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Procesos de conversión de la biomasa en energía

2GUFG  GN  RWPVQ  FG  XKUVC  FGN  CRTQXGEJCOKGPVQ  GPGTI‘VKEQ$  NC  DKQOCUC  UG  ECTCEVGTK[C  RQT  VGPGT  WP  DCLQ
EQPVGPKFQ FG ECTDQPQ$ WP GNGXCFQ EQPVGPKFQ FG QYaIGPQ Z EQORWGUVQU XQN_VKNGU& 3UVQU EQORWGUVQU XQN_VKNGU
"HQTOCFQU RQT ECFGPCU NCTICU FGN VKRQ 1P6O$ Z RTGUGPEKC FG 1;*$ 1; G 6*# UQP NQU SWG EQPEGPVTCP WPC ITCP
RCTVG FGN RQFGT ECNQTa EQ FG NC DKQOCUC& 3N RQFGT ECNQTa EQ FG NC DKQOCUC FGRGPFG OWEJQ FGN VKRQ FG DKQOCUC
EQPUKFGTCFC Z FG UW JWOGFCF& /Ua PQTOCNOGPVG GUVQU XCNQTGU FG RQFGT ECNQTa EQ FG NC DKQOCUC UG RWGFGP FCT
GP DCUG UGEC Q GP DCUG JdOGFC&

3P  IGPGTCN  UG  RWGFG  EQPUKFGTCT  SWG  GN  RQFGT  ECNQTa EQ  FG  NC  DKQOCUC  RWGFG  QUEKNCT  GPVTG  NQU  +(((  %  +,((
MECN’MI RCTC NQU TGUKFWQU NKIPQ % ECNWNcUKEQU$ NQU *((( % *,(( MECN ’ MI RCTC NQU TGUKFWQU WTDCPQU Z PCNOGPVG NQU
)(((( MECN ’ MI RCTC NQU EQODWUVKDNGU NaSWKFQU RTQXGPKGPVGU FG EWNVKXQU GPGTI‘VKEQU& 3UVCU ECTCEVGTaUVKECU$
LWPVCOGPVG EQP GN DCLQ EQPVGPKFQ FG C[WHTG FG NC DKQOCUC$ NC EQPXKGTVGP GP WP RTQFWEVQ GURGEKCNOGPVG
CVTCEVKXQ RCTC UGT CRTQXGEJCFQ GPGTI‘VKECOGPVG&

1CDG FGUVCECT SWG$ FGUFG GN RWPVQ FG XKUVC CODKGPVCN$ GN CRTQXGEJCOKGPVQ GPGTI‘VKEQ FG NC DKQOCUC PQ
EQPVTKDWZG  CN  CWOGPVQ  FG  NQU  ICUGU  FG  GHGEVQ  KPXGTPCFGTQ$  FCFQ  SWG  GN  DCNCPEG  FG  GOKUKQPGU  FG  1;*  C  NC
CVOcUHGTC GU PGWVTQ& 3P GHGEVQ$ GN 1;* IGPGTCFQ GP NC EQODWUVKcP FG NC DKQOCUC GU TGCDUQTDKFQ OGFKCPVG NC
HQVQUaPVGUKU  GP  GN  ETGEKOKGPVQ  FG  NCU  RNCPVCU  PGEGUCTKCU  RCTC  UW  RTQFWEEKcP  Z$  RQT  NQ  VCPVQ$  PQ  CWOGPVC  NC
ECPVKFCF FG 1(* RTGUGPVG GP NC CVOcUHGTC& /N EQPVTCTKQ$ GP GN ECUQ FG NQU EQODWUVKDNGU HcUKNGU$ GN ECTDQPQ SWG
UG NKDGTC C NC CVOcUHGTC GU GN SWG GUV_ LQ C NC VKGTTC FGUFG JCEG OKNNQPGU FG CbQU&

2GUFG GN RWPVQ FG XKUVC GPGTI‘VKEQ TGUWNVC EQPXGPKGPVG FKXKFKT NC DKQOCUC GP FQU ITCPFGU ITWRQU "1WCFTQ :\ )#
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)) ,Q>ANK 5V’
7FN ĤFOFO T OQO LNKAQ@PKO

!&*,’&+&+

7NK@BOK OFIFH>N > H> D>OF @>@F^J !> H> @Q>H BJ NB>HFA>A FJ@HQTB" LKN BH @Q>H OB NB>HFU> QJ> KSFDBJ>@F^J L>N@F>H
T @KJPNKH>A> AB H> ?FKI>O># L>N> K?PBJBN @KIK LNKAQ@PK QJ> @KI?FJ>@F^J R>NF>?HB AB @KI?QOPF?HBO
O ĤFAKO !@>N?^J RBDBP>H"# H\MQFAKO !B QBJPBO LFNKHB]KOKO" T D>OBKOKO !D>O LK?NB"% 0BJBN>HIBJPB# BH
LNKAQ@PK LNFJ@FL>H AB H> LFN̂ HFOFO BO BH @>N?^J RBDBP>H# @KJOFABNZJAKOB > HKO H\MQFAKO T D>OBO @KIK OQ?LNK$
AQ@PKO ABH LNK@BOK%

3> LFN^HFOFO @KJ >LNKRB@E>IFBJPK LHBJK AB OQ?LNKAQ@PKO PQRK OQ DN>J >QDB >JPBO AB H> AFCQOF^J I>OFR> ABH
LBPN ĤBK# T> MQB @KJOPFPQ\> H> _JF@> CQBJPB AB @FBNP>O OQOP>J@F>O !Z@FAK >@[PF@K# IBP>JKH# BP@%" MQB HQBDK OB
LNKAQGBNKJ LKN H> R\> LBPNKMQ\IF@>% 1KT BJ A\># O^HK H> LNKAQ@@F^J AB @>N?^J RBDBP>H NBRFOPB FILKNP>J@F>
@Q>JPFP>PFR>%

.H @>N?^J RBDBP>H @KIK @KI?QOPF?HB O^HFAK LNBOBJP> H> RBJP>G> CNBJPB > H> ?FKI>O> MQB HB AFK KNFDBJ# AB
PBJBN QJ LKABN @>H^NF@K I>TKN K# HK MQB BO HK IFOIK# QJ LBOK IBJKN L>N> FDQ>H @>JPFA>A AB BJBND\># HK MQB
LBNIFPB  QJ  PN>JOLKNPB  IZO  CZ@FH%  5K  K?OP>JPB#  AB?B  E>@BNOB  JKP>N  MQB  H>  @>N?KJFU>@F^J  NBLNBOBJP>  QJ>
L[NAFA> IQT FILKNP>JPB AB H> BJBND\> LNBOBJPB BJ H> I>PBNF> LNFI># T> MQB BJ BH LNK@BOK @KJOQIB DN>J
@>JPFA>A AB BHH>%

3KO LNK@BOKO ?FKMQ\IF@KO OB ?>O>J BJ H> ABDN>A>@F^J AB H> ?FKI>O> LKN H> >@@F^J AB IF@NKKND>JFOIKO# T
LQBABJ AFRFAFNOB BJ AKO DN>JABO DNQLKO( HKO MQB OB LNKAQ@BJ BJ >QOBJ@F> AB >FNB !>J>BN^?F@KO" T HKO MQB
OB LNKAQ@BJ BJ LNBOBJ@F> AB >FNB !>BN^?F@KO"(

!*)$%+)+ "("%*,#&$)+

3> CBNIBJP>@F̂ J >J>BN̂ ?F@># L>N> H> MQB OB QPFHFU> DBJBN>HIBJPB NBOFAQKO >JFI>HBO K RBDBP>HBO AB ?>G> NBH>@F^J
@>N?KJK & JFPN^DBJK# OB NB>HFU> BJ QJ NB@FLFBJPB @BNN>AK HH>I>AK ‘AFDBOPKNa T A> KNFDBJ > H> LNKAQ@@F̂ J AB QJ
D>O @KI?QOPF?HB ABJKIFJ>AK ?FKD>O%
*AF@FKJ>HIBJPB# H> ?FKI>O> ABDN>A>A> MQB MQBA> @KIK NBOFAQK ABH LNK@BOK AB LNKAQ@@F̂ J ABH ?FKD>O# @KJOPF$

7NK@BOKO ?FKMQ\IF@KO

729Y32:2:

3.5;*

0*: 76+9. 0*: 92,6

0*: -. :X5;.:2:
4.;*563

,64+<:;2Y5
0*:2/2,*,2Y5

,64+<:;2Y5
0*:2/2,*,2Y5

9W72-*

3X8<2-6:
,64+<:;2+3.:

,*9+Y5
=.0.;*3
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=.0.;*3
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INKYWNfR IJ PFW TSWNGNPNIFIJW J\NWXJRXJW ] IJ PFW XJHRSPSLdFW TFVF WY YWS&

g4?@A37< 34 =>4502@71797303 =0>0 90 A@797E027a; 34 >4?73A<? 34>7B03<? 34 90 7;3A?@>70 0>><24>0 D
34 90 5<>4?@<7;3A?@>70 =0>0 90 64;4>027a; 34 4;4>6‘0 49_2@>720 4; 90 =><B7;270 34 4;@>4 >‘<?h&

4R KYRHNfR F PF INWTSRNGNPNIFI ] PSLdWXNHF IJ PSW VJHYVWSW JWXYINFISW$ JP JWXYINS FVVSOF PF INWTSRNGNPNIFI JRJVLcXNHF
IJ JRXVJ -)(&(((’.+(&((( X’FeS IJ VJWNIYSW KSVJWXSNRIYWXVNFPJW ] )((&(( XR’FeS IJ HbWHFVF IJ FVVS^$ TPFRXJFRIS
JP IJWFVVSPPS IJ HYFXVS FPXJVRFXNZFW/

% 2JRXVFP ?FR ?FPZFISV % -$, :C % HbWHFVF IJ FVVS^ % LJRJVFHNfR IJ JRJVLdF JPcHXVNHF TSV QJINS IJ HSQGYWXNfR
INVJHXF JR PJHMS YNIN^FIS ’LVNPPF ZNGVFRXJ&
% 2JRXVFP BNPPFLYF] % * :C % HbWHFVF IJ FVVS^ % HSLJRJVFHNfR TSV QJINS IJ HSQGYWXNfR JR LVNPPF ZNGVFRXJ&
%  2JRXVFP  2SRHSVINF  %  *,  :C  %  VJWNIYSW  KSVJWXSNRIYWXVNFPJW  %  LJRJVFHNfR  IJ  JRJVLdF  JPcHXVNHF  TSV  QJINS  IJ
LFWN HFHNfR ] HSQGYWXNfR&
%  2JRXVFP  5JIJVFHNfR  %*,  :C  %  VJWNIYSW  KSVJWXSNRIYWXVNFPJW  %  LJRJVFHNfR  IJ  JRJVLdF  JPcHXVNHF  TSV  QJINS  IJ
LFWN HFHNfR ] HSQGYWXNfR&

4?@A37<  34  4B09A027a;  9<?  >42A>?<?  34  17<:0?0  4;  90?  =><B7;270?  34  :7?7<;4?  D  2<>>74;@4?&
9<2097E027<; D 4?@A37< 34 502@71797303 34 90 7;?@09027a; 34 A; =><D42@< 34 64;4>027a;&

0 TFVXNV IJ PSW VJWYPXFISW FPHFR^FISW$ JR PSW HYFPJW WJ JWXFGPJHJR JP VJHYVWS INWTSRNGPJ ] WY TSXJRHNFP JRJVLcXNHS$
HSROYRXFQJRXJ  HSR  PFW  0YXSVNIFIJW  PSHFPJW  ]  PSW  VJWTSRWFGPJW  IJP  =4>:4>$  WJ  NIJRXN HFVSR  ]  WJPJHHNSRFVSR
WNXNSW FTXSW TFVF PF NQTPJQJRXFHNfR IJ TVS]JHXSW IJ LJRJVFHNfR IJ JRJVLdF JPcHXVNHF F TFVXNV IJ GNSQFWF TFVF
FGFWXJHJV TSGPFHNSRJW VYVFPJW INWTJVWFW TFVF PFW UYJ RS J\NWXJ WYQNRNWXVS TSV VJI$ WJ NIJRXN HFVSR PFW STHNSRJW
XJHRSPfLNHFW INWTSRNGPJW TFVF PF LJRJVFHNfR IJ JPJHXVNHNIFI F TFVXNV IJ PSW VJWNIYSW INWTSRNGPJW JR INHMSW WNXNSW$
] WJ TVSHJINf FP INWJeS ] JWXYINS IJ KFHXNGNPNIFI IJ ISW TVS]JHXSW IJ LJRJVFHNfR IJ JRJVLdF JPcHXVNHF$ F WFGJV/

% 2JRXVFP JR ?FR 0RXSRNS 7WPF !2SVVNJRXJW" %)( 8[ % LJRJVFHNfR IJ JRJVLdF JPcHXVNHF QJINFRXJ LFWN HFHNfR HSR
VJWNIYSW KSVJWXSNRIYWXVNFPJW&
% 2JRXVFP JR TNHFIF ARNfR !:NWNSRJW" % *( 8[ % LJRJVFHNfR IJ JRJVLdF JPcHXVNHF QJINFRXJ LFWN HFHNfR HSR
VJWNIYSW KSVJWXSNRIYWXVNFPJW&

Estudios recientes

# 9F YXNPN^FHNfR IJ 956 !LFW QJXFRS HFTXYVFIS JR VJPPJRSW WFRNXFVNSW" TFVF LJRJVFHNfR IJ JRJVLdF JPcHXVNHF&
# 9F LJRJVFHNfR IJ GNSLFW JR XFQGSW !JWXJ YWS JR VJFPNIFI JWXb QY] TSHS INKYRINIS"&
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G;C7@> "G@@79E8=;?D8:B4D87 CEAA=H(78>4?7 @F8BF;8G >4AA;?:#’

7MU[YV LMS WIYIO\IZ QUZ[Q[\KQVUIS KVUNVYTILV WVY 94@3 CMKYM[IYQI LM 8UMYOeI3 CMKYM[IYQI LM 4OYQK\S[\YI% :IUIL&
MYeI% AMZKI _ 4SQTMU[VZ3 ;?D43 CMKYM[IYQI LM 4TJQMU[M _ 7MZIYYVSSV C\Z[MU[IJSM% ZM MZ[I [YIJIRIULV WIYI SI
VJ[MUKQgU LM MZ[I PMYYITQMU[I% X\M ZM JIZI MU SI [MKUVSVOeI LMS CQZ[MTI LM ;UNVYTIKQgU :MVOYc KI "C;:#% X\M
VNYMKM  U\M]IZ  WVZQJQSQLILMZ  LM  KVTJQUIY  V  QU[MOYIY  QUNVYTIKQgU  MZ[ILeZ[QKI  _  MZWIKQIS  ZVJYM  SI  WYVL\KKQgU
"VNMY[I# _ MS KVUZ\TV "LMTIULI# LM KVTJ\Z[QJSMZ JQVTIZQKVZ "YMZQL\VZ NVYMZ[ISMZ% NVYMZ[VQUL\Z[YQISMZ% IOYeKVSIZ
_ IOYVQUL\Z[YQISMZ# _ JQVKVTJ\Z[QJSMZ’

8S VJRM[Q]V MZ KVUNVYTIY \UI PMYYITQMU[I [IS X\M WMYTQ[I SI [VTI LM LMKQZQVUMZ MU N\UKQgU LMS WSIU MZ[YI[dOQKV
MUMYOd[QKV KVU MS VJRM[Q]V LM LQ]MYZQ KIY SI TI[YQ‘ MUMYOd[QKI UIKQVUIS _ I]IU‘IY LM IK\MYLV I SVZ SQUMITQMU[VZ
MZ[IJSMKQLVZ MU SI =M_ LM 9VTMU[V LM 8UMYOeI BMUV]IJSMZ ?a +/’*2)’

8S AYV[VKVSV LM <_V[V MZ[IJSMKM WIYI SVZ WIeZMZ 4UM^V ;% YML\KQY MS [V[IS LM Z\Z MTQZQVUMZ LM :8; I \U UQ]MS QUNMYQVY
MU UV TMUVZ LM .! IS LM *22) MU MS WMYeVLV LM KVTWYVTQZV% KVTWYMULQLV MU[YM MS IfV +))1 _ MS +)*+’ AIYI
K\TWSQY KVU MS TQZTV ZM MZ[IJSMKQMYVU ILMTcZ LM SIZ YML\KKQVUMZ LM MTQZQVUMZ LM OIZMZ LM MNMK[V QU]MYUILMYV
MU KILI WIeZ% _ LMS KVTMYKQV LM MTQZQVUMZ% V[YVZ TMKIUQZTVZ KVTV SI 4WSQKIKQgU 6VUR\U[I "46# _ MS >MKIUQZTV
LM 7MZIYYVSSV =QTWQV ">7=#’

DYIZ  SI  YI[Q KIKQgU  WVY  WIY[M  LM  B\ZQI  MU  ZMW[QMTJYM  LM  +))-  MS  AYV[VKVSV  LM  <_V[V  ZM  KVU]QMY[M  MU  =M_
QU[MYUIKQVUIS’8Z[M TMKIUQZTV VNYMKM I SVZ OVJQMYUVZ _ I SIZ MTWYMZIZ WYQ]ILIZ LM SVZ WIeZMZ QUL\Z[YQISQ‘ILVZ SI
WVZQJQSQLIL LM [YIUZNMYQY [MKUVSVOeIZ SQTWQIZ I WIeZMZ MU LMZIYYVSSV% TMLQIU[M QU]MYZQVUMZ MU WYV_MK[VZ LM
YML\KKQgU  LM  MTQZQVUMZ  V  Z\TQLMYVZ%  YMKQJQMULV  LM  MZ[I  NVYTI  KMY[Q KILVZ  LM  MTQZQgU  X\M  ZMY]QYcU  KVTV
Z\WSMTMU[V I Z\Z YML\KKQVUMZ QU[MYUIZ’

EU WYV_MK[V MU MS TIYKV LMS >MKIUQZTV WIYI \U 7MZIYYVSSV =QTWQV ">7= V 67> MU QUOSdZ# MZ \U WYV_MK[V LM
YML\KKQgU LM MTQZQVUMZ V ZMK\MZ[YV LM KIYJVUV X\M ZM SSM]I I KIJV MU \U WIeZ MU LMZIYYVSSV% KVTV ZMY SI 4YOMU&
[QUI’ =VZ WYV_MK[VZ >7= OMUMYIU 68BZ V 5VUVZ LM 6IYJVUV% X\M W\MLMU ZMY KVTMYKQISQ‘ILVZ MU MS TMYKILV LM
KIYJVUV’ * 68B MX\Q]ISM I * DU LM 6@+ YML\KQLI’
=VZ JMUM KQVZ LM SVZ >7=% W\MLMU PIKMY TIZ I[YIK[Q]V \U WYV_MK[V LMZLM MS W\U[V LM ]QZ[I MKVUgTQKV&

UIUKQMYV% I [IS W\U[V X\M ZVSV W\MLM ZMY ]QIJSM ZQ K\MU[I KVU MSSVZ’ 8RMTWSVZ AYV_MK[VZ >7= "5QVTIZI#’

Protocolo de Kyoto - Mecanismos de Desarrollo Limpio

$ AYV_MK[V 4:7 & :MUMYIS 7MPM‘I% 6gYLVJI & 6VOMUMYIKQgU &*) >G "*1,’))) DU(IfV LM KcZKIYI LM OQYIZVS
_ TIUe#% YML\KQYc .1.’0/)%2 DU 6@+ MU +* IfVZ’
$  AYV_MK[V  A;?7b  &  A\MY[V  8ZWMYIU‘I%  >QZQVUMZ  &  6VOMUMYIKQgU  &  -  >G%  IWVY[IYI  M^KMLMU[MZ  I  SI  YML
"*)+’))) DU(IfV LM YMZQL\VZ NVYMZ[VQUL\Z[YQISMZ#% YML\KQYc -2*’*+0 DU 6@+ MU +* IfVZ’
$  AYV_MK[V  7VU  :\QSSMYTV  &  C’  LM  =QUQMYZ%  >QZQVUMZ  &  6VOMUMYIKQgU  &  ,  >G  "YMZQL\VZ  NVYMZ[VQUL\Z[YQISMZ#%
YML\KQYc *)+’-12 DU 6@+ MU 0 IfVZ’
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0@HNLI ?@ ?DMNDHNIM @MNO?DIM @H><L<?IM JIL F< 9@>L@N<LU< ?@ 1H@LBU< M@ C<H ?@N@>N<?I ?DMNDHNIM NDJIM ?@ =<LL@L<M
< MILN@<L J<L< F< DGJF@G@HN<>DWH ?@ F<M AO@HN@M ?@ @H@LBU< L@HIP<=F@% @HNL@ @FF<M ><=@H >DN<L < F<M ?@ NDJI NT>HD>I%
@>IHWGD>I& H<H>D@LI% F@BDMF<NDP<M&L@BOF<NILD<M% DHMNDNO>DIH<F@M Q MI>D<F@M’

4< 4@Q *,).( @MN<=F@>@ @F !8TBDG@H ?@ AIG@HNI H<>DIH<F J<L< @F OMI ?@ AO@HN@M L@HIP<=F@M ?@ @H@LBU< ?@MNDH<?<
< F< JLI?O>>DWH ?@ @H@LBU< @FT>NLD>< !’ 4< F@Q ?@>F<L< ?@ SHN@L@M H<>DIH<F F< B@H@L<>DWH ?@ @H@LBU< @FT>NLD>< < J<LNDL
?@F OMI ?@ AO@HN@M ?@ @H@LBU< L@HIP<=F@M >IH ?@MNDHI < F< JL@MN<>DWH ?@ M@LPD>DI JX=FD>I >IGI <MU N<G=DTH F<
DHP@MNDB<>DWH J<L< @F ?@M<LLIFFI N@>HIFWBD>I Q A<=LD><>DWH ?@ @KODJIM >IH @M< H<FD?<?’

1MN<=F@>@ >IGI I=E@NDPI ?@F JL@M@HN@ LTBDG@H% FIBL<L F< >IHNLD=O>DWH ?@ F<M AO@HN@M ?@ @H@LBU< L@HIP<=F@M C<MN<
<F><HR<L @F 6/26 768 /315:6 #-"$ ?@F >IHMOGI ?@ @H@LBU< @FT>NLD>< H<>DIH<F @H @F JF<RI ?@ 031; #)($ <VIM <
J<LNDL ?@ F< JO@MN< @H PDB@H>D< ?@F JL@M@HN@ LTBDG@H’

4IM =@H@ >DIM KO@ @MN<=F@>@ F< 4@Q MIH OH LTBDG@H ?@ DHP@LMDWH JIL OH J@LDI?I ?@ )( <VIM Q OH< L@GOH@L<>DWH
<?D>DIH<F L@MJ@>NI ?@F JL@>DI ?@ G@L><?I ?@ F< @H@LBU< M@BXH F<M ?DMNDHN<M AO@HN@M JIL OH J@LDI?I ?@ )+ <VIM’
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