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Yale University's Complex
"Central Building Utilities
Metering System" (CBUMS)

Viktor Baed, CEM
Manager of Plant Engineering
Yale University

Editor's Note: Metering is the vital first step toward improving effi­
ciencies- thus saving money-in any type of building utility service.
Author Boed has developed a sophisticated centralized metering sys­
tem for two d istinct utility distribution areas at Yale, as described in his
art icle below.

"CBUMS," the metering system at Yale University , encompasses
supply networks for electrical, steam/condensate, and chill water. The
first of the two building areas covered by this cen tralized metering sys­
tem is (YSM)- the Yale School of Medicine, in the Medical School Area,
which manages its own operations and maintenance. Included in the
YSM area is the Yale-New Haven Hospital (YNHH) which is an inde­
pendent health care organization adjacent to YSM. Steam and chill wa­
ter for YSM and YNHH are generated in Yale's Sterling Power Plant,
and electricity is purchased from the local utility company, United Illu­
minatin g.

In the second area-the Central /Science area-electr ical, steam /
conde nsate, and chill water are provided to the various buildings from
Yale's Central Cogeneration Plant.

The Yale Utilities Dep artment manages each of the respective gen­
erat ion and distr ibution systems , and dev eloped CBUMS-the Central
Meter ing System-to monitor all of them.
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AUTHOR'S FOREWORD

Strategic Planning for Energy and the Environment

The objective of the Central Building Utilities Metering System
(CBUMS) is to provide real time monitoring, alarm reporting, on line
diagnostics and report generation for billing, energy management and
engineering relevant to the utilities systems. CBUMS is an integral part
of the Yale real time facilities network called Maxnet. The CBUMS
meters installed throughout the buildings communicate with their serv­
ers via serial communication and industry standard communication
drivers. The servers reside on the Campus Ethernet backbone, sharing
information with other servers connected to Maxnet. Engineers and
managers within the Facilities Department have direct access to all in­
formation residing on the Maxnet. Clients within or outside Yale can
access the data available on the Maxnet by Netscape browser. Inter­
ested parties can look up the information via the Internet (http / / med­
max.med.yale.edu /FIXPics). Try it!

V.B.

YALE FACILITIES MAXNET

Networking of existing facilities is a challenge. At Yale, this is due
to the fact that existing facilities were developed over time with very
little consideration for data management and integration. Systems,
whether Building Automation Systems (BAS), power plant automation
and control systems or utilities metering systems were installed over
time as new buildings were erected or as part of renovation of existing
mechanical systems. Consequently, the installed automation systems
became individual isles of automation not able to communicate with
each other.

One of the requirements of modern facilities management is infor­
mation management and sharing information with the clients. By sys­
tems integration facilities can interconnect systems within the same cat­
egories (i.e. BAS), as well as systems of different categories.

Figure 1 is a schematic of Yale integrated real time systems, in­
cluding building automation systems in the Central and Science areas,
power plant systems in the Central Power Plant (CPP), Sterling Power



39

Plant (SPP) in the medical school area, and building utilities metering
in all thr ee areas.

Thanks to Maxnet , engineers and managers have the opportunity
to view system graphics on their office pes, receive real time data,
alarms, management reports, history reports and trends from areas of
production, di stribution and building consumption. Integration of real
time systems int o one Facilities Information and Data Management Sys­
tem has provided a unique opportunity to collect, format and distribute
data to the facilities ' engineers and managers.

Furthermor e, Maxnet prov ides information to the clients and
other interested parties within and outside Yale via the Internet
browser, as indicated above. Providing information to the end users,
thus encouragin g better management of resources and energy conserva­
tion is a con tinuous effort of the facilities department. The integrated
Facilities Information and Data Management System was designed in
house, using commercially available systems, components and services.

FLOW METERING YS. ENERGY METERING

The translation of "You can 't manage what you can't measure"
into an energy conservation language means, "You can't 11/ilIUlge ell ergy

~f YO ll don't measure it." In the past, there were several attempts by the
energy and utilities industry to circumvent the requirements for posi­
tive measurem ent to obtain energy credits or incentives. However, the
fact rem ain s that unl ess we have a positive understanding of energy
con sumption at individual building or departmental levels we do not
reall y know how the energy is used and where are the energy saving
opportunities.

The sole requirement of energy metering sets us apart from the
so-call ed flow metering utilized by the manufacturing industry. Indus­
trial flow measurement is concerned with measuring flow within a cer­
tain range of the production process. Measuring of flow in utilities dis­
tribution sys tems is quite different. Let us look at the differences for
each metered media. (Figures 3 and 4)

Most elec trical metering applications are concerned with kilowatt­
hour readings used for cust omer billing. Energ y metering at Yale pro­
vides real time readings of voltages and amperes of the electrical sys-
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Figure 2. Facili ties Information and Data Management Pyramid
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Figure 3. Flow Metering
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Figure 4. Energy Metering

terns, and provides measured, calculated as well as d iagn ost ics da ta on
line for clien ts on the network. The sy stem also provides dai ly and
monthly repor ts compiled for each meter and for eac h building, resp ec­
tively.

Industrial chill uiater metering is concern with m et ering of flow
wi thi n a certain ran ge of the process. The maj or d iffer ences between
in d us tria l and ut iliti es metering are in oversized d is tribu tion pip ing
and lar ge turndown rat ios due to peak and off-peak consum p tion. An ­
o ther differenc e is that the ind us try is con cerned with measuring one
value only- flow.

Energy m etering, in add ition to chi ll wa ter flow meter ing al so in­
vo lves m easuring of o the r va riabl es essen tial for ene rgy ca lcula tions ,
such as temperatures an d p ressures. Ene rgy meter ing at Yale pro vides
flow , tempera tur e and pressure readings from whic h the real time d ata,
el1l'rgy co ns um ption, and sys tems di agnostics data are pro vid ed to the
users. Th e sys tem also provides daily and m onthly reports co m pi led
for eac h meter and for each build ing, respect ively.
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Metering of steam consumption at Yale is calculated from the me­
tered condensate discharged from the condensate receiver. Each meter­
ing point consists of flow measurement, measurement of the conden­
sate temperature and of the discharge cycle of the condensate receiver .
The system then provides calculations of desired values as well as sys­
tems diagnostics. Similar to the other media, daily and monthly reports
of steam consumption is being compiled for each meter and for each
building, respectively.

REAL TIME DATA ACQUISITION

Real time data acquisition of the installed system in volves: (a) col­
lection of data from the connected field points by the particular
meter(s), and (b) collection of data from each meter by a server, at a
real time scan rate.

The server is set up to provide:

1. Instantaneous reading of the connected field points, calculated
values, and readings of meter diagnostic data provided by the
meters. The diagnostics data can be utilized by other processes
and / or displayed for the customers, engineers and managers in a
form of color graphic displays, trends graphs, reports, etc.

2. Alarm reporting is an important function for operation and main­
tenance of distribution systems and buildings. Custom-defined
alarm limits, or programs, provide early warning for the mainte­
nance department, thus preventing failures before they actually
occur. For example, an electrical metering system can provide an
earl y warning related to unbalanced load of feeders, prior to caus­
ing an overload condition and failure of the overloaded phase. It
alerts the maintenance department to distribute the connected
loads more equally, prior to phase overload. Another example
could be a high condensate return temperature (measured over
time), alerting the maintenance department on defective traps.

3. Performance analysis can be divided into several groups, such as
(a) analysis of the d istribution system (for example, analysis of



-l-l Strategic Pl.uming for Energy and the Environment

p ressure and flow relati onships throughout the chill wa ter di stri­
bution sys tem); (b) analysis of building performance (for exa m ple,
high di fferential pressure of the building chill water sys tem could
mean d irty ch ill wat er coils of AHUs); c) analysis of the meter se lf
d iagnostics data, (for examp le, signal deteri oration of an ultra­
sonic flow meter could mean aeration in the ch ill water pipe); loss
of signa l of an ultrasonic condensate meter could mean that the
ver tical pipe (the sensor is installed on ) is emp ty due to faulty
back-flow prevention valv e install ed on the conden sate receiver's
ou tput.

-1 . Rep ort ge nera tion is divid ed into sev eral categories, su ch as (a)
meter reports (metering of individual feeders-daily, monthly, etc.,
rep orts); (b) building cons ump tion reports (combination of energy
cons um ption metered by more than one meter-daily, monthly, etc.
rep ort s); (c) special reports used to mea sure building performance.
For example, bu ild ing consumption prior to and after an ene rgy ret­
rofit project, comparison of building loads of the same building cat­
ego ry (i.e. energy con sumption of two chemistry labs ); (d ) ad hoc re­
ports, as requested by engineers or managers. (Figure 5)

Design, eng ineering and programming of the system wa s d on e
join tly by Yale Plant Engineering and IndTech.

ELECTRICAL METERING

Design and selection of "electrical power meters" for the job in­
cludes the following components:

1. Current transjcrmers rated for the given currents of the electrical
sys tem to be mea sured;

2. Potential transformers rated for the given voltage of the electrical
system to be measured;

3. Othe r field gear, such as [uses and snorting blocks pro vid ed to pro­
tect the installed meter;

-1 . Electrical powa meter for the given configuration of the electrical
svstern to be metered.
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REPORT
GENERATION

Figure 5. Data Manipulation.

(Items 3 & 4 are installed in common enclosures.)
We have installed PML 3300 series meters with Modbus commu­

nications option for the Central and Science areas several years ago. For
the YSM/YNHH metering we have installed the new PML 7300 series
meters. Two main features are important for electrical po wer meter se­
lection :

a) Communications, selection of appropriate communications protocol
or driver including definition of the data transmission protocol,
compatible with the communication options of the site. We have
selected RS-485 transmission protocol with a Modbus driver for
the entire installation. Electrical meters in the Central and Science
areas communicate with their ser ver via dedicated telephone cir­
cuits, while in the YSM/YNHH areas via d edicated twisted
shielded pairs of wiring. The change of communications media
was due to local conditions rather then net work performance or
reliability.
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b) Data transfer over the net work. The PML meters have a va riety of
data available on their registers to be read by the server. These in­
clude real time readings of field variables, such as line, and line to
neutral voltages, phase curren ts, frequency, an d provide calcula­
tions of var iables suc h as kilowa tts, kilow att-hours, kilow att de­
mand, kilovolt- amperes, kilo-va rs, power factor, etc. The meters
also feature on-line setup capabilities and d iagn ostics, including
voltage and ampere unb alance, demand lim iting, and othe r data
visible and accessible via the network . .

,--- FUSES PUL7llJ
CTs SHOR TING R5-485-PTs BLOCKS 1ol0DBUS
-

ELSYSTEM
SERW-COMM.

II II
RS CCONVERTER f-

SERVER

c::==::r====r=EtIltmt

OFFICEPCs ON THE NElWORK

Figure 6. Electrical power metering

CHILL WATER METERING

Chill water metering a t Yale is by ultrasonic meters. They were
se lected for their ease of install ation, good turn do wn rati o, features
and comm unication options . Earlie r installations in the Central and Sci­
ence area s are eith er Panametrics or Controlotron meters. At the time of
installat ion the meters d id not have any communication op tions com­
patibl e with in d us try s ta nd a rd dr ivers or protocol s. H o we ver,
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Cont rolotron has develop ed a Modbus in terface for the YSM/YNHH
installation.

The chill wa ter flow reading from the meters without serial com­
munication are connected to OPTO or Meta sys DX pan els. Other ana­
log point s, such as temperature and pr essure sensors, are also con­
nected to the OPTO or DX panels.

The OPTO panels comm unica te with the CBUMS serve r via RS
485 serial comm unication and Modbus driver. The DX pan els are on
the Meta sys ARCNET N 2 bu s. The Meta sys interface to Intellution FIX
server is a DDE gateway in terface. The disadvantage of the earlier in­
stallations without serial commun ications is that the y do not provide
on line diagn ostic or on line meter set-up.

Field point s for chill wat er metering include
• flow (return and / or supply);
• temperature (retu rn and supply);
• pressure (return and supply);

Since ultrasonic meters are either one or multi-channel meter s, the
first channe l can be used for metering of, let 's say a return flow , the
seco nd channel can be used for metering of the su pply flow of the
same feed er. Chi ll water losses in the buildings with metered supply
and returned flow can be determined from the differential flow .

If th e eng ineers a re not con cerned w ith ch ill wate r leaks (i.e.
alarm reporting of leak ing chill wa ter coils), the second channel can be
used for metering of ano ther flow (i.e. another chill water riser), or for
meter ing of the conde nsa te. Both options are used in our applicati on s.

The ultrasoni c flow computers ha ve two temperature inputs per
channel. The in puts are used for tonnage and energy calculations.

Chill wa ter Tonnage = Flow x DT x . 042;
Consumption Btu/HR = Tonnage x 12,000.

If accu rate measurem ent is required, for example for cu stomer
bill ing, the eng inee rs sho uld be using precision-matched pairs of 1,000
Ohm RTDs for temperature measurements. If lesser accuracy is accept­
able, the bu ild ing chill wa ter return temperature can be used in the cal­
cu lation alon g wi th a common chill wa ter supply temperature mea­
sured at the ap propriate location of the di stribution sys tem.
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Ultrasonic flow meters also come with two 4-20mA inputs per
channel. We have used these inputs for pressure monitoring. The pres­
sure data can be used for diagnostics of the distribution system and / or
diagnostics of the building performance. We have developed a diagnos­
tics package, which provides graphical representation of the actual and
calculated pressure distribution for each building on the distribution
system.

The CBUMS server reads the registers of each meter at periodical
scan intervals. The data provided are in the following categories: actual
values, calculated values, set-up and diagnostic data. The data are uti­
lized in displays, trends, alarm reporting and report generation.

CONDENSATE METERING

One of the operating requirements imposed on many utilities me­
tering projects is to limit the shutdowns to the minimum. This require­
ment eliminates selection of in-line meters since they have to be cut
into existing piping, which require prolonged shutdowns. Based on our
earlier, mostly unsuccessful experiments with insertion type vortex
shedding flow meters (Nice meters), we have decided to measure con­
densate with ultrasonic meters, and convert the obtained measurements
to pounds of steam and Btus . We have selected the same ultrasonic
flow meters as for chill water metering based on their good turn-down
ratio, communications option and their utilization throughout the Uni­
versity.

Condensate from individual loads is collected into condensate re­
ceivers or liquid movers and returned to the power plants. Since every
building connected to the plant is measured, the steam production is
equal to the sum of individual consumption plus losses. The losses are
distributed to individual buildings relative to the measured flows.

To convert condensate flow to pounds of steam consumed, a mul­
tiplier of 8.1 can be used (for a 180 degree F condensate) in the conver­
sion equation

GALCOND x 8.1 = IbcoN D = IbsTM

The equation provides for a fairly accurate calculation and good
cost distribution across the system-without a need for expensive in-
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line temperature sensors at each condensate return line.
However, mea suring condensate temperatures can be desirable for

some applications to indicate blown steam traps or other sys tem prob­
lems and / or for more accurate calculation . The temperature senso r can
be located either in the condensate line before the condensate receiver,
or on the receiver itself. The valu es of the multiplier can be found and
calculated from the steam table using the specific volume V

f
[cfpp] for

actual condensate temperatures as:

For normal condensate temperature, the entha lpy per unit ma ss
hfg, is approximately 1000 Btu per pound. Therefore the energy con­
sumed in Btu is:

1000 X IbsTM

It should be said that the improved accuracy of the calculation
using actual temperatures is minor, and do es not justify the expen se for
the sensor and its installation (install ed cost could be as high as 51200
per sensor). However, a dia gnostic of a blown trap may just ify the cost
for a condensate temperature sensor.

Location of the ultrasonic meter transducers as well as of the con­
densate temperature sensor is important:

The transducers should be locat ed in a section of a pipe always
filled with condensate. If the pip e becomes empty, the meter will report
such condition (a valuable troubleshooting feature) , and will reset itself
when the pipe is filled. However , since the pump-down event ma y
have long "off" intervals (whil e the condensate is collected in the re­
ceiver), it may take several seconds (to a minute) for the meter to reset
itself upon start of the pump-down cycle . This could contribute to a
relatively high error.

Therefore, there should be a good quality check valve install ed in
the di scharge line of the receiver to prevent back-fl ow and empty pipe
situations. Ultrasonic transducers should be install ed either on a verti­
cal condensate pipe or on a "dip," a pocket in the piping configuration.
This would assure presence of condensate in the pipe during the off
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cycle of the receiver. The transducers should be located as close to the
receiver as practical, while observing all manufacturers' requirements
for straight piping.

The temperature sensor can be located either on the incoming con­
densate return pipe, or on the condensate receiver. Since the sensor on
the incoming pipe is used for alarm reporting of high condensate tem­
peratures, indicating presence of steam in the condensate due to blown
traps, it should be submerged in the condensate. The measured tem­
perature in the incoming condensate line is close to the actual conden­
sation temperature of the steam in the coil, therefore the calculations
are more accurate.

However, the cost of installation could be higher, since we may
need more than one temperature sensor for each condensate line and/
or sections of a receiver (duplex, triplex). Another drawback is the tem­
perature fluctuation reported during long periods of no load condi­
tions, when the sensor picks up the temperature of the empty pipe.

Sensors located on the receiver will more likely remain sub­
merged in the condensate. This solution could be less expensive, since
only one sensor is used per receiver. In either case, the challenge is to
find a proper location for the condensate temperature sensor. Location
of condensate temperature sensors on the discharge line is not recom­
mended, since it cannot provide alarm reporting and its present values
could be far off from the actual temperature of the condensate.

Another method of condensate metering is monitoring the dis­
charge cycle of the receiver. Condensate receivers have relays for start­
ing the pumps. A binary input monitoring the event sends a signal in­
dicating a discharge cycle. The event multiplied by the capacity of the
receiver equals to gallons discharged per event. The value totaled over
an hour will provide the consumption in gallons per hour.

Although the method is not as accurate as direct metering, for cost
allocation or energy management, it could provide data with sufficient ac­
curacy for a reasonable cost. In installations with liquid movers the binary
signal of an event is taken from a pressure switch, which monitors the
ejection of a medium pressure steam to evacuate the vessel.

The event is also used for diagnostics, such as for indication of
failure of the medium pressure steam valve of a liquid mover or
"baked" contact of the motor starter of a condensate receiver. Both
methods were used for condensate measurement in Yale applications.
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METERING AS PART OF YALE FACILITIES INFORMATION
AND DATA MANAGEMENT NETWORK (MAXNET).

As shown in Figure 1, metering information collected by the Cen­
tral Building Utilities Metering System (CBUMS), data from the pow er
plants and building automation systems, connected to the sa me net­
work are accessed from individual office PCs. The data are di stributed
via a secured Ethernet to facilities engineers and managers; and to the
cus tomers via the Internet. This gives the engineers and manager s a
unique opportunity to view and evaluate data from the individual sys ­
tem s presented in the same format.

We use graphic screens accessible from the menus or gra phical
overv iews to display real time data and alarms. The screens are se t up
with "so ft buttons" which allow the users to mov e from one screen to
another. There are "dialog boxes" set up to access in divid ual meter reg­
isters, thu s providing detailed on-line information on all data available
from the meters. Each scree n contains "soft button s" for na vig at ing
around and moving from one area of the uni versity or system to an­
oth er , or to different features of the system, such as trend graphs, re­
port s, diagnostics , etc.

The data files are stored and presented in formats commonly use d
by engineers and managers. Eventually the data will be upl oaded to a
so-called data warehou se, where it will be arch ived and available for
future use (such as for eng inee ring evaluation, design , space alloca tion,
etc.). Since the data management software tools (Microsoft Access97,
Excel 97), are the same as commonly used in office sys tems, the data
are readily available for othe r systems on the network. Such sys tems
are the utilities cost accounting system , and all the PCs connec ted to
the Facilities Automation Network (FAN).

COST ALLOCATION AND BENEFITS OF
TH E METERING SYSTEM

The cos t and the benefits block diagram is a two track flow chart,
dep icting individual componen ts of the installation, including cos t allo­
cat ion , as well as the benefits the networked system provides. The ma­
jority of the cos t is associated with installation of the meter ing sys tem.
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A much lesser percentage of the cost is associated with communi­
cat ions, data acquisition, etc. The incremental cost (of about 13% of the
total cost) provides Yale with the benefits of a networked metering sys­
tem. Since the information is distributed over the network, individual
departments can use it for their specific tasks.

The data presentation is in a form of color-graphic screens- using
engineering drawings bound with real time readings, trend graphs,
spreadsheets, alarm reports, consumption reports, etc., customary for
SCADA systems. This provides data which are utilized in the daily
tasks of the engineering operations, power plant and utilities depart­
ments,

Another benefit is the capability of the server to compile data and
transfer data to other computers on the network for further use or for
filing of historical data in a common file accessible by other depart­
ments. There are also customers (departmental chairmen, business
managers, etc.); interested in the consumption data for encouraging en­
ergy conservation or in consumption reporting essential for their
projects and government grants.

Financial benefits of the CBUMS Project to Yale can be divided
into the following categories:

1.

•
•

•
•

•
•

•

2.

•
•
•

PROTECTION OF INVESTMENT (minimized replacement cost),
due to the following:
System design allowing future upgrade and expansion
Use of commercially available hardware, software, and communi­
cation protocols
Selection of hardware, software, designs, as per Yale stan dards
Utilization of existing Yale networks and telecommunication sys­
tems
Statistical analysis and reporting formats customary for the users
Compatibility of the network and its components with other sys­
tems at Yale
Trained in-house engineering and O&M personnel

ENERGY SAVINGS (cost avoidance), due to the following:
Customer awareness
Optimization of Power Plant parameters
Modification/redesign of building systems



•
•

•

3.

•
•
•
•

4.

•
•
•

•

55

Flattening of peak demand
Continuou s monit oring and adju sting of building system's perfor­
mance
Minimizing cost for make-up water and chemical

FAULT PREVENTION (repa ir vs. emergency repair cost), due to
the follow ing:
Alarming out-of-limit phase load s, overload s, low voltage
Alarming chill wat er flows, temperatures and pre ssures
Alarming conde nsate system and receiver function
Chill water or condensate leak prevention. Continuous analysis of
building and sys tem performance.

MINIMIZING DAMAGE TO EXPERIMENTS,
FURNISHINGS, EQUIPMENT AND BUILDINGS, due to:
Continuou s monitorin g of sys tems parameters
Eng inee ring analysis of sys tem performance
Early detection of problems

MOR E ACC URATE COST ACCOUNTING TO RESEARCH
GRANTS, due to positive and accurate metering of energ y, as op­
posed to estimated consumptions based on occupied space.

CONCLUSION

Implem entation of an on-line energ y metering system is a chal­
len ging task. Its success depends on prudent engineering, meter selec­
tions, selection of a proper computer sys tem, systems engineering, net­
wo rking, installation and commissioning. However , such a system rep­
resents an invaluable anal ytical tool for facilities engineers and manag­
er s. It p rovides data esse ntial for operation and troubleshooting, as well
as data for eng ineering, billing and energ y conservation.
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