifice |
B. enturi
C. Flow nozzle

D. Pitot Tube
E. Elbow Tap
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Flow Meters

principle that when a non-
streamlined object is placed in
the middle of a flow stream, a
series of vortices are shed
alternately downstream of the
object (Von Karman vortex
street). The frequency of the
vortex shedding is directly
proportional to the velocity of
the fluid flow.



Flow Meters

L /Sensing

Non-Conductive Electrodes
Liner

sensor

sensor

lons generate voltage when traveling
through the magnetic field.

‘-'3'5' otic flow meters are haseo o
Faraday's Law of Magnetic
Induction. In a magnetic flow meter,
the liguid acts as a conductor as it
flows through the pipe. This induces
a voltage which is proportional to
the average flow velocity - the faster
the flow rate, the higher the voltage.
This voltage iIs picked up by sensing
electrodes mounted in the meter
tube and sent to the transmitter
which takes the voltageand
calculates the flow rate based on the
cross sectional area of the meter
tube.




Flow Meters

Ultrasonic

'Sonsoc Rack

-
Receiver Doppl uProcessor
ool oppler Electronics

Converter

Transmitter Frequency

y Beam
- .
er ultrasonic flowm ?lsit-time flowmeters mgz;sureﬁ
e

operate on the Dop difference in travel time between

y pulses transmitted in a single path
. inearly by being reflected along and against the flow. Two
from particles and bubbles in the transducers are used, one upstream
fluid. The net result is a frequency of the other. Each acts as both a
shift between transmitter and transmitter and receiver for the
receiver frequencies that can be ultrasonic beam.

directly related to the flow rate.



Flow meter Characteristics Comparison Sheet

Required
Flow meter . Pressure . Upstream | Viscosit Relative
Recommended Service Turndown Typical Accuracy(%) Ps! Y
Element Loss pipe Effect Cost
diameters
Orifice ;Lerig’sd'rty et S 4t01 Medium 12 to 14 of full scale 10 to 30 High Low
ea C alnaG 0,
e pe 4 to O 0 ale 0 20 0 ed
C O e e
Flow nozzle Clean and dirty fluids 4t01 Medium 11 to +2 of full scale 10to 30 High Medium
Pito pe ed 0 0 e 0 0 0 ale 0 to 30 O 0
Elbow meter ;{iig’sd'rty et S 3tol Very low 15 to £10 of full scale 30 Low Low
ea C 0, C
arge ete ome ~ O to ed O 0 ale O to 30 ed ed
Variable area Clean, dirty viscous fluids 10to1 Medium 11 to 10 of full scale None Medium Low
D O -
ea 0 a O to 0 0.5 of rate one 0 ed
Displaceme
Turbine Clean, viscous fluids 20to 1 High 10.25 of rate 5to 10 High High
orte ea a a O to ed Of rate O to 20 ed 0
Electromagnetic (Gl o!lrty, viscous . 40to 1 None 10.5 of rate 5 None High
conductive fluids and slurries
aso D, 0 ds and
O to one 0 ale 0 30 one 0
Dopple e
UItraS(_)nlg Clean, viscous fluids 20to 1 None 11 to 5 of full scale 510 30 None High
(Transit Time)
ea C 0, C
a orio O to O 0.4 of rate one one 0
ome s
Mass (Thermal) Cllzein, Gy, Mseeus ik 10to 1 Low 11 of full scale None None High

some slurries




I\/Ietering Compound \alues

| ‘- Chilled water: Tons or BTU/hr requires volumetrlc flow,
«  supply‘and-return temperatures (AT), density
compensation generally not required

= Hot Water: BTU/hr; same as chilled water

= Steam Flow: Pounds/hr or BTU/hr; requires density
compensation using temperature, pressure, and heat
content. Some meters can do this dynamically, but most
use static values.

iguidiFueliMass; or Energy Flow: Natural gas or fuel oils; =
COf ensatlon usingter perature,

)))

' Fuel Mass or Energy Flow Coal or wood; requires
mass and heat content
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E_’g”ectmg and organizing the data for use
~ = Manual Data Collection

— Assign responsibility (who)

— Locate all meters to be read (where)

— Learn how to read the meters (how)

— Determine the frequency of data collection (when)
— Create data collection forms (what)
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.= Automated DataAcquisition

Moritoririg

R ——

The automated retrieval of field data from
remote locations to a centralized data
storage location. - —

Components include both hardware and
software

S —————




Vloritoriric) — for refarerics

o Autorpeieel Detter Aejuisiior; Hardware

-~ —programmable Logic Controllers (PLCs) Devices located near the
| sensors that have the capability to collect and process local data for
downloadtora central storage location

— “Smart” Meters: Devices that contain software that allow them to
process, connect and download data directly to the network

— Network Connection Devices: Interface between the various field
device data transfer protocols (Modbus, ControlNet, BacNet,
TCP/IP, etc) and the network (phone, wireless, ethernet, etc.)

— Database Servers: computer(s) used to store the data for real-time,
historical, and archival use.

inewalls: computer(s) used solely to limit access to the servers and..
" data collection network e ———

= Workstatlo OIERCO) puteréihwnect to the database
SEVers tordisseminate and process collected data

— Wiring: between field devices internal to building, between
buildings. 4-20 mA, Cat5e, RS485, etc. Need to chose whether to
use campus WAN or install dedicated network

—— e -




Building Data Hardware

Steam Meters

Chilled Water

Supply Meters
Pressure Flow Temp Electric
Meters
Chllled Water -OR-
Return Meters J Ethernet
t Pressurei ‘ Te: \ L gp— I
Bacnet/IP | FieldServer |
< » Located near CIRT [*] I
Rack I
SUB Panel
______________ |
EMCS
Servers

@ PPD-IS




Monitonng

/ )

- % Chilled WaterBTU=0
:;-_-;;H;-IDW.EJ) -
— Supply Temp =0
— Return Temp =0
= Both =0 — =
— Supply Pressure =0
— Return Pressure =0
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Mloritoriric) — for refarerics

1 Avtorgeiige) Pz Agefulsiilon Software - —

— = Programming:: Software necessary to program P Cs to =
process data, e.g. convert flow and temperature into BTU's, read

T field mput'termrnals load data into storage registers, upload data to
other devices, etc.

— Device Calibration: software required to configure field sensors
and devices, e.g. pipe size, fluid properties, etc.

— Protocol Converters: software interface modules to convert .

between the various field device data transfer protocols (Modbus,
ControlNet, BacNet, TCP/IP, etc)

— Database Manager: software used to organize and relate the data
for end-use, e.g. MSSQL, MySQL, Oracle, etc.

data e. g web server, visualization, scheduler, etc.



EMIS

Remote
Workstation w/
Several
Applications
X 5
0 0
SQL Server 1 SQL Server 2
v § WebServer
0
Internet X
Firewall
BUMP PLC
Workstation w/ Workstation w/ Workstation w/ Workstation w/
Excel Report Writer Microsoft SQL Browser (accesses 3" Party Software
Spreadsheet Reporting Services WebServer) (accesses SQL)

PLC Prog rammi ng (accesses SQL) (accesses SQL)
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= Energy M 'E—lﬁge’emem;lnfﬁrmation'_'S_ystem'(FMIS)":' ———

S

———E

i ——
— Gather dispersed and disparate production, energy use (both billing
and meter) and budget energy data from multiple sites, multiple
energy suppliers and different types of energy suppliers.

— Validate the data and manage missing or erroneeus data.

— Convert the raw data into usable management information,
particularly meaningful Key Performance Indicators (KPIs).

— Distribute the analyses and reports across multiple sites, internally
and externally, in a timely fashion.



= Metrics Examples

Convert INFORMATION into KNOWLEDGE
— Example Applications

atistical Analysis Real-Time Web Data Provisioning
Viewer to 3 Party
Applications

Report Writer



EiEﬁ Utilities
—| B, Zone 1
+ Hodgin Hall Bump
ME Building Bump
Farris Engineering|
Regener Hall Bum|
Logan Hall Bump
Biology Annex Bur
EECE Bump Pane
Centennial_Engin
Zone 2
Zone 3

+ B Zone 4
+ L Zone 5
+ BE% Zone 6
+ ﬂ Zone7
+ BT Zone 8
+ Bt Zone 9
B, Zone 10

+ B, Electric Meters
+ B Utilities Chilled Wate
+ BEY, Maintenance

ﬁﬁ+ FFHFFHEE

e
+

&Y Graphics|~ X Properties § Trends [vX Logic { Reports |~ I

BUILDING UTILITY
METERING PANEL

VALUES
Phase ACurrent 35.00 Amps
Phase B Current  83.00 Amps
Phase C Current 71.00 Amps

Volts, Phase Ato B 211.00 Volts
Volts, Phase Cto N 122.00 Volts
Kilowatts 21.00 Kw
Neutral Current 25.00 Amps

Kilowatt Demand 22.00 Kw

MegaWatt Hours 255.95 Mhrs
Neutral Harmonic Content  81.20 %

Centennial_Engineering

woter: [N [NEEN

ALARMS

Viewing: Meter #1

SETPOINTS

Volts (A-B) Low 0.00 Voits
Volts (A-B) High 0.00 Volts
Volts (C-N) Low 0.00 Volts
Volts (C-N) High 0.00 Volts

Go To:

Chilled Water
Natural Gas & Dom. Water
Steam & Condensate

Elec. Bumps
All Alarms

Main BUMP Front
Utilities Map

Phase A Fault Off

Phase B Fault Off

Phase C Fault Off

E-Meter General Alarm Off
Volts (A-B) Low Off

Volts (A-B) High Off

Volts (C-N) Low Off

Volts (C-N) High Off

&P Internet

4

|

+100%

v




Ed"Microzoft Excel - Bldg Utilities_vZ2.8a.1.xI=
File Edit View Insert Format Tools Data Window EMetricks Workplace Help
DNEHS AV $2@av 2 = [l w00%
Anchor - # Ultility
A

Utility i Total ECAP Check BTU/ SQFT
ChW Cooling, Tons 575,957 230,383
Meter A o 575,957
Meter B
ChW Supply Temp, F Start Date: 11/21/2009
ChW Return Temp, F
ChW Differential Temp, F End Date: | 12/21/2009
Steam MMBTU Select Ste: 186,279
Meter A
Meter B

o~ @ W =

Anderson School of Management]

Anderson School of Management

Meter C Anthropology Annex
Steam Temp, F Anthropology Maxwel Museum

Electricity, kW/kWh b 165,195
Meter A Basic Mediical Science

BBR Pavilion

Meter B Biclogy Annex

Meter C
Meter D Calc Report

581,857

NOTE: If the total cells are yellow then the totals have been prorated due to insufficient data. See the cell comment.

Ready
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@_’l File Edit View Insert Format Tools Data Window EMetricks Workplace Help

— | [k | | [k | e
mw&mm_‘ommﬂmcn&wm—n

17
18
19
20
21

22
23
24
25
26
27
28
29
30
31

32
33
34
35
36
37
38
39
40
41
42
43

A

400.0
350.0
300.0
250.0
200.0
150.0
100.0
50.0
0.0
-50.0
-100.0

B C D

E F

*
+ Total
Linear (Taotal)

OSA1_DB
DateRng (All) =
Year 2008 =]
Manth (Al =
MonthYT (All) ~
Hour (All) =]
Occupancy Occ =
Weekday (Al =
Daytype (All) =]
Day (Al =
Holiday (All) >
5degBin (All) ~
TempRng (All) =
Avg ChwW1_Tons |
QSA1_DB ~ | Total
93.61581458 169.85
93.4403 159.36
93 41629938 161.52
9325277817 152.55
92.94974775 161.15
92 78548108 169.57

350.0
300.0
250.0
200.0
150.0
100.0
50.0
0.0
-50.0
-100.0

H J K
+ Total
0
OSA1_DB
DateRng (Al =)
Year 2007 =
Month (All) =
MonthYT (Al ~
Hour (Al =
Occupancy Occ =
Weekday (Al =]
Daytype (Al =
Day (All) =
1 Holiday (All =
5degBin (All) =
TempRng (Al =
Avg ChW1 Tons
QSA1_DB ~ | Total
94 80115045 24135
94 17880401 238.69
94 08429039 242 23
93 97539586 21894
93.77890126 244 64
93 70609417 266 78

M 4 » u ptScatterChartDateRng,{ plLPchartDaptype [ piLPchartDatePng / ptlPchartyear f  ptScatterChartweskDay 4 pil | 4

Linear (Total)
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Network plot:
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To Trane

Modbus

Turbine Unit
Control

Generator
terol Module

o
breakers break, breakers
by UNM < o iby ) (1 UNNM)




	Slide 1: Metering, Monitoring, and Verification
	Slide 2: Purpose of Today’s Presentation
	Slide 3: Agenda
	Slide 4
	Slide 5
	Slide 6
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 16
	Slide 17: Metering Compound Values for reference
	Slide 18: Monitoring
	Slide 19: Monitoring
	Slide 20: Monitoring – for reference
	Slide 21: Monitoring
	Slide 22: Monitoring
	Slide 23: Monitoring – for reference
	Slide 24
	Slide 25: Verification
	Slide 26: Verification
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32: Questions & Answers

