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RATIONALIZATION OF ENERGY CONSUMPTION 

IN MINERO PERU'S 

CAJAMARQUILLA ZINC REFINERY 

Abstract 

This paper's purpose i s to present the main aspects of energy consumption i n 

the Zinc Refinery of MINERO PERU S.A., where e l e c t r i c i t y i s a major imput, 

accounting f o r 69% of production costs (cost no including depreciation, inte 

rest nor the value of concentrates). The o i l products consumed account f o r 

no more than 2.5% of t o t a l costs. 

A b r i e f account of the processes used is given, i n order to explain the main 

step taken in energy conservation. Despite the modern technology of the — 

plant, which leaves l i t t l e room f o r savings, those s t i l l possible have been 

made. In addition, the plant i s being operated so as to have as small possi_ 

ble an impact on Lima's peak e l e c t r i c load. 
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RATIONALIZATION O F ENERGY CONSUMPTION IN MINEEO 
P E R U ' S CAJAMARQUILLA ZINC R E F I N E R Y . 

C e s a r F u e n t e s L , 

Z i n c R e f i n e r y M a n a g e r 
MINERO P E R U S . A . 

I n t r o d u c t i o n , 

T h e z i n c r e f i n e r y i s l oca t ed 29 k m NE of L i m a a t a n a l t i t u d e of 
450 m e t r e s a b o v e sea l e v e l , in the D i s t r i c t of L u r i g a n c h o , D e p a r t m e n t 
of L i m a . 
T h e p lant s t a r t e d u p in M a r c h , 1981; hav ing b e e n t a k e n o v e r by 
MINERO P E R U f r o m the c o n t r a c t o r on A u g u s t 10 , a f t e r t he p l a n t ' s -
c a p a c i t y and p r o d u c t qua l i t y had b e e n t h o r o u g h l y c h e c k e d , a c c o r d i n g to 
c o n t r a c t . S ince t h i s l a s t d a t e , the R e f i n e r y h a s b e e n o p e r a t e d exc lus i_ 
v e l y by MINERO P E R U S . A . Staff, 

T h e p lant p r o c e s s e s a y e a r l y t o t a l of 220 ,000 tons of 52% z i n c c o n c e n ­
t r a t e s , w h i c h o r i g i n a t e i n the C e n t r a l S i e r r a of P e r u . A s a r e s u l t of 
p r o c e s s i n g , 100 ,000 tons of r e f ined z inc a r e ob ta ined p e r y e a r , a l ong 
w i t h the fol lowing s u b - p r o d u c t s : 1 6 0 , 0 0 0 tons of s u l p h u r i c a c i d , 
330 t o n s of r e f ined c a d m i i i m , 1, 200 t o n s of c o p p e r r e s i d u e s and , -
1 2 , 0 0 0 tons of l e a d - s i l v e r r e s i d u e s . 



1. M e t a l l u r g i c a l P r o c e s s . 

T h i s p r o c e s s c o n s i s t s of the fol lowing t h r e e m a i n s t a g e s : 

R o a s t i n g and Su lphur i c A c i d . 

T h e z i n c c o n c e n t r a t e s tha t a r r i v e a r e r o a s t e d a t 930* C in -
the p r e s e n c e of a i r but w i thou t e x t e r n a l h e a t be ing supp l ied , 
s i n c e the t r a n s f o r m a t i o n of s\iLphides into o x i d e s g e n e r a t e s -
h e a t wh ich i s u s e d for s t e a m r a i s i n g , and a f t e r w a r d s , for 
e l e c t r i c i t y g e n e r a t i o n and p r o c e s s h e a t i n g . 

T h e r o a s t e d p r o d u c t s a r e : 

C a l c i n e : Main ly z i n c oxide and the ox ides of v a r i o u s 
o t h e r m e t a l s con ta ined a s o r e i m p u r i t i e s . 

G a s e s : Main ly s u l p h u r d i o x i d e , but a l s o ox igen 
and n i t r o g e n , i s pur i f i ed , d r i e d and then u s e d in 
s u l p h u r i c a c i d m a n u f a c t u r e . T h e r e s i d u a l g a s e s 
a r e t h e n r e l e a s e d by a c h i m n e y w h o s e d i s c h a r g e 
po in t r e a c h e s 690 m e t r e s above sea l e v e l . 
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steam : Between 26 and 30 tons/hour of 40 atmosphere -

steam are produced for the generat ion of 2,200 -

kW i n a t u r b i n e - a l t e r n a t o r . The steam leaving -

the turb ine has a p ressure of 4 a t m , and is used 

for process heat ing . 

Leaching and Pur i f i c a t i on 

The leaching is c a r r i e d out by apply ing 95 "C s team, to the caj. 

c ine: continuously and i n severa l stages, w i t h the object of dis 

solv ing the la rges t possible amount of z inc . 

Dur ing th is process , lead and s i l ve r i s separated f r o m the 

z inc and i r o n i s e l iminated i n the f o r m of Jaros i te i n a diffe -

r ent r es idue . . 

The zinc sulphate so lut ion is pu r i f i ed by adding zinc powder. 

The Cu , Cde N i , Co and other i m p u r i t i e s a r e thereby el imina_ 

t ed . 

E lec t rodepos i t i on and sme l t ing . 

The pure z inc sulphate so lut ion i s used as the e l e c t r o l y t e . 

Upon de passage of e l e c t r i c i t y , the z inc i s deposited on the 

cathodes and su lphur ic ac id i s r ecove red , to be reused i n 

the leaching process . The z inc sheets a re then smelted i n 

an e l e c t r i c furnace and cast i n e i ther of three c o m m e r c i a l -

shapes, accord ing to demand. 



2 , E n e r g y S y s t e m of the Z i n c Ee f ine ry . 

T h e m a i n e n e r g y f o r m s u s e d a r e : 

a) e l e c t r i c i t y of h y d r o o r i g i n 
b) e l e c t r i c i t y ^ s t e a m g e n e r a t e d 
c) e l e c t r i c i t y , u s i n g d i e s e l o i l N ' 2 a s fue l . 

a ) H y d r o - E l e c t r i c i t y . 

T h e p l a n t ' s e l e c t r i c s y s t e m i s fed by ELECTROLIM/V and h a s 
a n i n s t a l l e d c a p a c i t y of 81 MVA, i . e . t h r e e m o n o p h a s e 27 MVA 
and 220 /30 kV t r a n s f o r m e r s . 

T h e d i s t r i b u t i o n s y s t e m i s a t 30 kV and i s c o n n e c t e d to four -
t r a n s f o r m e r - r e c t i f i e r s of 1 2 . 5 MW p o w e r , w h i t h the e l e c t r o l ] ^ 
s i s s y s t e m a t a maximvim of 446 V (DC) and 5 6 , 0 0 0 a m p . , 
w h e r e two lui i ts o p e r a t e in p a r a l l e l . C u r r e n t i s a l s o fed a t 
t h i s vo l t age to a n induc t ion f u r n a c e w i t h a p o w e r of 2 , 5 MW -
and a l s o to two 1 2 . 5 MVA, 3 0 / 4 , 1 6 k V , t r a n s f o r m e r s . C u r r e n t 
a t 4 . 1 6 kV i s t h e n fed into 15 m o t o r s of d i f fe ren t p o w e r s , a s 
w e l l a s in to 4 . 1 6 / 0 , 4 4 kV t r a n s f o r m e r s for feeding of s m a l l e r 
m o t o r s . 'The l i gh t ing s y s t e m i s a t 220 V and c o n t r o l s a t 110 V, 

T h e m a x i m t i m p o w e r m a d e a v a i l a b l e by ELECTROLIlv lA i s 
6 0 , 0 0 0 kW and the m o n t h l y a v e r a g e c o n s u m p t i o n i s 35t)00,000 
kWh,15»000,000 kVARh, w i t h a p o w e r f ac to r of 0 . 9 1 . 
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T h e R e f i n e r y h a s the c a p a c i t y to w o r k w i t h a s t ab l e load du -
r i n g the full 24 hours* o r v a r y i n g a c c o r d i n g to p e a k power l i -
m i t s . T h u s , the load f a c t o r i s high a t 0 . 8 9 . 

b) S t e a m - G e n e r a t e d E l e c t r i c i t y . 

D u r i n g n o r m a l roasi t ing p lan t o p e r a t i o n , the w a s t e h e a t of the 
f u r n a c e g a s e s i s r e c o v e r e d in LAMONT WH b o i l e r s for the 
p r o d u c t i o n of s u p e r - h e a t e d s t e a m . T h e s e a r e w a t e r t u b e s 
w i t h a n o m i n a l c a p a c i t y of 30 t o n / h s t e a m a t 40 b a r p r e s s u r e 
and 350°C. 
Wi th t h i s s t e a m , e l e c t r i c i t y i s g e n e r a t e d in a n ACEG t u r b o g £ 
n e r a t o r w i th a power of 2170 KW, and exi t vo l t age of 4 , 1 6 0 V 
w h i c h i s s y n c h r o n i z e d w i th the g r i d . 

In a d d i t i o n , two e m e r g e n c y b o i l e r s of the fol lowing c h a r a c t e -
\  r i s t i c s a r e a v a i l a b l e . 

D i r e c t l y F i r e d B o i l e r s . 

M a n u f a c t u r e r 
F u e l 
T y p e 
F u e l C o n t r o l 
C a p a c i t y 
P r e s s u r e 
F l u e g a s e s 

M e n a e y e r - W i l l e b r u c k 
D i e s e l O i l N" 2 
W a t e r t u b e 
A u t o m a t i c 
33 T o n / h and 13 T o n / h 
10 b a r , 10 b a r 
250° C , 270° C 
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c) D i e s e l - G e n e r a t e d E l e c t r i c i t y . 

D u r i n g g r i d b l a c k o u t s , the d i e s e l eng ine and g e n e r a t o r s w i t c h s 
on a u t o m a t i c a l l y . T h i s e q u i p m e n t h a s the fo l lowing c h a r a c t e r i ^ 
t i c s : 

M a n u f a c t u r e r 
P o w e r 
P o w e r F a c t o r 
F u e l 
Vo l t age 

C o c k e r i l l / A C E C 
3121 KVA 
0 . 8 
D i e s e l O i l N* 2 
4 , 1 6 0 V 

3 . Specif ic E n e r g y C o n s u m p t i o n : 1982 

P r o d u c t i o n of z inc b a r s 
E n e r g y c o n s u m p t i o n : 
E l e c t r i c i t y 
D i e s e l O i l N " 2 
L P G ( 0 . 2 5 g a l / M T fine Z n ) 

92 ,147 MT 

3 5 4 , 6 9 7 . 6 MWh 
2 , 3 4 3 . 4 T E P 

4 8 . 7 T E P 
T O T A L F U E L 
(1 T E P = lo'̂  kca l ) 

2 , 3 9 2 . 1 T E P 

Specif ic C o n s u m p t i o n of E l e c t r i c i t y 

SEC^^ = 3 , 8 4 9 k W h / M T fine z i n c . 

F u e l s . 

SEC , = 260 k c a l / k g fine z i n c , th 

6 



E l e c t r i c i t y R a t i o n a l i z a t i o n . 

D u r i n g the p l a n t ' s f i r s y e a r of o p e r a t i o n the a i m h a s b e e n to t a k e 
the b e s t a d v a n t a g e of the e s t a b l i s h e d e l e c t r i c i t y tar i f f , the s t r u c -
t u r e of w h i c h w a s 70% for a c t i v e e n e r g y , 17% for r e a c t i v e e n e r g y 
and 13% for m a x i m u m d e m a n d . G iven t h e s e r a t e s , the p lan t ' s 
c o n s u m p t i o n w a s p r o g r a m m e d to be a s u n i f o r m a s p o s s i b l e d u r i n g 
the full 24 h o u r s . T h e r e d u c t i o n of r e a c t i v e e n e r g y w a s p l anned 
and t h i s i s now u n d e r w a y . 

In 1982 n e g o t i a t i o n s r e g a r d i n g a new ta r i f f w i t h ELECTROLiIMA -
w e r e s t a r t e d w i th the fol lowing r e s u l t s , a s of M a y of tha t y e a r : 
It w a s s e e n tha t C a j a m a r q u i l l a ' s c o n s u m p t i o n could follow the l oad 
c u r v e of E L E C T R O L I M A , w h e r e the p e a k o c c u r r s b e t w e e n 18:00 
and 22:00 h o u r s . It w a s t h e r e f o r e p r o p o s e d tha t the R e f i n e r y 
o p e r a t e a t 4 0 , 0 0 0 kW d u r i n g t h i s p e r i o d and a l s o e l i m i n a t e the 
r e a c t i v e e n e r g y by J a n . 1 s t . , 1984 , in exchange fo r no e x t r a c h a £ 
ges be ing m a d e d u r i n g p e a k h o u r s , a p r o p o s a l tha t w a s a c c e p t e d 
by E L E C T R O L I M A . T h e R e f i n e r y thus took s t e p s to m a x i m i z e -
p ro f i t ab i l i t y by the b e s t p o s s i b l e u s e of e l e c t r i c i t y supp ly . 

T h e y e a r l y e s t a b l i s h e d t a r i f f ended on A p r i l 30 , 1 9 8 3 , for w h i c h 
r e a s o n MINERO P E R U h a s e x p r e s s e d i t s po in t s of v iew to the p e £ 
t inen t a u t h o r i t i e s w i t h r e g a r d s to l o w e r i n g p o w e r d e m a n d to 20,000 
kW du r ing p e a k h o u r s , on cond i t ion tha t t he l o w e r r e v e n u e ob ta ined 



would be c o m p e n s a t e d by a n a t l e a s t 10% r e d u c t i o n in the ef fect ive -
r a t e . 

T h e a p p l i c a t i o n of the tar i f f j u s t e x p i r e d h a s m e a n t a l o w e r b i l l , w i t h 
r e s p e c t to the o r i g i n a l tar iff , of US $ 7 m i l l i o n p e r y e a r , in sp i t e -
of the fac t tha t the f o r m e r w a s fixed in US $ and not in s o l e s , a s i s 
the c a s e for a l l o the r c o n s u m e r s . 

Ta r i f f S y s t e m . 

U n d e r the a g r e e m e n t w i t h E L E C T R O L I M A , the new ta r i f f i s a fo l lows : 

a) D r y p e r i o d . 

C o m p r i s i n g the 7 m o n t h s b e t w e e n M a y and N o v e m b e r . 

b) Wet p e r i o d . 

C o m p r i s i n g the 5 m o n t h s runn ing f r o m D e c e m b e r to A p r i l . 

In e a c h s e a s o n , a c t i v e e n e r g y i s d i f f e r en t i a t ed in to two d a i l y p e r i o d s : 

P e a k . B e t w e e n 18;00 and 22:00 h o u r s , d u r i n g w h i c h the 
R e f i n e r y m a y d e m a n d up to 4 0 , 0 0 0 kW by pay ing 
the h ighs t tar i f f . P e a k e n e r g y c o n s u m p t i o n i s 
abou t 5 ' 0 0 0 , 000 k W h / m o n t h . 

8 



B a s e and S h o u l d e r . C o m p r i s i n g the h o u r s 22:00 to 18 :00 , d u ­
r i n g w h i c h t he R e f i n e r y m a y d e m a n d the 
full 6 0 , 0 0 0 kW. 

T h e p e a k tar i f f ( ac t i ve e n e r g y ) i s abou t double the b a s e and shoxolder -
r a t e s . 

R e g a r d i n g r e a c t i v e e n e r g y , a t r a n s i t i o n a l tar i f f w a s a p p r o v e d , sub -
j e c t to the e l i m i n a t i o n of t h i s e n e r g y d u r i n g the c u r r e n t y e a r . A 
low r a t e wovild be c h a r g e d for r e a c t i v e e n e r g y w i t h a p o w e r f a c t o r of 
0 . 9 8 and a m u c h h i g h e r r a t e for l o w e r f a c t o r s . 

R e a c t i v e e n e r g y w i l l be e l i m i n a t e d by O c t o b e r of t h i s y e a r by the i n s t a l ­
l a t i o n of a 2 5 M V A R b a n k of c o n d e n s e r s and a s y n c h r o n o u s , 2 MVAR , -
m o t o r . 

A s tudy on the e f f ic iency of the p l a n t ' s e l e c t r i c s y s t e m i s u n d e r w a y , 
w h i c h i n c l u d e s the o p e r a t i o n of the m o t o r s a t inll l o a d , u s i n g the t r a n £ 
f o r m e r s a t m a x i m u m c a p a c i t y and con t i nuous ly check ing the s y s t e m ' s 
i n s Vila t i on . 

M a x i m u m d e m a n d i s compu ted on t he b a s i s of p e a k l o a d . T h e ta r i f f 
i s r e - c a l c u l a t e d m o n t h l y , a c c o r d i n g to the c u r r e n t US $ / s o l exchange -
r a t e . T h e a v e r a g e a n n u a l c o s t p e r kWh ( inc luding 25% tax) i s 3 .6 U S / . 



5 . R a t i o n a l i z a t i o n of O i l C o n s u m p t i o n . 

T h e c o n t r a c t o r tha t bu i l t the R e f i n e r y w a s a l s o c h a r g e d w i th s t a r t up , 
d e l i v e r i n g the P l a n t to MINERO P E R U in fully o p e r a t i o n a l condi -
t i o n s , w h e r e z inc r e c o v e r y r e a c h e s 94 %. H o w e v e r , for t h i s , a d d i t i p 
na l s t e a m to tha t r a i s e d by the w a s t e b e s t b o i l e r s w a s r e q u i r e d - s o m e 
6 t / h - m a d e p o s s i b l e by a 50 % c a p a c i t y u s e of the W i l l e b r u c k b o i l e r , 
w h i c h e n t a i l e d the u s e of s o m e 6 0 , 0 0 0 g a l / m o n t h . 

V a r i o u s t e s t s w e r e c a r r i e d out w i t h the v i ew of sav ing oi l and the con_ 
e l u s i o n w a s tha t the l o w e r r e c o v e r y of z i n c by e l i m i n a t i n g the addi t iq_ 
n a l s t e a m woiold be l e s s t han 1 %, and t h i s would l e a d to a bonus 
s i de - e f f ec t of r e d u c i n g s i l i c a d i s s o l u t i o r a l w a y s a p r o b l e m in z inc 
r e c o v e r y . 
H e n c e , the fol lowing a d j u s t m e n t s h a v e b e e n m a d e : 

a) U n i f o r m o p e r a t i o n of the r o a s t i n g p lan t by m a i n t a i n i n g a m i n i m u m 
r a t i o of 2 . 3 b e t w e e n c o n c e n t r a t e s and z inc b a r s . 

b) No u s e of e x t r a s t e a m , not even d u r i n g r o a s t i n g p lan t ou tage of 
l e s s t h a n 8 h o u r s . 

It h a s b e e n found tha t the l o w e r r e c o v e r y of z i n c in the l e a c h i n g h a s 
a f fec ted t o t a l r e c o v e r y by l e s s than 0 . 5 % or a m o n t h l y l o s s of US$ 
1 3 , 0 0 0 . H o w e v e r , the fuel sav ing a r e l a r g e r , a t US$ 4 8 , 0 0 0 p e r 
m o n t h . 

> 
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