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ABSTRACT

In the fall of 1984 the Energy Office Initiated the Multi-family Pilot
Project (MFPP) to test a deliver mechanIsm and to refIne the technology for
conservat ion retrof f ts ins i ng Ie p Jpe steam (SPS) and mu It i zone hot water
(MZHW) apartment bulldlngs@

The major cause of energy waste in SPS buildings Is uneven heating. The
temperature Is usually set to satisfy the coolest apartment which overheats
other apartments and wastes energy~ This paper summarizes balancing strategi$s
Including: contrell Jng the boiler cycle, InstallIng main I Ina and "radIator ~fr

vents, conductIng a tenant survey to Identify remaining problems, and using
thermostatIc air vents and other technIques to fIne-tune the system$

InstallatIons were completed on 25 bui Idlngs$ Energy savings averaged
9 , the average cost was about $1400, and the median simple payback was 194
years @ F' e Id and Iaboratory tests were conducted on rna In line and rad fatar .
air vents which showed significant dIfferences In ventIng rates and the
importance of these differences in achieving even heatlng$

The most cost effect Ive retrof It for MZHW apartment bu II dings Is the
outdoor reset of boiler water temperature@ The MFPP tested a del Ivery mechan-
Ism for the retroflt@ Installations were completed on 18 buildtngs$ Energy
say Ings averaged 99 1%b the average cost was $615" and the mad Jan simp Ie
payback was 1@9 years$ A computer simulation was done to determine how large
of a performance degredatlon is Incurred when the reset ratio used varies from
the ideal~ As much as 50% the potential savings can be lost with the use
of the wrong reset ratjo~
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Since 1981 the Minneapol is Energy Office has been testing retrofit
strategies for energy conservation in multi-family bufldlngs~ By 1984 enough
i nformat i on had been ga i ned that a p II ot i nsta I I at i on program, the Mu I t J­
fam i I Y Pi lot Project (MFPP), was deve loped 0 Two gener Jc types of apartment
buIldfngs were addressed, multizone hot water (MZHW) and single pipe steam
(SPS).

Uneven heating can be a major sorce of energy waste In single pIpe steam
buildings~ Before the MFPP, the office had tested steam balancing strategfes
Jn on I y two bu i I d Jngs1 fI Sign I f Icant effort was d Jreeted at improv Ing tech­
n i ca I know Iedge about how to ba I ance steam bu II dings as we I I as test I ng
marketing and Installatton methodso Instal lations were completed In 25
buildings. A powerful set of technIques to achieve even heating was further
dave loped e I n most cases these are suff i c Jant to ach Ieve a resonab I y good
balance and the tenant comfort of many buildings has been greatly tmproved~

Each SPS system fs un 1que and each bu J Id Jng must be treated I nd fv Idua I IY@

Therefore, it has not been poss tbI e to pred ict i n advance exact I y wh fch
techniques will work@ Instead, the buIlding is balanced In steps by trial and
error and the balancing Is therefore labor IntansJve~

The conservat Jon measures that are re Ievant to mu It I-zone hot water
buildings are the outdoor reset, outdoor cutout, and low flow showerheads.
These measures had been previously tested and found to functIon well and to
achieve good savfngs2

@ The main emphasis In the MFPP was to test the mechanism
of a large scale instal JatJon project. Outdoor resets and cutouts were
instal led in 18 buJldings@ Test marketing of LFSH was conducted, however, this
is not covered in thIs report& These measures have proven in general to be
easy to install and to function well $ The main technIcal Issues left to
investIgate are the correct reset ratIo and the outdoor sensor location
requfrements@ This paper discusses the effect of the outdoor reset ratio on
the real ized energy savfngs~

SINGLE FE HEAT I NG SYSTEMS

A major and almost universal cause of energy waste in single pipe steam
(SPS) heated bu II d fngs Js uneven heat Jng. The SPS system Js tnherent Iy the
most diffIcult to balance and control 0 Opening windows even In the coldest
weather to cool down overheated apartments was part of the original design and
normal operation. The thermostat Is generally adjusted to satIsfy the coolest
apartment, with the result that other apartments are overheated by as much as
10 to 150 F@

1@184
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A typical SPS heated building has only one thermostat. When the thermo­
stat cal Is for heat the boIler comes on, heats the water, and generates steam.
The distribution system Is Initially full of air. Steam moves through the
piping under very low pressure (generally less than one pound per square Inch
gauge, psfg>, heatIng the metal and pushIng the air out through air vents on
the mains and the radiator. As steam reaches each vent, the heat of the steam
causes the vent to close, so that no steam escapes Into the room. Within the
the steam condenses, releasing heat and makIng room for more steam to enter.
The condensed water trickles back to the boiler through the same pIping that
suppl fed the steam. When the thermostat's satIsfied either by an actual
increase In space temperature or by the heat antJcapator, It turns the boiler
of f f9 As each rad Jator coo I s the a I r vent opens, a II ow 'ng a t r to re-enter the
systemo

I n the s Imp Iest terms, the major cause of uneven heat Ing fs that the
boiler provIdes more heat to some radIators than to otherse This happens for
several reasons: large differences in steam arrival times, excessively short
boiler cycles, radiator sizing, and building and system desJgn 1

@

Steam ba I anc' ng Js an art as we I I as It sc l-ence. Current k-nowl-edge f s
5ufffclent to achIeve a good balance in most bufldings. Space temperature
control I n a we II ba I anced bu II d Jng Is J im Ited to about 40 F for temperature
differences between apartments and swings of temperatures within an apartment.
Th Is degree of control can produce s Jgn f f icant energy sav f ngs and Jncrease
tenant comfort@ A procedure to achIeve this Is given In the four step process
below @ Sa I anc I ng a J lows the lowest comfortab Ie temperature throughout the
building therefore saving energy and money@ References 3 and 4 are guides to
steam balancing for apartment owners and gIve more complete details.

Step One: Building Survey@ During the building survey the boiler and
steam distribution system are thoroughly assessed In conjunction wIth an
overall audit of the bullding~ A diagram of the distribution system in the
basement and sketches of the radiator location and size in the apartments is
drawn, and the specification for the first phase of installation are made at

is tIme!!>

Step Two: FI of Installation. Almost all SPS buildings should
have additional main line air venting, larger air vents on the more distant
rad i ators and the f nsta I Iat Jon of thermostat Ie rad l'ator va Ives (TRV' s) In the
apartments over the boiler room@ Proper boiler cycle control must be estab-
Iished@ These steps should be done during the first phase of installation as
well as correcting any maintenance problems that are found. In this way the
basic easy to fix problems are corrected before the temperature assessmente

Step Three: Temperature Balance Assessment. The purpose of the tempera­
ture balance assessment is to determine as close as possible, without
unreasonable expense, how the heating system functions in the building, what
the temperatures are, and how the tenants perce i va the comfort Ieve I e A
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combinatIon of a tenant survey with selective monitorIng with strip chart
recorders appears to offer the best balance between expense and InformatJon@

The tenant survey Is an inexpensive method of obtaining both the tenants
subject I ve Jmpress Jon of the t r apartment's space temperature and data II ed
Information about how the system operates. To increase the accuracy and
usefulness of the survey inexpensive mercury thermometers should be passed out
to al I of the tenants before or along with the survey forms0 The tenant survey
shou I d be handed out wJth literature descr Jb fng how the f r rad Jatars shou I d
work0 Many malfunctIoning radiators can be located and repaired this way& The
survey wll I Identify those apartments that need further worko A good response
rate is necessary for best resu I ts ~ Pass i ng the surveys out a week to ten
days before the rent Is due and having them turned in with the rent Is a good
technique.

Step Four: Fine-Tuning. Since each building Is unique, and even seemingly
i dent Ica I ones bu' I t next to each other differ, there is no systemat Jc
approach for al I buJldlngse The steam balancer must gather whatever Informa­
tion s/he can and design solutions for that buildtng@ The sections on basic
technologIes and fine tuning detail the balancing techniques that are
avaIlable for this use~

Reduce Thermostat ttlng$ All during steam balancIng the control of the
thermostat Is very important * The thermostat shou I d be set to the lowest
comfortab Ie satt i n9 poss i bIe unt t I some tenant comp Ia i nts are generated & I. f
most of the building Is too cool, the building may be In good balancef$ If
only one to two apartments are cold, work should be done to warm them up, such
that the thermostat setting can continue to be reduced.

6as Ie TecbOQI Qg les for SpS 6a lone Ing

Cycle Control@ Proper control of the length and timing of the boiler
cycle Is of paramount importance in steam balancinge The optimum cycle length
is typIcally for the bol fer to remain on unti I all radiators are completely
ful I and then to turn off promptlY$ This minimizes the heat output difference
between different radiators while st'l I keeping the temperaturre surges within
apartments low1 $ Severa I methods are ava i Iab Ie wh i ch can poss i bIY produce
proper boiler cycles@ in the beginning of the MFPP a cycle holdIng relay was
used to hold the burner on until a sensitive pressuretrol determined that the
distrIbution system was fi I led with steamo Later this was changed to the
thermostat method because It Is easier for contractors to understand, cheaper
to Instal I, and ellmtnates problems In those casei where the boIler output is
too low to pressurize the system3$ The thermostat method involves a thermostat
with an adjustable dIfferential without a heat anticipator, usually a remote
sensing type@ The sensing element is located near the last group of radIators
to receive stearne The differential determines the amount of temperature
increase the sensor must experIence before It shuts off the bofler$ The
greater the dIf ferent i a I, the longer the bo i Ier cyc lew i I I be f$ By proper
adjustment of the differential, sensor location, and air venting rates the
proper cycle can be achJeved~
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Control of the thermostat Is Important when tryIng to reduce energy costs
In multIfamily buildIngs. fn Minnesota even a 20F Increase can Increase costs
6%. Tenant operat ion of the thermostat may not prov Ide the feedback and
control necessary for good balancIng and savIngs. The remote sensing
thermostat operates as a regular thermostat wIth the added advantage that the
thermostat i tse If can be located beyond tenant access, usua I IY 'n the bo f Ier
room. Only the remote sensor, a small temperature sensIng devfce, Is located
with I n an apartment 0 Th Js d tscourages tenant tamper Jng 0 These thermostats
are sens It tve to feedback and must be Jso Iated from a II other electron Ie
controls.

Air Venting. Proper air venting can be used to control the relative speed
of steam del Ivery to various radiators In a bullding@ When used in conjunctIon
with a proper boiler cycle, it Is a powerful balancing technlque@ Two types of
aIr ventIng are used; maIn I ine air vents (MLAV) on the main distribution
pIpes and variable air vents on the indIvIdual radiators@

The purpose of the main I Ina air vent is to rapidly vent the relatively
large quantity of air in the main I inas. Although there is very little back
pressure during the fill part of a boi ler cycle, these vents lower It even
further and preferentially enhance the flow of steam down the main distribu­
tIon pipes at the expense of flow up into the radiators near the boiler. Thus
the far radiators receive steam more quickly than before, and the close
radiators receive steam more slowly~

The arrival time of steam to various radiators can be further regulated
by the use of varluble sized radiator air vents'b In conjunction with MLAVs
they can slgnlflcanlty reduce the time lag for steam fil I between near and far
radiators@ The function of the radiator air vent is to provide a means for air
to be driven out of the radiator as steam enters@ At a given pressure the fIll
time of a radiator varies proportional to its heat capacity and Inversely
proportional to the venting capacity of the radiator air vent~ It is possible
to control the speed at whIch a radIator wit I ftl I with steam by instal I Jng a
radIator aIr vent with a certain venting capacitY$ Used in this manner,
red Jstor a I r vents are he Ipfu J in even i ng out the heat d i str Ibut ton tn a
bu J I d fng ~

In order to obtain a better understanding of these effects, a serIes of
Iab exper' ments were cond ucted to measu re the f Iow rates of commerc Ja I IY
ava t Iab Ie rna i n I' ne and rad Istor air vents. The f Iow rates of open pJpe
or' f Jcas of different sizes were a Iso measured::::: to compare the commerc Ja I vents
with orifIces of a known diameter5

@ One of the goals of the flow rate experi­
ment was to obtain a quantitative comparison of various air vents. ThIs
comparIson can be used as a guide for decIdIng which vents should be used to
even out the heat In a given bufld'ng~

The results of the laboratory tests can best be summarized graphical lye
Figures 1 and 2 are summaries of the flow rates of the main lIne air vents and
radiator air vents that were tested respectJveJye This comparison is based on
a gauge pressure of In water It The resu Its at 111 water were chosen as most
representative of actual operating condItIons. The relative positions of the
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Figure 1 Figure 2

vents on the graph do not change significantly up to a pressure of 28" water
(1 ps Jg) &

FIeld experiments were also conducted in an apartment building to
determine the point at which the law of diminishing returns makes a further
Increase in air vent capacity uneconomical 5• For MLAV no sIgnificant
difference of steam arrival time at the end of the main lines was noticeable
when or t f tee area was & 191 square f nches or Iarger ~ At e 104 square Jnches
or i f ice area, the steam took approx i mate Iy 15 seconds longer (a 10% t fme
increase) to reach the end of the short branch, and about 45 seconds longer
(a 16% t Ime 'ncrease) to reach the end of the long branch e Th rs seems to
Indicate an orIfice area of ~104 to 0191 square Inches Is needed to
efficIently vent the maIn I rne. RadIator air ventIng showed no Increase In
venting rate when the orifice was greater than @011 square Inches.

Steam System Pressure and Operatlone Dur i ng the 1984-85 heat i n9 season
balancIng was done usIng a cycle holding relay (CHR) which required a
pressuretrol to measure the pressure at which the heating distribution system
was completely ful I and shut the burner off. The original pressure at whIch a
particular system was full varIed quite a bit. The range was 0.5 to 5.5 pslg.
The buildIng which started at 5.5 psig fill pressure prior to the added
venting was reduced to 0.9 pslg afterwardse In all cases, buildings could be
made to pressur Ize at Iass than one pound by the add it i on of a tr vent i ng $

While the pressure at which the building pressurized could be quite variable,
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the tIme to fill the system was fairly constant. The maIn determInant of fill
time Is the ratio of the boiler output to the heat capacIty the dIstrIbution
system mass wh Ich did not change. The tncreased pressure vented the same
amount of air through smaller holes at higher pressure In the same amount of
tIme.

In fIve of the buIldIngs, the heating system failed to ever completely
fill with steam and pressurize. The boiler was sufficIently bIg to heat the
buIlding on design days, but the dIstribution systems output capacity was
greater than that of the bol ler~ The di-strfbution system would fJ II with
steam unt f I Jts output to the bu 11 d Jng Just matched that of the bo II er and
steady state was reached. For these buildIngs the system filled and operated
at atmospherIc pressure. The CHR based control system cannot work under these
condttJons~ The thermostat based system outl tned above was therefore used@

Correcting Id Apartments$ To Increase the temperature In an apartment
eIther the heat Input must be increased or the heat loss decreased@ Several
technIques are avaIlable to do eache

If no steam ever reaches one or more radiators and the boiler cycle Is
be fng proper I y contro I Iad, then the rad i ator f tse I f may not be operat tng
properly$ The hand valve should be checked to determine If it Is operating
proper I y and ts open @ The stem may be broken with the va I 'Ie in the off
posftfone The air vent operatIon should also be checked$ This can be done by
ramov Ing I t and test i ng to see iff t passes a t r» i f not, It shou I d be
replaced@

In some cases, good balance cannot be achIeved with the existing
rad Jators ~ Th Jsis espec i a I I y true of apartments that are too co I d because
rad Istors have been removed @ Therefore it may be necessary to add to or
rearrange a building's radiators, though this is major work and may be
expensivee To reduce costs unused radiators from the hallway can sometImes be
used or there may be old radIators stored In the basement*

Risers to rad Iators In apartments above may somet Jmes be fnsu I ated e J f
the apartment is too cold this Insulation can be removed and the risers will
act as an addItional radiator~

Sometimes the thermostat is set high becayse of a few cold and drafty
apartments. Wh i Ie weather i zing an ant i re apartment bu i I d in9 Is usua I I Y not
cost effective, decreasing the heat loss from the colder apartments by
reducing air Inti Itratlon or increased insulation ca-n help to achieve more
even heatinge The reduced thermostat setting can then make the weatherization
cost effectJveq,

Correcting Hot Apartments. To decrease the temperature In an apartment,
the heat Input must be decreased 0 Several techniques are avaIlable to do
this~
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Norma I I Y there wf I I a Iways st f I I be some temperature var Iat Ion between
apartments. The differences are due to such time-dependent variables such as
solar gain, internal gains, infiltration, and wind conditIons, also some
apartments may have too much radiation. To compensate for thIs, the building
can be divided into a number of different zones, each with some degree of
separate thermostatic control. Thermostatic radiator vents (TRVs) are devices
for accomplishing this. These are usually Installed on the largest radiators
tn the warmer apartments or In rooms, such 'as a bedroom, where a cooler temp-
erature than the average is desired. TRVs work by responding to temperature
changes near the radiator .. They are fJ lied with a fluid which expands and
closes the a I r vent Jf the temperature goes above the setpo Jnt e When the
bo' Ier turns on, no a' r can be re Jeased and thus no steam can enter ~ Most
TRVs can be set to prov i de a f txed room temperature or to a II ow the room
temperature to be varied by the occupant, with a preset maximum chosen by the
owner.

In order to decrease the average heat gain, a radiator can be turned off
or exchanged for a smaller one@ However, single pipe steam radiators cannot be
throttled down using the hand valve which should be kept either full on or
fuJ I offe

If risers to radiators on floors above are untnsulated a thin layer of
1/4 - 1/2" insulation is sufficient to stop the majority of the heat flow.

Smal I apartments with only one radiator are sometimes too hot if the rad­
star Is turned on or too cold if it is off~ A TRV will usually solve this~

Energy Sayings

The energy say f ngs for 12 of the 25 SPS bu i Idings were measured us Jn9
PRISM analysts6

@ The mean savIngs was 9.3% with a range of a 14.4% Increase to
a 25@2% decrease in consumption, see figure 3& The average direct cost to the
apartment building owner was about $1,400 and the median simple payback period
was 1~4 years7

$

Two bu i I dings had anoma 1ous say i ngs va lues * Sa lane i n9 ach teves energy
sav i ngs lower In9 the average bu J Idl ng temperature & The bu i Iding where
energy use increased was fairly wei I balanced before Installatlon@ The
i nsta I Iat Jon so I ved severa I underheat Jng prob Iems wh Jch Jncreased res Jdent
comfort, but which also more than offset the gains from reducing overheating
and resulted in a net energy use increase$ The building wIth 25.2% savings set
the thermostat very low after installation and much of the building
experIenced underheatJng~

In the beg inn i n9 of the MFPP the extent to wh Ich bu i Idings had to be
treated Individually was not real ized and a large number of technical
dl Jculttes arose~ More bui Idings had installations than could be fully
serviced given available staff. As a result the thermostat settings were not
mon itared carefu II y, but were left up to the caretakers to control @ Th is
probably resulted In reduced savings in some bulldings* Emphasis Is now placed
on the actIve participation of the owner and caretaker to keep the thermostat
setting to a minimum and to individually troubleshoot cold apartments~
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Figure 3

Our ing the f f rst year of the MFPP one system was more d iff lcul t to
ba I ance than any other: the AIdr Jch bu f I d tngs @ The heat fng system actus I I Y
heats two buildings sIde by side. Even though the buildIngs were part of the
MFPP and received many visits. the heatIng remaIned uneven during 84-85@

The caretaker kept the thermostat at 78°F to reduce complalnts@ However,
the owner was very cooperat Ive and Interested Jn ba lane Jn9 the bu J Id , ng 0

Therefore, it was decided to try to balance the building agaIn durIng the 85­
86 heating season, when even more attention could be gIven to ft. The method
out I tned above was used'8J The reason' ng was that i f th i s bu i I ding. cou I d be
balanced, any building coulde The key to understanding this buIldIng was the
radIator survey and resident/temperature survey@ These survles revealed that
the four coldest apartments had sIgnIficantly less heatIng capacity than the
other apartments because radiators had been removed. By movIng a radIator from
an overheated apartment to a cold one. addIng three others, an~ Installing
additional TRV's and Jator air the buildIng was balanced and a 12@4%
energy reductIon was achteved@

KJlT I lOrE T WATER tEAT ING SYSTEMS

Hydron Jca I I Y heated apartment bu tid Jngs norma J I Y have one or more ma in
heating distribution loops from whIch separate baseboard loops run Into each
apartment@ A pump circulates hot water through the main distributIon piping
contJnuously@ Each apartment has a zone valve and thermostat to regulate the
flow of hot water into Its baseboard loop@ The boiler is typically control led
by an aquastat which keeps the water in the system at a constant temperature.
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The amount of heat g' ven off by baseboard rad i at i on depends on the
temperature of the water c i rcu Iat i ng through tt @ Bu II d Jngs are typ Jca I IY
designed so that a water temperature of 180 to 2000 F is required to balance
the apartments' heat loss at the co I dest 'II inter temperatures. Th is water
temperature Is much higher than Is needed for most of the wfnter& An outdoor
reset varies the temperature of the water in the distribution system Inversely
wIth outdoor temperature, so that the minimum temperature necessary to heat
the building Is provided. The outdoor cutout turns off the heating system on
spring and fall days when the outdoor temperature Is hIgh enough that extra
heat Is not needede The outdoor reset and cutout have been shown to provide
savings of 10-18% compared to constant temperature operatlon2•

Energy Savings

The energy savings of eight of the 18 buildings In the MFPP were measured
using PRISM analysls6 in order to compare this group Instal led by contractors
not monitored by office staff with the more closely control led installations
reported earlier. All buildings showed savings with an average of g.1./" see
figo 4e The average cost was $631 and the median payback was le9 years @ This
was less than the previously reported average of 15%. Several possibll tttes
for this exIst Including statistical error, occupancy rates, and the control
of the outdoor reset sett i ng rGI The effect of the outdoor reset rat J0 was
Investigated@

ENERGY SAVINGS IN MZHW BUILDINGS Table II MZHW sample disposition

o to 51 5 to 10X 10 to 151 i5 to 201

Range of Savings (Percent)

Figure 4

18 Original cases

- 8 Poor or insufficient pre-data

=-2- Vent damper tests being conducted

8 Remaining cases with rei lable

Pre & Post results

The reset ratio of an outdoor reset Is the ratio of the change of outdoor
temperature to the resulting change of boiler water set point temperatureo A
ratIo of leO:le5 means that for every degree colder outside the boiler water
temperature is 1ncreased 1@5 degrees (j The proper reset rat i 0 is bu i Id' ng
dependent and Is controlled primarily by the instal led desIgn condition water
temperature@ Most buildings in Mfnneapol is were originally designed for 1800

water on the coldest days@ However, the actual temperature necessary can vary
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from 160 to 2200F. Few bu i I dings need heat when the outs Jde· temperature Is
above 550 F, and the outdoor cutout Is usually set to turn off the bo J Ierat
this temperature. The practical I imlt of reset to protect the bol fer and
provide some heat to the apartments that need it Is about 110°F water tempera­
ture at the cutout po tnt • Therefore, th ts po Jnt and the water temperature
required at desIgn conditions determine the Ideal straIght I Ina reset ratio.

Some outdoor resets have a fixed ratfo, fig. 5, where only the cutout
Intercept can be sh f fted up or down para I Ie I to accomodate the i nd Iv fdua I
buJ Idlng. Others can adjust both the reset ratio (slope) and the cutout
intercept, fIg. 6.
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A computer analysis was done to determine approximately how large of a
performance degradation Is incurred when the reset ratio used varies from the
ideal* If the reset ratio is too high the water temperature wll I increase more
quickly than optfmaland reduce the savfngs b figlll 7. However, since MZHW
buildIngs are designed to function with water temperature at the high limit
even on mil d days, no tenant comp I a i nts or system prob Iems wf I I resu It * If
the reset ratIo Is too low, fJg@ 8, as the weather gets colder the building
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wf I I not be ab Ie to ma f nta I n temperature and tenant comp I a Jnts wi I I be
generated. By raising the reset line In a para) lei manner, i.e. raising the
temperature at cutout, sufficient heat wll I again be provIded, but the
excessive water temperatures during mild weather wil I reduce potentIal
say Jngs. Wh fie the bu II ding wII I a Iways heat adequate I y j f the bo f Ier water
temperature Is equal to or greater than the mInimum necessary, energy savings
are maximized when It Is kept to the mInimum.

The ana I ys ,s s i mu I ated the per formance of resets with var Jous rat fos
startIng from field measured data from an intensIvely monitored buJldJng2 •
The gas use of the building had been measured for both the constant tempera­
ture and reset modes over a two year period. Second order polynomial
equations that correlated gas use to degree days had been f it to the data,
fig. 9. The normalized annual space heating use was calculated by multiplying
the gas use. ca I cu Iated f rom the equat ions at each degree day va I ue by the
normal frequency of occurrence of that degree day value in a typical heating
seasone

The reset had a 1:1 ratio and was set to give 1100F boiler water at the
cutout temperature of 550 Fo For the sImulation, this was assumed to be the
Ideal straight I Ina reset ratio for this buildIng, giving a water temperature
at a -150F desIgn condition of 1800 F@ The savings from any reset were assumed
to be dIrectly proportional to the decrease In boiler water temperaturee Thus
to calculate the savings for reset ratios other than the ideal, the savings
from the Ideal reset were multipl led by the ratio of the non-ideal to Ideal
reductIon In boiler water temperature (B/A in figure 10)e ThIs was done at
each degree day value and normal 'zed over the heatIng saasone For non-Ideal
reset ratios It was assumed that ratios that were too high or too low would
intersect the idea I curve at the cutout or des Ign cond Jt ions respect f va I y,
fig. 7 and 8@ Thus the boiler water temperature would be the minImum In
excess of the Ideal for the given reset ratio0

simulation showed that a sIgnificant reductIon in savings can result
reset ratIo differs from the Ideal, fig 11@ It is common practice for
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contractors to Install the higher reset ratios because they tend to generate
fewer complaInts. If the ratio Is off by 25%, a 15% performance degredatlon or
3~ overall savIngs decrease can exist. Some contractors routinely Install a
ratio as high as 1:2 which could result In about a 50% decrease in realized
savings.

RESET RATIO vs. SAVINGS
If the IlStaal Reset Ratio 1s 1: 1

Figure 11

The MFPP used an outdoor reset with a 1:1 ratto$ However~ field
experience has suggested that the median Ideal reset ratio for Mlnneapol is may
be 1:1@25. Thus, it appears that the potential degredation of savings due to
a non-Ideal reset 10 Is of the same order of magnitude as the discrepancy
between savings reported here and earlier values, and could be an important
factor. Future tests are planned to determ tne the Ides I reset rat J0 on a
number Mlnneapoi Is buildings and an audit diagnostic technique to determine
it.
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