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ABSTRACT

Temperature Unbalance among aparoments in multifamily buildings can result
in space heating costs up to 15% higher than found in properly balanced
systems. It is determined that there are 20,eJ00 single pipe stearn
buildings in Chicago and nationwide. This paper reports a methodology for
correcting steam distribution imbalance whereby diagnostic techniques and
the opportunity retrofit options are organized into a decision tree
procedure~ The approach presented will be useful for energy consumption
service groups and mechanical contractors who wish to address the problem
of Unbalance in single-pipe steam systems.

Detailed diagnostic testing procedures were set up to enable a community
based or private service group to perfo~ standardized tests to spot steam
distribution and boiler problems@ The instrumentation necessary varies
from manual pressure gage readings to an on-site data acquisition system
with multiple sensors. Some of the procedures can be carried out,
depending on the instrumentation available, by balancing contractors.
Even without instrumentation, building owners could conceivably carry out
several of the standardized tests.
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INTRODUCTION

In the past several years energy conservation services throughout the
country have begun to focus on the needs, econanics, and technologies of the
larger multifamily buildings. In Chicago the Comnunity Energy Savers Fund
(CESF) program is providing technical and financial assistance to owners of
5-unit or larger multifamily buildings. These buildings, totalling about
20,000, represent two thirds of the non-public housing stock in the city. The
majority of these multifamily buildings, as in the other northern cities in
the United States, were built over 50 years ago and have single pipe steam
distribution systems and a central boiler. About 90% of the buildings
applying to the CESF program are of this type~

In this paper we present the results and recommendations of ongoing
research on one of the potentially most cost-effective Energy Conservation
Measures (ECMs) for these buildings--balancing the heat distribution to reduce
overheating. The research is sponsored by the Gas Research Institute (GRI)
and is meant to provide the necessary information to~improve the dissemination
of this technology@ The recommendations apply all phases of the energy
conservation profe,ssonal's acitivities: field diagnostics during the site
assessment; savings projections used the energy audit; specification and
implementation of the measure; moni taring subsequent performancee

CNT will use the results to update the existing training programs for both
the building owner and balancing specialist, and to help guide future research
VlOrke

BACKGROUND

Steam Heating Systems

Go descriptions of a typical single pipe steam system are available in
literature (G~ Peterson, 1982), (Gay and Fawcett, 1951). Low pressure

steam exits from the boiler into the distribution lines, forcing residual air
out vents located the main line distribution system and on each
radiator the apartments@ The steam condenses in the radiator
releasing heat the aparomentse Condensate is returned to the boiler by
gravity through the same pipe used for steam distribution. Each air vent has
a the~ally activated mechanism that upon sensing a high temperature closes

prevents steam from entering the aparbment. After the boiler shuts off,
the air vents cool and reopen, allowing air to reenter the system@

The typical boiler control is a high Illnit thenmostat attached to one of
the return lines and a time clocke The time clock is meant to be periodically
adjusted by the building engineer to compensate for changes in weather @ lNhen
the time clock lets the boiler operate, the high lbnit thermostat acts to
cycle the boiler on and off to avoid overheating@ There is a pressure limit
control which often is also used to cycle the boiler@
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Balancing Service Development

The problem of tanperature imbalance has been addressed by sane building
owners in the Chicago area (Katrakis, 1982) and by energy conservation
research groups in Mineapolis (Peterson, 1985) and in St. Paul. The basic
method consists of treating the heating system by a) installing appropriately
sized replacement main line and radiator vent venting capacity, and b)
replacing the existing boiler control with a system which is more responsive
to changes in indoor air temperature. Where necessary, envelope tightening is
done to reduce cold drafts that may affect the occupants' reaction to the
changes in indoor tanperature or where the mechanical system treatments are
not sufficient@

Until the fall of 1985, CNT's efforts to implement balancing consisted of
conducting a site inspection and predicting savings and costs using the CESF
energy audit program (Evens, et. a!@Q 1986), specifying replacement boiler
controls, replacement mainline vents, giving the building owner verbal
guidelines on replacing radiator vents, and making further mainline vent
changes as necessary. The follow-up inspections clearly showed that the
verbal guidelines from the energy auditor did not provided enough guidance to
the building owner and that the expected results were difficult to define and
document@ We concluded that there is a need to provide the building owner
with more specific info~ation and assistance to better define the balancing
process. We have also became aware of the difficulties encountered by other

conservation services Minneapol and St. Paul in balancing these
(CNT, 1985) @

CNT has also attempted to identify and develop balancing consultants or
contractors who ca.n provide assistance to the building owner @ Existing
balancing specialists are not available to handle the level of work being
generated by the CESF program@ There are few contractors who specialize in
the balancing of single-pipe stearn buildings@ We know two in Chicago and one
in St. Paul, Minnesota@ Because this work very labor intensive and the
procedures and results are not clearly defined, heating contractors do not
include as part of their services*

In to overcame barriers CNT has taken the following steps: a)
reduce the predicted savings and increase the cost estnnates

with vent treanments; b) prepare instructional manuals for the
Iding manager and for the balancing specialist; c) train the energy

auditors the CESF program to. also be consultants for their clients; d)
hold for the owners on heating system operation and maintenance with
an on controlling building temperatures; e) focus on monitoring and
evaluating the various vent treaoment and the~ostatic control strategies and
on developing diagnostic and implementation procedures as part of the research
f'o'&.",,-;.&._IIo& sponsored by the Gas Research Insti tute (GRI) @

2.175
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One of the goals of the research program is to develop procedures for
predicting the cost-effectiveness of balancing and for specifying its
application at a specific building. As part of this effort eleven single-pipe
steam multifamily buildings were instrumented and monitored over the 1985-86
heating season. Cartputerized data acquisition systems (DAS) s were placed in
each building to continuously monitor indoor temperature parameters, boiler
gas usage, and temperatures at various points in the distribution system which
could aid in determining the appropriate balancing treabments. Various vent
treabments and boiler control interventions were applied and monitored in four
buildings. The results of these activities fo~ the basis for the following
observations and recammendations$

BALANCING PROCEDURE DECISION TREE

The current CESF technical services consist of four phases: energy audit;
specification preparation; BCM installation; perfo~nce monitoring@ In each
of these phases there are diagnostic procedures, actions, and questions which
are pertinant to the balancing BCM0 The following Decision Tree presents our
current recommended outline of balancing related activities for the first
three phases of the technical services0 Each activity is identified by uD Ili

for diagnostic, nAn for action, or nQ" for question@

Audit Phase 0

phase 0

The following activities are recommended for the audit

D1 Perfo~ the preliminary assessment 0 This includes client interview,
tenant survey, aparument temperature survey, diagram of steam distribution
piping@

Q1 Is the building owner conscientious? i@e@ Are the coldest aparoment
temperatures in compliance with city codes (6SoF in daytUne and 630 p
at night) or are the occupants satisfied with the temperatures? If yes,
go to Q20 If no, then go to A10

Al Explain to owner that balancing will most likely result in code compliance
and improved comfort for the occupants rather than energy savings0
Does the owner want to continue with a balancing service?$ If yes go to
Q20 If no, stop considering balancing for this buildingo
Is average building temperature less than 74OF, or the extent of

less 5°F? yes, go to 02. If no, go to Q3&

Specification and Implementation Phase for_Basic Balancing Service.
D2 Identify steam main line loops servicing the coldest apartments and those

servicing the warmest apartrnents@
A2 Basement actions include: replace faulty main line vents; install larger

main line vents on loops servicing colder aparoments; insulate these same
loops necessary; install new boiler pressure guage and pressure limit
control necessaryp»
Aparbment actions include: replace/repair faulty radiator vents and
valves; increase radiator vent capacity in cold aparbments, reduce vent
capacity in overheated apartments; use thermostatic inlet valves in
overheated aparnments (optional); repair radiators and replace missing
radiators in cold aparoments; tighten envelope in cold aparbmentse
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i'1anagernent actions include: reducing setpoint of boiler controls to allow
a lower average building temperature; establish an ongoing occupant
participation program including installing thermaneters in each apartment;
provide occupants with a building management contact for tanperature
control problems; train management and maintenance staff and turn over to
building owner responsibility for ongoing balancing@

Q3 Is burner controlled by an indoor thermostat? If yes, go to Q4e If no,
go to Q3a.

Q3a Does the owner want a programmable indoor thermostat with a single remote
sensor or a multi-point averaging indoor thenmostat?

A3 Install the desirable replacement boiler control optiooe Go to 03.
Q4 Does owner want the ability to remotely monitor indoor temperature in one

or more locations? If yes, go to Q3a~ If no, go to A4e
A4 Change thermostat sensor location if necessary. Go to 03 @

D3 Conduct following diagnostic tests: a) pressure versus time profile; b)
steam travel tUne; c) one-week temperature monitoring with min~ax or
continuous tanperature recording in each apartment and in basement;
upgrade steam distribution diagram to include location of all risers,
radiator capacities,. capacity and condition of each main line vent@ go to
Q5.

Q5 Does pressure versus tllne curve have characteristic sharp rise? If yes,
go to Q6. If no, go to AS$

AS Examine and correct as necessary the following: .distribution system steam
leaks, boiler firing rate and efficiency; available total main line and
radiator vent area@ Go to 03 and repeat it*

Q6 Do all supply loops get steam? If yes, go to Q7& If no, go to A7*
A7 Examine and correct as necessary problems in piping distribution such as

improper pitch, dips, blockage@ Go to 03 and repeat it~

Does the shortest and longest steam travel time vary by more than 30% and
is the average steam travel tUne more than a minutes? If yes, go to A8~

If no, go to A9.
AS Install larger main line vents on loops slowest steam travel times.

Replace other faulty main line vents@
D4 Repeat steam travel time test@ Go to Q7@

Basement include install insulation 90 uninsulated loops to cold
areas; install new boiler pressure guage and pressure llinit control if

05

D5

Q8

A~rbment replace/repair faulty radiator vents and
valves; increase radiator vent capacity in cold apartments, reduce vent
capacity overheated aparoments; use thermostatic inlet valves in
overheated apartments (optional); repair radiators and replace missing
radiators cold aparoments; tighten envelope in cold aparoments.
l'1anagement actions include: redllCing setpoint of boiler controls to allow
a lower average building temperature; establish an ongoing occupant
participation program including 'installing thermometers in each aparoment
and giving occupants a building management contact for temperature control
problems; provide O&M training for building management and maintenance
staffe
Repeat one-week temperature monitoring with min-max or continuous
temperature recording in each aparoment and in basemente
(Alternate) Document occupant temperature-related feedback and verify any
complaints of overheating for one weeke Go to Q8(Alternate) *

Are a~rbment temperatures reduced to 40F imbalance? If yes, go to
Al~0 If no, go to All*



If no,

up-size radiator vents in cold parbments;
vent

legitimate complaints of underheating? IfthereAre
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Q8 (Alternate) Are there legitlinate complaints of underheating? If yes,

go to Q9. If no, go to A10.
Alea Adjustment actions include: reduce thermostat setpointj change apartments

used in temperature averaging if necessary. Go to Q8(Alternative).
Q9 Are further corrective actions possible? If yes, proceed to All.

go to A12.
All Corrective actions include:

down-size
Q8 (AIternate)

yes,
go to Q9. If no, go to A10.

AI0 Adjustment actions include: reduce thermostat setpointi change apartments
used in temperature averaging if necessary. Go to Q8(Alternative).

Q9 Are further corrective actions possible? If yes, proceed to All. If no,
go to A12.

All Corrective actions include: up-size radiator vents in cold paruments;
down-size vent the building occupants and maintenance staff provide
essential information on: temperature distribution in the building and
average building temperature (especially useful during non-heating season
audits when temperature measurements are not possible); maintenance needs
of the radiators; envelope tightening opportunities'; occupant and staff
reactions and potential roles in the balancing process@ The interviews
also provide an opportunity to educate and enlist the support of the
occupants and maintenance staff.

Qu.r current practice is to interview the occupants while walking through a
sample of two to three aparcnents with a digital theDmOmeter to document
spatial indoor temperature distributions. It is always interesting to compare
the occupants' perception of indoor temperature with the measured temperature.

We recommend suplementing the current practice with giving surveys to each
the occupants the building$ These surveys would be analyzed if the

owner chose to go with the full balancing service@

Diagram

We an accurate distribution Plplng diagram before any
attempts are made to balance the temperature distribution of a single-pipe
stearn heating systen. This drawing should locate the boiler, supply lines,
return lines, risers, and main line vents. The manufacturer and size of all
vents should be noted as well as the condition of the basement steam
distribution piping@ The length and number of piping loops should be
determined from the drawing@ We have developed a convenient notation to
associate distribution loops,. main line vents, and apartment locations (CNT,
1987)@ Figure 1 is a sample distribution piping diagram for one of the single

steam buildings our program@



Steam Pressure Profile
This test is done by letting the boiler run continuously until reaching 2

ps'ig:,. letting it cool for one hour, and then restarting it. Boiler steam
guag,e p,res:sure versus time is; reco:rded in 3G second intervals until the cutout
pressure is reached. ~igure 2 illustrates such a profile for a boiler with a
3' psig cutout pressure. The pressure-time curve of a properly operating
system remains flat for several minutes until steam fills all the main lines
in the basement and the main line vents close. The curve rises sharply as
steam travels up the risers, fills the radiators, and causes all the radiator
vents to close. According to one balancing contractor the heating system is
working properly when the boiler pressure is at Ipsig when the indoor air
thermosta.t shuts off the boiler (C@ Pete:c:s"on, 198'5) 0

Indoor Temperature Characteristics
There are several parameters useful in characterizing the temperature

distribution and balancing opportunities at a given building@ Average
building temperature, TIBA, is based on measurements of indoor air dry-bulb
temperature in each aparbment and in the basement areas. The CESF energy
audi t program projects energy savings due to balancing when there is a
reduction in average building temperature@ Therefore this is an ~rtant

parameter 0 If energy savings is the prime goal VJe recarcmend not proceeding
with any balancing measures if TlBA is less than 73°F, do ing a moderate
program if TlBA is less than 76°F, and doing a full balancing service in
buildings where TIBA is equal or greater than 76oF@

Minimum building tem~rature is based on measurements of the average
indoor air te:nperature of the-"'coldest apartment. It is used as an indicator
of the comfort level in a building. Minbnum te:nperatures of less than 68 OF
are considered an indication of underheating in same part of the building
unless the boiler control clearly on a night setback schedule.

Range based on measurements of the average difference between the air
temperature of coldest and wannest apartments. This difference is a
direct indication of the degree of imbalance in a building@ A well balanced
building considered to have an average range of 4 0 F or less $

Unbalanced buildings have seasonal average ranges of up to 14°F and hourly
averaged ranges as high as 190 p (Katrakis et@ al~, 1986) @

Skewness is a measure of apartment tenperature distribution@ It is
the difference bet~n the building average temperature

and the building minimum temperature and dividing this by the range~ A
skefNness less than 005 indicates that less than half of the aparoments are
wanmer that the average aparbment temperature0

Location of coldest and wannest apartment can be determined by conducting
a histogram analysis of the indoor temperature data fram each aparbment to
evaluate the percent of time each apartment is the coldest and the warmest$
Current practice during the energy audit field work is to assume that the
warmest aparbments are next to the boiler and the coldest aparcmentsare at
the end of the longest steam main line@ OUr preliminary review of the
temperature data from the eleven buildings in the research project indicates
~~at there often are exceptions to this rule$ Locating and treating these
aparbments is an important part of the balancing process0
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As mentioned earlier the current practice during the energy audit is to

measure indoor air temperatures at a sample of 2 to 3 aparbments using a
hand-held digital the~ametere The auditor attempts to visit the coldest and
hottest aparomentse Our results from the research buildings indicates that
these "spot" measurements, even if taken in each apartment, can be used to
estnnate seasonal average building temperature within +/- 40 F and seasonal
average range within +/- 7oF. This precision is barely adequate for
evaluating the balancing BCM at specific buildings.

We recommend leaving min/max the~ameters in each aparoment for one week
as part of the balancing implementation pr6cesss Our prellininary results
indicate that weekly readings from min/max the~ameters have approximately the
same precision as hourly averaged and weekly averaged values from the DAS at
each of the test buildings (Katrakis, 1986) 0

Ongoing monitoring of indoor temperatures can also became a spinoff from
installing a thermostat with multiple remote sensors & There are several
devices on the market which allow multi-point temperature averaging to control
the boiler while at the same time allow the manager to view apartment
tanperaturesG

Steam Travel Time Plots
Steam travel time measurements have been used to measure the elapsed time

from steam first entering the supply line to reaching each main line vent
{Peterson, 1984)0 Cold start versions of the test are done by assuring that
the boiler has been off long enough to allow distribution pipe temperatures to
approach ambient conditionse Wanm start tests are done be letting the boiler
run continuously until reaching 2 psig and then allowing it to cool down for
one houre

We have documented at one building that reducing the steam travel times
bet¥Jeen loops and reducing the average steam travel time of all the loops
improves the temperature balance and results in energy savings (Katrakis et@

1986) @ One of the goals of the on-going research in this area is to
develop steam travel time measurement process to the point where

it can eliminate the need to take continuously monitor indoor air
The following two methods are currently used@

~~~~Me~~t~h~od~@ Manual steam travel times can be obtained by stationing
each main line vent to record the elapsed time between boiler

t""'.p,,~"lIi""+-''B''V''iI and stearn reaches the venti0
Portable DAS~ The DAS at each of the eleven research buildings includes

integrated circuit temperature transducers, a 16 channel analog to digital
converter, and a 128 kilobyte single drive desk-top microcamputer~ Later in
the program, a portable data acquisition system was developed by substituting
a kilobyte microcomputer for the larger desk-top PC~ This

powered system was designed to record 6 channels at a 15 second
sampl rate for up to a 90-minute test@ Software was written to analyze

brought back and uploaded to an office microcamputer9
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with a computerized data acquisition system available, temperature sensors

can be placed on distribution piping to obtain many accurate temperature
readings during the entire boiler cycleo Temperature sensors should be placed
at the supply header, approximately 10 feet from the boiler and at each return
line vent. Placing sensors at different return line orientations are useful
for detecting various phenomena. Locating the sensor on the side or underside
of the steam lines is good for measuring steam front velocity, for detecting
standing water in the return line, or for detecting condensate flow. When the
steam front reaches the location of the sensor there is a sharp increase in
pipe surface temperature of approxUnately 50 OF in less than 30-seconds@ A
sample of steam travel time plots is illustrated in Figure 34

SURVEY OF BALANCING TREATMENTS

There are a number of treabments which contribute to balancing the
tanperature distribution in a single-pipe steam building'!il Successful
balancing is only possible when there is a building owner or manager who is a
conscientious manager and who interested in being actively involved in the
balancing process@ we also feel that it is necessary for the building manager
to be able to obtain technical assistance on applying the diagnostic
procedures and on selecting and specifying the appropriate balancing
treabnents@ The following methods of correcting imbalances are based on
observations obtained fram detailed monitoring of single pipe steam buildings

Chicago discussions with others involved in the balancing of such

Systan Problans
Distribution problems can be responsible for a variety of heating

problems pipe steam buildings. Typical problems inclooe: missing
or inoperatjo ~ main line and radiator vents; linproperly pitched or sagging
main lines; undersized boilers@ Missing or leaky vents are easily detected if

can observed throughout the boiler cycle'!il Indirect evidence of these
problans includes moisture on windows, rusty vents and shallow rising
pressure/time plotse It important to eliminate these problemse

Plugged radiator main 1 vents, although not as hannful to the
as missing or vents, are a cammon cause of inadequately heated

~'r\~~V1""'1"il"§~~"i""'~ are found a complete walk-thru or occupant

pitched or sagging lines can trap condensate from previous
steam cycles which prevents the efficient flow of steam to certain riserse
They can often be detected by visual inspection during the preparation of the
steam Steam travel plots can clearly show cooling or very
gradual due to the passage of condensate from a previous steam cycle@
Steam may be sufficient to push through the condensate, however the
steam travel hinderedl!l The longer and deeper the dip, the greater the
volume of residue condensate@ In extreme cases, boiler steam pressure may not
be sufficient to push the condensate through and therefore certain end risers

not get stearne
It may be that an apparent dip or incorrect slope will have no effect on

steam distribution and may not be worth the expense and risk to correct
it$ The steam travel plots provide a convenient method to dete~ine the
appropriate action~
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Main Line Vent Changes

Main line vent changes are the most effective way to equalize the steam
travel times bet¥Jeen loops of the distr ibution system. Steam travel time
plots can be used to examine the characteristics of various main line vents o

Notice the sharp temperature rise of the custom-steam traps (Figure 3)
canpared to the conventional-medium sized vents in Figure 4. The same two
figures demonstrates the ability to equalize and shorten the steam travel
times by replacing existing conventional medi~sized vents with the larger
cust~steam traps.

Larger main line vents have a desirable effect on system pressure. They
usually cause the system to spend more tUne at a lower average operating
pressure and to and yet to reach 1 psig faster. The reason for this is that
at low operating pressures less steam is necessary to cause all the radiator
vents to shut off. It is likely that at higher pressures, above 1 psig, steam
goes up the risers near the boiler and delivers heat to the aparnments in
these stacks while steam is still traveling through the other parts of the
distribution system. Therefore more steam is necessary to fill the entire
~stem and shut off all the radiator vents@ Faster pressurization means that
the entire system responds more quickly to a call for heat and that the
furthest aparbments get heat sooner in each cycle and are therefore likely to
be more comfortable.

At one building substituting larger main line vents for smaller vents also
affects on the indoor temperature parameters@ Figure 5 documents how the
above parameters vary with outdoor temperature@ The large main line vents
have two desirable affects; they lower the temperature range and increase the
minimum temperature@ Surprisingly, the vent substitution had a negligible
effect on average building temperature@ The larger vents tend to lower TlBA
in colder weather and to raise it in ~Narmer weather@

Radiator vent Changes
Radiator vent treabments have a strong effect on the average temperature

of individual apartments@ This was docunented by noting th,at a third floor
north aparoment went from 4 to 6 degrees F below the aparbment average to 5 to
6 degrees F above the apartment average by replacing moderate-capacity
adjustable vents with large-capacity adjustable vents@

Radiator vent treabments may be particularly important in buildings
at low boiler pressures. It appears that in these buildings

steam can bypass the r to some of the radiators unless a proper radiator
venting capacity is maintained@ If vents in the upper apartments are much
larger than the lower aparbments, the steam can actually by-pass the lower
aparbments and cause the aparbments with high venting capacity to heat up more
quickly 0

Radiator vent treabments consist of placing slower vents on radiators in
the overheated aparbments and faster vents on radiators in the underheated
aparcmentse Changing radiator vent treaoments is a labor intensive task
requiring many iterations before proper balance is achieved0 Therefore it is
best to first apply the best possible main line vent treabments. Then
radiator vent replacement should be done gradually beginning with the areas

are most Qver- or under-heated@
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Burner Control Modifications

The indoor air thermostat usually provides better control than a time
clock with return line aquastat since the the~ostat operates the boiler based
on tanperatures in the heated space. It also is a convenient instrument for
adjusting the average indoor temperature level. A properly balanced building
will allow a lower thermostat setpoint than a poorly balanced building. The
poorly balanced building requires a higher thenmostat setpoint to assure that
the cooler aparoments maintain a comfortable temperature.

There are several conditions to be met in order for the single thenmostat
to be an effective boiler control. The thermostat must be installed in the
proper location--typically in the consistently coolest aparbment throughout
the heating season. Typically this is the aparoment to which steam travels
furthest. In an uninsulated building it would be a third floor aparomente In
a building with attic insulation it would be the second or first floor
apartment *

The occupants of the thermostat apartment must be sufficiently satisfied
with the temperature levels to not have to resort to using stoves or space
heaters for auxilliary heating. When this happens it results in underheating
of the rest of the aparbments. In these situations multi-temperature
averaging thermostats appear to be preferable to the single or two-parallel
sensor theDmOstat0

spot Insulation and Infiltration Reduction
Temperature balance within a building can be improved envelope measures

as as mechanical methods@ The inverse is also true, in that a recently
implemented envelope improvement may bring a previously balanced building out
of balance $ A good example of this installing attic insulation and noting

floor overheating the next heating seasoo$
Due to differences in heat loads of various rooms and aparoments, changing

vent treabments may not eliminate cold roams or aparoments. For
aparbments that remain cold after radiator vent changes, spot insulation

and infiltration reduction should be applied0 This especially i rtant as
the average building temperature is reduced down to the threshold of camfort@

PREDICTING ENERGY SAVINGS DUE TO BALtk~CING

The current are on the assumption that each
the average building temperature over the heating season

results a 4% decrease energy used by the space heating system~ This
value has been corroborated by sensitivity studies done using the building
simulation ccmponent of the current CESF canputerized audit program. It also
has been documented by multi-variable regressions of gas usage against inside
and outdoor a temperature from several of the eleven test buildings*
However the energy savings have been documented at one building due to changes

line vent treabments without any discernable change in average
aparument temperature~ Therefore, we have yet to demonstrate the connection
between energy savings and change in average building temperaturee
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EUTURE RESEARCH & DEVELOPMENT NEEDS

There still is sparse data on the effect of various balancing treabments
on gas usage and indoor temperature characteristics. The few available
results are proof of the concept of balancing. However it has not been
repeatedly applied and monitored in a sufficient number of buildings for us to
be confident in the current methods of predicting its cost-effectiveness,
specifying its application, applying it to buildings. It is especially
important to document the effect of outdoor air tanperature on the indoor
temperature parameters.

The research and diagnostic tools which have been described above will
provide the necessary infoonation to answer the following questions. What is
the appropriate main line venting capacity for a given building? When is it
worth having different capacity main line vents in various parts of trhe
distribution piping? Are the cust~modified steam traps worth the extra
cost? How should the CESF program monitor the balancing moM? What is the
correct split of responsibilities between the building owner and the balancing
contractor? Do we have an adequate model for predicting building
specific-performance?

SUMMARY AND CONCLUSIONS

Diagnostic procedures, corrective measures, and.a decision tree are being
developed for balancing temperature distribution in single-pipe steam
buildings@ They are useful in obtaining the documentation needed to turn sane
of the methods developed in a research setting into practical techniques to be
used by the energy auditors in the CESF program and by balancing contractorSe
Feedback fram their use in a service mode will likely result in further
modifications, additions, and deletions to the procedures.

Continued research and development effort is necessary to establish
guidelines for evaluating the contracted balancing work and the owners'
efforts to maintain temperature balance in the building, for predicting
bui ing-specific performance and for specifying the correct vent treabments
at a building.
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