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Numerous fleld, laboratory and modelling studies have explored the
effectiveness of vent dampers In single family homes but no research that we
are aware of has Investigated savings from vent dampers alone In multifamily
bulidings. Vent dampers can reduce fuel use In two ways: (1) they can reduce
heat loss due to air flow over the heat exchanger, either by actually reducing
this alr flow or more typically by causing the heated air to spill through the
draft diverter into the boiler room, where it may become useful heat gain, (2)
they can reduce bullding Infiltration by reducing escape of warm house air
through the chimney during the off cycle.

Several differences between single family and multifamily buildings could
lead to differences In savings from vent dampers. (1) The degree of communica-
tlon between the bolier room and the heated space is often much less In &
muitifamily building, which couid be expected fo reduce savings. (2) An apart-
ment bullding's boiler (and distribution system, if clirculation is continuous)
has a much larger thermal mass than a furnace In a single family home and
provides a much larger source of heat for off-cycle veat less. (3) |In
Minneapolls, at least, buildings with boller inputs over 400,000 Btu/hr are
not requlred to have a metal chimney [iner, and a massive brick chimney Is the
norm, probably causing the off-cycle draft to be sustalined longer. (4) In
older, steam heated buildings the old boilers.converted from coal to .gas have
barometric dampers rather than draft diverters. When the vent damper Installed
on such a boiler cioses, the barometric damper also swings closed, greatly
iImiting splilage and hoiding more heat In the boiler Itself. The last three
factors could be expected to Increase savings In multifamily buildings
relative to single famlly buildings.

The bulidings used In the tests are typical of the multifamily housing
stock in Minneapolis and Include four hot water heated and two steam heated
fow rise bulldings (+able 1). To maximize any possiblie savings, tight, quick
closing dampers were selected, which legally necesslitated use of dual auto-
matlc gas valves and electronic Ignitions on the bolilers. The boilers In the
four newer bulldings had draft diverters, so dampers were Installed on the
water heaters as well to prevent escape of heated air spllled into the boiler
room. Dual automatic valves and 24V controls were added to these water heaters
1o allow use of qulick closing dampers. Water heater dampers were added to the
two steam heated buildings in the second year. The various precautions to
maximlze savings greatly Increased costs (table 1i).

The buildings were run alternately with no dampers, boiler damper only
and boiler plus water heater dampers over the tfest perlod, allowing each
buliding to serve as Ifs own "control". The first year, readings were taken
weekly and modes changed every two weeks. No significant differences were
found In the week-one vs. week-two residuals within modes, which indicated
that the period of restabliliization after the change is short when compared to
the weekly reading interval. In the second year modes were therefore changed
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weekly and all three modes were rotated in each bullding. The purpose of this
was to test the Importance of the water heater damper in space heating
savings, since It constituted a significant fraction of the costs. Submetered
space heating gas use was regressed against degree days and normallzed for
weather using the method described In Heweti and Peterson (ACEEE, Vol.C,1984).

The 1984~85 data show space heating savings of 11 and 14% for dampers on
the bollers only In the two steam heated bulidings and 13 and 16% for dampers
on the bollers and water heaters in the two hot water heated buildings, all
statistically significant at the 1% level (Table 11i). Results at bullding
2317 agree closely with savings estimated from measurements of stack flow and
temperature by Lawrence Berkeley Laboratory staff in February, 1985 (Modera,
pers., comm.).

The results for 1985-86 do not corroborate this simple picture (Table
111). Many of the normallzed consumption estimates changed considerably, and
many of the savings were not statistically significant. For the four hot water
heated buildings, the savings with both dampers ranged from -4 to 334, and the
savings for the boller damper only In two buildings were 4 and 23%. Savings
did not follow the patterns we expected: bullding 1910 did poorly In spite of
the fact that the boller room door Is always open to the halliway, 2002 did
well even though the boller room Is under the parking lot and only abuts the
building on one wall, and the boller has a metal chimney, building 2600 did
well even when only the boller damper was active. The two steam bulldings
showed savings of 6 and 15¢ wlith one damper and 11 and 3% with both dampers,
again contrary to our expectations. Observation and owner Intervliews have
identifled only a few changes from the first year to the second. Bullding 1518
hired a different and probably less skilled caretaker. The exterior wlindow
trim at 2600 was caulked. Bullding 3033 and 2600 experlenced 88 and 43% turn-
over respectively between the two test years. Buliding 2317 had no turnover
and data are not yet avallable for 1518. Vacancies are known to have been very
low except at 1518 where data are not yet avallable.

Simpie paybacks for the two steam heated buildings are less than three
years for the vent damper on the boller only. Paybacks for the whole package
In the hot water heated bulldings appeared to be flve years or less based on
1984-85 data but more variable and often longer based on 1985-86 data. (Gas
costs are $0.57/therm except $0.45/therm at 1518.) The results thus far do not
support wlidespread Installatlion of vent dampers In multifamily bulidings.
These tests wlli be contlinued In 1986~87, but detalled monitoring and model-
fing of boller and bullding energy flows are also needed.

Table 1. Test building characteristics.

BOILER RATED COMBON
BHLDIRE | DATE EROSS 3, OF | DISTRIB. $EAS. BOILER |BOILER VENT CRAFT WATER HEATER WAVER HEATER CHIREY DIX, IN,
1.9, BUIT | AREA, FT.2 | UNITS |SEDISE BHILER TYPE 1¥PUT, BT/ R Dlax, 3 RELIEF 1MPUT, BTU/HR YEMT DIAM, 12 AMD TYPE

20 none 250,000 8 32 x 36 brick
1518 1920 20,592 32 steem site bullt, brick set, 1,380,000
stesi fire tube, atw,

coal to gas/coal conv.
20 barametric 55,000 ea 4 43 x 47 brick
2317 1910 13,360 7 stoam site bullt, brick set, 1,280,000 40,000
stee!l fire tybe, atm,
coal to gas conv.

o2 8 diverter 199,000 3 21 x 38 brick with
3033 1963 11,550 17 kot water | packeged, cast lron, 177,000 11 x 1t tlle liner
&tm, gas-designed 183,000
12 diverter 199,900 aa 7 28 x 28 brick with
2600 1968 18,194 30 hot water | seme 612,700 199,900 9 x 9 tile liner

12 dlverter 199,000 7 25 x 46 brick with
1910 1962 16,331 18 hot weter | same 487,300 11 x 11 tile ilner

es B diverter 250,000 7 14 dlameter double
2002 1974 15,300 18 | hot water | same 219,500 E wali metal
205,700
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Table(l. Estimated falr market cost of Installations.
BOILER WATER HEATER GRAND
— MK ALS uﬁf TOTAL ] LABOR TOTAL TOTAL |
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HHEIEIEHEI R B g g Z Sl 3|z 121zl 8 2| B8 g z
HEIR I IR YRR L g 5] 3 g eI’ S
1518 not [temized 1700.00 1 Tt 484.03 5.01215.00 | 699.03 2399.03
2317 not Itemlzed 850.00 212 2412 930.36 15.0 | 645.00 | 1575.36 2425.36
3033 22 2 (1]t 1118.47 [ 12.0 |516.00 | 1634.47 1]t 1 396.94 4.0 172.00 | 568.94 2203.41
2600 1 1 1 1 1 1 1 1 828.05 10.0 {430.00 | 1258.05 212 212 ¢2}) 1161.82 7.0{ 301.00 | 1462.82 2720.87
1910 1 1 1]t 538.73 9.5 |408.50 947.23 1]t 386.08 4.5] 193,50 | 579.58 1526.81
2002 2|2 211 |1 1118.47 | 14.9 [640.70 | 1759.17 1]t 111 |t 569.04 6.1 | 262.30 | 831.34 2590.51

'The tightest, most qulickiy closing vent dampers are required by ANSi standard
221.666-1982 to be equipped with two automatlic gas valves to control all main gas
flow. We were gble to find dual valves to repiace the orliginal valve for Inputs as
high as 210 f+3/hr; for higher inputs a second gas valve was slmple added.

2 |ectronic ignitions were added at 3033, 2600 and 2002 so that the pliot knockout
In the vent damper could be sealed, but thls was omitted at {910 fo reduce expense.
2517 and 1518 already had electronic Ignition,

3Additlon of controls necessitated a heavier duty transformer.

4The manufacturers' wiring dlagrams call for the vent damper to remain open when
the burner s shut off by the high iimit, & logical safety precaution In single
tamlly homes. In hot water muitizone buildings, the boller will shut off on the
high Timit whenever the cutdcor reset control setpolnt exceeds thls |imit, We
Instatled an "operating" high Iimit which allows the damper to remain closed, and
set the preexisting high 1imlts higher to serve as safeties.

Sinterference between electronic controls caused chattering of the gas valve,
necessitating an [sciation relay.

6Based on manufacturers® suggested retall prices.
Tat $43/hour.
8The original controls were elther gas actuated or run on a milllvolt

clrcult. The former had to be replaced, whlie the (atter were aaptable to a
24V control clrcuit.

Table III. Estimates of normalized annual space heating (NSHU) with and without vent dampers.

WSHU (therms) DIFFERENCE lmﬂ—mz) DIFFERENCE  (MODE § — HODE 1) DIFFERENCE lml—m2$
[Building + std err s NSHU t(af) 2 NSEO t{af) A NSBU t{af)
1984-85 Mode O Mode 1 dode 2 +std err P % 4 HSHU +atd ecr P % 5 NSHU 4std err P % 5 NSHU
{1518 15049 13419 1630 3.5986 (11) 10.8
17260+ 349 0.001 <p <0.01
2317 9548 8243 1306 4.52)1(8) 13.7
+ 224 + 183 0.001 < p<0.01
3033 6334 5516 818 3.2832(16) 12.9
+ 138 + 165 0.001 <p <0.01
2600 10022 8441 1581 3.4567(17) 15.8
+ 349 + 274 0.001 < p <0.01
198586
1518 16444 14007 15954 450 0.635(14) 3.0 2437 3.018{12) 14.8 -1947 2.273(14) -13.9
+ 537  + 606 +604 0.5 < p<0.9 0.01<p<0.02 0.02< p<0.05
2317 9252 8668 8234 1018 3.409(15) 11.0 584 1.557(17) 6.3 434 1.296(16) 5.0
+249 4275 +152 0.001 <p <0.01 0.1<p<0.2 0.5<p<0.9
3033 5344 5105 5237 107 1.320(16) 2.0 239 2.480(13) 4.5 ~132 1.60{15) -2.6
* 66 + 70 + 49 G.2<p <«0.4 0.02<p<0.05 0.1<pc0.2
2600 11634 8967 7838 3796 10.976(13) 32.6 2667 7.830(14) 22.9 1128 4.03(13) 12.6
*272 +202 +190 p <0.001 p<0.001 0.001< p< 0.01
1910 5417 5613 ~196 0.779(12) -3.6
+186 +138 0.4<p <0.5
2002 5517 4336 1181 3.241(10) 21.4
28l 1223 0.001 <p <0.01

tode @ no dampers, mode 1 boiler damper only, mode 2 boiler and water heater dampers.

“SHU was calculated for a heating season from October 15 to April 30 (see text

).

Savings are significant if p<0.05. P is the probability of achieving the observed difference in NSHU by chance.

One therm = 100,000 Btu.
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