
 

!

USING A BIOGAS 
DIGESTER !
!

!
!

"#$%&'()$*&#!!
!

"#$!%&$!'(!)*'+,&!('-!.,/01'0.,/!,21*3*1*$&!*&!&'4$1#*5+!1#,1!#,66$5&!'5!,!7,-+$!&2,7$!8'-7.8*.$9!

:5!2'%51-*$&!7*;$!<#*5,!,5.!:5.*,!1#$!8,&1$!6-'.%2$.!)/!7,-+$!(,21'-*$&!,5.!#'%&$#'7.&!(7,1&!$12!

*&!)$*5+!%&$.!1'!6-'.%2$!)*'+,&9!:1!#,&!,7&'!#$76$.!1'!-$.%2$!$53*-'54$51,7!6'77%1*'59!

!

"#*&!.'2%4$51!2'52$51-,1$&!'5!&4,770&2,7$!.'4$&1*2!)*'+,&!.*+$&1$-&9!=%-!')>$21*3$!*&!1'!)%*7.!

,8,-$5$&&!'5!#'8!1'!6-'6$-7/!4,*51,*5!,!&4,77!)*'+,&!.*+$&1$-!,5.!8#,1!5$$.&!1'!)$!.'5$!8#$5!

4*5'-!4,7(%521*'5&!'22%-9!!"#$!-$,&'5!)$*5+!,&!1#$!-$&%71!'(!-$&$,-2#!2,--*$.!'%1!&%++$&1*5+!1#,1!

1#$!4,>'-*1/!'(!)*'+,&!.*+$&1$-&!)$2'4$!*5$((*2*$51!.%$!1'!4*5'-!4,7(%521*'5&9!!

!

"#$!6-'.%21*'5!'(!)*'+,&!*&?!!

!

@5!$,&/!4$1#'.!'(!')1,*5*5+!2'4)%&1*)7$!(%$7!-$A%*-$.!('-!.'4$&1*2!2'5&%461*'5!1#'%+#!1#$!

&/&1$4,1*2!4,5,+$4$51!'(!8,&1$9!!

!

B#$5!.'!/'%!%&$!,!)*'+,&!.*+$&1$-C!

!

D9 @&!,!&%)&1*1%1$!('-!(*-$8''.!'-!EF!

+,&!%&$.!('-!2'';*5+9!!

!

!

!

!

!

G9 @&!,!&%)&1*1%1$!1'!1#$!1-,.*1*'5,7!

'*7!7,46&!%&$.!1'!7*+#1!1#$!

#'%&$#'7.9!

!

!

!

!

H9 :(!1#$!)*'+,&!.*+$&1$-!*&!7,-+$!*1!

2,5!)$!%&$.!,&!,!&%)&1*1%1$!('-!

1#$!(%$7!%&$.!1'!-%5!,5!$5+*5$9!

!

!
I9 @&!,!4$1#'.!'(!')1,*5*5+!

($-1*7*&$-!1#,1!2,5!)$!%&$.!

*5&1$,.!'(!2#$4*2,7!($-1*7*&$-&!

%&$.!('-!2%71*3,1*'59!!

!

!

!

!

!

!

!

!

!

!
!

!

!

!

!
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!

!
J9 "'!4,5,+$!8,&1$K!8#*2#!6'77%1$&!1#$!,*-K!,5.!

1-,5&('-4!1#,1!8,&1$!*51'!&'4$1#*5+!)$5$(*2*,7!1'!

1#$!$53*-'54$519!!

!

!

!

!
B#,1!,-$!1#$!&6$2*,7!,.3,51,+$&!'(!%&*5+!,!)*'+,&!.*+$&1$-C!!

!!

D9 L'%!.'!5'1!5$$.!(*-$8''.!'-!

EF!M,&!('-!2'';*5+9!N"#*&!

4$,5&!/'%!5$$.!5'1!2%1!.'85!

1-$$&9!"#$!$53*-'54$51!8*77!)$!

6-$&$-3$.9!"#$-$!*&!5'!5$$.!1'!

&6$5.!1*4$!2'77$21*5+!(*-$8''.!

'-!1'!&6$5.!4'5$/!'5!EF!M,&9!

"#*&!4$,5&!*1!*&!+''.!('-!1#$!6'2;$1!1''O9!!

!

G9 L'%!.'!5'1!5$$.!;$-'&$5$!'*7!1'!

7*+#1!1#$!#'%&$9!"#*&!4$,5&!1#$!

4'5$/!&6$51!'5!P$-'&$5$!*&!

&,3$.9!@7&'K!1#$!#,Q,-.&!,5.!

.,5+$-&!'(!%&*5+!;$-'&$5$!,-$!

-$.%2$.9!!

!

!

H9 "#$-$!*&!5'!&4';$!,5.!1#$-$!*&!

5'!&''1!8#$5!2'';*5+9!"#*&!4$,5&!*1!*&!

)$11$-!('-!/'%-!#$,71#9!!

!

!

!

!

!

!
I9 :5!1#$!$5.!/'%!-$2$*3$!,!3$-/!#*+#!

A%,7*1/!($-1*7*&$-!!N1#$!,.3,51,+$&!

'(!%&*5+!($-1*7*&$-!*&!$5.7$&&9!:1!

$&6$2*,77/!&,3$&!4'5$/9!@6,-1!

(-'4!1#*&K!,&!/'%!,-$!6-'.%2*5+!

'-+,5*2!3$+$1,)7$&!1#,1!.'!5'1!

%&$!2#$4*2,7!($-1*7*&$-&!1#$/!2,5!

)$!&'7.!,1!,!#*+#$-!6-*2$O9!!!

!

R*&,.3,51,+$&!!

"#$!*5*1*,7!2'&1!*&!,!7*117$!#*+#!N)%1!*1!*&!3$-/!2'&1!$(($21*3$!*5!1#$!7'5+01$-4O9!

!

!

!
!

!

!

!

!

!

!

!

!

!

!

!
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!

!

"#$%&'()$*&#!$&!$+,!-*&./0!'*.,0$,%!!
!
"#$-$!,-$!1#-$$!4,*5!1/6$&!'(!)*'+,&!.*+$&1$-&9!!

!

"#$-$!,-$?!!!

!

12 3+,!"#'*/#!-*&./0!'*.,0$,%!!

!!
"#*&!*&!,!.*+$&1$-!8*1#!,5!$S6,5.,)7$!+,&!2/7*5.$-!'-!.'4$9!@&!&#'85!*5!1#$!6*21%-$!1#$!8,&1$!

*&!)$*5+!&$51!,5.!2'77$21$.!(-'4!.-,*5&!'5!$*1#$-!&*.$9!"#$!.*+$&1$-!*&!4,.$!%&*5+!)-*2;&!,5.!

2$4$519!!

!

"#$!2/7*5.-*2,7!.'4$!*&!4,.$!'(!4$1,7!&#$$1&!,5.!4'3$&!%6!,5.!.'85!,&!*1!&1'-$&!,5.!

-$7$,&$&!1#$!+,&9!!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

T*S1%-$!!

M,&!

U7',1*5+!.'4$!!

<'77$21*'5!6*1!('-!.*+$&1$.!

8,&1$!4,1$-*,7!

<$51-,7!8,77!!

=%17$1!('-!

.*+$&1$.!8,&1$!

4,1$-*,7!!

:57$1!6*6$!('-!

8,1$-!4,1$-*,7!!
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!

!

!

!

!

!

42 3+,!5+*#,0,!-*&./0!'*.,0$,%!!

!

"#$!)*'!.*+$&1$-!,5.!1#$!2'46'&1$-!,-$!4,.$!1'+$1#$-!%&*5+!2$4$51!,5.!)-*2;&!,5.!

*1!*&!,!6$-4,5$51!&1-%21%-$9!"#$!)*'+,&!*&!2'77$21$.!*5!1#$!%66$-!2#,4)$-!,5.!1#$!

8,&1$!.$2'46'&$&!*5!1#$!7'8$-!2#,4)$-9!V%&1!,&!*5!1#$!:5.*,5!.*+$&1$-!1#*&!#,&!18'!

.-,*5&!1'!($$.!8,&1$!,5.!1'!2'77$21!1#$!2'46'&1$.!8,&1$9!!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

T,5#'7$!!

W66$-!2'52-$1$!-*5+!!

=%16%1!('-!-$4'3*5+!

.*+$&1$.!8,&1$!!

X$4'3,7!6*6$!('-!

.*+$&1$.!

4,1$-*,7!!

:56%1!('-!-,8!

4,1$-*,7!!! F9Y9!<!6*6$!!

Z51-/!6*6$!('-!

-,8!4,1$-*,7!!

R*+$&1$-!!!

['11'4!

2'52-$1$!-*5+!

!!
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!

!

!

!

:5!)'1#!1#$!:5.*,5!,5.!<#*5$&$!.*+$&1$-&!1#$!8,&1$!5$$.&!1'!)$?!!
!

F%1!*5!.,*7/9!!

!

!

!

!

!

!

!

!

!

!
"#$-$('-$!1#$!)$&1!'61*'5!*&!1'!2'55$21!1#$!.*+$&1$-!1'!1#$!

2,117$!&#$.!'-!6*+&!&1/9!!

!

!

!

!

!

!

!

!

!
:5!)'1#!4$1#'.&!1#$!1'*7$1&!1#,1!

8$!%&$!.,*7/!2,5!,7&'!)$!%&$.!1'!

6-'.%2$!)*'+,&9!"#*&!+*3$&!$S1-,!

&,5*1,1*'5!,.3,51,+$&9!!

!

!

!

!
"#$!('77'8*5+!1,)7$!+*3$&!1#$!*5('-4,1*'5!,)'%1!1#$!,4'%51!'(!8,&1$!1#,1!*&!5$$.$.!,5.!1#$!

'%16%19!!

!

"#$!2,6,2*1/!'(!,!

.*+$&1$-!!

N&A%,-$!4$1$-O!!

X,8!4,1$-*,7!N2'8!

.%5O!P+!N6$-!.,/O!!

U'-!2'';*5+!!

N5%4)$-!'(!6$'67$O!!

"#$!5%4)$-!'(!7,46&!

1#,1!2,5!)$!)%-51!!

D! GJ! H0I! G!

G! J\! I0]! H!

H! ]J! ]0D\! ^!

I! D\\! D\0DG! _!

!

!

!

!

!
!
!

!

!

!

!

!

!
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!

!

6%*!7/#8/#!-*&./0!'*.,0$,%! 
!

"#*&!*&!,!5'3$7!4$1#'.!*.$51*(*$.!)/!1#$!`-*!E,5;,!a,1*'5,7!Z5+*5$$-*5+!,5.!

X$&$,-2#!:5&1*1%1$9!:1!,7&'!8'5!1#$!&*73$-!4$.,7!,1!1#$!:51$-5,1*'5,7!a$8!R$3$7'6$-&!

2'51$&1!#$7.!*5!M$5$3,K!`8*1Q$-7,5.K!Dbb^9!@&!&#'85!*5!1#$!6*21%-$!1#$!2/7*5.$-!*&!

4,.$!%&*5+!)-*2;!,5.!2$4$519!"#$!2,4)$-&!%&$.!1'!2'77$21!1#$!)*'+,&!,-$!4,.$!'(!

7'802'&1!IJ!+,77$5!),--$7&K!8#*2#!2,5!)$!)'%+#1!(-'4!,!5'-4,7!4,-;$19!@&!&#'85!*5!

1#$!6*21%-$!1#$&$!),--$7&!,-$!;$61!&$6,-,1$7/!,5.!2'55$21$.!8*1#!,*-!6*6$&9!!

!

"#$!-,8!4,1$-*,7!N#,/K!+-,&&K!&$,8$$.K!8,&1$!(-'4!1#$!4,-;$1&!$12O!*&!,..$.!,5.!

8,&1$!*&!2'77$21$.!)/!-$4'3*5+!1#$!2,6!'5!1#$!1'69!!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

"#$!&6$2*,7!,.3,51,+$&!'(!1#$!`-*!E,5;,5!)*'0.*+$&1$-!!

!!!

• B#$5!(*77$.K!)*'+,&!2,5!)$!')1,*5$.!('-!,)'%1!J0^!4'51#&9!!

• "#$-$('-$!1#$-$!*&!5'!5$$.!1'!,..!1#$!-,8!4,1$-*,7!.,*7/!!

• "#$!4,*5!-,8!4,1$-*,7!*&!#,/K!8#*2#!*&!,)%5.,51!*5!`-*!E,5;,!,5.!*&!2'44'57/!

)%-519!!

• @..*1*'5,77/K!8,&1$!3$+$1,)7$&!(-'4!4,-;$1&!N4,-;$1!8,&1$OK!,A%,1*2!67,51&!,5.!

'1#$-!+-,&&!2,5!)$!%&$.9!Z3$5!&'4$!(,21'-/!8,&1$!2,5!)$!%&$.9!!

• "#$!-$4,*5*5+!8,&1$!*&!'-+,5*2!4,5%-$!(%77!'(!5*1-'+$59!!

• "#*&!*&!,5!$53*-'54$51,77/!(-*$5.7/!4$1#'.!'(!+$5$-,1*5+!$5$-+/!,5.!#$76&!*5!1#$!

6-'2$&&!'(!-$2/27*5+!8,&1$!1#,1!*&!'1#$-8*&$!,!1#-$,1!1'!1#$!$53*-'54$519!!

!!

!

:5!%&*5+!,!)*'0.*+$&1$-9!

!

• "#$!2/7*5.$-!'(!)*'+,&!

&#'%7.!)$!2'3$-$.!8*1#!&'*7!

N1#$5!*1!*&!6'&&*)7$!1'!

6-'1$21!*1!(-'4!$S1$-5,7!

#,Q,-.&O9!!

!

!

M,&!-$7$,&$!6*6$!!

M9:!F*6$!!

M,&!2'77$21*5+!

2#,4)$-&!!

R*+$&1$-!!

B,1$-!!!

R'4$!

!!

T,5'4$1$-!!!

<'55$21*5+!6*6$!!<'55$21*5+!6*6$!!

T,5#'7$!! <'52-$1$!-*5+!

!!

[-*2;!),&$!,5.!8,77&!!!

<'52-$1$!-*5+!!!

<'52-$1$!)'11'4!!

B,1$-!!!
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!

!

!

!

!

!
• @3'*.!67,51*5+!7,-+$!1-$$&!5$,-!

1#$!)*'+,&!.*+$&1$-!N1#$!2,4)$-!

2,5!)$!.,4,+$.!)/!1#$!-''1&!'(!

1#$!1-$$O9!!

!

!

!

!

!

@..*5+!1#$!-,804,1$-*,7!
!

N=57/!*5!1#$!:5.*,5!,5.!<#*5$&$!4$1#'.&O!!

!
• @3'*.!#$,3/!*5'-+,5*2!4,1$-*,7!&%2#!,&!&1'5$&K!&'*7!,5.!&,5.!+$11*5+!*51'!1#$!2/7*5.$-!!

N:(!1#$!,)'3$!4,1$-*,7&!+$1!*51'!1#$!.*+$&1$-K!1#$/!8*77!2'77$21!*5&*.$!1#$!.*+$&1$-!,5.!

-$.%2$!1#$!2,6,2*1/!,5.!1#$-$('-$!-$.%2$!1#$!,4'%51!'(!)*'+,&!6-'.%2$.O9!
!

c'8!1'!,3'*.!#$,3/!&1%((!+$11*5+!*51'!1#$!.*+$&1$-!

!
,O [/!2'5&1-%21*5+!1#$!2/7*5.$-!

%&$.!1'!6%1!*5!1#$!-,8!4,1$-*,7!

,&!&#'85!*5!1#$!6*21%-$9!"#$!

%55$2$&&,-/!#$,3/!4,1$-*,7!8*77!

-$4,*5!*5!1#$!)'11'49!!

!

!

!

!

!
)O "#$!7*A%*.!-,8!4,1$-*,7!

2,5!)$!4*S$.!&$6,-,1$7/!

,5.!1#$5!,..$.!1'!1#$!

.*+$&1$-9!!

!

!
D9 "#$!,5*4,7!8,&1$!,5.!8,1$-!

2,5!)$!4*S$.!*5!,!-,1*'!'(!D?D!

,5.!6%1!*51'!1#$!.*+$&1$-!N'5$!

)%2;$1!'(!8,1$-!1'!'5$!)%2;$1!

'(!2'80.%5+O9!

!

!
G9 @3'*.*5+!%58,51$.!4,1$-*,7!

N6'7/1#$5$K!+-,&&K!6,6$-K!

8''.K!$12O!+$11*5+!*51'!1#$!

.*+$&1$-9!!
 
 
 
 
 

!

!

!

!

!

F'7/1#$5$!!

M-,&&!!!

F7,&1*2!!!

`,8.%&1!,5.!

8''.!6*$2$&!!!
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!8 

 
:5!'-.$-!1'!,&&*&1!1#$!6-'2$&&!'(!-$4'3*5+!8,&1$!(-'4!1#$!.*+$&1$-?!

!

D9 P$$6!1#$!'%17$1!6*1!27$,5!

G9 X$4'3$!1#$!.*+$&1$.!8,&1$!'5!

1*4$!

H9 <7$,5!1#$!6*6$!1#,1!(*71$-&!1#$!

.*+$&1$.!8,&1$K!,1!7$,&1!'52$!,!

4'51#9!!

!

!

!

!

!

@)'%1!1#$!,*-!6*6$!

!
D9 =)&$-3*5+!8$,1#$-!,*-!*&!7$,;*5+!(-'4!1#$!

6*6$&9!

!
:(!1#$-$!*&!,5/!&%&6*2*'5!'(!1#$!,*-!7$,;*5+!(-'4!1#$!

6*6$&K!2#$2;!*1!)/!,667/*5+!&',6/!8,1$-!1'!1#,1!

&$21*'59!:(!*1!&#'8&!1#,1!1#$!,*-!*&!7$,;*5+!(-'4!1#,1!

&$21*'5!/'%!&#'%7.!,21!*44$.*,1$7/9!:(!/'%!,-$!

)%-/*5+!1#$!6*6$7*5$!%5.$-!&'*7K!/'%!&#'%7.!)$!

$S1-,!2,-$(%79!!

!
G9 [/!,..*5+!,!1,6!5$,-!1#$!.*+$&1$-K!/'%!2,5!,3'*.!

1#$!+,&!)$*5+!-$7$,&$.!%55$2$&&,-*7/K!$&6$2*,77/!

.%-*5+!1#$!5*+#19!!

!

!

!

!

!

!
B,1$-!.-'6&!2'77$21*5+!*5!1#$!+,&!6*6$7*5$!

!

"#$-$!2,5!)$!,!($8!.-'6&!'(!8,1$-!(-'4!1#$!+,&9!"#$&$!8*77!2'77$21!*5!1#$!6*6$!,1!1#$!7'8$&1!6'*51&9!

"#$-$!8*77!1#$5!)$!6-')7$4&!*5!+$11*5+!1#$!)*'+,&!1'!1#$!;*12#$59!!

!

!"#$!8,1$-!.-'6&!8*77!1#$5!5$$.!1'!)$!-$4'3$.K!,5.!1#*&!2,5!)$!.'5$!%&*5+!'5$!'(!18'!4$1#'.&9!!

!

,O9!:(!1#$-$!*&!,!1,6!,11,2#$.!1'!1#$!6*6$7*5$K!*5!

'-.$-!1'!-$4'3$!1#$!8,1$-!1#$5!%&$!1#*&!1,69!!

!

!

!
)O9!B#$5!1#$!6*6$7*5$!*&!5'1!)%-*$.!%5.$-!1#$!

&'*7K!/'%!2'%7.!7*(1!1#$!6*6$7*5$!1'8,-.&!1#$!

.*+$&1$-!,5.!7$1!1#$!8,1$-!(,77!),2;!*51'!1#$!

.*+$&1$-9!!

!

!

!

!

!
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!

!

!
:5!%&*5+!&7%--/!

!

• "#*&!2,5!)$!.*&&'73$.!*5!8,1$-!,5.!%&$.!,&!,!($-1*7*&$-9!!

• :1!,7&'!2,5!)$!%&$.!,(1$-!.-/*5+!*5!1#$!&%59!N*1!2,5!)$!$3$5!&'7.!*5!6,2;$1&9O!

• :(!/'%!8,51!1'!')1,*5!4'-$!

'-+,5*2!($-1*7*&$-K!4,;$!

,5'1#$-!1,5;!N,)'%1!H!($$1!

.$$6OK!27'&$!1'!1#$!1,5;!1#,1!

2'77$21&!1#$!&7%--/9!"#$5!

2'55$21!*1!8*1#!1#$!1,5;!1#,1!

2'77$21&!1#$!8,&1$9!@..!,77!1#$!

8,&1$!1#,1!*&!2'77$21$.!(-'4!

1#$!;*12#$5!,5.!(-'4!1#$!

+,-.$59!"#*&!6-'2$&&!8*77!

*52-$,&$!1#$!,4'%51!'(!

'-+,5*2!($-1*7*&$-!/'%!2,5!

')1,*59!!

!
B#$5!%&*5+!$A%*64$51!1#,1!,-$!6'8$-$.!)/!1#$!)*'+,&!.*+$&1$-!

!

3+,!./0!)&&8,%!!

• U*-&1!7*+#1!1#$!4,12#!,5.!1#$5!

'6$5!1#$!&8*12#!N1#*&!4$1#'.!

8*77!#$76!1'!-$.%2$!,22*.$51&!,&!

8$77!,&!&,3$!$5$-+/9!

!

• @.>%&1!1#$!&8*12#!%51*77!/'%!+$1!

,!27$,-!)7%$!(7,4$9!!

!

• @(1$-!2'';*5+K!27$,5!1#$!2'';$-!

6-'6$-7/9!X$4'3$!,5/!(''.!

6,-1*27$&!(-'4!1#$!2'';$-9!!

!

!

!
• <7$,5!1#$!2'';$-!1#'-'%+#7/K!

-$4'3*5+!,77!6,-1&K!,1!7$,&1!

'52$!,!4'51#9!!

!

!

!

!

!

:5!'-.$-!1'!')1,*5!1#$!4,S*4%4!%&$!'(!)*'+,&!8#$5!

2'';*5+d9!

!

• W&$!)*+!,7%4*5*%4!6,5!8*1#!7,-+$!(7,1!),&$&!

!

!

• <7'&$!1#$!6,5!8*1#!,!7*.!

!

!

!

• W&$!,!6-$&&%-$!2'';$-!,&!4%2#!,&!6'&&*)7$!!

!

!

!

!

!

<'8!

.%5+!!
=-+,5*2!

8,&1$!!
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!

!
 
 
The biogas lamp  

:1!*&!6'&&*)7$!1'!%&$!,!6$1-'4,S!N7'2,7!7,46O!8*1#!,!

4,51$7!('-!1#*&!6%-6'&$9!!

!
,9 <7$,5!1#$!2#*45$/!*(!*1!*&!5'1!27$,59!!

)9 T,;$!&%-$!1#,1!1#$!7,46!*&!*5!,!&1,)7$!6'&*1*'5!!

29 :5!1#*&!2,&$K!7*+#1!1#$!4,12#&1*2;!

(*-&1!,5.!1#$5!'6$5!1#$!+,&!

2'51-'77$-!,5.!7*+#1!1#$!7,469!!

!

!
W&*5+!1#$!`-*!E,5;,5!)*'+,&!.*+$&1$-!N.-/!),12#!%5*1O!

!

• :5!(*77*5+!1#$!)*'+,&!.*+$&1$-!8*1#!6,8!4,1$-*,7!!

!

,9 <'77$21!1#$!-,8!4,1$-*,7!N#,/!,5.!'1#$-!

4,1$-*,7&O!5$,-!1#$!.*+$&1$-9!!

!

!

!

!

!

)9 <'77$21!1#$!-$A%*-$.!,4'%51!'(!2'8!

.%5+9!!

!

!

!

!

!
29 `',;!1#$!#,/!1#$!.,/!)$('-$!/'%!(*77!1#$!.*+$&1$-9!

!

!

!

!
.9 T,;$!1#$!2'8!.%5+!,5.!%-$,!4*S1%-$9!

!

!

!

!

!

!
$9 U*77!1#$!.*+$&1$-!8*1#!,!7,/$-!'(!#,/!,5.!,!7,/$-!'(!2'8!

.%5+9!

!

!

!

!

!

!
(9 T,;$!&%-$!1#,1!1#$!#,/!*&!8$77!&1,2;$.!*51'!1#$!

.*+$&1$-9![/!.'*5+!1#*&K!*1!8*77!)$!6'&&*)7$!1'!&1,2;!

4'-$!#,/!*51'!1#$!.*+$&1$-!,5.!')1,*5!4'-$!+,&9!!

!

!

!

!

!

!
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!

!
+9 a'8!27'&$!1#$!4'%1#!'(!1#$!.*+$&1$-!8*1#!,!7*.!8*1#!

27,/!!N1$-4*1$!4'%5.!27,/!*&!3$-/!&%*1,)7$!('-!1#*&!

6%-6'&$O!1'!4,;$!&%-$!*1!.'$&!5'1!-$7$,&$&!,5/!+,&9!

@5.!,667/!2$4$51!'5!1'6!'(!1#,19!!!!

!
#9 F%1!,)'%1!DJ!24!'(!8,1$-!N,)'%1!^e!'-!f!,!(''1O!

'5!1'6!'(!1#$!7*.9![/!.'*5+!1#*&!*1!*&!6'&&*)7$!1'!

;5'8!*(!+,&!*&!7$,;*5+!(-'4!1#$!7*.9!N:(!/'%!7*;$!/'%!

2'%7.!$3$5!+-'8!7'1%&!'-!,5/!'1#$-!8,1$-!67,51!*5!

1#*&!g6'5.e9O!

!

!

!

!

*9 <'55$21!'5$!'(!1#$!6*6$&!*5!1#$!
2/7*5.$-!7*.!8*1#!1#$!+,&!),--$7&!

8*1#!,!27$,-!#'-&$9!

!

!

!

!

!

>9 W&$!,!27$,-!#'-&$!('-!1#$!'1#$-!6*6$!,5.!
4,;$!,!gWe!&#,6$!'(!*1!,5.!(*77!*1!8*1#!

8,1$-9!"#*&!2,5!)$!%&$.!,&!,!

gT,5'4$1$-e9!:(!1#*&!*&!5'1!6'&&*)7$!6%1!

1#$!#'&$!*5!,!8,1$-!(*77$.!)%2;$1!N)/!.'*5+!

1#*&K!*1!8*77!)$!6'&&*)7$!1'!;5'8!1#$!

6-$&&%-$!*5&*.$!1#$!.*+$&1$-!,&!8$77!,&!

2'51-'7!*19!=5!1#$!'1#$-!#,5.!*(!1#$!+,&!

6-$&&%-$!*5&*.$!1#$!.*+$&1$-!&%..$57/!

*52-$,&$&K!1#$!$S2$&&!+,&!8*77!)$!-$7$,&$.!

(-'4!1#$!6*6$K!,5.!#$76!6-'1$21!1#$!

.*+$&1$-9!!

!

:5!1$-4&!'(!1#$!,*-!6*6$&!

!

• <#$2;!1#$!8,1$-!7$3$7&!*5!1#$!6*1&!1#,1!2'51,*5!

1#$!,*-!6*6$&9!!

• <#$2;!8#$1#$-!1#$!),--$7&!,-$!(7',1*5+!*5!1#$!

8,1$-!8*1#'%1!,5/!6-')7$4&9!

• [$!,7$-1!1'!2#$2;!8#$1#$-!+,&!*&!7$,;*5+!(-'4!

1#$!),--$7&9!

• @..!&'4$!$5+*5$!'*7!1'!1#$!6*19![/!.'*5+!1#*&!1#$!

-%&1*5+!'(!1#$!),--$7&!2,5!)$!-$.%2$.!,5.!#$76!

1'!,3'*.!4'&A%*1'$&!)-$$.*5+9!

• [/!,..*5+!,!8$*+#1!'5!1'6!'(!1#$!),--$7K!1#$!

6-$&&%-$!2,5!)$!*52-$,&$.9!

• [/!,667/*5+!,!2',1!'(!

6,*51!$3$-/!&*S!4'51#&K!

1#$!),--$7&!2,5!)$!%&$.!

('-!,!7'5+$-!1*4$9!

!

!

!

!

!

!

!!
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!

!

!

• "#$!4,*51$5,52$!,5.!1#$!%&$!'(!1#$!'1#$-!6*6$!

&/&1$4!,5.!1#$!'1#$-!$A%*64$51!&#'%7.!,7&'!)$!

.'5$!*5!1#$!&,4$!4,55$-9!!

!

!

!

!

:5!-$4'3*5+!1#$!8,&1$d9!

!

• :1!*&!)$&1!1'!2'77$21!1#$!5$8!-,8!4,1$-*,7!)$('-$!

-$4'3*5+!1#$!'7.!8,&1$!4,1$-*,7!N1#$5!1#$!+,&!2,5!)$!-$0

')1,*5$.!3$-/!A%*2;7/O9!!

• =6$5!1#$!7*.!'(!1#$!.*+$&1$-h!1#*&!2,5!)$!;$61!'6$5!('-!
,)'%1!18'!1'!1#-$$!.,/&9!!

• @(1$-8,-.&!-$4'3$!,77!

1#$!8,&1$!(-'4!1#$!6*19!

• "#$!)7,2;!8,1$-K!8#*2#!
*&!*5!1#$!)'11'4!'(!1#$!

6*1K!2,5!)$!2'77$21$.!

,5.!%&$.!,&!,!($-1*7*&$-!

,5.!,!6$&1*2*.$9!!

• a'8!-$(*77!1#$!6*19!!
!

!

!

!

!

!

!

!

"0!$+,%,!/!0&9($*&#!$&!:&(%!;%&-9,<=!
!

!

!

!

!

!

!

!

!

"#$!4'&1!7*;$7/!-$,&'5! `'7%1*'5!

"#$-$!*&5i1!&%((*2*$51!4$1#,5$h!,*-!,5.!'1#$-!

2#$4*2,7&!,-$!+$11*5+!4*S$.!8*1#!1#$!)*'+,&9!

>,9,/0,!$+,!./0!/99&?!$+,!./0!$&!-,!%,@*99,'2!

3+,#!)+,)82!A"$!<*.+$!-,!#,),00/%:!$&!)/%%:!&($!

$+*0!/)$*B*$:!0,B,%/9!$*<,02C!

!
     

!

!

!

!

!

!"#$%"&$'()$*"(*$

+,-&)$./,-$*"0)$

1,&)$2,*$34/2$5&/6$

7&889$
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"#$!4'&1!7*;$7/!-$,&'5! `'7%1*'5!

"#$-$!4*+#1!)$!8,1$-!1-,66$.!*5!1#$!

6*6$7*5$9!

X$4'3$!1#$!8,1$-!(-'4!1#$!6*6$9!NW&$!1#$!

4$1#'.&!$S67,*5$.!*5!1#$!6-$3*'%&!

&$21*'59O!

!

!!

!

!

!

!

!

!

!

!

!

!

!

"#$!4'&1!7*;$7/!-$,&'5! `'7%1*'5!

B,1$-!2'77$21*5+!*5!1#$!6*6$&! X$4'3$!1#$!8,1$-!(-'4!1#$!6*6$&!

!

!

!

!

!!

!

!!

!

!

!

!

"#$!4'&1!7*;$7/!-$,&'5! `'7%1*'5!

a'1!$5'%+#!+,&!2'4*5+!(-'4!1#$!.*+$&1$-! T,;$!1#$!+,&!5*667$!)*++$-!

!

!

!

!

!

!

:,7$*"&$.8(-&$./,-$*"&$

+,,;&/$0)2<*$+8&(/9$%"&$.8(-&$

0)$-,/&$,/(2'&$02$+,8,4/9$

%"&/&$0)$(8),$(2$,11$),421$

+,-02'$,4*9$=$7,21&/$7"6$*"(*$

"(>>&2)?$

!

@&+&2*86A$*"&$'()$+,-02'$,4*$

,.$*"&$10'&)*&/$0)$02./&B4&2*9$

!

%"&$.8(-&$./,-$*"&$

+,,;&/$0)$2,*$&2,4'"9$

C5&2$*"&$80'"*$./,-$

*"&$8(->$0)$5&/6$10-#$
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!

!

!

!

!

!

"#$!4'&1!7*;$7/!-$,&'5&! `'7%1*'5!

D9 M,&!7$,;*5+!(-'4!1#$!6*6$!N(*-&1!2#$2;!

,5.!4,;$!&%-$O!

!

G9 M,&!7$,;*5+!(-'4!1#$!7*.!N(*-&1!1#$-$!8*77!

)$!)%))7$&!*5!1#$!8,1$-!'3$-!1#$!7*.!

!

H9 D''*#.!$&&!<()+!&%!$&&!9*$$9,!%/?!

</$,%*/9!A*#!$+,!"#'*/#!/#'!5+*#,0,!

<,$+&'0C2!

!

I9 a'1!4*S*5+!1#$!8,1$-!,5.!1#$!-,8!

4,1$-*,7!6-'6$-7/!)$('-$!,..*5+!*51'!

1#$!.*+$&1$-!N<#*5$&$!,5.!:5.*,5!

4$1#'.&O9!

!

J9 "#$!2'8!.%5+!&'7*.*(/*5+!*5&*.$!1#$!

.*+$&1$-9!

!

^9 `,5.!,5.!6*$2$&!'(!-'2;!$51$-*5+!1#$!

.*+$&1$-9!

!

!

!

]9 <-,2;&!*5!1#$!.*+$&1$-K!,*-!7$,;*5+!(-'4!

1#$!8,77&!'(!1#$!.*+$&1$-9!

!

@667/!,!&',6j8,1$-!4*S1%-$!'51'!1#$!,-$,&!'(!

2'52$-5!N1#$!6*6$!2'55$21*'5&O9!:(!1#$-$!,-$!

)%))7$&!1#$5!2'--$21!1#$!6-')7$49!

@(1$-!/'%!5'1*2$!1#*&!,667/!,5'1#$-!7,/$-!'(!27,/9!

!

<'46,-$!1#$!,4'%51!1#,1!/'%!&#'%7.!6%1!*5!

.,*7/!,+,*5&1!1#$!,4'%51!/'%!2%--$517/!,..9!

T,;$!&%-$!/'%!'57/!,..!1#$!-$A%*-$.!,4'%51!'(!

-,8!4,1$-*,79!

L'%!&#'%7.!4*S!1#$!18'!,1!,!-,1*'!'(!D?D!N'5$!

)%2;$1!'(!8,1$-!8*1#!'5$!)%2;$1!'(!2'8!.%5+O9!

!

!

!

X$4'3$!1#$!7*.!,5.!1,;$!,8,/!1#*&!4,1$-*,7!

2'467$1$7/9!

!

X$4'3$!1#$!7*.!,5.!2#$2;!1#$!.*+$&1$-!8*1#!,!

&1*2;9!:(!1#$-$!&$$4!1'!)$!,!7,/$-!'(!&,5.!$461/!

1#$!.*+$&1$-!2'467$1$7/!,5.!(*77!*1!,+,*59!

!

!

Z461/!1#$!$51*-$!.*+$&1$-!,5.!2#$2;!1#*&9!

M$11*5+!,&&*&1,52$!(-'4!/'%-!1$2#5*2,7!,.3*&'-!

*&!&%*1,)7$!,1!1#*&!&1,+$9!

!

!

!

!

!

!

!

!

!

!

"#$!4'&1!7*;$7/!-$,&'5&! `'7%1*'5!

"#$!6*6$!%&$.!1'!$51$-!1#$!-,8!4,1$-*,7!*&!

)7'2;$.9!

!

"#$!$.+$!'(!1#$!6*6$!*&!+$11*5+!)7'2;$.!8*1#!

&,5.!'-!&4,77!-'2;&9!

:5&$-1!,!),4)''!&1*2;!'-!,!8''.$5!&1*2;!,5.!

2#$2;!1#$!6*6$9!

!

=6$5!1#$!7*.!'(!1#$!.*+$&1$-!1#$5!27$,-!1#$!

6*6$7*5$9!!

!

!

!

!

!"#$=<-$2,*$(38&$*,$(11$

+(7$142'$02*,$*"&$

10'&)*&/$$

%"&$(-,42*$,.$'()$0)$

/&14+02'$1(6$36$1(69$

=2$($.&7$1(6)$*0-&$7&$

-0'"*$2,*$&5&2$$
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"#$!,%1#'-!8'%7.!7*;$!1'!1#,5;!!
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!

!

`,5>$$3,5*!T%5,&*5+#$!

F-'>$21!T,5,+$-!
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