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FOREWORD 

This report  contains ea r ly  information on t h e  operat ion and performance of some 
of t he  design f ea tu re s  and energy systems of the NASA Technology U t i l i z a t i o n  
House a t  Langley Research Center, Hampton, Virginia.  I n  most cases,  information 
has Seen obtained f o r  l imi ted  operating conditions and final conclusions should 
be drawn only a f t e r  f u r t h e r  evaluation. The purpose of t h i s  repor t  is t o  present  
t he  current  operat ional  s t a t u s  of the  NASA Technology U t i l i z a t i o n  House systems 
and t o  provide some ins ight  t o  t he  home bui lding indus t ry  i n t o  the  2 ~ t e n t i a l  
value of t he  ideas incorporated i n  the  house design. 
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INTRODUCTION 

The homebuilding industry is a blend of technology and economics. Most 
design and construct ion p rac t i ce s  used today have been developed and ref ined 
over many years  t o  enable designers and bu i lde r s  t o  provide homes i n  a wide 
va r i e ty  of designs and s i z e s  a t  a reasonable cost.  The cur ren t  consumer 
awareness of energy shortages and l imited natura'. resources is providing an  
addi t iona l  challenge t o  tfie industry t o  apply appropriate  new technology as 
rap id ly  a s  is economically f ea s ib l e .  Builders and man.dacturers, a s  we l l  as  
the  homeowner, must s t r i v e  f o r  new concepts which requi re  less energy and 
resources. 

Many ideas  and concepts a r e  being ac t ive ly  considered throughout t he  nation. 
Some of t hese  approaches involve departures  £ran what is genera l ly  considered 
the  conventionai single-family residence and l i f e s t y l e .  Under the  sponsorship 
of NASA, a c o r n i t t e e  was formed t o  determine any appl icable  new technology and 
systems design philosophy which would emphasize the  conservation of energy and 
na tu ra l  resources and, a t  the  same time, be economically f e a s i b l e  f o r  improving 
current  design prac t ices .  The committee included representa t ives  from t h e  
Department of Honsing and Urban Development, the  National Association of Home 
h i l d e l r s  Research I n s t i t u t e ,  t he  National Bureau of Standards, and the  Consumer 
Product Safety Commission, a s  wel l  a s  NASA personnel. Within t h i s  framework, 
an architect-engineer firm, a s  wel l  as univers i ty  pa r t i c ipan t s ,  performed system 
studies ,  evaluated construct ion methods, performed cos t  e f fec t iveness  s tud ie s ,  
and prepared construct ion drawings which incorporated t h e  se lec ted  technology 
fea tures  fn to  a f i n a l  design. (See re f .  1. ) 

A Technology U t i l i z a t i o n  House (here inaf te r  ref  erred t o  a s  t h e  Tech House) 
based on t h i s  design was constructed a t  t h e  NASA Langley Research Center i n  
Ilampton, Virginia.  The Tech House is instrumented so t h a t  t he  performance of 
t h e  les ign  f ea tu re s  and energy systems can be evaluated during a planned family 
l ive- in period. A s  such, t he  house is  bcth a demonstration u n i t  and a research 
laboratory. 

Plans f o r  t h e  Tech Hous-, a r e  ava i l ab l e  a t  the  cos t  of Si0.00 f o r  reproduc- 
t ion ,  shipping, and h a d l i n g  from: 

North Carolina Science and Technology Research Center 
P.O. Box 12235 
Research Triangle Park, North Carolina 2 .'709 
Telephone: (919) 549-0671 

THE HOUSE DESIGN 

Purpose 

The purpose of t he  Tech House is  t o  demonstrate t h e  kind of single-family 
residence t h a t  w i l l  probably be ava i l ab l e  within the  next f i v e  years.  The house 



a p p l i c a b l e  t o  t h e  American home b u i l d i n g  indus t ry .  S p e c i f i c  o b j e c t i v e s  of t h i s  
Technology U t i l i z a t i o n  p r o j e c t  a re :  

1. To construe: a s ingle-family  r e s i d e n c e  which w i l l  demonstrate 
advanced technology and which w i l l  minimize t h e  requirements  
f o r  energy and wate r  s e r v i c e s .  

2. To help  in f luence  f u t u r e  devdcpment i n  home c o n s t r u c t i o n  
by combining energy and water  management w i t t  b u i l d i n g  
layout ,  -.ew cons t ruc t  i o n  m a t e r i a l s  , and new technology 
systems. 

3.  To v a l i d a t e  expected energy and wate r  savings .  

Guide l ines  

The technology considered f o r  t h e  des ign  of t h e  Tech House was of t h e  kind 
which would provide recognizable  b e n e f i t s  t o  t h e  homeowner. M a t e r i a l s  and sys- 
tems were s e l e c t e d  on t h e  b a s i s  of energy e f f i c i e n c y  and c o s t  e f f e c t i v e n e s s .  
An i t e m  was considered c o s t  e f f e c t i v e  i f  i t s  i n i t i a l  c o s t  p l u s  1 0  percent  
i n t e r e s t  would be recovered through energy savings  over t h e  l i f e t i m e  of that 
i t e m .  

From t h e s e  broad cons idera t ions ,  more s p e c i f i c  g u i d e l i n e s  were developed. 
The Tech House was t o  be an  a t t r a c t i v e ,  economical, one-story home w i t h  
1500 square  f e e t  of l i v i n g  space p lus  an  a t t a c h e d  garage; it w a s  t o  u t i l i z e  
technology t h a t  was e i t h e r  commercially a v a i l a b l e  a t  t h e  p r e s e n t  time o r  t h a t  
would be a v a i l a b l e  wi th in  t h e  n e x t  f i v e  years ;  i t s  custom-made i tems were t a  
be c o s t  e f f e c t i v e ;  it w a s  t o  have a system of energy mnagement w i t h i n  the  house; 
i t  was t o  be b u i l t  us ing  modern p r a c t i c e s  i n  c o n s t r u c t i o n  and i n  t h e  i n s t a l l a t i o n  
of e l e c t r i c a l  and plumbing m a t e r i a l s ;  i t  was t o  have a systcm f c r  p a r t i a l  water  
reclamat ion and reuse;  and i t  was t o  use  s o l a r  energy f o r  hea t ing  and f o r  
domestic h o t  water.  

I n  add i t ion ,  t h e  f i n a l  Tech House plail  w a s  c a r e f u l l y  developed t o  t ake  
advantage of i t s  geographical  loca t ion .  While n o t  s p e c i f i c a l l y  ; iscussed i n  
t h i s  r e p o r t ,  n a t u r a l  heat ing,  coo l ing ,  and v e n t i l a t i o n ;  landscaping;  des ign and 
l o c a t i o n  of windows; angle  f o r  i n s t a l l i n g  s o l a r  c o l l e c t o r s ;  and o t h e r  f e a t u r e s  
a r e  dependent on geogr lphic  l o c a t i o n  and c l i m a t e  condi t ions .  Since  these  d e t a i l s  
a r e  important i n  maximizing energy conservat ion,  they shoilld of course  be taken 
i n t o  account f o r  any s i n i l a r  houses i n  a d i f f e r e n t  loca t ion .  

The contemporary des ign  of t h e  Tech House has t h e  1500 square  f e e t  of a r e a  
divided between a l i v i n g  a r e a  and bedroom a r e a  t h a t  a r e  connected by a f l a t -  
roofed hallway. The hallway provides  f r o n t  and r e a r  e n t r y  t o  t h e  house through 
double-door, a i r - t  i g h t  v e s t i b u l e s ,  wi th  t h e  laundry room loca ted  i n  t h e  rear 
v e s t i b u l e .  The connecting hallway uses  a s k y l i g h t  which reduce? t h e  need f o r  
a r t i f i c i a l  l i g h t  dur ing t h e  daytime and may be opened f o r  v e n t i l a t i o n .  The 





Figure 2.- The Tech House floor plan. 

QiJ ICK-LOOK EVALUATION 

The following paragraphs present information £ram a quick--look evalcat ion 
of the  insulation, the  so la r  heating system, the  solar-assisted domestic hot 
water system, the  f i replace ,  and the  water reuse system. Evaluation data  a r e  
based primarily on measurements during February and March 1977 while the  house 
was open to  the public. General system descript ions and the  respective 
evaluation procedures and performance observations a r e  presented. 



In su la t ion  

Numerous f ea tu re s  a r e  used i n  t h e  housr design t o  minimize keat  l o s s  i n  
the  winter  and heat  gain i n  t he  sunrmer. The ex te r io r  wal ls  were constructed 
using 2 by 6 s tuds  on 24-inch centers  t o  provide space f o r  6 inches of e x t e r i o r  
w a l l  insu la t ion .  Urea-tripolymer f am i n su l a t ion  was used i n  both i h e  c e i l i n g  P and e x t e r i o r  walls; approximately 7- inches was used in the  c e i l i n g  and 5: inches 2 i n  ex t e r io r  walls.  The r e s u l t i n g  approximate thermal res i s tances ,  o r  R values,  
a r e  38 and 25, respect ively.  It is estimated t h a t  t h e  insu la ted  c e i l i n g  w i l l  
reduce heat l o s s  by roughly 30 percent compared t o  t he  conventional 6 inches 
of f i b e r g l a s s  (It = 221, and t h a t  e x t e r i o r  w a l l  heat l o s ses  w i l l  be reduced some 

1 45 percent compared t o  t he  conventional 32 inches of f i b e r g l a s s  (R = 13). 
Floors i n  t h e  house a r e  prefabricated concrete with 6 inches of gypsum foam 
insulat ion.  The dual  door arrangements a t  t h e  f r o n t  and r e a r  of t h e  l i v i n g  
a rea  hallway serve a s  air locks t o  f u r t h e r  reduce l o s s  of heated o r  cooled a i r  
from i n s i d e  t h e  house when outs ide doors a r e  opened. The window arrangement, 
including l a r g e  windows, a roof overhang design f e a t u r e  on t h e  south s ide,  
and operable s h u t t e r s  at a l l  windows, i s  expected t o  r e s u l t  i n  add i t i ona l  
energy savings through con t ro l  of hea t  gain and hea t  loss .  

Evaluation Procedure: Two types of s h o r t  dura t ion  tests have been conducted 
during t h e  period from 4 p.m. t o  8 a.m. t o  c o r r e l a t e  approximate ex i s t i ng  heat  
losses  wfth expected heat l o s ses  f o r  t h e  house a s  constructed. Long dura t ion  
tests a r e  not  p r a c t i c a l  s ince  the  daytime v i s i t o r  t r a f f i c  t5rough t h e  house 
r e s u l t s  i n  frequent door openings. 

I n  one t e s t ,  a l l  heat  t o  the  house was turned of f  a t  t h e  beginning of t h e  
evaluat ion period (4 p.m.) and the house w a s  allowed t o  cool  during t h e  night.  
Temperatures i n s ide  the  house and outdoors were recorded during t h e  period. 
A t  t he  end of t h e  cool-down (8 a.m.), t he  house w a s  heated u n t i l  t h e  same 
constant temperature a s  ex is ted  a t  4 p.m. t h e  previous day was r ea l i zed  in s ide  
the  house. The measured heat input p lus  a ca lcu la ted  i n f i l t r a t i o n  hea t  l o s s  
quant i ty  was assumed t o  be t h e  t o t a l  hea t  l o s s  f o r  t he  test period. The 
d i f fe rence  between the  a c t u a l  ou ts ide  tenperature recorded during t h e  t e s t  and 
the  design condition outs ide  temperature was accounted f o r  i n  the  ana lys is  of 
performance. 

In  t he  other  t e s t  which was conducted during the  same period of t h e  day 
(from 4 p.m. t o  8 a.m.), t he  heat  required t o  maintain constant temperature 
within t h e  house was measured. The t o t a l  required heat measured was again 
adjusted i n  t h e  performance ana lys is  t o  compensate f o r  t h e  d i f fe rence  between 
the  outs ide ambient temperature during t h e  t e s t  period and the  design condit ion 
outs ide temperature. 

Performance: Although the  t e s t  procedures descrfbed a r e  not nonaally used 
t o  determine heat losses ,  they do provide a general,  i f  not exact,  ind ica t ion  
of the in su la t ion  performance. When adjusted f o r  design conditions,  t he  f i r s t  
t e s t  indicated a heat l o s s  of about 19,000 Btu/hour while the  o ther  t e s t  
indicated a l o s s  of about 22,000 Btu/hour; both compare favorably with the  
predicted desjgn heat l o s s  of 18,000 Btu/hour f o r  a 5 3 ~ "  d i f fe rence  between 
in s ide  and outs ide  temperatures. 



While the  heat loss  tests were being conducted, a comparison was made of 
the  e lec t r i ca l  energy used by three  available methods of heating the  Tech Bouse. 
During a one-hour period of operation, t he  same quantity of heat (about 
16,000 B t u )  was supplied t o  the  house from three  di f ferent  heat sources - 
e l ec t r i c  resistance heaters, the  heat pump, and solar-heated water. To supply 
the  same 16,000 Btu, the e l ec t r i c  resistance heat element required 4.75 kilo- 
watts, the heat pump required 2.25 kilowatts, and the  solar-heated water 
required 0.5 kilowatts. While t h i s  comparison does not r e f l ec t  i n i t i a l  cost or 
cost of ownership f o r  the di f ferent  systems, it does indicate the  potential  
savings i n  operating cost fo r  solar  energy. 

Solar Heating System 

The Tech House heating system uses solar  energy t o  provide most of t h e  
heating requirements. Key elements of the  system a re  the  roof-mounted f l a t  
p la te  so la r  collectors, a heat pump, a heat exchanger i n  the  a i r  duct which 
t ransfers  heat fromsolar-heated hot water t o  air circulated i n  the house, a 
f i replace  water coi l ,  a well-water supply system, and the  water storage tank. 
The house cooling system uses many of these same elements plus radiators t o  
re jec t  heat a t  night. The combination of these systems is shown i n  the 
simplified diagram of f igure 3. 

Supply Return 
well well 

Figure 3. - S h p l i f  ied diagram of heating and cooling system. 



The s o l a r  co l l ec to r  a r e a  should general ly  be about one-third the  f l o o r  
a rea  of a hane t h a t  is  insulated t o  1974 FHA minimum standards t o  provide an 
average of 40 percent of t h e  t o t a l  heat ing i n  t h i s  geographical region. (See 
ref .  3, page 6.) However, because of t h e  thernral design and i n su l a t ion  of t h e  
Tech House, 384 square feet (about 1 /4  t h e  f l o o r  area) is expected t o  provide 
about 80 percent of t h e  heating. Sixteen 3- by 8-foot f l a t  p l a t e  s o l a r  
c o l l e c t o r s  a r e  used with a black chrome absorber sur face  and a s i n g l e  g l a s s  
cover. Collectors  are mounted on the  south roof at an angle of 580 t o  t h e  
horizontal .  Water flowing through t h e  panels is heated by t h e  sun which, i n  
turn, is used e i t h e r  t o  hea t  t h e  house d i r e c t l y  through t h e  direct-duct heat  
exchanger o r  t o  raise t h e  water temperature i n  t h e  water s torage  tank where 
energy f o r  use  a t  n igh t s  and on cloudy days i s  stored.  The s torage  tank is 
insulated and buried and has a 19  0-gallon capacity.  The tank was designed t o  P s t o r e  s u f f i c i e n t  hea t  f o r  up t o  3 consecutive overcast  days. The heat pump 
when operating i n  t h e  heat ing mode t r a n s f e r s  s tored  heat from t h e  tank t o  t h e  
house. * 

% 

For f r eeze  pro tec t ion  of t h e  c&?ectors and piping system, t h e  flow of 
water is automatically shut off  and d ~ a i n e d  t o  t h e  tank whenever t he  tank 
temperature is  g rea t e r  than  t h e  co l l ec to r  temperature. The s o l a r  c o l l e c t o r s  
are a l s o  drained daring periods of t h e  year when the  house does not  requi re  
heating. Water c i r cu l a t ed  through t h e  heat ing system is t r ea t ed  wi th  chromates 
t o  i n h i b i t  corrosion. 

Evaluation Procedure: The s o l a r  heat ing system has been used rout ine ly  t o  
supply heat t o  the  Tech House while i t  is  being operated a s  a v i s i t o r  tour  s i t e .  
Beginning i n  February and f o r  t h e  remainder of t h e  1977 winter  heat ing season, 
f o r  instance, it e s s e n t i a l l y  supplied a l l  of t h e  heat ing requirements. With 
t h e  l a rge  volume of v i s i t o r  t r a f f i c ,  however, r e a l i s t i c  system performance 
evaluat ion is d i f f i c u l t  a t  bes t .  From t h e  e a r l y  operat ional  da ta ,  however, i t  
has been poss ib le  t o  determine t o  what ex t en t  t he  s o l a r  c o l l e c t o r s  w i l l  provide 
t h e  heating energy requirements f o r  t h e  house. The amount of s o l a r  energy 
co l lec ted  is ca lcu la ted  from the  measured r a t e  of flow and r i s e  i n  temperature 
of t h e  water a s  it flows through t h e  co l lec tor .  Collector  e f f i c i ency  i s  t h e  
percentage of ava i l ab l e  s o l a r  energy t h a t  is co l lec ted  i n  t h e  heated water. >:, 

5 
w 

Performance: The da ta  measured t o  determine t h e  s o l a r  co l l ec to r  system 
performance a r e  shown cn an hourly b a s i s  i n  t a b l e  I f o r  a t y p i c a l  day of opera- * 
t ion .  The i n l e t  temperature i s  representa t ive  of t h e  water temperature of t h e  
s torage  tank and r e f l e c t s  heat  remaining i n  the water from previous operation. 
A s  shown, t he  co l l ec to r s  added about 6F0 t o  10~:  t o  t h a t  temperature i n  the  
ea r ly  morning and l a t e  afternoon and over 2 0 ~ '  around midday f o r  t h e  flow r a t e s  
indicated. The amount of s o l a r  energy co l lec ted  cbmpared t o  t he  amount ava i l -  
ab le  is shown graphical ly  i n  f iguve 4. Approximately 380,000 Btu of so l a r  
energy was col lected;  t h i s  not cnly heated the  house during t h e  day time but was 
about 40 percent g rea t e r  than t!le t o t a l  280,000 Btu required f o r  t h e  24-hour day. 
Collector  e f f ic iency ,  co l l ec to r  o u t l e t  temperature, and tank temperature a r e  
p lo t ted  i n  t h e  curves of f i gu re  5. The increase  i n  tank temperature r e f l e c t s  
t h e  increase i n  s tored  energy i n  the  tank. 



TABLE I.- SOLAR REATING SYS?R4 DATA 

[Measured du ta  f o r  March 26, 1977) 
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Figure 4.- Measured solar h e a t i ~ g  system data for March 26, 1977. 
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4, Figure 5.- Solar heat ing system performance data. 
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Based on these  da t a  and ca l cu l a t i ons  performed p r i o r  t o  construct ion,  i t  
is estimated t h a t  the  s o l a r  heat ing system w i l l  provide 70 t o  80 percent of t h e  
annual heat ing requirements f o r  t h e  house. 

Solar  Domestic Hot Water System 

Two of t h e  roof-mounted s o l a r  co l l ec to r  panels a t  t h e  Tech House a r e  use* 
year round t o  supply most of e energy needed t o  hea t  water f o r  domestic use. 6h The system includes a preheat tank and t h e  conventional hot  water tank, b ~ i h  of 
which a r e  located i n  t h e  access  hallway connecting t h e  garage t o  t he  l i v i n g  
area.  The preheat tank is  wrapped ex te rna l ly  with a hea t  exchanger c o i l  t h a t  
enables solzz-heated water t~ preheat t h e  incoming supply of c i t y  water. The 
water flowing i n  t h e  ba la r  c o l l e c t o r s  i s  t r e a t e d  with ethylene g lycol  (automobile 
ail t if  reeze)  f o r  f r eeze  protect ion.  The co l l ec to r  loop includes 48 square f e e t  
of s o l a r  col l .ectors  (two, 3 by 8 un i t s )  which a r e  t h e  same type a s  those used 
i n  t h e  heat tng system, t h e  heat  exchanger, and a c i r c u l a t i o n  pump ( f ig .  6). 
A s  ho t  water is used w i t h i l l  t he  home, water i s  t r ans fe r r ed  from t h e  s o l a r  
preheat tank t o  the  conventional e l e c t r i c  hea te r  element domestic tank where i t  
is  heated f u r t h e r  by e l e c t r i c a l  r e s i s t ance  heat  i f  the temperature 2s below t h e  
thermostat s e t t i ng .  The important f ac to r  is tha t  a l l  solar-suppl ied energy 
a t  t h e  preheat tank is a saving of e l e c t r i c a l  energy a t  t h e  conventional tank. 

The t o t a l  s o l a r  system f o r  domestic hot water and f o r  hcme heat ing is  shown 
schematically i n  f i g u r e  7. 
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Figure 6.- Solar  domestic hot water system. 
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Figure 7.- Solar heat ing and domestic ho t  water systems. 

Evaluation Procedure: Performance da t a  on t h i s  system were obtained during 
the  period t h a t  t h e  water reuse system was 3eing evaluated s ince  both required 
a use of water based on est imates  f o r  a f m i l y  of four. The d a t a  a r e  based on 
a simulated t yp i ca l  day's use of 80 ga l lons  of domestfc hot water f o r  t h e  family. 

On the  day the  measurements were made, t h e  ou t s ide  a i r  temperature, t h e  
ava i lab?e  so l a r  ecergy, t h e  co l l ec to r  panel water flow r a t e ,  and t h e  c o l l e c t o r  
i n l e t  and o u t l e t  water temperatures were taken every half  hour. From these  
measureuients, t o t a l  ava i l ab l e  s o l a r  energy, co l lec ted  s o l a r  energy, and co l l ec to r  
effic.iency were ca lcu la ted  i n  t he  same manner a s  f o r  t h e  s o l a r  heat ing system 
evaluation. The measurements a r e  presented i n  t a b l e  11. 







Design features 

Outside combustion-a 
b u b l e  wall f irebax 
Uater c o i l  grate 

Double wall 

Outside a i r  duct 

Figure 10. - Fireplace  design. 

Evaluation Procedure: The f i r ep l ace  w a t e r  c o i l  has been operated t o  
canpare the  measured improvement i n  e f f ic iency  ui th t h e  expected e f f i c i ency  . 
The evaluat ion w a s  conducted over a three-hour period. Wood, as we l l  as 
commercial prefabricated f i r e p l a c e  logs,  w a s  burned and t h e  t o t a l  hea t  produced 
was determined from standard ca lcu la t ions  and manufacturers' data ,  respect ively.  
The i n l e t  and o u t l e t  water temperatures and flow rate f o r  t he  f i r e p l a c e  water 
c o i l  g ra t e  were recorded 'o enable t h e  co l lec ted  energy t o  be determined f o r  a 
s t ead i ly  Surning f i r e .  

Performance: Performance cf t h e  f i r e p l a c e  water c o i l  is  determined by 
r e l a t i n g  the  heat co l lec ted  t o  t h e  heat produced during t h e  period t h e  f i r e p l a c e  
was burned. Summary data f o r  t h e  evaluat ion are presented in t a b l e  111. 

TABtE 111.- FiXPLACE WATER COIL PERFORMANCE 

As shown, approximately 43,000 Btu of t h e  t o t a l  116,000 Btu ava i l ab l e  was 
col lected by the  f i r ep l ace  water c o i l  f o r  a performance e f f ic iency  of 37 percent. 

Totai energy produced by 

fireplace, Btu 

Energy collected by fireplace 

water c o i l ,  Btu 

Percent of energy collected 

116,000 

43,000 

3 7 



The ove ra l l  performance of t h e  f i r e p l a c e  w i l l  be determined during t h e  con- 
t inu ing  evaluation. However, as ind ica ted  i n  t a b l e  IF, t h e  water c o i l  hea t  
exchanger is by f a r  t h e  major cont r ibu tor  t o  t he  expected ove ra l l  gain £ran 
t h e  improved f i r e p l a c e  design. 

TABLE IV. - FIREPUCE PERFOWMCE 

*Total evaluation delayed ~ e n d i n g  design optimization. 

,- 

Item 

Conventiohl f ireplace.  

With water c o i l  grate 

With double w a l l  firebox 

Kith outside cambustion a ir  

Totals 

Wzter Reuse System 

Technologv developed by NASA f o r  reuse  of waste water has  been installed in 
the  Tech Rouse. Waste water- from t h e  bathtub, shower, and laundry equipment is  
col lec ted  i n  a holding tank, ch lor ina ted ,  f i l t e r e d ,  and recycled f o r  use as 
t o i l e t  f l u s h  water. (See f ig s .  11 acd 12.) To complement t h i s ,  other  r ecen t ly  
developed and marketed water saving f i x t u r e s  a r e  a l s o  included i n  t h e  house 
( i .e . ,  shower head flow r e s t r i c t o r s  and low p r o f i l e  water c l o s e t s  f o r  commodes). 
The reuse system, along with water conservat ion . f ix tures ,  is expected to  reduce 
the quant i ty  of water used annually t o  about half  tha t  f o r  a s imi l a r  conventional 
home with a family of four.  

Expected 
e f f  iciencp, 
percent 

10 

Adds 30 

Wds 10 

Adds 5 

55 

Health and s a f e t y  have been ca re fu l ly  considered in the  water system. 
The drrnking water system is e n t i r e l y  separated from t h s  recycled water. 

3 

Measured 
eff ic iency date, 

percent - 
10 

Adds 37 

* --- 

* --- 

* --- 
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Figure 11.- Water reuse system. 

Recycled water which is used t o  f lush  t o i l e t s ,  though not intended f o r  
consumption by human o r  animals, poses no known heal th  hazards. All waste 
water from t o i l e t s  goes d i r e c t l y  t o  the  sewer, as does any overflow from the  
reuse col lec t ion  tank. 

The overa l l  reduction i n  water use has the addi t ional  po ten t i a l  benefi t  of 
reducing requirements fo r  comunity sewage systems and treatment plants ,  as 
well as reducing basic requirements f o r  water supply systems. 





Chlorination was used a s  t he  microbiological cont ro l  technique. The 
chlorine so lu t ion  (chlorine bleach) mixture r a t e  was r e s e t   hen necessary t o  
provide a constant r a t e  of chlor ine addi t ion.  

Simultaneous with the  d a i l y  o l l ec t ion  of t he  microbiological samples, 
an addi t iona l  sample was co l lec ted  f r a a  the  5 a l l  bathroom canmode water c l o s e t  
and evaluated f o r  t he  presence of f r e e  ch lor ine  and tbe  presence o r  absence 
of a ch lor ine  Dr "laundry" odor. An ana lys i s  cf  these  c h a r a c t e r i s t i c s  a i d s  
in the  evaluat ion of t h e  ch lor ina t ion  r a t e .  

Energy used by the  system j e t  pump was rercrded, a s  we l l  a s  d a t a  on t h e  
frequency and durat ion of pump operation. 

Performance: During t h e  three-week period, 775 ga l lons  of f l u s h  water was 
used. Makeup water provided 63 gal lons of t h a t  amount. Thus, 92 percent of 
the required f l u s h  water was pravided by reclaimed waste water and 8 percent 
by makeup water. These percentages, however, a r e  more a func t ion  of t h e  
simulated family l i v i n g  pa t t e rn  than of syste; performance. The system w i l l  use 
a l l  t h e  waste water ava i l ab l e  except t h a t  which is l o s t  during an  overflow from 
the  co l lec t ion  tank. 

The microbiological ana lys i s  indicated a t o t a l  "k i l l "  of a l l  organisms 
during t h e  f i r s t  week of tke evaluat ion period. The r e s idua l  f r e e  ch lor ine  
counts sampled i n  one camnode water c lo se t ,  however, were much too high; thus 
an overchlorination wrth a r e su l t i ng  ch lor ine  odor i n  a l l  the  water samples 
w a s  demonstrated. 

A t  the  end of the  f i r s t  week, t he  ch lor ina t ian  l e v e l  was reduced t o  t h e  
sluwest addi t ion  r a t e  poss ib le  with the  con t ro l  va lve  t h a t  was u t i l i z e d .  A t  
t he  beginning of t he  second week the  chlorine bleach was d i lu t ed  ( 1  pa r t  
chlor ine bleach t o  4 p a r t s  t a p  water),  which r e su l t ed  i n  a ch lor ine  bleach use 
r a t e  equivalent t o  one gal lon of chlor ine bleach every 3 months. This  r a t e  
proved adequate t o  cont ro l  the most important of t h e  microbiological organisms, 
t h e  f e c a l  coliforms. Control was adequate i n  t he  co l l ec t ion  tank and i n  both 
commode water c lose ts .  

The e l e c t r i c  meter f o r  t he  pump was operat ional  during the  l a s t  two weeks 
of t h e  evaluation period. The d a t a  show tha t  t he  pump was or. an average of 
4.7 minutes a day and used power a t  an average r a t e  of 850 wat t s  when running; 
t h i s  resu l ted  in  an average e l e c t r i c a l  energy use of 0.07 kilowatt-hours a Gay. 

It was expected t h a t  t h e  system f i l t e r  might become contaminated with 
residue and tha t  t he  pump suc t ion  (vacuum) and running time would increase. A t  
the  end of t h e  t h r e e  week period, however, ne i the r  t he  pump suc t ion  nor t h e  
rucning time had increased. Thus, t he  f i l t e r  had indicated no degradation i n  
performance during t h i s  l imited period of operation. 

Performance of t h e  water reuse system was a s  expected during t h e  th ree  week 
t e s t  period and t h e  system is adequate f o r  use a s  i n s t a l l ed .  Available tech- 
nology f o r  improvements t o  t h e  ch lor ina t ion  technique w i l l  be applied as 
p rac t i ca l .  



CONCLUDING REMkNKS 

'his repor t  reviews the  Tech House design and technology f ea tu re s  and 
presents  a quick-look evaluat ion of t h e  s o l a r  energy systems, t h e  water reuse 
system, and o ther  general  design and energy conservation f ea tu re s  oZ t h e  house. 
The performance da t a  a r e  based on sho r t  durat ion periods of evaluat ion t h a t  
could be achieved v i t h  minimuin in t e r f e rence  t o  v i s t o r s  touring the  house. The 
preliminary evaluation has a l s o  helpsd i d e n t i f y  sqstem and operating w d i f i c a -  
t i o n s  t h a t  w i l l  be made p r i o r  t o  t h e  p lamed family live-5n evaluation period. 

Measured per forma~ce  of tile s o l a r  heat ing systen; and t h e  s o l a r  domestic 
hot  water system ind ica t e s  t h a t  70 t o  80 percent of t h e  annual heat ing require- 
ment s and approximatel:r 75 percent of t h e  energy f o r  domestic hot  -dater should 
be supplied by s o l a r  energy. The water c o i l  heat e x c h a g e r  used i n  t he  f i r e -  
place improves performance by a f a t t o r  of 3 t o  4 over conventional f i rep laces .  
Results from t h e  water reuse system evaluat ion show t h a t  t h e  system can approx- 
imately halve t h e  water requirements and is s a t i s f a c t o r y  f o r  use as i n s t a l l ed .  
Some improvunents a r e  being made, however, based on in£ o m a t  ion  gained from 
the  evaluation. 

Evaluation of t h e  Tech House syst2ms and design f e a t u r e s  and de t a i l ed  
ana lys is  of the  incorporated energy ana conservation technology is a continuing 
process. The da t a  recorded during t h e  one-year family l ive- in  period w i l l ,  of 
course, provide the  b a s i s  f o r  a complete evaluzt ion of a l l  aspec ts  of t h i s  
house concept . 
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