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ABSTRACT

Over 1O~OOO furnaces have been treated by agencies under the
Colorado low cost furnace efficiency program. The results from three new
studies of this program are reported in the paper. The first 15 SERI
sponsored research on over 800 furnaces. Included is a PRISM analysis of
three sets of furnaces. The effect of changes in non-l1near systems on
PRISM analysis 15 analyzed. The second is extensive monltoring of a single
new home before and after furnace modlfication. This stUdy shows a
potenttal savings of 11.3%. The third investigation was done by the State of
Colorado on the latest program, It shows a savings of about 12%.

This new information makes possible a method of screening that will
guarantee that the program works on the highest priority furnaces. The
paper contains a detailed analysls of the individual items contributing to
the savings and areas requiring additional research.

This success is a result of substantially more than the use of-speclfic
technical options. The training) feedback, inspection, monitoring) and
administration are essential and radically different from most
weatherization programs. These faclts of the program, which are largely
responsible for it's success; would require sUbstantial revislon In
weatherization programs.
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INTRODUCTION

A lo\¥ cost heating system efficiency irnprovement systern was ploneered in
the summer of 1982. That program showed a 12% heatlng savings and details of
that program "are described in the 1984 ACEEE paper} "Low Cost Furnace Efficiency
Improvements" (Proctor) 1984). The results of that \'York showed promise, but left
unanswered Questions. First, can this technology and the administrative system
necessary to 8cc:on-lplish it be transfered to other agencies from the organlzatlon
that developed it? Second.. ,+/hich portions of the program were responsible for the
majority of the savings? By 1984.. Sun Po¥ver Consumer A~SOc18tionJ wlth the help
of the Colorado Office of Energy Conservation, had begun to anSVafer those
Questlons. By December of 1985 over 1O~OOO heating systems had been treated
under the low cost prograrn in Colorado. Over 10 agencies have been trained to
deliver this program. The experience gained in those agencies on those furnaces
shows that the success of this program depends on proper administration and a
Drl or1 ti zed technl eEl1package.

We wil1100k first at the adrnlnlstrative portion of the programs - BECAUSE
THEV ARE THE LEAST UNDERSTOOD AND MOST IMPORTANT PART OF THE PROGRAMS.
Without them the best technlcal package will result in only medl0cre savings}
admlnlstrative headaches., liability problems and possible unsafe condltl0ns inslde
the clients homes. This administrative syst.em 18 now used on three programs; the
furnace program., the bOl1er program and the "House Nurse" program.
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DISCUSSION

Admi ni strat1on

The administration of thls program can be broken down into a few axioms
they are:

AXIOM #: 1 - YOU CANNOT ASSU~lE THE TECHNICIANS, SUPERVISORS;
INSPECTORS} AND HEATING CONTRACTORS ALREADV KNOW HOW TO DO WHAT YOU
WANT THEM TO DO.

ThlS means that adequate training 15 required to have the program save the
energy that it potentially can. The reluctance of state adminlstrators of
vy'eatherization programs to spend sufflclent monies on tralnlng the lndlvlduals in
the field results in insured lack of cost effective weatherization. This need has
long been recognized but usually ignored. In the Modular Retrofit Experlment J Dutt
(1982) noted ""Greater energy savings should be possible with better building
dlagnostics~ ghter control house doctor performance) heating system
modi cations ... and more house doctor training." McAlister (1961)
spsakl of the nl to accomplish weatherization said QTrainlng 1s

Qual1ty any j There must be a regular schedule for training of
i ndl dua1s. IS When the de11 agenci es uated the program the predomlnant

was more tral nl
In accomplish adequate ng the management system for these

ongoing; and effective ning-feedback to individuals at
organi on. The techni c1 ens 1s detail ad in

control system is shown belo'lv.

SCHEDULING

FEEDBACK TO
TECHNICIAN

figure 1. feedback and \&Iork control. ~l!IIIIlIlIIIlIIi!IBIIIIIlDIIIl!llilllllllllBllllllllll1lllll~

DONE

FEEDBACK TO
HEATING eTR.
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After the technl ci an has corllp1eted thel r '?'.fork} the f Ort11 revl evy'er marks
coples of the initial technician's test and modlflcation form and returns these and
any inspection feedback to the technlc18t1. Marked coples of the fol1o'iv up sheets
and inspecti on sheets are a1so returned to the person dOl ng the f 011 ow up 'vVork.

The training of the supervisor/forn-, revlew/inspector requires all the
forrnal training of the technicians plus personalized feedback on at least five
occaslons over the next ten to fi fteen v'/eeks.

AXIOM #2 - "CLASSROOl"l OR LABORATORV" TRAINING CANNOT COt'lPARE WITH
WORK IN THE PROGRAM CO~1BI~JED \~lITH RAPID AND ADEQUATE FEEDBACK.

AXIOM #3 - THE TECHNICIAN MUST BE WORKING AT A RATE SUFFICIENT TO
LEARN FROM EACH UNIT. TIME DELAVS ENCOURAGE FORGETFULNESS ~JOT LEARNlf4G.

The techni ci fins must be dOl ng at 1east. 3 uni ts per week f 011 OWl ng the
1n1t i a1 t ra i ni ng.

AXIOM #4 - YOU CANNOT ASSUME THAT THE HEATING CONTRACTOR OR THE
TECHNICIAN DID WHAT THE\-' WERE TRAINED TO DO.

ThlS requires that someone be trained to do a 100% review of the initial
data on the heating systetl1; the ¥/ork done on the appliance and the final condition
of the system. The 100% revleVv' is accomplished using paperwork designed to
speedily and accurately communicate those items to the form reviewer. This
process lncludes automatic and absolute rules on rep61ring dangerous situations.

AXIOM #5 - YOU CAN~JOT ASSUME THE TECHNICIAN OR THE HEATING
CONTRACTOR FULLV UNDERSTOOD WHAT YOU SAID THE FIRST TIME YOU TRAINED
THEM.

It is necessary therefore to give rapid (within one week) feedback via the
form to the technician. In addition.« inspection feedback should reach the
technl an or heatlng contractor w1thin two weeks.

AXIOM #6 - VOll CANr~OT ASSUME THAT EVERVONE IS OUT STRICTlV FOR THE
GOOD THE CLIENT AND THE PROGRAM.

1.206
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Follow up work on furnaces 1S done only as ordered by the individual who
reviews all the forms. ThlS is done wlth the 6ss1stance of the follow up flow
chart. Since thls greatly reduces unnecessary expenditure on repairs., It pays for
the salary of thesupervlsorl form revlewer/inspector.

AXIOM #7 - YOU CANNOT ASSUME THAT THE TECHNICIAN OR THE HEATING
CONTRACTOR DID 'vvHAT THEV WERE TOLD TO DO.

Inspect1on of the work 1s assent ja1.

AXIOM #8 - ItOU CANNOT ASSUME THE PROGRAM SUPERVISOR WI BE
RUNNING THE PROGRAM IN THE WAY THEV WERE TRAINED.

The funding source must have a trained monitor that periodically ews
reports and actual work to insure the proper proceedures are followed.

AXIOM - PROGRAt'l SA\/INGS EVALUATION AND

us 1earn them 1S

by the program a
this YS1S can Y

s analysis will point
stic predlctionso

va or cal portion of the

1 j
as

r dl scovered safety proD1ems wi thout much
They general1y use eXl sti ng heat1ng contractors ng

that is repal ng and replacing defective parts or
t in high and little or no efficiency g61n.

programs - vari OUS nenergy savl ng U devl ces onto exi ng
If the cost is relatively low compared to the savings (6 combination of

ce and the arnount efficiency irnprOVet11ent) then these programs can
ve (Such as the ASE oil retention heed burner program).
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3) Efficiency adjustments - adJust the existing equipment to the maximum
efficiency attainable. In addition they may include elements of repair and
hardware programs 8S they are selectively judged to be cost effective for an
individual heating system. The low cost furnace efflclency program and the low
cost boiler efficlency program fall into this category.

Liability

The prlrr,ary argurYlent used against training individuals to adequately deal
with heating systems is that the liability risks are too high. [:onsider that
weatherlzatl0n attempts to reduce the number of air changes naturally occuring in
the home. If that home has a flue that dumps combustion products into the home
lour studies show that about 11 % have that problem} (Proctor, 1984)]; and IF the
weatherlzat1on 1s successful., then the concentration of combusti on products in
the home is increased. Is not the agency's llability problem larger by not
discovering the flue problem} thus leaving a life threatening situatl0n which they
have contrlbuted to?

Program S6Y1 ng.§...

Table L Furnace program savings studies.

study

Proctor} (1984)

t1argolis; (1986)

savings

12% (heat only)

8.4%

N

26 units

25

2.8%
8.1%
7.4%

SERf-FreYJ (1985) (data) 14.7%(heat only)

SERI-Subbaro et al.,( 1986) 11 .3%{heat only)

Clarldge; (1985) (data only)
Cat. 1
Cat. 2
Cat. 3

45
16
9



PROCTOR ET AL.

'When these studles are corrected to the same base (heat only energy use Ys.
heat and hot water use) they are In fairly strong agreement. The heat only (approx.
75% of the natural gas use) savings 1s around 11 %.

Margolis - The Margolis study has a fair sample Slze and uses a control
group whlch 1S from the same population (LIEAP recipients). It was able to obtain
24 months of data which eliminated the problem of units being eliminated because
of insufflclent pre treatment data. The study contains information about both
hardware programs and efficiency adjustment programs. As in all these studies
the problem of small sample size for the size of savings is a concern. This study
1S belng updated with new data as it becomes 8val1able.

Solor Energy Research Insti tute - The bUll dlng moni tori ng di vi 81 on of S.E.R.L
has undertaken three tasks which shed some light on the Questions concemlng
what portions of the heating system efficiency program accomplish the savlngs
found In previous studies.

In one bul1ding macrodynamlc experiment (~3ubb8ro et 81.; 1986); a new
single family home was dynamlcal1y calibrated as a calorimeter. This allowed fA

determlnation of the total heating systern efficiency. This system was (51.5
1.9) % efficient. The furnace was then put through the low cost efficiency
program proceedures and again tested. The result was a new efflclency of (58.1
+/- 1.9)%. This represents a heating season projected heating savings of (58.1 ­
51.5) I 58. 1 =11.36%

In order to determine cause of the savings on thlS single well
instrumented home addi onal \¥e1S obtained on the furnace itself (Frey} 1985).
To understand the importance this study 'lye must first examine the cycle of the
typical furnece.



PROCTOR ET AL.

0.6

0.5

0.3

0.4

.... Tail

-0- S8StesdyState·II

.11I- Ramp

-0· fi re up

0.8 T
0.7

.....
~.

I'~

c.oOOO<>O
()OD.-II•••J'

II
l•

I

::~ i
0.0 CDC e I I I I I I I I I I i I I I Ii .... I I i I I I , i

o 2 4 6 8 10 12 14

Minutes

Btu Delivered
at Plenuml

Btu Consumed

Figure 2. Phases of the furnace cycle. A normal furnace cycle has four phases.

Table IL Properties of the furnace phases.

Phase duration fuel blower comments

1-3 min. on off very little heat delivered

Ramp 2-5 min. on on period of i ncreasi ng eff.

imlted on on hlghest heat de11 very

T_811 1-8 min. off on stored heat ls de11vered

The Frey data al1o'w us to look closely at how the furnace actually performs
how lndi dual portl0ns of the process contribute to the total savings. Table

III summarizes the information.
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Table II J. Frey study data.

Item Orlg1nal Condltion Modtfied

Natural Gas Input 1421 btu/mtn. 1421 btu/min.

Start Up Durat1on 1 minute 1 minute

Start Up Btu Input 1421 btu 1421 btu

Rarnp Input 2.5 min x 1421 btu =3552 btu 3552 btu

Ran1p Output 1899 btu 2620 btu

Heat Rise (88steady state
13

) Cycling on the l1rnit switch 60°F

Delivery Temperature eye1i ng between 146°F & 161°F 144°F

Btu Delivery (gas on 13 55") 680 btu/min to 9 14 btu/min 1161 btu/min
(average 797 btu/olin)

Avg. Gas On Efficiency* 797./1421 =56.1% 81.7%

* The efficiency change was primarily brought on by an increase In delivery
r volume through a new higher speed blower motor. r~ot 811 of this gas on

efficiency is translated into savings however. :31nce the furnace was
u cycling on the limit n was a period of time in the normal burn cycle
when gos was btus \Nere delivered. This gas off he6t delivery

209 preceedlng rninute.

13138 Off Heat Delivery 209 btu/burn mi nute none

f10difl ssssu Output (680 + 9 14)/2 + 209 = 10()6 imin 1161 btu

Modified time" Eff. 70.8% 81.7%

Avg. Gas Off Temp.
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Table III. Frey study data. (Continued)

Item I)riginal Condition

Tail Heat Delivery 21.3 btu/oF drop

Modifled

22.5 btu/"F

Total Tell Heat Delivery 13......·5;;;;;;"",;;o3__b_....t;;..,;;;,,;;;u .......l...,;;;;;;;2..........1".;;;;;,.,,5......tt........tu""""---_

Using this data we can calculate the overall efficiency for a number of
different burn times. The results are summarized in Table IV for the furnace
before and after modi fi cat1on.

Table IV. Overall efftciencles for various burn times.

Item Original Condition Modified

For a 1 minute start uQ., a 2.5 rninute burn and egual fan off temQeratures
the furnace \lvould groduce:

Total Input 3.5 x 1421 btu =4973 btu

Avg. Gas Off Temp. 153.5°F

1Heat Delivery 21.3 btu/oF drop

Temp Drop to gO°F 63.5°F

Total Tell Heat Delivery 1353 btu

4973 btu

1037 btu

Total Output

Efflclency

1899 + 1353 = 3252 btu
(Ramp Output + Tail Output)

65.4%

2620 + 1037 =3657

73.5%
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Table IV.{Continued) Overall efflclencles for various burn tlmes.

Item Original Condltion Modifled

For a 1 mlnute start UQJ 6 5 mlnute burn and egual fan off temperatures the
furnace would groduce:

Total Input

Total Output
2620
+ 1215 =6738

Efficiency

6 x 1421 btu = 8526 btu

1006 x 2.5 + 1899

67.4%

8526 btu

1161 x 2.5 +
+ 1353 =5767

79.0%

For B 1 minute start uQ; a 10 mlnute burn} and egua1 f an off temQs the
furnace would groduce:

+ 1215 =12,542

11 x 1421 btu =15631 btuTotal Input

Tota1Output
2620
10;797

1006 x +1699

15631 btu

1161 x7.5+
+ 1353=

Efficiency 1% 80.2%

study suggests what some the individual components of this
the overall savings. They are only suggestions slnce it is

re In y d the average on tlme is 3 to 5
mi nutes (McGrew.. 1979). There 1s therefore very 1itt1e time spent in the nstsady
state

U

phase of cycle. In fact; the ramp often leads directly lnto the tail wlth
no I8 steady state SS portion 1. There is no way kno'vvn to the author which wl11
i the ency the fire up phase. The best solution seems to be to

__ '1.Il!~""."", the durati on of that phase (perhaps to zero - see research reQui red).

s phase seems to be slgnlflcantly influenced by the alr volume
forced by the house air de of the heat exchanger. In this case; increasing air
flO\aV increased the delivery by 721 btu.
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Steady State. Increased air flo\¥ also increases the efficiency of the
·'steady state" portion of tr,e cycle. In this case it was increased by 10.9%.

Tail. The ternperoture drop and furnace mass determine the number of btus
delivered durlng this phase. In this rather typical furnace} every 10°F we are able
to lower the fan off temperature we gain 220 btu. That is a 3% efficiency gain for
a 5 minute burn.

Burn Time. The program adjusts the anticipator on the thermostat to
increase the burn time. This also raises the average temperature slightly in the
house. Doubltng the burn time from five to ten minutes has an efficiency increase
of 1.2% to 1.7%.

Claridge Data - ThlS study started with over 800 furnaces. Hovvever it was
very difficult to obtain an accurate representation of the furnaces that had
significant work done on them. This was part1611y caused by the fact that only 14
months data was available frorn the utility and in rllany cases the request for data
was too late to capture sufficient pre data. The ucontrol group" was all
residential gas customers of the utility.. not just Lisap recipients. The control
group was analyzed only by heatlng season not necessarily encornpassing the sarne
dates as the experimental group. This 15 particularly jmportant because of the
way PR'ISM deals witrl nonlinear systerns.

PRISM; NON-LINEAR SVSTEM~; AND REAL \A/EATHER

The use of PRISM results in a very precise determination of three variables.5

reference temperature (Tref) J base 1eve1 consumpti on (A).e and heati ng slope (B).
more discussion on these items see (Fels 1 1986). When the data is generated by

8 non-linear system, such as most heating systems} PRISM varies all three
components in order to obtain the best stralght l1ne fit. Given three degrees of
freedorrl It sacrifices accuracy in order to achieve fit. When used to analyse data
on changes in non-linear systerns .. the r,esults can be rnls1eedlng. In order to
investigate this phenomenon} we created flve sets of theoretlcal performance
curves for the house/heatlng system and fed the data to PRISM for analysls. These
performance curves are generated for a balance point of 65°F.

1.214
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Figure Theoretical1inear and non-linear performance curves.

These fiye curves generated consumption data for the time periods 4/15/82
15/83 1 to 15/84. These were pl eked because they represented

the nent pre and post ods for aridge data. The 62/ season had
6 3 Degree Days (DD65). No 1 vi poi nt had over 1060 65.' The 83/84
season had 6678 D065} wi the ghest poi nt wi th 1436 65. The 83/84
season was extremely different from normal. It included the nChristmas Blizzard
of 83

u

J WhlCh shut down the city of Denver. The extrerne temperatures lch
resul in representatives the utl11ty company going on local radio and TV
ne¥/s programs te 11 i ng peop1e to turn UP thei r thermostats hi gher than normal.
When the data points were fed to PRISM} the results vvere as shown in Table V.
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With non-linear data the lndlvldual components of NAC (Tb.. Base; and Slope)
should not be interpreted as being meaningful in themselves. Wlth these
concluslons in hand we can examine the results of the Claridge study.

Claridge Study - We wondered if "He could predict in advance which furnaces
,¥ould show slgnlficant saVings. Using the .forms filled out by the technlclanl

inspector; and follow up person the work done was categorized 1n one of the
following categorles

Table VI. Furnace saVings predlctl0n catagories.

Indicator Category 1

Delivery Temp <200°F

Category 2

>200°F lowered
to ) 150°F

Category3

>200°F lowered
to < 150°F

Limit

On

Ducts

not cycling

connected

cycling due to cycling due to
lov" «20C10F) setting high temp (>200°F)

>200°F f an broken

disconnected Outside air to return

Anticigator >.75 gas V amQ........s <.........."""'t!........l5.......gas V amQ;;..,;;;s _

We used PRISM output from the Claridge stUdy to analyze these furnaces.
Tr,e first category had 19 unlts that normalized annual consumption (NAC)
increased and 26 that the ~~AC decreased. Category 2 had 4 that increased and 12
that decreased. Category 3 was not significantly different from category 2. it had
2 uni th i a 7 th a decrease. S 8 resul t of thj s stUdy
we feel thet we can screen furnaces in advance to determine which are
the most likely to S6ve energy and concentrate the program on them {the
most cost effecti as well as the furnaces with safety problems.

In order to further understand why sorne units lost money~ we ignored the
usions about the use or PRiSM on non-linear systems. ~ve found that the non-

......

saving units in all categories had disproportionally more increased reference
temperatures.
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Table VII. Comparlson of units that saved money vs those that didn't.

Tref Category 1
saved $ lost $

Categori es 2 & 3
saved $ lost $

hlgher

lO¥ler

CONCLUSION

14units

12 units

13 units

6 units

9 units

10 un1ts

5 units

1 unit

Forced air furnaces can be treated with a program that incorporates tight
tr81nlng and control. This adrninistratlve routine along ¥t'lth well selected
technical options result in the minimunl cost per btu saved.

ADDITIONAL RESEARCH NEEDED

Instant Start Relay - This device has shown high theoretical savings on
forced air furnaces. One of the rnost unreliable components of a gas forced-air
furnace, and causing a significant efficiency loss} are the fans\'vitches. Several
types of fanswltches are available; but the most promising is the "instant -start U

relay_ Some new high efficiency furnaces use the "lnstant-start lS s\Afitch. ThlS
system 15 very eff1cient because 1t eltminates the fire up portion of the furnace
cycle. It should be determined what 1s the cheapest and most reliable way of
lncorporatlng the "instart-start U sWitch into a regular gas forced-air furnace.
These should be installed in order to deterrnlne the consurner acceptance of the
product and saVlngs potent181.
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