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ENERGY AND THE LAUNDRY PROCESS 

W. P. Levins 
Energy Division 

ABSTRACT 

This report discusses energy usage in the residential 
laundry process. 
washing and drying cycles and identifies areas where energy 
is being wasted or where its usage can be optimized. 
application of RED to these areas will result in energy 
savings. The report is centered on standard and large- 
size automatic washers and dryers, as compact, portable, 
and manual models comprise a small part of the market. 
However, the principles discussed apply to them also. 

It analyzes the various parts of the 

The 

Data from many sources were used to compile this 
report. Most sources show very good general agreement 
so far as energy consumption and usage patterns are 
concerned. 

The results of this study suggest that improved 
and/or integrated controls utilizing modern electronics 
can indeed help conserve energy. 
by the consumer of the factors involved in the laundry 
process can also lead to the purchase and wise use of 
that laundry equipment which best suits the individual 
needs. 

A better understanding 

1. SUMMARY 

The laundry process consumed approximately 9.1% (1.5 x 10l5 Btu, or 

1.6 x 10l8 J) of the annual energy used in the household (16.5 x 1015 Btu, 

or 17.4 x 1OI8 J) and 1.9% of the total annual United States primary 

energy consumption of 78 x lOl5 Btu (82.3 x 10l8 J) in 1978. 

efforts at reducing this consumption should be aimed at reducing the 

amount of hot water used in the washing machine. Hot water currently 

accounts for about 96% of the energy entering the washing machine and 

67% of the primary energy of the laundry process. 

Initial 
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The warm water rinse option should be removed from all washing 

machines. 

or 11.1% of the primary energy used in the residential laundry process. 

More accurate water-level controls and their proper use would help 

This has the potential to save 1.66 x lOI4 Btu/hr (1.75 x 1017 J) 

reduce hot water consumption in the washer. 

scale coupled to an accurate water-level control would remove the human 

element from setting the level control and ensure that water was not 

being wasted. 

A built-in laundry-weighing 

An annual primary energy savings o f  3.7 x lOl3 Btu ( 3 . 9  x 

J) or 2.5% of the total laundry consumption is possible. 

Increased chemical action (more detergent) and increased mechanical 

action (longer wash cycles) can be substituted for thermal energy (hot 

water) and produce equally clean laundry with a savings in both energy 

and money for the user. An integrated circuit chip programmed with the 

proper information and interfaced with a built-in laundry-weighing scale 

coupled to an accurate water-level control has the potential to optimize 

the wash cycle and save both energy and money. 

buttons could tell the "smart" control the type of fabric being washed 

and its degree of soil. 

User input via push 

Improved dryer cycle-termination controls which will operate with 

accuracy and precision over a broad range of dryer loadings would ensure 

that the laundry was not being overdried. 

An outside-vented dryer located in the heated portion of a house 

has very little effect on the heating systems of most houses during the 

heating season. 

infiltration rate is minimal. 

The effect of the outside-vented dryer on the house 

A heat exchanger to preheat indoor house air as it enters the dryer 

with sensible heat from the dryer exhaust can increase the dryer efficiency 

by 5%. 

It appears that increased efficiency in the motors used to operate 

washers and dryers offers break-even economics over the life of the 

appliances. 

within the industry. 
Implementing higher efficiency motors will not be spontaneous 

Standing pilots should be removed from all gas dryers and replaced 

with intermittent ignition devices. 

by a gas dryer with a standing pilot is used by the pilot. 
Forty percent of the gas consumed 



2. INTRODUCTION 

The laundry process is familiar to most Americans, so much so that 

each Monday is often referred to as “wash day.” We can all easily 

relate to laundry, yet few of us really understand or appreciate what is 

involved in the equipment and chemicals used, the cleaning and drying 

processes, and the energy requirements to accomplish these tasks. 

This study was conducted to determine where and how much energy is 

being used in the several phases of washing and drying cycles and also 

to point out those areas where energy is either being wasted or not 

being used optimally. Source material from the open literature was 

supplemented with test data and personal contacts to supply basic informa- 

tion. 

areas. Further RGD in these areas may provide other energy-conserving 

solutions. 

The study suggests methods to reduce energy consumption in several 

The laundry equipment industry is very cost competitive and, as a 

result, has produced some reliable, well-engineered equipment at 

reasonable cost to the consumer. 

equipment will have to be both reliable and cost effective. 

Any changes to present-day laundry 

Figure 1 depicts an estimate of the total residential primary 

energy consumption in this country for 1978 and breaks it down into its 

component uses. 

the residential sector. 

the household is consumed in the laundry process. 

utilizes 6.3% of the total and the drying process uses 2.7%. 

Figure 2 shows how hot water usage is distributed in 

Approximately 9% of the primary energy used in 

The washing process 

The American Association of Home Appliance Manufacturers (AHAM) 
reports’ an average 1972 base model clothes washer consumption of 

5.06 kWh per load at the washer. 

per load (96% of the total energy input) for the heated water and 

0.22 kWh per load (4%) for the electricity needed to operate the 

motor and controls of the machine. 

This usage is made up of 4.84 kWh 

The National Bureau of Standards (NBS) reports2 an average electric 

clothes dryer consumption of 2.65 kWh per load at the dryer. 
usage is made up of  2.47 kWh (93%) per load to heat the air passing 

This 
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SPACE HEATING 
7.85Q 
47.5% 

I 

RES1 DENTIAL PRIMARY ENERGY CONSUMPTION 
(ESTIMATED AS 16.5 QUADS IN 1978) 

ANNUAL 
ENERGY 

USE % O F  
APPLIANCE (QUAOS) SECTOR 

WATER HEATER 
GAS 
ELECTRIC 

DRYERS 
GAS 
E LECT R IC 

WASHERS 

REFRIGERATORS 

FREEZERS 

A I R-COND IT ION E RS 
ROOM 

2.37 
0.88 
1.27 

0.46 
0.07 
0.39 

0.06 

1.49 

0.65 

1.12 
0.37 

I OTHER 0.67 

TOTAL 8.67Q 

14.4 

2.8 

0.4 

9.0 

3.9 

6.8 

5.8 

5.4 

4.0 

52.5% 

Fig. 1. Residential primary energy consumption (estimated as 16.5 quads or 17.4 EJ 
in 1980). 



5 

U
 

W
 

L
 

- 
I

-
 

0
 
I
 

x, 

0
0
 

-
7

 

U
 

w
 
I
 

v> 

4 

k
 

O
 

a
 

a, 
c, 

.ri 
c, 
m

 
a, 
v
 

.
d
 

L
h

 
M

 
k
 

a, 
F: a, 



6 

through t h e  d r y e r  and 0.18 kWh (7%) p e r  load t o  o p e r a t e  t h e  motor and 
c o n t r o l s  o f  t h e  d r y e r .  

g a s  and e l e c t r i c  d r y e r s .  

Figure 3 d e p i c t s  t h e  d r y e r  consumption f o r  both 

AHAM r a t i n g  s t anda rds  (which s imula t e  average usage) s p e c i f y  
34 loads o f  wash p e r  month t o  p a s s  through each washing machine and 

t h e  average load t o  weigh 7 l b  ( 3 . 2  kg) when d ry .  

survey3 showed t h e  average wash load t o  weigh 5 .6  l b  ( 2 . 5  kg) when d r y .  

Other r e c e n t  surveys by P r o c t e r  and Gamble4’ r evea led  t h a t  t h e  average 

wash load weighed 5 . 7  l b  (2 .6  kg) when dry,  and t h a t  78% of t h e  homes 

con ta in ing  an automatic washer a l s o  had a d r y e r .  The monthly average 

number o f  loads was 35 through t h e  washer and 3 2  through t h e  d r y e r .  

A r e c e n t  Whirlpool 

Merchandising magazine6 r e p o r t s  t h a t ,  i n  1978, t h e r e  were 56 

m i l l i o n  washers and 45 m i l l i o n  d r y e r s  i n  t h e  United S t a t e s .  
2 . 3  e l e c t r i c  d r y e r s  f o r  every gas d r y e r .  

There are 

A survey r epor t ed  by t h e  Department of Agr i cu l tu re  i n d i c a t e s  t h a t  

t h e  average s e r v i c e  l i f e  o f  a new washer i s  11 yea r s  and t h a t  o f  a new 
d r y e r  i s  13 y e a r s . 7  

Tables  con ta in ing  popu la t ion  and energy consumption d a t a  p e r t a i n i n g  

t o  washers and d r y e r s  a r e  contained i n  t h e  Appendix. 
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L o  0 

- 
W ELECTRICITY 

ENERGY CONSUMPTION 
( Bt u/l oad ) 

H EAT E LE CTR I C  ITY * - 
ELECTRIC UNITS 

POINT OF USE 8,400 600 
PR1MAR.Y 28,000 2,000 

GAS UNITS** 

POINT OF USE 10,200 600 
PRIMARY 10,200 2,000 

GAS 

*ALL NONHEATER USES (MAINLY THE 
MOT0 R )  

**WITHOUT STANDING PILOT 

Fig. 3. Heating accounts for most of clothes dryer energy consumption. 
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3 .  THE AUTOMATIC WASHING MACHINE 

3 .1  Energy Consumption 

Figure 4 i s  a schematic drawing of t h e  most popular  t ype  of automatic 

washing machine i n  u s e  i n  t h i s  country t o d a y Y 8  t h e  c e n t e r  p o s t  a g i t a t o r .  

Machines o f  t h i s  t ype  as well as those  of t h e  p u l s a t o r  and tumbler type 

a r e  expected t o  o p e r a t e  each day and t o  c l ean  s o i l e d  f a b r i c s  without 
damaging t h e  f a b r i c s .  The t y p i c a l  machine w i l l  o p e r a t e  on a c y c l e  
composed of a wash pe r iod ,  a r i n s e  pe r iod ,  and a wa te r - ex t r ac t ion  p e r i o d .  

Since t h e  machine must be a b l e  t o  c l e a n  a v a r i e t y  o f  d i f f e r e n t  f a b r i c s  

of d i f f e r e n t  degrees  o f  " d i r t i n e s s "  us ing  a v a r i e t y  o f  chemical a d d i t i v e s ,  

t h e  washing machine must be v e r s a t i l e  i n  o p e r a t i o n  and allow t h e  u s e r  t o  

determine how t h e  machine w i l l  ope ra t e .  

Table 1 l i s t s  most o f  t h e  v a r i a b l e s  which are  p r e s e n t  du r ing  t h e  

laundry t reatment  p rocess .  Many o f  t h e s e  v a r i a b l e s  a r e  f ixed  i n  any one 

s i t u a t i o n ,  bu t  t h e  proper  combination o f  t h e  remaining v a r i a b l e s  w i l l  

g ive  t h e  u s e r  t h e  d e s i r e d  r e s u l t s ;  t h a t  i s ,  maximum c l e a n l i n e s s ,  minimum 

c o s t ,  accep tab le  c l e a n l i n e s s  a t  minimum c o s t ,  minimum water usage, e tc .  
I d e a l l y  t h e  washing machine should be operated so t h a t  accep tab le  

c l e a n l i n e s s  a t  minimum c o s t  i s  obtained.  However, t h e r e  a r e  times when 

i l l n e s s  i n  t h e  household, d i a p e r s ,  ve ry  d i r t y  c l o t h e s ,  e tc .  d i c t a t e  t h a t  

maximum laundry c l e a n l i n e s s  be obtained.  This  s i t u a t i o n  c a l l s  f o r  a 

long, h o t  water wash cyc le  with t h e  a d d i t i o n  o f  b l each  as well as d e t e r g e n t .  
Although it has been shown many times t h a t  h o t  water i s  a b l e  t o  do 

a b e t t e r  c l ean ing  job  than  cold water, a ho t  water  wash cyc le  uses  much 

more energy than  a cold water wash cyc le .  Figure 5 shows t h e  energy 
consumption of a washing machine as a f u n c t i o n  o f  t h e  amount of ho t  
water used p e r  wash load and t h e  temperature  r ise  o f  t h e  cold water 
i n  t h e  water h e a t e r  u s i n g  a 100% e f f i c i e n c y  f o r  t h e  water h e a t e r .  

Actual energy consumption would be g r e a t e r  and would depend on t h e  water 

h e a t e r  e f f i c i e n c y .  Typical e f f i c i e n c y  v a l u e s  are on t h e  o r d e r  of 

80% f o r  e l e c t r i c  water h e a t e r s  and 50% f o r  f o s s i l - f u e l e d  water 

h e a t e r s .  Figure 6 shows how t h e  cyc le  temperature  s e l e c t i o n  of  t h e  
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LAMPS (BALLASTS) 
f 

SWITCHES 
CONTROL CONSOLE 

HOT AND COLD 
WATER INLET VALVES 

BASKET 

WATER DRAIN 

PUMP- 

A Y  

CLUTCH SOLENOID 
# 

DRIVE SYSTEM 

Fig. 4. Typical automatic washer construction schematic. 



Table 1. Laundry t rea tment  v a r i a b l e s  

CLOTHES Fabric Construction Color Condition Quantity 

Cotton Woven White S1. soiled Small 

Synthetic Fragile Ilirty Large 
Other 

Cotton-Syn. Knit Colored t i 

Other 
Additives WASH CYCLE Water Mechanical Input - Detergent 

Condition Temperature Quantity Type Speed Time Type Maheup Suds Quantity 

Hard Hot Minimum Agitator Normal Short Phosphate Anionic High Small Fabric soft- 
Soft Warm J I’u 1 sa  tor Slow J Non-Phos. Cationic Low t ener 

Cold Maximum lumbler Long Non-Ionic Large Bleach 
Impeller Enzyme 

Kater con- 
d it i oiler 

cleaner 
Spray 

RINSE CYCLE Type Temperature Speed Additives Other 

Spray Warm Normal Fabric softener Cooldown 
Soak Cold Slow Acid 
Agitate Bactericide 

EXTRACT I ON 

Norma 1 Short 
Slow Long 

___-- DRYING CYCLE Type Temperature Cycle Add it i ve s 

Ambient Timed Softener Tumble 
Clothes line J Auto Perfume 

Ilot 



1 2  

0 R N L- 0 W G  79- 10409R 

LITERS- o 38 76 114 151 189 
GALLONS 0 10 2 0  30 40 50 

HOT WATER USED PER WASH LOAD 

Fig. 5 .  E f f e c t  o f  water h e a t e r  temperature  r i s e  and hot  water 
usage on energy consumption o f  washing machine. 
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AVERAGE FULL WASHER 
WATER USAGE (47.6 gal)  

- 

- 
4VERAGE ENERGY USAGE 

LITERS 0 38 76 114 151 189 227 2 65 
GALLONS 0 10 20 30 4 0  5 0  60 70 

TOTAL WATER USED PER WASH LOAD (REGULAR CYCLE ONLY) 

Fig.  6 .  E f f e c t  of c y c l e  s e l e c t i o n  and water usage on energy 
consumption of washing machine. 



1 4  

washing machine a f f e c t s  t h e  t o t a l  washing machine energy consumption f o r  

f u l l - l o a d ,  r e g u l a r  wash c y c l e s  with a 50-50 mix of h o t  and cold water t o  
make w a r m  water .  

Using t h e  p rev ious ly  mentioned AHAM f i g u r e  o f  5.06 kWh p e r  load o f  

wash with Fig.  6 shows t h a t  t h e  average consumer usage corresponds t o  a 

ho t  wash with co ld  r i n s e  o r  w a r m  wash with w a r m  r i n s e  c y c l e  with t h e  

wa te r - l eve l  c o n t r o l  se t  on maximum. F igu re  5 shows t h a t  5.06 kWh 
corresponds t o  about 25 g a l  (94.6 l i t e r s )  o f  ho t  water  used p e r  wash 

load a t  an 80 F" (44.4 C") water temperature  r i s e  i n  t h e  water h e a t e r .  

A survey conducted by P r o c t e r  and Gamble i n  1976-775 produced t h e  
information contained i n  t h e  fol lowing t a b l e  on consumer washing machine 

c y c l e  usage. 

Median 
Wash/rinse Percent  wash water 
s e l e c t i o n  o f  loads t emper a t u r  e 

Hot /warm 21 130°F (54.4"C) 
Hot / co 1 d 1 4  130'F (54.4"C) 
Warm/ w a r m  29 100°F (37.8"C) 
\t arm/ co 1 d 2 1  100°F (37.8"C) 
Cold/cold 15 60-70"F (15.6-21.1"C) 

Assuming a l l  consumers used an "average" machine [47.6 g a l  (180 

l i t e r s )  p e r  load on maximum wa te r - l eve l  s e t t i n g ]  as shown i n  Fig.  6 ,  t h e  

average power consumption p e r  load from t h e  above survey would be 4.1 kWh. 
I t  i s  i n t e r e s t i n g  t o  n o t e  from t h e s e  d a t a  t h a t  50% o f  t h e  wash loads used 

w a r m  r i n s e  water and 35% o f  t h e  wash loads used h o t  wash water. This  
sugges t s  t h a t  simply e l i m i n a t i n g  t h e  w a r m  r i n s e  o p t i o n  on t h e  washer 
could save about 1 .3  kWh p e r  load,  o r  31% (average weighted d a t a ) .  

The obvious ques t ion  t h a t  emerges from t h e  previous s ta tement  

concerns t h e  advantages o f  a warm-water r i n s e  over a cold-water r i n s e .  

This q u e s t i o n  i s  d i scussed  i n  Sec t .  3 .5 .  

Table 2 con ta ins  some d a t a  on c u r r e n t l y  manufactured washing machines 

and t h e i r  energy usage as a func t ion  o f  c y c l e  usage. 
cons t ruc t ed  from d a t a  publ ished i n  Consumer Reports magazine i n  October 

1978, and a p p l i e s  t o  t h e  maximum f i l l  s e t t i n g  f o r  each machine. 

The t a b l e  was 

Surveys 



Table 2. Energy consumption o f  s e v e r a l  washers 

Cycle I ~ J ~  Cycle I I ~  Cycle I I I ~ ’ ~  Cycle I V ~  

Total  To ta l  T o t a l  To ta l  
kWhC kWhc kWhC kWhc 

Wash e r 

A 
B 
C 
D 
E 
F 
G 
H 
I 
J 
K 
L 
M 

6 .1  
6.7 
7.4 
6.9 
7.4 
6.9 
6.9 
7.2 
7.8  
7.8 
7.8 
7.6 
6.9 
6.1 
3.9 

4.1 
4.5 
4.9 
4.7 
4.9 
4.7 
4.9 
4.9 
4.9 
4.9 
5.3 
4.5 
4.7 
4.1 
2.0 

2.0 
2.4 
2.4 
2.7 
2.2 
2.7 
2.4 
2.7 
2.4 
2.4 
3.2 
2.4 
2.7 
1 .8  
1.2 

0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 
0.2 w l  
0.2 
0.2 
0.2 
0.2 
0.2 

w 

a Cycle I :  r e g u l a r ,  ho t  wash, warm r in se .  Cycle 11: r e g u l a r ,  h o t  wash, cold r i n s e .  Cycle 111: durable  
p r e s s ,  w a r m  wash, cold r i n s e .  Cycle IV: durab le  p r e s s ,  c o l d  wash, cold r i n s e .  

b A l l  machines may not  o f f e r  a l l  c y c l e s ,  b u t  e s t i m a t e s  were made f o r  comparison purposes .  

To ta l  kWh = maximum f i l l  s e t t i n g ,  8 - lb  (3.6-kg) wash load ,  80 F o  (44.4 C”) AT water  r i se ,  1 0 0 % - e f f i c i e n t  
water h e a t i n g .  

C 

Resu l t s  c a l c u l a t e d  from h o t  water  d a t a  from Consumer  R e p o r t s  (October 1978). 

dData from October 1977 Consumer R e p o r t s ,  tumbler-type machine. 
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by P r o c t e r  and Gamble5 show t h a t  79% o f  t h e  wash loads [5.4 l b  (2.4 kg) 

average weight] done i n  normal c a p a c i t y  [14-lb (6.5-kg)] washers, and 

60% of  t h e  wash loads E5.9 l b  (2 .7  kg) average weight] done i n  l a r g e  

c a p a c i t y  [18-lb (8.2-kg)] washers, were done a t  t h e  maximum f i l l  s e t t i n g  

of t h e  washing machine. 
C l e a r l y ,  t h e  foregoing d i s c u s s i o n  and d a t a  p o i n t  out  t h e  f a c t  t h a t  

many automatic  washing machines i n  t h e  country are n o t  being used i n  t h e  

most energy e f f i c i e n t  manner. 
Washer 0 from Table 2 ,  a tumbler-type machine, appears  t o  be much 

more energy e f f i c i e n t  t han  any o f  t h e  o t h e r  washers l i s t e d  i n  t h e  t a b l e .  

An exp lana t ion  i s  p resen ted  h e r e  t o  e x p l a i n  i n  p a r t  t h e  l a r g e  d i f f e r e n c e  
i n  energy consumption between washer 0 and t h e  o t h e r s .  

c a p a c i t y  o f  about 1 2  l b  (5.4 kg) while  t h e  o t h e r  machines can hold about 

18 l b  (8.2 kg ) .  [The wash load used i n  Table 2 weighed 8 l b  (3.6 kg ) . ]  

Since a l l  wa te r - l eve l  c o n t r o l s  were on t h e  maximum s e t t i n g ,  s e v e r a l  of 

t h e  machines would come p r o p o r t i o n a t e l y  c l o s e r  t o  washer 0 on a 

kWh/wt o f  laundry b a s i s  a t  r a t e d  c a p a c i t y .  However, t h e  wa te r - l eve l  
c o n t r o l  on many o f  t h e  washers i n  Table 2 can on ly  va ry  t h e  water usage 

by about 25-50%, which s t i l l  l eaves  them f a r  behind washer 0 i n  energy 

usage f o r  sma l l e r  l oads .  

t h e  o t h e r  washers come c l o s e r  t o  washer 0 i n  energy usage. 
loads approximating t h e  s i ze  o f  t h e  n a t i o n a l  average [5-7 l b  (2.3-3.2 k g ) ] ,  
t h e  tumbler-type machine w i l l  be much more energy e f f i c i e n t  t han  t h e  

l a r g e r - s i z e d  cen te r -pos t  a g i t a t o r  t ypes .  

Washer 0 has a 

A s  t h e  s i z e  of t h e  wash load i n c r e a s e s ,  though, 

For washing 

Tables 3 and 4 c o n t a i n  some d a t a  on a sampling o f  washing machine 

s p e c i f i c a t i o n s  and t e s t  d a t a  on motor power consumption f o r  t h e  s e v e r a l  
p a r t s  of t h e  c y c l e . 9  

t h e  ho t  water  used by t h e  machines i s  much g r e a t e r  t han  t h e  mechanical 

energy inpu t  t o  t h e  machines. 

These d a t a  show t h a t  t h e  energy used i n  h e a t i n g  

Because t h e  conse rva t ion  o f  thermal energy (hot water)  i n p u t  i n t o  a 
washing machine reduces t h e  c o s t  o f  t h e  washing p rocess  t o  t h e  consumer, 

t h e  most p r a c t i c a l  method o f  improving t h e  energy e f f i c i e n c y  o f  automatic  

washing machines i s  r educ t ion  i n  h o t  water usage. 
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Table  3. Sample o f  washing machine s p e c i f i c a t i o n s g  

Range Typical  machine 

Rated s i z e ,  l b  (kg) 
Motor horsepower 
Rated c u r r e n t ,  A 
Tub capac i ty ,  f t 3  ( l i t e r s )  
Max. a g i t a t e  t ime, min 
F i r s t  s p i n  time, min 
Rinse time, min 
F ina l  s p i n  t ime, min 
To ta l  motor on-time, min 
Spray time, min 
Spray volume, ga l  ( l i t e r s )  

14-21) (6.4-9) 
1/3-3/4 

7-10 
2.3-3.1 (65.1-87.7) 

12.5-19.5 
3.5-6 

2-5 
6.5-8.5 

26-33 
0.3-2.2 

1-11 (3.8-41.6) 

18 (8.2) 

8 .5  
2.6 (73.6) 
14 
5 
4 
7.5 
30.5 
0.5 
2 (7.6) 

1 / 2  

Table  4 .  Washing machine t e s t  d a t a 9  

Range Average Range Average 

Load s i z e ,  l b  (kg) 14 (6.4) 14 (6.4) 8 (3.6) 8 (3.6) 
Water r e t e n t i o n  wi th  w a r m  67-81 75.8 77-89 83 

Motor energy, Wh 
r i n s e ,  % 

Maximum time a g i t a t i o n  116-177 134 105- 15 2 121 
F i r s t  s p i n  30-56 42 23-59 37 
Rinse 25-42 35 21-42 34 
F ina l  47-81 61 51-75 60 
To ta l  233-309 272 209-295 252 
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A typical efficiency of the squirrel cage motor currently used in 

washers is 53% at 70% of full load rating.1° If capacitor-run motors 

were used, the motor efficiency could increase to 60%, but this would 

only increase the overall washer efficiemy by 0.5%. 

improvement would save 6.7 x 1012 Btu/yr (7.1 x 

primary fuel in the nation, or about 11 kWh/yr to each owner of a 

washer. 

4 +/kwh escalate at 2% per year above inflation and the consumer could 

get an effective 4% interest rate for the 11-year useful life of the 

washer, he could spend a $4.12 premium for the improved motor and break 

even. This means that the motor manufacturer can spend about $1.25 for 

the motor improvements. The appendix contains a sample calculation for 

these savings as well as a table showing savings for other values of 
motor efficiency improvements. 

However, such an 

Joules/yr) of 

A simple analysis shows that, if power costs at a present 

Improvements in dryer motor efficiency should parallel the results 

of washer motors. 

A promising electronic power factor controlling add-on device has 

been developed at NASA Marshall Space Flight Control Center which can 

increase the efficiency of lightly loaded motors.* 

alternative to building in motor efficiency or provide additional 

savings even with more efficient motors. 

be in the $4 range to the consumer to make it economically feasible when 

compared to the currently used motors. 

It could provide an 

However, its cost must still 

As the use factor of laundry equipment increases, the economics 

of most energy conserving devices becomes more favorable. 

laundry stores use residential type washers and commercial dryers. Their 

use factor is estimated to be four to five times higher than typical 

residential usage. 

favorable from an economic viewpoint. 

Coin-operated 

Hence, energy conserving devices will appear more 

*For more information contact Electronic Relays, Inc., 1438 Brook Drive, 
Downers Grove, Illinois 60615. 
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3 . 2  The Cleaning Process 

The p rocess  o f  removing s o i l  from a f a b r i c  i s  not  simple.  

There a r e  t h r e e  methods a v a i l a b l e  t o  accomplish t h i s  t a s k  -mechanica l ,  

thermal ,  and chemical. The mechanical method invo lves  d r i v i n g  t h e  s o i l  

from t h e  f a b r i c  by bending and s t r e t c h i n g  t h e  f a b r i c ,  rubbing con tac t  
between t h e  f a b r i c  and both i t s e l f  and ad jacen t  f a b r i c s ,  and by t h e  

h y d r a u l i c  a c t i o n  of t h e  water on t h e  f a b r i c .  

i n c r e a s i n g  t h e  " s o l u b i l i t y f '  o f  t h e  s o i l  i n  water. 

i nvo lves  chemical r e a c t i o n s  between t h e  s o i l  and t h e  de t e rgen t  o r  t h e  
f a b r i c  and t h e  d e t e r g e n t  t o  remove t h e  s o i l .  The t h r e e  c l ean ing  methods 

a l s o  complement each o t h e r ,  so mechanical a g i t a t i o n  a t  e l e v a t e d  temperatures  

w i l l  i n c r e a s e  t h e  a c t i v i t y  o f  t h e  de t e rgen t  on t h e  s o i l .  

The thermal method involves  

The chemical method 

The n a t u r e  of t h e  f a b r i c  imposes l i m i t s  on t h e  amount of mechanical 

work, t h e  temperature ,  and t h e  concen t r a t ion  and type  o f  d e t e r g e n t  t h a t  

can be used f o r  c l ean ing .  The purpose o f  laundering a f a b r i c  i s  not  

simply t o  c l e a n  i t ,  bu t  t o  c l ean  it while  a l s o  r e t a i n i n g  t h e  o r i g i n a l  

shape, c o l o r ,  and s t r e n g t h  of t h e  f a b r i c .  The f a b r i c  must a l s o  no t  be 

wrinkled, nor  any s p e c i a l  f i n i s h  t r ea tmen t s  ( a n t i - s o i l ,  flame r e t a r d a n t ,  
e t c . )  be removed. Also,  laundry should smell n i c e  and be r e l a t i v e l y  
"germ f r e e .  

Since t h e  c l ean ing  p rocess  invo lves  s o i l i n g  agen t s ,  water ,  f a b r i c s ,  

and d e t e r g e n t ,  some background information on t h e s e  i tems w i l l  be 

p re sen ted  before  d i s c u s s i n g  t h e  wash cyc le  i n  more d e t a i l .  

3 . 2 . 1  S o i l i n g  agen t s  

S o i l i n g  agen t s  are  those  substances which t u r n  c l ean  laundry i n t o  
d i r t y  laundry. They a r e  made up of  many substances such a s  c l a y ,  body 

g reases  and o i l s ,  and food s t a i n s .  These substances can impregnate 

themselves between t h e  f a b r i c  f i b e r s ,  smear themselves on t h e  f a b r i c  

s u r f a c e ,  bond themselves t o  t h e  f a b r i c  by e l e c t r o s t a t i c  o r  s u r f a c e  

t e n s i o n  f o r c e s ,  and even r e a c t  chemical ly  with t h e  f a b r i c .  

Since s o i l i n g  agen t s  come i n  so many forms, it i s  d i f f i c u l t  t o  r i d  

a f a b r i c  of them i n  a simple manner. 

pronged a t t a c k  by mechanical, thermal ,  and chemical methods. 

Hence t h e  reason f o r  t h e  t h r e e -  
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3 . 2 . 2  Water 
Although water i s  a very abundant substance,  pure water i s  

r a r e  i n  n a t u r e .  
p o l l u t a n t s  i n  t h e  atmosphere on i t s  p a t h  t o  t h e  ground. 

i n  con tac t  with t h e  ground, water ,  because it i s  a very good s o l v e n t ,  
d i s s o l v e s  a l l  types of mine ra l s .  O f  p r i n c i p a l  concern t o  t h e  laundry 

p rocess  a r e  t h r e e  substances - i r o n ,  calcium, and magnesium. 

Even r a inwa te r  p i c k s  up carbon d iox ide  and o t h e r  
When it comes 

+ 3  
I ron  i n  t h e  i o n i c  form o f  Fe+* and Fe 

substance t o  d e a l  with and w i l l  u s u a l l y  r e s u l t  i n  r e d  s t a i n s  ( r u s t )  on 

f a b r i c s  i f  p r e s e n t  i n  a concen t r a t ion  o f  more than  about 0 . 2  m g / l i t e r .  

However, most municipal s u p p l i e s  d e l i v e r  water a t  concen t r a t ions  which 

a r e  unobject ionable .  For those  areas where i r o n  i s  a problem, home 

t r ea tmen t  devices  employing ion  exchange o r  ox ida t ion  and f i l t r a t i o n  

methods a r e  u s u a l l y  e f f e c t i v e .  

i s  a p a r t i c u l a r l y  troublesome 

+ 2  
Calcium and magnesium i n  t h e  i o n i c  forms of  Ca+2 and Mg , 

r e s p e c t i v e l y ,  a r e  t h e  substances which a r e  r e s p o n s i b l e  f o r  hard water. 

Hard water i s  o b j e c t i o n a b l e  because a t  combined calcium and magnesium 

concen t r a t ions  g r e a t e r  than about 60 m g / l i t e r ,  t h e s e  i o n s  r e a c t  n o t i c e a b l y  
with soaps and d e t e r g e n t s  and form a scum which i s  familiar t o  most o f  u s  
as t h e  r i n g  around t h e  ba th tub .  
d e l i v e r e d ' a t  hardness  concen t r a t ions  o f  about 120 m g / l i t e r ,  so hard 

water i s  a substance which must be d e a l t  with i n  t h e  laundry p r o c e s s .  
If no t  c o n t r o l l e d ,  hard water w i l l  cause whites  t o  t u r n  g ray  and c o l o r s  

t o  t u r n  d u l l ,  as well as causing f a b r i c s  t o  l o se  t h e i r  s o f t  fee l  and t o  
wear out  f a s t e r .  
water s o f t e n e r s  i f  t h e i r  water supply has a hardness  g r e a t e r  t han  

160 m g / l i t e r  (expressed as m g / l i t e r  o f  C a C O  

Most municipal water s u p p l i e s  are 

Many homeowners f i n d  it prudent  t o  use  ion  exchange 

e q u i v a l e n t ) .  3 

3 . 2 . 3  Fabr i c s  and f i n i s h e s  
Not t o o  long ago most of t h e  laundry washed i n  a washing machine 

was made o f  c o t t o n  f i b e r s  and many had t o  be i roned  a f t e r  they  were 

c l ean .  

formaldehyde t o  c r o s s l i n k  t h e  f i b e r s ,  r e v o l u t i o n i z e d  t h e  garment 

i n d u s t r y .  

Durable-press,  a p rocess  which t r e a t e d  t h e  c o t t o n  f a b r i c  with 

This  p rocess  made appa re l  p r e s e n t a b l e  and wearable without 
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i r o n i n g .  
appeared on t h e  market as well  as o t h e r  s y n t h e t i c s  and blends.  

f i n i s h e s  on c h i l d r e n s '  garments were mandated by t h e  government. S o i l -  

r e s i s t a n t  f i n i s h e s  became widespread. 

S h o r t l y  t h e r e a f t e r  p o l y e s t e r  and p o l y e s t e r - c o t t o n  blends 
Flameproof 

These new f a b r i c s  and o l d  f a b r i c s  with new f i n i s h e s  d i d  no t  respond 

wel l  t o  t h e  then-conventional c y c l e s  on washing machin-es and d r y e r s ,  so 

t h e  c y c l e s  were modified t o  handle them. 

enough - t hey  had t o  be cleaned without removing t h e  d e s i r a b l e  new, 

easy-care  p r o p e r t i e s  of t h e  f a b r i c .  

Cleaning t h e  f a b r i c s  was no t  

3 . 3  Detergents 

A de t e rgen t  i s  a c l ean ing  agent and i s  o f t e n  r e f e r r e d  t o  as a 

s u r f a c t a n t  or s u r f a c e - a c t i v e  agent .  The term de te rgen t  i s  commonly used 
t o  denote bo th  t h e  s u r f a c e - a c t i v e  c l ean ing  agent  and t h e  f i n i s h e d  c l ean ing  

product  i nc lud ing  t h e  s u r f a c t a n t .  Syn the t i c  d e t e r g e n t s  d i f f e r  from 

soaps i n  t h e i r  chemical makeup. 

a c i d ,  while  an a n i o n i c  de t e rgen t  i s  t h e  sodium s a l t  of a s u l f a t e d  or 

s u l f o n a t e d  f a t t y  a c i d .  

A soap i s  t h e  sodium s a l t  o f  a f a t t y  

There are also c a t i o n i c  and nonionic  d e t e r g e n t s .  

An example of a soap i s  sodium p a l m i t a t e ,  C15H31COONaY while  

sodium l a u r y l  s u l f a t e ,  C12H250S03Na, i s  an example of a d e t e r g e n t .  
Both d e t e r g e n t s  and soaps have a hydroph i l i c  (wa te r - l i k ing )  and a 

hydrophobic (wa te r -d i s l ik ing )  end of  each molecule. As a r e s u l t  o f  t h i s  

s t r u c t u r e ,  t h e  hydrophobic (hydrocarbon) ends o f  t h e  molecules congregate 
a t  t h e  s u r f a c e  o f  t h e  water s o l u t i o n ,  while  t h e  hydroph i l i c  ( ca rboxy l i c  
o r  s u l f o n a t e )  ends of t h e  molecules congregate below t h e  su r face  of t h e  

water. Th i s  o r i e n t a t i o n  of t h e  d e t e r g e n t  molecules d r a m a t i c a l l y  lowers 
t h e  su r face  t e n s i o n  o f  t h e  water  and t h u s  al lows t h e  water t o  wet t h e  

s o i l e d  o b j e c t s  b e t t e r ,  f a c i l i t a t i n g  t h e  removal o f  s o i l  from t h e  o b j e c t .  

A present-day packaged laundry d e t e r g e n t  con ta ins  a mixture of many 

chemicals,  some o f  which are p r o p r i e t a r y .  

t i o n  of a modern packaged d e t e r g e n t  i s  contained i n  Table 5. 
A general  range of  t h e  formula- 

Some d e t e r g e n t s  a l s o  con ta in  chemicals f o r  c o n t r o l l e d  suds a c t i o n  

Other laundry a i d s  a r e  bleaches and enzymes f o r  s tubborn s t a i n  removal. 



Table 5. Typical detergent formulation 

Item Chemical Concentration Purpose 

Surfactant linear alkyl sulfonate (LAS) 2-20% chief cleaning agent 

Builder, water 
conditioner 

Anti-redeposition 
agent 

Perfume 

Brightener 

Bulking agent 

phosphates, carbonates, 20-70% immobilize hardness ions, 
silicates, citrates, borax, keep soil suspended in 
polyelectrolytes water, maintain alkalinity, 

emulsify greases, provide 
corrosion protection 

carboxy methyl cellulose 

sodium sulfate 

<1% 

<1% 

<1% 

keep soil from redepositing 
on laundry during wash cycle 

provide a pleasant odor 
to laundry 

make colors appear brighter 
by shifting absorbed uv light 
to visible region 

10-40% processing aid, maintains 
product flowability 



and fabric softeners. Bleaches are oxidizing agents (perborates and 

hypochlorites) which whiten fabrics. 

hydrocarbons which deposit on the fiber ends of clothes and give the 

material a soft feel and provide static control. 

Fabric softeners are long-chain 

3.3.1 Detergents and phosphates 
Initially, all detergents contained phosphates such as trisodium 

orthophosphate, Na3P04, and sodium tripolyphosphate, NagP3010, in concen- 

trations of about 50 wt %. 

effective water conditioners, soil solution suspenders, pH controllers, 

and cleaners. In the late 1950's  phosphates were identified as one of 

the materials that contribute to eutrophication, or aging, of our waterways. 

As mentioned earlier, the phosphates are 

A search for a phosphate substitute turned up sodium nitrilo 
triacetate (NTA). Although more expensive than phosphates on a weight 

basis, NTA was very effective in lesser concentrations. However, it was 

found to be suspect for health and safety reasons and was voluntarily 

removed from the U.S. market, although it is used in Sweden and Canada. 

A recent review of NTA by qualified scientists under the 

auspices of the U.S. and Canadian International Joint Commission of the 

Great Lakes (IJC) has concluded that the use of NTA should not be 

prohibited as a builder in formulated detergents.12 The subject is 

currently under review by the U.S. Environmental Protection Agency. 

The detergent manufacturers reduced the phosphate content of their 

formulations to 35% and finally to about 25% (6% phosphorus). 

cleaning ability of the detergents generally decreased with the phosphate 

reduction, but results are still in the acceptable range. 

The 

For those areas of the country where a phosphate ban is in effect, 

detergents were formulated using sodium carbonate, citric acid, and 

various polyelectrolytes. Also ,  the surfactant itself was modified in 

some cases to a mixture of anionic and nonionic species. None of the 0% 

phosphorus formulations work as well as those containing phosphorus, but 

the results are still considered acceptable where it has been decided 

that it is necessary to reduce the environmental effects of the phosphates. 

However, many of the 0% phosphorus formulations have created their own 

problems such as toxicity, corrosion, and carbonate deposits. 
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3 .3 .2  Cold water d e t e r g e n t s  

A s  p o l y e s t e r  and o t h e r  s y n t h e t i c  f i b e r s  became more popular  i n  

f a b r i c s  and du rab le  p r e s s  and o t h e r  f i n i s h e s  were added t o  both c o t t o n  

and s y n t h e t i c s ,  t h e  need a r o s e  t o  c l ean  t h e s e  f a b r i c s  without  removing 

t h e  permanent p r e s s ,  du rab le  p r e s s ,  e t c . ,  b u i l t  i n t o  o r  added onto t h e  

f a b r i c .  

recommended procedure t o  accomplish t h i s .  Also, cold water laundering 
promised g r e a t  energy savings over h o t  water laundering.  Both w a r m  and 

cold water washing have inc reased  s i g n i f i c a n t l y  over t h e  l a s t  10 y e a r s .  

Cooler temperature  washing wi th  g e n t l e  a g i t a t i o n  was t h e  

However, many d e t e r g e n t s  d i d  n o t  perform as wel l  a t  low temperatures  

as they  d id  a t  h ighe r  temperatures .  

not  d i s s o l v e  well i n  cold water. 
Also, some powder d e t e r g e n t s  would 

New co ld  water d e t e r g e n t s  were formulated u s i n g ,  among o t h e r  t h i n g s ,  

l i n e a r  a l coho l  e t h o x y l a t e s  t o  improve low temperature  performance. 

Washing performance f o r  l i g h t l y  s o i l e d  s y n t h e t i c s  i s  accep tab le ,  b u t  i n  

gene ra l  t h e s e  d e t e r g e n t s  perform much b e t t e r  i n  w a r m  water than  i n  co ld  
wa te r .  

Another problem which a rose  i n  co ld  water laundering was concern 
about t h e  adequacy t o  k i l l  germs, e s p e c i a l l y  i f  t h e  f a b r i c s  are  l i n e -  

d r i e d  indoors .  This  i s  discussed i n  Sec t ion  3.3.3. 

3 .3 .3  Detergents and germs 

When most of u s  refer t o  germs we are r e a l l y  t a l k i n g  about b a c t e r i a  
and v i r u s e s .  A bacter ium i s  a s i n g l e - c e l l  ( o r  n o n c e l l u l a r )  l i v i n g  p l a n t  
which can cause many types o f  chemical r e a c t i o n s  t o  t a k e  p l a c e .  

b a c t e r i a  a r e  b e n e f i c i a l ,  b u t  some, c a l l e d  pathogens,  cause d i s e a s e .  A 

v i r u s  i s  similar t o  a bacterium, b u t  i s  g e n e r a l l y  much s m a l l e r ,  and on ly  
grows i n  l i v i n g  c e l l s .  

p l a n t s ,  and animals.  

Most 

Viruses  are  capable  o f  causing d i s e a s e  i n  man, 

Both b a c t e r i a  and v i r u s e s  are p r e s e n t  i n  laundry and i n  t h e  water 
used t o  wash t h e  laundry. 

i t  should be germ free. 
g r e a t  d e a l  of a t t e n t i o n  t o  be focused on t h e  germ s i t u a t i o n .  

I d e a l l y  a f t e r  t h e  laundry i s  washed and d r i e d  

The advent o f  co ld  water d e t e r g e n t s  caused a 
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In gene ra l ,  
h ighe r  wash 

wash times, 

more e f f e c t i v e  b a c t e r i a  removal i s  brought by 

water temperatures ,  h ighe r  de t e rgen t  c o n c e n t r a t i o n s ,  longer  

and h ighe r  d r y e r  temperatures .  Some b a c t e r i a  a r e  more hardy 

than o t h e r s ,  and t h e  u s e  o f  a d r y e r  can c o n t r i b u t e  s i g n i f i c a n t l y  t o  t h e  

b a c t e r i a  k i l l .  B a c t e r i a l l y  c l e a n  laundry can become contaminated both 

by washing with b a c t e r i a - l a d e n  laundry and a l s o  from t h e  r e s i d u e  l e f t  i n  

t h e  washing machine from t h e  previous load.  

However, b a c t e r i a  k i l l s  o f  99.9%+ are  p o s s i b l e  us ing  long, hot  wash 

c y c l e s  wi th  h igh  d e t e r g e n t  and b l each  concen t r a t ions  followed by drying 

i n  a d r y e r  on t h e  high hea t  s e t t i n g .  Such cond i t ions  a r e  u s u a l l y  on ly  

necessa ry  when i l l n e s s  i s  p r e s e n t  i n  a household and perhaps when washing 

d i a p e r s .  

The germ problem i s  e s p e c i a l l y  prominent i n  cool water laundering 

and w i l l  remain so u n t i l  an accep tab le  b a c t e r i c i d e  i s  found. 

3.4 Economics of t h e  Wash Cycle 

This  s e c t i o n  d i s c u s s e s  how t h e  c o s t  of t h e  wash c y c l e  (excluding 

r i n s e  and e x t r a c t i o n  cyc le s )  i s  a f f e c t e d  by varying t h e  amount o f  thermal ,  

mechanical, and chemical i npu t  i n t o  t h e  wash c y c l e .  

Figure 7 i s  a somewhat complex p l o t  o f  t h e  wash c y c l e  c o s t  v a r i a b l e s  

I t  shows t h e  e f f e c t  o f  t h e  wash water temperature  f o r  cons t an t  c l ean ing .  

on t h e  t o t a l  c o s t  of t h e  wash c y c l e .  

t h e  c o s t s  o f  t h e  t h r e e  v a r i a b l e s  -mechanica l  energy c o s t ,  ho t  water c o s t ,  
and d e t e r g e n t  c o s t  - a s  f u n c t i o n s  o f  wash water temperature  t o  g ive  
cons t an t  c l ean ing  power. 

The p l o t  i s  made up o f  t h e  sum o f  

The f irst  incremental  c o s t  shown i s  t h a t  o f  mechanical energy, 

which i s  t h e  product o f  t h e  power i n p u t  t i m e s  t h e  a g i t a t i o n  t i m e  times 

t h e  u n i t  c o s t  o f  e lec t r ic  power. The c o s t  o f  mechanical i npu t  was so 
i n s e n s i t i v e  t o  a g i t a t i o n  time over t h e  5- t o  13-min range of i n t e r e s t  

and a l s o  was so  small (0.174 t o  0.434) r e l a t i v e  t o  t h e  c o s t  o f  t h e  o t h e r  
two i n p u t s  t h a t  it was simply p l o t t e d  as a s t r a i g h t  l i n e  of  zero s l o p e  

a t  t h e  0 .44  l e v e l .  

The incremental  c o s t  of hot  water was p l o t t e d  above t h e  mechanical 

energy c o s t  l i n e .  Since t h e  ho t  water  c o s t  i s  a l i n e a r  func t ion  of t h e  
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wash water temperature ,  it was p l o t t e d  as a s t r a i g h t  l i n e  o f  s l o p e  

0.2Q/Fo ( 0 . 1 1 ~ / C ~ ) .  To a r r i v e  a t  t h e  h o t  water c o s t  f i g u r e  t h e  fol lowing 

c o n s t a n t s  were used: 4$/kWh 100%-ef f i c i en t  water h e a t i n g ,  cold water  
temperature  o f  55'F (12.8OC), and 20.5 g a l  (77.6 l i t e r s )  wash water f i l l  

i n  t h e  machine. 

The next  incremental  c o s t  item on t h e  graph i s  t h a t  of t h e  de t e rgen t  
Since t h i s  i tem i s  independent o f  wash water temperature ,  i t  i s  p l o t t e d  

as a s e r i e s  of l i n e s  p a r a l l e l  t o  t h e  ho t  water incremental  c o s t  l i n e .  

The de te rgen t  used was Tide,  t h e  most popular  brand of d e t e r g e n t  i n  t h e  

United S t a t e s .  One cup (0 .24  l i t e r )  of Tide weighs 77 g and g ives  a 

concen t r a t ion  o f  0 . 1  w t  % when d i s so lved  i n  20.5 g a l  (77.6 l i t e r )  of 
water .  A c o s t  f o r  Tide o f  8.75Q/cup (72Q/ l i t e r )  was used, based on 

e a r l y  1979 p r i c e s .  
The reason f o r  p l o t t i n g  t h e  t h r e e  v a r i a b l e s  on Fig.  7 as descr ibed 

above i s  t h a t  one can o b t a i n  a ve ry  good p e r s p e c t i v e  of t h e  incremental  

c o s t  and a l s o  t h e  e f f e c t i v e n e s s  o f  t h e  t h r e e  v a r i a b l e s  on c l ean ing .  

The d a t a  used t o  p l o t  t h e  cons t an t  c l ean ing  l i n e s  on Fig.  7 were 

p re sen ted  i n  a paper  given by A. J .  Fuchs o f  P r o c t e r  and Gamble.5 

A copy of t h e  e x t r a p o l a t e d  p l o t s  from h i s  paper i s  contained i n  t h e  

Appendix along with t h e  d a t a  der ived from them. 

on t h e  high and low ends of t h e  temperature  s c a l e  of Fig.  7 were from 

e x t r a p o l a t e d  r ead ings ,  t h e  p l o t  may no t  be 100% q u a n t i t a t i v e ,  bu t  t h e  

t r e n d s  shown by it a r e  q u i t e  d i s t i n c t .  

Secause s e v e r a l  p o i n t s  

The d a t a  gathered by P r o c t e r  and Gamble a r e  t h e  r e s u l t  of many 

measurements from similar wash loads c o n s i s t i n g  of 6 l b  ( 2 . 7  kg) o f  

s o i l e d  towels ,  with s t anda rd  s o i l  swatches. 

a l e v e l  of c l ean ing  which i s  accep tab le  t o  t h e  consumer ( l i n e  J i n  
t h e i r  o r i g i n a l  graphs) was p l o t t e d  f o r  cons t an t  mechanical energy inpu t  

with varying water temperatures  and de te rgen t  concen t r a t ions .  This  
r e s u l t e d  i n  a family of curves  of cons t an t  c l ean ing  power and d i f f e r e n t  

parameters of mechanical energy i n p u t .  

To p l o t  t h e  d a t a  on Fig.  7 ,  

The gene ra l  t r e n d  of Fig.  7 i s  such t h a t ,  as t h e  wash water tempera- 

t u r e  i s  lowered, e i t h e r  t h e  d e t e r g e n t  concen t r a t ion  o r  t h e  a g i t a t i o n  

time (mechanical energy i n p u t ) ,  o r  both,  must b e  inc reased  t o  o b t a i n  
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equivalent cleaning power. 

decreases as the wash water temperature is decreased, even though more 

detergent and/or agitation time are added. 

situation is positive, as energy is conserved and the consumer with an 

electric water heater has equally clean clothes while spending less 

money. 

However, the total cost of the wash cycle 

The net result of this 

Figure 7 was plotted using an incremental hot water cost based on a 

4$/kWh lOO%-efficient hot water supply. However, about two-thirds of the 

water heaters in the country are gas-fired and pay a rate equivalent to 

about 1 or 2~/kWh for 100%-efficient water heating. 

Figure 8 shows the effect of cheaper hot water on the total cost of 

the wash cycle. 

Fig. 7, but with the incremental cost of hot water reduced by a factor of 

four, approximating that of a high-efficiency water heater using low-priced 

fuel [i.e., $2.40/106 Btu gas (1.06 x lo9 J) and 80% heater efficiency]. 
Once again it can be seen that lowering the wash water temperature 

It is a plot of the Procter and Gamble data as used in 

can lower the wash cycle cost -up to a point. The mechanical energy 

input must be maximized to realize any savings. 

for long agitation time come to a minimum and are rather insensitive to 

cost in the 85 to 120'F (29 to 49°C) temperature range. 

water temperature below 85°F (29°C) increases the cost of the wash cycle 

as the increase due to the incremental detergent cost is more than the 

savings from the incremental hot water cost. 

The total cost curves 

Lowering the 

The cost of hot water does indeed have a large effect on the cost 

of the wash cycle, but cold water washing is not always the most economical 

method for the consumer to use, even though it conserves the most energy. 

Warm water washing with maximized mechanical energy input and moderate 

detergent concentrations appears to be the best general combination for 

washing clothes. 

As is true in most everything, special situations also arise in the 

laundry process which dictate that established rules for economy not be 

followed. In those instances where illness poses a chance of infection 

in the household, maximum cleanliness (i.e., hot water, maximum agitation, 

and high detergent concentration), should be attained. 

heavily soiled laundry may also require this treatment. 

Diapers and 
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F r a g i l e  garments may r e q u i r e  minimized mechanical energy inpu t  and 

perhaps should be hand-washed i n s t e a d  o f  machine-washed. 

3 .5  The Rinse Cycle 

The purpose of t h e  r i n s e  c y c l e  i s  t o  remove any excess  d e t e r g e n t  

from t h e  wash load.  

P r o c t e r  and Gamble,5 and General E l e c t r i c l o  a l l  ag ree  t h a t  co ld  water 

accomplishes t h i s  t a s k  a s  wel l  a s  w a r m  water .  However, a w a r m  r i n s e  does 

promote b e t t e r  water e x t r a c t i o n  from a wash load than  does cold water and 

a l s o  provides  a "preheated" wash load t o  t h e  d r y e r ,  t he reby  conserving 

d r y e r  energy. 

The r i n s e  cyc le  i s  a d i l u t i o n  p rocess  and Whir lpool ,3  

The average water consumption of a maximum f i l l ,  r e g u l a r  wash c y c l e  

of t h e  l a r g e  and s t anda rd  s i z e  washers t e s t e d  by C o n s u m e r  R e p o r t s  from 

1972-78 was 47.6 ga l  (180.2 l i t e r s ) .  This i s  d iv ided  i n t o  2 2  g a l  

(83.4 l i t e r s )  i n  t h e  wash cyc le  and 25.6 g a l  (96.8 l i t e r s )  i n  t h e  r i n s e  
cyc le .  Assuming w a r m  water i s  an equal mixture of  hot  and cold water ,  

t h e  e x t r a  energy i n  t h e  water f o r  a warm r i n s e  a t  112 'F  (44.4'C) over a 

cold r i n s e  a t  74OF (23.3OC) i s :  

12 .8  g a l  X 8.34 l b / g a l  X 1 Btu/ lb*Fo X (150 -74 )F '  = 8113 Btu (2.38 kWh) . 

According t o  Goodman o f  Whir lpool ,3  f o r  a 14 - lb  (6.4-kg) load of d ry  

c l o t h e s  ( c o t t o n ) ,  a w a r m  r i n s e  l eaves  0.89 x 14  = 12.46 l b  (5.7 kg) o f  
water i n  t h e  c l o t h e s  a f t e r  t h e  e x t r a c t i o n  c y c l e ,  while a co ld  r i n s e  

l eaves  0.955 X 14 = 13.37 l b  (6 .1  kg) of water i n  t h e  c l o t h e s  a f t e r  
t h e  e x t r a c t i o n  c y c l e .  The d i f f e r e n c e  i n  water e x t r a c t i o n  i s  0.91 l b  

(0.4 kg) of  water. 

The least  e f f i c i e n t  e l e c t r i c  d r y e r  from C o n s u m e r  Research t e s t s , '  

r epo r t ed  i n  J u l y  1975, used 2008 Btu (0.59 kWh) t o  evaporate  1 l b  

(0.45 kg) o f  water from a 12-lb (5.45-kg) wash load.  The energy saved 

i n  t h e  e x t r a c t i o n  of  0.91 l b  (0.4 kg) o f  water  i s  0.91 x 0.59 = 1827 Btu 

(0.54 kWh). 



31 

The energy used by the dryer to warm the wash load from 74OF 

(23°C) to 112'F (44°C) is approximately: 

14 lb dry clothes x 0.5 Btu/lb*Fo (112 - 74)F0 + 13.37 lb H20 x 1 Btu/lb*Fo (112 - 74)F0 
0.50 dryer efficiency 

- + = 1548 Btu (0.45 kWh) . 0.50 

However, 8113 Btu (2.38 kWh) were added to the washer to save the above 

1827 and 1548 Btu (0.54 and 0.45 kWh). The total net loss by using the 

warm water rinse is: 

8113 - 1827 - 1548 = 4738 Btu (1.39 kWh) , 

The above simple calculations show that a cold water rinse is more 

energy-efficient than a warm water rinse, even when a dryer is used in 

conjunction with a washer, taking full advantage of starting the 

drying cycle with warm clothes. 

The Appendix contains a calculation which shows that on a national 

basis, 11.1% of the total primary energy presently used in the residential 

laundry process may be saved by the elimination of the warm rinse option. 

3.6 The Extraction Process 

All automatic washers provide an extraction cycle in addition to 

washing and rinsing cycles. The purpose of the extraction cycle is to 

remove some of the water remaining in the wash load following the rinse 

cycle. The extraction process is a nonthermal process in that only 

mechanical energy and no external source of heat is used to remove the 

water. 

The water associated with the "wet laundry" after the rinse cycle 

may be divided into three categories. The first category includes 

loosely held surface water and that contained in the "mesh1' formed in 

woven fabrics. 

capillary action between the strands of a twisted-fiber thread. 

third category includes water held by capillary action in the pores of 

the fiber itself. 

The second category includes the water held primarily by 

The 
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The s u r f a c e  water i s  e a s i l y  removed from t h e  wash load and would 

almost a l l  d r a i n  o f f  i f  given t h e  oppor tun i ty .  The water i n  t h e  second 

category,  t h a t  between t h e  s t r a n d s  of a t w i s t e d - f i b e r  t h read ,  i s  ha rde r  

t o  remove and i s  t h e  water which i s  p r i m a r i l y  removed i n  t h e  e x t r a c t i o n  

c y c l e .  

removed the rma l ly  i n  a d r y e r .  

The water contained wi th in  t h e  po res  of t h e  f i b e r  i s  u s u a l l y  

The most common e x t r a c t i o n  p rocess  i s  a c e n t r i f u g i n g  o p e r a t i o n  i n  

which c e n t r i f u g a l  f o r c e s  exceed c a p i l l a r y  f o r c e s ,  with dynamic equ i l ib r ium 
occur r ing  when t h e  app l i ed  c e n t r i f u g a l  f o r c e s  equal  t h e  f a b r i c  c a p i l l a r y  

f o r c e s .  

The f a c t o r s  a f f e c t i n g  water e x t r a c t i o n  inc lude  t h e  s p i n  speed, 

basket  diameter ,  t h i c k n e s s  of t h e  f a b r i c  l a y e r  on t h e  baske t ,  p h y s i c a l  
p r o p e r t i e s  of t h e  f a b r i c ,  temperature  o f  t h e  water ,  and t h e  s u r f a c e  

t e n s i o n  of t h e  water .  
The s p i n  speed of t h e  basket  i s  a dominant f a c t o r ,  however. 

convent ional  t o p  loader  machines made i n  t h e  United S t a t e s  s p i n  a t  about 
600 rpm,I6 b u t  t h e r e  i s  a range o f  speeds from 500 t o  1000 rpm. 

speed o f  600 rpm w i l l  r e s u l t  i n  water r e t e n t i o n  i n  a c o t t o n  f a b r i c  equal  

t o  t h e  weight o f  t h e  f a b r i c  i t s e l f .  With no e x t r a c t i o n  cyc le ,  t h e  water  

r e t a i n e d  i n  t h e  c o t t o n  f a b r i c  would weigh t h r e e  t o  f o u r  t imes t h e  weight 

of t h e  f a b r i c .  

reduced .to about 65% of t h e  f a b r i c  weight.  For an a l l - s y n t h e t i c  f a b r i c  
t h e  water r e t e n t i o n  i s  l e s s  t han  25% of t h e  f a b r i c  weight.  

Most 

A s p i n  

For a c o t t o n - p o l y e s t e r  f a b r i c ,  t h e  water  r e t e n t i o n  i s  

Inc reas ing  t h e  s p i n  speed i n  t h e  e x t r a c t i o n  cyc le  could indeed 
reduce t h e  water  r e t e n t i o n  of most f a b r i c s  s i g n i f i c a n t l y ,  b u t  t h e  c o s t  
of t h e  washing machine would i n c r e a s e  and wr ink le s  would form i n  many 
"no-iron" f a b r i c s .  

The development of an a d d i t i v e  f o r  u s e  i n  t h e  e x t r a c t i o n  cyc le  t o  

dec rease  t h e  c a p i l l a r y  f o r c e s  between t h e  water and f a b r i c  p r e s e n t s  a 

good oppor tun i ty  t o  i n c r e a s e  water e x t r a c t i o n  i n  convent ional  machines 

without  causing wrinkles  i n  t h e  f a b r i c .  Also, changes i n  b a s k e t  geometry 
may provide an oppor tun i ty  f o r  i nc reased  water e x t r a c t i o n  a t  convent ional  

s p i n  speeds.  
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4 .  THE CLOTHES DRYER 

4.1 Energy Consumption 

The p rocess  o f  d ry ing  laundry,  u n l i k e  t h e  process  o f  c l e a n i n g  i t ,  

Most of t h e  moisture  remaining i n  t h e  i s  an i n h e r e n t l y  simple p rocess .  

laundry as it emerges from t h e  washer i s  removed thermally.  I f  t h e  

laundry i s  l i n e - d r i e d ,  g r a v i t a t i o n a l  f o r c e s  may overcome c a p i l l a r y  

f o r c e s  and cause some l i q u i d  water t o  d r i p  o f f  t h e  laundry, bu t  t h e  

p rocess  i s  a l l  thermal i n  an automatic  d r y e r .  Figure 9 d e p i c t s  a 

t y p i c a l  d r y e r  and i t s  main component p a r t s .  

The t h e o r e t i c a l  minimum amount o f  energy needed t o  remove t h e  

e n t r a i n e d  water i s  equal t o  t h e  l a t e n t  h e a t  o f  vapor i za t ion  o f  water, 
o r  about 1060 Btu/lb (0.68 kWh/kg) o f  water a t  60°F (15"C), p l u s  some 

s e n s i b l e  h e a t  t o  ra i se  t h e  water t o  room temperature  [lo-20 Btu/ lb  

(0.001-0.003 kWh/kg) ] . 
In  a c t u a l  usage most d r y e r s  u se  from 1400 t o  2500 Btu/ lb  (0.9 t o  

1 . 6  kWh/kg) t o  remove water from laundry, with e l e c t r i c  d r y e r s  u s i n g  

about 10% l e s s  energy than gas d r y e r s  f o r  similar loads .  
Table 6 c o n t a i n s  t h e  r e s u l t s  o f  t e s t s  o f  e lec t r ic  d r y e r s  conducted 

by Consumer Research magazine and publ ished i n  t h e i r  J u l y  1975 i s s u e .  l 5  

The i n p u t s  i n t o  a c l o t h e s  d r y e r  a r e  t h e  mechanical energy which 

tumbles t h e  laundry and a l s o  induces a i r f l o w  through t h e  tumbling laundry, 

and t h e  thermal energy which h e a t s  up t h e  a i r  going through t h e  d rye r .  

T y p i c a l l y  about 90% o f  t h e  energy i n t o  t h e  d r y e r  i s  thermal and t h e  

remaining 10% i s  mechanical. 
The amount o f  a i r  flowing through a t y p i c a l  l a r g e  c a p a c i t y  e l e c t r i c  

d rye r  w i l l  average about 120 cfm (3397 l i t e r s / m i n )  and w i l l  be heated t o  

about 200°F (93.3OC) by a 5-kW h e a t i n g  element. 

d r y e r  may range from 4 t o  8 f t 3  (113.2 t o  226.4 l i t e r s )  and w i l l  r o t a t e  

a t  about 50 rpm. Most gas d r y e r s  have s l i g h t l y  h ighe r  h e a t  i n p u t s  t han  

e l e c t r i c  d r y e r s  (20,000 Btu/h ve r sus  17,065 Btu/h, o r  5.86 kWh ve r sus  

5 kWh). 

The drum volume o f  a 

T e s t s  conducted a t  NBS have e s t ima ted  t h a t  t h e  average e lec t r ic  
Ninety-one pe rcen t  o f  t h e  d r y e r  consumes 2.65 kWh p e r  "s tandard load." 
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Fig. 9. Typical clothes dryer construction schematic. 



Table 6.  Performance summary o f  e l e c t r i c  d rye r s15  

Energy e f f i c i e n c y  index ( l b  H 2 0  removed p e r  kWh) 
Drum vO1* 6 - lb  loada 6 - l b  loada 12 - lb  loada 12- lb  loada 18- lb  loada 18 - lb  loada 
[ f t3  (a l l  timed a u t o  timed a u t o  timed a u t o  

Dryer 

GROUP 1 - STANDARD CAPACITY DRUM 

A 
c 
E 
F 
G 
I 
K 
L 

5 .3  (150) 
4.6 (130.2) 
5 .0  (141.5) 
5.3 (150) 
4 .9  (138.7) 
5 .1  (144.3) 
5.4 (152.8) 
5.9 (167) 

1 .7  
1 .9 
1.8 
1.9 

1.7 
1 . 9  
1.7 

- 

1.3 
1 .8  

1 .6  
1.7 
1 .8  
1 .9  
1 .9  

2.0 
2.0 
2.0 
2 . 2  

2 .0  
2.0 
1 .9  

- 

1.7  
2 . 1  

2 . 1  
2 . 1  
2 . 1  
2.0 
1 .9  

- 

1 . 8  1 .8  
2.0 2 . 1  
1 .9  
2 .0  1 .9  
- 2.0 

2 .0  1 .8  
1 . 9  
1 . 8  1.3 

- 

- 

GROUP 2 - LARGE CAPACITY DRUM 

1.8 1 .7  2 . 1  2.0 1 .9  2.0 
D 7 .3  (206.6) 1.9 1 .7  2 . 2  2.0 2 . 1  2 .2  
H 7.5 (212.3) 1 .8  1 .8  2 . 2  2.0 2 . 1  2 . 2  

7.9 (223.6) 1 .8  1 .7  2 . 1  2 . 1  2 . 1  2 . 2  

Average 7.4 (209.4) 1 .8  1 .7  2 . 2  2.0 2 . 1  2 . 2  

B 7.0 (198.1) 

J 
Average 5.2 (147.2) 1 .8  1 .7  2.0 2.0 1 .9  1 .8  
Group 1 

Group 2 

a Dry weight .  
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t o t a l ,  o r  8430 Btu (2.57 kWh), i s  used t o  h e a t  t h e  drying a i r  and t h e  

remaining 9%, o r  0.18 kWh, i s  used t o  power t h e  blower, c o n t r o l s ,  and t o  

turrble t h e  load.  The average gas d r y e r  u ses  10,200 Btu (10.8 m i l l i o n  J) 

t o  d ry  t h e  same "standard load" and a l s o  r e q u i r e s  0.21 kWh o f  e l e c t r i c i t y  

t o  power t h e  blower, c o n t r o l s ,  and t o  tumble t h e  load.  Standing p i l o t s  

u se  about 350 Btu/h (3.7 x l o 5  J / h )  o f  gas (3  mcf p e r  y e a r ) . 1 7  

about 40% of t h e  t o t a l  gas d r y e r  usage. Standing p i l o t s  should be removed 

from a l l  gas d r y e r s  and r ep laced  with i n t e r m i t t e n t  i g n i t i o n  dev ices .  

This  i s  

DOE t e s t  procedures s p e c i f y  maximum h e a t  i n p u t ,  even though most 

d r y e r s  u s u a l l y  come with t h r e e  o r  more temperature  s e t t i n g s  -no rma l ,  

low, and a i r  only.  Use o f  t h e  low s e t t i n g  w i l l  cause a r e d u c t i o n  i n  

energy consumption, bu t  w i l l  i n c r e a s e  t h e  d ry ing  time. 
The DOE t e s t  procedure f o r  c l o t h e s  d r y e r s  i s  s p e c i f i e d  i n  AHAM 

s t anda rds  HLD-1 and HLD-2EC-1975. The t e s t  c o n s i s t s  o f  dampening a 7- lb  

(3.2-kg) s t anda rd  "bone dry" load o f  t e s t  c l o t h e s  (50% c o t t o n ,  50% polyes-  

t e r )  u n t i l  t h e  moisture  con ten t  i s  65% o f  t h e  "bone dry" weight.  

t e s t  d rye r  i s  l o c a t e d  i n  a t e s t  room maintained a t  75 +3'F (23.9 k1.7OC) 

and 50 110% r e l a t i v e  humidity.  

con ten t  i s  5% f-0.5 oz (14.2 g) o f  t h e  "bone dry" weight.  

The 

The load  i s  d r i e d  u n t i l  t h e  moisture  

The energy consumed by e l e c t r i c  d r y e r s  i s  t h e  average kWh measured 

i n  f i v e  tes ts .  
consumption from f i v e  t e s t s ,  i nc lud ing  t h e  e lec t r ic  energy i n p u t .  The 
consumption f o r  gas d r y e r s  with s t and ing  p i l o t s  a l s o  inc ludes  t h e  gas 

used i n  24 hours by t h e  p i l o t .  

The energy consumed f o r  gas d r y e r s  i s  t h e  average gas 

The average monthly energy consumption i s  c a l c u l a t e d  by mul t ip ly ing  

t h e  average consumption p e r  c y c l e  by 34 c y c l e s  p e r  month. 
with p i l o t s  are a l s o  a s ses sed  f o r  t h e  30-day consumption o f  p i l o t  gas .  

Gas d r y e r s  

The va lues  o f  2.65 kWh/load f o r  e l e c t r i c  d r y e r s  and 10,200 Btu/load 

p l u s  0.21 kWh/load f o r  gas d r y e r s  a r e  a c t u a l l y  20% h ighe r  than  t h o s e  

measured by NBS. The a d d i t i o n a l  20% was added t o  t h e  NBS l a b o r a t o r y  
measured va lue  t o  approximate r e s u l t s  i n  a c t u a l  home d r y e r  usage. 

V a r i a t i o n s  i n  t h e  s e t t i n g s  of t h e  t e rmina t ion  c o n t r o l s  and a c t u a l  equip- 

ment performance account f o r  t h e  i n c r e a s e .  

Table 6 shows a gene ra l  t r e n d  toward i n c r e a s i n g  d r y e r  e f f i c i e n c y  as 
t h e  s i z e  of t h e  load i s  inc reased  from 6 t o  1 2  l b  (2.7 t o  5.5 kg ) .  
There i s  a f u r t h e r  s l i g h t  i n c r e a s e  i n  e f f i c i e n c y  f o r  t h o s e  d r y e r s  w i th  

l a r g e  c a p a c i t y  drums (group 2 )  as t h e  load i s  f u r t h e r  i nc reased  t o  18 l b  
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(8.2 kg), while those dryers with standard capacity drums (group 1) show 

a slight decrease in efficiency for the larger loads. It is interesting 

to note that Procter and Gamble surveys4 have found the average dryer 

load to weigh 5.4 lb (2.5 kg) when dry. Also, the NBS standard 

test for dryers specifies a 7-lb (3.2-kg) "bone-dry" dryer load. These 

data suggest that improvements in dryer geometry or a modulated heat 

input, i.e, less power input for lighter dryer loads, could provide an 

energy savings potential. 

The dryer is designed so that it will match the washing machine in 

the time each takes to complete its cycle in order to minimize waiting 

time. Most of the dryers listed in Table 6 will evaporate water at a 

rate of 9 to 10 lb/h (4 to 4.5 kg/h) with a 5- lb  (2.3-kg) dry-weight 

load which results in about a 40-min drying cycle including the cool- 

down period. 
The rate of  evaporation of the water in the drying cycle is fairly 

constant over the middle 70% of the cycle, with the rates at the beginning 

and the end of the cycle somewhat lower and more erratic. 

4.2 Cycle Termination Controls 

Three types of control systems are used to terminate the drying 

cycle - a manually set timer, an exhaust-temperature-actuated device, 
and a moisture-sensing (conductivity) device. 

The manually set timer is the least expensive of the controls and 

is set to the time which the user thinks will dry the load. 

timers used on dryers have a considerable amount of backlash in their 

mechanism and hence are difficult to set precisely. 

Many of the 

Temperature-actuated controls cost the consumer about $20 more than 

the manual timer. 

control also contain a manual timer in addition to the automatic control. 

The temperature-actuated control initiates a timed shutdown when the 

exhaust temperature of the dryer attains a preset value. The time 

period of the shutdown is set by the user on the control dial when 

selecting the desired degree of dryness. 

However, most dryers with either type of automatic 

The dryer heaters may cycle on 



38 

and off during the shutdown period depending on whether the temperature 

is above or below the preset value. 

The moisture-sensing control is the most expensive type of control, 

costing the consumer about $50 more than the manual timer. 

the conductivity of the fabrics down to the 30% moisture level,18 at 

which point a user-adjustable timer completes the drying cycle in the 

same manner as in the temperature-actuated control. 

It measures 

One would expect that the two automatic-termination control systems 

should conserve energy over the manually set timer. However, the 

Consumer's Research15 data from Table 6 as well as testing done by Consumer's 

Uni~n~',~' show that automatic-termination controls do not always save 

more energy than manually set timers. 

small loads are dried in standard or large capacity dryers, the automatic 

controls tend to overdry the load. As the size of the load increases 

relative to the drier drum size, the automatic controls will become the 

For those situations when relatively 

more energy-conserving device. 

The temperature-actuated termination control is more sensitive to 

load size and also less energy efficient than the moisture-sensing 

control. 

ture-actuated termination controls can save from 0 to 10% over a manual 

timer, while moisture-sensing systems can save from 10 to 15% over a 

manual timer. 

Results of recent field testing by AHAM2' showed that tempera- 

NBS tests1* also confirm these findings. 

If a dryer load contains mixed fabrics such as heavy cotton towels 

and light synthetic shirts, the synthetics will dry before the cottons 

and drying efficiency will be reduced. Also, many automatic moisture- 

sensing devices may be fooled into either underdrying or overdrying the 

fabrics by such a load. 

4 . 3  Effect of Dryers on House Heating and Cooling System 

A study conducted by the Pacific Gas and Electric Company22 showed 

that dryers operated in unheated areas of a house consumed 38% more 

energy in the winter than dryers operated in heated areas of the house. 

Also, the energy consumption for dryers located in conditioned spaces in 

a house increased about 15% from summer to winter. Presumably this 
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occurred because t h e  space was held a t  a lower temperature  during t h e  
hea t ing  season. 

The P a c i f i c  Gas and E l e c t r i c  Company s tudy  sugges t s  t h a t  a c l o t h e s  

d r y e r  be loca ted  i n  a heated a r e a  of a house i n  t h e  win te r  t o  save 

energy. However, t h e  c e n t r a l  h e a t i n g  system of t h e  house must make up 

an amount o f  energy equal t o  t h a t  needed t o  hea t  any inc reased  i n f i l t r a -  

t i o n  a i r  ( t h a t  a i r  above t h e  i n f i l t r a t i o n  a i r  without t h e  d r y e r  ope ra t ing )  
from ambient t o  room temperature .  

Most people have assumed t h a t  t h e  i n f i l t r a t i o n  r a t e  of a dwell ing 
with an ope ra t ing  outside-veI;ted d r y e r  i s  equal t o  t h e  i n f i l t r a t i o n  r a t e  

with t h e  d r y e r  o f f  p l u s  t h e  vent  r a t e  o f  t h e  d r y e r .  T e s t s  conducted by 

t h e  au tho r23  a t  ORNL have shown t h i s  assumption t o  be i n  e r r o r ,  a s  t h e  

measured i n f i l t r a t i o n  r a t e  o f  a t e s t  dwell ing with an o p e r a t i n g  o u t s i d e -  

vented d r y e r  u s u a l l y  inc reased  by about 25 cfm (0.9 m 3 / s )  o r  l e s s  during 

t y p i c a l  Tennessee win te r  weather.  The ven t  r a t e  of t h e  d r y e r  used i n  

t h i s  work was 120 cfm (4.3 m3/s),  while  t h e  usual i n f i l t r a t i o n  r a t e  o f  

t h e  house without an o p e r a t i n g  d rye r  was 190 cfm (6.8 m3/s) .  
A simple c a l c u l a t i o n  (see Appendix) w i l l  show t h a t  o p e r a t i n g  a 

d r y e r  i n  a heated [70°F (21"C)I p o r t i o n  of a dwell ing w i l l  save about 

6% over ope ra t ing  t h e  d r y e r  i n  an unheated [55"F (12.8"C)I p o r t i o n  of 

t h e  dwell ing even when t h e  p e n a l t y  on t h e  house hea t ing  system i s  added 

f o r  t h e  d r y e r  i n  t h e  heated space.  

4.4 Dryer Exhaust U t i l i z a t i o n  

Another a r e a  o f f e r i n g  obvious p o t e n t i a l  f o r  energy conse rva t ion  i s  

t h e  exhaust hea t  o f  t h e  d r y e r .  For most o f  t h e  drying cyc le  t h e  exhaust 

has  a temperature  of about 110°F (43°C) with a dew po in t  i n  t h e  range o f  

90°F (32°C). 

add both h e a t  and moisture  t o  a dwell ing as well  as t h a t  l i n t  which i s  

no t  caught (about 50%) by t h e  l i n t  f i l t e r  o f  t h e  d r y e r .  Assuming t h e  

l i n t  could be removed by t h e  a d d i t i o n  of a proper  f i l t e r  (a nylon mesh 

s tock ing  i s  both e f f e c t i v e  and o f t e n  used ) ,  t h e  moisture  i n  t h e  exhaust 

must be well d i s t r i b u t e d  o r  l o c a l  condensation with ensuing mildew could 

Venting t h e  d r y e r  indoors  du r ing  t h e  hea t ing  season could 
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wel l  be a problem. 
such as carbon monoxide and oxides  of n i t r o g e n  i n  t h e i r  exhaust ,  s o  they  

should no t  be vented i n s i d e .  

Gas-f i red d r y e r s  a l s o  may con ta in  harmful emissions 

Simple tee-shaped devices  with manually a d j u s t a b l e  b a f f l e s  and 

s tocking-type f i l t e r s  are a v a i l a b l e  which d i v e r t  p a r t  of t h e  exhaust 

indoors  and vent  t h e  remainder o u t s i d e .  These devices  can minimize 
condensation problems. However, t h e  most convenient way t o  u t i l i z e  t h e  

exhaust i s  t o  use i t  t o  p rehea t  t h e  i n l e t  a i r  t o  t h e  d r y e r .  
Some work along t h e s e  l i n e s  has  been i n v e s t i g a t e d  by NBS.24 In  

t h i s  NBS work, a concen t r i c  p i p e  h e a t  exchanger made from 4-  and 6- in .  

(10- and 15-cm) "stovepipe" i s  used t o  p r e h e a t  outdoor ambient a i r  w i th  

t h e  d r y e r  exhaust .  
Locating a d r y e r  i n  t h e  heated p o r t i o n  o f  a house and ven t ing  i t  t o  

t h e  o u t s i d e  can save about 6% of t h e  d r y e r  energy, and it seems t h a t  i f  

t h e  d r y e r  exhaust can be used t o  p rehea t  indoor house a i r  as it e n t e r s  
t h e  d r y e r ,  f u r t h e r  savings may be r e a l i z e d .  For example, i f  t h e  i n l e t  a i r  

must be heated from 70°F (21°C) t o  200°F (93"C), an 8 F" (4.4 C")  p r ehea t  
of t h e  i n l e t  a i r  would reduce t h e  energy consumption o f  t h e  d r y e r  an 

a d d i t i o n a l  5%. 

The i n l e t  a i r  can be heated approximately 0 . 8  F" (0 .5  C") f o r  each 
foo t  of 4 - i n .  (lo-cm) tub ing  used. Locating t h e  hea t  exchanger i n  t h e  

base of t h e  d r y e r  makes such a dev ice  p r a c t i c a l  f o r  both new and r e t r o f i t  

a p p l i c a t i o n s .  

d r y e r  i f  t h e  h e a t  exchanger i s  i n t e g r a l  t o  t h e  d r y e r .  
could f i t  under p r e s e n t  d r y e r s .  

I t  may be necessa ry  t o  ra i se  t h e  o v e r a l l  he igh t  of t h e  
A r e t r o f i t  u n i t  

A sample c a l c u l a t i o n  i n  t h e  Appendix shows t h a t  t h e  exhaust gas 

l eav ing  a p r e h e a t e r  would be about 1 2  F"  (6 .7  C")  above i t s  dew p o i n t ,  
so  hea t  exchanger s u r f a c e  f o u l i n g  from condensation should no t  occur .  

Such a dev ice  could save 65 kWh p e r  yea r  on t h e  average (about 

$2.60/year a t  $0.04/kWh). A simple a n a l y s i s  shows t h a t  t h e  consumer can 

a f fo rd  t o  spend $29.58 f o r  t h e  h e a t  exchanger and break even assuming he 

could g e t  a r e a l  d i scoun t  ra te  o f  4% on h i s  money ove r  t h e  13-year l i f e  

of t h e  d r y e r  and t h a t  e l e c t r i c i t y  p r i c e s  r i se  2% above i n f l a t i o n ,  
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5. ALTERNATE METHODS OF CLEANING AND D R Y I N G  

Several  a l t e r n a t i v e  techniques are a v a i l a b l e  t o  wash and d ry  c l o t h e s  

which d i f f e r  from t h o s e  methods employed by c u r r e n t  laundry equipment. 

Some o f  t h e s e  techniques o f f e r  p o t e n t i a l  energy savings and w i l l  be 
b r i e f l y  d i scussed  i n  t h i s  s e c t i o n  along with t h e  problems i n h e r e n t  t o  

t h e i r  widespread use  i n  t h e  laundry i n d u s t r y .  

Spray o r  j e t  washing can be e f f e c t i v e  provided t h e  f a b r i c  i s  p re sen ted  

t o  t h e  sp ray  i n  a s t r e t c h e d - o u t  p o s i t i o n  and n o t  fo lded  up. 

r e q u i r e s  high p r e s s u r e  t o  o b t a i n  e f f e c t i v e  sp ray  p a t t e r n s .  

This  approach 

U l t r a s o n i c  washing i s  n o t  ve ry  good f o r  u se  on nonr ig id  media l i k e  

laundry. U l t r a s o n i c  gene ra t ion  equipment i s  a l s o  expensive i n  t h e  s i z e  

r e q u i r e d  f o r  handl ing laundry. 

The use  of a f l u i d  o t h e r  than water t o  c l ean  c l o t h e s ,  as i n  dry 

c l ean ing ,  could work well ,  b u t  r e g e n e r a t i n g  t h e  f l u i d  i s  expensive and 

would r e q u i r e  a high i n i t i a l  equipment investment.  This  method a l s o  has 

p o t e n t i a l  h e a l t h  and s a f e t y  hazards  depending on t h e  f l u i d  used.  

Squeeze e x t r a c t i o n  works well, bu t  i s  l i k e l y  t o  leave wrinkles  i n  

easy-care  f a b r i c s .  

C a p i l l a r y  e x t r a c t i o n  methods may a l s o  work well, b u t  i n c o r p o r a t i n g  

an e f f e c t i v e ,  du rab le  c a p i l l a r y  medium i n t o  a washing machine poses  

problems. 

Vacuum drying sounds a t t r a c t i v e ,  b u t  i t s  c o s t  and e f f e c t i v e n e s s ,  as 

we l l  as equipment maintenance and r e l i a b i l i t y ,  are unknowns. 
Microwave drying r e q u i r e s  expensive equipment and w i l l  no t  work i n  

t h e  presence o f  metal  z ippe r s  and bu t tons ,  e t c .  

A h e a t  pump a i r -hea ted  d r y e r  i s  a p o s s i b i l i t y ,  b u t  t h e  o p e r a t i n g  

temperatures ,  h e a t  exchanger fou l ing ,  and a i r  r e c i r c u l a t i o n  pose s i g n i f i -  

can t  engineer ing and economic problems. 

Combination washer-dryers have been marketed b u t  have never worked 

t o o  we l l  because of t h e i r  complexity. 

f o u r  t imes t h e  volume t o  be p rope r ly  d r i e d  compared t o  t h e  volume t h e  

same load needs t o  be p rope r ly  washed. Innovat ive engineer ing could 

p o s s i b l y  s o l v e  t h e s e  problems, bu t  t h e  advantage t o  t h e  u s e r  i s  no t  

Also, a wash load needs about 
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evident unless convenience is improved, the combined cost is less, or 

space would be conserved. 

The old wringer washer and present day suds saver model washers do 

Also, the save water and energy, but they require a separate wash tub. 

user must wash the cleaner clothes first and the dirtier clothes last. 

Bacterial contamination is also more of a possibility here than with 

machines which use the water only once. 

types comprise a very small part of the market. 

Currently, machines of these 

Although the discussion herein has been very brief, it is believed 

that these innovative concepts are not likely to be economically practical 

approaches. Present-day laundry equipment will not change very much in 

the techniques employed to clean and dry laundry. As stated earlier in 

the Introduction, modern laundry equipment works well, is reliable, and 

is cost effective. 
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6. CONCLUSIONS AND RECOMMENDATIONS 

Since the bulk of the energy consumed by automatic washers is 

contained in the hot water used by the washer, an immediate effort 

should be made to implement measures which will reduce washer hot water 

consumption. 

the most important step in bringing this about as approximately 2 kWh 

per wash load would be saved by changing from a warm rinse to a cold 

rinse. 

the energy consumed per cycle would drop from roughly 7 kWh to 5 kWh. 
For those people using a warm-wash, warm-rinse cycle, energy consumption 

per cycle would drop from 5 kWh to 3 kWh. Other than clothes feeling 

warmer as they are taken from the washer, no benefits are obtained by 
using a warm water instead of a cold water rinse. The elimination of 

the warm rinse has the potential to reduce the primary energy consumption 

of the residential laundry process by 11.1%. 

The elimination of the warm rinse option from washers is 

For those people currently using a hot-wash, warm-rinse cycle, 

It appears that the elimination of the warm water rinse option will 

be accomplished in the near future either by voluntary industry action 

or in response to government regulations. Several machines presently on 

the market do not offer the warm rinse option. 

Reducing the amount of water entering the washer will also conserve 

energy. 

cleaning job. 

effective use of the water level control, many of which are not very 

accurate at the low-level settings anyway. A built-in laundry-weighing 

scale integrated with an accurate water-level control could ensure that 

water conservation is being practiced. 

sold are rated at about 18-lb (8.2-kg) capacity and the average wash 

load is about 6 lb (2.7 kg), a device of this type appears to be a sound 
economic investment for the consumer. 

3.7 x 1013 Btu (3.9 x 1OI6 J) or 2.5% of the primary energy used in the 

residential laundry process is possible. 

Obviously, enough water must be in the machine to do an acceptable 

However, most users of automatic washers do not make 

Since most of the washing machines 

An annual primary energy savings of 

Lower temperature water can also reduce energy consumption in the 

wash cycle. Increased mechanical energy (lengthening the agitation 

time) and increased chemical action (adding more detergent) can replace 
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thermal energy (hot  water)  i n  many laundry s i t u a t i o n s  and produce e q u a l l y  

c l e a n  c l o t h e s  a t  a cheaper c o s t  than ho t  water washing. 
o f  t h e s e  e f f e c t s  made us ing  P r o c t e r  and Gamble d a t a 5  showed, s u r p r i s i n g l y ,  

t h a t  a wash cyc le  us ing  warm water ,  long a g i t a t i o n  times, and r e l a t i v e l y  
high d e t e r g e n t  concen t r a t ions  can be t h e  most economical c y c l e  t o  use .  

I t  can even be cheaper t o  use  than  co ld  water washing, which does no t  

always produce acceptably c l e a n  c l o t h e s .  

An e v a l u a t i o n  

Although t h e  d a t a  used t o  a r r i v e  a t  t h e  above conclusions were from 
tes ts  us ing  Tide as t h e  d e t e r g e n t ,  t h e  u s e  of o t h e r  brands of d e t e r g e n t s  

o r  cold water d e t e r g e n t s  would be expected t o  produce similar r e s u l t s ,  
e s p e c i a l l y  because most washing machines o f f e r  only co ld ,  w a r m ,  and h o t  

as temperature  op t ions .  
A knowledgeable consumer can use  t h e  proper  s e t t i n g  of  an a c c u r a t e  

wa te r - l eve l  c o n t r o l  with warm water ,  more d e t e r g e n t ,  and longer  wash 

times t o  save money. However, a l l  o f  t h e s e  v a r i a b l e s  could be a u t o m a t i c a l l y  
optimized f o r  t h e  u s e r  by a "smart" i n t e g r a t e d  c o n t r o l .  

would need some u s e r  i npu t  - t h e  weight o f  t h e  laundry (suppl ied by an 

i n t e g r a l  s c a l e ) ,  t h e  type  o f  f a b r i c ,  and t h e  degree o f  s o i l  (normal o r  

heavy).  
t h e  c o n t r o l  which would then s e t  t h e  water l e v e l ,  temperature  l e v e l  

(ho t ,  w a r m ,  o r  c o l d ) ,  wash t ime,  and a l s o  t e l l  t h e  u s e r  through a d i g i t a l  

d i s p l a y  how much de te rgen t  t o  add t o  t h e  machine. 

A "smart" i n t e g r a t e d  c o n t r o l  f o r  a washer i s  t e c h n i c a l l y  f e a s i b l e  
An energy- 

Such a c o n t r o l  

Several  push bu t tons  on t h e  washer could supply t h e  d a t a  f o r  

and t h e  p o t e n t i a l  t o  make it economically f e a s i b l e  e x i s t s .  
conserving and d o l l a r - s a v i n g  device would appear t o  be an a t t r a c t i v e  
marketing f e a t u r e .  

The development of advanced c o n t r o l s  f o r  washing machines appears  

t o  make economic sense and o f f e r s  a p o s s i b l e  energy-conserving area 

which might be r e sea rched .  

Another p a r t  of t h e  washing machine cyc le  which has  energy sav ings  

p o t e n t i a l  (only if a d r y e r  i s  used with t h e  washer) i s  t h e  w a t e r - e x t r a c t i o n  

cyc le .  Since it on ly  t a k e s  about 0.5 kWh t o  remove 1 l b  (0.45 kg) o f  
water i n  t h e  d r y e r ,  and t h e  average load t o  a d r y e r  con ta ins  about 5 l b  

( 2 . 3  kg) of water ,  an oppor tun i ty  f o r  savings does indeed e x i s t .  Perhaps 
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the most promising way of increasing the efficiency of the water extraction 

cycle without putting wrinkles in the laundry is through the use of some 

yet to be discovered chemical additive dispensed during the rinse cycle. 

Also, modifications in the washer basket geometry may be able to bring 

about an increase in the extraction efficiency. 

The efficiency of a dryer is highest at its design load and drops 

off as its loading is either above or below this point. The average 

dryer operates at about 55% efficiency. In most cases, however, the 

dryer is operated at about one-third its rated capacity, so most dryers 

do not utilize their built-in efficiency. This statement implies that 

most people purchase a dryer that is too large for their use. 

Although automatic cycle-termination controls have the potential to 

minimize the overdrying of laundry, many have not done this very well in 

the past. 

and precision over a broad range of dryer loadings could provide a gain 

of from 1 to 4% in efficiency for most dryers and thus offer an area of 

possible development. 

cost, 

Quality cycle-termination controls which operate with accuracy 

A major challenge would be to justify their added 

Standing pilots on gas dryers use about 350 Btu/h (370 J/h) and 

should be removed and replaced with intermittent ignition devices. 

Many people assume that the outside venting of a dryer increases 

the infiltration air of a dwelling (and hence the load on the house 

space conditioning system) by an amount equal to the vent rate of the 

dryer. 

necessarily true and that energy can actually be saved in many cases by 

locating an outside-vented dryer in the heated portion of a dwelling 
rather than an unheated portion Based on preliminary observations, 

savings on the order of 5% appear possible. 

Recent tests at ORNL have shown that this assumption is not 

A heat exchanger to preheat house inlet dryer air with the dryer 

exhaust is also a promising method of increasing dryer efficiency with 

at least break-even life-cycle economics. An approximate 5% energy 

savings is possible here, with the use of room inlet air minimizing 

problems with exhaust gas condensation in the heat exchanger. Since 

the economics of such a device appear somewhat favorable, its development 

could be pursued. 
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There i s  no doubt t h a t  a cons ide rab le  amount o f  energy can be saved 

from inc reased  e f f i c i e n c y  i n  t h e  motors used t o  run t h e  washers and 

d r y e r s .  

e f f i c i e n c y  motor can be pa id  o f f  ove r  t h e  l i f e  of t h e  app l i ance ,  b u t  n o t  

much sooner .  
cond i t ions  would save about 10 kWh p e r  app l i ance  p e r  year .  

savings a r e  n o t  economically a t t r a c t i v e  enough t o  c r e a t e  a s t r o n g  market 

demand f o r  h ighe r  e f f i c i e n c y  washer and d r y e r  motors. 

methods o f  improving motor e f f i c i e n c y  i s  needed b e f o r e  any recommendation 

can be made. 

I t  seems t h a t  t h e  i n i t i a l  c o s t  t h e  consumer pays f o r  a h igh  

A 10% i n c r e a s e  i n  motor e f f i c i e n c y  under a l l  o p e r a t i n g  
Such 

Fur the r  s tudy  of 
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Table A - 1  . Washing machine and d r y e r  information6 

Number o f  wired homes i n  t h e  U.S. 

Number o f  washing machines 

Number o f  d r y e r s  
Gas 
E l e c t r i c  

Ratio o f  e l e c t r i c  t o  gas d r y e r s  

Percent o f  wired homes with washers 

Percent of  wired homes with d r y e r s  
E l e c t r i c  
Gas 

Rat io  o f  homes with d r y e r s  t o  homes with washers 

Number of  water h e a t e r s  
Gas 
E l e c t r i c  

Ratio o f  e l e c t r i c  t o  gas water h e a t e r s  

79,889,000 
55,619,000 

44,991,000 
13,534,483 
31,456,517 

2.32 

73.3 

59 .3  
41.5 
17.8 

0.81 

68,831,323 
43,939,731 
24,891,592 

0.57 

Table A - 2 .  Washing machine and d r y e r  motor power consumption 

Washer Dryer Total  

Unit  motor consumptiona 0.22 0.18 

Number of l o a d s / u n i t / y e a r  408 408 
(kWh/ load)  

kWh/year/unit 89.76 73.44 

Number o f  u n i t s  55,619,000 44,991,000 100,610,000 

To ta l  kWh/year consumptiona 4.99 X l o 9  3.30 X l o 9  8 -29  l o 9  
Primary Btu/year b 57.6 x 1012 38.1 x 1 0 l 2  95.7 x 1OI2  

Primary J / y e a r  b 60.8 x 40.2 x 1015 10.1 x 1 0 l 6  

a Consumption a t  p o i n t  of  u se .  

bIncludes 29.7% e l e c t r i c  gene ra t ion  and t r ansmiss ion  e f f i c i e n c y .  



Table A-3.  Estimate of washing machine and dryer energy consumption, 1978 

T o t a l  Dryer  

Electric Gasa T o t a l  
Washer 

b Unit  power consumption (kWh/load) 

Number o f  l o a d s / u n i t / y e a r  

kWh/year/unit  

Number of u n i t s  
b T o t a l  kWh/year 

T o t a l  motor kWh/year 

T o t a l  wa te r  h e a t i n g  (kWh/year) 

T o t a l  r l c c t r i c  wntcr h c a t i n g  (kNh/year) 

T o t a l  g a s  water h e a t i n g  (kWh/year) 

T o t a l  pr imary e l ec t r i c  water h e a t i n g  (kWh/year)bJC 

T o t a l  pr imary e lec t r ic  water h e a t i n g  (kWh/year)''d 

T o t a l  p r imary  gas  water h e a t i n g  (kWh/year) 

T o t a l  p r imary  water h e a t i n g  (kWh/year)bJ' 

T o t a l  p r imary  water h e a t i n g  (kWh/year)''d 

T o t a l  a i r  h e a t i n g  (kh'h/year) 

T o t a l  pr imary a i r  h e a t i n g  (kWh/year)bJ' 

T o t a l  p r imary  motor (kWh/year)bJC 

T o t a l  p r imary  consumption (klVh/year)bJCJd 

T o t a l  pr imary consumption (Btu/year)b'' 

T o t a l  pr imary consumption (Btu/year)b'  " 
T o t a l  p r imary  consumption (J /year)bJ '  

T o t a l  p r imary  consumption (J /year)b '  " 

b 
b 

b 

b 

d 

b 

T o t a l  pr imary consumption (kWh/year) b, c 

5.06 2.65 

4 08 4 08 

2064 1081 

55 .6  x lo6  31.5 X lo6  

114.8 x l o 9  34.0 x 109 

4 . 9 9  x 109 2.31 X IO9 
109.8 x 109 

39.7 x 109 

70.1 x 109 

133.7 x l o 9  

161.0 x l o 9  

140.2 x l o 9  

203.8 x l o 9  
301.2 x l o 9  

3 7 x  09 

7.78 x 109 

106.7 x l o 9  
16 .80  x 109 

220.6 x 109 114 .5  X l o 9  

318.0 X l o 9  114 .5  x l o 9  

0.752 X lo1'  0 .391 X 1015 

1.085 X 1015 0.391 X 1015 
0 .793  x 1 0 l 8  0.413 x 1018 

1.145 X 1 0 l 8  0.413 X 1 0 l 8  

3.17 2.81 

4 08 408 

1293 1146 

13.5 x l o 6  45 .0  x l o 6  
17 .6  x 109 51.6 x 109 

0 . w  x 109 3 .30  x 109 

1 . 6  x l o 9  8 . 3  x 

16.6 x 109 123.7 x 

3.33 x 109 11.11 x 

19 .9  x 109 134.4 x 

19.9 x 109 134.4 x 

0.068 X 1015 0.459 x 

0.068 X 1015 0.459 X 

09 

109 

i o 9  
i o 9  
109 

1015 

1015 
0.071 x 1018 0.484 x 1018 

0.071 X 1 0 l 8  0.484 X lo1* 

100.6 x l o 6  

166.4 X l o 9  

8 .29  x l o 9  

109.8 X l o 9  
3 9 . 7  x 109 

70.1 x 109 

133.7 X l o 9  

161.0 X l o 9  
cn 
P 140.2 x 109 

203.8 x lo9 

301.2 X l o 9  
48.3 x 109 

123.7 X l o 9  
27.91 X l o 9  

355.0 X l o 9  
452.4 X l o 9  

1 . 2 1 1  x 1015 

1.544 X 1015 
1.278 x 1 0 l 8  

1.629 X lo1' 
a 

bPo in t  o f  u s e .  

' Includes 29.7% e l e c t r i c  g e n e r a t i o n  and t r a n s m i s s i o n ;  gas  t r a n s m i s s i o n  and d i s t r i b u t i o n  l o s s e s  t a k e n  t o  b e  ze ro .  

d Inc ludes  water h e a t e r  e f f i c i e n c y  (83% e l e c t r i c ,  SO% g a s ) .  

Does n o t  i n c l u d e  s t a n d i n g  p i l o t ;  i n l e t  gas  h e a t i n g  v a l u e  conve r t ed  t o  kWh. 

One hundred p e r c e n t  e f f i c i en t  wa te r  h e a t i n g ;  o t h e r  u s e s  based on measured v a l u e s .  
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Fig. A - 1 .  Wash temperature  vs  wash t ime f o r  cons t an t  c l ean ing  
(only l i n e  J of Ref. 5 d a t a  i s  p l o t t e d ) .  
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Table  A-4. Derived d a t a  from P r o c t e r  and Gamble p l o t s Y 5  
d a t a  used f o r  F ig .  7 

Detergent  volume 

(0.24 R)  (0.35 R )  (0.47 E) 
1 cup 1 1 / 2  cups 2 cups 

5-MIN AGITATION 

181.6 (83.1) 142 (61.1) 118 (47.8) Temperature, O F  ("C) 

c o s t  
Mechanical 
Water 
Detergent  

TOTAL 

0.174 
12.6 
17.5 
30.274 

0.174 0.174 
25.3 17.4 
8.75 13.13 

34.224 30.704 

7-MIN AGITATION 

162.4 (72.4) 108.4 (42.4) 85.6 (29.8) Temperature, O F  ("C) 

c o s t  
Mec hani  ca 1 
Water 
Detergent  

TOTAL 

0.234 
10.68 
13.13 
24.044 

0.234 
6.12 

17.5 
23.854 

0.234 
21.48 
8.75 

30.464 

9-MIN AGITATION 
145.6 (63.1) 85 (29.4) Temperature , "F ("C) 61 (16.1) 

c o s t  
Mechanical 0.304 

6.0 
13.13 
19.436 

0.304 
1 . 2  

17.5 
19.  OOQ: 

0.306 
18.12 

8.75 
27.174 

Water 
Detergent  

TOTAL 

1 1 - M I N  AGITATION 
132  (55.6) 66 (18.9) Temperature, O F  ("C) 

c o s t  
Mechanical 0.376 0.374 

15.4 2 . 2  
8.75 13.13 

24.524 15.704 

0.376 
0 

17.5 
1 7 . 8 7 ~ :  

Water 
Detergent  

TOTAL 

13-MIN AGITATION 

122.8 (50.4) 58 (14.4) Temperature , O F  ( "C)  

c o s t  
Mechanical 0.434 

0 
17.5 
17.934 

0.434 
0.60 

13.13 
14.164 

0.436 
13.56 
8.75 

22.744 

Water 
Detergent  

TOTAL 
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Table  A-5. Derived d a t a  from P r o c t e r  and Gamble p l o t s , 5  
d a t a  used f o r  F ig .  8 

1 cup 1 1/2 cups 2 cups 
(0.24 Q)  (0.35 Q) (0.47 Q)  

Temperature, O F  ("C) 

c o s t  
__. 

Mechanical 
Water 
Detergent  

TOTAL 

Temperature, O F  ("C) 

c o s t  
Mechanical 
Water 
Detergent  

TOTAL 

Temperature, O F  ("C) 

cost  - 
Mechanical 
Water 
Detergent  

TOTAL 

Temperature, O F  ( "C)  

c o s t  
Mechanical 
Water 
Detergent  

TOTAL 

Temperature, O F  ("C) 

c o s t  
Mechanical 
Water 
Detergent  

TOTAL 

5-MIN AGITATION 

181.6 (83.1) 142 (61.1) 

0.174 
6 .33  
8.75 

15.254 

0.174 
4.35 

13.13 
17.654 

7-MIN AGITATION 

162.4 (72.4) 108.4 (42.4) 

0.234 
5.37 
8.75 

14.354 

0.234 
2.67 

13.13 
16.034 

9-MIN AGITATION 

145.6 (63.1) 85 (29.4) 

0.304 0.304 
4.53 1 .50 
8.75 13.13 

13.584 14.934 

1 1 - M I N  AGITATION 

132 (55.6) 66 (18.9) 

0.374 0.37q 
3.85 0.55 
8.75 13.13 

12.974 14.054 

1 3 - M I N  AGITATION 

122.8 (50.4) 58 (14.4) 

0.434 0.434 
3.39 0.15 
8.75 13.13 

12.574 13.714 

118 (47.8) 

0.174 
3.15 

17.5 
20.826 

85.6 (29.8) 

0.234 
1 .53  

17 .5  
19.264 

61 (16.1) 

0.304 
0.3 

17 .5  
18.104 

0.374 
0 

17 .5  
17.878 

0.434 
0 

17.5 
17.936 



Table A - 6 .  Performance summary of e l e c t r i c  d r y e r s  t e s t e d  by C o n s u m e r  Research,  J u l y  197Sa  

Claimed D r u m  c a p a c i t y  .rest load s e t t i n g  D r y i n g  Maximum temp. klVh Evap. r a t e  E f f i c i e n c y  I l ryer  

Dryer c a p a c i t y  volume for  perm. t i m e  ( " C ) l ,  Pe r  [ l h / m i n  i n d e x ,  l b  ( h g )  
[ l b  (kg11 I f t 3  (f.11 p r e s s  [ l b  ( k g ) l  ( reg.  c l o t h e s  l o a d  ( k g / m i n ) ]  w a t e r  rem./hhli temp.) ( rnin)  

C a l c u l a t e d  

[ l b  (Wl  

A Hone c l a i m e d  

B 18 (11) 

C None c l a i m e d  

D 18 (11) 

None c l a i m e d  

None c l a i m e d  

5.3 (150) 

7.0  (198.1) 

4 . 6  (130.2) 

7 . 3  (206.6) 

5.0 (141.5) 

5.3 (150) 

6 . 9  (3 .1)  

9 . 1  ( 4 . 1 )  

6 . 0  ( 2 . 7 )  

9 .5  ( 4 . 3 )  

6 . 5  ( 2 . 9 )  

6 . 9  ( 3 . 1 )  

6 . 0  ( 2 . 7 )  
6 .0  ( 2 . 7 )  

1 2 . 0  ( 5 . 4 )  
12.0 ( 5 . 4 )  
18 .0  ( 8 . 2 )  
1 8 . 0  ( 8 . 2 )  

6 . 0  (2 .7)  
6 .0  (2 .7)  

1 2 . 0  ( 5 . 4 )  
1 2 . 0  ( 5 . 4 )  
1 8 . 0  ( 8 . 2 )  
1 8 . 0  ( 8 . 2 )  

6.n ( 2 . 7 )  
1 2 . n  ( 5 . 4 )  
1 2 . 0  ( 5 . 4 )  
18.0 ( 8 . 2 )  
1 8 . 0  ( 8 . 2 )  

6 . 0  (2 .7)  
6 . 0  ( 2 . 7 )  

1 2 . 0  ( 5 . 4 )  
1 2 . 0  ( 5 . 4 )  
18 .0  ( R . 2 )  
1 8 . 0  ( 8 . 2 )  

6 .0  ( 2 . 7 )  
1 2 . 0  ( S . 4 )  
l R . O  ( 8 . 2 )  

6.0 (2 .7)  

1 2 . 0  ( 5 . 4 )  
1 2 . 0  (5.4) 
18.0  (8 .2)  
18.0 (8.2)  

6 . 0  ( 3 . 7 )  

6 . 0  ( 2 . 7 )  

l i m e d  
Auto 
Timcd 
Auto 
Timed 
Auto 

Timed 
Auto 
Timed 
Auto 
Timcd 
Auto 

Timed 
Auto 
Timed 
Auto 
Timed 
Auto 

Timed 
Auto 
Timed 
Auto 
Timcd 
Auto 

Timed 
Tirncd 
Timed 

Timed 
Auto 
Timed 
Auto  
Timed 
Auto 

3 8 . 5  
75.6 
76 .0  

i i n  
135  
144 

31 .0 
4 6 . 3  

72 .5  
57 .0  

105  
1 n2 

35.0 
3 7 . 8  
70 .0  
72.4 

94.4 
1 0s 

32.0 
4 6 . 2  
54 .0  
h!, . 5 
88.0 
8 8 . 6  

3 4 . 0  
60.0  

105 

3 2 . 0  
46 .6  
60 .0  
h6.1 

i n 5  
122  

I60  ( 7 1 . 1 )  
160 (71 .1)  
165  (73 .9)  
170 (76 .7)  
160  (71.1) 
1 6 5  (73 .9)  

190 (87 .8)  
180  (81 .2)  
190 (87.8) 
2no ( 9 3 . 3 )  
2110 (93.3)  
2 2 0    in^.^) 

160 (71 .1)  

zoo (93 .3)  

2 4 0  (115 .6)  
2211 (104 .4)  

1 i 0  (76 .7)  
190  (87 .8)  

i n n  (87.8)  
i q n  ( 8 7 . 8 )  

170  ( 7 6 . 7 )  

240 (115 .6)  

150  (65.6)  

190 (87 .8)  

160  (71 .1)  
I60  (71 .1)  
2.111 (115 .6)  

i!)o (87.8) 
zon ( 9 3 . 3 )  

240 (115.6) 
240 (115 .6)  

240 (115 .6)  
230 (104 .4)  

3 . 0  
4 . 2  
5 . 3  
6 . 2  
8 . 8  
8 .8  

2 . 9  
3 . 2  
5.1 
5 . 5  
8 . 2  
7 . 6  

2 .8  
3 . 0 
5 . 3  
5 . 2  
7.8 
7 . 3  

2.8 
3 . 3  
4 . 8  
5 . 5  
7 . 5  
7 . 4  

2 .9  
5 . 3  
8 .4  

2 . 7  
3 .4  
4 . 8  
5 . 0  
7.9 
8 . 5  

0 .14  ( 0 . 0 6 )  
0 .07  ((1.03) 
0 . 1 4  (0.06)  
0 . 1 0  (o.05) 
0.12  ( 0 . 0 5 )  
0 .11  ( o . n s )  

0 .17  ( o . 0 8 )  
0.12  (0 .05)  
0 .18  (0.08) 
0 . 1 5  (0 .n71  
0 .15  ( 0 . 0 7 )  
n.is ( 0 . 0 7 )  

0 . 1 1  ((1.05) 
0.15 ( 0 . 0 7 )  
0.15 ( 0 . 0 7 )  

0 . 1 5  (0 .07)  

0 . 1 5  ( 0 . 0 7 )  
0 .16  ( 0 . 0 7 )  

0 .16  ( o . 0 7 )  
0 . 1 2  ( 0 . 0 5 )  
0.19 (n.nq) 
0 . 1 5  (n.07) 
0 . 1 8  ((1.08) 
0 .18  ( 0 . 0 8 )  

0 . 1 5  ( n . 0 7 )  
0 . 1 7  (0.08) 
(1.15 (0 .07)  

0 . 1 5  (0.07) 
0 .12  ( 0 . 0 5 )  

0 . 1 6  (11.07) 
0 . 1 5  (0 .07)  

0 .17  (0.08) 

0 . 1 3  ( n . 0 6 )  

1 . 7  ( 0 . 8 )  
1 . 3  ( 0 . 6 )  
2.1) ( 0 . 9 )  
1 . 7  ( 0 . 8 )  
1.8 (0.8) 
1 . 6  (0 .8 )  

1 . 6  (0 .8 )  
1 . 7  (0 .8 )  
2.1 (1)  
2 . 0  (11.9) 
1 . 9  (0 .9 )  
2 . 0  ( 0 . 9 )  

l . i l  (0.9) 
1 . 8  ( 0 . 8 )  
2 .0  ( 0 . 9 )  
2 . 1  (1) 
2.0 ( 0 . 9 )  
2 .1  (1) 
1 . 9  ((1.9) 
1 . 7  (0 .8 )  
2 . ?  ( 1 )  
2 . 0  (1)  
2.1 (1) 
2.2 ( 1 )  
1 . 8  (n.8) 
1.0 (1 )  
1 . 9  ( 0 . 9 )  

1 . 9  ( 0 . 9 )  
1 .6  (0 .9 )  
2.2 (1) 
2 .1  (1) 
2 . 0  (1) 
1.9 ( 0 . 9 )  

a Reprinted with permission. 



Table A - 6 .  (continued) 
~ _ _ _ _ _  

D r y i n g  bhximum tcmp. kkh Evap. r a t e  E f f i c i e n c y  Dryer  C a l c u l a t e d  

[ l h l m i n  i n d e x ,  l b  (kg )  
press ( l h  ( k d l  (w.  c l o t  11 e5 l o a d  ( k g / m i n ) ]  w a t e r  rem./kKh 

t i m c  [ " I :  ( " C ) l ,  Per 
T e s t  l o a d  s e t t i n g  Cla imed Drum c a p o c i t y  

Dryer  c s p a c i  t y  volumc for  pcrin. 
[ I b  ( k d l  [ f t 3  (Q)] temp . ) (mi I ) )  

[ l b  (ks)l 

G None c l a i m e d  

n 20 (9.1) 

I None c l a i m e d  

J 20  (9.1) 

K None c l a i m e d  

L None c l a i m e d  

4 . 9  c138.7) 6 .4  ( 2 . 9 )  

7.5 (212.3) 9 . 8  ( 4 . 4 )  

5 .1  (144.3) 6 . 6  ( 3 . 0 )  

7.9 (223.6) 1 0 . 3  (4 .7)  

5 . 4  (152.8) 7 . 0  (3.2) 

5 . 9  (167.0) 7 .7  ( 3 . 5 )  

6 . 0  ( 2 . 7 )  
1 2 . 0  ( 5 . 4 )  
1 8 . 0  (8 .2)  

6 . 0  ( 2 . 7 )  
6 . 0  ( 2 . 7 )  

12 .0  ( 5 . 4 )  
12.0  ( 5 . 4 )  
1 8 . 0  ( 6 . 2 )  
18.0  ( 8 . 2 )  
2 n . n  ( 9 . 1 )  
20.0 (9 .1)  

6 . 0  ( 2 . 7 )  
6.0 (2 .7)  

1 2 . 0  (5 .4)  
12 .0  ( 5 . 4 )  

18 .0  (8 .2)  
18 .0  ( 8 . 2 )  

6 . 0  ( 2 . 7 )  
6 . 0  ( 2 . 7 )  

1 2 . 0  ( 5 . 4 )  
12 .0  ( 5 . 4 )  
1 8 . 0  ( 8 . 2 )  
18.0 ( 8 . 2 )  
20.0 (9 .1)  
211.0 ( 9 . 1 )  

6.0 (2 .7)  
6 . 0  ( 2 . 7 )  

12 .0  ( 5 . 4 )  
12 .0  (5.4) 
1 8 . 0  (8 .2)  
18 .0  ( 8 . 2 )  

6 . 0  (2.7) 
6 . 0  (2 .7)  

1 2 . 0  ( 5 . 4 )  
12 .0  ( 5 . 4 )  
18.0 ( 8 . 2 )  
1 8 . 0  ( 8 . 2 )  

Auto 
Auto 
Auto 

Timed 
Auto 
Timed 
Aut 0 
Timed 
Auto 
Timed 
Auto 

Timed 
Auto 
Timed 
Auto 
Timed 
Auto 

Timed 
Aut0 
Timed 
Auto 
Timed 
Auto 
Timed 
Auto 

Timed 
Auto 
Timed 
Auto 
Timed 
Auto 

Timed 
Aut 0 
Timed 
Auto 
Timed 
Auto 

40 .0  
6 1 . 1  
8 5 . 7  

33 .0  
3 8 . 0  
53 .0  
6 3 . 5  
80.0 
85 .4  
9 1 . 0  
9 4 . 8  

3 5 . 2  
38 .4  
60 .0  
61 .7  
9 2 . 0  

113 

34.0  
3 8 . 8  
55.0 
6 2 . 6  
82.0 

9 2 . 0  
93.4 

31 .0  
39 .9  
6 3 . 0  
6 8 . 5  

1 1 5  

120  

34 .0  
37 .6  
6 2 . 0  
7 0 . 3  

1 0 5  
1 0 8  

200 (93 .3)  
190 (87 .8)  
220 (104.4) 

190 (87.8) 
1 9 0  ( 8 7 . 8 )  
zoo (93 .3)  

200 (93.3) 
220 (104 .4)  
220 (104 .4)  

170 (76 .7)  
1711 ( 7 6 . 7 )  
zZn (104 .4)  
240 (115 .6)  
240 (115 .6)  
240 (115 .6)  

i g n  ( 5 7 . 8 )  
z n n  (93 .3)  
220 (104.4) 
220 (104 .4)  

220 (104.4) 
220 (104.4) 

220 (104.3) 

2 4 0  (115 .6)  
240 (115 .6)  

220 (104 .4)  

240 (115 .6)  

170 ( 7 6 . 7 )  

180  (82.2) 

240  (115.6) 

240 (115 .6)  

1711 (76 .7)  
170  (76 .7)  

190 (87 .8)  
190  (87 .8)  

190 (87 .8)  
190 (87 .8)  

3 . 2  
5 . 1  
6 . 9  

2 . 9  
3 . 0  
4 . 8  
5 . 3  
7 . 3  
7 . 3  
8 . 1  
8 . 1  

3 . 0 

5 . 3  
5.1 
7 . 8  
8.8 

2 . 9  
3 . 1  
5 . 0  
5 . 2  
7 . 5  
7 . 3  

8 . 1  

2.8 
2 . 9  
5.2  
5 . 3  
8.2 

3 . 0  

8 . 0  

3.1  
2 . 8  
5 .5  
5 . 7  
8 .6  
6.5 

1 . 7  ( 0 . S )  
2.1 (1) -. 7 0 ( 0 . 9 )  

1 .6  ( 0 . 8 )  
1 . s  (n.s) 
2 . 2  (1)  
2 .0  (0.51) 
2 . 1  (1) 
2 . 2  (1.1 
2.2  ( 1 )  
2.2 (1)  

1 . 7  ((1.3) 
1 . 3  (0.s; 
2 . 0  (0.l))  
2 .1  (1;  
2 . 0  ( 3 . 9 )  
1 . 8  (0 .S)  

1 . 8  ( 0 . S )  
1 . 7  ( 0 . 3 )  
2.1 (1)  
2 . 1  (1)  
2 .1  (1)  
2 . 2  ( 1 )  
2.2 ( 1 )  
2 .2  (1)  

1 . 9  (0 .9)  
1 . 9  (0.9) 
2 . 0  (0.9) 
2 . 0  ( 0 . 9 )  
1 . 9  ( 0 . 9 )  

1.7 ( 0 , s )  
1 . 9  (n . i i )  
1 . 9  (0 .3 )  
1 . 9  ( 0 . 9 )  

1.3 (0 .6 )  
1 . 8  ( 0 . S )  
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CALCULATION OF ESTIMATED PRIMARY ENERGY SAVINGS 
FROM ELIMINATION OF WARM WATER RINSE 

ASSUMPTIONS AND DATA USED: 

from page 30 
w a r m  r i n s e  c y c l e  adds 2.38 kWh/load t o  inpu t  i n t o  
washing machine a t  f u l l  load s e t t i n g ,  bu t  d e l e t e s  
0.99 kWh/load from d r y e r  i npu t  

from page 14  
50% of  wash loads p r e s e n t l y  have a warm r i n s e  
No. loads p e r  yea r  p e r  machine us ing  w a r m  r i n s e  
= 408 x 0.5 = 204. 

from page 16 
30% of  wash loads are done us ing  water l e v e l  c o n t r o l  
a t  l e s s  t han  maximum s e t t i n g  (assume s e t t i n g  a t  medium) 

Range of water l e v e l  c o n t r o l  i s  75% of  maximum t o  100% of  maximum 

from Table A - 1  (some d a t a  c a l c u l a t e d )  
No. washing machines 
No. homes with e l e c t r i c  water h e a t e r  

No. homes with gas water h e a t e r  and washer 
No. homes wi th  washer and gas d r y e r  
No. homes with washer and e l e c t r i c  d r y e r  

E l e c t r i c  water h e a t e r  s e r v i c e  e f f i c i e n c y  
Gas water h e a t e r  s e r v i c e  e f f i c i e n c y  
E l e c t r i c  gene ra t ion  and t ransmission e f f i c i e n c y  

and washer 

from primary f u e l  

55.6 x l o 6  

20.1 x 106 
35.5 x 106 
13.5 x l o 6  
31.5 x l o 6  
0 .80  
0.50 

0.297 

Weighted energy inpu t  savings p e r  load account ing f o r  d i f f e r e n t  
water l e v e l  s e t t i n g s  i n  washer 

kWh [0 .70  + 0.30 x 0.8751 = 2.29 - 1 oad 
kwh 
load 2.38 - 

U.S. Annual Primary Energy savings f o r  washers 

Homes with e l e c t r i c  water h e a t e r  and washer 

2 0 . 1  x l o 6  x 204 x o.297 2 ' 2 9  o.8 x 3413 = 1.35 x l O I 4  . 4 2  x 017 J)  

Homes with gas water h e a t e r  and washer 

35.5 x l o 6  x 

Tota l  savings = 2.48 x 1014 Btu/yr (2.62 x l O l 7  J / y r )  

2.29 
0.5 204 x - x 3413 = 1.13 x l O I 4  Btu (1.19 x 1017 J )  
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U. S. Additional Annual Primary Energy input to dryers: 

Homes with washer and gas dryer 

13.5 x lo6 x 204 x 0.99 x 341s = 9 . J 1  x 10I2 Btu (9.82 x 1015 J) 

Homes with washer and electric dryer 

31.5 x lo6 x 204 x - 99 x 3413 = 7.31 x 1013 Btu (7.71 x 1 0 I 6  ,T) 
0.297 

Total additional primary energy = 8.24 x 10l3 Btu/yr (8.69 X 1 0 I 6  J/yr) 

NET U.S. PRIMARY SAVINGS = 1.66 x lOI4 Btu/yr (1.75 x 1 0 I 7  J/yr) 

This is equal to a reduction of  1.66 x 1014/l.5 x 10I5 x 100 = 11.1% 
of the total primary energy consumed in the laundry process. 
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CALCULATION OF ESTIMATED PRIMARY ENERGY SAVINGS RESULTING 
FROM PROPER USE OF WATER LEVEL CONTROL ON WASHING MACHINE 

ASSUMPTIONS AND DATA USED: 
Cold r i n s e  only used 

from page 14 
35% o f  a l l  wash loads u s e  ho t  water 
50% o f  a l l  wash loads use  warm water 

from page 16 
70% o f  wash loads done n o t  u s i n g  water l e v e l  c o n t r o l  

Assume h a l f  of  t h e  above 70% could u s e  water  l e v e l  c o n t r o l  a t  
mid - se t t i ng  
Range o f  water l e v e l  c o n t r o l  15 g a l  (56.8 l i t e r s )  (minimum s e t t i n g )  
t o  20 ga l  (75.7 l i t e r s )  (maximum s e t t i n g )  

From Table A - 1  
No. washing machines 
No. homes with e lec t r ic  water h e a t e r  and washer 
No. homes with gas water h e a t e r  and washer 

Electric water  h e a t e r  service e f f i c i e n c y  
Gas water h e a t e r  s e r v i c e  e f f i c i e n c y  
E l e c t r i c  gene ra t ion  and t r ansmiss ion  e f f i c i e n c y  

No. wash loads  done p e r  yea r  p e r  washing machine 
Average temperature  r i s e  o f  water  i n  water h e a t e r  

from primary f u e l  

55.6 x l o 6  
20.1 x 106 
35.5 x 106 
0.80 
0.50 
0.297 

408 
80 F" (44.4 C") 

U. S. Annual Primary Energy Savings 

f o r  homes with e l e c t r i c  water h e a t e r  and washer: 

(2.13 x 1 0 l 6  J)  

f o r  homes with gas water h e a t e r  and washer: 

(1.78 x 1 0 l 6  J)  

TOTAL = 3.71 x l O l 3  Btu (3.91 x 1 0 l 6  J)  o r  2.47% o f  t h e  primary laundry 
energy. 
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CALCULATION OF SAVINGS FROM IMPROVEMENTS I N  WASHER MOTOR EFFICIENCY 

Assumptions: 

P resen t  kWh/load 

Number o f  l oads /yea r  

Annual kWh consumption 

Present  e l e c t r i c i t y  c o s t  
( $ /kWh 1 

Summary : 

0.22 

408 
89.76 ( if  motor i s  53% e f f i c i e n t ,  
u s e f u l  ou tpu t  i s  47.57 kWh) 

0.04 

Motor e f f i c i e n c y  53 55 57 60 63 65 
Annual consumption (kWh) 89.76 86.49 83.46 79.29 75.51 73.18 

Annual savings over  53% (kWh) 0 3.27 6.30 10.47 14.25 16.58 

Annual savings ove r  53% a t  0 0.13 0.25 0.42 0.57 0.66 
0.04 $/kWh ($> 

Present  worth i n  11 years* ($) 0 1.28 2.45 4.12 5.59 6.47 

T o t a l  n a t i o n a l  irimary f u e l  0 2 . 1  4.0 6.7 9 . 1  10.6 
savings (lo1$ Btu/yr) 
(1.06 x J / y r )  

~~ 

*"Present worth i n  11 years" i s  t h e  amount of a d d i t i o n a l  money t h e  
consumer could spend a t  t h e  t ime o f  purchase and be pa id  back by t h e  
ope ra t ing  c o s t  savings o f  t h e  h i g h e r - e f f i c i e n c y  motor over t h e  l i f e t i m e  
of t h e  washer. I t  i s  c a l c u l a t e d  from: 

N 1 y  = cf + re ) [ ( l  + 'dIN - + re> 
N 'd re  ( l  + 'd) 

N 

where 

SN = p r e s e n t  worth o f  P kWh/yr i n  d o l l a r s  a f t e r  N y e a r s ,  
P = annual kWh savings from inc reased  motor e f f i c i e n c y ,  

c = p r e s e n t  c o s t  o f  power, 

rd = e f f e c t i v e  d i scoun t  r a t e  above i n f l a t i o n ,  

r = e f f e c t i v e  e s c a l a t i o n  r a t e  of e l e c t r i c i t y  above i n f l a t i o n ,  

N = time pe r iod  ( y e a r s ) .  
e 

This equat ion i s  used i n  t h e  Energy Division Annual Report (ORNL-5250, 
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Apr i l  1977,  p .  157) and was der ived by summing t h e  economic power 
s e r i e s  equat ions  and r e l a t i n g  c o s t s  back t o  present-day d o l l a r s .  

rd = 4% For t h e  case  of t h e  washing machine motor, assume N = 11 yea r s ,  
(above i n f l a t i o n  r a t e ) ,  and re = 2% (above i n f l a t i o n  r a t e ) .  

S = P q  N 0 .02  )[ (1 + 0 . 0 4 ) 1 1  I + 0 .02  (1 + 0 . 0 4 ) 1 1  - (1 + 0 .02)11  

= 9.81 x P x c . 
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CALCULATION OF ENERGY SAVED BY VENTED DRYER LOCATED I N  HEATED SPACE 

Assume : 

o u t s i d e  temperature = 32'F, 

i n s i d e  heated space temperature = 70'F, 

i n s i d e  unheated space temperature = 55'F. 

Typical measured d a t a :  

house i n f i l t r a t i o n  r a t e  with d r y e r  on = 215 cfm, 
house i n f i l t r a t i o n  r a t e  with d r y e r  o f f  = 190 cfm. 

Btu r equ i r ed  t o  h e a t  120 cfm* o f  a i r  from 55'F t o  180'F: 

q1 = 120 f t 3 / m i n  x 0.075 l b / f t 3  x 0.24 Btu/lb-F'  x (180 - 55)F' 

= 270 Btu/min . 

Btu r equ i r ed  t o  h e a t  120 cfm* of  a i r  from 70'F t o  180'F: 

q2 = 120 f t3 /min  X 0.075 l b / f t 3  x 0.24 Btu/lb*F'  x (180 - 70)F' 

= 237.6 Btu/min . 

Btu r equ i r ed  t o  hea t  25 cfm* i n f i l t r a t i o n  a i r  from 32'F t o  70'F: 

= 25 f t3 /min  X 0.075 l b / f t 3  X 

= 1 7 . 1  Btu/min . 
0.24  Btu/lb*F' X (70 - 32)F' 93 

To ta l  Btu r equ i r ed  by d r y e r  i n  heated space:  

q2 + q 3  = 237.6 + 1 7 . 1  = 254.7 Btu/min . 

Percent savings = 100 (1 - q2q; 9 3 )  = 100 (1 - -) = 5.7% . 

"Nominal cfm a t  70'F. 
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I. 
J. 

T2 c- D = 4 i n .  

SAMPLE CALCULATION FOR DRYER INLET A I R  PREHEATER 

- l l O ° F ,  ho 

Since h i  = ho, 110 - T3 = T2 - 70, o r  T2 = 180 - T3.  

Assume : 

h = 3 B t u / h r * f t 2 - F o ,  

hi = ho = 120 cfm. 

Area ( su r face )  o f  4 i n .  p i p e  = nDL = n X 4/12 X 8 = 8.38 f t 2 .  

Using hAAT = hCpATiy 

(110 - T3) + (T2 - 70) 
2 3 X 8.38 X 

= 120 X 0.075 X 60 X 0.24 X (T3 - 70) ; 

T3 = 7 6 . S ° F ,  and T2 = 103.5'F. 

If t h e  i n l e t  a i r  i s  o r d i n a r i l y  heated from 70 t o  200'F i n  t h e  d r y e r ,  t h e  

use  o f  t h e  i n l e t  a i r  p r e h e a t e r  could reduce t h e  energy consumed t o  h e a t  
t h e  a i r  by: 

= 5%. 200 - 70 
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