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ABSTRACT

The Province o f  O n t a r i o  has t aken a l e a d i n g  p o s i t i o n  wi th  r egar d  to the 
c o n t r o l  o f  both  i n d oo r  and outdoor  n o i s e  l e v e l s  on new r e s i d e n t i a l  
developments .  Some o f  the  n oi s e  c o n t r o l  methods i n  use o f f e r  d e f i n i t e  
p o s s i b i l i t i e s  f o r  both energy c o n s e r v a t i o n  and s o l a r  energy  c o l l e c t i o n .  
Other  methods have o p p o s i t e  e f f e c t s  and i n c r e a s e  ener gy  consumpt ion.
This  i n t e r d i s c i p l i n a r y  paper  examines both a r e a s ,  p o i n t i n g  o u t  where 
energy c o n s e r v a t i o n  can be very e a s i l y  accompl i shed  s i m u l t a n e o u s l y  wi th 
n o i s e  c o n t r o l ,  and a l s o  examining methods o f  h a n d l i ng  both concerns  even 
when they have opposing i n f l u e n c e s .

INTRODUCTION

In r e c e n t  y e a r s  man has shown i n c r e a s i n g  r e s p e c t  f o r  t h e  e f f e c t  h i s  a c t i 
v i t i e s  may have on the  n a t u r a l  e nv i ronment .  The e m i s s i o n s  o f  i n d u s t r i a l  
o p e r a t i o n s  have come under  governmental  s u r v e i l l a n c e  wi th  the  r e s u l t  t h a t  
s t a n d a r d s  now e x i s t  t o  r e s t r i c t  a i r ,  w a t e r  and n o i s e  p o l l u t i o n .  These 
s t a n d a r d s  have been in  e x i s t e n c e  f o r  s e v e r a l  y e a r s  and d e f i n i t e  inroads  
a r e  being made in  t he  r e d u c t i o n  o f  p o l l u t i o n  l e v e l s  t o  a c c e p t a b l e  v a l u e s .

A g a in s t  t h i s  background o f  env i ronmenta l  awareness  a new f a c t o r  has 
emerged,  th e  r e a l i z a t i o n  t h a t  most  o f  the  p r e s e n t l y  p o p u l a r  forms of  
energy  a r e  f i n i t e  and t h a t  the  t ime when they  w i l l  be ex hau s t ed  could well  
be in s i g h t .  In some cases  i t  seems t h a t  measures  to  conserve  our n a t u r a l  
r e s o u r c e s  ( r i v e r s ,  l a k e s ,  woodland,  e t c . )  need on ly  be extended  to  i n c lu d e  
energy  c o n s e r v a t i o n .  In o t h e r  cases  envi ronment a l  and energy  concerns 
seem to run in oppos ing d i r e c t i o n s  ( n u c l e a r  power s t a t i o n s ,  e t c . ) .

I t  i s  th e  purpose  o f  t h i s  paper  t o  i n v e s t i g a t e  the  r e l a t i o n s h i p  between one 
env i ronmenta l  c on c e r n ,  no i se  c o n t r o l ,  and energy  c o n s e r v a t i o n .  Here 
common a r e a s  o f  i n t e r e s t  appear  and t h e s e  need t o  be h i g h l i g h t e d .  Where 
n o i s e  c o n t r o l  and energy c o n s e r v a t i o n  a r e  s y n e r g i s t i c ,  p o s s i b i l i t i e s  f o r  
t h e i r  mutual  a p p l i c a t i o n  should  be emphas ized.  In a r e a s  where noise  
c o n t r o l  and energy  c o n s e r v a t i o n  a r e  c o n t r a d i c t o r y  i n f l u e n c e s ,  s o l u t i o n s  
t o  the  impasse must  be sought  to  the  b e n e f i t  o f  bo th .
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Two major areas o f  noise  cont ro l  e x i s t  - i n d u s t r i a l  and envi ronmenta l .
This paper i s  mainly concerned with the control  of  environmental  noise  as 
i t  a f f e c t s  new r e s i d e n t i a l  developments.  In -p la n t  noise i s  us ua l ly  d e a l t  
w i th  a t  the  source ,  whereas noise  impinging on a new r e s i d e n t i a l  develop
ment i s  abated e i t h e r  along the path of  the noise or  a t  the  ece iv ing 
p o i n t ,  the r e s idence  i t s e l f .

The main sources o f  environmental  noise  are road t r a f f i c ,  t r a i n s  ana a i r 
c r a f t  - a l l  t r a n s p o r t a t i o n  se r v ic e s  and a l l  prime users  of  energy.  The 
u l t i m a t e  s i t u a t i o n  "no fuel th e r e f o r e  no t r a n s p o r t a t i o n  n o i s e ” wi l l  not be 
examined here as our  c i v i l i z a t i o n  would be so d r a s t i c a l l y  a f f e c t e d  t h a t  
energy conse rvat ion  could be considered to have f a i l e d  i f  such a s i t u a t i o n  
a r o s e .

THE CONTROL OF OUTDOOR NOISE

I f  noise  r educt ions  cannot  be achieved a t  the source in a reasonable  time 
f rame,  then t imely noise  cont rol  can be achieved by in t e rp os in g  a sound 
b a r r i e r  between the source and the r e c e iv e r  to  d e f l e c t  the path of  the 
n o i s e .  In both Canada and the U.S. ,  the concept of  sound b a r r i e r s  has 
been widely used to reduce the e f f e c t s  of  noise .  A b a r r i e r  i s  any ob jec t  
(a b u i l d in g ,  w a l l ,  s o l i d  fence or  berm, e t c . )  long enough, heavy enough 
and high enough to  ob l ige  sound waves to t r av e l  away from a r e c e iv e r  a t  
ground l e v e l .  People who r e g u la r ly  t r a ve l  Highway 401 in Toronto wi l l  have 
n o t i c ed  l i g h t  green s t e e l  b a r r i e r s  about  10 f e e t  high along many s ec t ion s  
o f  t h a t  highway.

Such b a r r i e r s  p re s en t  the p o s s i b i l i t y  of  energy conse rva t ion  i f  i ns t ead  of  
s t e e l  pane l s ,  e t c . ,  s o l a r  c o l l e c t o r s  are  used.  Problems would need to be 
so l v ed ,  of  course .  Dust and f i lm c o l l e c t i o n  along the s o l a r  c o l l e c t o r  
b a r r i e r s  could degrade t h e i r  performance.  Light  r e f l e c t i o n  in to  the eyes 
o f  m o to r i s t s  may be a problem. F i n a l l y ,  piping would have to be l a i d  from 
the  c o l l e c t o r  a c t in g  as a r e a r - y a rd  fence to  dwell ings with an a s soc ia t ed  
l o s s  of  e f f i c i e n c y .  However, 15 f t .  high s o l a r  panels along miles and 
mi le s  o f  highway re p r e s e n t  a formidable source of  energy with noise reduc
t i o n  as an added b e n e f i t .

In a reas  of  very high noise  level  a simple b a r r i e r  may not provide s u f f i 
c i e n t  noise  r educ t ion  and a whole bu i ld in g  row can be used as a noise 
b a r r i e r .  For such a b a r r i e r  bu i ld ing  row to the north of  e a s t / w e s t  running 
highways or  r a i l  t r a c k s  s o l a r  panels would be used to form the so u the r ly  
bu i l d i n g  facade,  r ep l ac i ng  the ‘blank w a l l '  bu i ld ing which has been used in 
Onta r io  to  p r o t e c t  a g a i n s t  highway and t r a i n  no ise.  Rooms with a r e q u i r e 
ment f o r  na tura l  l i g h t  ( l i v i n g  rooms, bedrooms, e t c . )  would be o r i e n t e d  to 
the  n or t h ,  away from the highway, and rooms with l e s s  requirement  fo r  
n a t u r a l  l i g h t  ( k i t c h e n s ,  washrooms, e n t r a n ce s ,  garages)  o r i e n te d  towards 
the  s o l a r  panel s ide  of  the b u i l d in g .  These north f ac ing windows should,  
o f  course ,  be designed with a view to reducing i n f i l t r a t i o n  and heat  loss  
to  a minimum, al though a c o u s t i c a l l y  no requirements would e x i s t .
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The b u i l d i n g  b a r r i e r  i n  t h e  form o f  e i t h e r  a t ownhouse  row,  s t a c k e d  town-  
house row o r  low r i s e  a p a r t m e n t  b l o c k  row a l l o w s  s t r o n g  p o s s i b i l i t i e s  o f  
n o i s e  c o n t r o l  and e n e r g y  c o n s e r v a t i o n  a l o n g  highways  and r a i l  t r a c k s .
La rg er  a r e a s  f o r  p l ac e m e n t  o f  s o l a r  p a n e l s  e x i s t  t h a n  f o r  s i m p l e  n o i s e  
b a r r i e r s .  However ,  o n l y  one s i d e  o f  t h e  n o i s e  s o u r c e  c ou l d  be u t i l i z e d  
f o r  s o l a r  c o l l e c t i o n .  A s econd  pr ob lem i s  t h a t  n o t  a l l  h ighways  o r  r a i l  
t r a c k s  run e a s t / w e s t .  To overcome t h i s  p r ob le m t o  e c e r t a i n  e x t e n t ,  
s t a g g e r e d  u n i t  a n g l e s  up t o  45« t o  t h e  s o u r c e  o f  n o i s e  c o u ld  be used  t o  
a l l ow  t h e  p a n e l s  t o  have a more s o u t h e r l y  a s p e c t .

Two minor  a d d i t i o n a l  c o n s i d e r a t i o n s  f o r  b u i l d i n g  b a r r i e r s  a p p l y .  Row town-  
houses  o r  a p a r t m e n t  b l o c k s  a r e  more e n e r g y  e f f i c i e n t  d e s i g n s  t h a n  d e t a c h e d  
r e s i d e n c e s  and hence  p r o v i d e  a s e c o n d - o r d e r  e n e r g y  s a v i n g .  Also i n  t h e  
c ase  o f  l ong  b u i l d i n g  rows i t  may be p o s s i b l e  t o  u t i l i z e  w i n d - c h a n n e l i n g  
e f f e c t s  t o  d r i v e  e l e c t r i c a l  e n e rg y  g e n e r a t i n g  d e v i c e s  such as w i n d m i l l s ,  
t u r b i n e s  and padd le  w h e e l s .

I t  i s  f e l t  t h a t  t h e  c o m b i n a t i o n  o f  s o l a r  p a n e l s  w i t h  bo t h  b a r r i e r s  and 
b a r r i e r  b u i l d i n g s  a f f o r d s  s t r o n g  p o s s i b i l i t i e s  o f  e ne rgy  c o n s e r v a t i o n  
t h rough  t h e  use o f  r e ne wab l e  r e s o u r c e s .  These  p o s s i b i l i t i e s  s h o u l d  be 
i n v e s t i g a t e d  by e n g i n e e r s  and a r c h i t e c t s  a l i k e .  The p o s s i b l y  l ower  
m a r k e t a b i l i t y  o f  p r o p e r t y  c l o s e  t o  n o i s y  h ighways  and r a i l r o a d s  c o u l d  we l l  
be c o n s i d e r a b l y  o f f s e t  by t h e  s o l a r  c o l l e c t i o n  p o s s i b i l i t i e s  which e x i s t .

CONTROL OF INDOOR NOISE 

B u i l d i n g  Envelope  C o n s i d e r a t i o n s

In many r e s p e c t s ,  f a c t o r s  a l l o w i n g  t h e  i n f l u x  o f  sound i n t o  a b u i l d i n g  
w i l l  a l s o  a l l o w  an e f f l u x  o f  h e a t  e n e r g y .  Poor  workmanship r e s u l t i n g  i n  
bad ly  f i l l e d  components  w i l l  r e s u l t  i n  sma l l  gaps  which w i l l  a l l o w  sound 
t o  e n t e r  and h e a t  t o  e s c a p e .  C o n s e q u e n t l y  a b a s i c  f a c t o r  in  p r o v i d i n g  a 
b u i l d i n g  which i s  w e l 1- i n s u l a t e d  f o r  sound and h e a t  i s  t h a t  o f  m a i n t a i n i n g  
a high s t a n d a r d  o f  workmansh i p .  Door s ,  windows ,  e t c . ,  s h o u l d  be f i t t e d  
t i g h t l y  i n t o  o t h e r  b u i l d i n g  component s  t o  min i mi ze  sound p e n e t r a t i o n ,  h e a t  
l o s s  and i n f i l t r a t i o n .

Windows r e p r e s e n t  t h e  w e a k e s t  l i n k  i n  t h e  b u i l d i n g  e n v e l op e  w i t h  r e g a r d  t o  
both  h e a t  l o s s  and sound i n s u l a t i o n .  M i n i m i z a t i o n  o f  sound i n g r e s s  and 
h e a t  e g r e s s  i s  a c h i e v e d  u s i n g  s i m i l a r  i f  n o t  i d e n t i c a l  m e a su r e s .  Use o f  
double  and t r i p l e  g l a z i n g  i s  a we l l  known method o f  i mprov ing  h e a t  l o s s  
t h rough  windows.  Such methods  w i l l  a l s o  r e d uc e  sound i n g r e s s ,  b u t  g r e a t e r  
a i r  spa ce  i s  r e q u i r e d  be tween panes  t o  a c h i e v e  t h e  p o t e n t i a l  n o i s e  r e d u c 
t i o n .  A c o u s t i c a l l y  a i r  s p a c e s  o f  2 "  o r  4" a r e  n o t  unknown wher eas  t he r mal  
g l a z i n g  o f t e n  on l y  has  an a i r s p a c e  o f  1 / 2 "  o r  l e s s .  Thus doub l e  g l a z i n g  
d e s i g ne d  f o r  t hermal  i n s u l a t i o n  may have t o  be m o d i f i e d  when a c e r t a i n  
sound t r a n s m i s s i o n  i s  r e q u i r e d .
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A f u r t h e r  commonality between hea t  loss  and sound in s u l a t i o n  is  the degree 
o f  s e a l i n g  around the g la z in g .  Openable windows al low g r e a te r  i n f i l t r a t i o n  
o f  cold a i r  in w in te r  ( p a r t i c u l a r l y  in  n o r t h - f a c i n g  windows) and a l so  have 
a s l i g h t l y  reduced sound t ransmis s ion  loss  performance.  A c o us t ic a l ly ,  only 
windows fac ing  (or  a t  r i g h t  angles  to) i noi se  source a re  considered f o r  
improved sound i n s u l a t i o n .  In con s i d e ra t i o n  of energy conserva t ion ,  how
e v e r ,  no r t h - fa c in g  windows (which may face away from a noise source) wi l l  
a l s o  have to  be i n v e s t ig a t ed  and s u i t a b l y  designed and i n s t a l l e d  to reduce 
h ea t  loss  and i n f i l t r a t i o n .

I t  may be thought  t h a t  ad d i t io n a l  heat  i n s u l a t i n g  m a te r i a l s  in wal l s  would 
a l s o  inc re ase  the  a b i l i t y  o f  the bu i ld in g  facade to reduce sound. The wall 
i t s e l f  w i l l  have an increased  performance,  but  improvement in the sound 
t r a n s m is s io n  c h a r a c t e r i s t i c s  o f  the  wall w i l l  not  have a very g r e a t  e f f e c t  
as th e  predominant path f o r  sound ingres s  i s  provided by the windows. 
Reduction of  heat  loss  through a bu i ld in g  envelope by upgrading the g laz ing 
i s  o f t e n  an expensive t ask and a d d i t io n  of  i n s u l a t i o n  to the wal l s  and roof  
i s  p r e f e r a b l e .  However, in noisy s i t u a t i o n s  the  e x t r a  gain in  sound reduc 
t i o n  may make the  f i t t i n g  o f  double g laz ing more app rop r ia te .

V e n t i l a t i o n  and Air Condit ioning

In o rd e r  f o r  spec ia l  g laz ing to achieve i t s  f u l l  noise reduct ion p o t e n t i a l ,  
the  windows must remain f u l l y  c losed .  Even s l i g h t l y  opened windows wi l l  
have g r e a t l y  reduced aco u s t i ca l  performance.  The occupants of a res idence 
p r o t e c t e d  with spec ia l  double g laz ing are  thus faced with a dilemma; 
e i t h e r  they c lose  the windows and s u f f e r  the hea t  in summer or  they open 
the  windows and s u f f e r  the n o i s e .  C lear ly  f o r  the  spec ia l  g lazing to reach 
i t s  f u l l  p o te n t i a l  in reducing noise  l e v e l s  some form of  v e n t i l a t i o n  must 
be provided.  I f  mechanical v e n t i l a t i o n  o r  a i r  condi t ioning is  provided to 
a l low spec ia l  windows to  remain c losed  during the summer months, then an 
energy pena l ty  wil l  have to  be pa id.  In t h i s  ins tance  energy conserva t ion 
and noise cont rol  are opposing in f l uence s  and s o lu t i o n s  are requ ired  which 
s a t i s f y  the demands o f  each.

The b a s ic  problem is  to adequa te ly cool the  res idence  with windows on the 
noisy s ide  c losed .  Windows on the q u i e t  s i de  can be opened al lowing some 
exchange of  a i r  but  not a c ros s - f low  of  a i r  from one s ide  of the bu i ld ing  
to  the  o t h e r .  Apartments a re  faced with a s i m i l a r  problem as they usua l ly  
only have windows facing  in one d i r e c t i o n .  However, apartment dwel lers  
o f t e n  a t t empt  to solve the problem by purchasing la rge  fans and t h i s  
invokes an energy pena l ty .

S i t e  l a y o u t  and landscaping co n s i d e ra t i o n s  can,  in some cases ,  reduce the 
problem, though not  solve i t  complete ly.  I f  p o s s i b l e ,  r es idences  should 
have openable windows fac ing n o r t h ,  the c o o l e s t  s i de  o f  the bu i ld in g .
These windows however should not be l a rge  so as to  avoid too g re a t  a heat  
lo s s  in  w i n t e r .  Unfor tunate ly  many highways and rai lways  do not  run e a s t /  
west  and a l s o  the  demand f o r  se r v iced  land n e c e s s i t a t e s  bui lding  on both 
s id e s  o f  these  noise sources .  Hence, a n o r t h e r l y  aspec t  fo r  openable
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windows cannot always be ach ieved.

South- facing  windows can be p r o t e c t e d  from the summer sun by s u i t a b l e  
shading devices  o r  even deciduous shade t r e e s .  In both i ns ta nc es  the  
w i n t e r  sun would p e n e t r a t e  the  re s id en ce  to a 1low some s o l a r  h ea t  g a i n .
East  and west  fac ing  windows a re  more d i f f i c u l t  to shade.  With low sun 
e l e v a t i o n s ,  even in  summer shading i s  d i f f i c u l t  to ach ieve .  Windows f a c 
ing e a s t  however are  exposed to  morning sun and hence lower outdoor  temp
e r a t u r e s .  Wes t- fac ing windows pose a more d i f f i c u l t  problem as they  a re  
exposed to  the  evening sun and high outdoor t e m p e r a tu r e s . Thus re s id en c e s  
to  the west  o f  a n o r t h / so u t h  o r i e n t e d  noise  source with openable windows 
fac ing  west  pose the  most d i f f i c u l t  problem.

Apartment blocks o f f e r  g r e a t e r  p o s s i b i l i t i e s  fo r  s o l u t i o n s  to the  c o n t r a 
d i c t i o n  between energy conse rv a t io n  and noise c o n t r o l .  A s i n g l e - a s p e c t  
apar tment  b u i ld in g  - a c o r r i d o r  c lo se  to  one bu i ld ing  face with apar tments  
l ead ing  o f f  to the  o th e r  b u i l d in g  face  only - o f f e r s  d e f i n i t e  p o s s i b i l i t i e s .  
The c o r r i d o r  s ide  can be enc losed  by a s o l i d  w a l l ,  but  t h i s  can look r a t h e r  
ugly and a l s o  re q u i r e s  l i g h t i n g  even during the day. I n s t a l l a t i o n  of  
se a le d  windows to reduce l i g h t i n g  and improve the  e s t h e t i c s  o f  the  b u i l d 
ing leads to  the p o s s i b i l i t y  o f  overheated  co r r id o r s  and hence he a t in g  of  
the  apar tments  themselves .

In Europe apar tment  b u i l d in g s  a re  o f t e n  s i n g l e - a s p e c t  but  with an e x t e r n a l  
c o r r i d o r  o r  walkway to  al low access  to  apartments on each f l o o r .  This 
system has advantages in the  p r e s e n t  con tex t .  The en t rance  walkways would 
face the noise source n e c e s s i t a t i n g  adequate door de s ign ,  but  a l s o  a l low 
windows on the noisy s i de  to l i g h t  the  u n i t .  These windows ( i f  f a c in g  
south)  would be shaded from the high summer sun by the walkway above.  I f  
n o r t h ,  e a s t  or  w e s t - f a c i n g ,  they need only be small (such as over  the  
k i t chen  s ink)  and thus minimize e i t h e r  heat  los s  o r  s o l a r  hea t  gain as 
a p p r o p r i a t e .  Placing  the  k i t chen  and washroom c lo se  to  the en t ra nce  on the 
no ise  s ide  i s  reasonable  as th e se  rooms are l e s s  s e n s i t i v e  to  no i se  than 
l i v i n g  rooms and bedrooms.

Although the  a r c h i t e c t u r a l  f e a t u r e s  so f a r  d i scussed to  provide d e f i n i t e  
p o s s i b i l i t i e s  to  achieve s a t i s f a c t o r y  s o lu t io ns  to the problems o f  no ise  
re duc t io n  and energy c o n se r v a t i o n ,  they of ten  u t i l i z e  n o n - t r a d i t i o n a l  
methods which may adverse ly  a f f e c t  the  m a r k e t a b i l i t y  o f  the u n i t s  them
s e l v e s .  I t  i s  worthwhile t h e r e f o r e  to  i n v e s t i g a t e  means o f  v e n t i l a t i n g  
u n i t s  o f  t r a d i t i o n a l  design w i t h o u t  us ing e l e c t r i c a l  energy.

A number o f  devices e x i s t  which a l low a i r  flow bu t  r e s t r i c t  noise  t r a n s 
miss ion .  Acoust ic  louvres  a re  one p o s s i b i l i t y .  These,  however, a re  
l i m i t e d  in  the amount o f  sound a t t e n u a t i o n  they prov ide ,  a l though they are  
e a s i l y  i n s t a l l e d  and are  r e a d i l y  a v a i l a b l e .  They can be expensive i f  a 
l a r g e  area  i s  requ i re d  f o r  v e n t i l a t i o n .  C ro s s - ta lk  (Z-shaped) s i l e n c e r s  
a f f o r d  a second p o s s i b i l i t y .  These can provide as much a t t e n u a t i o n  as a 
dwel l ing wall i t s e l f  and a re  reasonably  p r iced .  Such s i l e n c e r s  shoulc  be 
designed to  f i t  in to  the b u i l d in g  wall i t s e l f  to  avoid ugly p ro t r u s i o n ?  on 
the  o u te r  b u i l d in g  facade.



A f u r t h e r  p o s s i b i l i t y  e x i s t s  u t i l i z i n g  thermo-siphoning (as in the Trombe 
Wall) as a means of  both hea t ing  and cooling  i n t e r i o r  spaces of  u n i t s .  In 
noisy environments these  systems when cool ing only need to exclude noise 
on the  noisy s id e  whi le  a llowing warm a i r  to  escape.  Here again a c o u s t i 
cal louvres or  c r o s s - t a l k  s i l e n c e r s  may be used.  A l t e r n a t i v e 1y , i t  may be 
po ss ib le  to merely l i n e  the  i n te rn a l  passages of  the system with sound 
absorbent  m a te r ia l  to  ob ta in  the requi red  sound r edu c t i on .

CONCLUSIONS

This paper i n d i c a t e s  t h a t  cons id e ra t i ons  of  noise  cont ro l  and energy con
s e r v a t i o n  run p a r a l l e l  in many cases .  Often the two concerns a re  comple
mentary and mutua l ly  advantageous s o lu t i ons  apparent .  In o th e r  cases  they 
are opposing in f l u en c e s  but  means can be found of  so lv ing  the  c o n t r a d i c 
t ions  which a r i s e .  As energy conserva t ion becomes o f  g r e a t e r  importance 
in r e s i d e n t i a l  c o n s t r u c t i o n  o th e r  concerns such as noise  cont ro l  should 
not be neglec t ed  but  r a t h e r  considered in conjunct ion  with i t .  In t h i s  
way energy con se rv a t io n  can be added to o th e r  l o n ge r - s ta nd in g  env i r on 
mental c o n s id e r a t i o n s  in an e f f o r t  to maintain the q u a l i t y  of  l i f e  so f a r  
achieved by mankind.
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