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INTEGRATED ENERGY RESOURCES PLANNING AND
WATER MANAGEMENT FOR REGIONAL

SUSTAINABILITY IN BRAZIL

Paulo Hélio Kanayama
Geraldo Francisco Burani

Luis Cláudio Ribeiro Galvão
Miguel Edgar Morales Udaeta

INTRODUCTION

Th e  wo rl d � s  p o p u l at i o n  i n  2 0 5 0  wi l l  b e  m o re  o r l e s s
9  b i l l i o n  p e o p l e  an d  t h at  am o u n t  i s  c o n c e rn i n g  t o  t h e
d e ve l o p i n g  wo rl d  g ro wt h . I n  f ac t  t h i s  i n c re as e  wi l l  c au s e
b i g  i m p ac t  o n  t h e  e art h  n at u ral  re s o u rc e s  ( i n c l u d i n g  wat e r),
b i o d i ve rs i t y an d  t h e  e q u i l i b ri u m  o f  t h e  n at u ral  s ys t e m s .
B e c au s e  t h o s e  i s s u e s  i t  i s  m an d at o ry t o  i m p l e m e n t  a n e w
ap p ro ac h  f o r t h e  e art h  re s o u rc e s  u s e  an d  h o w are  as s e s s
t h e m . I n  o t h e r wo rd s  t h e  b al an c e  o f  e c o s ys t e m s  are  n o t
g o i n g  t o  b e  e n o u g h  t o  s u p p l y t h e  n e e d s  o f  t h e  p l an e t
s u s t ai n ab i l i t y;  u n l e s s  a n e w m an n e r o f  h o w t o  m an ag e
t h e  e art h  re s o u rc e s  wi l l  b e  d e ve l o p e d .

Th e  c u rre n t  d e ve l o p m e n t  p arad i g m  o n l y p ri o ri t i z e s
t h e  t e c h n i c al - e c o n o m i c  d i m e n s i o n  an d  t h i s  h as  c au s e d
u n b al an c e  b e t we e n  raw m at e ri al s  an d  re s i d u e s . O n  t h e
o t h e r h ad  we  al s o  k n o w t h at  n o t  al l  re s i d u e s  c o m i n g  f ro m
h u m an  ac t i vi t i e s  are  u s ab l e . Fo r t h at  an d  o t h e r re as o n s
t h e  i s s u e s  l i n k e d  t o  t h e  p e o p l e  ( l i k e  p o l i c y, l i f e - s t yl e ,
c u s t o m s  e t c .) are  a f ac t o rs  t o  i n c l u d e  i n  t h e  d e s i g n
d e ve l o p m e n t  o f  t h e  n e ar f u t u re  g l o b al  e c o n o m y an d
p ro c e s s e s , an d , t h at  p e o p l e  wi l l  b e  t h e  s t ak e h o l d e rs  f o r
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c h an g e  t h e  ac t u al  re s o u rc e  e c o n o m i c s  p arad i g m . O f  c o u rs e
t h e s e  n e w p arad i g m  o f  d e ve l o p m e n t  i s  n e c e s s ary t o
c o m b at  p ro b l e m s  wh i c h  c u rre n t  p at t e rn  i s  i n c ap ab l e  t o
s o l ve , s u c h  as  re d u c t i o n  o f  b i o d i ve rs i t y, p o l l u t i o n , s o c i al
i n e q u al i t y an d  t h e  c l i m at i c  c h an g e s

B u t  wat e r b e c au s e  e ve ryb o d y d ri n k  i t , was h  an d
b at h  wi t h  i t  o r as  a n at u ral  s ys t e m  i s  a o n e  o f  t h e  k e ys
t h at  wi l l  re d i re c t  n o  m at t e r wh at  d e ve l o p m e n t  n e w way.
M o re  t h an  t h at  wat e r i s  d i re c t l y re l at e d  t o  s i n g l e  b u t
n e c e s s ary t h i n g s  l i k e  d i s h e s , c l o t h e s , h o m e s , c ars  an d
i n d u s t ri e s ;  I t  i s  t ru e  t h at  f o o d  c ro p s  n o  g ro w wi t h o u t
wat e r e ve n  h u m an  b e e n  n o  s u rvi ve  m o re  t h an  144 h o u rs
wi t h o u t  i t . I n  t h at  s e n s e  wat e r i s  a c ri t i c al  s u s t ai n ab l e
d e ve l o p m e n t  i s s u e  t o g e t h e r wi t h  e n e rg y an d  f o o d  s e c u ri t y.
Avai l ab i l i t y o f  f re s h wat e r i s  s t e ad i l y d e c re as i n g  an d  t h e
2 0 5 0  s c e n ar i o  ( wi t h  e m e r g i n g  e c o n o m i e s  i n c r e a s e
c o n s u m p t i o n  l e ve l s  an d  g l o b al  warm i n g  d i s c l o s e ) wi l l
i n e vi t ab l y wo rs e  as  t h e  wo rl d � s  p o p u l at i o n  e n l arg e s
t o ward s  9  b i l l i o n .

N e arl y 2 0 %  o f  wo rl d  p o p u l at i o n  d o e s  n o t  h ave  ac c e s s
t o  s af e  d ri n k i n g  wat e r an d  40 %  d o e s  n o t  h ave  ac c e s s  t o
b as i c  s an i t at i o n  s ys t e m . Wat e r wi t h d rawal s  f ro m  ri ve rs
an d  l ak e s  h ave  d o u b l e d  s i n c e  19 6 0 .  I n  t e rm s  o f  o rt h o d o x
e c o n o m i c  d e v e l o p m e n t  a l l  b u s i n e s s e s  wi l l  b e  h ave
u n c e rt ai n t i e s , t e n s i o n s  an d  d i l e m m as  wi t h  t h e i r u s e  o f
wat e r o ve r t h e  b u s i n e s s - as - u s u al  s c e n ari o . Th u s  i n  t h i s
s c e n ari o , s t ak e h o l d e rs  wi l l  b e  d e m an d  s u s t ai n ab l e  wat e r
m an ag e m e n t .

S u s t ai n ab l e  wat e r m an ag e m e n t  m e an s  t h at  wat e r,
e n e rg y an d  c l i m at e  c h an g e s  are  we l l  i n t e rc o n n e c t e d . Fo r
i n s t an c e , t h e  f re s h wat e r m an ag e m e n t  b i g  c h al l e n g e  i s  t o
al l o c at e d  l i m i t e d  wat e r re s o u rc e s  b e t we e n  ag ri c u l t u ral ,
p u b l i c  s u p p l y an d  e n vi ro n m e n t al  u s e s . Th i s  m e an s  t o
c o n s i d e r t h e  i n t e g rat i o n  o f  s u p p l y, d e m an d , q u al i t y an d
e n vi ro n m e n t al  i s s u e s

Af t e rward  an d  s p e c i f i c al l y i n  t h e  c o n t e x t  o f  t h i s  wo rk
i t  i s  c l e ar t h at  t h e  n e w p arad i g m  d e m an d s  f o r i n t e g rat e d



I n t e g rat e d  e n e rg y re s o u rc e s  p l an n i n g  an d  wat e r m an ag e m e n t
f o r re g i o n al  s u s t ai n ab i l i t y i n  B raz i l
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e n e rg y re s o u rc e s  p l an n i n g  ( P I R ) ( FAP E S P  0 3 / 0 6 441- 7 ,
2 0 0 9 ), e ve n  c o n s i d e ri n g  wat e r e s s e n t i al l y i n  t h e  s e n s e  o f
s u s t ai n ab l e  e n e rg y u s e  ( s u p p l y an d  e n d - u s e ),

 PIR (Integrated Energy Resources Planning)

I n  t h i s  wo rk  t h e  p h i l o s o p h y o f  P I R  ( I n t e g rat e d  e n e rg y
R e s o u r c e s  P l a n n i n g )  i s  u s e d  l o o k i n g  f o r  t h e  l o c a l
s u s t ai n ab i l i t y f o r t h e  P au l i s t a we s t  re g i o n , wh i c h  i s  t h e
Araç at u b a Ad m i n i s t rat i ve  R e g i o n  ( R AA) o f  S ã o  P au l o  S t at e
i n  B ras i l  ( s e e  f i g u re  1). Th e  P I R , c o n c e p t u al l y am o n g s t
o t h e r  p r o c e d u r e s ,  i n c l u d e s  t h e  e n e r g y  r e s o u r c e s
i n t e g rat i o n , wh e re  t h e s e  re s o u rc e s  are  R E L O  ( S u p p l y S i d e
E n e r g y R e s o u r c e s )  an d  R E L D  ( D e m an d  S i d e  E n e r g y
R e s o u rc e s ), an d  s at i s f y t h e  e n e rg y n e e d s  f o re c as t e d  i n
t h e  l o c al  o f  e n e rg y p l an n i n g  s t u d y. Th at  m e an s  t h e  P I R
t ry  t o  r e t h i n k  t h e  d e v e l o p m e n t  m o d e l  t o  r e a c h
s u s t ai n ab i l i t y ( U D AE TA, 19 9 7 ).

Fi g u r e  1 .  Th e  Ad m i n i s t rat i ve  R e g i o n  o f  Arac at u b a ( R AA)

Th e  P I R  i n  c o h e r e n c e  wi t h  t h e  U N  S u s t ai n ab l e
D e ve l o p m e n t  i n d e x  o f  Ag e n d a 2 1, b e yo n d  e c o n o m i c  an d
t e c h n i q u e  as p e c t s ;  i t  i s  n e c e s s ary t o  i n c o rp o rat e d  i n  e q u i t y
t h e  s o c i al , e n vi ro n m e n t al  an d  p o l i t i c i an  d i m e n s i o n s  al s o .
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Th e re f o re , i n  t h e  P I R , t h e  l o c al , re g i o n al  an d  n at i o n al
n e e d s  are  an al yz e d  an d  t h e  e n e rg y p l an n i n g  i s  m ad e
c o n s i d e ri n g  t h e s e  f o u r d i m e n s i o n s  n am e d :  Te c h n i c al -
E c o n o m i c ,  E n vi ro n m e n t al ,  S o c i al  an d  P o l i t i c i an .  P I R
c o n s i d e r t h o s e  f o u r d e ve l o p m e n t  d i m e n s i o n s  f o r t h e  f u l l
c o s t  ac c o u n t  o f  e n e rg y re s o u rc e s  f u n d am e n t al l y b e c au s e
n o wad ays  t h at  e c o n o m i c  s i n g l e  c o s t s  d o  n o t  re f l e c t ,
n e c e s s ari l y, s o c i al , e n vi ro n m e n t al  an d  p o l i t i c i an  c o s t s
( FAP E S P  0 3 / 0 6 441- 7 , 2 0 0 9 ).

Th e  c u rre n t  d e ve l o p m e n t  p arad i g m  o n l y p ri o ri t i z e s
t h e  t e c h n i c al - e c o n o m i c  d i m e n s i o n  an d  t h i s  h as  c au s e d
t h ro w i n t o  d i s array t h e  e art h  n at u ral  re s o u rc e s  u s e , t h at
i s  u n b al an c e  b e t we e n  raw m at e ri al s  an d  re s i d u e s . N o r al l
re s i d u e s  f ro m  h u m an  b e i n g  ac t i vi t y i s  u s ab l e  as  raw
m at e ri al s  f o r o t h e r p ro c e s s e s  n o r t h e  t i m e  t h at  n at u ral
s ys t e m s  s p e n d  t o  re c yc l e  t h e m  are  s o  l o n g , t h at  t h e y
c au s e  e c o s ys t e m  al t e rat i o n s  t h at  are  h arm f u l  e ve n  t o  t h e
h u m an  l i f e .  S o ,  a n e w p arad i g m  o f  d e ve l o p m e n t  i s
n e c e s s ary t o  c o m b at  o t h e r p ro b l e m s  t h at  t h e  c u rre n t
p arad i g m  i s  i n c ap ab l e  t o  s o l ve ,  as  t h e  r e d u c t i o n  o f
b i o d i ve rs i t y, t h e  p o l l u t i o n , t h e  s o c i al  i n e q u al i t y an d  t h e
c l i m at i c  c h an g e s .

D e p e n d i n g  o n  t h e  re g i o n  wh e re  t h e  P I R  i s  ap p l i e d
t h i s  e n e rg y p l an n i n g  p h i l o s o p h y, n o t  n e c e s s ari l y p ro p e r
i n f o rm at i o n  i s  c o u n t e d  o n . Th e re f o re , i t  i s  n e c e s s ary t o
ap p l y i n f e re n c e s  an d  d e d u c t i o n s  am o n g  o t h e rs  re g i o n s  o f
t h e  g l o b e  t o  i m p ro ve  d e m an d  f o re c as t  an d  re s t rai n e d
d e m a n d  e s t i m a t i o n .  R e s t ra i n e d  d e m a n d  b e c o m e s
e s p e c i al l y c o n f l i c t i n g  i n  re g i o n s  s u c h  as  t h e  we s t e rn  o f
S ã o  P a u l o  S t a t e  ( R AA/ S P / B ra z i l ),  b e c a u s e  i t  i s  i n
d e ve l o p m e n t  c o u n t ry t h at  s t i l l  m u s t  c o n s i d e r m o re  n e w
e f f i c i e n t  t e c h n o l o g i e s  a n d  o t h e r  g l o b a l  war m i n g
re s t ri c t i o n s .

I n  t h e  d e ve l o p i n g  c o u n t ri e s  t h e  re s t rai n e d  d e m an d
o f  b as i c  n e c e s s i t i e s  b ri n g s  t h e  re s u l t  o f  p o o r t e c h n o l o g y
c o n t ri b u t i n g  o n  t h e  i n c re as e  o f  e n vi ro n m e n t al  p ro b l e m s .
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I n  t h at  s e n s e , t h i s  c h ap t e r c o ve rs  g ro u n d  an d  s u rf ac e
wat e r re s o u rc e s , ri ve r b as i n s , e n vi ro n m e n t al  d e g rad at i o n
an d  e n e rg y g e n e rat i o n  al ways  c o n s i d e ri n g  t h e  l o c al  P I R
m e t h o d o l o g y f o r R AA,  c o m p o s e d  b y 43  m u n i c i p al i t i e s  i n
t h e  we s t e rn  are a o f  S ao  P au l o  ( S P ), t h e  m o s t  i m p o rt an t
s t at e  o f  B raz i l  . O n  t h e  f i g u re  1 an d  2 , t h e  R AA i s  s h o wn ;
l o c at e d  i n  t h e  we s t  o f  S ao  P au l o  s t at e .

Fi g u r e  2 .  I n f ras t ru c t u re  o f  Ad m i n i s t rat i ve  R e g i o n  o f  Arac at u b a

RAA CH ARACTERIZATION

Th e  Ad m i n i s t rat i ve  R e g i o n  o f  Arac at u b a ( R AA)
p re s e n t s  g o o d  ro ad s , wat e rway ( Ti e t e - P aran a ri ve rs ) an d
rai l way s t ru c t u re s  t h at  p ro m o t e  t rad e  an d  m ak e  Arac at u b a
an  i m p o rt an t  ro u t e  f ro m  t h e  At l an t i c  t o  t h e  C e n t ral - We s t
o f  B raz i l .

I n  R AA t h e  u n d e rs t an d i n g  o f  t h e  i m p o rt an c e  o f
re l at i o n s h i p  b e t we e n  e c o s ys t e m  an d  e c o n o m i c al  g ro wt h
i s  ve ry p o o r. Al t h o u g h  wat e r s c arc i t y i s  a s i g n i f i c an t  p ro b l e m
i n  s o m e  p art s  o f  B raz i l , i n  t h e  re g i o n  o f  Arac at u b a t h e
wat e r d e m an d  i s  l e s s  t h an  5 0 %  o f  i t s  avai l ab i l i t y. Th re e
ri ve r b as i n s ,  B ai x o  Ti e t e ,  Ag u ap e i  an d  S ao  J o s e  d o s
D o u ra d o s ,  s u p p l y  wat e r  t o  4 3  m u n i c i p a l i t i e s  w i t h
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ap p ro x i m at e l y 1.4 m i l l i o n  p e o p l e .  Tab l e  1 s h o ws  t h e
d e m an d  an d  avai l ab i l i t y o f  s u rf ac e  wat e r an d  g ro u n d  wat e r
o f  t h e  r i ve r b as i n s  i n  Arac at u b a. Tab l e  2  s h o ws  t h e
p o p u l at i o n  o f  e ac h  ri ve r b as i n  an d  t h e  s u rf ac e  wat e r
p o l l u t i o n  i n  t e rm s  o f  was t e wat e r l o ad .

Ta b l e  1 .  S u rf ac e  wat e r an d  g ro u n d wat e r d e m an d  x  avai l ab i l i t y

S o u rc e :  19 9 9  S ao  P au l o  s t at e  wat e r re s o u rc e s  s i t u at i o n  re p o rt
( R e l at ó ri o  d e  s i t u aç ã o  d e  re c u rs o s  h í d ri c o s  d o  E s t ad o  d e  S ao  P au l o ,
19 9 9 )

* U G R H I  -  U n i t  o f  Wat e r R e s o u rc e s  M an ag e m e n t  ab b re vi at e d

Ta b l e  2 .  S u rf ac e  wat e r p o l l u t i o n

S o u rc e :  2 0 0 5  S ao  P au l o  s t at e  g ro u n d wat e r q u al i t y re p o rt  -
C E TE S B / 2 0 0 6  ( R e l at ó ri o  d e  Q u al i d ad e  d as  Á g u as  I n t e ri o re s  d o  E s t ad o
d e  S ao  P au l o  2 0 0 5  -  C E TE S B / 2 0 0 6 )

I n  Arac at u b a, al t h o u g h  t h e  d e m an d  o f  wat e r i s  l e s s
t h a n  5 0 %  o f  i t s  ava i l a b i l i t y,  t h e  i s s u e  o f  wa t e r
m an ag e m e n t  i s  s i m i l ar t o  t h e  e n e rg y i s s u e  i n  t h e  c o n t e x t
o f  re g i o n al  d e ve l o p m e n t . E n e rg y re s o u rc e s  are  ab u n d an t ,
b u t  i t  i s  n o t  avai l ab l e  i n  t h e  s am e  way f o r e ve ryb o d y. I n
t h e  c o n t e x t  o f  s u s t ai n ab l e  d e ve l o p m e n t , t h e  b al an c e
b e t we e n  s o c i al  e q u i t y an d  e c o n o m i c  g ro wt h  m u s t  b e
i m p ro ve d . B o t h  wat e r an d  e n e rg y c an  b e  u s e d  t o  p ro m o t e
e c o n o m i c  g ro wt h , c re at e  j o b s  an d  e rad i c at e  p o ve rt y,
m ai n t ai n i n g  t h e  f u n c t i o n i n g  an d  re s i l i e n c e  o f  e c o s ys t e m s .
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I n  R AA, t h e  s u p p l y s i d e  g e n e rat e s  ab o u t  f o u r t i m e s
m o re  e n e rg y t h an  n e e d e d ;  t h i s  s t at i s t i c  i s  c o n s i d e ri n g
o n l y t h e  e x p l o re d  e n e rg y re s o u rc e s . R AA e x p o rt s  s u rp l u s
e n e r g y  t o  o t h e r  r e g i o n s ,  c o n s i d e r e d  c l e a n  e n e r g y ;
g e n e rat e d  b y h yd ro p o we r p l an t s  o r c o g e n e rat e d  f ro m
s u g arc an e  b ag as s e  an d  al s o  al c o h o l  f ro m  s u g ar c an e .
Th e  c u ri o u s  f ac t  i s  t h at  R AA i m p o rt s  f o s s i l  f u e l s . Tab l e  3
p re s e n t s  t h e  e n e rg y b al an c e  o f  t h e  R AA.

I n  R AA t o d ay we  c an  c o n s i d e r t h e  f o l l o wi n g :

-  l o c al  e l e c t ri c i t y -  ab o u t  6 8 %

-  i m p o rt e d  e n e rg y f ro m  d e ri vat i ve s  o i l  -  ab o u t  2 1%

-  al c o h o l  -  10 %

-  n at u ral  g as  -  1%

Tab l e  4 p re s e n t s  t h e  e n e r g y b al an c e  c l as s i f i e d
ac c o rd i n g  t o  t h e  p o t e n t i al  o f  re n e wal  o f  t h e  s o u rc e . Fi g u re
3  p re s e n t s  t h e  s am e  i n f o rm at i o n . I n  R AA, al t h o u g h  t h e
r e n e wab l e  e n e r g y s o u r c e s  are  7 8 % ,  t h e  d e m an d  i s
p re d o m i n an t l y n o n - re n e wab l e , u s i n g  o n l y 4%  o f  re n e wab l e
e n e rg y.

Th e  e n e rg y c o n s u m p t i o n  p er cap ita, wh i c h  was
e s t i m at e d  t o  b e  1,3 7 6  t o e / h ab  i n  2 0 0 4, was  h i g h e r t h an
t h e  n at i o n al  ave rag e  i n  2 0 0 7  wh i c h  was  1,3 0 1 t o e / h ab ;
w h a t  s h o w s  a  p o t e n t i a l  e c o n o m i c  g r o wt h  i n  R AA.
D e p e n d i n g  o n  t h e  p u b l i c  p o l i c i e s  t h at  s u rro u n d  t h e  s t rat e g i c
e n e rg y p l an n i n g  o f  R AA, t h i s  p o t e n t i al  c an  b e  e f f i c i e n t l y
e x p l o re d  o r c o n t rari wi s e .

I f  t h e  d e m an d  f o r n o n - re n e wab l e  e n e rg y c o u l d  b e
s u b s t i t u t e d  b y re n e wab l e  e n e rg y, wh i c h  l o c al  e n e rg y
re s o u rc e s  wo u l d  c re at e  m o re  j o b s ?

Wh i c h  o n e s  wo u l d  c au s e  l e s s  e n vi ro n m e n t al  i m p ac t s
an d  wh i c h  o n e s  wo u l d  b e  e as i e r t o  e x p l o re ?  H o w wo u l d
t h e  c h arac t e ri s t i c s  o f  t h e  re g i o n  b e  u s e d  t o  al l o w an
e c o n o m i c  g ro wt h  wi t h o u t  an  e x c e s s i ve  i n c re as e  o f  e n e rg y
c o n s u m p t i o n  p e r c ap i t a?



P au l o  H é l i o  Kan ayam a et al.

C
a
ro

l i n
a
 B

i l i
b
i o

, 
O

l i v
e
r 

H
e
n
s e

l  
e
 J

e
f e

rs
o
n
 S

e
l b

a
c h

 (
o
rg

.)

3 2 8

I n  o t h e r wo rd s , wh i c h  e n e rg y re s o u rc e s  f ro m  b o t h ,
s u p p l y an d  d e m an d  s i d e  c o u l d  b e  e x p l o re d  at  a l o we r
e c o n o m i c , s o c i al , p o l i t i c al  an d  e n vi ro n m e n t al  c o s t ?

Th e s e  q u e s t i o n s  c an  b e  b e t t e r an s we re d  i f  we  h ave
a b ro ad  vi e w o f  t h e  e n t i re  re g i o n .

Ta b l e  3 . E n e rg y s u p p l y an d  d e m an d  i n  R AA

S o u rc e :  E l ab o rat e d  b y t h e  au t h o rs  ( 2 0 0 4)

Fi g u r e  3 .  S u p p l y an d  d e m an d  o f  n o n - re n e wab l e  an d  re n e wab l e
e n e rg y
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Ta b l e  4 .  S u p p l y an d  d e m an d  o f  re n e wab l e  e n e rg y

SUSTAINABILITY OF ADMINISTRATIV E REGION
OF ARACATUBA ( RAA)

Th e  f ac t  t h at  R AA i s  an  i m p o rt an t  ro u t e  f ro m  At l an t i c
t o  t h e  c e n t e r  o f  t h e  c o u n t ry an d  h as  g r e at  e n e r g y
avai l ab i l i t y, o n e  o f  t h e  l arg e s t  h yd ro p o we r p l an t s  i n  t h e
wo rl d  an d  i s  c u t  ac ro s s  b y B raz i l - B o l i vi a g as  p i p e l i n e  m ak e s
t h e  re g i o n  a g re at  p o t e n t i al  f o r e c o n o m i c  g ro wt h .

H o we ve r, t h e  ac t u al  p arad i g m  o f  d e ve l o p m e n t  i n
t h i s  r e g i o n  h a s  c a u s e d  s o m e  i n e q u a l i t y  d u r i n g  i t s
d e ve l o p m e n t . At  R AA 5 6 %  o f  p o p u l at i o n  are  c o n c e n t rat e d
o n l y i n  4 m u n i c i p al s , an d  44%  are  s p re ad e d  am o n g  3 9
m u n i c i p al s .  Th e  h i g h  d e n s i t y o f  p o p u l at i o n  c o n c e n t rat e d
o n l y i n  4 m u n i c i p al s ;  b ri n g  t i p i c al  p ro b l e m s  f ro m  g re at
m e t r o p o l i s ,  s u c h  a s  p o l l u t i o n ,  s o c i a l  i n e q u a l i t y an d
vi o l e n c e  wh i c h  we re  n o t  c o n c e rn i n g  i s s u e s  f e w ye ars  ag o .
O n  t h e  o t h e r s i d e , t h e  3 9  m u n i c i p al s  are  l e f t  o ve r, n o
j o b s ;  p o o r h e al t h  s e rvi c e s  an d  p o o r e d u c at i o n  s ys t e m
m ak e  re s i d e n t s , i n  s p e c i al  yo u t h  t o  l e ave  t h e i r h o m e s
s e arc h i n g  f o r b e t t e r o p p o rt u n i t i e s  i n  o n e  o f  t h o s e  we al t h y
m u n i c i p al s .

N e v e r t h e l e s s ,  a  n e w  p arad i g m  i s  n e c e s s ary;
o t h e rwi s e  t h e  i n e q u al i t y t e n d e n c y wi l l  i n c re as e  i n  R AA.

Fro m  t h e  s t a t i s t i c  o f  M H D I  ( M u n i c i p a l  H u m a n
D e ve l o p m e n t  I n d e x  �  2 0 0 4), t h i s  o n l y e x i s t s  i n  S ao  P au l o
s t at e .

D e s p i t e  o f  R AA h as  e x c e l l e n t  t ran s p o rt  s t ru c t u re ,
e x c e l e n t  p ro d u c t i o n  o f  g rai n  an d  f ru i t s  ( m an g o , p i n e ap p l e
an d  g u ava), d e ve l o p m e n t  o f  o l e ri c u l t u re , t o u ri s m  i n d u s t ry
s t art e d  g ro wi n g  f ro m  t h e  7 0 s  as  3  l arg e  h yd ro e l e c t ri c
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d am s  we re  c o n s t ru c t e d , t h e  g o o d  i n d u s t ri al  f o u n d at i o n
p ro d u c i n g  s u g arc an e , f u rn i t u re  an d  s h o e s , i t  al s o  h as
m u n i c i p al s  c o n s i d e re d  t h e  l e as t  s o c i al - e c o n o m i c  d e ve l o p e d
b y M H D I . S e e  t h e  p o s i t i o n  o f  R AA m u n i c i p al s  i n  S ao  P au l o
s t at e  ran k i n g  b y M H D I :

I l h a S o l t e i ra -  10 t h ;  Arac at u b a - 12 t h ;  B i ri g u i  -  3 4t h

P e n ap o l i s  i s  i n  4t h  b y R AA an d  i s  i n  10 5 t h  b y S ao
P au l o  s t at e .

G u z o l an d i a i s  t h e  l as t  b y R AA an d  i s  o n  t h e  6 10
p o s i t i o n  o u t  o f  6 46  m u n i c i p al s  wh i c h  c o m p o s e  t h e  wh o l e
s t at e  o f  S ao  P au l o .

P rag m at i c al l y, e n e rg y o r wat e r s e c u ri t y e x i s t s  wh e n
e n e rg y an d  wat e r are  af f o rd ab l e , re l i ab l e  an d  ac c e s s i b l e
t o  e ve ryo n e . C o n s i d e ri n g  t h e  f ac t  t h at  s e c u ri t y i s  n o t
p ro p e rl y ad d re s s e d  s o  f ar, n o r c h arac t e ri z e d  wi t h i n  t h e
t rad i t i o n al  e n e rg y p l an n i n g  o r wat e r m an ag e m e n t , t h e
c e n t ral  p ro b l e m  o f  re g i o n al  d e ve l o p m e n t  m u s t  b e  t h e
c o m p re h e n s i ve  an al ys i s  o f  t h e  s t rat e g y o f  s e c u ri t y o f
s u s t ai n ab l e  e n e rg y an d  wat e r s u p p l y o ve r t i m e .

O n e  o f  g re at  c h al l e n g e s  i n  t h i s  c e n t u ry i s  t h at , p o l i c y
m ak e rs �  f ac e  h o w g ro wi n g  e n e rg y an d  wat e r d e m an d  i s
t ak e n  i n t o  ac c o u n t  t o  c o m b i n e  s e c u ri t y wi t h  ad ve rs e
e n vi ro n m e n t al  e f f e c t s ;  s u c h  as  g l o b al  c l i m at e  c h an g e s ,
b i o d i ve rs i t y l o s s , wat e r, s o i l  an d  ai r p o l l u t i o n .

Fo r i n s t an c e , t h e  an al ys i s  o f  g l o b al  warm i n g  m ak e s
s e n s e  f o r t i m e  h o ri z o n s  o f  5 0 , 10 0  an d  2 0 0  ye ars  o r m o re
i n  s c e n ari o s  wh e re  t h e  ave rag e  t e m p e rat u re  c an  i n c re as e
f ro m  1 º C  t o  5  º C  o r e ve n  m o re .

At  t h e  m o m e n t  t h e re  are  n o  s t u d i e s  t h at  as s u re
wh at  i s  g o i n g  t o  h ap p e n  wi t h  t h e  e n e rg y s ys t e m  o p e rat i o n
i n  t h i s  c o n d i t i o n .  Fo r e x am p l e , o n  h yd ro e l e c t ri c i t y s ys t e m ,
i s  e v i d e n t  t h a t  t h e  c o rr e l a t i o n  o f  e vap o rat i o n  a n d
p re c i p i t at i o n  c yc l e  an d  al t e rat i o n  o f  d am  vo l u m e s  c h an g e
t h e  h yd ro e l e c t ri c  p o t e n t i al , e s p e c i al l y i n  t h e  t ro p i c s  an d
s u b - t ro p i c s .
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Th e  aq u at i c  e c o s ys t e m s  e x c h an g e  e n e rg y an d  m at t e r
am o n g  t h e m s e l ve s  an d  al s o  wi t h  ad j ac e n t  t e rre s t ri al
s ys t e m s . Th e y s u f f e r f ro m  d i f f e re n t  t yp e s  o f  al t e rat i o n s
c o m i n g  f ro m  i n c re as e  o f  d e m an d  an d  re l e as i n g  o f  was t e
f ro m  an t h ro p o g e n i c  ac t i vi t i e s . E ve n  � c l e an  e n e rg y�  c o m i n g
f ro m  b i o m as s , wi n d  an d  s u n  b ri n g s  a n e g at i ve  i m p ac t  i n
t h e  e n vi ro n m e n t .

Th e  s u s t e i n ab i l i t y o f  R AA wi l l  h ap p e n  o n l y i f  t h e
vu l n e rab l e  p art s  h ave  b e e n  t ak i n g  i n  c o n s i d e rat i o n . Th e
s o u rc e s  o f  p o l l u t i o n  are  n u m e ro u s  an d  d i f f u s e  i n  t h e  wh o l e
R AA.

TH E USE OF PIR METH ODOLOGY TOWARDS
TH E WATER SUSTAINABILITY

P I R  m e t h o d o l o g y h as  b e i n g  u s e d  b y R AA t o  i d e n t i f y
an d  e n c o u rag e  t h e  u s e  o f  e n e rg y re s o u rc e s  ( E R ) wh i c h
m o s t  c o n t ri b u t e  t o  t h e  s u s t ai n ab i l i t y o f  d e t e rm i n e d  re g i o n ,
wh i l e  c o n s i d e ri n g  s o c i al , e n vi ro n m e n t al , p o l i t i c al  an d
t e c h n i c al - e c o n o m i c  as p e c t s .

Wi t h  r e g ard s  t o  h e al t h  s ys t e m ,  o n l y 2 0  o f  43
m u n i c i p al s  o f  R AA h ave  h o s p i t al s , b o t h  p u b l i c  an d  p ri vat e .
Fo r t h i s  re as o n , i t  i s  d i f f i c u l t  t o  c o rre l at e  t h e  p ro b l e m s  o f
s u g arc an e  b u rn i n g  i n  t h e  f i e l d s  wi t h  o t h e r t yp e s  o f  e n e rg y
r e l a t e d  t o  e n t e r p r i s e s  w i t h  r e s p i ra t o ry  d i s e a s e s
n o t i f i c at i o n s  i n  t h e  re g i o n . Th e  s o l u t i o n  f o r t h e s e  p ro b l e m s
was  t o  m ak e  q u e s t i o n n ai re s  ab o u t  h e al t h  an d  we l l - b e i n g
re l at e d  t o  ai r q u al i t y. A p i l o t  s t u d y was  c arri e d  o u t  i n  t h e
m u n i c i p al  o f  Arac at u b a. Q u e s t i o n s  wi t h  re g ard s  t o  t yp i c al
s ym p t o m s  o f  re s p i rat o ry d i s e as e s  re l at e d  t o  ai r q u al i t y
we re  e l ab o rat e d  t o  f i n d  o u t  t h e  p e rc e n t ag e  o f  h o w m an y
p e o p l e  we re  s u f f e ri n g  f ro m  re s p i rat o ry p ro b l e m s . Th i s  t yp e
o f  re s e arc h  i s  m u c h  c h e ap e r an d  ac c u rat e  t h an  c o l l e c t i n g
d at e s  f ro m  h o s p i t al s , e s p e c i al l y b e c au s e  n o t  e ve ryb o d y
wi t h  re s p i rat o ry p ro b l e m s  g o e s  t o  h o s p i t al . Th i s  e x am p l e
s h o u l d  b e  c arri e d  o u t  n o t  o n l y i n  m u n i c i p al s  b u t  i n  wh o l e
R AA an d  t h e n  s p re ad e d  o u t  i n  t h e  c o u n t ry, i n  o rd e r t o
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c o rre l at e  t h e  s t at e  o f  p o p u l at i o n � s  we l l - b e i n g  t o  t h e  p o we r
p l an t s  an d  t h e  was t e wat e r l o ad s .

 Tab l e  5  s h o ws  t h e  g e n e ri c  f o rm at  o f  t h e  f i n al  re s u l t
o f  e n e rg y re s o u rc e s  an al ys i s , c o m p ri s i n g  b o t h  e n e rg y
re s o u rc e s , s u p p l y an d  d e m an d  s i d e  af t e r t ak i n g  i n t o
c o n s i d e ra t i o n  t h e  p e c u l i ar i t i e s  a n d  n e e d s  o f  e a c h
m u n i c i p al . V e rt i c al l y, i n  t h e  g e n e ri c  m o d e l  i n  Tab l e  5 ,
m u n i c i p al i t i e s  wh i c h  h ave  t h e  b e s t  c o n d i t i o n s  t o  u s e  c e rt ai n
e n e rg y re s o u rc e  ( E R ) are  s h o wn . Th e  s u m  u p  o f  ve rt i c al l y
p l ac e d  i n d e x e s  s h o ws  wh i c h  re s o u rc e s  are  m o s t  ad e q u at e
f o r t h e  wh o l e  re g i o n .  Th e  wo rd  �ad e q u at e �  m u s t  b e
u n d e rs t o o d  t o  b e  rat i o n al - e f f i c i e n t - s u s t ai n ab l e  i n  t i m e
an d  t h e  g e o g rap h i c  re g i o n , c o n s i d e ri n g  f o u r d i m e n s i o n s :
s o c i al , e n vi ro n m e n t al , p o l i t i c al  an d  t e c h n i c al - e c o n o m i c .

Ta b l e  5 .   C l as s i f i c at i o n  o f  E n e rg y R e s o u rc e s  ( E R )

I f  we  h ave  t wo  re g i o n s  t o  an al ys e , t h e  t o t al  s u m  u p
o f  t h e  i n d e x e s  wi l l  s h o w wh i c h  re s o u rc e s  are  ad e q u at e d
f o r t h e  n u m b e r o f  m u n i c i p al s  i n  t h e s e  re g i o n s . Fo r e x am p l e ,
i f  we  wan t  t o  k n o w t h e  e n e rg y vo c at i o n  o f  a c e rt ai n  s t at e ,
f i r s t l y we  h ave  t o  d e t e r m i n e  t h e  v o c at i o n  f o r  e ac h
m u n i c i p al , an d  t h e n  d e t e rm i n e  f o r e ac h  Ad m i n i s t rat i ve
R e g i o n , an d  f i n al l y we  h ave  t h e  an s we r wh i c h  ap p l i e s  t o
t h e  wh o l e  s t at e .

P I R  m e t h o d o l o g y p re s e n t s  t h e  e n vi ro n m e n t al , s o c i al ,
e c o n o m i c , t e c h n o l o g i c al  an d  p o l i t i c al  c h arac t e ri s t i c s  o f
t h e  re g i o n , an d  al s o  i d e n t i f i e s  e n e rg y re s o u rc e s  f o u n d  i n
t h i s  re g i o n .
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Th e  f i rs t  s t e p  o f  P I R  c o n s i s t s  o n  t h e  e l ab o rat i o n  o f
�Fu l l  E n vi ro n m e n t  Ac c o u n t i n g � ,  wh i c h  h as  i m p o r t an t
d at ab as e  t o  e n ab l e  c r e at i n g  s t rat e g i c  p l an s  f o r  t h e
d e ve l o p m e n t  o f  R AA, i n c l u d i n g  e n e rg y p l an n i n g .

Th e  Fu l l  E n vi ro n m e n t  Ac c o u n t i n g  s h o ws  t h e  s i t u at i o n
o f  t h e  re g i o n  wi t h  l i m i t at i o n s  an d  c o m p e t i t i ve  ad van t ag e s ,
s u c h  a s  v u l n e rab i l i t i e s ,  d e f o r e s t a t i o n ,  b i o d i v e r s i t y,
e d u c at i o n , p o ve rt y, wat e r, ai r an d  s o i l  p o l l u t i o n  e t c . I t
al s o  p o i n t s  o u t  i f  h u m an  ac t i vi t i e s  are  ad e q u at e d  o r
h arm f u l l .

Fi g u r e  4 .   Fu l l  E n vi ro n m e n t  Ac c o u n t i n g  D i ag ram

E a c h  o f  t h e  d i m e n s i o n s  u s e d  i n  P I R  a n al ys i s ,
t e c h n i c al - e c o n o m i c , s o c i al , p o l i t i c al  an d  e n vi ro n m e n t al ,
are  b as e d  o n  i n f o rm at i o n  f ro m  t h e  Fu l l  E n vi ro n m e n t
Ac c o u n t i n g  wh i c h  i s  s u b d i vi d e d  i n :  an t h ro p i c  m e an s  �  ai r
m e an s  �  l an d  m e an s  -  aq u at i c  m e an s  as  c an  b e  s e e n  i n
Fi g u re  4

A nth rop ic Means   Al s o  k n o wn  c u l t u ral  e n vi ro n m e n t
-  d i re c t l y i n f l u e n c e d  b y m an � s  ac t i vi t i e s . S o m e  e x am p l e s
t h at  c o m p ri s e  t h e  an t h ro p i c  m e an s  are :

-  H i s t o ri c al  e vo l u t i o n  o f  t h e  re g i o n

-  D e m o g rap h i c  d e n s i t y an d  d i s t ri b u t i o n  o f  p o p u l at i o n
b y ag e  an d  g e n d e r

-  U rb an  an d  ru ral  p art i c i p at i o n  o f  p o p u l at i o n
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-  H e al t h , E d u c at i o n  an d  S o c i al  i n d i c at o rs  l i k e  H D I

-  G D P

-  I n f ra- s t ru c t u re

-  B as i c  s an i t at i o n

-  Tran s p o rt

-  E n e rg y

-  P o l i c i e s

Land Means    C h arac t e r i z e d  b y  t h e  f o l l o wi n g
vari ab l e s :

-  B i o d i ve rs i t y, re f e re n t  t o  an i m al  an d  p l an t s

-  R e l i e f

-  S o i l  -  c h ara c t e r i z e d  b y  t h e  t y p e s  o f  s o i l ,
s u s c e p t i b i l i t y t o  e ro s i o n  an d  p o l l u t i o n .

O n e  o f  t h e  s u b j e c t s  o f  t h e  l an d  m e an s  i s  b i o d i ve rs i t y.
Tab l e  6  i l l u s t rat e s  h o w t h e  l e ve l  o f  b i o l o g i c al  i m p o rt an c e
o f  e ac h  m u n i c i p al  o f  S ao  J o s e  d o s  D o u rad o s  R i ve r B as i n
was  c h arac t e ri z e d , wi t h  re g ard s  t o  f au n a an d  f l o ra. Th i s
t yp e  o f  i n f o rm at i o n  p e rm i t s  a d e c i s i o n  m ak e r t o  h ave
ac c e s s  t o  p o s s i b l e  e n vi ro n m e n t al  re s t ri c t i o n s  at  m u n i c i p al s
wi t h  re g ard s  t o  e n e rg y e n t e rp ri s e . I t  i s  p o s s i b l e  t o  c al c u l at e
�a p riori �  r i s k s  t h a t  p r o j e c t s  c a n  p r e s e n t  b e f o r e
i m p l e m e n t e d .

Tab l e  7  p re s e n t s  t h e  re m ai n i n g  f o re s t  are as  i n  e ac h
m u n i c i p al  o f  S . J . d o s  D o u rad o s  R i ve r B as i n

Ta b l e  6 . B i o l o g i c al  i m p o rt an c e  o f  S . J . d o s  D o u rad o s  R i ve r b as i n

S o u rc e :  E l ab o rat e d
b y t h e  au t h o r
u s i n g  i n f o rm at i o n
f ro m  t h e  Fo re s t
I n ve n t o ry o f
M i n i s t ry o f
E n vi ro n m e n t , 2 0 0 2 .



I n t e g rat e d  e n e rg y re s o u rc e s  p l an n i n g  an d  wat e r m an ag e m e n t
f o r re g i o n al  s u s t ai n ab i l i t y i n  B raz i l

3 3 5

S
u
st

a
in

a
b
le

 w
a
te

r 
m

a
n
a
g
e
m

e
n
t 

in
 t

h
e
 t

ro
p
ic

s 
a
n
d
 s

u
b
tr

o
p
ic

s 
- 

a
n
d
 c

a
se

 s
tu

d
ie

s 
in

 B
ra

zi
l 

- 
V
o
l.
2

Ke y ( o n l y o d d  n u m b e rs  are  u s e d ) * 1= I rre l e van t ;
3 = I n s u f f i c i e n t  k n o w l e d g e ,  b u t  p r o b a b l e  b i o l o g i c a l
i m p o rt an c e ;  5 = H i g h  b i o l o g i c al  i m p o rt an c e ;  7 = V e ry h i g h
b i o l o g i c al  i m p o rt an c e ;  9 = E x t re m e  b i o l o g i c al  i m p o rt an c e

Ta b l e  7 .   R e m ai n i n g  f o re s t  are as  i n  e ac h  m u n i c i p al  o f  S . J . d o s
D o u rad o s  R i ve r B as i n

S o u rc e :  B raz i l i an  I n s t i t u t e  o f  G e o g rap h y an d  S t at i s t i c s  ( I B G E  �
I nst.  Brás. o de Geograf ia e Estatí stica), 2 0 0 2

Ta b l e  8 .  B i o d i ve rs i t y i n d e x e s  o f  e ac h  m u n i c i p al  o f  S . J . d o s
D o u rad o s  ri ve r b as i n

Fro m  t h e  i n f o rm at i o n  o n  Tab l e  6  an d  Tab l e  7 , t h e
b i o d i ve rs i t y i n d e x e s  o f  S ao  J o s e  d o s  D o u rad o s  R i ve r b as i n
m u n i c i p al s  we re  d e t e rm i n e d  ( Tab l e  8 ).
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Th e  f o re s t  are as  i n  e ac h  m u n i c i p al  an d  t h e  b i o l o g i c al
i m p o rt an c e  o f  t h e  m am m al s , b i rd s  an d  f l o ra are  s u m m e d
u p . Th e  c o l u m n s  o f  p art i c i p at i o n  o n  Tab l e  8  i n d i c at e  t h e
p e rc e n t ag e  o f  e ac h  m u n i c i p al  i n  re l at i o n  t o  t h e  s u m  u p  o f
al l  43  m u n i c i p al s  o f  R AA.

Fi n al l y, t h e  b i o d i ve r s i t y i n d e x  i s  c al c u l at e d  o n
avarag e  b e t we e n  p art i c i p at i o n  o f  re m ai n i n g  f o re s t s  an d
b i o l o g i c al  i m p o rt an c e s . Th e  g re at e r i s  t h e  i n d e x , t h e
g re at e r t h e  p ro b ab i l i t y o f  e n vi ro n m e n t al  re s t ri c t i o n s  i n
t h e  m u n i c i p al .

A ir Means   I t  i s  t h e  c o n c e p t  o f  t o p o g rap h y d e l i m i t e d
b y a m i n i m u m  q u o t a, wh i c h  d i f f i c u l t s  t h e  d i s p e rt i o n  o f
p o l l u t an t s  e m i t t e d  f ro m  i n d u s t ri al  an d  s o c i al - e c o n o m i c
ac t i vi t i e s  an d  t h e  t ran s p o rt  s e c t o r. V ari ab l e s  t h at  c an
c h arac t e ri z e  t h e  ai r m e an s  are  d i vi d e d  i n  t wo  m ai n  g ro u p s :

-  At m o s p h e ri c  p o l l u t an t s  s u c h  as  p art i c l e  m at t e r,
s m o k e , s u l p h u r d i o x i d e , e t c .

-  G re e n  h o u s e  e f f e c t  g as e s , f o r e x am p l e  c arb o n
d i o x i d e  an d  m e t h an e .

G reenh ouse gases em issions

I n  t h e  at m o s p h e re , a l arg e  c o n c e n t rat i o n  o f  c arb o n
d i o x i d e , o n e  o f  t h e  g re e n  h o u s e  e f f e c t  g as e s , m ai n l y a
re s u l t  o f  s u g arc an e  b u rn i n g  i n  p l an t at i o n s  an d  e m i s s i o n s
f ro m  l arg e  h yd ro p o we r d am s , c an  b e  s e e n  vi a s at e l l i t e
( Fi g u re  5 ).

Th e  p ro b l e m  o f  s u g arc an e  b u rn i n g  t e n d s  t o  b e
l e s s e n e d  b y t h e  l e g i s l at i o n  t h at  o b l i g e s  s u b s t i t u t i o n  o f
b u rn i n g  b y m e c h an i z e d  h arve s t i n g . I n  an y c as e , t h e
d e ve l o p m e n t  o f  an t h ro p i c  ac t i vi t i e s  t h at  e m i t  m o re  c arb o n
d i o x i d e  c an  s at u rat e  s o m e  ai r b as i n s  i n  t h e  re g i o n .

I n  c as e  o f  h yd ro p o we r p l an t s  re s e rvo i r, t h e re  are  n o
d at e s  o f  g re e n  h o u s e  g as e s  e m i s s i o n s  avai l ab l e . Th e
s o l u t i o n  t o  t h i s  was  t o  u s e  e m i s s i o n  rat e s  o f  o t h e r
h yd ro p o we r re s e rvo i rs  i n  B raz i l  wi t h  s i m i l ar c h arac t e ri s t i c s
i n  t e rm s  o f  t h e  ag e  o f  t h e  re s e rvo i r ( Tab l e  9 ). E rro rs  are
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e n c o u n t e re d  d u e  t o  t h e  f ac t  t h at  t h e  am o u n t , i n  m as s
an d  vo l u m e  o f  b i o m as s  i n  t h e  re s e rvo i rs  are  l e s s  l i k e l y t o
b e  e q u al .

Fi g u r e  5 .  C O 2   e m i s s i o n  rat e  at  12 : 0 0  P .M . o n  2 5 / 0 2 / 0 9 .

S O U R C E :  C P TE C  /  I N P E

As  a c u r i o s i t y, s e e  b e l l o w ( Tab l e  9 )  t h at  N o va
Avan h an d ava h yd ro p o we r p l an t  ( H P ) h as  t h e  h i g h e s t  C O 2 e q

e m i s s i o n  rat e  an d  t h e  l o we s t  f l o o d e d  are a.

Ta b l e  9 . G H G  e m i s s i o n  i n  R AA h yd ro p o we r p l an t s

S o u rc e :  E l ab o rat e d  b y t h e  au t h o rs  u s i n g  d at a f ro m  M C T- C O P P E , 2 0 0 6
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Tab l e  1 0  p r e s e n t s  i n f o r m at i o n  o f  a t m o s p h e r i c
p o l l u t an t s .  S i n c e  t h e r e  are  n o  p o l l u t an t s  m e as u r i n g
d e vi c e s  i n  al l  m u n i c i p al s , we  u s e d  d at e s  f ro m  o t h e r re g i o n s
wh i c h  h ave  p ro p e r d e vi c e s . Fro m  t h e  re s u l t  o b t ai n e d ,
i n f e re n c e  u s i n g  ve h i c l e  f l e e t  an d  j o b s  i n  i n d u s t ri e s  was
u s e d  t o  c al c u l at e  t h e  q u an t i t y o f  p o l u t i o n  e m i t e d  i n  R AA.

Ta b l e  1 0 . At m o s p h e ri c  p o l l u t an t  e m i s s i o n s  i n  s o m e  m u n i c i p al s
o f  R AA

S o u rc e :  E l ab o rat e d  b y t h e  au t h o rs

CH ARACTERIZATION OF RAA AQ UATIC MEANS

I t  i s  c o n s t i t u t e d  b y wat e r i n  t h e  l i q u i d  s t at e  an d  i t
i s  s u b d i vi d e d  i n t o :

-  S u rf ac e  wat e r, c re at e d  b y t h e  ri ve rs , s t re am s  an d
d rai n e d  rai n  wat e r.

-  I n t e ri o r wat e rs  t h at  c o rre s p o n d  t o  g ro u n d  wat e r.

-  C o as t al  wat e rs  ( n o t  ap p l i e d  i n  Arac at u b a).

Th e  s t u d y o f  a re g i o n  c an  b e  m ad e  i n  t wo  d i f f e re n t
ways :  C re at e d  b y m an , d e l i m i t at i n g  l an d s  f o rc e f u l l y an d
o t h e r f ro m  t h e  n at u re , wh i c h  i s  d e f i n e d  b y ri ve r b as i n s .

Th e  s t u d y o f  t h e  i n f l u e n c e  o f  ri ve r b as i n  o n  g e o g rap h i c
l i m i t  d e f i n e s  t h e  aq u at i c  m e an s .

Th e  ri ve r b as i n s  c an  b e  c l as s i f i e d  as  f o l l o ws :

-  b y i m p o rt an c e

-  b y l o c at i o n

-  b y wat e r avai l ab i l i t y an d  q u al i t y

O n  Tab l e  11 s e e  t h e  wat e r b al an c e  i n  R AA.
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Ta b l e  1 1 . Wat e r b al an c e  i n  R AA

S o u rc e :  2 0 0 5  S ao  P au l o  S t at e  G ro u n d wat e r Q u al i t y R e p o rt s
C E TE S B  2 0 0 6  ( R e l at o ri o  d e  Q u al i d ad e  d as  Ag u as  I n t e ri o re s  d o  E s t ad o
d e  S ao  P au l o  2 0 0 5 , C E TE S B / 2 0 0 6 )

Th e  q u al i t y o f  wat e r i s  re l at e d  t o , s o i l  u s e  an d
o c c u p at i o n  c o m i n g  f ro m  u rb an  an d  ru ral  d rai n ag e  o f
d o m e s t i c ,  i n d u s t r i al  an d  ag ri c u l t u ral  p o l l u t an t s .  Th e
d o m e s t i c  s e wa g e s  c o n t a i n  b i o d e g ra d a b l e  o r g a n i c
c o m p o u n d s , n u t ri e n t s  an d  b ac t e ri a;  t h e  i n d u s t ri al  was t e s
c o n t ai n  p o l l u t an t s  c o m i n g  f ro m  raw m at e ri al s  an d  c h e m i c al
p ro c e s s e s  i n vo l ve d .

I n  B raz i l , Fe d e ral  an d  S t at e  h ave  l aws  c o n t ro l l i n g
t h e  u s e  o f  s u rf ac e  an d  g ro u n d wat e r, as  we l l  as  p ro g ram s
m o n i t o r i n g  wa t e r  q u a l i t y.  T h e  S a o  P a u l o  S t a t e
E n vi ro n m e n t al  S an i t at i o n  Te c h n o l o g y C o m p an y ( C E TE S B
-  Comp anh ia de T ecnologia de S aneamento A mbiental)
m o n i t o rs  s o m e  wat e r b o d i e s  i n  R AA i n  t e rm s  o f  p o l l u t i o n
an d  o x yg e n  d e m an d , wh at  i n f l u e n c e  t h e  aq u at i c  l i f e  ( Tab l e
12 ). S o m e  wat e r q u al i t y i n d e x e s  ad o p t e d  b y C E TE S B  are :

I Q A ( Wa t e r  Q u a l i t y  I n d e x ) :  T h e  q u a l i t y
p aram e t e rs , wh i c h  are  p art  o f  t h e  c al c u l at i o n  o f  t h e  I Q A
re f l e c t s  m ai n l y t h e  c o n t am i n at i o n  o f  wat e r b o d i e s  c au s e d
b y t h e  r e l e as e  o f  d o m e s t i c  s e wag e .  Th i s  i n d e x  was
d e ve l o p e d  t o  e val u at e  wat e r q u al i t y f o r p u b l i c  s u p p l y,
c o n s i d e r i n g  a s p e c t s  o f  t h e  t r e a t m e n t  s t a t u s .  T h e
p aram e t e rs  i n vo l ve d  are  t e m p e rat u re , p H ,  d i s s o l ve d
o x y g e n ,  B O D ,  t o t a l  c o l i f o r m s ,  t o t a l  N i t r o g e n ,  t o t a l
P h o s p h o ru s , t u rb i d i t y an d  To t al  D i s s o l ve d  S o l i d s .

IAP ( Pu b l i c  Wa t e r  Su p p l y  In d e x ) :  Th i s  i n d e x  i s
m o re  ac c u rat e  t h an  I Q A an d  i s  u s e d  t o  m o n i t o r d ri n k i n g
wat e r s u p p l y.
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IV A ( Aq u a t i c  Li f e  Pr o t e c t i o n  In d e x ) :  I n  t h i s  i n d e x
t wo  g ro u p s  o f  p aram e t e rs  are  c o n s i d e re d ;  c h e m i c al  t o x i c i t y
an d  e u t ro p h i z at i o n .

IET ( Tr o p h i c  St a t e  In d e x ) :  Th i s  i n d e x  as s e s s e s
wat e r q u al i t y wi t h  re g ard s  t o  n u t ri e n t  s u c h  as  n i t ro g e n
an d  p h o s p h o ru s  an d  i t s  e f f e c t s  re l at e d  t o  e x c e s s i ve  g ro wt h
o f  al g ae  o r i n c re as e d  i n f e s t at i o n  o f  aq u at i c  we e d s .

Tab l e 12  p re s e n t s  an  e x am p l e  o f  m o n i t o ri n g  re s u l t s
f o r B ai x o  Ti e t e  R i ve r B as i n .

Ta b l e  1 2 .   B ai x o  Ti e t e  ri ve r b as i n  wat e r q u al i t y vari ab l e s

L e g e n d  o f  c o l o rs  f o r I AP , I Q A an d  I E T

Q u a l i t y :

Tr o p h i c  s t a t e :

S o u rc e :  2 0 0 5  S ao  P au l o  S t at e  G ro u n d wat e r Q u al i t y
R e p o rt s  C E TE S B / 2 0 0 6  ( R e l at ó ri o  d e  Q u al i d ad e  d as  Á g u as
I n t e ri o re s  d o  E s t ad o  d e  S ã o  P au l o  2 0 0 5 ) C E TE S B / 2 0 0 6
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T h e h ydrop ow er p otential f or sm all p ow er p lants
in RA A

S e e  t h e  e s t i m at e d  e n e rg y p o t e n t i al  o f  ri ve rs  an d
s t re am s  o n  h yd ro l o g i c al  m ap s  ( Fi g u re  6 ). Th e  h yd ro p o we r
p o t e n t i al  at  R AA i s  ab o u t  447  M W.

Th e  p l a n t s  ar e  c l a s s i f i e d  a s  f o l l o w :  P i c o  1  -
H yd ro p o we r p l an t s  u p  t o  1 k W;  P i c o  2  H yd ro p o we r p l an t s
f ro m 1 k W t o  10 0  k W;  M i c ro - H yd ro p o we r p l an t s  f ro m  10 0
k W t o  1 M W;  M i n i - H yd ro p o we r p l an t s  f ro m  1 M W t o  10
M W an d  S m al l - H yd ro p o we r p l an t s  f ro m 10  M W t o  3 0  M W
( Tab l e  13 ).

Fi g u r e  6 .  H yd ro l o g i c al  m ap  o f  R AA

Ta b l e  1 3 .  H yd ro p o we r p l an t  p o t e n t i al  i n  R AA

U s i n g  h yd rau l i c  t u r b i n e  c u rve s  ( Fi g u r e  7 ), t h e
ap p ro p ri at e  t u rb i n e  t e c h n o l o g y i s  c h o s e n  t o  c al c u l at e
i n s t al l at i o n  an d  e n e rg y c o s t s .
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Th i s  s t u d y d o e s  n o t  t ak e  i n t o  c o n s i d e rat i o n  t h e  l arg e
h yd ro p o we r p l an t s ;  b e c au s e  t h e y wi l l  n o  l o n g e r b e  b u i l t
i n  ad d i t i o n  t o  t h e  e x i s t i n g  d am s  ( Tab l e  13 ). H yd ro e l e c t ri c
re s e rvo i rs  c au s e  s e ve re  i m p ac t s , s u c h  as  d i s p l ac i n g  h u m an
p o p u l a t i o n s ,  f l o o d i n g  o f  t e rr e s t r i al  e c o s y s t e m s  a n d
rad i c a l l y  a l t e r i n g  a q u a t i c  o n e s .  D e p e n d i n g  o n  t h e
c i rc u m s t an c e s  o f  t h e  re s e rvo i r, h yd ro p o we r p l an t s  c an  n o t
e ve n  b e  p re s e n t e d  as  c l e an  e n e rg y, i n  t h e  p e rs p e c t i ve  o f
g l o b al  warm i n g , as  t h e  re l e as e  o f  m e t h an e  i s  ve ry l arg e ,
e s p e c i al l y i n  t h e  t ro p i c s .

Fi g u r e  7 .  E x am p l e  o f  h yd ro l o g i c al  t u rb i n e  c u rve
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Ta b l e  1 3 .  L arg e  H yd ro p o we r P l an t s  i n  R AA

CURRENT STATUS
AND FINAL CONSIDERATIONS

B raz i l  p re s e n t s  a wi d e  ran g e  o f  n at u ral  re s o u rc e s ,
an d  as  a c o n s e q u e n c e , t h e  s u s t ai n ab l e  u s e  o f  re s o u rc e s
b e c o m e s  a c o m p l e x  m at t e r t h at  re q u i re s  a p arad i g m
b re ak d o wn  i n  t h e  B raz i l i an  l o n g - t e rm  e n e rg y p l an n i n g  an d
wat e r  m a n ag e m e n t .  I t  i s  p o s s i b l e  t h a t  u n f o r e s e e n
p r o b l e m s  i n  t h e  p l an n i n g  s t ag e  t ak e  t h e  c o u n t ry t o
rat i o n i n g , u n s u re  s u p p l y an d  ri s i n g  p ri c e s .

R AA was  c h o s e n  d u e  t o  t h e  p art n e rs h i p  wi t h  U S P
( I E E / U S P  an d  G E P E A/ E P U S P  P I R  t e am ) an d  C O O P E R H I D R O
( C o o p e rat i ve  o f  Arac at u b a H i d ro way P o l e ) a l o c al  N G O  i n
t h e  S ã o  P au l o  We s t e rn . An  i m p o rt an t  as p e c t  t h at  m u s t
b e  t ak i n g  i n  c o n s i d e rat i o n , wh e n  s t u d yi n g  t h e  re g i o n , i s
t o  i d e n t i f y i t s  k e y e l e m e n t , s u c h  as  e l i g i b l e  s t ak e h o l d e rs ,
wh o  c an  b e  i d e n t i f i e d  b y l o c al  N G O  wh i c h  h as  a g o o d
u n d e rs t an d i n g  o f  t h e  re g i o n . B e s i d e s , R AA i s  a p art i c u l ar
c as e  wi t h  m an y s i m i l ari t i e s  wi t h  t h e  wh o l e  c o u n t ry, h avi n g
an  ab u n d an c e  o f  n at u ral  re s o u rc e s  an d  s o c i al  i n e q u al i t y.
Th i s  p i l o t  p ro j e c t  ai m s  t o  h e l p  c h an g e  t h e  c u rre n t  ways  o f
d e ve l o p m e n t  t o  a S u s t ai n ab l e  D e ve l o p m e n t  p ro g ram ,
t ak i n g  ac c o u n t  o f  s o c i al , e n vi ro n m e n t al  an d  p o l i t i c al  f ac t o rs
i n  l o n g  t e rm  p l an n i n g .

To  c h an g e  t h e  c u rre n t  p arad i g m  p o l i c y m ak e rs  n e e d
n e w ap p ro ac h e s , s u c h  ad van c e d  t o o l s , m e t h o d o l o g i e s  an d
m o d e l s  t o  d e ve l o p  l o n g - t e rm  p o l i c i e s  f o r wat e r, e n e rg y
an d  e n vi ro n m e n t  wh i c h  are  al l  i n t e r- c o n n e c t e d .  Th i s  p i l o t
p ro j e c t  at  R AA c an  h e l p  o t h e r re g i o n s  an d  t h e  c o u n t ry t o
u n d e rs t an d  t h at  t h e re  are  d i f f e re n t  ways  o f  d e ve l o p m e n t
wi t h  b e t t e r s u s t ai n ab i l i t y.
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To  ac h i e ve  t h i s  u n d e rs t an d i n g , P I R / U S P  t e am  wi t h
C O O P E R H I D R O ´ s  p art n e rs h i p , o rg an i z e  vi s i t s  t o  R AA, wh i c h
i s  l o c at e d  6 5 0  k m  f ro m  S ao  P au l o  U n i ve rs i t y ( U S P ), wh e re
P I R  i s  l o c at e d . Th e s e  vi s i t s  ai m  t o  an al yz e  t h e  i n t e rac t i o n
b e t we e n  s t ak e h o l d e rs  an d  R AA wi t h i n  t h e  f o u r d i m e n s i o n s
o f  d e ve l o p m e n t  �  t e c h n i c al / e c o n o m i c al , e n vi ro n m e n t al ,
s o c i al  an d  p o l i t i c al .

 G e o re f e re n c i n g  o f  e n e rg y an d  wat e r re s o u rc e s ,
m e as u ri n g  d e vi c e s  t o  m o n i t o r e n vi ro n m e n t al  vari ab l e s
an d  I T are  e x am p l e s  o f  m o d e rn  t o o l s  t h at  are  u s e d  b y P I R
m e t h o d o l o g y i n  R AA. Wh at  m ak e s  t h e  P I R  m e t h o d o l o g y
d i f f e re n t  i s  i t s  i n t e g rat i o n  o f  s u p p l y s i d e  e n e rg y re s o u rc e s
wi t h  d e m an d  s i d e  e n e rg y re s o u rc e s  t o  ac h i e ve  t h e  f u t u re
e n d - u s e  e n e rg y n e e d s .

To  p ri o ri t i z e  e n e rg y- e n vi ro n m e n t al  i n ve n t o ry, P I R
t ak e s  i n  ac c o u n t  q u an t i t at i ve  an d  q u al i t at i ve  vari ab l e s
o b t ai n e d  f ro m  s t ak e h o l d e rs �  s u rve ys .

U n f o r t u n a t e l y,  a t  t h e  m o m e n t  m u n i c i p a l s
s t ak e h o l d e rs �  wo rri e s  are  d i re c t e d  o n  b as i c  n e e d s  m o re
t h an  e n vi ro n m e n t al  i s s u e s .

To  as s e m b l e  e n e rg y re s o u rc e s  p o rt f o l i o  f o r R AA i t  i s
n e c e s s ary t o  k n o w n o t  o n l y h o w m u c h  re s o u rc e s  e ac h
m u n i c i p al  h as  t o  o f f e r b u t  t o  c o m b i n e  b as i c  n e e d s , s u c h
as  c o n s t ru c t i o n  o f  h o s p i t al  an d  s c h o o l s .

P I R  c o u l d  b e  ac t i n g  f as t e r i f  t h e  re s t ri c t i o n s  we re
d i m i n i s h e d . I n t e g rat i o n  an d  c o - o p e rat i o n s  o f  m u n i c i p al s ,
s t at e  an d  f e d e ral  s t ak e h o l d e rs  m u s t  e x i s t .
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