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ABSTRACT 

The N a t i o n a l  Fue l  Gas End-Use E f f i c i e n c y  F i e l d  Test w i l l  be pe r -  
formed t o  (1) d e t e r m i n e  t h e  performance and c o s t - e f f e c t i v e n e s s  laf a 
new a u d i t - d i r e c t e d  r e t r o f i t  p rocedure ,  and (2)  deve lop  and v a l i d a t e  
a n a l y s i s  t e c h n i q u e s  f o r  e v a l u a t i n g  c o n s e r v a t i o n  programs t h a t  can  use 
the d a i l y  house  g a s  use d a t a  t h a t  can  be economica l ly  c o l l e c t e d  by gas 
t e l e m e t e r i n g  equipment .  The a u d i t  p rocedure  i s  des igned  t o  improve 
c o n s e r v a t i o n  programs by i n c l u d i n g  mechan ica l  system r e t r o f i t s  as 
r e t r o f i t  o p t i o n s  i n  a d d i t i o n  t o  b u i l d i n g  enve lope  r e t r o f i t s ,  d e t e r -  
mining t h e  most c o s t - e f f e c t i v e  r e t r o f i t s  f o r  each house th rough  i n d i -  
v i d u a l  a n a l y s i s ,  and f o l l o w i n g  a r a t i o n a l  d e c i s i o n  p r o c e s s  t o  
d e t e r m i n e  t h e  inves tmen t  level o f  each  house.  This r e p o r t  is  an  
e x p e r i m e n t a l  p l a n  p r e s e n t i n g  a d e t a i l e d  d e s c r i p t i o n  O F  the a u d i t  pro- 
c e d u r e ,  s p e c i f i c  research g o a l s  and q u e s t i o n s  t o  be  a d d r e s s e d  by t h e  
f i e l d  t e s t ,  t h e  r e s p o n s i b i l i t i e s  of t h e  s i x  f i e l d  t e s t  p a r t i c i p a n t s ,  
16 tasks  r e q u i r e d  t o  comple te  the f i e l d  t e s t ,  a d e t a i l e d  d e s c r i p t i o n  
o f  t h e  e x p e r i m e n t a l  d e s i g n  I house s e l e c t i o n  and ass ignment  p r o c e d u r e s  
a d e t a i l e d  d e s c r i p t i o n  o f  t h e  d a t a  t o  be c o l l e c t e d  and t h e  instrurnen-  
t a t i o n  t o  c o l l e c t  i t ,  a d a t a  management p rocedure  t o  s t o r e  the d a t a  
and check i t  f o r  e r r o r s ,  and a n a l y s i s  p rocedures  t o  be employed t o  
s t u d y  t h e  c o l l e c t e d  d a t a .  

Pre-  and p o s t - r e t r o f i t  d a t a  w i l l  be c o l l e c t e d  over  a two-year 
p e r i o d  ( Janua ry  1788 t o  A p r i l  1989). 
B u f f a l o ,  New York, w i l l  r e c e i v e  c o n s e r v a t i o n  measures  as s e l e c t e d  by 
t h e  a u d i t  p rocedure ;  50 a d d i t i o n a l  houses  w i l l  s e r v e  as a c o n t r o l  
group.  
house g a s  u s e ,  house e l e c t r i c i t y  u s e ,  h e a t i n g  system g a s  use, and h o t  
water  system gas u s e .  
p e r a t u r e  da ta  i n  a l l  t h e  houses ,  d a i l y  house g a s  use  i n  approx ima te ly  
90 o f  t h e  h o u s e s ,  h o u r l y  ou tdoor  t e m p e r a t u r e  d a t a  a t  t h r e e  s i t e s  nea r  
the houses ,  and su rvey  t y p e  i n f o r m a t i o n .  A n a l y s i s  p rocedures  u s i n g  a 
house model and l i n e a r  r e g r e s s i o n  t e c h n i q u e s  w i l l  be employed t o  
d e t e r m i n e  t h e  a n n u a l  energy  s a v i n g s  i n  t h e  i n d i v i d u a l  houses  nor-  
ma l i zed  f o r  ou tdoor  t e m p e r a t u r e ,  i ndoor  t e m p e r a t u r e ,  i n t e r n a l  l o a d ,  
and occupant  behav io r  changes .  
be  employed t o  c a l c u l a t e  group s a v i n g s  and t o  i d e n t i f y  t h e  e f f e c t  o f  
s e l e c t e d  v a r i a b l e s  on t h e  s a v i n g s .  The c o s t - e f f e c t i v e n e s s  o f  t h e  
a u d i t  p rocedure  w i l l  b e  de te rmined  u s i n g  a p p r o p r i a t e  economic: a n a l y s i s  
methods and t h e  normal ized  energy  s a v i n g s .  

F i f t y  low-income homes i n  

The f o l l o w i n g  d a t a  w i l l  be  c o l l e c t e d  weekly i n  a l l  t he  houses :  

Also t o  be c o l l e c t e d  are h o u r l y  indoor  tem- 

4n a n a l y s i s  o f  v a r i a n c e  approach  w i l l  
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The o b j e c t i e s  af the National F I J ~  Gas End-Use Efficiency F i e l d  

Test a r e  t o  (1) determine the performance and cost -ef fect jveness o ?  an 
audit-directed r e t r o f i t  procedure designed t o  improve weatherization 

programs, and (23 develop and validate analysis tectariiques for. eva- 
luating ccmServa.tion programs tha t  can use the more frequent b i l l i n g  

data collected by gas telernetering equipment .) The following organlma- 

t i o n s  a r e  par t ic ipat ing in the tes t :  National Fuel Gas D i s t , r i b u t i o n  

Csrporation; IJ. S .  Department o f  Energy 

Community Sys terns; Oak Ridge National Laboratory j Alli.ance t o  Save 
Energy; New York S t a t e  Department o f  P u b l i c  Service; and 'r\li..xymsin 

Energy Conservation Corporation. The p ~ r p o s e  o f  this- exper i rner i ta l  

plan  is  -to present t he  detailed objectives and method o f  t;he pro:ject. 

Office o f  2 u i l d f n g s  and 

New apnroaches t o  se lmt ing  conservation m3asures i n  1 ow -income 

prograins a r e  needed t o  overcome program l imitat ions and t o  improve 

cost-effectiveness. 

tested was designed t o  enhance conservation programs by i n c l u d i n g  

mechanical system r ek ro f i t s  as conservation measure options i n  addi -  

t i a n  t o  b u i l d i n g  envelope r e t r o f i t s  ana lyz ing  houses individually t o  

determine the most cost-effective r e t r o f i t s  for that  particul-ar house 
and following a r a t iona l  decision process t o  determine investment 

level.s f o r  each house. A detai led description o f  t h e  a u d i t  procedure 

is provided i n  t h e  plan.  

-. rhe audit-directed retr0Fj.t procedure t o  be 

Periodi.c evaluations of conservation programs are  needed t o  moni- 

t o r  program effectiveness and to i d e n t i f y  areas For irnprovenient 

Evaluations iJ.sing m o n t h l y  b i l l i n g  data are o f t e n  performed becmse the 

b i l l i n g  data a re  routinely collected by u t i l i t i e s  and can be readily 

analyzed. However, t h e  analysis i.s constrai.rieij by t h e  l i m i t e d  nature 

of the  data.  Recent advances i n  meter technology o f f e r  the potent ia l  

.for recording daily gas use as inexpensively as  monthly b i l l i n g  data 
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are  now col lected.  

this new zquipinent  f o r  evaluation purposes, analysis techniques must- 

be developed and validated. 

kiowever, t o  f u l l y  rea l ize  the benefi ts  offered by 

The f i e l d  t e s t  w i l l  be conducted over a two-year period. 

r e t r o f i t  data will he collected on a l l  the homes duri.ng one winter 

season (January t u  April 1988). Conservation measures w i l l  be 

i n s t a l l ed  i n  the treatment group o f  houses d u r i n g  the ~ummltr of 1988. 

Pos t - re t rof i t  data w i l l  be col-lected on a l l  the homes d u r i n g  the 

following winter season (October 1980 t o  A p r i l  1989). Three technical 

reparts o u t l i n i n g  the r e s d t s  of the project w i l l  be published: an 

interim report ,  a final. report on the performance of the audit  proce- 

dure, and a f i n a l  report on the analysis techniques developed f o r  use 

w i t h  the telernetered data. The respons ib i l i t i es  of the individcial 

f i e l d  t e s t  par t ic ipants  and 16 tasks required t o  complete the t e s t  are 

presented i n  the plan. 

Pre- 

One Iiundred low-income houses i n  Buffalo, New York, will be 
studied: 50 houses will receive a m i x  o f  conservation measures a s  

selected by the audi t  procedure ( in s t a l l ed  cost o f  the measures will 
n o t  exceed $55,000 fa r  the 50 houses), ar-id the remaining 50 houses 

will. serve as a control group, 

the f i e l d  t e s t  must meet 15 select ion c r i t e r i a  t o  ensure that the  

experimental objectives are met, t o  make the experiinent easier t o  per- 

form, and t o  improve the accuracy of  the resu l t s .  A s t r a t i f i e d  random 

assignment procedure w i l l  be used t o  help achieve pre- re t rof i t  

eyuali t y  between the treated and control groups of houses. 

The houses selected for inclusion i n  

The following data w i l l  be collected weekly i n  a l l  the houses: 

house gas use, house e l e c t r i c i t y  use, heating system gas use, and h o t  

water system gas use. 

recently cal ibrated meter. 

tored u s i n g  t he  exis t ing e l e c t r i c  b i l l i n g  meter. 

and h o t  water system gas uses w i l l  be monitored u s i n g  run-time meters 

The house gas use w i l l  be monitored using a 

Ihe house e l e c t r i c i t y  use will be moni- 

The heating system 
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once the gas consumption r a t e s  of  the equipment are  measured. 

indoor  temperature data w i l l  be collected i n  a l l  the houses u s i n g  a 

battery operated temperature sensing and recording device. 

Hourly 

Telemetering equipment w i l l  be i n s t a l l ed  i n  approximately 93 o f  

the houses t o  record daily house gas use. 

data will be collected a t  three s i t e s  near the houses u s i n g  thermo- 

couple and data logging  equipment. The f o l l o w i n g  survey information 

w i l l  a lso be collected o r  measured d u r i n g  the f i e ld  t e s t :  house and 

occupant descriptive information, information on changes tha t  occurred 

i n  the descriptive information d u r i n g  the t e s t ,  house i n f i l t r a t i o n  

r a t e s ,  heating system operating e f f i c i enc ie s ,  and r e t r o f i t  i n s t a l l a -  

t ion quali ty ver i f icat ion and r e t r o f i t  l i s t i n g .  

Hour ly  outdoor temperature 

Data management procedures w i l l  be developed t o  s tore  the dat3 

and t o  check it  f o r  e r rors .  Data w i l l  f i rs t  be entered i n t o  

microcomputer-based storage. 

matically calculated.  

perature data w i l l  be merged t o  form compiled data s e t s  tha t  will be 

used i n  the analysis.  

implemented throughout t h i s  process: automatic range checks, automatic 

logic  checks, and visual examinations of  plotted data. 

Energy consumptions w i l l  then he auto- 

Weekly energy consumptions and h o u r l y  tem- 

The following validation procedures will be 

The survey information w i l l  be used t o  characterize the houses 

and occupants studied and t o  answsr questions regarding the implemen- 

ta t ion  of the audit  procedure. 

are the number o f  household members and the i r  ages. 

t e r i s t i c s  o f  the houses are  the i r  construction de ta i l s  and pre- 

r e t r o f i t  thermal condition. Information pertinent t o  the 

implementation o f  the audit includes the measures recommended by the 

audit f o r  i n s t a l l a t ion ,  the measures actually in s t a l l ed ,  the estimated 

and actual cost  t o  i n s t a l l  each measure, and the energy savings and 

benefit-to-cost r a t i o  predicted for each recommended measure. 

Occupant charac te r i s t ics  o f  in te res t  

Important charac- 
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I he per forr1Ianil.e of i1.e audit  procedure will be eV3l.!JatEd vn an 

individual b a s j  s and g r o q  b a s i s .  

i n  the audit  houses will be compared t o  predicted values. The Cost 

e f fec t ivemss  of t3-x i e t r o f i . t , s  ins ta l led  i n  the audit  houses (which 

depends on annual. energy savings, i n s t a l l a t ion  costs, re t r iof i t  l i f e -  

time, and o t k i  rconorriic parameters) w i l l .  33.50 be examined. Yhe 

annual enzrgy savi'.nys f o r  ar-i individual house will be &?Fined 110 be 

i t s  obiserved annual energy savings normalized f o r  outdoor  temperature, 

indoor temperature, interrial l o a d ,  and occupant behavi-or changes. The 

pie  
mine th i s  savings for several sons: (1) t he  time periods o v s r  d i i c h  

the data a l e  col.lected may n o t  be eqclal n o i  cover the e n t i r e  Hint:?: 

sezson, (2) the weather col-iditions fc l i  the t\wo periods may be di.f-  
f e ren t ,  and (3) indoor temperatures and in tkrna l  loads maintained i n  

each i-touse over the two periods may n o t  be the same. Linear 

The annual energy savings ni::asured 

and pos t - re t rof i t  data. must be (;sed with 3 house model to de te r -  

i'n' ,gressi.on techniques wil.1 be used to estimate the parameters fcir a 

simple rrrodel correlat ing heating system gas consumption t o  i n d o o r -  

outdoor tenperature difference and interrial load. Pre-  and post- 

L t - : L l o f i t  norriialired, annual heating eriergy constumptions wi.ll then be 

estimated u s i n g  the model parameters 

based on his-turi c a l  records, and assumz! values for tile indoor tem- 

-.-L- 

average oiutdoor temperature dat-a 

i . 0 - q  +L , ture and i n t e rna l  l o a d .  

d i f  fe1,ence between these annual consumptions. The change i.n energy 

use of the audit  houses will be further normal-ized by tile change 

occurring i.n the control homes t o  account f o r  occupant changes 

induced b y  fac tors  other than the r e t r o f i t  i n s t a l l a t ion .  Ihe i n d i v i -  

dual house savi-ngs will be analyzed u s i n g  an analysis o f  variance 

approacii t o  calculate  group s a v i n g s  and t o  ident i ry  the e f f e c t  of 

selected ~ a r l a b k : ~  on the savings, 

'he  ci-lainye i n  energy consumption i s  t h e  

xv i 



EL GAS END-USE EFFICIENG 
FIELO TEST: EXPERIMENTAL PLAN 

Uti l i t i es  s t a t e  weatherization a f f i c e s  and regulators face two 
common questions i n  des igning  and evaluating r e s i d e n t i a l  ene rgy  

proqrams t 

1. H o w  can cost-effective efficiency ~ ~ i e a s u r ~ : ~  be best selected to  

reduce enzrgy ci:~sts in householrjs par t ic ipat ing i n  t-he program? 

2. How can the costs  f a r  prograin evaluations be reduced without, 

coinpromising technical d e t a i l ?  

Most I.csw-i!-icone censervat-ion programs a re  not as c o s t - e f f e c t i v e  
as possible beca!_rse the same amount o f  money is spent in each i-~ome t o  

i n s t a l l  a standard 1 ist  o f  conservation measures e This procedure 

wastes prograin funds by over-investing i n  wine homes whi Le under- 

i.nvesting in others. 

improve efficiency [such as new ftjrnaoes and vent dampers) are selldam 
inc luded  i n  .the standard list o f  measures, eVei7 though s i g n i f h x n t  

energy savings can r e su l t  (I 

I n  addit.irzn9 mechanical. sy:;t.em improveinents t ha t  

New approaches t o  s e l e c t i n g  conservation rneasiires i n  low-income 

programs are  needed t o  improve the effectiveness o f  the programs by 
overcoming the l imi t a t  ions described above These new approaches 
5hoiiI.d iricorpnrate the fd2owing principles: (1) building-envelope and 
mechanical-system retroFi ts  should be given equal consideration 

( 2 )  houses should be analyzed individually t o  determine the most cost- 

effect ive r e t r o f i t s  f o r  t ha t  particu1.ar house, and (73 a r a t iona l  

dec i s ion  process for: selecting t h e  investmerit level for each house 

should be followed. 
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The Oak Ridge National Laboratory ( O R N L )  has developed an a u d i t -  

directed r e t r o f i t  procedure1 ,* based on the three principles outlined 

above. Home weatherization i n s t a l l e r s  analyze houses individually t o  

determine which building-envelope and gas furnace-system r e t r o f i t s  a re  

most cost-effect ive rather  than adhering t o  a fixed pr ior i ty  l ist  

approach. 

tes t ing  and deterniining the benefit-to-cost (B/C) r a t i o  f o r  each 

possible r e t r o f i t .  

determine the investment level  f o r  each house i n  a group of houses. 

Because houses receive d i f fe ren t  r e t r o f i t s  and various amounts o f  

money are  spent on each house, the procedure can s igni f icant ly  enhance 

program energy savings per investment dol lar .  

The analyses performed on each house includes diagnostic 

The B/C r a t io s  are used t o  se lec t  r e t r o f i t s  and to  

The audit-directed procedure was tes ted i n  the Low-Income 

Weatherization Assistance Program conducted by Wisconsin i n  1985.314 

Results showed tha t  the procedure, which used an expanded l ist  of 

building-envelope and heating-system r e t r o f i t s ,  doubled the cost- 

effectiveness of the program as compared w i t h  the pr ior i ty  system for- 

merly used i n  1982. Additional tes t ing  .is required t o  verify the 

s a v i n g s  and program improvements achieved from audit-directed conser- 

v a t i o n  programs based an the previously ident i f ied pr inciples ,  

especially i n  a d i f f e ren t  climate and a d i f fe ren t  hous ing  stock from 

tha t  found i n  Wisconsin. 

Periodic evaluations of conservation programs are needed t o  moni- 

to r  program effectiveness and t o  ident i fy  areas for improvement. 

Currently, evaluat.ions u s i n g  monthly b i l l i n g  data can be performed 

l e s s  expensively than evaluations u s i n g  mo.re detailed data (e i ther  

more frequently collected data and/or additional data parameters) 

because b i l l i n g  data are  routine1.y collected by u t i l i t i e s .  

the level  of analysis t h a t  can be performed w i t h  monthly b i l l i n g  data 

and, hence, the information that can be obtained from such evaluations 

is l i -mited.  

However, 
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Monthly b i l l i n g  data averages out d r i v i n g  forces such a s  indoor- 

outdoor temperature difference and in t e rna l  load over such a long 

period of time that it can be d i f f i c u l t  t o  determine the i r  e f f ec t  on 

heating or cooling system performance. Current analysis techniques 

for determining heating energy savings require b i l l i n g  data t o  be 

collected over a f u l l  heating season o r ,  more typical ly ,  a t  l ea s t  a 

year before and a f t e r  r e t r o f i t  i n s t a l l a t ion .  

a Pew monthly data points can be collected over a heating season, and 

baseload energy use must be separated from heating energy use. 

Qdditionally,  analysis r e su l t s  based on b i l l i n g  data have been i n s u f -  

f i c i e n t  t o  assess the ovprall effectiveness of most conservation 

measures or t o  explain why deviations between monitored and predicted 

r e t r o f i t  energy savings occur. 

This  occurs because only 

Recent advances i n  meter technology offer  the potent ia l  f o r  more 

frequent, lower-cost data collection. 

records gas use on a daily basis and can t ransfer  the recorded data 

over phone l i nes  automatically once a month. 

c o l l e c t  daily house gas consumption data a s  readily and as inexpen- 

sively as monthly b i l l i n g  data are now collected.  However, t o  f u l l y  

r ea l i ze  the benefi ts  offered by t h i s  new equipment for evaluation pur- 

poses, analysis techniques that u t i l i z e  the more frequently collected 

data t o  obtain improved r e su l t s  must  be developed and validated. 

New telemetering equipment5 

Thus,  u t i l i t i e s  can 

1.2 PURPOSE 

The National Fuel Gas End-Use Efficiency Field Test w i l l  be per- 

formed i n  Buffalo, New York t o  address the two problems iden t i f i ed  i n  

%ct. 1.1. 

mine the performance and cost-effectiveness of an audit-directed 

r e t r o f i t  procedure similar t o  t ha t  developed by ORNL, and (2) develop 

analysis techniques for evaluating conservation programs tha t  can wse 

Specific objectives o f  t h e  project w i l l  be t o  (1) deter- 
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-tl-ie more frequent data collected by gas telemetering equipment and 

validate the techniques by  comparing r e su l t s  t o  those obtained frorii 

analysis of submetered data. 

The purpose of t h i s  experjcncntal plsn i s  t o  present the  dztailed 

objectives and method of  t i l e  project. 

presented i n  future reports a s  the project is performed. 

Experimental r e su l t s  will be 

l e 3  REPORT ORGANIZATION 

Section 2 summarizes the goals and responsibi l i t ies  of the 

project par t ic ipants  and the  tasks and schedule o f  the f i e l d  test. 

overvi.ew o f  the aiudit-directed r e t r o f i t  procedure and how i t  will be 

i.ivplernented i n  the f i e l d  t e s t  are discussed i.n Sect. 3. Section 4 

reviews the experimmtal desi.gn for the pia\ject  and di.scusses the 

sampling plan and assignment proceduri? to  be followed t o  implement the 

design. 

o f  collecting the data. T h i s  is  followed by a discussion of  the d a t a  

mal-layenlent system, designed to  s tore  the collected da ta  and check i t  

f o r  errors ,  i n  Sect. 4 .  Section 7 presents the analysis approach that 

will be used t o  determine the performance o f  the audit .  

An 

Section 5 i den t i f i e s  the data t o  be collected and the means 



5 

2. PROJECT OVERVIE 

The f i e l d  t e s t  will be perforrried by the i\latior-,al Fuel Gas (WC) 
Distribution Corporation ORNL Alliance .to Save Energy ( ASE) , 
WFscorisiri Energy Conservation Corporation (WECC) and t;he NFW Ymk 

S t a t e  Departrnent o f  F u b l i c  Service [ NYSDPS) a Financial s u p p o r t  for  

the project will h e  provided by NFG arid the U.S. kfJartITIent o f  Energy 

[DOE) C)f Pice of  B u i l d i n g s  and Community System (DOE-OBGS) .. 

One hundred low-incorne homes .in Buffalo, New 'fork, will be 

s tud ied :  

remaining 50 homes -dill be assigned i o  a non-treatment or control 

rjroup. The honies i n  the treatment group will receive a mix o f  conser- 
vation measures a s  sP1i:Cted by the improved audit  procedure, w i t h  the 

in s t a l l ed  cost  o f  tile meascires not t o  exceed $55,000 fcr t h e  50 

houses. 

ineawres, 

determine the variatiori in heating energy consumption due t,o other 

factors  

50 homes N i l 1  be  assigned t o  a treatment group and the 

The houses i n  the control group w i l l  no t  receive conservation 

Data collected From the control homes will be analyzed t o  

The following data w i l l  be collected from a11 t h e  houses: house 

gas use, house e l e c t r i c i t y  use, heating system gas use, ho t  water 

system gas use, and house indoor temPeratuue. These data will br. 
collected manually once a week w i t h  the exception o f  the indoor tem- 
perature data. 

w i l l  autornatically record the h o u r l y  indoor temgerature; these data 

w i l l  be  manually retrievgd once a month. I n  apprnximatsly 90 o f  the 

houses, telemetering equipment will be instal led t o  remrd ~ O I J S ~  gas 

use on a daily basis.  I n  addition, the hourly outdoor temperature 

will be automatically collected a t  three s i t e s  and manually retrieved 

once a month. 

The instrumentation monitoring the indoor kmperature 
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The f i e l d  t e s t  w i l l  be conducted over a two-ycar period. Pre- 

r e t r o f i t  data will be collected on a l l  homes d u r i n q  one winter season 

(January to  A p r i l  1988). Conservation measures w i l l  be instal led i n  

the treatment g roup  of houses d u r i n g  the summer of 1988 (June and 

J u l y ) .  

following winter season (October 1989 t o  A p r i l  1989). 

Post-retrof i t  data will be collected on a l l  homes d u r i n g  the 

Three technical reports o u t l i n i n g  the r e su l t s  of the project w i l l  

be published. The f i rs t  report (an interim report)  w i l l  identify the 

conservation measures selected by the audit procedure w i t h  t he i r  pre- 

dicted energy savings and present the pre-retrof i t  heating energy con- 

sumptions of the houses. 

a second report w i l l  present results on the actual energy savings 

achieved by the audit procedure. 4 t h i r d  report w i l l  present the 

analysis techniques developed t o  use the telemetering data i n  b u i l d i n g  

r e t r o f i t  projects and the r e su l t s  of t he i r  validation. Technical 

papers w i l l  a lso be prepared and presented a t  appropriate conferences. 

Finally,  a separate memorandum d i l l  be presented t o  NFG and NYSDPS 

summarizing f i e l d  t e s t  r e su l t s  and providing recommendations for 

future consideration. 

Following the post-retrof i t  heating season, 

2.2 RESEARCH GOALS AND QUESTIONS 

The f i e l d  t e s t ’ s  objectives ( ident i f ied i n  Sect. 1.2) and general 

design ( ident i f ied i n  Sect. 2.1) were formulated t o  meet the specif ic  

research goals of t h e  participating organizations. 

are interested i n  improvinq resident ia l  conservation programs and 
i d e n t i f y i n g  the energy conservation measures that really work. 

ORNL, and ASE are  specif ical ly  interested i n  determining whether an 

audit-directed r e t r o f i t  procedure, based on the principles identified 

i n  Sect. 1.1, can increase the performance and cost-effectiveness o f  

s t a t e  and u t i l i t y  weatherization programs through the use of be t t e r  

411 participants 

DOE, 
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technology and improved concepts. These organizations are also 
interested in increasing the information that can be obtained from 
evaluations and lowering their costs. 
interested in investigating methods f3r conducting utility sponsored 
low-income weatherization programs and determining the potential 
impact o f  these methods on the rate payers. 
better understanding the performance of retrofits in their geographic 
area to better serve the conservation needs of their customers arid the 
rate payers. Additionally, the field test will put NFG in compliance 
with New York State Public Service Commission’s Opinion #%6-9, Case 
29088, requiring NFG to develop a Demonstration Energy Conservation 
Program. 

NFG and NYSOPS are specifically 

WFG is also interested in 

In order to meet the goals and objectives required o f  the field 
test, an analysis o f  the data collected should lead to conclusions 

regarding the following issues: 

Study Background 

1. What were the general characteristics o f  the houses and occupants 
studied? 
regard to these characteristics? 

How did the treatment and control groups compare with 

2. What improvements were identified during the field test that 
might increase the effectiveness o f  the audit procedure or the 
field test itself? 

Audit Procedure Implementation 

1. What measures were installed under the audit pr0CsdiJR and how 
were they distributed among the houses? Were any mzasures con- 
sidered by the audit not installed? 
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2. 'What were the costs of  i n s t a l l i n g  the r e t r o f i t s  i n  the i n d i v i d u a l  

houses? How were tile c o s t s  d i s t r i b u t e d  among the h o u s e s  the 

i n d i v i d u a l  r e t r o f i t  o p t i o n s ,  and the ma<jor r e t r o f i t  c a t e q o r i e s  

( i n f i l t r a t i o n  c o n t r o l ,  otilt31: b u i l d i n g - e n v e l o o e  r e t r o f i t s ,  

i i ea t ing-sys te rn  r e t r o f j  tci, and h o t  water r e t r o f i t s ) ?  

3. !-/ow d i d  the above  riieasures and c o s t s  (and  t ix i r  d i s t r i b u t i o n s )  

compare t o  t h o s e  t h a t  have h i s t o r i c a l l y  been i n s t a l l e d  i n  low- 

i n  c om e p r :) ram s? 

h .  Yow a c c u r a t e l y  d i d  the a u d i t  o r o c e d u r e  recommend meastires t h a l  

c o u l d  t ~ d  i t x t a l l e d  and  p r e d i c t  the a c t u a l  c o s t s  r e q u i r e d  t o  

i n s t a l l  the measures?  

5. What were the en? rgy  S ~ V ~ ~ X J S  o r z d i c t e d  by the a u d i t  p r o c e d u r e  f o r  

t h e  i n s t a l l e d  measur?b? 

6 .  What were the k3/C r a t i o s  uredicted by the a u d i t  p r o c e d u r e  f o r  the 

i n s t a l l e d  i i ieasures? 

7 .  Are there any s i g n i f i c a n t  r e l q t i o n s h i p s  between the p r e d i c t e d  

s a v i n g s ,  the  a n n u a l  e n e r g y  c o s t ,  and tile i n s t a l l a t i o n  c o s t  o f  the  

me a s 'J res ? 

Audit Procedure Performance 

1. What were t h e  a n n u a l  e n e r g y  s a v i n g s  o f  the  i n d i v i d u a l  h o u s e s  and  

the a u d i t  ~ K N J ~  t a k e n  as a whole f o r  two cases: ( a )  n o r m a l i z e d  t o  

the actual i n d o o r  t e n i p e r a t u r e s  arid base l o a d s  o f  the  h o u s e s ,  and  

( 3 )  n o r m a l i z e d  t o  i n d o o r  c o n d i t i o n s  as  assunizd i n  makinq t h e  

Energy  s a v i n g  p r e d i c t i o n s  (65'F p r e - r e t r o f i t  b a l a n c e  p o i n t  and  no 

change  i n  the  i n d o o r  t e m p e r a t u r e  between the pr+  and  post-  

re  t t o f i t  p e r i o d s ) ?  
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Te%emetered Data Analysis 

1. What are  the analysis technjycies t ha t  can i i t i l i z e  telemetoared 

data? 

2. I-ilow i-io annual, norlnalized anergy savings calculated us ing  telerne- 

tered da ta  compare to savii-igs calculated using we~kly  submetered 
d a t a  and rnonth1.y b i l l i n g  (data'? 

3 .  Is additional information gained o r  lost from us ing telemetered 

da ta '?  

2.3 

The f o l l o w i n g  ar?  the f i e l d  t e s t  resyonsihi l i t ies  o f  the s i x  
f i e l d  t e s t  par t ic ipants :  

1. NFG is a major gas u t i l i t y  i n  New York. NFG w i l l  fund arid irnple- 

ment; t he  on-site p o r t i o n  o f  the pro%ject - T h i s  inc ludes  selecting 
and a u d i t i n g  the hvi~ses providing and i . n s t a l l i ng  meters 'd 

collecting datan, arid contracting t o  i n s t a l l  conservation 
rnea:;ure.s e NFG will fund WECC t o  perform its responsibi l i t ies  

descr ibed  below. 
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2. BOE i s  the federal  department responsible for promoting enerqy 

efficiency research. DOE-OBCS will fund  Ot3NIL and ASE t o  perform 

the i r  resnons ib i l i t  ies  described below. 

3 .  riSF is a non-profit coal i t ion o f  business, qovernment, and con- 

sumer leader; dedicated t o  incredsinq the efPieiwcy o f  enerqy 

use. 4SE will dcvcl.sp the concept p l m ,  provide comment on 

project documents, disselninate information on the project ,  and 

prepare the manotandim for NFG and NYSDPS. 

4 ORNL i s  the l a d  federal  research organizatian on sinqle-farni l y  

r e t r o f i t  technologies. 43RNL will develop the cxoerimental olan,  

s u p p l y  indoor teniperature and weather instrument3tion, a s s i s t  i n  

i n s t a l l i nq  the provided iistrlimentation, develop and maintain a 

data bsse o f  a l l  collected data th8t also checks the data for 

e r rors  a s  they ar?  col lected,  s n a l p e  tile data ,  and oremre  the 

three technical reports.  

5.  NYSDPS i s  the s t a t z  deoartmmt rcsponsiSle for regulatirlg s t a t e  

utilities. YYSDPS vvill manage the f i e ld  t e s t  a t  the s t a t ?  level  

and ensure that information about the f i e ld  t e s t  i s  made 

available t o  other New York  s t a t e  of f ices .  

6 .  WECC i s  a non-profit orqdnization t h a t  has performed research and 

eval!~ations on weatherization proqrams and r e t r o f i t  s t  ra tegics. 

WECC w i l l  prepare a customized version o f  the  audit-directed 

r s t r o f i t  procedure (based on the desicjn concepts outlined i n  

Refs. 1 and 21, p iwide  technical t r a i i l n g ,  and provide technical 

ass is tance.  

2.4 PROJECT TASKS AND SCHEDULE 

The project has Seen orqanized i n t o  the f o l l o w i n g  16 general 

t a s k s  ( s e e  F i g .  2 .1) :  



Fig. 2.1. National Fuel Gas end-L:,e efficient; f i e l d  t e s t  scheduie. 



1. Prepare a Concept ?aper - Based on dixiJSsimS t i i t h  \?reject par-  

t i c ipan t s ,  ASE will  prepare a project concept paper tha t  wili be 

r-sviewed by YFi;, ORNi-, arid NYSDPS. The p l a ~ i  u i l l .  de.scri5c the 

pro jec t ,  need, approach, measures: roles 3f each organization, 

task plan,  t imeline,  and budget. 4 f i n a l  version o f  the concept 

paper w i l l  be drafted based on cornixnts received. This task was 

coinFLeted i n  August, 1987, p r ior  t o  developmmt of t h i s  plan. 

2.  Przparo an Experimental 31an . 'JRNL i t J i l l  develm a dc ta i led  

exyzrimentsl plan outlininq how the f i e l d  i3st will be conducted. 

l h e  plaii w i l l  cxpand on the ideas mtl i r led ill thr  conccpt paper 

and will oresent dz ts i led  i n f o r l q a t i o n  on i i is t rumntat ion,  data 

co l lec t ion ,  and analvsis  techniques. Each participatinq ocgani- 

/2tion will r e v i w  and cornmmt on the document. The f i r s t  d r a f t  

o f  the p l m  was cornisleted i n  October, 1987, t o  allow each p w -  

t i r ipat inq oryaniration t o  revia;  and cornment cn t h e  document. 

3. Select  Field Test Houszholds - NFG w i l l  s @ l x t  appropriate kouse-  

h o l d s  for  o a r t i c i p a t i m  in the f i z l d  tqst by December, 1987, 

i lsir iq the household select.ion c r i t e r i a  and fo l lowi i iq  the pisce- 

d u r e  ident i f ied  in this document. 

0. Instal .1.  1nstrimsntati.m - NFI: will provide and i n s t a l l  a l l  the  

instrumentation required t o  monitor the e,icrgy consumptions c f  

t h e  i n d i v i d u a l  hOuSehol i jS.  I3RNI.. will provide the instrummtation 

r:?quired t o  monitor the indoor and outdoor temperatures and N i l i  

a s s i s t  NFG i n  its i n s t a l l a t ion .  ,411 instrrJmentation wi.1.1 be 

i n s t a l l ed  by January 1,  1988, W G  w i l l  maintain all.  t h e  i n s t ru -  

ments w i t h  technical assi.stance provided by ORNL. 

5. D z v e h p  F i e 1 3  r e s t  Data Bas? System - OHNIL w i l l  develop ;i data  

base systm t o  manage the f i e l d  t e s t  da t s  by January 15, 1988. 

The system t i i l l  check the _lata for crrors  a s  i t  i s  col lected ard 

s t o r e  t h e  data in a f o r m a t  t h z t  can readily be used i n  analysis .  



13 

7 C i s  tomize t he  Audit-Directed Ret rof i t  Procedure - WECC wi.11 

cu..;tom design and de l iver  t o  MFG il rmmputerized 8 i ~ d i - t  p rocxdur?  

f a r  the climate and houses t o  be encoar-ltered in the f i e l d  t e s t  h y  

the end O F  April, 1988. The procedure  ill be based on t,he 

design concept o u t l i n e d  i t - i  Refs.  1. and 2 .  

8 .  Provide Audit Procedure and 82t rQf i t  Training - WEE w i . 1 1  provide 
t ra in i -ng  workshops for  NSC; s t a f f  arid w2atheri.zat i.lsr-1 install .ers 11-1 

A p r i l  L99i3. 'The workshops will explair l  how t o  I I S ~  t k  ai.idit pro- 

cedure (incliidinn how t o  perform the blower door arid heating 

system steady-state e f  Yicizricy measurement-,) and p rov ide  any 

special instruction needed for in s t a l l i ng  the conservnt.ion 
measures e 

3 .  a u d i t  Fie1.d 'Test Homer; - NFG will 3udi.t a l l  t h e  fi.eld tes t  ~CIIJ:;I+S 

in May 1988, using t h e  procedure outlined ii7 t he  t ra in ina  

workshop.; I CIRNL.. w i l l  assign the horJSes to c.it:her t h e  treatment 

or cont ro l  group fol lowing the procedure oLltiirit.?d in t h i s  clocu-. 

ment.. NFG w i l l  then select  tt-le conservation measwe:; t r ~  be 

in s t a l l ed  i n  the treatment houses based on the acid i t  result-s. 

Cop ies  o f  the aud i t  i n p u t  and o u t p u t  information w i l l  be  provided 

t o  OHNL. 

I(]. I r i s t a l l  Sei-ected Conservation Measures - NFG will i.nstal1 the 

conservation measures selected by the a u d i t  procediJre i n  t h e  

treatment homes i n  June and July, 1988. NFG will inspect each 
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r e t r o f i t t e d  house to ensure proper in s t a l l a t ion  of  the conser- 

vation measures. Information on the actual  measures ins ta l led  i n  

each house w i l l  be sent to ORNL. 

11. Prepare a Pre-Retrofit Data Analysis Report - ORNI- w i l l  prepare 

an interim report  presenting the pre- re t rof i t  heatinq energy con- 

sumpt-ioiis of t i l e  houses. 

measures recommended by the aud i t ,  t he i r  predicted energy 

savinqs, and the measures actually ins ta l led  i n  each home. The 

f i r s t  d ra f t  of  the report  w i l l  be completed by October, 1988, t o  

allow each par t ic ipat ing orqanization t o  review and comment on 

the document. 

The report w i l l  a lso outline the 

12. Collect Post-Retrofit  Data - Post - re t rof i t  data will be collected 

from October 15, 1988 t o  April 15, 1989. U s i n q  forms provided by 

ORNL,  NFG will col lec t  a l l  the required pos t - re t rof i t  f i e ld  data 

( b o t h  survey information arid monitored data collected from the 

ins ta l led  jnstrumentation) and mail the data t o  ORNL as i t  i s  

col lected.  ORNL w i l l  enter the data i q t o  the data  base. 

13. Preparz Final Analysis Reports - ORNL will prepare a f ina l  analy- 

sis report based on the data collected during the f i e l d  t e s t .  

The report  w i l l  compare actual energy savings t o  audit  predic- 

t ions t o  determine the performance and cost-effectiveness of the 

audit  procedure. QRNL w i l l  prepare a second report describinq 

the analysis techniques developed for the te lemeterd  d a t a  and 

the r e su l t s  o f  t he i r  validation. The f i r s t  d r a f t  of these 

reports w i l l  be  completed b y  September, 1989, t o  a l low each par- 

t i c ipa t inq  organization to  review and comment on the dOCiJmentS. 

14. Disseminate Field Test Information and Results - ASE will prepare 

and d i s t r ibu te  a s e r i e s  of press releases and other documents 

tha t  cover t h e  proqress and r e su l t s  of the f i e ld  t e s t  throughout 
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the expe r imen t .  

t e c h n i c a l  j o u r n a l s .  PtSE w i l l  prepare a memorandiJm summarizing 

t h e  f i e l d  t e s t  r e s u l t s  and p r o v i d i n g  a l ist  o f  recommendations 

f o r  c o n s i d e r a t i o n  by NFG and NYSDPS. 

ORNL will p r e p a r e  p a p e r s  on t h e  f i e l d  tes t  f o r  

15. Remove I n s t r u m e n t a t i o n  - NFG w i l l  remove a l l  the f i e l d  tes t  

i n s t r u m e n t a t i o n  from the moni tored  houses  by the end o f  J u n e ,  

1989. 

16. Install R e t r o f i t  Measures i n  C o n t r o l  Group Houses - NFG will 
i n s t a l l  a p p r o p r i a t e  c o n s e r v a t i o n  measures  i n  the c o n t r o l  group o f  

houses  a t  the end o f  the t e s t  and b e f o r e  g c t o b e r ,  1983, fo l lowing  

the a u d i t  p rocedure  and/or based on the  insights g a i n e d  i n  r e t r o -  

f i t t i n g  and a n a l y z i n g  the p r e v i o u s l y  treated houses .  
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3- AUDIT-DIRECTED RETRWIT PROCEDCtRE 

3.1 OVERVIEW 

The audit-directed r e t r o f i t  proceduro to be used i n  the f i e ld  

ti?st i s  based on the principlzs ident i f ied in Refs. 1 and 2 and 

w i l l .  be similar t o  the procedure tested i n  Wisconsiri.3*" The 

chief dis t inct ion o f  t h i s  P T o C ~ d u w ,  as contrasted w i t h  a se t  

l i s t  of p r i o r i t i e s ,  is that  each house is analyzed individually 

Lo determine the most cost-effective conservation measures, The 

analysis performed or1 each house includes diagnostic tes t ing  and 

determifiinq the B/C r a t io  for  each possible  r e t r o f i t .  4n addi- 

t ional  d i s t inc t ion  o f  the audit  procedurz is that  i t  includes a 

ra t iona l  deci5ion process t o  determine investment levels  for each 

house i n  order t o  improve conservation program expenditures. 

Under thi; procedure, houses receive d j  f ferent  r e t r o f i t s ,  and 
various amaurits o f  money are  spent on each house i n  order t o  

achieve maximi.im program energy savings  per investment dol lar  

Tt-~e procedure oreviously tested i n  Wisconsin has subseyuentLy 

Seen modified by N E E  t o  improve the accuracy o f  the enerqy 

savinqs predictions,  t o  include additional r e t r o f i t s  (includjnq 

h o t  water-system measl.ms) and an improved method o f  performinrjl 

i n f i l t r a t i o n  reduction work, t o  address additional tyoes of 

heating Yysterns other t h a n  gas furnaces, and t o  make i t  genelca1l.y 

easier t o  use. 

3.2 DETAILED DESCRIPTION 

The audit-directed retrofit  procedure uses charac te r i s t ics  o f  the 

tioiJses, the climate, and an array o f  potential  r e t r o f i t s  t o  se lec t  

appropriate r e t r o f i t s  for individual ?ouses. The procedure combines 

the  r e t r o f i t  selection process w i t h  a inanaqernent system that  provides  

a frmeworic fo r  administration, orqanization, and reportinq, The ver- 

sion o f  the procedure developed by WECC is computerized Lisinq a 
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LOTUS 123 spreadsheet and is spec i f ica l ly  designed f o r  use i n  low- 

.income weatherizat i.on proqrams. 

range of  possible r e t r o f i t s  designed t o  reduce heating and h o t  water 

energy consumption. 

T h i s  version also considers a wide 

Mechanical-system conservation measures are considered along w i t h  

building-envelope and h o t  water-system rneasmes in the audit  proce- 

dure. 

i n s t a l l i n g  (1) ce i l ing  insulat ion,  ( 2 )  ex te r ior  wall insu la t ion ,  

(3)  storin windovis, ( 4 )  storm doors, ( 5 )  floor insulat ion,  (6 )  exter ior  

foundation inscilation, (7)  i n t e r io r  fouridation insu la t ion ,  (8) s i l l  

box insulat ion,  and ( 9 )  i n f i l t r a t i o n  reduction measures. Mechanical 

r e t r o f i t s  t o  the heating systems include (1) replacing a standing 

p i l o l :  w i t h  an intermit tent  igni t ion device, ( 2 )  i n s t a l l i ng  an electro-  

meoi-ianical full-closure vent damper, ( 3 )  i n s t a l l i ng  a thermally- 

activated vent damper, ( 4 )  i n s t a l l i ng  a secondary condensing heat 

exchanger, ( 5 )  replacing an atmospheric burner w i t h  a gas power 

burner, ( 6 )  implementing an  out-door reset  control scheme, (7)  cleaning 

and t u n i n g  the heating system, 2nd (8) replacing the exis t ing system 

w i t h  t-iigh-efficiency equipment. Ret rof i t s  to the h o t  water system 

include (1) adding an insulati-on blanket t o  the water tank, (2)  i n s u -  

l a t i ng  h o t  \water l i nes ,  (3)  reducing t h e  hot  water temperature, 

( 4 )  i n s t a l l i nq  law-flow ahower heads, and (5)  i n s t a l l i n g  a vent 

damper. 

Building-envelope re t rof i - t s  considered b y  the procedure include 

.The f i r s t  s tep  i n  implementing the procedure is t o  co l lec t  the 

f o l l o w i n g  house data and enter i t  i n t o  the audit:  (1) occupant infor- 

mation, (2)  health and safety information, ( 3 )  building-znvelope data ,  

and ( 4 )  heating and ho t  water system data.  

includes determining the s teady-state  efficiency o f  presently 

ins ta l led  gas- or  o i l - f i red  systems through a f lue  gas analysis .  

Household fuel  consumption records are  a lso obtained from the local  

u t i l i t y .  

The heating system data 
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I n  the second step,  the fo l lowing  a re  C ~ ~ l . c i J l ~ ~ t e d  for each r?tro- 

f i t  considered by t h e  procedur;. w i t h  the exception o f  the i n f i l t r a t i o n  

rxiuction measures: (1) i n s t a l l a t ion  cost (materials p lus  l abor ) ,  

( 2 )  enerqy and cost  savinqs, ( 3 )  simple payback period, and 1 4 )  B/C 

r a t i o .  The i n f i l t r a t i o n  reduction m:3asures ars  handled different.ly 

frorn the rmaining r e t r o f i t s  as discussed i n  Sect. 3 . 3 .  A l l  the 

calcu1.ations arr3 computerizedy thereby a l lev ia t ing  r o u t i n e  and repeti-  

t i v e  numer ica l  tasks.  The in s t a l l a t ion  costs are calculated us ing  

local  l a b o r  and materials costs for each r e t roP i t .  Energy savings are  

determined usLnq r q i o n a l  average degree day data and a calculation 

method tha t  exarniries each r e t r o f i t  individually as opposed t o  an 

approach i n  w17ich t h e  m t i r e  b u i l d i n g  i; :nodeh?d. 

building-envelope retroFi%s ari3 es%irnated by calculat ing the heat loss 
reduct Lor-i corrected f o r  heating system efficiency and degree days.  

Mechanical-systern r e t r o f i t  savings a rz  estimated by calcuLat.ing e f f i -  

c ienc y c hangec, and norma 1 i zed heat i n g  co i i smpt  i o n s  IJ'; iiq p rev ious  

b i l l i n g  datia. I?, B/C r a t i o  greater  than 1.0 indicates  tha t  the retro- 

f i t  saves rnore money through eng:r.yy savings than i t  c0st.s to i n s t a l l ;  

a w t r o f i t  with a n/c r a t i o  1;ss than 1.g will n o t  sav~: a s  FlLJCil mor-ley 

as it, costs. 

The savings o f  the 

I n  the third s tep ,  r e t r o f i t s  w i t h  B/C ra t ios  higher than a prede- 

tzrmined value f o r  the - r e t ro f i t  prograrn ( a t  l eas t  1.0) are  selected 

f o r  i n s t a l l a t i o n  once %he interact ions between r e t r o f i t s  are con- 

sidered. qetrof'ii; in teract ions become ihportant when bot.ti heatii-ig- 

system and b u i l d i n ~ - e n v ~ ~ l o ~ e  r e t r o f i t s  a r  used. *or instaiice, 

ce i l i ng  i n s u l 2 t i o n  s a w s  energy by reducing t he  amourii: of  heat needed 

to keq3 a !IOIJSE warm, while :imoroving the eff ic iency of a furnace 

reduces the arnri~lnt o f  f ~ 1  needed to del iver  tie required heat.  'The 
interaction between these two r e t r o f i t s  causes the i r  combined energy 

s a v i n q s  tr, be 1 . ~ ~ 5  than the sum 5 F  t h e  savirqs each would 3chi.we 

alone. 9 e t r o f i t  i n t w a c t i o n s  are a l s o  ',rnpi?rtant when the sa:nie g i x e  

c 
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o f  equipinent can be modified by d i f fe ren t  mechanical ineasures. F-or 

example, i n s t a l l i ng  an intermit tent  ignit ion device or i n s t a ? l i n y  a 

w w  high-efficiency furnace may bo th  be c o s t - e f f x t i v e  r e t r o f i t s .  

However, because a new furnace i s  already equipped w i t h  an i q n i t i o n  

devike, these two r e t r o f i t s  cannot be performed on the same piece of 

equi?ment a i  tne :same time. 

In the audit  procedure, r e t r o f i t s  are generally selected i n  

dzcreasing order,  b a w d  on the i r  B/C r a t io .  Interact  i o n s  between 

heating-system dnd building-envelope r e t r o f i t s  ar2 handled b y  recalcu- 

l a t i n g  the 3/C r a t io s  fgr the r e t r o f i t s  that  in te rac t .  Retrofitks are 

se l ix ted  i f  the r x a l c u h t e d  3/C r a t i o  i s  greater than t i l e  prt?deter- 

mined valae for the r e t r o f i t  proqral-n. Interactions between heating- 

system r e t r o f i t s  o n l y  are handl.i:lld somewhat d i f fz ren t ly .  The 

mechanical r e t r o f i t  w i t h  the highest B/C r a t io  i s  selected f i r s t  ( i f  

i t s  r s t i o  i s  a l so  greater t h a n  the predetermined value for bile r;ztro- 

f i t  proqram) a 

interact  are  then dropped from consideration. The mechani1:al r e t r o f i t  

w i t h  the next hiqhest B/C r a t i o  i s  ther-r selected,  and the process con--- 

tinues u n t i l  a l l  mechanical retroPits w i t h  B/C r a t io s  greater than the 

predetermined v s h e  for tile r e t r o f i t  program are e i the r  se?zcted or 

dropped from consideration. There is one exception t o  t h i s  process; 

i n s t a l l a t i o n  of  a new high-efficiency heating s y s t m  can be selected 

a t  the exclusion of o ther  interact ing mechanical r e t r o f i t s  w i t h  higher 

R/C r a t io s .  

replacement m u s t  be greater than the predetermined vallJe for the 

r e t r o f i t  program and the replacemmt must m t one o f  the fo l lowin9  

~ ' H O  conditions: (1) i t s  B/C r a t i o  must  be greater than a preselected 

interaction" value, or ( 2 )  i-ts si i i ip le payback period must be l e s s  

t h a n  a preselected value. The interact ion value and simple payback 

V ~ I J C  are  chosen by the user based on judgeiiient and experience. The 

9/C r a t i o  a8interact ionDn value i s  greater than the i3/C r a t io  value pre- 

determilxd for the r e t r o f i t  program. 

Other i.nechmica1 r e t r o f i t s  w i t h  l o w r  B/C r a t i o s  that  

For t h i s  t o  occur, the B/C r a t i o  for the heating system 

88 
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The average amount of money spent on a house i n  the prograrn and 

the over311 cost-effectiveness of  the prograrn are  controlled 

ind i rec t ly  throuqh the select ion of the mirimurn B/C r a t i o  v d u e  for 

the r e t r o f i t  program. 

ef-fect:.ive r e t r o f i t s  will be in s t a l l ed  i n  each house. Ti1i.s rduct?:; the 

avsrage amoant of money spent per house and the t o t a l  savings for  the 

house b t ~ t  increases th? program’s effect iveness .  By lnwer ir-ig t h e  
vall-le, more r e t r o f i t s  will be in s t a l l ed ,  on avwage ,  i n  the houses. 

This increase:; the av2rage ainoi-lnt spent per house and t i l e  savings for 

the hoi~sr3, D t ~ t  lowers the prograin9s cost-effecti\/eiiess. 

value needed t o  obtain an average expenditure per house  or prograrn 

e f f x t i v e n e s s  i s  best determined through the implementation o f  a small 
p i l o t  prnqrarn or through a t:ri.al 2nd e r ror  process. 

By ra is ing the va luey  o n l y  the more cost-  

The R/C r a t i o  

In the fourth and f i n a l  r j tPp,  the r e t r o f i t s  s e l x t e d  by the  a u d i t  

are l i s t e d  i n  3 workorder t h a t  can 5e used by the weatherization 

i n s t a l l e r .  The warkorder i den t i f i e s  the work t o  be performed, =Ist ima- 

tes  the amount 9f material %rid labor royuired for each r e t r o f i t ,  and 

provide:; a r 9 s t  estimate for the Job. Follow-up w r k  i s  then Der- 

formed as  par t  of the a u d i t  procedur? t o  update the rvorkorder by i n d i -  

catinq the  dork actual ly  performed and i t s  actual  cos t .  

3.3 I N F I L T R A T I O N  REDUCTION PROCEDURE 

Th2 i n s t a l l a t ion  of in f i l t , t a t ian  reduction measwe5 is handlPd 

separately from thr; select ion and i n s t a l l a t ion  of  the remaining rc: tro- 

f i t s  i n  the audit  procedure, 4 special ly  t r a imd  crew i s  assiqned the 

task o f  performinq a l l  i n f i l t r a t i o n  tes t ing  and r e t r o f i t  work, which 

can be perPormed i r i  one v i s i t .  Using t h i ;  p rac t ice ,  w d i t o r s  do n o t  

have to perform i n f i l t r a t i o n  t e s t s  on the houses during the data 

col lect ion phase. For the f i e l d  t e s t ,  the i n f i l t r a t i o n  work w i l l  be 

performed before the remaiiinq r e t r o f i t s  aro ins ta l led .  
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.The i n f i l t r a t i o n  reduction work i s  perforrried fo l lowing  a blower- 

door-guided infi.l  t ra t ion  r?ducti.on p r o c e d ~ r e . 4 ~ ~  

procedure i s  to increase the efficiency o f  i n f i l t r a t i o n  measures 

thT.13tJgh the t ~ s e  of  a blower door t o  Locate hot.Jse leaks  and h y  

pr :scr ibing how much i n f i l t r a t i o n  work i s  cost  effect ive.  

The in ten t  o f  the 

The crew beqins the procedure by f i t s t  checking t o  ensure that 1111 

moisture problems currently ex i s t .  

leakage ra te  o f  the house, i.JSing a calibrat2d biowcr door, a t  50 

pascal. o f  depressurization. 

reduction qoals  for each house are s e t  based on economic con- 

s iderat ions u s i n g  the measured a i r  leakage ra te  and algorithms or 

tables  developed by WECC. klomes whose a i r  leakage ra te  i s  less t h a n  a 

minimuin valire receive no treatment (except to sea l  leaks that d i rec t ly  

a f f ec t  comfort) due t o  the i r  low cost-effect ivmess and t o  a v o i d  

moisture and indoor a i r  quali ty problems. I-lomrs t h a t  have an a i r  

leakage ra te  greater  t h a n  the miniinum v a h e  are assigned reduction 

goals  tha t  vary w i t h  the leakiness of the house. 

house are  sealsd while the blower door is i n  place t o  help locate the 

leaks and t o  track the a i r  leakage r a t e  d u r i n g  r e t r o f i t .  'The homes 

are sealed u n t i l  the a i r  leakage ra te  reduction goal or expenditure 

limit. is mzt. 4 f i n a l  a i r  leakage r a t e  measurement is then made. 

The crew then determines the a i r  

Expenditure levels  and a i r  leakage r a t e  

Major leaks i n  the 

3.4 AUDIT CONSIDERATIONS IN wiE FIELD TEST 

The audit  procedure w i l l  be customized by WECC f o r  use i n  the 

f i e l d  t e s t  T h i s  custonization w i l l  e n t a i l  (1) i-ncluding additional 

house and heating system types,  ( 2 )  including or  deleting r e t r o f i t s  

for consideration, ( 3 )  developirig a data col lect ion sheet f o r  the 

audit information, ( 4 )  i n s t a l l i nq  spec i f ic  material labor,  and fuel  

costs  and weather data fo r  the Buffalo area,  ( 5 )  select inq values of 

the B/C r a t i o  and simple payback period t o  be used t o  determine i f  a 
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furnace replacement s h o u l d  take precedence over other mechanical 

r e t r o f i t s  w i t h  higher B/C r a t i o s ,  (6)  incorporating new default  and 

minimum values as needed, (7)  developing new expenditure level  and a i r  

leakage ra te  reduction tables  for the i n f i l t r a t i o n  reduction proce- 

dure, (8) modifying the workorder and other report forms, and 

( 9 )  designing and refining the overall audit procedure t o  meet the 

needs of the f i e ld  t e s t  and NFG. 

The value of the B/C r a t i o  used as  a cut-off for the selection o f  
the individual r e t r o f i t  measures (the predetermined value for the 

r e t r o f i t  program) will be chosen jo in t ly  b y  the pro,ject par t ic ipants  

a f t e r  the houses are  audited. 9s a minimum, the value w i l l  be chosen 

such tha t  the r e t r o f i t  costs  (which include the costs of the r e t r o f i t  

i n s t a l l a t ions ,  i n f i l t r a t i o n  measures, and i n i t i a l  blower door measure- 

ments, b u t  excludes the costs of conducting the audi t )  do not exceed 

$55,000 for the 50 treatment houses. A higher value than  t h i s  may be 
chosen, however, t o  improve the.anticipated cost effectiveness of the 

program" 

The i n p u t ,  o u t p u t ,  and follow-up information collected through 

the implementation of the audit procedure w i l l  be provided t o  ORNL fo r  

analysis. These data are contained i n  the LflTlJS f i l e s  crqated for  

each house i n  performing the audit .  

ident i f icat ion o f  the measures recommended by the audi t ,  the measures 

actually in s t a l l ed ,  the estimated and actual i n s t a l l a t ion  cost for 

each recommended measure, and the energy savings and B/C r a t i o  pre- 

dicted for each recommended measure. 

T h i s  information must  include the 
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One hundred  houses m e e t i n g  the c r i t e r i a  o u t l i n e d  i n  S e c t ,  4 - 2  

w i l l  be m o n i t o r e d .  

d e t e r m i n e  t h e  change  i n  h e a t i  rig e n e r g y  c o n w n p t  i o n  FoLloNing the 
i n s t a l l a t i o n  of c o n s e r v a t i o n  measures i n  t h e  i n d i v i d u a l  houses .  

F u r t h e r ,  a one-way c l a s s i f i c a t i o n  d e s i g n  will a l l o w  an a n a l y s i s  o f  

v a r i a n c e  a p p r o a c h  t o  b e  u s e d  t o  a n a l y z e  t h e  consumpt ion  chlanyes.9 

Pre- and p o s t - r e t r o f i t  t e s t i n g  w i l l  be ernployecl l o  

Energy consumpt ion  d a t a  w i l l  be c o l l e c t e d  i n  i n d i v i d u a l  houses 
b e f o r e  and a f t e r  c o n s e r v a t i o n  neasures are i n s t a l l e d ,  These d a t a  

must b e  analyzed u s i n g  a house model t o  d e t e r m i n e  arinual energy r x i ? -  

sumption c h a n g e s  i n  the h o u s e s  b e c a u s e  the b e f o r e  and a f t e r  p e r i f i d s  

may cover d i f f e r e n t  l e n g t h s  of time, may n o t  i n c l u d e  t he  e n t i r e  w i n t e r  

p e r i o d ,  and may be c l i m a t i c a l l y  d i f f e r e n t .  Pre- a n d  p o s t - r e t r o f i t :  

t e s t i n g  allows the h o u s e s  t o  s e r v e  as t h e i r  own reference; therefore ,  

e n e r g y  consumptior-i c h a n g e s  of i n d i v i d u a l  houses c a n  be s t u d i e d  i n  

a d d i t i o n  t o  d e t e r m i n i n g  group s a v i n g s .  

s e r v a t i o n  program e v a l u a t i o n s  where an on-o f f  d e s i g n 9  c a n n o t  be 

employed,  which i s  t h e  case far  t h i s  f i e l d  test. 

may b e  u s e d  whenever  the re t rof i t  c o n s i s t s  o f  a system, or a som- 
ponent.,  tha t  can b e  t u r n e d  o f f  so  t h a t  t h e  b u i l d i n g  o p e r a t e s  as  if the 

r e t r o f i t  d i d  n o t  e x i s t .  

This d e s i g n  i s  u s e f u l  i n  eon- 

The on-o f f  d e s i g n  

The one-way c l a s s i f i c a t i o n  d e s i g n  d i v i d e s  the f i e l d  test h o u s e s  
IS i n t o  

b e  s t u d i e d .  

t i o n  w i l l  be s t u d i e d :  t h e  i n s t a l l a t i o n  of c o n s e r v a t i o n  measures 

f o l l o w i n g  t h e  a u d i t - d i r e c t e d  re t rof i t  procediJ re  ( a u d i t  or t r e a t e d  

group) and t h e  i n s t a l l a t i o n  of no  w e a t h e r i z a t i o n  measures ( c o n t r o l  

t r e a t m e n t " '  groups i n  o rder  t h a t  t h e  e f f e c t  o f  the  t r e a t m e n t s  can 

The e f f e c t  of two " t r e a t m e n t s "  on h e a t i n g  e n e r g y  consump- 



group). The i n c l u s i a n  o f  a cont:rrrl group a l lows many f a c t o r s  t h a t  may 
a f f e c t  the  v a l i d i t y  o f  the experiment t o  be taken i n t o  
Energy changes i n  the t r e a t e d  houses may be due e n t i r e l y  t o  t h e  con- 
se rva t i on  measures t h a t  were i n s t a l l e d .  On the  otiher hand, o the r  fac- 

t o r s  occu r r i ng  dur ing  the t e s t i n g  program may c o n t r i b u t e  t o  the  
change. These fac to rs  can become more impor tant  the longer  the  i n t e r -  
v a l  is between t e s t i n g  per iods.  
t rea ted  houses b u t  t h a t  are no t  r e t r o f i t t e d  can be used t o  account for  
these o ther  fac to rs  by determin ing t h e i r  change .in energy use over the  
same t ime per iod.  The changes i n  the  c o n t r o l  grot~p  can then be com- 
pared t o  the changes measured i n  the t r e a t e d  houses t o  determine 
r e t r o f i t  induced savings. 

A group o f  hoiuses i d e n t i c a l  t o  t h e  

*I I n  o r d e r  f o r  the  comparisons between the treatmentn groups  of 
00 houses t o  be v a l i d ,  the  tm treatment** groups must be s i m i l a r  or 

equ iva len t .  The LOO houses cou ld  be d i v i d e d  i n t o  two treatmentsa 

groups of 50 houses each through a pu re l y  random assignment procedure. 
This procedure ensures un i fo rm i t y  when a large number o f  houses i s  

invo lved,  but  becomes progress ive ly  more u n r e l i a b l e  as the number o f  
houses becomes smal ler .  
t i o n  i s  an improved procedure f o r  achiev ing p r e - r e t r o f i t  e q u a l i t y  be- 
tween t i l e  t reatment”  qroups. 

*I 

The use o f  random assigninent wi th s t r a t i f i c a -  

(1 

I n  the s t r a t i f i e d  random assignment procedure t o  be employed, the 

1nO houses w i l l  be c l a s s i f i e d  i n t o  one o f  the f o u r  sub-groups or  

i d e n t i f i e d  i n  F ig .  4-1 .  These s t r a t a  will be developed us ing  
tHo key va r iab les  t h a t  can s i q n i f i c a n t l y  a f f e c t  the  hea t ing  energy 
consimpt ion and the  energy savings t h a t  might be achieved by t h e  
a u d i t :  the  type of I-icating system i n s t a l l e d  i n  the house ( furnace or 

b o i l e r )  and the  l e v e l  of p r e - r e t r o f i t  gas consumption o f  the  home 
( the  upper or lower 50th p e r c e n t i l e ) .  One-hal f  o f  the  houses from 
each c l a s s i f i c a t i o n  w i l l  then be assigned t o  the a u d i t  or c o n t r o l  
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qroup randomly. I n  t h i s  way, the same number o f  houszs t h a t  have a 
furnace and a r c  h i q h  enerqy users,  f o r  examplt?, will be a s s i g n e d  t o  
the  two ~ T O I J ~ S ,  maici.ng the groups s i m i l a r  ,d i th  respect  t o  the chosen 
v x i a b l e s .  The t-cital nurnkr  of houses i n  each c l a s s i f i c a t i o n  w i l l  n o t  

be c o n t r o l l e d  and, thus,  will l i k e l y  be d i f f e r e n t .  The assignment o f  
th? 130 houses t o  the two 
flsllowinq the d e t a i l e d  procedur? o u t l i n e d  i n  Sect. 4.3.  

S I  treatrnent" groups s h o u l d  be performed 

The most impor tant  p a r t  o f  this procedure i s  the s e l e c t i o n  of the 
va r iab les .  The choice o f  an i nd i sc r im ina te  number of va r iab les  
c rea tes  too many sub-qroups con ta in ing  only  a f?w houses; t h i s  makes 
the s e l e c t i o n  o f  houses mare c r i t i c a l .  or the assigrirnent o f  twuses t o  

the t rmt rnent "  grok.qJS awkward. Var iab les  t h a t  a c t u a l l y  a f f f x t  energy 
iuse o r  savings and whose values vary among the houses should be chosen 
t o  make the s t r a t i f i c a t i o n  e f f e c t i v e .  4n i n c o r r e c t  choice o f  
v a r i a b l ? s  does no t  i n v a l i d a t e  the study; i n  t h i s  case, the s t r a t i f i c a -  
tj.fon method i s  i n e f f e c t i v e  and j u s t  deqenerates t o  the pu re l y  random 
method men t ioned above. 

I1 

For tilis study, s t r a t i f i c a t i o n  us ing  t w o  va r iab les  \&/as determined 

tcI be appropr ia te.  The type o f  heat ing  system i n s t a l l e d  in the house 
i s  impor tant  because t11e c o n t r o l  of  t h e  systems and the 'way they 
d e l i v e r  heat a re  d i f f e r e n t .  4 d d i t i o n a l l y ,  the  r e t r o f i t s  se lec ted  by 
the  a u d i t  fo r  a q iven hoiisc w i l l  depend on the house's heat ing  system 
due t o  hardware and cos t  cons iderat ions.  P r e - r e t r o f i t  house qas con- 
sumption is i i i ipor tant  because the average consumption o f  the houses i n  

the a u d i t  and c o n t r o l  ~ ~ C J L J ~ S  should be the same. Other va r iab les ,  
suck as house s i z e  and number of occupants, are l e s s  impor tant  than 
the two va r iab les  chosen. 
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4.2 SAMPLING PLAN 

I n  order t h a t  u n d e r s t a n d a b l e  results can  be o b t a i n e d  from the 

s t u d y  and research goals  o f  the exper iment  can be met t h e  popu1at . i .w 

o f  houses  t o  be s t u d i d  will be l i m i t e d  t o  those  havinq  t h e  foliowirlq 

c h a r a c t e r  i s  t i c s  : 

1. the occupan t s  rniust be a resident of  Erie Counky, New Youk; 
2. qas service must be p rov ided  by NFG; 

3 .  the occupan t s  must be e l i g i b l e  f o r  the  1-ow-Income ilome Energy 

A s s i s t a n c e  Program (LIIiEAP) ai: t h e  time o f  be ing  iiicl.uded i n  the 

f i e l d  tes t  [based  on t h e i r  1987 Income Tax S t a t e m e n t ) ;  

4 .  the house must  be h e a t e d  primarily w i t h  na tura l .  qas ;  

5. gas service mkJ.st be  turned on; 

6. the pr imary  gas h e a t i n g  system must  be i n  o p e r a t i n g  c a n d i t i o n ;  

7. the  house must no t  b e  schedu led  t o  receive r e t r o f i t s  mder  e i ther  

the S ta te ’s  WAF or NFG’S Savinys power ~ o a n  Prograin arid must  no t  

hav? received w e a t h e r i z a t i o n  by these programs i n  the l a s t  5 

y e a r s ;  

e .  the house must, be a s i n g l e - f a m i l y  de t ached  home, b u t  no t  a mobile  

home ; 
9 .  t he  house must  be occupied  by t h e  owner; 

10. the occupan t s  must c u r r e n t l y  be paying  their  own f u e l  b i l l s  

( b i l l s  are not b e i n g  p a i d  by t h e  county  through v o u c h e r s ) ;  

11. the primary hea t ing  system o f  the house must  ei ther be a g a s  f w -  

riace or  a h o t  water b o i l e r ;  

13. the house’s  p o t a b l e  water must  be h e a t e d  w i t h  n a t u r a l  gas;  

17. the occupan t s  must  n o t  be p l a n n i n g  an  ex tended  s t a y  away f rom the 

house d u r i n g  the winter mon i to r ing  p e r i o d s  [a  1-2 week \ / aca t io i l  

is a c c e p t a b l e ) ;  

14. secondary  fuel ( s u c h  as wood or ke rosene )  m u s t  n o t  be used  t o  

s u b s t a n t i a l l y  heat t he  house (use of  a supp lemen ta l  f u e l  a h a l f  

day per week or i n  t h e  bathroom i s  a c c e p t a b l e ) ;  and 



30 

15. the m o n t h l y  gas c:onsuinption over the past year must  be weather 

dependent (can be correlated t o  outdoor temperature) . 

The f i r s t  seven c r i t e r i a  define t t i e  population of houses needed t o  

meet the basic objectives of the experiinwt , while the remaining c r i  

t e r i a  narrow the population t o  make the experiment eas ie r  t o  perform 

or  t o  improve the accuracy of the resu l t s .  

these charac te r i s t ics  i s  described below. 

The importance of‘ each of 

The houses wi1.1. be limited t o  those located i n  Erie C o u n t y ,  

New York ( t he  county containing Buffalo) t o  cen t ra l ize  the experiment 

and to remain w i t h i n  NFG’s service t e r r i t o ry .  

experiment i s  t o  determine the benefits  realized from the audit proce- 

dure b y  low-income families and NFG. I f  the benefi ts  are signi-ficant 

then additional low-income homes riiay be r e t r o f i t t e d  fo l lowing  the 

a u d i t  u s i n g  LIHEW f u n d s  and/or through programs administered by UFG. 

Consequently, the households to be studied must be selected from the 
pool of families e l ig ib l e  for LIHEAP f u n d s  and t he i r  houses rriust be 

priiiiarily heated Y i t h  natural  gas  supplied b y  NFG. Gas service must 

b e  turned on and t i l e  primary gas heating system must be if-) uperatinrr 

condition t o  ensure that  the i-ioiJses are heated w i t h  qa;. The houses 

must not  be scheduled t o  receive r e t r o f i t s  under another r e t r o f i t  

program t o  ensure t h a t  the o n l y  changes inade t o  the houses d u r i n g  the 

tes t ing  period are  those recoinmended by the audit procedure. 

houses m u s t  no t  Iiavg received weatherization under any ather pruyram 

w i t h i n  the l a s t  5 years because this i s  a U S L J ~  requirement of 

programs that  would uti-lime the audit procedure. 

A primary goal o f  the 

The 

The houses me t ing  the above charac te r i s t ics  s t i l l  form a ra ther  

non-homogeneous group; for instance,  they may be qui te  d i f fe ren t  bVith 

respect t o  t he i r  housc and occupant charac te r i s t ics .  Thus, several 

c h a r x t e r i s t i c s  t h a t  further narrow the pooulalion lwre ident i f ied  t o  
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o b t a i n  more d e f i n i t i v e  r e s u l t s  on t h e  most common type o f  low-income 

h o m i n y  found i n  NFG’s s e r v i c e  area. 

make it  easier t o  deve lop  e q u i v a l e n t  3Udi t  and c o n t r o l  g roups .  

Narrowinq the stcldy will a l s o  

The s t u d y  w i l l  f o c u s  on owner-occupied,  s i n a l ? - f a m i l y ,  de t ached  

The ene rqy  homes whose o c c u p a n t s  c u r r e n t l y  oay their  own f u e l  S i l l .  

u s e  b e h a v i o r  o f  r e n t e r s  c a n  be  d i f f e r e n t  from o c c u p a n t s  t h a t  own their  

own hame; t h u s ,  t h e  per formance  of  t h e  a u d i t  i n  these homes can  a l s o  

b e  d i f f e r e n t .  

the expe r imen t  t h a n  homeowners. Test houses  i n  which the o c c u p a n t s  

move will have t o  be dropped  from t h e  s t u d y  due  t o  the changes  in 
ene rgy  consumption t h a t  can r e s u l t  from a change i n  occupancy.  

Dropping houses  from the s t u d y  s h o u l d  be  a v o i d e d ,  i f  p o s s i b l e ,  t o  

m a i n t a i n  t h e  i n t e g r i t y  of t h e  e x p e r i m e n t a l  d e s i g n .  

b e h a v i o r  of  p e o p l e  who pay t h e i r  own fuel  b i l l s  may a l s o  be  d i f f e r e n t  

from t h o s e  who have their  b i l l s  p a i d  by t h e  coun ty  th rough  vouche r s ;  

t h u s ,  t h e  per formance  of the a u d i t  p rocedure  i n  these homes can  d l 5 0  

be  d i  f f e r m t .  

c a n t l y  d i f f e r e n t  s t r u c t u r e s  such  t h a t  ene rqy  u s e  and a u d i t  perFormance 

might  be  af fected.  I n  a d d i t i o n ,  t h e  w d i t  is  not  a p p l i c a b l e  t o  these 

other house  t y p e s  a t  t h i s  time. 

I n  a d d i t i o n ,  r e n t e r s  may be  mort3 l i k e l y  t o  move d u r i n g  

The ene rqy  USE 

Homes o t h e r  t h a n  s i n q l e - f a m i l y  detached are s i q n i f i -  

The s t u d y  will f o c u s  on houses  equ ipped  w i t h  e i ther  g a s  f u r n a c e s  

or hot water b o i l e r s .  Mr. Ray N i h i l 1  o f  NFG e s t i m a t e d  that  60% o f  t h e  

low-income houses  i n  t h e  B u f f a l o  area h e a t e d  by g a s  have  f o r c e d  o r  

g r a v i t y  h o t  a i r  f u r n a c e s ,  313% n o t  water b o i l e r s ,  and the remain ing  113% 

e i ther  steam 5 o i l e r s ,  space heaters,  o r  f l o o r  Furnaces.  The l a t t e r  

three types  are n o t  s u f f i c i e n t l y  p r e v a l e n t  t o  w a r r a n t  i n c l u d i n g  i n  the 

s t u d y  p o p u l a t i o n .  I n  a d d i t i o n ,  t he  a u d i t  may n o t  be a p p l i c a b l e  to  

houses  equ ipped  w i t h  these t y p e s  of h e a t i n g  systems. The house ’ s  

p o t a b l e  water must a l so  be h e a t e d  w i t h  n a t u r a l  gas ( t h e  predominant  

equipment  t y p e ) ,  m a i n l y  t o  make i n s t r u m e n t i n q  t h e  test houses  easier.  
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The remaining cl-iaracteristi.cs help ensure that the energy con- 
sumpt ions  of the hoiises can be determined as accurately as possible 

u s i n g  currently developed analysis techniques I 

the amount of secondary fuel. used to heat a house is d i f f i c u l t ,  

especially for scrcl-I fuels  as  woad or kerosene. 

such fuels  increases the uncertainty a f  energy L J S ~  de terminations and 

can niake such determinations impossible. 

whosc occupants will be away f o r  extended periods of time duri.ng the 

!winter monitoring periods may be very diff icul t :  t o  analyze. 

be insuff ic ient  data collected to  characteri.ze the hoiise when i t  is 

occupied. 

assumpt.iun i n  the analysis techniques t o  be employed is  that. the sl.aace 

heat ing qas consumption i s  dependent on the outdoor temperature. 

this assumption is  n o t  t rue fo r  a par t icular  house, then Its  rneasured 

energy use data cannot be analyzed by the methods which w i l l  be 

employed. Thus houses i n  which t h e  occupants use secondary fuels 

extensively to heat the house, the occupants are planning an extended 

stay away from the house d u r i n g  the monitor ing period, and t . 1 ~  monthly 

gas consumptions over the past year do not depend an the outdoor tem- 

perature will n o t  be included i n  the s t u d y  pnpu1.ation. 

Accurately measuring 

Thus, extensive use of 

The energy use of houses 

There may 

A 1-2 week vacation, though, would be acceptable. A basic 

I f  

Recause a l l  the Iiouses i n  the population of in te res t  cannot be 

studied, a sample of houses representinq the population m u s t  be chosen 

f o r  inclusion i n  the f i e ld  t e s t .  

s iderat ions,  the s ize  o f  t h i s  sample will be limited t o  100 houses. 

Based primarily on cost con- 

Selection of the 100 houses will be performed by identifying 

individual housm conforming to  the population character is t jcs  

described above, determining i f  the occcipants are w i l l i n g  t o  par- 

t i c ipa t e  i n  the Fie ld  t e s t ,  and accepting them i f  they consent u n t i l  

the 180 house quota is  reached. 

of select ion called a "chunkkR i n  Ref .  11) WS chosen as i t  was 
unlikely tha t  a m w e  formal s t a t i s t i c a l  sampling techniqie such as 

T h i s  "quota samplees approach ( a  type 
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random sampl ing  c o u l d  b e  employed. 

would r e q u i r e  t he  i d e n t i f i c a t i o n  of  a much g r e a t e r  number o f  e l i g i b l e  

homes t h a n  needed,  and then  randomly s e l e c t i n g  100 houses  from t h e  

developed  list.  
a v a i l a b l e .  

A randomized s e l e c t i o n  p rocedure  

Th i s  would r e q u i r e  time and funds  which are n o t  

The s e l e c t i o n  o f  houses  shou ld  proceed  i n  fou r  s t e p s :  

S t e p  #le Low-income households  which may b e  e l i g i b l e  under  LIHEAF’ 

need t o  be i d e n t i f i e d  u s i n g  any a v a i l a b l e  r e s o u r c e .  

Step #2. The form prov ided  i n  F i g .  4.2 shou ld  be f i l l e d  o u t  for each 

o f  t h e  houses  as  t h e y  are i d e n t i f i e d  t o  de te rmine  their  e l i -  

g i b i l i t y  for  the f i e l d  test. In fo rma t ion  needed t o  comple te  

the checklist shou ld  be o b t a i n e d  th rough  t e l e p h o n e  i n t e r -  

v iews .  

S t e p  #3. C r i t e r i u m  15 s h o u l d  be v e r i f i e d  f o r  the houses  de t e rmined  t o  

be e l i g i b l e  under  S tep  W .  I f  t h e  house meets this f i n a l  

c r i t e r i u m ,  then  a s i t e  v i s i t  t o  t h e  house s h o u l d  be macle t o  

comple t e  S t e p  #4, The monthly energy  consumpt ions  for  t h e  

p a s t  year shou ld  he r e g r e s s e d  a g a i n s t  t h e  t o t a l  deg ree  days 

for  the  b i l l i n g  p e r i o d  assuming a l i n e a r  r e l a t i o n .  If  the 

c o r r e l a t i o n  c o e f f i c i e n t  (r2) o f  t h i s  r e q r e s s i o n  is qreater 

t h a n  0.75, then  t h e  house may be used i n  t h e  f i e l d  test .  

(The  v a l u e  of  0.75 was chosen  t o  e x c l u d e  houses  w i t h  space 

h e a t i n q  qas consumption independent  o f  ou tdoor  t e m p e r a t u r e . )  

Only a c t u a l  meter r e a d i n g s  s h o u l d  be used i n  t h i s  a n a l y s i s .  

For example,  i f  t h e  g a s  meter was read i n  Janua ry  apd March 

b u t  estimated f o r  February, t h e n  J a n u a r y ’ s  r e a d i n g  shou ld  be 

subtracted from March’s r e a d i n q  t o  o b t a i n  one da ta  p o i n t  

r e p r e s e n t i n g  a two month i n t e r v a l .  The c o r r e s p o n d i n g  degree 

days fo r  t h i s  data p o i n t  would be the t o t a l  for  February  and 
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t o  visit you t o  further explain t h e  program. ( T h e  ). Thank 
you for your time. Good-by. 

( I f  questions a re  not cox rectly answered) 

--_____ -.., I _ _  __I -_ - ___I__-. .... -.. ------- 
Hello, Mr. or Mrs. (Account --I.. Name) . T h i s  is 

is conducting a special  demonstration project tha t  could weatherize 
your home f ree  of charge., The project w i l l  evaluate a new borne energy 
audit by cornparing a home s energy usage before and a f t e r  i t  i s  
weatherized. 
t i c ipa t e  i n  the program. 
w i l l  further qualify your home for free weatherization? 

(Rep. Name) from National Fue l  Gas-. National Fuel 

You already meet some o f  the c r i t e r i a  necessary t o  par- 
May we ask you some simple questions which 

( I f  yes continue, i f  no go t o  l a s t  paraqraph.) 

_...___I 

List Name A C C O ~ J I ~ ~ S ~ :  I 

__._1__1 

C i t y  -I__ .- __ 
I 1 Address 

j Phone -I..___ Z i p C n d e  --I_____ I._..- ..._1_1 

1. 
2 .  

3. 
4. 

5.  

6 .  

7 .  

Do you l i v e  i n  a single-family home? 
'Is the home detached from another home 
or apartment? 
Are you the owner? 
Is the home heated by a natural  gas 
furnace i n  working order? 
Is there a gas h o t  water tank i n  
working order? 
Has the home been weatherized by a 
s t a t e  or  u t i l i t y  funded program i n  
the I s s t  5 years? 
Do you plan t o  move w i t h i n  the next 
2 years? 

( B u t  not a mobile home.) 

Yes 
Yes 

Yes 
Yes 

Yes 

Yes 

- 
~ 

- 

- 

Yes - 

No 
No 

No 
No 

No 

No 

- 
____ 

~ 

_I__ 

m__ 

- 

No 
I_ 

Correct 
Answer 

Y 
Y 

Y 
Y 

Y 

.._=- 

__ 

N 
I_ 

N ____ 

Your home does n o t  meet the necessary qual i f icat ions t o  par- I ' t i c i p a t e  i n  the tes t .  Thank you for  your time and have a nice day. I.-* I- - 

Fig. 4.2- Checklist For screening possible pro ject  participants. 
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March. 

the p r e s e n t  occupan t s  have n o t  l i v e d  i n  the house for  at. 

least  a year. 

Some s p e c i a l  c o n s i d e r a t i o n s  may need t o  be  t a k e n  i f  

S t e p  #4. The o c c u p a n t s  o f  t h e  houses  t h a t  may be  used  i n  t h e  f i e l d  

tes t  s h o u l d  be  p rov ided  w i t h  a copy o f  the I n t e r v i e w  Fact 

S h e e t  f o r  End-Use E f f i c i e n c y  F i e l d  Test" l i s t e d  i n  F i g .  4.3" 

I f  t h e y  meet a l l  t h e  f i e l d  t es t  cr i ter ia  and are i n t e r e s t e d  

i n  p a r t i c i p a t i n g  i n  t h e  f i e l d  t e s t ,  t h e n  t h e  Agreement" and 

* a A f f i d a v i t , ' a  p rov ided  i n  F i g s .  4.4 and 4.5,  s h o u l d  be  

c:ompleted and forwarded  Lo t h e  pe r son  m a i n t a i n i n g  the f i e l d  

t es t  f i les .  The houssls s h o u l d  be a s s i g n e d  a IJnique t h r e e -  

d i g i t  number as  t h e y  are a c c e p t e d  i n t o  t h e  f i e l d  t es t .  

80 

an 

The a s s ignmen t  o f  t h e  100 houses  t o  e i t h e r  t h e  a u d i t  or c o n t r o l  

g r o u p s  s h o u l d  be  per formed i n  four  steps: 

S t e p  # 1. The t y p e  o f  h e a t i n g  system i n s t a l l e d  i n  e a c h  house  s h o u l d  be 
de te rmined  and no ted .  

S t e p  W ,  Llsing t h e  r e g r e s s i o n  c o e f f i c i e n t s  de t e rmined  d u r i n g  t h e  

t h i r d  s t e p  of the s e l e c t i o n  p rocedure  and the number o f  
d e g r e e  days  f o r  a t y p i c a l .  y e a r  i n  B u f f a l o ,  t h e  a n n u a l  amlount 

sf gas consumed f o r  h e a t i n g  f o r  e a c h  house  s h o u l d  be d e t e r -  

mined. 

s h o u l d  t h e n  be i d e n t i f i e d .  

The houses  i n  t h e  upper  and lower 5 0 t h  p e r c e n t i l e  

S t e p  *3. The 100 houses  s h o u l d  be c l a s s i f i e d  i n t o  the fou r  g roups  

i d e n t i f i e d  i n  F ig .  4.1. 
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INTERVIEW FACT SHEET FOR E -USE EFFICIENCY FIELD TEST 

(1) The program i s  mandated by the Public Service Commission. 

( 2 )  Reason: I t  i s  t o  evaluate a new home energy audit approach 
developed by the United States  Department of Energy. 
w i l l  provide more accurate fuel savings figures and priori ti.ze 
which energy conservation measures should be in s t a l l ed  i n  the 
home. 

The audit 

( 3 )  National Fuel i.s working t h i s  project i n  cooperation w i t h  t he  
following organizations: 

1. Alliance to  Save Enerqy, a national non-profit organization 
working t o  improve our nation's energy efficiency, 

2 .  ~ . _ I _  New \Cork Department of ... Public Service, .-.... the s t a t e  regulator 
o f  u t i l i t i e s ,  and 

3 .  . Oak . Ridge National C a b o r a t n q ,  a research organization pro- 
viding engineering assistance t o  the project.  

( 4 )  One hundred s i t e s  w i l l  be selected by National F u e l  personnel, 
To part ic ipate  i n  t h i s  prograin you must meet t h e  following 
c r i t e r i a :  

( A )  Must have recei-ved "HEW" > 150% poverty or  below guidelines 
a t  time o f  entering program. 

Yes No 

(6) Must be ai-) Eri.e C o u n t y  resident. 

Yes No 

( C )  Mt~st  be an act-ive National Fue l  heating customer. 

Yes NO 

(D)  Must have a natural  gas furnace or boiler and water heater 
i n  operating condition. 

Yes No 

(E) Must be  a sing1.e-family home. 

Fig. 4*3. Project summary t o  be presented t o  
the poss ib le  project  participants. 



(F) Must be the  owner o f  the  home (no mobi le  homes), 

Yes No 
( G )  Must no t  have p lans  f o r  any s t r u c t u r a l  a d d i t i o n s  ( i n c l u d i n g  

a t t i c  and basement rooms). 

Have Plans No Plans 

(H) Must no t  be scheduled f o r  any weather iza t ion  work w i t h i n  the 
n e x t  two years other  than work performed Under th is  program. 

(I) Must no t  use, or i n tend  t o  i x e ,  a secondary f u e l  t o  heat the 
house (occas iona l  e l e c t r i c  space heater  or f i r e p l a c e  use i s  
acceptable) ;  ( e l e c t r i c  space heater  1/2 a day per week i s  
unacceptable). 

Secondary Heat E x i s t s  No Secondary Heat 

( J )  Must n o t  have p lans  t o  move or  t o  be away from home f a r  an 
extended t ime du r ing  the  nex t  two years (normal vacat ions 
are no problem du r ing  hea t ing  season). 

The monthly gas consumption must be weather dependent. (K) 

WHAT THE CUSTOMER SHOULD EXPECT DINING THIS PROGRAM 

This  year, N a t i o n a l  Fuel w i l l  i n s t a l l  a new o r  r e c a l i b r a t e d  gas 
meter. 
connected t o  b o t h  the  furnace and ho t  water tank. The meters 
w i l l  be hung i n  a basement window which can be e a s i l y  read from 
t h e  e x t e r i o r  o f  t h e  home, A sma l l  (approximately 6 x 2 x 4 in.) 
Temp-Cube ( temperature recorder )  w i l l  be p laced i n  the home 
l i v i n g  area t a  moni tor  indoor  temperature. 

A c o n t r a c t o r  w i l l  i n s t a l l  two 24-volt t ime-elapse meters 

The gas meter, e l e c t r i c  meter, and bo th  time-elapse meters w i l l  
be read weekly by a meter reader from DMC Energy. 
w i l l  be read on a monthly bas is .  

The Temp-Cube 

Next s p r i n g  energy a u d i t o r s  will v i s i t  your house t o  conduct an 
energy a u d i t .  The a u d i t o r s  w i l l  c o l l e c t  in fo rmat ion  about your 
home, t e s t  your furnace’s e f f i c i e n c y  and f i n d  ou t  where heat 
leaks ou t  o f  your home. The de tec tor  uses a s p e c i a l  fan t h a t  is 
p laced i n  your f r o n t  doorway for about an hour. 

Fig. 4.3. (continued) 
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(4 )  Weatherization measlures recommerided by the audit w i l l  b e  
i n s t a l l ed  i n  your home, e i the r  next summer or  d u r i n g  t h e  
following summer o f  1389. 
w i l l  be chosen by Oak Ridge National Laboratory. 

The homes t o  be insulated each sunliner 

(5)  In return for  participating in the demonstration program, the 
following assurances are made: 

Your home w i l l  receive an energy audit t o  determine which 
conservation measures are cost-effective to i n s t a l l  i n  y o u r  
home. 

Based on the a i i d i t  r e s u l t s ,  recommended weatherization 
nieasures w i l l  be i n s t a l l ed  i n  your house by a contractor 
chosen by National Fuel. 
these services.  
the audit and weatherization materials arid labor. 

There w i l l  be  no charge t o  you f o r  
National Fuel  w i l l  pay i%r the Tu11 cost  of 

Information collected about your home will only be used fo r  
research purposes and w i l l  remain ___^_^. confidential .  
mation will he released without y o u r  prior approval. 

No infur- 

This i.s an important research s t u d y  t ha t  w i l l  he lp  u s  learn how 
t o  be t t e r  control home energy costs.  Your participation i n  the 
s t u d y  will make a b i g  contribution t o  realizing tha t  objective. 

(1) National- Fuel will arrange w i t h  yoi~ times when contractors and 
meter readers will visit y o u r  home. 

THE FOLLOWING MUST BE WETUH ED TO NATIONAL FUEL 

(1) CUSTOMER AFFIDAVIT 

(2)  CUSTOMER APPLICATION 



AGREEMENT 

Agreement made t h i s  day o f  , 1987, between 
NATIONAL FUEL GAS D I S T R I B m  CORPORATION w i t h  an o f f i c e  loca ted  a t  
10 La faye t te  Square, B u f f a l o ,  New York 14203 ( h e r e i n a f t e r  r e f e r r e d  t o  
as "NATIONAL FUEL"] and r e s i d i n g  a t  

t o  as '' HOMEOWNER" 1. 
( he r e  i na f t e r r e  fer r e d 

WHEREUS, NATIONAL FUEL i s  committed t o  a s s i s t i n g  i t s  customers i n  
energy conservat ion.  

WHEREAS, a NATIONAL FUEL representa t ive  has descr ibed t o  the 
HOMEOWNER NATIONAL FUEL'S End Use E f f i c i ency  F i e l d  Test and 
Weather izat ion Program. 

WHEREAS, the  HOMEOWNER has expressed a des i re  t o  p a r t i c i p a t e  i n  
NATIONAL FUEL'S End Use E f f i c i e n c y  F i e l d  Test and Weather izat ion 
Program. 

WHEREFORE, the  p a r t i e s  mutual ly  agree as follows: 

1. HOMEOWNER agrees: 

(a )  t o  a l l ow  h i s h e r  r e s i d e n t i a l  premises loca ted  a t  

s i t e " )  t o  be used as a t e s t  premise by NATIONAL FUEL for the  pur- 
pose o f  i t s  End Use E f f i c i e n c y  F i e l d  Test and Weather izat ion 
Program. 

(he re ina f te r  r e f e r r e d  t o  as " t e s t  

( b )  t o  a l l ow  NATIONAL FUEL o r  i t s  agents or con t rac to rs  access t o  
the t e s t  s i t e  t o  i n s t a l l ,  monitor and remove smal l  energy use 
meters. 

(6) t o  a l l ow  NATIONAL FUEL access t o  the t e s t  s i t e  on a weekly 
bas i s  du r ing  the  t e s t  pe r iod  i n  order t o  read the smal l  energy 
use meters. 
i n  such a way as t o  be read from outs ide  the house.) 

(Note - whenever poss ib le ,  meters w i l l  be i n s t a l l e d  

( d )  t o  a l l ow  NATIONAL FUEL or  i t s  agents t o  conduct an energy 
a u d i t  dur ing  a t i m e  pe r iod  t o  be scheduled by NATIONAL FUEL. 

( e )  t o  allow NATIONAL FUEL, i t s  agents or con t rac to r  t o  i n s t a l l  
t he  energy conservat ion measures recommended as a r e s u l t  o f  t h e  
energy a u d i t  . 

Fig. 4.4. Agreement form t o  be slgned 
by the pro ject  participant. 
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( f )  t o  allow N A T I O N A L  FUEL to conduct t h i s  t e s t  program 3t  the 
t e s t  s i t e  f ree  o f  charge. 

(9 )  t o  allow N A T I O N A L  FUEL. t o  release 311 information regarding 
energy L J S ~  obtained from the t e s t  s i t e .  

( h )  t o  make every e f f o r t  t o  safeguard a l l  the equipment instal led 
b y  NATIONAL FUEI.. or i t s  agents a t  the t e s t  s i te .  

2. NATIONAL FUEL agrees: 

( a )  t o  t e s t  and monitor t h e  efficiency of designated gas equip- 
ment located a t  the t e s t  s i t e .  

( b )  t o  i n s t a l l  or have i t s  agents or contractors i n s t a l l  free of 
charge t h e  energy conservation measures recommended as  a r e s i ~ l t  
o f  the energy audit .  

3 .  The test period sha l l  be for two (2)  years cammencing an the date 
of i n s t a l l a t ion  of the energy use meters by NATIONAL. FUEL, i t s  agents 
or contractors. 

4 .  The HOMEOlVNEH s h a l l  not assign any in t e re s t  i n  t h i s  Agreement 
without the prior written consent of NATIONAL FIJEIL. Any assigninent 
without prior written permission sha l l  be void and to t a l ly  ineffective 
fa r  a l l  purposes. 

5. The tiOMEOWNEA hereby agrees t o  release and forever discharge and 
convenant not t o  sue N A T I O N A L  FUEL, i t s  a f f i l i a t e  companies, i ts  o f f i -  
cers  and members, and the o f f i ce r s  and members of i t s  a f f i l i a t e  com- 
panies, of  and froin any and every claim, demand, action or r i q h t  o f  
action, o f  whatsoever k i n d  or nature, e i the r  i n  l ow  or i n  equity 
ar is ing from, out of or b y  reason of any bodily i n j u r y  or personal 
i n ju r i e s  known or unknown, death and/or property darnage result ing t o  
or t o  r e su l t  from any accident or  incident which may occur as a resul t  
of defective manufacture o f  the equipment or any non-negligent ac t iv i -  
t i e s  i n  connection w i t h  the end Use Efficiency Field Test and 
Weatherization Program. 

The HOMEUWNER expressly agrees tha t  t h i s  Release, and waiver i s  
intended t o  be as broad and inclusive as permitted by the laws of the 
S ta t e  o f  New York and that if any portion thereof is h e l d  inval id ,  i t  
is agreed tha t  the balance s h a l l ,  notwithstanding, continue i n  f u l l  
l e g a l  force and e f f ec t .  

Fig. 4.4 (continued) 
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__. ____.__._.__ I____ ~ ~ ~ I.-.C_-.-........ ~ - .-_9 __ 

6 .  Either pasty may terminate the Agreemefit upon t h i r t y  ( 3 0 )  days 
notice t o  the other party. 

7 .  As t o  any term o f  t h i s  Agreement, New ‘fork law sha l l  apply.  

8.  This Agreement is intended by the pa r t i e s  t o  be a cumplete, 
exclusive statement o f  the terms o f  t h e i r  Agreement; i t  supersedes a l l  
p r io r  agreements, writ ten o r  o ra l .  

DATED : 

NATIONAL FUEL GAS DIST8 ISUTION 
CORPORATION 

-I_ 

Tit le :  T i t le :  

Fig. 4.4 (continued) 
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AFFIDAVIT 

residing at do hereby certify ?&at 

in the year 1987 I received a payment under the ~ o m e  Energy  

Assistance Program. 

s igna ture  

Date 

Fig.  4.5. Affidavit farm t o  be 
signed by the project. participants. 
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Step #4. i-ialf the house5 i n  each of  the four groups should 'ne KXI- 

docnly assigned t o  the treatment group. 

a re  then a5signed t o  the control group. This f i n a l  s tep 

will b e  performed a f t e r  the pre-retrof i t  data are collected 

and j u s t  before the a u d i t s  are oerformed i n  order t o  mini -  

mize the ef fec t  a t t r i t i o n  may have on creating uneqiJaP 

treatment .jnd control groups. 

The remaining houses 

The expected error  i n  estimating the average house savings 

achieved by the audit procedure by means o f  a random sample of s ize  50 

(only 50 o f  the 100 houses w i l l  be r e t r o f i t t e d )  can be estimated usii lg 

the f a 1  Lowing equation8 and assuming similar resu l t s  as  those obtained 

from the previous f i e ld  t e s t  of the a i ~ d i t : ~  

E 
Za,q - number associated w i t h  the 1-a/2 percentile p o i n t  

s - standard deviation of the average house savings; and 
n - number of houses i n  the sample. 

- magnitude of the error  o f  estimate; 

o f  the standard normal d is t r ibu t ion;  

In the previous f i e ld  t e s t ,  the average house savings were found t o  be 

207 therrns/year w i t h  a standard deviation of 263 therrns/year, 

large standard deviation is  due mostly to  the fact t h a t ,  i n  u s i n g  the 
audit procedure, some houses receive many r e t r o f i t s  and others receive 

relat ively few.) Using a value o f  263 for ' 's" and a ' ~ ' a  equal t o  0.10, 

the error  o f  estimating the average house savings achieved by the 
audit by means of the average savings of the 50 house sample w i l l  be 

less than 61 therms/year w i t h  a probability of 90%. 

size decreases to  40 houses due t o  a t t r i t i o n ,  the error w i l l .  increase 

t o  68 therrns/year. 

( T h i s  

If t he  sample 
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5 .  DATA PARAMETERS AND MONITORING INSTRUMENTATION 

The data t o  be collected i n  t h i s  f i e l d  t e s t  incliJdes, for  the 

most pa r t ,  the m i n i m u m  data specified i n  Ref. 12. The data can be 

divided in to  two c l a s s i f i ca t ions :  s u r v e y  information and time- 

sequential measuremmts. Survey information represents data collected 

before, during, or  a f t e r  the experiment through discussions w i t h  the 

homeowner, visual observations, and some limited measurements. Time- 

sequential measurernents a re  monitored continuously w i t h  instrumen- 

ta t ion throughout the experimental period. A schedule fo r  col lec  t i q  

these daka i r j  provided i n  F i g .  5.1. 

5.1 SURVEY INFORMATION 

The following survey i n fo rmat ion  i s  t o  be collected in the  f i e l d  

t e s t  E 

1 house and occupant descriptive information 

2. follovJ-up interview information, 

3. house i n f i l t r a t i o n  measurements, 

4 .  metered space heating sys tern mechani~cal performance, and 

5. r e t r o f i t  i n s t a l l a t ion  quali ty ver i f icat ion and r e t r o f i t  l i s t i n g .  

The descriptive information documents the physical charac- 

t e r i s t i c s  of  t h e  house and space heating equipment as well 3s the 

behavioral charac te r i s t ics  of the occupants. This information i s  

needed for  the following reasons: (1) t o  c lear ly  es tabl ish the charac- 

t e r i s t i c s  of t h e  houses and clccupants frorn Nhich t h e  data and r e su l t s  

were obtained and t o  which t h e  results may reasonably be qeneralized, 

12) t o  estimate the in t e rna l  loads required i n  the analysis,  (3)  t o  

determine t h e  dependency of r e t r o f i t  performance on house o r  occupant 

charac te r i s t ics ,  ( 4 )  t o  allow the tes t  r e su l t s  t o  be compared w i t h  



1. Descriptive information 

2 .  ~ollow-up information 

3 .  Infiltration measurements 

4. Heating system steady-state 
efficiency measurements 

5 .  Retrofit installation 
quality verification 

6. Retrofit l i s t i n c ;  

7 .  rime sequential measurements 

: x  

: x  

X 

x x  

X 

: x  x x x 

X 

, .  
F i g .  5.1. Schedule indicating when specific in.forrnaYiun 31: data are t o  be c o l ~ e c t e d .  
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Table 5.1. House descriptive information, 

General  
Exper imenta l  program 
House i d e n t i f i e r  
I n t e r v i e w e r  
Date o f  i n t e r v i e w  
Occupant’s name and phone number 
House l o c a t i o n  
U t i l i t y  d i s t r i b u t o r s  

House 
TY Pe 
Number o f  f l o o r s  
Foundat ion and roof t ype  
Roof and Fxternal wall c o l o r s  
Number and d e s c r i p t i o n  o f  rooms t y p i c a l l y  c l o s e d  o f f  
Total  and heated f l o o r  areas 
E v a l u a t i o n  o f  f a c t o r s  a f f e c t i n g  a i r  i n f i l t r a t i o n  
Plan  view ske tch  

Occupancy 
Ownership 
Length o f  t i m e  a t  res idence 
Permanent number by age group 
Average number a t  home d u r i n g  the  day 

Heat.ing system 
Type 
F u e l  
D i s t r i b l J t i o n  f l u i d  and method 
Nam,?plate i n f o r m a t i o n  (manufacturer 

c a p a c i t i e s ,  and e f f i c i e n c y )  
Age 

L o c a t i o n  
Coal o r  o i l  convers ion  u n i t  

mode 1 i n p u t  and o u t p u t  

Energy e f f i c i e n c y  dev ices  present  [ v e n t  damper and 1111) 
P i l o t  l i g h t  use p a t t e r n  
A u x i l i a r y  h e a t  use 

D i s t r i b u t i o n  system 
T o t a l  l e n g t h  of  ductwork or  p i p i n g  
Length of  ductwork o r  p i p i n g  i n  uncond i t ioned spaces 
I n s u l a t i o n  t h i c k n e s s  
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' T ~ D I . ~  5.  i (cont inued)  
I ___..... 

I . ...- ...... ---.....- 

Thermostat 
TY Pi? 
Number 
Nameplate i n fo rma t ion  (manufacturer and model) 

IHot water system 
Fue l  
Storage type 
i-k.ater type 
Nammla te  i n fo rma t ion  (manufacturer, model, tank s i ze ,  i n p u t  

- c a i x c i t y ,  and recovery)  
d o t  w a i w  temperature 
Blanket  th ickness 
Locat ion  

App 1 iances 

Fue l  
!_ocat ion 

I n s u l a t i o n  
Locat ion  and area 
Const ruc t ion  
Type and th ickness 
S id ing  type ( f o r  walls) 
carpeted area ( f o r  sub - f l oo r )  

Windavis, glass doors,  and non-glass e x t e r n a l  doors  
Window type 
W i nd ow t r e a t  men t s 
Area measurements per e x t e r n a l  wall fac ing 
Number o f  window panes 
Non-glass door type 

-~ ~ . .  ..... 
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resul ts  obtained from other studies,  and (5) t o  allow the data se t  t o  

be used i n  future studies.  

requirements for  t h i s  c lass i f icat ion.  An Entrance Interview Form 

(Appendix A )  was developed t o  gather a l l  the information. 

the form are the descriptive terms appropriate for each item. 

example, the house type can be characterized as  e i ther  being m u l t i -  

s t o r y  detached, ranch detached, sp l i t  level detached, attached, 01: 

mobile home. 

e i ther  January, 1988 o r  when the houses are audited i n  May, 1988. 

Table 5.1 lists t h e  specif ic  information 

Included i n  

For 

The descriptive information should  be collected i n  

The follow-up interview information ident i f ies  changes that may 
have occurred i n  the above character is t ics  d u r i n g  the tes t ing program. 

Changes could a f f ec t  the conclusions of the experiment and, th is ,  need 

t o  be known i n  order that  they can be evaluated. 

Interview Form w i l l  he developed to  collect- the information identified 

i n  Table 5.2. The follow-up Interview information should be obtail-ied 

a t  the end o r  t h e  tes t ing period i n  May, 1989. 

A Follow-up 

The house infiLtration measurements serve as descriptive 

variables characterizing the house a i r  leakage rate w i t h  and without 

the r e t r o f i t s  instal led.  These measurements (1) more completely 

characterize the house, (2)  quantify secondary e f fec ts  of r e t r o f i t s  

(such as in f i l t r a t ion  reduction due t o  ins ta l l ing  a t t i c  insulation),  

and ( 3 )  provide information which may be useful i n  fcltcire examinations 

o f  the data se t .  The fan pressurization technique u s i n g  a Slower door 

should be ut i l ized because repeatable resul ts  are easily obtained a t  

standard conditions. References 13 and 14 describe a standard fan 

pressurization technique that should be followed. Basically, the flow 

at 0.04 i n .  H20 (10 Pa> t o  0.24 i n .  H20 (60  Pa) i n  increments o f  0.04 

i n .  H20 (10 Pa) are measured H i t h  the blower door pressurizing and 

depressurizing t h e  house. 
addition t o  any  measurements to  be made under the audi t ' s  i n f i l t r a t ion  

These i n f i l t r a t ion  measurements are i n  
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Table 5.2. Fallow-up interview infnr 

Major a l te ra t ions  or additions 
House 
Space heating system or  i ts  operation 
Oornestic h o t  water system 

New conservation measures. o r  practices empl.oyed 

Additional equipment used or  change i n  use o f  previous equipment 
Auxiliary heating equipment 
Appliances 

Occupant changes 
Permanent number 
Age 
Average number a t  home during the day 
Owner si? i IS 
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reduction procedure for several reasons: (1) these measmements are 

intended t o  represent the a i r  leakage rates  OF the houses before and 

a f t e r  a i l  r e t r o f i t s  are ins ta l led ,  n o t  just the in f i l t r a t ion  redwtion 

measures, (2 )  more information is required9 and ( 3 )  similar data on 

the control houses is desired. The pre-retrofit  measurements s h o u l d  

be made i n  a l l  the houses a t  the time the houses are audited and the 

post-retrof i t  measurements when the quality of the r e t r o f i t  ins ta l la -  

tion is verified,  as discussed below. 

The mechanical operation of the space heating systems are metered 

tu determine their  actual operati.ng characterist ics.  

ments serve as a check on the nameplate information provided by the 

manufacturer, ensure that the mechanical equipment is operating pro- 

perly, and are important variables needed i n  the analysis equations i f  

internal. loads are considered. For this f i e ld  t e s t ,  t h i s  en t a i l s  

measuring the steady-state efficiency o f  the gas f i red furnaces or 

boilers by performing a f lue  gas analysis. (The efficiency o f  con- 

densing furnaces should not be measured because t h i s  measurement is  

d i f f i cu l t  t o  make on t h i s  type o f  equipment.) 

be taken on the current system, and a second measurement needs t o  be 

taken i f  a mechanical r e t r o f i t  was performed ( a  clean and tune, new 

furnace, e tc . ) ,  Because measurements on the current systems are per- 

formed for  the audi t ,  they do n o t  have to  be duplicated i n  any o f  the 

t e s t  housgs ( a l l  t e s t  houses w i l l  be audited a t  the sane time, bu t  

o n l y  half w i l l  be re t rof i t ted  between the pre- and post-retrofit  

periods) 

mechanical r e t r o f i t s  should be performed when the quality of the 

r e t r o f i t  ins ta l la t ions  is checked, as  discussed below, 

These measure- 

A measurement needs to  

The second measurements taken on the systems receiving 

Verifying the r e t r o f i t  instal la t ion quality is  essentially a 

post-retrofit  inspection t u  ensure that the r e t r o f i t s  have been 

instal led according to  specifications.  If  a r e t r o f i t  has not been 
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correctly jnstal led,  or  completely, additional work s h o u l d  be per- 

formed u n t i l  the ins ta l la t ion  is satisfactory.  The ins ta l la t ion  can 

be checked through visual insoection or measurements can also be made 

(checking the depth of  a t t i c  insulation or performing a second flue 

gas  analysis,  for example). Verifyinq the r e t r o f i t  ins ta l la t ion  

quality needs t o  be performed i n  a l l  the treated houses i n  J u l y ,  1988, 

which i s  soon a f t e r  the instal la t ions are completed and before the 

post-retrof i t  m o n i t o r i n g  period begins. The r e t ro f i t s  actually 

instal led i n  the houses and their  costs need t o  be documented i n  July,  

1988, b y  inserting the information i n t o  the computerized audit 

program. 

5.2 TIME-SEQUENTIAL MEFlSU 

Five data parameters w i l l  be monitored i n  each of the f ie ld  t e s t  

houses: house gas use, house e l ec t r i c i ty  use, heating system gas use, 

hot  water system gas m e ,  and house indoor temperature. I n  addition, 

outdoor temperature w i l l  be measured a t  three s i t e s .  6\11 these 

parameters will be used direct ly  i n  tke analysis equations presented 

i n  Sect. 7 .  

other collected data,  b u t  w i l l  n o t  be used i n  the analyses performed 

under t h i s  study. Table 5.3 summarizes the requirements of eacth data 

parameter. Data collection s h o u l d  begin by January 1, 1988, and will 

continue u n t i l  A p r i l  15 ,  1988 for the pre-retroPit period, and, for 

the post-retrof i t  period, shoulrd begin by the week o f  October 17,  1988 

and continue u n t i l  April 15, 1983. 

Local weather data w i l l .  be collected t o  supplement the 

5.2.1 Hollse Gas Use 

NFG will provide and i n s t a l l  i n  each t e s t  home a recently 

calibrated mzter t o  measure the house gas use to w i t h i n  an accuracy of 

3%. The brand of meter w i l l  be l e f t  t o  the discretion of NFG. These 



Table 5.3. Time-sequential data parameter requirements and information. 

Quantity t o  Recording Collection Measuring 
Comments Data Parameter be measured frequency frequency instrumentation 

House gas use 

House e l e c t r i c i t y  
use 

Heating system gas 
Use 

Hot water system 
gas use 

Indoor temperature 

Gutdoor temperature 

Other weather 
parameters 

gas use,  f t 3  weekly 

monthly 

daily 

e l e c t r i c  use, weekly  
k'dh 

run-time, hours weekly 

run-time, hours weekly 

temperature, 'F hourly 

temperature, 'F  hourly 

------ hourly 

weekly 

yearly 

monthly 

weekly 

week i y 

weekly 

men t h l  y 

month l y 

monthly 

gas b i l l i n g  a l l  houses 
meter 

meter 

equipment 

gas b i l l i n g  a l l  houses 

telemetering sorne houses 

e l e c t r i c  a l l  houses 
b i l l i n g  meter 

in 
W 

run-time meter a l l  houses 

run-time meter a l l  houses 

Telog tempera- a l l  houses 
t u r e  recorder 

data logger three s i t e s  
equipment 

provided by loca l  
weather s t a t i o n  



54 

meters w i l l  be manually read once a week by NFG, w i t h  the reading 

being recorded on the data col lect ion sheet provided i n  Sect. 6 .  

data col lect ion sheets  will be forwarded t ~ 9  ORNL weekly. 

The 

The normal b i l l i n g  data collected by NFG for  accounting purposes 

should a l s o  be forwarded t o  ORNI-. 

period (May 1988 and May 1989) ,  the b i l l i n g  data fo r  the previous two 
years should be  downloaded from NFG’s records u s i n g  t h e i r  standard 

programs and sent t o  OHNL. 

obtd ined from the downloading procedure and i t s  format. 

A t  the end o f  each monitorihg 

Figure 5.2 i s  an example of the da ta  

In a majority o f  the houses (approximately 30), the Metscan 

T~elephony Based System5 w i J . 1  be employed t o  read the house gas b i l l i n g  

meter once a day (representing the house gas L J S ~  from m i d n i g h t -  to  

midnight). 

these houses t o  record the daily readings and t o  i n i t i a t e  com- 

munication t o  the data col lect ion network once a month. The data 

col lect ion network receives the daily data from the remote monitoring 

devices via loca l  telephone exchange, s tores  the data ,  and generates 

reports.  NFG w i l l  provide and i n s t a l l  a l l  the equipment required t o  

c o l l e c t  these daily data.  NFG wi.l.1 provide OHNL w i t h  tthe daily data 

once a month as  i t  is collected u s i n g  the report  shown i n  F ig .  5.3.  

I t  should be emphasized tha t  house gas use should s t i l l  be manually 

recorded once a week as  described above i n  these houses. 

A remote monitoring device will be i n s t a l l e d  i n  each o f  

lhe house gas consumptions a re  measured i n  u n i t s  of f t 3  of gas. 

I n  order t o  convert the house consumptions (and other submetered con- 

sumptions to  be discussed below) i n t o  u n i t s  o f  energy, the heat con- 

t e n t  of the gas must  be known. NFG w i l l  provide data monthly on the 

heat content of t h e i r  gas. 
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EST 
EST 
E:ST 
A C T  
EST 
ACT 
EST 
A C T  
EST 
A C T  
MC 
A 13J 

TOTAL 

7- i3 T A I- 

.- 
9 4 . 3  

Fig. 5.2. Format of the monthly billing,data obtained 
i n  downloading information from NFG s records. 
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METSCAtI METER READING SYSTEM 

DAILY IJSAGE CIIAPI1 

RHD: 29 FORT: 0 

12/01/85 - 12/39/85 

957 
1? 
A 
1 
L 
Y 827 

U 
8 
A 81 
G 697 Bi 
E III 

1 
IB 
81 

567 1 
81 
1 
HI 
IR 

4 3 3  81 

B A T E 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 2 3  
1 *. ;? d 5 u  7 z J 9 U  1 2  d 4 . S h  I 8 Y  

ALL USAGE IN CUBIC FEET 

* * *  DAILY USAGE COUNTS APSD READINGS *** 
IDATE 
12/01/85 
12 /02/85 
12/03/85 
12/04 155 
12/05/05 
12 / 06 / 85 

12/08/85 
12 109 185 
121 10185 
121 11/55 
121 12/85 
121 13/85 
121 14/85 
121 15/85 
121 16/85 

i2/07/a5 

USAGE 
450 
sa9 
7 4 5  
711 
59 B 
6 15 
57 5 
56 2 
5 4 9  
549 
549 
592 
6 09 
7 06 
793 
7551 

READ1 Ne 
2 9 2 7 8 9  
293378 
294 124 
234835 
295433 
296048 
295523 
297 185 
297733 
298282 
29883 1 
299403 
3000 12 
3007 18 
3015 1 I 
302262 

DATE USAGE RE.ADI NC 
121 17/83 708 302970 
12/18/85 8 2 1  303791 

12/20/85 706 385299 
12/21/55 305 306004 
12/22/55 846 306850 
12/23/05 637 307487 
12/24/85 602 308089 
12/25/85 775 308864 
12/26/85 929 309793 
12/27/85 817 320610 
12/28/05 754 311354 
12/29/%5 769 3 12 133 
12/30/85 738 312571 

12/19/p15 ao;a 304593 

HHD 29 
PORT 0 

S ‘I’ AR T I? A T  E 
12 / O  1/85 

PEAK U S A G E  
929 

L O W  USAGE 
4 58 

AVG USAGE 
6 8 4  

EACH - BLOCK 
2 6  

Fig. 5.3. Format i n  which the daily billing meter data will be provided, 
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5.2.2 House Electricity Use 

The e x i s t i n g  electric b i l l i n g  meter i n s t a l l e d  i n  each house will 

Although these be  used t o  monitor  t h e  house e l e c t r i c i t y  consumption. 

meters w i l l  n o t  be  r e c a l i b r a t e d ,  they shou ld  g e n e r a l l y  provi.de an 

accu racy  o f  3%. 

N F X .  

v ided  i n  Sect. 5 ,  which w i l l  s u b s e q u e n t l y  be  forwarded t o  GRNL weekly.  

These meters w i l l  b e  manually r e a d  once a week by 

The r e a d i n g  w i l l  be r eco rded  on t h e  da ta  c o l l e c t i o n  s h e e t  pro- 

5.2.3 Heating Syste 

Because t h e  gas consumption ra te  o f  t h e  h e a t i n g  equipment t o  be 

encoun te red  i n  the f i e l d  test  shou ld  be s t e a d y  whenever the u n i t  is 

o p e r a t i n g ,  t h e  h e a t i n g  system g a s  u s e  w i l l  b e  monitored i n  eaclh hr?cise 

by measuring i t s  o p e r a t i n g  time u s i n g  e l apsed - t ime  ( run - t ime)  meters. 

I n  t h i s  m o n i t a r i n q  t e c h n i q u e ,  t h e  meter is i n s t a l l e d  i n  t h e  t h e r m o s t a t  

c o n t r o l  c i r c u i t ,  i n  p a r a l l e l  w i t h  t h e  s o l e n o i d  v a l v e  c o n t r o l l i n g  the 

gas supp ly  v a l v e ,  SO t h a t  power is s u p p l i e d  t o  t h e  meter whenever 

power is s u p p l i e d  t o  t h e  valve. U s u a l l y ,  t h e  t h e r m o s t a t  c o n t r o l  c i r -  

c u i t  i s  a 24 v o l t  DC system, s o  tha t  a 24 v o l t  DC e lapsed - t ime  meter 

would need t o  be i n s t a l l e d .  NFG w i l l  p r o v i d e  and i n s t a l l  the meters; 

no p a r t i c u l a r  brand o f  meter is reeomended .  

manually r e a d  once a week by NFG, wi th  t h e  r e a d i n g  b e i n g  r eco rded  cn 
t h e  d a t a  c o l l e c t i o n  s h e e t  p rov ided  i n  S e c t .  6 .  

sheets w i l l  b e  forwarded t a  ORNL weekly. 

These meters w i l l  b e  

The d a t a  c o l l e c t i o n  

I n  o r d e r  to c o n v e r t  t h e  o p e r a t i n g  time t o  a g a s  consumption, t h e  

consumption rate of  t h e  equipment must be known. 

consumption rate o f  t h e  h e a t i n g  system’s main b u r n e r  and p i l o t  is 

r e a d i l y  measured u s i n g  t h e  house gas b i l l i n g  meter and f o l l o w i n g  the 

p rocedure  a u t l i n e d  i n  Appendix 8. 

The combined gas 

During t h e  p r e - r e t r o f i t  p e r i o d ,  
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these measurements need to be made i n  December, 1987, when the moni- 

t o r i n g  instruments are instal led.  

i n  November or  December, 1988, d u r i n g  the post-retrof i t  period. Pre- 

and post-retrofit  measuremer-its are needed t o  make sure the ra te  has 

n o t  changed from one year to the next or ta  determine the rate  of a 

new heating systm. 

The measurements should  be repeated 

The error of measuring the weekly heating systein gas use w i t h  

t h i s  method i s  estimated to be 5%. 

ater System Gas use 

The hot water system gas use i n  each house can be inensured u s i n g  

elapsed-time meters i n  a manner similar t o  that  for the heating 

system. In t h i s  case, however, the meter cannot be installed directly 

i n t o  the h o t  water system’s control c i rcu i t  because i t  i s  different.  

Instead, the meter is wired j r i  ser ies  with a gas pressure switch, w i t h  

voltage being supplied froin any continuously available source (house 
current,  24 v o l t  transformer operating from house current, o r  the 

heating system’s 24 volt transformer). 

instal led t o  sense the gas pressure i n  the gas l ine  downstream o f  the 

control valve leading t o  the burner and configured ta  close when the 

pressure r i ses  s l i g h t l y  above atmospheric pressure. 

Figuration, power is  supplied t o  the meter whenever gas is  supplied t o  

the hot water lank. I n  many h o t  water systems, a pressure tap is pro- 

vided an the  control hux which can be used t o  connect the pressure 

switch. Depending an the power source chosen, a 110 v o l t  LK or 24 

volt  OC meter would be used. 

technique w i l l  be provided and instal led by NSG, 
manually read once a week by NFG. 

data collection sheet provided i n  Sect. 6 ,  which w i l l  subsequently be 
forwarded t o  OHNI ... weekly. 

Tile pressure switch is 

With t h i s  con- 

A l l  equipment required for t h i s  metering 

These meters w i l l  be 

The reading w i l l  be recorded on the 
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The g a s  consumption ra te  of the h o t  water system must a lso  be 

known i n  order t o  c o n v e r t  t h e  o p e r a t i n g  time i n t o  a g a s  consumption. 

The ra te  i s  measured u s i n g  the house gas b i l l i n g  meter i n  a manner 

similar t o  t h a t  f o r  the h e a t i n g  system. 

d u r e  are o u t l i n e d  i n  Appendix R. 

the same time the h e a t i n g  system consumption rates are measured. 

Details of the c o r r e c t  proce-  

These rates  s h o u l d  be de te rmined  a t  

5.2.5 Indoor Te 

The indoor t e m p e r a t u r e  o f  each test house w i l l  be monitored u s i n g  

These d e v i c e s  i n c l u d e  a t e m p e r a t u r e  s e n s o r  and mie rap ro -  

Telog’s 21133 Ambient Temperature Recorder  ( l i t e r a t u r e  is  provi  ded i n  

Appendix C ) .  

cessor based e l e c t r o n i c s  ko c a l c u l a t e  and s t o r e  the ave rage  h o u r l y  

t e m p e r a t u r e  and have been found ( th rough  t e s t i n g )  t o  be a c c u r a t e  t o  

w i t h i n  1’F. The device w i l l  be l o c a t e d  i n  e i ther  the main l i v i n g  area 

of t h e  house (as p o s s i b l y  t y p i f i e d  by the l o c a t i o n  o f  t h e  t e l e v i s i o r r  

se t )  or n e x t  t o  the t h e r m o s t a t  c o n t r o l l i n g  t h e  h e a t l n g  system. 

placement of the d e v i c e  shou ld  minimize i ts  exposure  t o  r a d i a n t  energy 

from t h e  s u n ,  e x t e r i o r  walls and windoirJs, lamps, and o t h e r  s i g n i f i c a n t  

r a d i a t o r s .  The device s h o u l d  a l s o  n o t  be exposed t o  heat s o u r c e s  such  

as v e n t s  or a p p l i a n c e s  i n  the s u r r o u n d i n g  area. 

p rov ided  by ORNL and i n s t a l l e d  by NFG. 

removed a t  the end o f  the p r e - r e t r o f i t  p e r i o d  and r e - i n s t a l l e d  b e f o r e  

t h e  s tar t  of the D o s t - r e t r o f i t  p e r i o d  i n  o r d e r  t h a t  they  can  be used 

i n  a n o t h e r  ORNL experiment .  

The 

The devices w i l l  be 
The d e v i c e s  w i l l ,  have t o  be 

The h n u r l y  data s t o r e d  by t h e  d e v i c e s  w i l l  be c o l l e c t e d  once a 

month by NFG using two data t r a n s f e r  u n i t s  p rov ided  by ORNL. 

from up t o  60 d e v i c e s  c a n  be s t o r e d  i n  each o f  t h e  data t r a n s f e r  

u n i t s .  

s u p p l i e d  s o f t w a r e  and NFG’s microcomputer.  

p rov ided  t o  ORNL monthly. 

Data 

These data w i l l  be t r a n s f e r e d  t o  a floppy diske t te  u s i n g  ORNL 

The d iske t te  will t h e n  be 
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5.2.6 Outdoor Te 

- the hour ly  outdoor  temperature a t  three selected s i t e s  will be 
monitored. 

that  the outdoor temperature a t  each house can be represented by the 

data collected from a t  l ea s t  one s i t e .  The selected s i t e s  w i l l  be NFG 

f i e l d  of f ices .  

The s i t e s  will b e  dis t r ibuted among the t e s t  houses so  

The instrumentation t o  be used a t  each s i t e  includes a bat,tery 

powered data logger ,  a battery powered tape recorder, a type T 

(copper-constantan) thermocouple, and a radiation shield.  T h i s  equip-  

ment will nieasure the outdoor temperature accurately t o  w i t h i n  1'F. 

Literature  on the data logger, tape recorder, and radiation shield a re  

presented i.n Appendix C .  

unaffected by heat sources or s i n k s  i n  the surrounding area and where 

the ambient a i r  is well mixed w i t h  the su r round ing  a i r .  

location on the nor th  s ide of the building and below roof level  is  

preferred. 

from the s k y  and other s ign i f icant  radiators  such as  roofs,  wal.Ls, 

driveways, pat ios ,  and the ground. The shield w i l l  a l so  protect the 

sensor froin ra in ,  h a i l ,  l ightning,  and other ambient conditions. The 

equipment required for 'these measurements w i l l  be provided by QRNI- and 

will be ins ta l led  by N F G  and ORNL. 

The sensors will h e  located where they are 

A sensor 

The radiation s h i e l d  w.il.1 be used t o  protect t h e  sensor 

The instrumentation w i l l  measure the average h o u r l y  outdoor tern- 

perature a t  each s i t e  and automatically s tore  the data on casse t te  

tape a t  periodic in te rva ls .  

once a month and mail them t o  ORNI ... 
NFG w i l l  collect the tapes from the sites 

5.2.7 Other Weather Data 

H o u r l y  weather data other than the outdoor temperature (such as 
wind speed, wind d i rec t ion ,  so la r  radiat ion,  and h u m i d i t y )  w i l l .  be 
obtained frarn t h e  loca l  weather s t a t ion  by ORNL once a month. 
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5.2.8 Special Considerations 

The location of the instal led metering is very important t o  m i n i -  

mize the e f fo r t s  required f o r  data collection. 

meter, house e l ec t r i c  b i l l i n g  meter, heating system elapsed-time 

meter, and h o t  water system zlapsed-time meter w i l l  b e  read simul- 

taneously once a week. These meters must  be located outside 

located where they can be read from the outside i n  order that  the 

meter reader does not have to enter the house each week. The 

scheduling required to  arrange for i n  house meter reading will be di.f-  

f i w l t  and expensive, and w i l l  eventually lead to  the significant loss  

o f  data. 

occupants canriot be used t o  read the inside meters. 

The house gas b i l l i n g  

Because the readings need to  be made simultaneously, the 

Gas meters located i n  the t e s t  houses s h o u l d  be equipped with 

remote reading devices t o  avoid the need to  enter the house. 

devices w i t h  the display located ocitside and requiring manual readinq 

are preferred over the telemetering equipment i n  order that  the f o u r  

weekly measurements i n  each house can be collected simultaneously. 

The houses t o  have telemetering equipmerit instal led Should not  

currently have an indoor gas meter or  remote device instal led:  the 

telemetering equipment w i l l  in terfere  w i t h  the remote reading device, 

requiring i t s  reinoval. 

Standard 

‘The e l ec t r i c  b i l l i n g  meter may also be located inside the home. 

As t h i s  meter is not under NFG’s control, a remote readout device on 

the e l ec t r i c  meter cannot be instal led.  

will be t o  schedule a time each week to  enter the house. 

I n  this case, the only option 

The elapsed-time meters measuring the heating system and h o t  

water system operating times w i l l  be located i n  the house. 

d u r i n g  ins ta l la t ion ,  the meters themselves s h o u l d  be instal led s o  that  

their  d i a l  faces can easily be read from the outside, perhaps th rough  

the basement window. 

However, 
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Another consideration that  needs t a  be addressed i s  meascrring the 

5as consumption rates  o f  the heating systems and h o t  water systems 

when the t:elemet@ring equipment is i n  place. 

h i b i t  the  lowest d i a l  f rom being read; t h u s ,  the cal ibrat ions c o u l d  

not be easi ly  perf'armed as the next sized d i a l  would n o t  be suf- 

f ic ien t ly  accurate t o  perform the t e s t s  i n  a reasonable period of 
time. As a r e su l t ,  the telemetering equipment w i l l  have t o  be removed 

and reinstalled each time the cal ibrat ions a re  perforrned i f  the lowest 

d i a l  cannot be read. 

T h i s  equipment ma)/ pro- 
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This  chapter w i l l  describe the data management procedures f o r  

both the tine-sequential measurements and the survey information. 

Data bases w i l l  be  designed t o  s tore  these data separately. 

( re la t ions)  between separate data bases will be household IDS and 

dates and times of the time-sequential data. 

The l i n k s  

6.1 TIME-SEQUENTIAL MEASiJREMENTS 

Figure 6.1 demonstrates the f low of  the data management procedure 

for the time-sequential measurements. 

de t a i l  below. 

T h i s  procedure is described i n  

House gas consumption, house e l ec t r i c i ty  consumption, heating 

system gas eonsumption, and hot water system gas consumption are time- 

sequential data parameters that  w i l l  be monitored u s i n g  b i l l i n g  meters 

or elapsed time meters. These meters display the integrated to ta l  gas 

consumption, e l ec t r i c i ty  consumption, or run-time of the equipment 

The energy consumptions f o r  a selected time interval must be deter- 

mined by subtracting the reading a t  the beginning of the interval from 

the reading a t  the end o f  the interval  and, i f  appropriate, 

m u l t i p l y i n g  the difference by a conversion factor (the gas consumption 

r a t e  i n  the case o f  the heating system and hot water system 

sub-meters). 

The current readings of these meters will be manually recorded 

once a week by NFG us ing  the data form provided i n  F i g .  6.2 and for-  

warded to  ORNL. 

pu te r  data base u s i n g  microcomputer based data entry software 

developed by ORNL. 

These data w i l l  be immediately entered in to  a com- 

The f u l l  screen interactive data entry system w i l l  
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be designed u s i n g  the dBASE TI1 P l u s  Database Management System. 

Basically,  a query screen, ident ica l  t o  t h e  data form, will appear on 

the termj-nal monitor and prompt the user for the i n p u t s .  

en te rs  the information a t  the avai lable  blank spaces and presses the 

carr iage return key t o  s t o r e  the information i n  a weekly data base. 

A blank query screen w i l l  then reappear fo r  the next, record (da ta  

form). T h i s  procedure will be repeated u n t i l  al.1. the records fo r  the 

week have been entered. 

da ta ,  b u t  a l s o  allows browsing, ed i t ing ,  and delet ing of information 

i n  the weekly data base. 

The operator 

T h i s  systein not o n l y  f a c i l i t a t e s  entering the 

' 1 1 - 1 ~  energy consumptions fo r  the current recording period wi1.1 be 

automatically calculated u s i n g  the corrent readings, previous 

readings, arid appropriate conversion factors  or household gas consump- 

t ion  ra tes .  The conversion fac tors ,  ident i f ied  by t h e i r  respective 

home I D S ,  will be stored i n  a separate f i l e .  

for the current recording period will be cal.culated and ti7er-i merged 

w i t h  the previously calculated consumptions i n  a raw consumption f i l e .  

'The energy consumptions 

I n  addition t o  monitoring the Pour energy consumptions ident i f ied  

above i n  each house, the hourly indoor temperature w i l l  be monitored 

i n  each house and hourly outrdoor temperatures w i l l  be monitored a t  

three d i f fe ren t  s i t e s .  

tinuously stored i n  the meters, read once a month, and forwarded t o  

CRNL.. on floppy d iske t tes .  

tinuously stored on casse t te  tape arid forwarded t o  ORNL monthly i n  

t h i s  form. A sof tware package provided by the manufacturer will t h e n  

be used t o  t ransfer  the data from c a s s e t t e  t o  .the rni.crocomputer. The 

weekly consumption data w i l l  need t o  be aligned w i t h  the hourly indnur  

and outdoor temperatures because, i n  the analysis  t o  be perrormed (see 

Sect. 7 ) ,  an average indoor and outdoor temperature corresponding t o  

The indoor temperature data will be con- 

The outdoor temperature data w i l l  be con- 
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each recording period ( t o  the nearest hour) w i l l  be needed. 

manpower and equipment constraints,  the hourly indoor temperature d a t a  

cannot be recorded an the hour, arid the energy consumption meters i n  

the various houses w i l l  be read at- d i f fe ren t  times and on different  

dates. T h i s  camplicates the calculations required t o  determine the 

average temperatures for the recording periads corresponding to  each 

house. For example, i f  the consumption readings from household A are 

Due t o  

collected a t  3:40 p "  ., November 23, and LO:30 a.m., November 30, and 
the hourly outdoor temperatures are  recorded on the hour ,  then the 
average outdoor temperature between November 23 a t  4:QO p.m. and 

November 38 a t  11:OO a.m. needs t o  be calculated. The h o u r l y  tern- 

perature data will be transferred into a raw temperature f i  le. Fi prca- 

cedure w i l l  then be employed t o  a1 ign  individual hrjusehold consumption 
data w i t h  the hour Jy  indoor  and su tdoor  temperature data and t o  S ~ O R  

the merged data i n  a combined f i l e .  

Data validation procedures w i l l  be implemented dr.ir'rng the  pro- 

The validations w i l l  include range checks, G ~ S S ~ S  described above. 
l og ic  cl-iecks, and v isua l  examination of plotted data (such as between 

consumptian and outdoor temperature 1 a 
OUXJ~ automatieall.y on t h e  raw consumptian and temperature f i l e s :  

The following eheokirig w i l l  

weekly consumption data: 

(1) house gas use >a,  
(21 house e l ec t r i c i ty  use > o ,  
( 3 )  heat ing  system gas use X I ,  

(4) hat water system gas use >O, 
(5) house gas use r heating system gas use p l u s  hot water 

system gas use; 

indoor  temperature data: 

55°F < indoor temperature < 90°F; 
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outdoor temperature data: 

(1) -20-F < outdoor temperature < TrO'F, 
(2)  data logger battery voltage > 10 vol t s ,  

( 3 )  data logger program signature is  constant,  

( 4 )  year = 1988 o r  1989, 

( 5 )  0 < j u l i a n  date < 366, 

(5) 0 < time *: 2400. 

I f  an error is  detected,  the data point w i l l  be flagged and examined 

by project s t a f f .  

ments, then actions w i l l  be taken t o  correct  them t o  ensure data 

qual i ty  i n  future data col lect ion.  

recording procedure 

l a t e  t h e  actual  data.  

I f  the e r r o r s  or iginate  from the monitoring i n s t r u -  

I f  the e r ror  stems from t h e  data 

procedures will be used t o  estimate or recalcu- 

A l l  ttiese procedures ( i . e . ,  data entry, data t ransfer r ing ,  data 

val idat ing,  converting meter readings t o  consumptian, and data 

aligning) will be performed regularly upon receiving the data from 

NFG. S t a t i s t i c a l  Analysis System (SAS) software residing on a micro- 

computer w i l l  be used as  the too l  Pur the majority of the data manipu- 

la t ions  and data val idat ions.  

6.2 SURVEY INFCRMATIBN 

The survey information ident i f ied  i n  Sect. 5.1 w i l l  be collected 

from individual par t ic ipat ing households through interviews, s i t e  

visi ts ,  and l imited mzasurements. 

data base residing on a microcomputer u s i n g  a f u l l  screen in te rac t ive  

data entry system and procedures s imilar  t o  that  described i n  

Sect. 6.1. 

when i t  is necessary t o  ident i fy  the relat ionship between survey 

information and energy consumption or savings. 

the flow o f  the data management procediire for the survey information. 

These data will be t ransferred t o  a 

The time-sequential and survey data w i l l  be combined only 

Figure 6.3 i l l u s t r a t e s  
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Fig. 6.3. Data management procedure for the survey information. 





Section 2 * 2  i d e n t i f i e d  a number o f  spec i f ic  research questions 

t h a t  musk be addressed a t  the conclusion o f  the f i e l d  t e s t .  These 

questions were grouped i n t o  Pour categories:  physical c h a r a c t e r i s t i c s  

of  the houses and occupants, implementation of the audi t  procedure, 

performance of  the audi t  procedure, and usc o f  the telemetezed data. 

The following subsections will present the approaches t o  be employed 

t o  address these queet'  ions. 

3.1 PHYSICAL. CHARACTERISTICS QF THE H 

The general physical c h a r a c t e r i s t i c s  of the houses and occupants 

w i l l  be evaluated by tabulat ing and graphing the survey data.  

Occupant c h a r a c t e r i s t i c s  of i n t e r e s t  are the number of household mem- 

bers and t h e i r  ages. 

t h e i r  f loor  areas ,  age, type, number of f loors ,  and foundation type. 

The p r e - r e t r o f i t  thermal condition o f  the houses w i l l  be summarized by 

studying the amount o f  a t t i c ,  wal l ,  and f loor  insulat ion i n s t a l l e d ,  

the heating system e f f i c i e n c i e s ,  the i n f i l t r a t i o n  r a t e s ,  the amount o f  

ductwork located i n  uninsulated spaces, and t h e  p re- re t rof i t  energy 

consumptions (determined from t h e  analysis  of the pre- re t rof i t  sub- 

metered da ta) .  

marized. 

Important c h a r a c t e r i s t i c s  of the houses a re  

The appliances found i n  these homes will a l s o  be sum- 

LEMENTATION OF THE AUQIT PROCEDURE 

Questions regarding t h e  implementation of t h e  a u d i t  procedure 

w i l l .  be addrqssed using data col lected under t h e  audit  procedure a f t e r  

it has been tabulated and graphed. The information t o  be analyzed 

i n c l u d e s  the measures recommended by t h e  a i d i t  procedure for  i n s t a l l a -  

t i u n ,  the measures actual ly  i n s t a l l e d ,  the estimated and actual  cost  
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t o  i n s t a l l  each measure, and the energy savings and B,/C r a t i o  pre- 

dicted f a r  each recommended measure. 

audit  procedure w i l l  be compared t o  measures recommended by NFG's 

current audi t .  

The measures recommended by the 

The performance o f  the audit-directed r e t r o f i t  procedure will be 

evduated on an individual and group basis. 

measured i n  the audit  houses w i l l  be compared t o  predicted values. 

The cost effectiveness of the r e t r o f i t s  ins ta l led  i n  the audit  houses 

(which depends on annual energy savings, i n s t a l l a t ion  cos ts ,  and 
r e t r o f i t  l i fe t ime)  w i l l  a l so  be examined. 

determine the annual energy savings i n  individual houses 
i n  the audited Iiac.ises a s  a group,  and cost-effectiveness w i l l  be 

discussed separately.  

appropriat? s t a t i s t i c a l  analyses w i l l  be performed i n  order tha t  the 

uncertainty associated w i t h  the f i n a l  answers can be s ta ted.  

The annual energy savings 

The analysis procedures t o  

the savings 

In the analyt ical  procedures discussed, 

7 . 3 a l  Individual House Savings 

18 The annual energy savings can be defined as  the annual amount of 

energy saved by a r e t r o f i t  i f  a l l  factors  are  kept constant except for 

the r e t r o f i t  i t s e l f . "  T h i s  def ini t ion i s  applicable if the t rue 

r e t r o f i t  e f fec t  (the savings actually induced by the r e t r o f i t s  only) 

is of i n t e re s t .  The r e t r o f i t  e f f ec t  i s  not the same as the observed 

annual energy savings, as t h i s  l a t t e r  savings is influenced by d i f -  

ferences i n  outdoor  and indoor  climate, occupant behavior changes 

following r e t r o f i t  i n s t a l l a t ion ,  and changes i n  occupancy. For this 

s t u d y ,  the r e t r o f i t  e f fec t  w i l l  be considered t o  be the ohserved 

annual energy savings normalized for outdoor temperature, indoor tem- 

perature,  internal  load, and occupant behavior changes. 
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To c a l c u l a t e  the r e t r o f i t  e f f e c t  observed i n  t h e  a u d i t e d  houses ,  

t h e  change i n  a n n u a l  ene rgy  consumption o f  t h e  i n d i v i d u a l  a u d i t e d  and 

c o n t r o l  houses  (no rma l i zed  f o r  outdoor  t e m p e r a t u r e ,  i n d o o r  tern- 

p e r a t u r e ,  and i n t e r n a l  l o a d )  must be de t e rmined .  These changes canno t  

be d i r e c t l y  de t e rmined  from t h e  p re -  and p o s t - r e t r o f i t  d a t a  f o r  

s e v e r a l  r e a s o n s :  (1) the time p e r i o d s  o v e r  Hhich t h e  d a t a  #ere 

c o l l e c t e d  may n o t  be e q u a l  nor  c o v e r  t h e  e n t i r e  w i n t e r  s e a s o n ,  ( 2 )  t h e  

pre-and p o s t - r e t r o f i t  wea the r  c o n d i t i o n s  w i l l  l i k e l y  be d i f f e r e n t ,  and 

( 3 )  i ndoor  t e m p e r a t u r e s  and i n t e r n a l  l o a d s  ma in ta ined  i n  each house 

a v e r  t h e  two p e r i o d s  may n o t  be t h e  same,. Consequent ly ,  a house model 

must be employed t o  c o r r e c t  f o r  these c o n d i t i o n s .  The f o l l o w i n g  model 

d e r i v e d  by c o n s i d e r i n g  a n  ene rgy  b a l a n c e  on t h e  house w i l l  be 

employed : 

(n E)  + I = k ( T i  - To),  

where t h e  v a r i a b l e s  are d e f i n e d  t o  be 

n - 
E - 
I - t h e  i n t e r n a l  l o a d  of  t h e  house,  

k - a f a c t o r  t o  be determined by r e g r e s s i o n ,  

t h e  e f f i c i e n c y  of  t h e  h e a t i n g  system, 

t h e  ene rgy  consumption o f  t h e  h e a t i n g  system, 

T i  - t h e  i n d o o r  t e m p e r a t u r e ,  and 

To - the ou tdoor  t empera tu re .  

The i n t e r n a l  load w i l l  b e  d e f i n e d  t o  be t h e  ene rgy  i n p u t  due t o  a l l  

electric a p p l i a n c e s ,  l i g h t s ,  and g a s  a p p l i a n c e s  o t h e r  t h a n  t h e  h e a t i n g  

and h o t  water systems. T h i s  q u a n t i t y  w i l l  be found by s u b t r a c t i n g  the 

h e a t i n g  system and h o t  water system gas consumptions from t h e  t o t a l  

house g a s  consumption and add ing  t h i s  d i f f e r e n c e  t o  t h e  house e lec t r i -  

c i ty  consumption. 

h e a t  loss  c o e f f i c i e n t  o f  the house and i n c l u d e s  such e f f e c t s  as wirid- 

induced i n f i l t r a t i o n  and h e a t  f l ows  due t o  r a d i a t i o n .  

The f a c t o r  k i s  roughly e q u i v a l e n t  t o  t h e  overal .1 



Li.near regression techniques w i l l  be used t o  estimate the value 

of k for  the pre- and pos t - re t rof i t  periods for each house u s i n g  the 

pre- and pos t - re t rof i t  data respectively.  The pre- and pos t - re t rof i t  

annual heating energy consumptions will t h e n  be estimated using the 

rzspective values of k ,  the respective values of n ( i f  the heating 

system e f f i c i e n c i e s  d i d  not change, then the values of n would be the 

same; i f ,  for  exarnple, a new furnace was i n s t a l l e d ,  the pre- and p o s t -  

r e t r o f i t  values of the eff ic iency would be d i f f e r e n t ) ,  average outdoor 

temperature da t a  based on h i s t o r i c a l  records, and assumed values for 

the indoor temperature and in te rna l  load. 

consumption of the house due t o  the i n s t a l l a t i o n  of the r e t r o f i t  

measures (normalized for outdoor temperature, indoor temperature, and 

internal. l oad ]  is then equal t o  the pre- re t rof i t  heating coinsumption 

minus the p o s t - r e t r o f i t  consumption. 

acrdited houses is  noi; s i m p l y  equal t o  t h i s  change i n  energy consump- 

t ion ;  ra ther ,  the r e t r o f i t  e f f e c t  of the audited houses i s  equal t o  

t h e i r  change i n  energy consumption adjusted by the average change i n  

energy consumption o f  the control houses. 

t h i s  f i n a l  adjustment normalizes for occupant changes not induced by 

the r e t r o f i t  i n s t a l l a t i o n ,  allowing the savings actual ly  induced by 

the r e t r o f i t s  only t o  be determined. 

The change i n  annual energy 

The r e t r o f i t  e f f e c t  o f  the 

Rs discussed i n  Sect. 4.1, 

The values for  the indoor temperature and i n t e r n a l  load could be 

based an average values maintained during the pre- re t rof i t  period or 

on values used i n  the audi t  t o  predict  the r e t r o f i t  energy savings. 

Use o f  the former values normalize the energy consumptions i n  each 

house t o  i t s  own pre- re t rof i t  cronditions while the l a t t e r  values nor- 

malize the energy consumptions i n  a l l  the houses t o  some average house 

charac te r i s t ics .  The l a t t e r  values will be used t o  allow the retro-  

f i t s  from the individual houses t o  be compared t o  each other and t o  

the predicted values on an equal. basis .  
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A relaxed definit ion of the annual energy savings could 1” nc lude 

energy savings result ing from occupant behavior changes induced by t h e  

r e t r o f i t  ins ta l la t ions  a I n  t h i s  case, the savings would be normalized 

f o r  outdoor temperature and by the  control. houses, but  n o t  for  indoor 

temperature and internal load. The annual energy savings aef ined i n  

this manner vmuld be of in te res t  if a programmatic perspect ive i s  

desired. 

performed by u s i n g  values for the indoor temperature and internal load 

based on pre-retrof i t  data to  calculate energy consumptions before 

r e t r o f i t  ins ta l la t ion ,  and values based an post-retrof i t  data t o  
calculate consumptions a f t e r  r e t r o f i t  ins ta l la t ion ,  

Calculation o f  the savings defined i n  t h i s  manner w i l l  be  

The individual house savings will be analyzed u s i n g  an analysis 

of variance approach to  calculate group savings and t o  identify the 

e f fec t  o f  selected variables on the savings, The eriergy savings o f  
the control houses w i l l  be determined and used i n  the individual and 

group savii-igs normalizations t o  account f o r  occupant behavior e f fec ts  

n o t  induced direct ly  by the r e t ro f i t s .  

ins tal la t ion o f  the r e t r o f i t  measures i n  the audited group of ~ ~ I J S ~ S  

will be of interest .  Additionally, t h e  e f f e c t  o f  other variables on 

the measured savings [such as pre-retrofit  energy consumption and type 

of heating system) w i l l  a lso be investigated, 

The average savings due t o  the 

7a3.3 Gost Effectiveness 

The B/C r a t i a  o f  the r e t r o f i t  measurer; w i l l  be determilied using 

standard ecoimmir: procedures t o  represent the actual cost e f f e c -  
tiveness ~f the measures. T h i s  r a t io  w i l l  be determined fo r  the i n d i -  

vidual houses and the group O F  audited houses u s i n g  t h e  normalized 

energy savings, actual ins ta l la t ion  casts, estimated r e t r o f i t  l i f e -  

times, and other economic parameters as  required. 



7.4 USE OF THE TELEMETERED DATA 

The beneFits and disadvantages o f  telemetered data w i l l  be 

s t u d i e d  by comparing energy savings determined from ail analysis  o f  the 

dai ly  telemetered data with the savings determined from analyses using 

weekly submetered data and monthly b i l l i n g  data. 

niques t h a t  w i l l  be used t o  determine the energy savings using the 

weekly submetered data were presented i n  Sect. 7 .3 .  Monthly b i l l i n g  

data w i l l  be analyzed u s i n g  the Princeton Scorekeeping Method 

(PRISM). l5 

regressed against  monthly heating degree days t o  normalize t h e  con- 

s m p t i o n s  for outdoor temperature. 

The analysis tech- 

I n  t h i s  method, monthly house fuel  consumptions are 

Under t h i s  f i e l d  t e s t ,  techniques t o  analyze the daily t e l e -  

metered data are t o  be developed and validated; consequently, spec i f ic  

methods w i l l  not be presented i n  t h i s  report. 

w i l l  most l i k e l y  resemble the above analyses i n  tha t  the daily house 

gas consumptions w i l l  be  normalized f o r  the outdoor temperature trsing 

regression techniques and an appropriate temperature term. 

Howevert the methods 
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Appendix A, ENTRANCE INTERVIEW FORM 

The forin p r e s e n t e d  i n  t h i s  append ix  was developed t o  c o l l e c t  the 

d e s c r i p t i v e  information specified i n  Sect. 5. 
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Experimental Prograin: NFG End-IJse Efficiency Field Test House IO: I_ 

Interviewer Name: Date: 

Name t 

~ 1 1 1 - 1  

S t r e e t  Address: 

-- C i t y :  Bu f Pa 1 o State: N'd z i p  Code: 

county: Erie Phone Number: i 1 

Type : (MS - multi-story detached; RA - ranch detr-lchcd; 
SL - s p l i t  level detaohed; SA .- altacbecl; MH - mobile horne) 

Number o f  Floors  ( i n c l u d i n g  basement) : - Apprnxirnat,e Age :: I_ years 

Predclrni.nar-iI: Roof Type : -- (P - pitched rnof; F - f l a t  roof; 
v - vefitilated a t t i c ;  x - ot.her) 

Roof Color: 

Number o f  rooms typically closed o f f :  
Description: 

Heated f l o o r  area: 

Heated Area ( f t 2 )  Floor  To ta l  Area (ft2) I_ 

Bar;ement, 
First  f l o o r  
Secrmd f Loor 
T h i r d  f l o o r  
Other 
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Ownership: OW (OW - own; RE - r e n t )  

years - Length o f  time at, t h i s  address: 

Nunber of  occupants, by age group: Preschool 
1-11 

School age 
A d u l t ,  n o t  r e t i r e d  
A d u l t ,  r e t i r e d  
Total 

- .. . . . .___ 

Number of occupants general. 1.y home daring the day : weekday I__s_ 

week e rid 

HEATING SYSTEM 

- Mode 1 : I__-. Manu fac t  urer : 

Fue l :  I G ( G  - gas; 0 - o i l ;  E - e l e c t r i c i t y ;  W - wood; C - coal ;  
L ..̂  LP; S - s o l a r ;  X - o t h e r )  

Type: (E - hoil.er; F - furnace; FF - f loor  furnace; 
SH - space heater;  A - cent ra l  a i r - to-air  
heat pump; W - water coupled heat pump; 
WHP - window or wall. heat pump; Ct i  - ce i l ing  
heat;  EB - e l e c t r i c  baseboard; 0 - d i s t r i c t  
heating; X - other)  

D is t r i bu t i on f 1 u i d : II_ ( S  - steam; W - water; A - a i r ;  Z - unknown; 
x - other)  

Distribution method: ( G  - gravity;  F - forced; Z - unknown) 

I n p u t  capacity: Btu/h O u t p u t  capacity: Btu/h 

E f f .ic ienc y ra t ing  : 

Location: 

Approximate age: years 

(NC - non-conditioned space or outs ide  a i r  intake 
provided; I C  - intent ional ly  conditioned space; 
111: - unintentionally Conditioned space) 

Is t h i s  a converted coal u n i t :  

Is t h i s  a converted o i l  t ~ n i t :  

( Y  - yes; N - no)  

( Y  - yes; N - no> 
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HEATING SYSTEM [continued ] 

( T  - thermal; E - e lec t r i c ;  N - no; 
_I_ 

Is a vent damper present: 
NA - n o t  applicable) 

( Y  - yes; N - no) 
~ 

Is an IID present? 

I f  o i l  f i red ,  has a flame retention head burner been installed? NA 
( Y  - yes; N - no; NA - n o t  applicable) 

For an o i l  boi ler ,  what subtype is  i t ?  NA (WB - wet base; - 
DB - d r y  base; N A  - not applicable) 

- I f  a p i lo t  l i g h t  is present, is it  turned off d u r i n g  the summer? 
( Y  - yes; N - no; N A  - not applicable) 

Auxiliary heat use ( h o u r s  per week, average): 
portable e l ec t r i c  heater 
f ireplace 
fireplace inser t  
wood stove 
kerasene/lPG room heater 
b u i l t - i n  zone heater 

DISTRIWTION SYSTEM 

Total length of ducts or p i p i n g :  feet  

Length o f  ducts or p i p i n g  i n  Unconditioned space: f t  

inches - Insulatian thickness of ducts i n  unconditioned space: 
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--I_ - -̂ ____ -_ Mode 1 : Manufac tu re r  : ...... - .................. 

Type: 

Number o f  u n i t s :  

I__ 

(R - regular; C - clock; N - none;  X - o the r )  

HOT WATER SYSTEM 

___I_ - .............. I Manufac turer :  Mode 7. : 

Fuel  Type: - G (E -. e1.ectricit.y; G - gas; 0 - a i l ;  M - mixed; 
x - other)  

Storage : 
1_1 

( T  - s t o r a g e  t a n k ;  L - tankless; Z - unknown) 

Heater Type : 
~ 

(E - boiler ;  R - r e s i d e n t i a l  type; L - solar ;  
W __ boiler in w i n t e r ;  S - separate g e n e r a t o r  i n  
summer; Z - unknown; X - o t h e r )  

Tank Size: g a l l o n s  Temperature (measured)  : 'F 

I n p u t :  1_1_ .............. Rter//h Recovery: 

Blanket insi i la t ion t h i c k n e s s  : inches 

L o c a t i o n  : (NC .- non-conditioned space or acitside a i r  intake 
p r o v i d e d ;  I C  - i n t e n t i o n a l l y  conditioned space; 
UC - u n i n t e n t i o n a l l y  c o n d i t i o n e d  s p a c e )  
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Appl.ikincf3 

Cooking range 
Conventional oven 
Microwave oven 
Clothes  washer 
Clo thes  dryer 

Sepamte freezer 
D i s h w ashe r 
Whole house Fan 
Attic fan 
Other 

Re f r  igerat.or/ 

Area 
m*) 

Fue 1 

--- 

ATTIC  

Cons t ruet..i.on 

Location : 

e l e c t r i c i t y ;  
gas;  X - ot.her; 
other 

NC - non-candi- 
t ioned  spa re  or  
ou t s ide  a i r  
a i r  i n t a k e  
p rov ided ;  I C  - 
i n t e n t i o n a l l y  
con d i t i one cl 
space;  UC -. 
un i n t e 1-1 ti oi-1 a 11 y 
conditi.onecl 
space 

Insula t i on  Insu la  t i  on 
Type Thickness [ i n .  1 

Construct ion:  AF - a t t i c  f l o o r ;  kW .- knee wall; 
SC - sloped car c a t h e d r a l  c e i l i n g  

I n s u l a t i o n  type: BC - blown c e l l u l o s e ;  BF - blown f i b e r g l a s s ;  
TF - b a t t  f iberglass;  RR - blown rock WUOL; 
TR - b a t t  rock wool; R5 - r i g i d  board; 
X - o t h e r ;  N - none I 
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Sub-area Area C o n s t r u c t i o n  Sidi.ng I n s u l a t i o n  I n s u l a t i o n  
t y p e  t h i c k n e s s  ( i n .  ) ____._ ( P t q  

__I 

C o n s t r u c t i o n :  FR - frame; MA - masonry ( c o n c r e t e ) ;  CB - c o n c r e t e  
b l o c k ;  BR - b r i c k ;  X - o t h e r  

S i d i n g :  W - wood; BR - b r i c k ;  SN - s t o n e ;  SC - s t u c c o ;  
SI - aluminum, s t ee l ,  o r  v i n y l  s i d i n g ;  M - metal; 
SI-i - s h i n g l e ;  SL - s l a t e ;  N - none;  X - other 

I n s u l a t i o n  t y p e :  BC - blown c e l l u l - o s e ;  BF - blown f i b e r g l a s s ;  
'IF - b a t t  f i b e r g l a s s ;  RB - rigid board ;  
BR - blown rock  wool; TR - b a t t  rock wool; 
X - o t h e r ;  N -. none 

SUB FLOOR 

Sub-area  Area Type S t a t u s  I n s u l a t i o n  I n s u l a t i o n  P e r c e n t  
( f t q  t y p e  t h i c k n e s s  ( i n  e ) c a r p e t e d  -- 

Type: B - basement ;  S - slab; C - crawl s p a c e ;  X - o t h e r  

S t a t u s :  NC - non-cond i t ioned  s p a c e ;  I C  - i n t e n t i o n a l l y  
c o n d i t i o n e d  s p a c e ;  UC - u n i n t e n t i o n a l l y  c o n d i t i o n e d  s p a c  

I n s u l a t i o n  type :  TF - b a t t  f i b e r g l a s s ;  TR - b a t t  r o c k  wool; 
RE3 - r i g i d  board; X - o t h e r ;  N - none 

I 
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Prerloininant type:  
I_ 

(€3 - basement; S - s l a b ;  C - crawl. s p a c e ;  
X - o t h e r )  

Foundat i on  Walls; 
Sub-area Area C o n s t r u c t i o n  I n s u l a t i o n  I n s u l a t i o n  Above 

t Y  pe t h i c k n e s s  ground 
area 

( i n . )  ( f t 2 )  
-TI- 

C o n s t r u c t i o n :  CB - c o n c r e t e  block;  C - c o n c r e t e ;  S - s t o n e ;  
X - o t h e r  

I n s u l a t i o n  type :  TF - b a t t  f i b e r g l a s s ;  RBI  - i n t e r i o r  r i g i d  board; 
RBE - e x t e r i o r  r i g i d  board;  FI  - i n t e r i o r  foam; 
FE - e x t e r i o r  foam; X - o t h e r ;  N - nane 

Are the s i l l  boxes o r  band j o i s t s  i n s u l a t e d :  ( Y  - yes; N - no;  
NA - n o t  a p p l i c a b l e )  

WINDOWS AND GLASS DOORS 

Predominant window type:  
I- 

(CA - casement; DH - double  hung; 
FX - f i x e d ;  X - o the r )  

Are e x t e r n a l  s h a d e s ,  s h u t t e r s ,  o r  films i n s t a l l e d ?  
( Y  - y e s ;  N - no> 

Single-pane Multi-pane 
area ( f t 2 )  area ( f t 2 )  

~ W / O i m  w i t h  s to rm W/D storm w i t h  s to rm 
windows I windows windows wifid0WS 

Front  o f  house I 

Left side o f  house 
-- R i g h t  s i d e  of house 

3ack o f  house 
Basement ( a l l  s i d e s )  



Regular door 
Orientation area ( f t 2 )  

Front o f  house -. ..._ 

Right s ide  o f  house ~- ._ 
Back o f  1im.m _ _  

1lll l l~ 

I - e f t  side u f  house 

Regular door 8Mith storm 
door or thermal1 insulated 

door a r m  ( f t 2 )  



Good 
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RATE CALIBRATI 





47 

Appendix 13, GAS CONSUMPTION RATE CALIBRATION PROCEDURE 

The s t e p s  o u t l i n e d  i n  t h e  p rocedure  l i s t e d  below s h o u l d  be  

fol lowed t o  measure the g a s  consumption rates o f  the h e a t i n g  and h o t  

water systems. 

S t e p  1: Measure t h e  Gas Consumption Rate of t h e  Hea t ing  System - 
Turn o f f  a l l  t h e  o t h e r  g a s  a p p l i a n c e s  i n  t h e  house,  

i n c l u d i n g  t h e i r  p i l o t  l i g h t s .  7urn on the h e a t i n g  system. 

After t h e  h e a t i n g  system h a s  run fo r  a few m i n u t e s ,  record 

the time ( i n  seconds )  r e q u i r e d  for  t h e  lowes t  d i a l  on tine 

house g a s  b i l l i n g  meter [e i ther  1/2, 1, o r  2 c u b i c  feet)  t o  

complete  one t o  t e n  r e v o l u t i o n s  ( t h e  number o f  r e v o l u t i o n s  

s h o u l d  be  chosen i n  o r d e r  t h a t  t h e  e l a p s e d  time i s  approx i -  

mately f ive minu tes ) .  Ensure t h a t  the h e a t i n g  system rims 

c o n s t a n t l y  d u r i n g  the d a t a  c o l l e c t i o n  phase of t h i s  s t e p  and 

t h a t  the o t h e r  a p p l i a n c e s  remain of f .  The gas cansumption 

rate o f  the h e a t i n g  system is e q u a l  t o  t h e  d i a l  s ize 

m u l t i p l i e d  by t h e  number o f  r e v o l u t i o n s  and 3600, and 

d i v i d e d  by t h e  e l a p s e d  time. 

Dial size (1/2, 1, o r  2 c u b i c  f e e t ) :  
Number of  r e v o l u t i o n s  
Elapsed time ( seconds )  : 
Hea t ing  system g a s  consumption ra te  ( f t 3 / h )  : 

S t e p  2: Measure t h e  Gas Consumption Rate of t h e  Hot Water System - 
Turn t h e  h e a t i n g  system and its p i l o t  l i g h t  off. 

t h e  h o t  water system’s p i l o t  l i g h t  and t u r n  t h e  system on, 

l e a v i n g  a l l  t h e  o t h e r  a p p l i a n c e s  and t h e i r  p i l o t  l i g h t s  o f f .  
After the h o t  water system h a s  run f o r  a few minu tes ,  r e c o r d  

t h e  time r e q u i r e d  for t h e  l o w e s t  d i a l  on t h e  house gas 

b i l l i n g  meter t o  complete  one t o  t e n  r e v o l u t i o n s  ( t h e  number 

o f  r e v o l u t i o n s  shou ld  be chosen i n  o r d e r  that  t h e  e l a p s e d  

Relight 
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time is  approximately f ive minutes). Ensure tha t  the hot 

water system r u n s  constantly d u r i n g  the da ta  col lect ion 

phase o f  this s tep  and t h a t  the other appliances remain off. 
The gas use r a t e  o f  the hot water system is  equal t o  the 

d i a l  s i z e  multiplied by the rliimber o f  revolutions and 3600, 

and divided by the elapsed time. 

D i a l  s i z e  (1/”2, 1, or  2 cubic f e e t ) :  
Number o f  rmolut ions:  
F h p s e d  time (seconds): 

-.-- 

Hot  water system gas consumption r a t e  (ftf;/h) : -I-._.__I 
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Telog 2 IO0 Series Data Recorders 
provide an accurate, reliable and 
economical means of obtaining time 
history records of field data. 

The leelog Recorder is a battery- 
powered electronic instrument 
desigried for unamnded mcasuriny 
and recording of input signals. Its key 
features include one year banery 
operation, rugged watertight 
corlstruction, user-programmable 
rneasurement5, report-ready 
computer-generated records, high 
reliability and low cost. 'reiog 
Recorders can replace strip chart 
recorders in niany applications. 

The Telog recorder samples the 
input signal from an external sensor 
once per second. At user- 
programmed intervals. the recorder 
computes and stows one or more 

user-selected data values [any combi- 
nation of average, minimum or 
maximum]. Up to Zoo0 values will he 
saved in memory spanning a mal 
l~iedsurement period from 10 minutes 
to over 4 years. Data is transferred to 
a computer for further analysis, 
display, printout and archivirrg. ielog 
provides inexpensive software 
support for a variety of popular 
portable mil personal computers. 

Each model of the 2 100 Series is 
dedicated to a specific measurement 
to opriniize the recorder's price/ 
performance ratio. The Sefies includes 
models for analog voltage, current 
imps. ambient temperature, thermo- 
couples, RPDs, pulse counting, 
humidity- shock, wind speed 8, direc- 
tion and others. Detailed information 
on each product is provided by indi- 
vidual 2100 Series data sheets. 

.I One year battery life 
3 ~ ~ ~ e r ~ ~ ~ ~ t *  rugged 

~ o ~ s t ~ ~ ~ t i o ~  
Interfaces with portable and 
personal computers 

1 User programmable 

BOW cost 
Models s ~ ~ ~ ~ i ~ a l ~ ~  for: 

0 Analog woltage 
* Current bops 
9 Temperature 

Hurnldity 
* Flow, pressure, level 
*Wind speed and direction 
0 Custom end OEM versions 



'I he lelog 2 ! 00 
Recorder is tough 
enough to go wl ie i -  
ever i k  zcnsor is 
located Typical 
applications include 
lure in furnace 
rooms. refrigerated 
trailers. atop tele- 
phone poles and 
down manholes. 
Wiih exception 
of the interface 
connectnrs. all 
components are 
sealed in a comparr- 
rnent protecieci from rain, dust and 
EMI/RFI. 

i;hc recorder is powered fgr up to 
one year by two interi-:jl lithium 
bdtteaes. It lmay also be powered by 
exieinal 10 to 28 VTli  in which case 
the internal baxcries will provide 
hXk-iJP power as needm for up to 5 
yea 

Tho recorder also provides an 
alarm. The alairn is triggered when- 
ever the measured input signal 
exceeds a urcr-programmable upper 
and/or lower tiireshold value. The 
alarm output may be used to control 
a local relay or interrupt a computer. 

The Telog recorder measures thc 
input signal once per second. The 
Iuser programs the i ecorder to 
compute and Save data at intervals 
rmyinij from one second to 18 
hours. The data can be any combifla. 
iiori of the average, minimurn or 
maxiriiurri for each interval. 

The recorder has a inernoiy 
capacity of 1600 or 2000 values, 
depending on the specific model. 
When che recorder's memory 
capacity i s  reached, the oldest data is 
overwrilien by n e w  data. The 

recorder therefore always has the  
mosc recent information in memory. 
I his makes it very useful as an upset 
or catastrophy rnonitor. 

For example, the user may 
cimose to record ti ir average and 
m;rximum temperature every 10 
rninkitez T ~ P  meinorv capacirv 
wot~ld be leached in 7 days. if the 
user selects hourly averages, t i le 
recorder would store 83 days of data. 

In addition to programming the 
interval period and dexired statistics. 
the us?r 3150 programs the recorder's 

- 

I 1 " C  , 

I ... " I. 

. .  

- I 

calendar flock, recorder identification 
number, and ala1 m ihresholds 

Program1 ning the recordcr IS a 
simple Task and may be performed 
when the unit is connected to the 
user': sornputrr Tne recordrr imlf 
has no user Controls or adJ+Jstmerlt: 

The relog recorder rommunicates 
with computerf, via an KS-232 
compatible interface operang at 
either 300, 1200, or 9600 Saud lI 
will automatically adjust to tile baud 
rate Of the computer 

lelog supplies arid $upports 
inexpensiv? software for a varirty 
of popular portable and personal 
computers Programming and 
interrogatiii!! the recorder with the 
user's computer IS very convenient 
T i le  lJSCi simnly responds to menu 
prompts, ti ir cornpucrr doc> j l i  Lilt 
work 

Once ti re coniputcr has the 
rccorder's data it can display a 
detail4 graph qenerate a choice of 
hard copy records, or store the data 
in a file for future reference The 
printed records ale x a k d  time- 
correlated and rpport-ready 

- 

$4 A+---- 

S Q  1 / 
16 / 
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The mer simply connects the DTU 
to a recorder and pws5es one button. 
Data is aucornaciially transferred tG 
the DTW withij.i a few seconds, lnfor- 
niation from UP to 15 reciirders cap 
be csilxted by a 20 i , and LJF to 60  
recorders by a 202.  This data can 
then be transferred to the user'!, 
computer dnd analyzcrd using Telag- 
supplied support software. 

An IHILWC comparibie portable 
computer car1 be used to directly 
inrefrogate thc Teiog recorder a i  the 
measurement site. This permits the 
user to view real-time data, verify cali- 
bration ,and reprogram the recorder if 
desired. 
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A minimum Telog recording xystem consijts of three Furchased components: 
one or more Telog recorders. a software package for the user's compuier, and an 
interface cable to Connect the iecoider to the computer. Each software package 
will support all 2 100 Series Recorders in production at it-ie rime of sale. 

R-Ztl XK 
DATA IECORCER---See individual 2 100 Series Data sheets 
A-28 a 
DATA TRANSFER UNIT-Transfers data from 2 100 Sertes Recorders to computers 
operating Telog 2 100 Series Support Software. Contains 32K of hanery backed 
RAM. 
A-282 
DAL4 TRANSFER UNIT-Transfers d x a  from 2 100 Seiies Recorders to  computers 
operating Telog 2 100 Series Supoort Software. Concains 128K of battery backed 
RAM. 
PS-2 1-1 
POWER SUPPLY ADA[-'I'(:)f?--eonverts 1 1 0VAC [Line Power to 9 volts DC to 
direccly power a 2 100 Recorder. Plugs into standard 1 1 0VAC power outlet. 
B-2 1 Ixx 
BATTERY-Replacement batteries for 2 IO0 Series Recorders. Batteries are sealed 
lithium 3 volt cells. Two each required per recorder. 
5-2 1 PC 
Software for IBM-PCIXTIAT and compatib!e compucers. Supports all 2 100 Series 
Recorders and the Data Transfer Units Minimum configuration is 1 disk drive, 
i 5 h k  KAWI, se:iz! L 2 3 2  I;ltcildi.i ;;nu gr.?!JiiiCj carn 
c-2 1 F 
RS-232 serial interface cable to connect 2 100 Series Recorders to user's computer. 
Terrriiriates in a 25-pin 'D' connectoi with female pins. Compatible with IBM-PC. 
IBM-PC/XT and other computers. 
c-2 1 AT 
Same 3 s  C-2 1 F above except terminates in a female 9-pin connector which is 
compatible wi th the IBM-PC/AT. 

In addiLo, I 10 d~ c;and.wd producls desrr i trd abovc. -leiog will sUpp(Jfr tile 
dcvclopr~ient of CuSrOrn products softwar? and ColnrilbriICation networks 
Conrxt  the TELOC; mstorner service group at thc' ;Iddress i x l o w  for adoitioikil 
infor fndtiorl 

IBM-PC. XT. AT are regi,Cered trademark5 of International Business Machines 
MS-DOS IS a registered trademark of MICROSOFT. 

P o .  BOX 240 
West HenrieMa, N.Y. 14586 
Phone: 716.-359-1 110 
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ed ~ a t ~ ~ t i ~ b t  Construction 
The Te!og AmbienC Temperature Recorder provides an aCcu- 
rate, reliable and economical means of obtaining a history 
of ambient temperature in environmental and industrial 
applicacions. 
The I\Aodel 2 103 is an  electronic recording system that mea- 
sures the temperawes of its environmem with an integral 
rernperature sensor. The recorder converts its rrieasurernents 
to a series of amplitude data values stored in solid %ate 
memory. A computer is then used to collect the data from 
the recorder and produce 
Information on sugported 
vided iil the Teiog'2 I GO Series Family erochuk. 

Rpcosder lype:  2181 bbient  Textventure (deg Fl Aicordrr !3: IS13 

1 18 

Typical Output Record 

Sampling the input signal once per second, the recorder will 
compute and save up to ZOO0 averages, minimums or max- 
imiims The user selecrs the desired statistics and computa- 
tion interval which ranges from 1 second to 18 hours For 
example. if Lhe hourly average and maximum temperature 
are saved, 33 days of data will be recorded. When the 
recorder's memory reaches capacity, it begins to overwrite 
the oldesr data with new data The data transferred to ccm- 
puter is therefore always the most recent. 
There is also an alarm output which can be used co control 
an external relay or interrupt a computer if the input signal 

gocs above or bdow u,er-programmed 1111 ~sholds It oper- 
ates on dn electronic switch to ground 
T;YO rm,d! lithiurn batterier will operate tl-ie recorder for I8 
months It can also operate from erternal 10 to 28 vdc 
power in which case the iriterna! batteries will provide back- 
up power for 5 years Batteries can be eaiily c-hJrqed with 
the did of a screwdriver 
Except for b'attery replacement, the recorder i s  maintenance 
rrec There arc no user awessiblc1 c-ntrol., or ,x~tist.nrtno 
requiring user a!tention Progranirned parameters are trans- 
ferred to the recorder j rnernory when connecred to the 

The Telog 2 103 offers many advantages over traditional 
chdrt recorders and data acqulsitron sysrcms The unit i s  
small rugged, watertight, self-powered, and rnainteriance- 
free The computer-generated output records are tirne-corre- 
lated, scaled, annotated and reporc-ready 

U5Pf'S computer 

APPLICATIONS 
TEMPERATURE 
RECORDING OF: 

Transportation of 
efrigera ted Foods 

* Chernicafs 
8 Livestock 
Computer Ro 

EnvitsnZEeental Studies 
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RECORDING 

GZ 22 racy: 
!?ate: 1 Ff:SeCGnd 

0 01 Yo 
nnfrn"2:sp. Sine: 2OOO values 

TjfF""" I-ET switch to ground 
Maxlrum b'&ap? 30 volts 
Maxlinur7i; C G i t s t I i r  100 rild 

SERf A k  flNT"ERFfi,CE 
a n e :  IO ohm/l megohm 

Type: RS-237C compatible Wequrres R 9 5 
300, 1200, 9600. auto-selecicd d Bates: 

Farana5: I w f r c  8 data 1 stop 
CsnnesEori 9 pln SlJb '13' socket 
POWER 
Gattiery Type: 

operanrng 1. Me: 

Eattery Shelf Life?. 5 years 
External $oisc.cr: 

2 lithii~rn 3v. 1 A-Hr 
Ouraccll #DL-2N or Sanyo #CR-IN 
18 monihs Q 75OC or above 
12 IrOnths Q - 25°C 

10 to 28 vdc Q Sma 

- 2 5 "  to I 60°C 
- 40" to + 70°C 

NTAR & MECWA 

Stnrtqe Ten?&' 
hulmM:ty. 0 tG 95 Yo il0l  ;-ronrlensinq 

short-term complete immersion 
in water 
4 3" x 6" x I " Six?:  

EaicJosu-s uMatcriai:: Zirrc-Alumrfium 
Weight: 2 Ibs 
SPECIFICATIONS StJRJECT 7 0  LHANGE WITHOUT NOTICE 

~~~~~~~~~~~~~~ PARAMET 
assf€rvai PCFEC,hl. 1 to 65535 seconds 18 Z hours) 
Inbemad Rcsolutinlri 1 sccond 
Computed Data: any combination of the average. 

minimum ur maxmutn per interval 
mold;ry/yr hr min sec 
High and/or Low, 1 DFG resolution 
4 digit alpha-numeric 

s: 

IBM-PC IS a registered Cradernark of International Busrness 
Machrries 

....... &-  

4 5r1 IM ......... 
115 an 

1.25 IB. 
58 om !A- 

I 
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PROCESSING lMSiRUCTlOWS 
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OPTION E S X l  

BURST- M E A S U R E M E N T  

BLOCK MOVE 

FFT 
INDiRECB INOFXED MOVE 
C 0 VA F p  1 e, N C E kc 0 R R E e ATS o N 
STEP LDOP !NOEX 
4CTIVAYC SFRl,W DATA OUTPUT 
MODE: S 4 k E  O W  LOAD P R O G P 4 M  

P K O  GRAM-ON-PO W E A-U P 0 P TI O N  
M O D E :  SECURITY 
FX T E N D E 0 T E  I F C 0 M FA I,J 61 I CAS! 0 N C 0 M MAN Zr 5 

.4 L L EX TE Po D E 0 TE L E COM M 1J N I C Kd-8 ON C 0 M M 4N D S 

BPUR2;d WFFA5hl%Eh%ENT - I w i W ~ ~ s : o n  23 rOpaats volt- 
aga mIpoasuremoncs on a s ~ &  o f  channels, wlrh oxcltatlon. 
If Qeslred. Pafdmetscb 6psclly the number of repetl- 
tlons. and the rspafltion rate. Reicordlng of  values can 

meat Phrsshold. T h o  n h l ~ n u * 2  saii701s tlrne per channel 
I s  010 us aIEavRng 3 naxdmn~m sinale channel sacrrple r a t e  
o f  1030 H x  Measuremet: mseelfr may b e  stored In Input 
S f o m ~ a  or the fa% Ai0 d a t a  t n n r m l t t e d  v la  the  serlal 
port. 
BLOCK MOVE -- Executes a "block move- o f  data In 
I n D l d t  locatlons. T h e  source and/or desilnatlon o f  the 
data may be elther contiguous or equally spaced lnput  
locatlons. 
FFT . Thls program doar a Fost Fourler Transform on 
a S e t  ef data contained In N C O ~ ~ ~ Q U O U S  Input storaoe 
locatlons where N Is 2 raised t o  an Intcrfaral power UP 
t o  N=8192 (7"). if the  orlglnal data s a t  Is n o t  known 
t o  be ~ d r l o d k  w l th  an  IntfiQial I?ufliSer of perlods In t h e  
d l 1 3  set.  then It Is necessary f~ aPply a t i p e r  t o  t h e  
beolnnlng and end of t b  data .  A parameter spaclller 
an Optlon t h a t  applles a d o u r  tetm Bhckman-Har i k  taper 
and a corracflnc o n  spactral valuer t o  Coililpansate for  t h e  
effect o f  the taper. 
IND1HECT INu36Xto MOVE - Moves Input d a t a  r r o n  
ocat lon X t o  1ocatlo;i Y %Par@ X an4 Y am valuas stored 
n specllled Input 1oca:lons. T R 5  mIucs  of X and/or Y 
nay  be  Indexed to ;I loop counter. 

'ulates l! means. 2 )  vaFjances, 3) standard devlatlons. 4)  
:omilances. and 5 )  ~ o ~ o l a t l o n s  f o r  a se t  af Input values 
ind stores selected results In Input  Storage. Suhlntervals 
ire all6waicl lrGr td)i'tWnIQ.F', blah pars  f l~cot l f lp .  
;ThP LOOP INDEY - When uz4d wttlhln a loop. In- 
tt'Mdtlo(: 00 !n=reR?entS the  I n d O K  CQttntsr by a SpCKllled 
Imount  aftat  the n r r t  tlmo through the  loo^. allawlrap In 
lexed rnpuz locatlon.5 fo  be Incremdntad by the s p d l l e d  
tep. 

sad lnrtsad of '1 t o  condlt!onally control  ou tpu t  o f  Flnal 
C o n g e  data t o  pr'liica: or ".OB After  the most recent ly  

tc:Qpered by a dlgltal or a SpeClfled nieasure- 

C O V A R I A M C E i ' C B R R E ~ ~ l B N  - ThlS lnStiuCtlOn cal- 

\CIIVISTE S E A I A I  0484 OUxiPLlT - l a ~ t r u c t l o n  46 I S  

worded d a t a  IS t rans i i i i fc~d .  IUrfhef Q U t Q Y t  I S  dlsabled 

97 

Q8 

* D  

* c  

J 

K 

until Instruction 96 i s  executed again. This instruction 
~ 1 5 3  a l l o w  f inal Storage k r m a t  (binary) data to be 
transmitted as  the  primkr output. 
INIWATE TELECQMMUNICAT IONS -. Instruction 97 
snab'es the 21): t o  Inlthts CelecommUnlCatlonr under pro- 
gram control. Paramatwro: Include the %F. Modem 1.0. 
nwmbers and telephone numbers ri.gulred to  call t h e  net-  
work controller. .4 spo~Pf1ed number of randomly tlmed 
retrles occur If the comrnunlcat~nn link Is not success- 
fully made. After tPe !!nk Is ortabllshed. a datalogoer 
1.0 number Is t ransmit ted and control  Is transferred t o  
the network controller. 
SEND CHARACTER - Thls  lnstrucrlon sends a character 
to  the Scrlal  p o r t .  prssedlng a d a t a  Otitwf Array. and I s  
U S P ~  when transm!talng t o  a devlce requlrlng command 
Inltlallzatlan. 

MODE FUNCTIONS 
MODE: SAVE OR 1-0.40 PGhOGRhM - T h e  *D Mode 
saves the L I E B ~ ' %  program on t a w  or printer or l oads  the 
proQnrn  from tape (uslme the  SCB3 Tape Read/Wrlte ln- 
terface). modam or computer Into the 21X. T h e  E S X l  * O  

t o  ou tpu t  the user's prooram with addltlonal code t o  a 
PROM programmer. When ah15 PROM Is Installed In the 
21X.  t h e  user's progfarn Is loaded on datalogger POWET- 

MODE' SECUWilJ'Y - Tne  QC Mode Is used t o  pro- 
tOCt  the UseCS DroQnm Worn UnauthodEad or accidental 
change. Once security Is activated. B +.tsar entered 4 dlgk 

pass word must be entered brforo t h o  arrigmm c a n  be 
altered. 

contalns the PROCWAM-BM-P0W~R-UP O B f l O n  used 

UP. 

TELECOMMUNICATION COMMANDS 
TOGGLE FLAGS and S E T  UP FOR K COMM4NO - 
Upon rscrrlvlng a J eurnmand. the 2 l X  la ready to rweIve 
a serirs of 1 byta values whlch toggle flags. and call the 
2 l X  If a subsequaDiP. K command Is t o  senQ Flnal Storage 
and  whlch. IF any. Input lacatlons to  send. 
CURRENT INFQcPMATSBN -." T h e  21X sends. In blna'y. 
tlme and the ?nput and Flna l  Sroraae d a t a  SpeClfleQ In 
t h e  J corc?mand. 
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The Gill M?Jki-$lats Radiation Shield is a naturally ventilated 
shield designed for ambient Kernperature, dew point tempera- 
ture. and relative humidi$y sensors. The mnvenient  size and 
light weight ol this shield make it useful lor a wide range O! 
applications. It is especially well suited for field studies where 
power is limited. 

Different seriwr w o i i i n g  configerrations allow the shield 
to accommodate most commercially available temperature 
sensors. Several cammsnly used dew pin1 and relative 
hermidity sensors can also be easily mounted in this shield. 
Sensors are mounted vertically within the shield. 

Model 41002 has a 1 inch standard tapered pipe thread for 
SWISM mounting. A matching threaded hex plug is used to 
hold the sensoor. When specified with the, ordes, phis fitting Is 
predrilled to awmmodate the desired sensor-. If the sensor is 
srot specified. an udrilled fitting is provided. Model 4 1004 has 
a .XI pram (1 ,XI in) 4.D. cavity whihich accepts several types of 
mn~)rr  mounting adapters. A Universal Sensor Adapter is nor- 
mally supplied far mounting sen- up to 18 rnm (0.39 in) 
diameter. Foc larger diameters up to 26 mrn ( f  .Q2 in) a Probe 

apter Ring is substitvted. Two small smew damps are u s e d  
to hald the sensor adJpter h p o s i t b .  Both radiation shield 

sensor installation and serviang. 
Twelve white opaque eU plastic discs permit easy air 
passage through the shield M the unique d i x  piMe povides 
positive blockage of dired and reflected solar radiation. The 
thermoplastic disc metcrial is a special fornulation for 
maximum weatherability. This material provides high reflec- 
livily. low thermal conductivity. and law b a t  retention. 

The shield assembly is 12 cm diameter by 27cm overall height. 
The twelve shield discs are mounted on three support studs 
with 11 mm separation between plates. 

Wind tunnel tests with artificial radiation indicate that under 
conditions of low air movement (1  d s )  and maximum solar 
radiation. the tamperalure sensor is maintained within '1 .%" 
of ambient. With winds at 2 nv's the error is reduced ta less 
than 0.7c" and with winds of 3 m/s the error is 0.4C" or less. 
These results have been independently verified in field tests. 

~ ~ E ~ l F ? ~ A ~ ~ ~ ~ S ~  MOOEL 41 QO2J41004 
MULTWLATE RADIATION SHlELO 
SENSOR CLEARANCE. 

M&d 41002 - 29 mrn (1.14 in) dtameter x 12 m (4  7 in) lengm 
Model 4 1 Qod - 32 mm ( 1  26 in) dtameter x 12 on (4 7 m) lenglh 

Under radiatian intensity of 1080 W/m2 
Dependenl upon wind speed (vantilalm tale) - 

RADIATION ERROR 

0 4c" (0 7Fq RMS @ 3 d s  (5 ? mph) 
0 IC? ( 1  3F') RMS Gal 2 m/r (4 5 mph) 
1 SC" (2 7F") RMS @ 1 m/s (2.2 mphj 

------- -__ 

MATERIAL 
Whste Ihermc@dslit UV stabilized lor bng term weatherability 
Gbss white painred aluminum mounting bra&& (mth Wded 

@ a s k  V - b W  and stainless 526el U-balt) 
DIMENSIONS 

Overall - 12 cm (4  7 in) diamelec x 27 m (10 6 hn) height 
Plates - 2 mm (0 08 in) tht& x 1 1 mm (0 44 m) spaang 

V + M  and U h t t  lit w e r l t c a l  ptpe 25-50 mrn (1-2 in) diarnsrer 

Net Weight - 0 7 kg ( 1  1 :bs) 
Shipping Weight - ? 4 kg (3 Ibs) approx 

MOlJNTlNG 

WEIGHT: 

~ - _ _ . _ _ _ _ _ _  i___ 

- 
ORDERING INFORMATION: 
GILL MtJLTI-PLATE RAMATION SHIELD - 1 in N.P.T. SENSOR PAOUNTING HEX PLUG (UNORILLED) . CAT NO 41oQ2 E I S 5 . 0  

HEX PLUG -MACHINED TO SPECIFIED SENSOR DIA - 2B mm (1.02 in) MAXIMUM . . . . , . . . , . . ADO SUFFIX 'P" 
JUNCTION BOX-MACHINED TO SPECIFIED SENSOR DIA - 10 rnm (0.39 in) MAXIMUM . . . . . . . A 0 0  SUFFIX 'L" 

N K  
30.00 

GILL MULTI-PLATE RAOIATION SHIELD - UNlVEASAL SENSOR ADAPTER CLAMPS PROBES UP TO IO amt~~ 
(0.31) in) DIAMETER . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . CAT NO 41004 

PROBE AGAPTER RING- -MACHINED TO SPECIFIED SENSOR DIA - ZB mm (1 02 n )  MAXIMUM . ADD SUFF~X -G- 
-i58.m3 

wc 
JUNCTION BOX' -MACHINED TO SPECIFIED SENSOR DIA - IO mm (0 39 in) MAXIMUM . . . . . ADO WFFlX "K" 3CI.OQ 

I 'SVPPLIEO IN PLACE O F  VNl\'CnlSAl SENYW ADAPTER 
__-_____.______I.__ ~ -I__ 
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