"Winhapikwa pakarateri xanhatatakwecha: Ma Anchikwarhita Etsakukwa
yamintuecha jinkoni jdnhaskakweri ampe'. i takukata jinteesti ma anchikwar-
hita énkaksi kip'antaka k'érati jdnhaskatiicha ka nidtakutiicha énkaksi anchi-
kwarhik'a winhapikwa parhakpinirhu anapu ka ampakiti irekwa, énkaksi
tachani k'umanchikwarhu k'érati janhakaticho wératini anpueka. Kinkwarhi-
kwa énka xanhatataka i anchikwarhitani jarhastiksi janhaskatiicha Facultad de
Ingenieria en Tecnologia de la Madera de la Universidad Michoacana de San
Nicolas de Hidalgo, Universidad Juarez del Estado de Durango, Instituto de
Investigaciones en Ecosistemas y Sustentabilidadirhu, Escuela Nacional de
Estudios Superiores Unidad Morelia, Centro de Investigaciéon en Geografia
Ambiental de la Universidad Nacional Autonoma de México anapuecha.
Enkaksi orhets'ikuk'a Universidad Intercultural Indigena de Michoacanirhu
anapuecha, karaskaksi i takakukatani énka xarhatak'a nena Uranhani winhapi-
kwechani pakarateri. Wanikwa kw'iripu eraatakata, éska na jinteeka
jorhenkwarhiichani, jorhempiriichani, anchikwarhiriichani, ireta p'orheo
anapuecha, juramutiichani, jdnhaskatiichani, yasi anpu kampe eratsitiicha ka
anchikwarhiri no kwatantsiicha, i karakata xarhatasinti janhaskakwa
wéenakwa ka yam ampe niatatarakwa winhapikwa pakarateri, erot'akukwa
winhapikweri ka ampe xani marhuasini. Juchari eratsikata jinteesti etsakuni
yasi anapu winhapikwa ka anchitarakweche, exeparini materu jasi Urakwa,
énka no xani ikichalwa Ukukwa parhakpenini ka énka ménku isi jjawaka, ka
éska yamintu iretecha jatsikwarhiaka winhapikwa. isi erokaparini éska i
karakata jinteewaka ima annchitarakwa énka marhuakwawaka ima kw'iripu-
chani énkaksi wékani jaka kurhankuni ka maét 'akuni materu jasi winhapikwa
Ukwecha jinkoni.
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PROLOGO

Una de las tareas que debe ser cotidiana en el quehacer contemporaneo del sector
académico, es la difusion y divulgacion del conocimiento. Ante los problemas que se
han agravado en afios recientes como la sequia, el cambio de uso de suelo, la defo-
restacion, la pérdida de biodiversidad, pérdida del patrimonio, y las transformacio-
nes sociales, es necesario poner los avances humanisticos, cientificos, tecnoldgicos
y de innovacion, al servicio de la sociedad y del medio ambiente. En este sentido,
uno de los retos actuales radica en establecer procesos dialogicos de conocimientos
de forma intercomunitaria, multisectorial, multidisciplinar, en todas partes y con
todas las personas. Lo cual no es tarea sencilla, puesto que representa un cambio
de paradigma en el dia a dia de las y los investigadores, la comunidad tecnoéloga y
de toda la comunidad académica en general. No es facil salir de una zona de con-
fort y mucho menos entablar relaciones interpersonales cuando la legua, la cul-
tura y la tradicion son distintas, y que en muchos casos representan una barrera
que imposibilita el didlogo de saberes y la construcciéon conjunta de conocimientos.
Entonces, las estrategias de diseminacion, difusion, divulgacion y construccion de
conocimiento, hoy requieren de formas articuladas, fundadas y motivadas por pro-
cesos participativos, consensuados, con vinculacion comunitaria y de interacciéon
cercana con las poblaciones mas distantes territorialmente hablando; porque no
solo es necesario llegar a lugares lejanos, sino una vez llegando aprender y compar-
tir, entender y construir distintas maneras de percibir y comprender el mundo, asi
como de co-generar conocimiento. Con las consideraciones anteriores, esta obra
representa un ejercicio valioso, que entrelaza el quehacer investigativo de un grupo
de personas provenientes de distintas universidades de México, que elaboraron 14
capitulos divulgativos sobre el aprovechamiento energético de la biomasa, y que,
con el apoyo de intérpretes, hablantes de lenguas originarias de distintas comuni-
dades, han construido de forma conjunta una obra editorial inédita multilingiie que
pretende, por una parte ser un referente como material de divulgacion en lenguas
originarias como parte de una estrategia de acceso universal del conocimiento; y
por otra, fomentar el rescate, preservacion y revitalizacion de las lenguas origina-
rias de México.



PROLOGO

Esta obra es un ejemplo de la suma de voluntades por mostrar una forma de
democratizar el conocimiento y buscar alternativas para superar algunos de los
retos de comunicacion, buscando los canales més asertivos, pero principalmente
encaminarse a la construccion de nuevas dindmicas de difusiéon y divulgacion del
conocimiento de manera inclusiva.

Luis Bernardo Lopez Sosa
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Kwirutsikata

Winhapikwa xunhapitiicha itsi, tarhiata, jorhepikwa, chupiri ka tsitakata jatasti.
I, k'amarhukutini anapu kanikwa jukaparhakwesti pari tixatatarantskwa ampakiti
unt’ani ka néteru trani winhapikwa tsitakateri Gnicheri inchantsikwarhu anapuni,
ka jarhasti wapuru isi, éska na jinteeka wawarhukata witsakweeri ka chukarieri,
ka istu tsitakata juatarhu anapu ampe driicheri, ka istu juskakwecharhu pakatseti
ampe. I jasi tsitakata ka winhapikwa tsitakateri ikwarhekata chukarieriicha, jin-
teestiksi kanikwa jukaparhakwa pari winhapitarakweechani no k’amak’waani ka
sési jakw’antani, xéparini tirani, jAnkwarhinhantaati néteru xani ikichakwa tkuni
juchari parhakpinini.

Urakwarhiatiksi ari wantakwecha: Chukariri urhukata sapirhati, chukari-
ri urhukata k’érati, winhapikwa sapirhati jatanhikwa, jukarakwa, winhapikwa jor-
hepikwaeri.

Winhapikwa xunhapiti werhukatecha jinteestiksi ma trakwa kanikwa jukapar-
hakwa énkaksi sési ikuk’a ka marhuakuk’a parhakpenini ka istu no xani ikichakwa
tkusinti nana kwerap’erini (Al-Shetwi et al., 2020)the grid integration require-
ments have become the major concern as renewable energy sources (RESs. I jarhati
winhapikwecha tsintiksi ménteru tsikintani jantiak’u jatini, no isi éska materu jasi
winhapikwa tsitakateri ini inchatsikwarhu anapuecheri, énkaksi k’amakurhipka
ka ikichakwa tkupanksi jarhani parhakpenini (Mandley et al., 2020). Winhapikwa
xunhapiticha kantsakurhisintiksi itsiri, tarhiataeri, jorhepikwaeri, tata jurhiataeri
ka tsitakata (Velazquez-Marti, 2018).
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Tsitakata k’arhikataeri kdnikwa mintsinharhikwesti pari materu jarhati winha-
pitarakwaechani Giantani, ka isi mitikwarhisti éska winhapikwa xunhapiti jukapar-
hakweska énka materu jasi winhapikwa jirinhantani jaka énka némeni k’'amakur-
hiaka ka no ikichakwa tkwaka parhakpinini. Jimpoka wérak’a witsakwecharhu
énkaksi jukarak’a mamaru jarhati winhapikwa sapirhatiichani énkaksi kantsakur-
hitini jaka witsakwarhu ka kanikwa ampakiti ampeksi Grakwarhik’a éska na jin-
teeka winhapikwa xunhapiti. (Angulo-Mosquera et al., 2021)analyse the pretreat-
ments and thermal treatments required to recover energy, and compare them with
traditional fossil fuels. Other areas such as the sustainability and economic feasi-
bility of solid biofuels are likewise addressed by explaining frequently used tools
to evaluate the environmental impact as Life Cycle Assessment (LCA. I tsitakata
wérasinti juatarhu pakatsitarhu isi, juata jimpo, ka chukari anchikwarhikwarhu,
istu pakwecharhu. (Velazquez-Marti, 2018).

Tsitakata k’arhikateri arakwa pari winhapikwa tsitakateri tikwarhikata pe-
tant’ani wapuru ampakiti ampe jatsikwarhisti; jarhoasinti kéntitani winhapikwa
tsitakatechani tinicheri inchatsikwa anapu, jarhoaparini éska parhakpini no iki-
chakwa tkwarhiaka ka jatsikwarhini kanikwa winhapikwa trakwa. Ka istu, i jarha-
ti winhapikwa tsitakatecheri turhipiti jukarak’a, jimpoka (CO,) énka kurhikwarhu
petak’a wéntasinti éska xani witsakwaechani antsitak’a énka t’arhexini jarhak’a,
jimposi kanikwa ampakitiiti ka no ikichakwa tkuni parhakpini (Morales-Maximo
et al., 2022).

Winhapikwa tsitakateri tikwarhikatecha. I winhapikwa tsitakatecha jinteesti-
ksi mét’akukwa winhapikwa tsitakateri tinicheri inchatsikwa anapuecha jinkoni
ka marhoasintiksi jorhepikwani ka winhapikwani tni énka tGrakwarhik’i k’érati
up’atiicho, antarantsiicho ka k'umanchikweecho. Yamintu, winhapikwa tsitakateri
ukwarhikateri jinteestiksi chukari, chukari urhukata ka turhiri, ka istu tatiksi arho
urhukateni ka materu winhapikwa tsitakateri tkwarhitecheri énkaksi pakwa jim-
po isi pakatsek’a (Camps y Marcos, 2008) istu tayakata chukariri urhukata sapir-
hati ka chukariri urhukata k’érati (Velazquez-Marti, 2018). Ari ma jatanhikwarhu
xarharasinti ma kantsakata yamintu winhapikwa tsitakatecheri. (Camps y Marcos,
2008).
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MA JATANHIKWA. KANTSAKATA YAMINTU WINHAPIKWAECHERI

Winhapikwa tsitakatecheri K’érati Urakwa Materu ampe
urakwaecha
Wik |
Chukari Mamaru k’érati , . chukari urhukata,
Kk’'umanchi- . .
jorheri
kwarhu anapu
Teruarhani anapu
- . _ . siranta ts’irimpiti
Ukwarhikatecha Chukari IA__S;alg chInn, Winhapikwa | ka tayapiti tikwa,
urhukata - ’ tsitakateri K’ereri tkatecha,
E=2cm e
Keriri
tayakatecheri.
Turhiri Yéskakwa Parhankwarhu p}akata,. tllI‘hlI‘}
D=5a50cm p’orhorikwarhi
Chukari L=1a7cm: Parhankwa, ,
sapirhati slazem Jorhentskwa | jorhepitarakwa,
; D=6a25mm ,
Ukwarhikata tayakata suénta petarakwa
tayakatecha Chukari L= 22 cm: Suanta petarakwa,
k’érati D o 3 a c’m Jorhentskwa | Parhankwa yota-
tayakata =75a9 tiicha.

Xuorhepatini,xarhatatiksimarujarhatiwinhapikwatsitakaterittkwarhikatechani
ka santeru orhepatini arhiani jawatiksi ampe jimpoksi trakwarhisini winhapikwa
tsitakateri tkwarhikata tayakataecheri (chukariri sapirhati tayakata ka chukariri
k’érati tayakata) énkaksi wérak’a chukari k’arhirirhu.

1.

3.

Mamaru jarhati winhapitarakwa tkatecha:

Iwikata: chukari arhakukata ka karhiri pari jorhentskwa ka winhapikwa.
Juatarhu anapu pakatsita: arho, xarhakata, ka materu ampe.
Anhatapuecharhu anapu wawarhukata: jorheri k’arhintekwecheri ka chkar-
hicheri.

Chukari sapirhati tayakata pakarateri: sapirhati yorhati tayakata chkari ur-
hukateri.

. Sési ukusinti:

Jinteestiksi winhapikwa xunhapitiicha, jimpokaksi parhakpinirhu kweraaka-
teka énkaksi iilk’a ménteru tkwarhintani.

Noksi xani sirata kw’anikusinti isi éska tixatatarakkwa tnicheri.

Santeru no jukaparhaati jimeesi énka no tika nidrani winhapikwa tsitakateri
i6ni anapu.

Atarhukukwecha:
Uratarakwecha no antakwaati ka jidkankuksi jarhani énka inte ampe jarhak’a
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o anchikwarhinhak’a.

« Kerati aratarakwecha ka patsarakwecha wétarhiati.

« Kw’anikwaatiksi winhapikwa sapirhati ka méateru jarhati ikichakwa ampe
énka no iinhaka sési kurhinhani.

4. Urakweecha:

« Jorhentskwa k'umanchikwecharhu ka atarantskwecharhu.

« Piritakweri winhapikwa tkwa anhatapuecheri wawarhukuta jinkoni.

« Anchikwarhita trichio énkaksi jorhipikwa tik’a, isi éska suanta tricha siran-
tarhu uricho.

« Iretarhu anapu trakwa yasi anapu (parhankwa yotaticha, chukari kK’arhikwa,
parhankwa t'irekwa niniratarakwa, ka materu ampe).

5. Ambakiti irekwa:

Ampakiti irekwa winhapikwa tsitakateri tkwarhikatecheri juatarhu anapu ka

pakwa anapu anchikwarhita p’intakwarhisinti jimpoka tsitakata ampe jintee-

ka énkaksi arakwarhik’a jima.

 Sési anchikwarhikwa winhapikwa tsitakateri tkwarhu tiati sni kéntitani iki-
chkwa énka no sési akuk’a parhakpinini.

Chukari sapirhati tayakatecha. Tixatatarakwestiksit'u, dkwarhisintiksi tayak-
uparini tsitakata Karhikateri. Yorhati wirhipikateni jarhésintiksi, joperuksi jar-
hasinti materu jarhatiechat’u. Chukari sapirhati tayakatecha wérasintiksi jorhepik-
wa ka tayakata araparini (Camps y Marcos, 2008), joperutuksi isinti ikwarhini no
xani tayakata ka aparhita jimpot’'u (Morales-Maximo et al., 2020).

Chukari sapirhati ka k'érati tayakatericha. I winhapikwa tsitakateri
tukwarhikatecheri jaxekwa jinteestiksi: jaxekwecha (t'okeri, jaxekwa, k’ékwa, ta-
yakata ka winhapikwa), tkwarhikwecha ( jewekurhikwa tkwarhikwecheri ka
sirankwarhu anapu, ka K'eri aparhita. Ukwarhikwa ka jaxekwecha (aparhikwa
xékwa, kurhirakwa, kurhikuta, jorhepikwa xékwa kurhikutaeri, naxani aparhikwa
niarasini, ka naxani takurhisini winhapikwa) (Camps y Marcos, 2008).
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Kwirutsikata

Exekuntskwa wétarhinchakwa winhapikwecheri pakareterijinkonijukaparhakwesti
pari ts’ékuni ka sési petakuni ka yoni marhuatani éska xani kurhakw’arhinhak’a
ma umpaakukwecharhu winhapikwecheri; I ts’ék'ukwa wapuru jasi niadtasinti,
anchikwarhiricheri, nana kwerap’iriri, tumineri ka kw’iripucheri, énka jirinhantak’a
sési jasi irekwa, kw’iripucheri wétarhanchakwechani jinkoni ka tni patsani
nana kwerap’iriri kwerakata ampe, tsitakata K’arhikateri, wérasintiksi ampakiti
witsakwecharhu ka anhatapuecharhu, jimposi isi erakwarhit’i éska kanikwa
ampakiti winhapikwa xunhapikiti. Joperu, interi &nchikwarhikwa jatsiat’i k’érati
ukwechani anchikwarhiriicha jinkoni ka tumina jinkoni.

Urakwarhiatiksi ari wantakwecha: Exekuntskwa, Tsitakata, winhapikwa
tsitakatecheri, winhapikwa iretarhu anapu.

Inchap’ikwa

Tsitakata K’arhikateri, wérasinti pakwecharhu ka juatecharhu, mitikata jarhas-
ti éska ampakiti winhapikwa xunhapiti. (Cai et al., 2017). I jarhati pakaratecha,
énkaksi jupikak’a aparhikwa chkarhicharhu, ampakiti ampets’ini intsimpisinti
pari parhakpini, joperut’u isi ukwa jukasti pari marhutani._(Orihuela et al., 2016).
Yasi anapu iri ampe moét’akurhipaxati pari santeru sési jankunhatani, énka mar-
huakwaka i winhapikwani santeru ampakiti.

I exekukwa jarhuasinti ts’ék’uni ka miyuni naxani tsitakata jarhaski ma iretar-
hu, ka jima wératini marhuasinti pari kantsantani ma ttkweechani ka eratsikwecha-
ni tsitakata urakwecheri, pari winhapikwa titkwa jimpo , o pari winhapikwa tsitaka-
teri tikwa jimpo, ka nena anchikwarhini pari sési jakuntani nana echerini (Rezeau
et al., 2018).
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Exekukwa ma Uni pakarateri énka iretarhu jaka jukaparhakwesti, mamaru
anchikwarhita jukasti joperukini mititarasinti wani ampe énka t'u Gni jawaka ama-
pakiti ampe eratsenkuntani.

Anchikwarhikwa Exekukweri

Anchikwarhikwa exekweri wénakwarhisinti ari wantakwa jinkoni sési eraatakata,
jimak’aniima ireteri xéntskwa énka wékani jawaka, echeriri kAnkwarhikwa ka kant-
sakata tsipiticheri xarhatakwa jinteesti kdnikwa jukaparhakwa, pakarateri mitikwa
naxani kanikwa jatsiski ireta, sési exekukwa ka ts’ék’ukwa winhapikweri jukapar-
hakwestiksi, kw’iripucheri ka anhatapuecheri erankukwa ampe, anchikwarhiricheri
ka tumineri erankukwa jinkoni, jAnhastasinti sési jarhati eratsikwechani péraani.

Ukwecha exekukwarhu

Eratsikata Péerakata: orheta exekukwani anchikwarhini, wétarhisinti sési
péerani ampeenka eratsikata jatsik’a, istu tiati inchaatani pakarateri winhapikwa
ts’ék’'ukwani éska winhapikwa xunhapitiiri, exentani naniinka jaka ka mitikuni
urakwa jima énka iinhani jarhak’a. (Isaac et al., 2007)shade provision and low ac-
cess to fertilizers often result in the purposeful integration of upper canopy trees in
cocoa (Theobroma cacao.

Ireteri xéntskwa: jirinha naniri 4nchikwarhia, (k’éri umpakukwarhu, iratar-
hu, o ma arhukukatarhu).

Karakata ireteri tarhatakwa: tantsi karakata ireteri, k’ékwa, janhaskakwa,
echeriri, xéparini na xani etsakukwa pakarateri.

Kantsakata arakwa tsipiticheri: kantsaa tsipiticheri trakwechani, istu wit-
sakwechani, anhatapuechani, pakatsitechani pakwa anapu ka wawarhukuta juatar-
hu anapu.

Pakarateri miyukwa: miyu naxani kanikwa tsitakata jarhaski, traparini
erakuntskwa ka yasi anapu jirinhantskwa isi sési xéparini.

Erakukwa pakarateri ampakikwa: tsék’u naxani kwakwaski, jatanhia,
jeweraski ka materu wantanhiatecha.

Winhapikwa ka Urakwecha: ts’éritakusinti ma naxani winhapikwa jukaski
parata ka xékuni nani ua trakwarhini, aati piritikwa ttkwa, jorheperatakwa, winha-
pikwa tsitakatecheri ka titasi (Morales-Maximo et al., 2021).

Winhapikwa tsitakateri o pakarateri wérasinti kw’etsapikwa jewekurhikwa k’ar-
hikwarhu (Mrs) ka winhapikwa kw’etsapikwa pakatsiteri (E) énka istu mitikwarhi-
ka éska winhapikwa jorhepikweri (PC). Ma jirinhatskwarhu arhisinti mak'unikwa
wéapuru jarhatiicha ka péeranhasinti ma kantsakata miyukwecha jinkoni (Serrato
Monroy & Lesmes Cepeda, 2016).

PE=(Mrs)*(E) 1)
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Nani:

PE: Winhapikwa [Tj/ano]

Mrs: Kw’etsapikwa K’arhikweri [t/afio]

E: Winhapikwa kw’etsapikwa pakatsiteri [Tj/t]
PC: Winhapikwa jorheperakwa (MJ/kg)

Miyurakwa ka Ts’éritakwa: jirinha nani ua miyurakwa urakwarhini, sési
erotakuparini ka mitiparini nani.

Exekukwa Miyukwecheri: dnchikwarhita miyurakwecheri tarhatakwecha,
anchitakwechani, miyuratakwecha ka kaskukwa ampe jimkoni.

Moékuntskwa ka Ts’ék’ukwa: exeku k’amarakatechani exeparini eratsikwee-
chani péerakatechani, mitiparini winhapikwa tsitakateri nani drani.

Kw’iripucheri ka P’ukuminticheri Eratsikwa ampe: Ts’ék’'u ampe tsipi-
tiichani, itsini, echerini ka iretechani sési ikwaxaki.

Wantontskwarhikwa ka &anchikwarhikw: etsakwa Kk'amarakatechani
imecha jinkoni énkaksi mitikwekani jaka, ampakiti wantakwa ka chixatapakwa
draparini.

Wép’intskwa

Anchikwarhikwa tsitakateri iretarhu anapu, jinteesti jukaparhakweni pari am-
pakiti irekwa, jarhuasinti sési kaskuntani kweraakatechani, no x&ni jukapar-
hakwa, wapuru jasi winhapikwa tkwa, ka jarhuasinti jatsikwarhini tumina ma
iretani, istu ayankpisinti juramuticheri amp, pidkwecheri ampe ka k'umanchikwa
anchikwarhikwecheri ampe, jarhuaparini sési nitamatanhani kw’iripucheri wétar-
hinchikwecha ampe jinkoni ka ampakiti irekwa parhakpini jinkoni.
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Kwirutsikata

Ixu nirasinti xarhatani ma karakata para exenhani naxani winhapikwa jarhaski
iretecha jimpo, exeparini nani ka kéani, &nchikwarhita miyukwa jinkoni, isi éska
winhapikwa jorhepikweri xékukwa mamaru jarhati winhapikwa tsikatecharhu.
Sési exekwa i eratsikateri jarhasti pakarakata padkwa anapu ka anchikwarhikwa
juatarhu anapuecheri trakwa niatatarani, pari mitini naxani kanikwa jukarasini
winhapikwa tsipiticheri mantani jimpuechani ka nitamakwachani, kurhamarhi-
aparini, ka mitini ua anchitaranhani yamintuecha pari tini winhapikwa tsitakat-
echeri intskatechani materu pakarata ampe jimpo.

Winhapikwa xunhapiticheri jinteesti winhapikwa tsitakateri énka santeru eratsi-
kunhantaka ari wéxurhiniicha jimpo, jimpoka wanikwa kwuiripu yapuru parhak-
pini anapu Granhak’a pari irekwarhinhani mantani pawaniichani (Manzano-Agu-
gliaro et al., 2013; Serrano-Medrano M, Arias-chalico, Ghilardi and Masera, 2014;
Tauro, Serrano-Medrano and Masera, 2018). Winhapikwa tsitakateri éska kurhi-
rakwa, jinteesti ma kweraakata xunhapiti énka ma y6ni marhuakwaaka, no kani
jukaparhasti, jarhasti yapuru isi ka no ikichakwa tkusinti parhakpinini.

Wapuru iretecharhu, winhapikwa tsitakateri jinteesti ma winhapikwa énka
santeru tranhak’a, (Garcia-martinez et al., 2022; Lopez-Sosa and Garcia, 2022)
where the production, distribution and final consumption of energy are involved in
an efficient, affordable, and non-polluting way. This proposal analyzes, for a rural
community in Mexico, the economic and environmental impacts associated with
meeting the energy demand for lighting, cooking, entertainment and technology
needs, hygiene, education and mobility; by formulating three different scenarios:
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(a ka jinteesti santeru kanikwa winhapikwa enka jaka, santeru éska ktinkwarhikwe-
cheri wétarhinchakwa ka anchikwarhika, énka ariksi k’amarhukutini anapuecha
noksi xani urakwarhik’a.

I jakankurhikwarhu arhixati nena xidntani kwerakata winhapikwa tsitakate-
cheri pakwarhu ka dnchikwarhikwa juatarhu anapuechani ka istu iretarhu anapu,
énka jatsikwarhikwarhu wératini irak’a nani ka kani ka winhapikwa jorhepikweri
anchikwarhikwa jinkoni iinhati orheta winhapikwani janhanharhinnhani pari méa-
maru jasi tsitakata, wapuru isi ka méniichani isi.

Winhapikwa jatsikwarhikwa iretarhu

Jimak’ani énka wétarhik’a wantaxerani yasi anapu anchitarakwa ampe énka tiaka
urakwarhini pari winhapikwa xunhapitichani 4nchitaani, wétarhisinti wantaxerani
ts’ék’'ukwecharhu kwerakata jatsikwarhikweri. (Velasco, 2009; Jorge 1., Fabio M.,
Paloma M., 2015). Naki wék’inini &nchikwarhikwa k'umanchikweri o winhapikweri
ukwa orheta

Waxat’akwa, ka tumina, karakata exekweri o exeparini nani japeri antakwa
winhapikwa kweraakatecharhu. Winhapikwa tsitakaturhu, wétarhisinti ma
anchikwarhita orheta énka ma xékukwa winhapikwani, énkats’ini tiaka mititarani
néaxani winhapikwa jatsikwarhiski ma nani. Exekuni naxani jarhaski winhapikwa
tsinhapisti, tkwa jukasti jimpoka wanikwa anchikwarhikwecha wétarhisinka. Ka-
rakata arhikwekasinti winhpikwa tsitakateri mamaru wératini.

Ma sirurakwa winhapikweri énka kanikwa jukaparhaka janhanharhinhasinti
xéntskwarhu wératini winhapikwa tsitakateri exeparini, éska k’amarhuni jaAmperi
jawaka ka tiranhaaka éska marhuawakwa winhapikwa intspintani para anchikwar-
hikwecha o jankwecha wapuru isi.

Ixu orhepatini, wantaxerawatiksi maru arhitak’'ukwechani pari janhaskukunta-
ni winhapikweri jatsikwarhikwa tsitakata iretarhu wératini.

« Winhapikwa arakwecha eraanhasinti pari kurhirakwecha tkateri.

« Kantsanhasinti jAnhaskakwechani tirakweri exeparini winhapikwa tsitakata-

ni no jukaska ikichakwa ampe.

« Winhapikwa tsitakateri arhikwekasinti pakarata ka wawarhukata pakwechar-
hu anapu ka juatarhu anapu ampe dnchikwarhikwecharhu.

« Winhapikwa tsitakata yapuru jarhasinti, no kanikwa jukaparhasti, ka sinti
ma intspikwarhini ka ayaatspini.

« Eratsikata jinteesti xarhatani ma anchikwarhita iretarhu anapu winhapikwa
pakarateri, énka sési iaka mot’akwarhipani jarhani, p’irhik’upani ka patsapa-
ni jarhani.

« Exenhasinti éska kantsakata orheta kurhirakwa tkatecheri tayakateskaksi
chukari kurhirakwa sapiticha ka chukari kurhikwa k’érati intskatecha.

o Xénhantasti maru kéantsakata anchikwarhita winhpikwa pakarateri,
anchikwarhikwecharhu ka orheta jirinhantskwecharhu, nini ma énka ar-
hit’aminhak’a pari exekukwa winhpikweri.
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Isi exeparani, exekuntskwa winhapikweri jatsikwarhikwa pari pakaratecheri
énkaksi tk’a tirakwarhini kurhirakwa tkatecharhu no exenhasinti éska kanikwa
janhaskakwa wétarhisinka, jukaparhani ka anchitarani. (Offermann et al., 2011;
Ruppert, Kappas and Ibendorf, 2013; Arne Roth, 2016), imanik’u xekusinti jAnhas-
kakwa ka echerintu, ka i eratsikwa xarharasinti tinimu kaskukwecharhu:

Winhapikweri jatsikwarhikwa exentskwa

Winhapikwa karakatecharhu jatini wératini eraakwarhisinti miyurakwa
anchikwarhikwarhu tsitakateri wénani anapu o pakarata tkwarhikata janhas-
kakwarhu wératini. Jarhasti karakata t’antsirakata dnchikwarhikweri énka tiaka
urakwarhini ari eratsikatarhu. (Lopez-Sosa & Mario-Morales, 2022). Watiksi maru
jankwa exekuntskwericha ka miyurakweri énka marhuawaka pari erostakutarani.
Wénani jamini wétarhitisinti tirakwa exentskwechani Giani imeechani énkaksi tiaka
xiantani wapuru jarhati winhapikwa tsitakateri: (a) imeeri kantsakateechani, no
ikichakwa tiaka, k’ékia, ménku isi jawaka (b) kurhakw’arhikweri jaxikwecha, nena
tarhatani, nani tdnkwarhinhantani, ampe jankwecha erokwarhisini ka ampe jim-
po trakweski ka nani k’amarhusini (c¢) nakiskiksi inchakwa, tdntskwa ka tGrakwa
pakarateri ka (d) éska namintu jaxiaka winhapikwa tsitakata, jirinhantani miti-
kwa jaxikweri énka marhuakwaaka mitiani jaxikwa winhapikwecheri. Orhepatini
wétarhisinti mititaraani winhapikwa tsitakaterichani, exeparini naxani karakata
o jankwa winhapikwa jorhepikweri jarhaski. Isi péraparini éska terukwaaka win-
hapikwa tsitakatecheri exentskwa ma winhapikwa jatsikwarhikwecha jinkoni, ma
kw’étsapikwa o jatanhikwa jimpo. Istu, winhapikwa tsitakateri wérasinti kw’etsapi-
kwa winhapikwa tsitakata k’arhirirhu (M), 15% isi t'okesinti, ka winhapikwa paka-
rateri kw’etsapikwa jimpo (E), istu mitikata éska winhapikwa jorhepikwa (PC).
Makw’enikwa (1) xarhatasinti yaAmintu jarhatichani ka wékap’asinti ma xarhatakwa
énka niarakwaaka winhapikwa jatsikwarhikwa (Morales-Maximo et al., 2023)

P=M *P, (1)

Nani:

P : winhapikwa [TJ/afo]

M _: kw’etsapikwa winhapikwa tsitakateri k’arhiri[t/afio]

P : winhapikwa pakarateri mantani kw’etsipikwa jimpo [TJ/t]

Enka sési jaka ari wantaxerakata, pawani pawanisinti pari mitini inchap’ikweri
winhapikwa, i kdskukwecharhu isi winhapikwa tsitakateri mitikwarhisti éska sanku
t'okesinka, éska jima’ku niarasinka 12%, ka jimpoka winhapikwa jorhepiti sdnteru
kanikwa niarasinka éska winhapikwa tsitakateri, kAnkwarhisinti pari pawani pawa-
ni dranhani tixatanhani; jimpoka kwakantu antasinka o meeniichani no yamu k’ar-
hisinti pari kurhiranhani.

T’okekwa jukarakwa jukaparhakwesti xékuni naxani jarhaski winhapikwa ka-
rakatarhu ka iretarhu. Sési exekwarhu, tkwa jukasinti mitini naxani kwakaski win-
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hapikwecha. (FAO, 2004). Enka jamperi mitiawaka néaki winhapikweski, exekuni
naxani kwakaski winhapikwa tsitakatecha ma jatanhikwa wapuru iratarhu anapue-
cha tsunhapisti, ka no kani jarhastiksi karakata exekukwecheri. Jimposi wapuru
isi erot’akunhat’i winhapikwa jorhepiti k’arhiriri. Maru jankwecharhu isi ka no
kani mitakata, k'umanchikwa anchikwarhikwecharhu, jorhenkwarhikwecharhu,
ukwecharhu o pdkwecharhu, tatiksi exekukwechani petaani énkaksi mititarpiaka
néxani itsi jukaski winhapikwa tsitakateri énka sési jaka pari winhapikweecchani,
tixatatarakwchani o kurhikwa tkatechani tiantani. Ari erot’akukata jimpo tsinti
ma mitikuni naxani itsi jukaski yapuru isi. I jarhati anchikwarhikwecharhu, asinti
santeru sési erot’akunhani winhpikwa jorhepikwani (#,, ), énka winhapikwa K’ar-
hiri jatsikwa (Hu(w), ka kwakakwa wipikwa tsitakateri (W), ka p’ikunnhantasinti ari
p’ikurantskwecha jinkoni. (Kaltschmitt, Thran and Smith, 2003; FAO, 2004):

_ Hygup[(100-w)—2.44w]
Hyw) = 100 2)

Ménku 2.44 wérasinti itsiarhu suanta jimpo (Kaltschmitt, Thrin and Smith,
2003). P’ikuntsikwa 1 ka 2, jewekwaatini, p’ikuntskwa 3 xarhatasinti ma jasi win-
hapikwani énka t'okerini jarhak’a (P ) énka xarhatakwarhu wératini péeranhak’a.

Peh= Mrs* Hv(w (3)

T’okekwa jinteesti ma chiixapakwa énka wétarhik’a niatakuni, winhapikwa kur-
hirakweri anchikwarhikwa ka jankwecheri tikwecha, joperu tsinti anchitanhani
jorhenhani sési drani.

Chuxapakwa anchikwarhikwa winhapikweri

Xarhatakwecha winhapikwa jorhepikweri ka erot’akukata trakwecheri énkaksi
jaka marhuasintiksi pari mitini ndxani winhapikwaksi kdmasini, istu wétarhisinti
winhats’itani maru arhits’ikperatechani pari sési exekwani pakaratechani ka win-
hapikwa tsitakatechani énkaksi exekwaak’a &nchikwarhita exentskwarhu wératini.
Isi éska:

» Téantskwa ka tkwa

« Erakuntskwa

Anchikwarhikwa iretarhu ka jiak’anikwa

fstu pakarakateri ka winhapikwa tsitakateri tikwarhikatecha ka winhapikwa jat-
sikwarhikata wétarhisinti jidk’anikwa exekuni. Jimak’ani énka p’ikuntskwewaka,
ka méniichani, ka jukaparhakwa tsipiticheri, o iretarhu anapu anchikwarhikwarhu
jimpo, k'umachikwa anchikwarhikwecha jimpo o anchikwarhi juatarhu anapue-
cha jinkoni. Naki wéK’inini jimpo wétarhiati péerani kantsakata ma kutsiiri o ma
wéxurhiniri, ka erot’akukwechani tkwaani pari winhapikwa jatsikwarhikwani ma
wéxurhiniri kantsakata, arhiparini éska ma wéxurhini énka jinteeka xarhatakwa
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sapichu ma énka ma nitamakweri sési petakukweka (yasi anapu wéxurhinicha).

Materu, pari winhapikwecheri iretarhu anapu traani, (jirinhantskwa pakarati-
cheri ka winhapikwa jakata), arhistaminhasinti ini ma k’'amarhukwa nani ma énka
jamperiwakwa énka tiaka winhapikwa tsitakatani trani, ka kuntantani yamintu
exentskwa winhapikweri. I ma Gsinti xiantani énka jirinhantawaka janhanharhi-
parini juramukwa kaskukatechani janhanharhiaparini ixu Mexicu anapu énka jaka
manharhikata Instituto Nacional de Estadistica y Geografiarhu (INEGI, 2017). {s,
yasi anapu anchitarakwa énka exekukwa parhantikwani, ikwarhisinti xékuni nani
ka nani winhapikwa wérasini.

Xarhatakwa 1, xarhatasinti ma umpaakukwarhu winhapikwa jatsikwarhiteche-
ri énka dnchikwarhinhani jaka tsimani ekwatsi ma témpini k'umnachikwecharhu
énka anchikwarhinhak’a chukariri ik’ukatechani jinkoni San francisco Pichataro
iretarhu. Xarhatakwa tmpaakukwa iretarhu anapu traparini, ka exekukwa yamintu
chukariri pakarata ka erot’akukwa winhapikwa jorhepikweri aricheri, adkwarhispti
mitikwarhini naxani winhapikwa jarhaski. Iretarhu ka kani chani jamperi, énka
nidrak’a jarhani 2.8 TJ/ma wéxurhini jimpo. Isisti, jinteesti ma erot’akukwaa énka
kanikwa xarharak’a, jimpoka jinteeska winhapikwa jorhepiti pakareta k’arhiriri,
ka jimpoka erot’akwarhik’a pakarata no xani manakwarhikata. Joperu jinteestiksi
exekukatecha énkaksi jarhoatak’a sési péerani katsakatechani santeru orhepatini,
ka 1si sési eratsikuni ka jirinhaantani &nchikwarhikwa winhapikwa materu jarhati-
cheri énkaksi marhuawaka, istu jirinhakuntani &nchitarakwa yasi anapu pari san-
teru sési anchikwarhini.
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Xarhatakwa 1. Xarhatakwa ma umpaakukwarhu winhapikwa jatsikwarhitecheri
énka anchikwarhinhani jaka tsimani ekwatsi ma témpini k'umnachikwecharhu énka
anchikwarhinhak’a chukariri ikk’'ukatechani jinkoni. (Morales-Méximo et al., 2023).
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Wantakwa kK’amarhukukwecha

I arhustakwarhu wantaxeranhasti maru anchikwarhikwecha pari ni xidntani win-
hapikwa tsitakatecheri énka, exeparini na jaxiski ka xéntaparini naniinka ka kani-
chani wérasini, marhuasintiksi exekuni winhapikwa jatsikwarhikwa. Exekwapari-
ni nani Gpirini 4nchikwarhikwa pakaratecheri tkwa xanhatatani pari tsitakataeri
ukwarhikatechani Gani. Mdmaru anchikwarhikwa tsitakata tkwarhitecheri no exe-
kukwa winhapikwa pakaratecherik’usi jati, istu wétarhisinti materu janhaskakwe-
cha énkaksi exekukwa ampakiiti &nchikwarhikwa. Ari arhitsip’eratecha tatiksi
wanikwa amperi o maru amperik’'u, xarhatasintiksi anchikwarhita niatakuka-
techa énkaksi wipuru iretecharhu anchikwarhinhaka ya. Ka istu, jinteestiksi
ukwecha énkaksi wétarhinchak’a maru orhets’ikurichani énka arhukurhiaka
anchikwarhikwa exekuntskwa winhapikwa karakateri ka umpaakukwarhu anapu
tsitakateri ampe, ka anchikwarhikwa pakwa materu winhapikwa ampakiticharhu
énka marhuakwaka winhapikwa tsitakateri tkwarhikatechani iretarhu anapu-
chani, materu marhuatakwa jinteesti tuminarhu ka kw’iripucheri sési jasi irekwa
jinkoni ka tiani manharhitakwechani winhapikwa trakkwa ka anchikwarhini ma
winhapikkwa ampakiti ma jimpo énka no ikichakwa tkwa parhakpinini ka yoni
jamperi marhuawaka.
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Kwirutsikata

I arhukukatarhu wantasinti karakateri maru anchikwarhikwecha énkaksi taka
urakwarhini pari kantsakata ka ukwarhikwkata exekwaani winhapikwa tsitakat-
echeri. Xarhataasinti maru anchitarakwechani énkaksi arakwarhik’a pari sési ex-
ekukwa isi éska Espectroscopia Infrarrojoeri Transformada de Fourier jinkoni, ka
Microscopia Electronica de Barrido ka Espectroscopia Raman arhikatecha. Mantani
anchitarakwecha jimpo arhisinti kani wénanhaski trakwarhini ka arhisinti néna
pakarasini énka tranhak”a, jimak’ani énka urhanhak’a winhapikwa tsitakatarhu
pari winhapikwa kurhirakwa tkatechani 4nchitaani.

Wantakwecha arakwarhiati: kantsakata, winhapikwa tsipiticheri, jaxikwa,
exekukwa ukwarhikateri, Gratarakwecha.

Inchap’ikwa

Ma jasi sési exekukwa tratarakwa winhapikwa pakaratecheri jinteesti imecheri
sapirhati jakankurhikwecha jinkoni. Arhikwekani éska sapirhati winhapikwa ka
ukwarhikwa anchikwarhikwecharhu wératini no kdkantskwechani isi éska Espec-
troscopia Infrarrojoeri Transformada de Fourier jinkoni, ka Microscopia Electr6ni-
ca de Barrido ka Espectroscopia Raman arhikatecha (Raman), yaimintu exekukwe-
cha énkaksi tirakwarhik’a k'umanchikwa dnchikwarhikwecharhu pari sési exekuni
urakwchani, arakwa ka emankaksi tlaka irakwarhini winhapikwa pakarateri.

I exekukwechaksi tiati akwarhini tatsikwa énkaksi orheta winhapikwa pakara-
teri xérpikwechani anchitawaka. Wéenaparini juparhini jaxikwani jimpoka tatsik-
wa kwarhakurhisinka exekukwarhu; tatsikwa wétarhiati petani karhirani, éska né-
maenka exekukwa p’ikwarhkwaaka, énka ini jawaka winhapikwa kurhikwechani
o winhapikwa tixatatarantskwa xunhapitichani énkaksi no méni k’amakurhiaka.
K’arhitani, imechani énkaksi exekukwarhiaka urhunhati, urhurakwecha jinkoni
énka jatsikwarhinhaaka o k’érati arhurakwecha jinkoni: istu urhunhati éska na jax-
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iaka pakaratecha, jimpoka méniichani énka K’arhiranhak’a ya chopesinti titasi pari
urhukwarhini, éska manguri jukaparhakwa. (Tiwari, Sharma and Sharma, 2016;
Larios et al., 2019)such as blood vessels, traditionally relied on synthetic or modi-
fied biological materials for structural support. In this report, we present a novel
approach to tissue-engineered blood vessel (TEBV, materuecha no tikwa jukasin-
tiksi ka sésiksi urhukwarhini xumatakwech’aku jinkoni, isi éska na jinteekaksi wit-
sakwa sipiatecha o maru witsakwa itsiarhu anapu (Lopez-Sosa, Alvarado-flores, et
al., 2020; Khallaf and El-Sebaii, 2022). Urhukukuta ya erakukutecha, tiatiksi exe-
kukwaani wapuru jarhatiikwa énkaksi ixu orhepatini arhiaka, ka p’imarhisinkaksi
arhintsini éska arhintaaka santeru takukukatechani énkaksi iri ampe niatak’a
(Whan, 2004; Edwards, 2005; Egerton, 2005; Abidi, 2022).

Difraccion de Rayos X arhikata

Jinteesti ma &nchitarakwa énka mitikata jaka éska santeru turanhasinka pari
urakwechani exekunhani, pari mitiawani nénaksi winhapikwa sapirhaticha mar-
ku tkwarhisini pari tkwarhini ma trakwa, imechani énkaksi sési kantsakata jaka
ka tkwarhik’aksi meremeresi. Jinteesti ma ts’ék’'utarakwa énka no chararak’a
ka jinteesti anchitarakwa énka jimpo p’itanhatarak’a ma drakwa meremesiri.
Anchitarakwa énka tirakwarhik’a pari ari exekukwa isi mitikwarhisti éska rayos X,
ka anchikwarhisinti Grani xayosi Xni, énkaksi mitperak’a exekukwarhu, ka méni-
chaniksi petak’a piritakwa énkaksi isi mitikwarhika éska rayos difractados ka exe-
kunhak’a ma jirinhantskwa ma jimpo énka imani jimpo k’a. Anchitarakwa petasi-
ni rayos Xichani énkaksi tkwarhik’a jewekurhitini winhapikwa sapirhati jinkoni
(Askeland, D. R., & Phulé, 2004).

Exekukwechani petakwani, wétarhisintiksi miyurakwechani Grawani, éska na
jinteekaksi xarhatakwa puntsitarhu anapu énkaksi mitikwarhiki ya ka énkaksi
xarhatakwarhu xarharak’a. I ma anchitarakwa jimpo xarhatanhasinti o ma pat-
sakwa énka jatarini jaka ayanperakwa jewekurhikwecheri, ka tsimaperani jasiksi
exekwasinti na énka jasi xarhatakwa wérak’aksi difractometro de rayos X arhikata
jinkoni. Difraccién de Rayos X (DRX) xarhatasinti ayanperata, kantsakata drakwa
winhapikwa sapirhaticheri, sapinharhiti arisku janharhi, ka materu ayanperata
ampe, (Bunaciu, Udristioiu and Aboul-Enein, 2015)phases, preferred crystal orien-
tations (texture. Ma xarhatakwa yamintu amperi exekukwa difractébmetro rayos
X-iri iakaksi exeni exekwa 1, énka xarharani jaka nani énka DRX grafitueri jakaksi,
oxido grafenueri ka grafenu anchikwarhitarhu ma wératini juka jima énka grafenu-
ni exekunhaka Hummersiri jaAnkwecha jinkoni (Johra, Lee and Jung, 2014)graphe-
ne was prepared from graphite by a very simple and easy process. The two-step
protocol involves conversion of graphite to graphene oxide (GO.
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Xarhatakwa 1. Exekukwa DRX grafitueri, oxido grafenueri ka oxido grafenueri (grafenu)
(Johra, Lee and Jung, 2014)graphene was prepared from graphite by a very simple and
easy process. The two-step protocol involves conversion of graphite to graphene oxide (GO.

I anchikwarhikwa tirakwa pakaratericha, jukaparhakwesti pari mitini ampe xani
jewekurhiski isi éska celulosa, hemicelulosa y lignina énkakaksi trakwarhik’a exe-
kukwa winhapikwa kurhikakwa tikatecharhu (Morales-Maximo et al., 2022), istu
éska jewekukatecha énkaksi winhapikwa kurhirakwa itsirhukuterik’a, éska maru
tirekwecha. Ari anchikwarhikwa dati Grakwarhini éska exekutarakwa sirankweri
pari mitiani maru jewekurhikwechani winhapikwa pakaraterichani.

Espectrometria Infrarroja Transformada Fourierieri jinkoni (FTIR)

Espectroscopia Infrarroja Transforma Fourieri jinkoni (FTIR) jinteesti ma
anchikwarhikwa jaxikweri pari péerani kantsakata trakweri sapirhati ka juka-
ri tranhasinti exiantani urakwa ukatechani, itsirhukutichani ka suéntericha-
ni. I &nchikwarhikwa jurak’usinti mitini nena jewekurhisini dkwarhikwecha ka
jak’'untskwa inchakwerichani ma uratarakweri (Salame, Pawade and Bhanvase,
2018). Manakwarhikwa winhapikwa sapirhanhaticha maru arakwecheri tatiksi
exentskwarhini pari mitiani inchakwa yasi anapu mitakwechani énka xarhatakwar-
huchani xarharak’a.

Anchitarakwa FTIR jinteesti ma winhapikwa charhapiti petarakwa trakwa ma
(Energia electromagnética), ma xarhatatarakwa jatakwa ma, ma interferémetro,
ma exekuntskwa, ma k’ék’utarantskwa ka ma anchitarakwa eranhikukwa.

T’inhaskakwa charhapiti aparhikwa petasinti énka nitamak’a t'inhaskaka exe-
kukwarhu wératini ka exekukwarhu niantasinti, ka jimak’ani wératini jirinhants-
kwarhu. K’eratarantskwa kanerantasinti jirinhatskwani k ama jirinhantskwa eran-
harhikukwarhu wératini nidntasinti o interferograma arhikata. K’amarhuni jaAmani
interferograma arhikata mét’akurhintasinti ma kantsakata sapirhati Fourieri jim-
po (Kumar, 2018). Ma anchitarakwa exekukwa espectroscopia infrarroja arhikateri
énka ts’éritak’a naxani t'irhikwa charhapati incharhisini mantani mitakwa winha-
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pikwa sapirhaticharhu ka petantasinti k’amarhuni jdmani ma aspectro absorcioniri
arhikata. (base de datos).

FTIR wératini asinti exiantani kankwarhikwa dratarakwechani (kiinkwarhi-
kwa winhapikwa sapirhatichani énkaksi marhuakuk’a urakweri jat’arhakwechani)
énkaksi marku tkwarhik’a maru jewekurhikwa énkaksi aratakwa winhapikwa paka-
ratecharhu jarhak’a, ka isi éska disfraccion rayos X-iri arhikata, joperu jimak’ani
énkaksi exiantak’a maru ktinkwarhikwa trakwechani, tiati exekuni jewekurhikwa
k’érari kinkwarhikwechani jinkoni énkaksi winhapikwa pakarateri tkatechani
xanhatak’a. exekukwa FTIR-iri jinteesti ma kwirutsikata énka tk’a xéntani nena
nirani jawrhasini etsakurhini ka &nchitarakw jimpo exentskwarhinksi jarhani (Abi-
di, 2022).

Ma exekukwa wérakateri FTIR-iri xarharaxati xarharatakwarhu tsimanirhu,
xarhatasintiksi kwirutsukatechani FTIR-eri tsimaniri xarhatakwa sapirhati TiO2
-iri. Tsimarhani xarhatakwecha wérastiksi ma anchikwarhikwarhu énka rhinhak’a
sol-gel (Bagheri, Shameli and Abd Hamid, 2013).
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Xarhata 2. Kwirutsikata FTIR sapirhati winhapikwecheri [5]

Maru anchitarakwecha énkaksi exekuk’a FTIR winhapikwa kurhikwechani
ukatecheri, ayankunhastiksi orheta ka tatiksi exekunhani santeru sési (Lopez-So-
sa, Alvarado-Flores, et al., 2020; Morales-Méaximo et al., 2022; Morales-m et al.,
2023).

Winhanharhitakwa erak’utakwa

Winhanharhitakwa xarhatasinti xarhatakwechani sési, nawek’inini k’érati xarha-
taani, ima jarhati éska 10- 500,000 xanharu pari winhanharhitakwa erak’utakwa
(MEB),anchitarakwa énka ixu urakwarhik’a. I jasi mitikunhasinti sapirhati mama-
ru kantsakata trakwechani tdchani kwirutsikatecharhu, no sani apichu exekwarhu
wératini pari éskwa kw'iripuri, jima sapinharhiti wératini énka winhanharhita-
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rakwa ma wétarhik’a (Inkson, 2016).

Enka t'inhaskakwa wétarhik’a pari winhanharhitakwa, winhapikwa sapirha-
ticha jinteestiksi pari MEB, jimak’ani, winhapikwa sapirhaticha, énkaksi jataak’a
miyurakwa tatsipani anapu, kanikwaksi jewekurhisinti kinkwarhikwa winhapi-
kwa sapirhaticha énkaksi erakukateeka ya, xarhataniksi jarhani mamaru jarhati
jaxikwechani. I jaxikwechaksi Gisinti exekwarhini ka p’itakwarhini pari p’atakata
ukwarhikecheri tachani isi anapu p’itaantani. Winhanharhitakwa erak’ukatakwa
(MEB) jinteesti ma tirakwa énka santeru aranhak’apari xékunnhan trakweri kant-
sakatechani. Ma winhanharhitakwa MEB, xarhatasinti kw’anikuparini winhapikwa
sapirhatichani jimposi yAmintu ampe xarhatat’i ma urakweri (Kumar, 2018).

Winhapikwa pakarateri jinkoni, exekukwa winhanharhitakwa MEB jimpo, wé-
tarhiati ma erakukata no xani k’éri ma ka no xani t'okeri ka urhukuta pari ani exe-
kunhani sankusi wétarhit’i jatsirakata ma exekukwa jatakwarhu ka inchanhanhani
ma jatakwarhu jima énka exekunhaaka jirinhantskwecha jimpo énkaksi patsapak’a
winhapikwa sapirhati erakukata pakarateri.

Ma exekwa énka exekukwarhu MEB wéraka pari winhapikwa wawarhukateri,
anchitarakwa arakwechani winhapikwa kurhirakweri xarharasinti Xarhatakwarhu 3.

Nani ma énkaksi tk’a jirinhaantani pakaraterichani, kantsakwarhikata ka exe-
kukwa tukwarhikweri ndxani kw’etspiski ma winhapikwa pakarateri Bursera cu-
neata Schltdl (Copalillo arhikata), énka kanharhikwechani trataranhak’a Técuaro
iretarhu énka waxastakata Michoacani, Mexicu.

Xarhatakwa 3. Nani wérasini chukariri pakarata Bursera cuneata Schltdl: (a) war-
hokukwa (b) ak’ukwa tikwecha (c) pakarateri patsakwa SEM: (d), (e) nena katsakwarhiski
(f) (g) exekukwa tkwarhikateri kwirutsikatarhu (SEM-EDS) (Catillo-Tera et al., 2023).
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Kwirutsikateri exekukwa

Kwirutsikateri exekukwa jinteesti ma exekukwa énka exekunhak’a winhapikwa
tkateri, jima k'umanchikwa exekukwarhu o juatecharhu (Kudelski, 2008). Ma
exekukwa kwirutsikateri tkakata jarhasti ma winhapikwa tinharhitakweri, ma
t'inharhitarakw, ma xarhatakwa jatakwa k ama jirinhantskwa. Wanikwa jasiksi
tixarhitakwecha tkwarhisinti mamaru k’érati exekukwecha jinkoni (winhapikwa
piritakweri), jinteestiksi santeru mitikatecha He:Ne (A = 632.8 nm), ion argdni-
ri (488.0 and 514.5 nm), ka laser diodosiri (A = 630 y 780 nm). Ma xarhatakwa
i urakweri xarharasinti 4, emanka xarharak’a kwirutsikateri exekukwa, ( petsnts-
kata emanka xarharak’a xarhatakwecheri wérakata exekukwecharhu) pakara-
teri Zea mays-iri (paxa), ma trakwa exekukweri pari exekuntani winhapikwani,
ari exekukwarhu uasti exekunhantani isi eska tekwa jempa, jukaparhakwa jempa,
ukwarhitini carbonuri, hidrogenuri ka oxigenuri (Morales-Maximo et al., 2022).

Intensity (a.9.)

1000 1300 1600 1900
Wavelength (cm %)

Xarhatakwa 4. Exekukwa kwirutsikata pakaraticheri Zea mays- iri (Morales-Maximo et
al., 2022)
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Kwirutsikata

Ari jukarakwa jimpoesti pari tseretani echeri turhipiti, hidrégeno, nitréogeno ka
azufre pakaretarhu, exeparini imaeri marhoatakwani ka winhapikwani, énka tixa-
ra’kani, pakareta ka itsi kw’eresinti, ka tikorherhentani siraata itsi jinkuni, no sési
tkuni jorhepiti winhapekwani. Tarhiata arhikwekasi naxamaenki kw’erekani, énka
kw’erakwamentu tikorhe’ka itsiri, ampuni keskuntani winhapikua jorhepiti. Nitro6-
geno arhikata pakaretarhu Ampe sési ttspesinti énka kara’ka ka wetarhisinti ampe
drani cloro ka azufre arhikata pari kwa’kuni mamaru ampe nana kwera’peri ampe
ka anchitakwechani ampe. Mitini n4 tkata jarhaski mamaru ampe pari sankani
ampe erankwentani yetakateechani ka ndmanka jama’ka, jorhepekwani jura’kuni
ka imanka jupirhuntaaka énka kurhirakwa jawaka.

Wantakwecha trakwarhiaka: eratsentakwa, eranhakwa Kjeldahl, pakare-
takwa, tixatatarakwa, CHONS.

Inchap’ikwa

Eranhakata eratsekweri kuenturasinti echeri turhipiti, ximu, tarhiata ka kw’ere-
ri yamentu p’takatarhu, énka jintewaka nana kwera’piri ka tkata imanka ampe
ampu’ka kw’iriperani sankani ampe, itsi tkata ka tse’kukwa, pakareta arhikwe-
kasinti yamintu nana kwera’piriiri ampe, énka manhakorhe’ka ka énka ampe isi,
yamintu imanka jurhitekwaeri t'intskwa kw’iriperaka tsitsikichani ka manhakor-
heriichani, jurhinpiti o mamaru jimpo. Wetarhisinti pakaretani arhini eska echeri
turhipitini ampe jiokorhe’kini, manhakorhekwa turhipitini o imanka yontki anha-
pu manhakorherika, arhi ampe jintesti imanka santeru jaka ixo parhakpenirhu,
jintenimentu 50 a 560 mil millones tseretakata arhikata echeri turhipiti pakareta
tkata (Pocha et al., 2023). Menteruenia, énkaksi pakareta tira’ka ampe xani sira-
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ata kw’anikuki éska yéntki anhapu winhapikwa trani. I xarharasinti eska jupir-
huntasinka kurhikwa yontki anhapu intenka ampe sési tiku’ka nana kwera’pirini
(Callejasi ka Quezada, 2009). Pakareta tkata jarhasti echeri turhiri jimpomentu,
mintsitakwa ka xtiimu, ka énka menchani mentaruani tseretakata jarha’ka ampe
xani jukarani ximu ka kw’ereri. Tsinka jukara’ka kanekwa terukukusinti pakareta-
ni énka tixarakani pari marhoatani (Raju et al., 2014).

Wantasinti Rutiaga-Quifiones et al. (2020), eska wetarhisinka erankwentani
namanki ikata jaka pakareta,

Imamentu énka wantana’ka ndmanka drakorheaka tata jurhiateri jantu. I ka-
rakata jarhoatatitsini erankwentani namanki pakareta jama’ka, istu miteantani
miatakwechani, wentskuechani ka jurhepekwa imanka kw’aniku’kani. Eranharhi-
ku kantsakatani intetsini jarhoatati ndanamanki jaka tilkatamentu pakareta ka na-
manki winhapikwa jukaraka.
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KANTSAKATA 1. TSERETAKWA ENKA ERANKUNHANTAKA
PKARETEERI ENKA PAKARANHAKA TIXATATARAKWERI

UKWARHIKATA PPAKUKWERI KA IMANKAKSI K’ERATI

UKORHEKATEECHA U’KA TIXATATARAKWERI

jurhen- Eranhakweri | Tseretakwe- Aspectos en la industria
hakwa eratsekwa cha de los Biocombustibles

Eratsentani Pakaretarhu, echeri turhipiti (C) ka xamu
echeri turhipiti- | S<0.08 % | (H) kw’eresintiksi énkaksi niatakani jorhe-

ri, itsikaximu | N<0.3% ' | pekwa jimpo, ka tikkorheni jarhani siraata
pakaraati éska (CO,) ka itsi, énka niatakani tixatatakwani

na tseretakwe- (Obernberger y Thek, 2004). Mintsitakwa

cha arhi’ka kanikwa ampe marhoasinti pari xarhatani

UNE-EN ISO eska xani kw’ere’ka tachanisi jimpo, jima-
16948 (2015), ka mentu énka tsitsuni jarha’kia xnueri énka

énka na jukarati- jura’kuni jarha’ka énka tixarani jarha’ka

ni jakd mintsi- | S<0.03 % | ka siraata xarhani jarhani. Enka kanekwa
takwa xarharati | N< 0.5% 2 | mintsitakwa jamaaka winhapikweri ch’piri
éska namanki ketsentati (Calventus et al., 2009). Mama-

jukaraka isi wan- ru jasi pakareta witsakweri sini jukarasti

tasinti Ghetti echeri turhipitirhu ka eska pakareteeri

g et al. (1996). ch’kariiri, ka imanka kanekwa ampakeka
<5 Ka kw’erekweri jintesti ch’pirimpa winhapekwa, ka jintes-
2 ka urantsikwa, ti, xarharasinti winhapekwa ch’piriiri énka
s urakorheati éska kane’ka pakareta ch’kariiri (Obernberger y
§ ni wanta’katse- | N:0.10a | Thek, 2004). Eska na wanta’ka Obernber-
= retakwa UNE- 0.50% 3 ger y Thek (2004), énkaksi na xarhata’ka
< EN ISO 16994 yetakata kanekwa jukari ximu, imankaksi
% (2017). Grani jawakani ya jintewati mamaru noka-
= Mitekwa ni sési ampe imanka kanekwa winhiarhari

Kjeldahl, we- jawaka pakareta. Ka i kanikwa siraata no

tarhisimentu ampakiti kw’anikuni jawati NOx.
ikarakwarhu Wetarhisinti no xani arani jarhani ye-

ka sipiatakwar-
hu, miteesti
éska tanipuru
Gstakorheska:
jiapanekwa,
tsarhakata y
jukaparhakwa
ampe sési jama-
rantekweri (Saez
et al., 2013).

takata echerirhu anhapu no sési utsperi,
komeska urantsitakwa (Cl) ka kw’ereri
(S), mamaru ampe imanka trakorheaka
o imanka yetakorheaka, jimpoka ampuati
ampe sési janhaskorheni énka tixarani
jawaka. Jukarani ampe noma ampe sési
imanka no sési tkorheni jawaka, komeski
HCl y SOx, ka tanhanteru jarhani ampe ka
istu kw’erheni jarhani ampe énka tixarani
jawaka (Obernberger y Thek, 2004).

1ONORM M 7135 (2000), 2EN 14961-2 (2011), 3I1SO 17225-2 (2014)
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Pakaranhasti

Eratsenhantasti sési éska CHONS pakaretarhu kanekwa jukaparhakwa jukaska
pari erankwentani nAnamanka jaka tka yetakateecha echerirhu anhapu, ka ka-
nekwa jukaparhasti énka trakorheaka pari péentani nante echerini ka ini win-
hapikwa énka marhoaspeaka.

Ké& pakarani naxamanki’che tira’ka echeri turhipiti, itsinharhiri, mintsitakwa, ximu
ka kw’erekwa, wérasinti puchakuntani yetakatani énka tixara’kani, jirinantani
yetakateechani echerinturhu anhapu, tkata ka imanka jorhepekwa jura’kuka.
I jorhenhakwa jiaretatitsini mamaru jasi anchitakwechani yasi anhapu tani ka
imanka ampe xani noesi tkwakani nana kwera’perini ka marhoatakuni paka-
retani, erankweparini tumina ampe komeska nana kwera’piriiri ampe imanka
marhoakwakani.

Wantaxerichani

Calventus, Y. A., R. Carreras, M. Casals, P. Colomer, M. Costa, A. Jaén, S. Monse-
rrat, A. Olivia, M. Quera y X. Roca. (2009). Tecnologia Energética y Medio Am-
biente - 1. Edicion de la Universidad Politécnica de Catalunya. Barcelona. 190 p.

Callejas, E. S., y Quezada, V. G. (2009). Los biocombustibles. El Cotidiano, (157),
75-82.

EN 14961-2. (2011). Biocombustibles sélidos. Especificaciones y clases de combus-
tibles. Parte 2: pélets de madera para uso no industrial. AENOR, Madrid, Es-
pana.

Ghetti, P., Ricca, L., y Angelini, L. (Abril de 1996). Thermal analysis of biomass and
corresponding pyrolysis products. Fuel, 75(5), 565-573.

ICB (Instituto de Carboquimica). (2016). Analisis Inmediato, Elemental y Poder
Calorifico. Consultado el 12 de diciembre de 2023.https://www.icb.csic.es/ser-
vicio-de-analisis/caracterizacion-decombustibles/analisis-inmediato-elemen-
tal-poder-calorifico-y-tipos-de-azufre/

ISO 17225-2 (2014). “Biocombustibles sélidos: especificaciones y clases de com-
bustible”, Organizacion Internacional de Normalizacion, Ginebra, Suiza.

Obernberger, 1., y Thek, G. (2004). Physical characterisation and chemical com-
position of densified biomass fuels with regard to their combustion behaviour.
Biomass and Bioenergy (27), 653—669.

ONORM M 7135 (2000). Compressed wood or compressed bark in natural
state-pellets and briquettes, requirements and test specifications. Vienna,
Austria: Osterreichisches Normungsinstitut.

Pocha, C. K. R., Chia, W. Y., Kurniawan, T. A., Khoo, K. S., y Chew, K. W. (2023).
Thermochemical conversion of different biomass feedstocks into hydrogen for
power plant electricity generation. Fuel, 340, 127472.

Raju, C. A., Jyothi, K. R., Satya, M., y Praveena, U. (2014). Studies on development
of fuel briquettes for household and industrial purpose. International Journal
of research in Engineering and Technology, 3(2), 54-63.

Rutiaga-Quifiones, J. G. Pintor-Ibarra, L. F., Orihuela-Equihua, R., Gonzalez-Orte-
ga, N., Ramirez-Ramirez, M. A., Carrillo-Parra, A., Carrillo-Avila, N., Navarre-

42



MA ANCHIKWARHITA ETSAKUKWA YAMINTUECHA JINKONI JANHASKAKWERI AMPE

te-Garcia, M. A., Ruiz-Aquino, F., Rangel-Méndez, J. R., Hernandez-Solis, J., y
Lujan-Alvarez C. (2020). Characterization of Mexican waste biomass relative to
energy generation. Bioresources 15(4), 8529-8553.

Saez-Plaza, P., Navas, MJ, Wybraniec, S., Michatowski, T., y Asuero, AG (2013).
An overview of the Kjeldahl method of nitrogen determination. Part II. Sample
preparation, working scale, instrumental finishing and quality control. Critical
Reviews in Analytical Chemistry, 43 (4), 224-272.

UNE-EN ISO 16948 (2015). Determinacion del contenido total de carbono, hidroé-
geno y nitrégeno. AENOR, Madrid, Espana.

UNE-EN ISO 16994 (2017). Determinacién del contenido total de azufre y cloro
(IS0O16994:2016). AENOR, Madrid, Espana.

43






ARHUKUKATA YUMU

TS’ERITAKWA JUKARAKWA WINHAPIKWA
TSITAKATERI UKWUARHIKATA: TOKERI,
UKATA ENKA MOT’AKURHIK’A KA ECHERI
TURHIPITI

LUIS FERNANDO PINTOR-IBARRA®
FERNANDO DANIEL MENDEZ-ZETINA
JOSE GUADALUPE RUTIAGA-QUINONES
JOSE JUAN ALVARADO-FLORES

Facultad de Ingenieria en Tecnologia de la Madera, Universidad Michoacana de San Nicolas de
Hidalgo, Avenida Francisco J. Mugica S/N, C.P.58040, Morelia, México. “Autor de correspondencia,
e-mail: luis.pintor@umich.mx

Kwirutsikata

Ini ts’ék’'ukwa énkaksi uaka winhapikua tsitakateri itkuarhikata eska na jinteeka
ch’kariri, echeri t"urhipitiri, chukari sapirati tayakata, chéari k”érati tayakata ka
materu jasi ukata chari karhiriri, jarhoasintiksi xéntani ampeenka jimpoo mén-
teruni jasiaka arini kurhirakwechani paraksi uni atarantani ka unksi uani manata-
tarakwechani paraksi uraani kurhirakwechani. Ini u”takwarhuksi inchaakaksi jima
enkaksi jirinhantaaka ka xekuntanksi na xani kwakasiki, tséritakwa jukararkwa,
tapuri japu ka echeri turhipiti, enkaksi jima p”itanhaka juramukwecharu parhak-
pinirhu anapu. Isi pakaraparini eskaksi tseritakwa jukarakweri jarhoasinka xentani
menteruni jasikwani winhapikwa tsitakateri paraksi ataraantani, joperu tse”kupa-
rini, enka no marhuawaka ka noksi jayapanhintani uati urakwarhini ixuasik “u.
Wantarakwecha: chukari kérati tayakata, chukari sapirhaticha tayakata,
pakarata/tsitakata, ukata chukari k”arhiri, winhapikweri jorhepikwa.

Inchap’ikwa

Tsitakata jintesti ukata enka ukwarhik”a sankani arhini tsipitirhu weratini,ka kui-
ripuri jak’i jimpoo, urakwaristi piritakweri winhapikweni jimak”ani wueratini
enkaksi xentapka nena ch”piri uni (velazquez,2018). Tsitakata usinti ukwarhintani
winhapikwa enkaksi arhikwarhik”“a winhapikwa tsitakateri (chukari, echeri turhi-
piti, chukari sapirati tayakata, ch”ari k”erati tayakata, tsitakateri swanta, winapi-
kwa tsitakatateri, tsitakateri tarhiata, materucha), enkaksi p“irhikiintskwarhu we-
ratini ukwarhik”a jaxekwarhu, ukwarhikata, jorhepitarakwa ka tsipikua pakarata.
Ini jurhiatikwecharhu, winhapikwa pakarateri jintesti santeru urakata winhapikwa
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xunhapiti; jimesisi jarhasti 10% enka urakwarhik”a ixu parakpinirhu ka 77% ya-
mintu winhapikwa xunhapiticherirhu (wuinhapikwa pakarata, itsiri piritakweri,
jurhiateri, tarhiataeri,ka jorhepikweri). Santeru kanikwa winhapikwa pakarateri
wérasinti winapikwa tsitakateri ukwarikatarhu enka jimaesi peerak”’a 80% enka
santeru uranhak”a yamintuechani jinkoni (Masera ka Sacramento, 2022). Joperhu,
tsitakata jintesti naninka werak”a winhapikwa xunhapiti enka xarhatak”a kanikwa
mamajasi kantsarakwa, jasikwa ka ukwarhikata, jukarakwa, ka winhapikwechee-
ri enkaksi wapuru werakwarhik”a pakaratarhu (Alvarado ka Rutiaga,2018). Ini
ut”akwarhuksi xeakaksi ampeski ts”eritakwa jukarakwa, iksi jirinhatarantskwe-
cha jintesti enkaksi santeru urakwarhk”a paraksi xeaantani winhapikwa tsitakateri
ukwarhikataechani; kurhankuntasinti ka xentasinti na xani kwakasini, ukata enka
sontku kurhik”a, t"upuri japu, ka echeri turhipiti (Garcia et al,2012). Isi exepari-
ni, nena enkaksi uaka mak”u xanhatani, jarhankut”ani ka xerani eskaksi sesi jasi
whinhapikwa tsitakata ukwarhikataeska jima weratini p “itakata wetarhisinti uuani
tseritakwa jukarakwaeri jima weratini juramukuarhu parhakpinirhu anapu (Fran-
cescato et al, 2008).

Kwakakwa

Jima enkaksi xentak”a naxani itsi kamasini chukari k”arhiri inte ampe kanikwa
jukaparhasti kurhankuntani ampe enkaeri ukata jaka ari winhapikwecha tsitakate-
ri ka materu jasi kunkwarikweri enkaksi jarhoatak”a p”“irhik”ukwantani jasikwae-
ri ka ukataeri urakwechani ch”ari k”arhiriri. Ari kwakakwa tsitakata xunhapitiiri
mentku isi kanisinti ,xarhatapari jukaparhakwechani jimesi 50% ka 300% enkaksi
p itakwarhik“a jimaesi echeri k”arhhirhicharhu (miyuranntsua 1). Arhi tsitaka-
ta enka ampantku jawaka jupikawaati jukaparakwechani niarapani 30% (sesku
jatsiati kwakakwa). Arhi kwakakwa uratakwecheri ch”ari k”arhiriri jarhoakwar-
hisinti kwakakwa tarhiataeri jimpo ka usinti mojtakurhini imani jurhiatikwarhu
ka mamarhu jatinisi. Arhi kwakakwa uratakwecheri ch”ari k”arhiriri k”eri ma
jarhoatakwaesti tseritarakwecharhu winhapikwa tsitakateriru eska na jinteeka;
k”wetsapikwa, jatanhikwa, ka santeru winhapikua jorhepikweri (Nufiez- Retana
et al,2019). Nanka xani jukaka kwakakwa mamarhu jasi urakwecharhu chukari
k”arhiriri mamaru mot " akurhirisintiksi imeri ukwarhikwa jimpo ka imeri p“orho-
rikwa jimpo. Axuksi xeaka, mamajasi tsitakataecha xenhantsikata ka tansikatae-
cha ini jocheri k”eri iretarhu enkaksi xarhataak”a miyurakwechani 1.9 ka 15.91%
kwakakwaeri (Rutiaga-Quifiones et al,2020). Ma jirinhatarantsikwa enka santeru
urakwarhik”a paraksi xarhatani na xaniksi jukasini kwakakwa winhapikwa tsitaka-
ta ukwarhitaechaeri jintesti jirinhatarantsikwa enka xekwantak”a k”wetsapikwa
arini juramukwa miyurakweri jimpo UNE-EN ISO 18134-1 (2015), ka arini miyu-
rakwa p’itarakwechani xeaparini enka: CHh (%), naanka xani kwakakwa jukaka
xeparini imaeri k”uetsapikwa kwakakweri, CHa (%) naanka xani kwakakwa jukaka
xeparini k’uetsapikwa k”arhikweri, Ph; k" uetsapikwa sanititu kwakakweri, Pa;
k”uetsapikwa sanititu echeri k”arhiriri.
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CHa (%) = PhP;P 2 X 100 6))

CHh (%) = 2% X 100 (2)

Ukata enka mo “takurhik”a

Ukata enka mo“takurhik “a xarharasinti tsitakwa k “uetsapikwaeri jimpo, p“ikunta-
parini naaka xani wetarhiaka kwakakwa, emanka jorhepiaka winhapikwa tsitaka-
taeri ukwarhikata jima enka no antarhiraaka tarhiata ka enka sesi patsantsikata
jawaka (UNE-EN ISO 18123, 2015). Exeaparini kunkwarhikwechani jorenkwericha
ukata enka mot”akurhik”a, jintesti ma arhukukata enka mot”akurhk”a ka swanta
ukwarhintani jima enka kurhiaka, trhusinti jima enka tsitakata jorhepiaka 200°C
ka 500°C jamperi (Velazquez,2018). Ari arhukukwa usinti santeru ut”akwarhin-
tani ka ukwarhintasintiksi winhapikwa tsawapitichaeni, itsi turhipiti k" wetsapiti,
swanta echeri turhipitiiri, swanta tarhiateri, kurhirakweri swanta, swanta enka no
manakwarhik”a ka itsi ( Garcia et al, 2012). Mamajarhaticha jirhinhantsikwecha
ts” eritakwa jukarakweri ka materuksi trakwecha chukari k”arhiriri xarhatastiksi
winhapikwechani tsitakataerichani enkaksi jamani jak”a 61.2 ka 90.5% ka echeri
turhipitiri jarhasti 28.40 ka 34.25% (Ruiz-Aquino et al,2019; Rutiaga-Quinones et
al, 2020). Ka yaayasi, karakwarhintaati miyukwa p”itarakweri enka jarhoawaka
p’itantani na xani jukasiki ukata enka sontk”u kurhika tsitakata kwetsapikwa
p itarantsikwa jimpoo, isi chuxaparini jorhepikwa jimpo kakantskwa ma jorhe-
perakwarhu enka niaarak’a 900=10°C, jima p’itarini juramukwarhu UNE-EN
ISO 18123 (2015), jima weratiniksi p”itakwarhisti miyurakwechani p”itarakwarhu
enka: A; urakwa tsitakata jima jorhepikwa jimpoo kakantsikwarhu; Pi; wenani ja-
mani k”wetspikwa tsek ukweri ka ma urhatakwa mikwa jinkoni, P; k" wetsapikwa
enka wep “intak”a jorhepikwarhu ka urantskwa, Pa; uenani jamani anapu k” wets-
pikwa tsek “ukweri.

% urakwa tsitakata jima jorhepikwa jimpoo kakantsikwarhu =

_Pi-P
A=7=x100 (3)

% Ukata enka mo takurhk’a = % A - % kwakakwa (4)

T upuri japu

Nanka xani jukaaka t”upuri japu kanikwa jukaparhasti paraksi uni erakuni ma tsi-
takata enkaksi winhapikwa uraaka, jimpoka t“upuri japu jima werasinti kurhikwar-
hu ka usinti isi mitikwarhini eska ikichakwa ma irekweri, ka enka jima k”amakur-
hik“a eska t"upuri pakopita ka t"upuri karati ka wetarhisinti petani. Ka t"upuri
japu usinti jatsirani ka urakwarini paraksi uani materu ampee ka i jorhenkwarhi-
kwa enkatsini ayenkuk”a nena t”upuri japu niarasini ukwarhini ma winhapikwa
uati juani wantanhiata ampe tumineeri. Ka utasi, nenaenka ukwarhitini jaka t"u-
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puri japu jarhoasinti k”erunhantani ka eska no sontku k”amakurhiaka jima enka
manatatarakwarhu kurhiaka ka isi jimposi kanikwa jukaparhati, eskaksi mitiaka
naxani t“upuri japu jukasini ma kurhikwarhu (UNE-EN ISO 18122, 2015). Istutsi-
ni jurak “usinti xeantani na xani ampe pakarasini jimini kurhikwarhu ka isi jimpo
uni eratsikuni na jarhati manatatarakwechani kurhikwa tsitakateri tiani (Velaz-
quez,2018). Ariksi jintesti enkaksi no meni kwerataaka ka mentkisiksi xeantawaka
winhapikwa tsitakateri ukwarhikatarhu ka jintestiksi: Ca, K, P, Mg, Na, Al, Cl, Fe,
S, Mn, Si ka Ti (Vassilev et al, 2017). Inte enkaksi jimi jukak”a urakwa no tsipiti-
cha jinteesti ma mititarantsikua kanikwa jukaparhati ma winhapikwa tsitakateri
ukwarhikataeri (Obernberger ka Thek, 2010). Naenka xani jukak”a t"upuri japu
p itakwarhintasinti anku jimpoo naanka xani xararhaaka k”wetsapikwarhu ts”e-
kutarakwarhu enka kurhik”a 550°Cka imaeri k”wetsapikwa tsek ukweri k”arhi-
ri imani juramukwechani xeaparini UNE-EN ISO 18122 (2015) ka arini xeaparini
miyurakwa p“itarantskwechani enka: PaM; k" uetsapikwa karhiri enka tsek " ukwa-
rik"a tsitakatarhu, Ph, k’wetsapikwa kwakakweri, %H; naanka xani jukaaka
kwakakwa, PaCe; k”wetsapikwa k”arhikweri t“upuri japueri ka utasi jatakwa, PaC;
k”wetsapikwa jatakweri k”arhikwa.

Nena xentani k'wetsapikwa k arhiri tsek ‘ukweri = PaM =

% H
100

) (5) % tupuri japu = === X 100 (6)

Ph(1—-
Echeri turhipiti

Echeri turhipiti jintesti ma k“uetsapikwa urakwa no tsipitichaeri pakarata, ji-
mak”ani enka werhuk”a urakwa sontk”u kurhikwa ka kwakakwa, isi xekata jar-
hat’i eska santeru jukaparhat’i wuinhapikwecheri, unti xarhatanhani uraaparini
arini mitikwechani enkaksi xenhantapk”a jima ts”eritakwa jukakwarhu wueratini
arini miyurakwa p’itarantskwarhu weratini 7(Garcia et al, 2012). Jorhenkwarhi-
kwarhuksi xarhatat”i eskaksi miyurakwecha echeri turhhipitiiri pakarakatecharhu
niarasinti 3.44 ka 23.1%, echeri turipitirhu miarasinti 62.61 ka 70.36% (Ruiz Aqui-
no et al,2019; Rutiaga Quifiones et al, 2020).

% echeri turhipiti = 100- (%t upuri japu + % ukata enka sontk“u kurhik”a). (7)
K’amarhukuparhini

Ts’éritakwa jukarakwechaksi jarhoasinti xentani ampeenka jimpoksi xeaka sesi
jasikwa ampee winhapikwa tsitakateeri ukwarhikataeri,urakwecheri ampee eska:
chukari ka ut”akatecha enkaksi mamajasi mot”akwrhik”a k”ekwecha jimpo ka
jasikwa jimpo: chukari urhukata, chukariri sikwirhikata, chukariri punpunhasi-
kwa, jukaparhakwa chukariri,chukari,ka materucha, ka itsiratarankwecha enkaksi
jaka chukari sapirati tayakataecha ka chukari k”erati tayakataecha enkaksi ukata
jaka tsitakataeri, echeri turhipitiri ka materu jasi urakwaecha chukari k”arhiriri.
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Ariksi xarhatakwecha kanikwa jukaparhat’i intenksi xeaparini uati intspikwar-
hiantani ka isiksi eratsikuni nenaksi uani manatatarakwechani kurhirakwechaeri,
enkaksi mitinsikata jawaka interu isi. Joperu, enkaksi winhapikwa tsitakatericha
no jayapanhinhantaaka uatiksi ixuasik”u urakwarhini, irekwecharu isik u urani
t’irekwa ampe uraantani, jorheperatarakwa ampe urani, ka marapentku k”erati
anchikwarhitaecharhu winhapikwa piritakweri ampe urani swanta petarakwecha
jimpoo enkaksi urak”a winhapikwa tsitakataeri.
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Kwirutsikata

Yasichani isi jintesti urhakwa wenani jamani enka pakarhatinka anchikwarhika
echereri jinkoni enka uraka santeru sesi, ini wunhapikwa. Ini jirinhantskwa TGA-
DTG, juranhsintintsini tseritani ka jimaku pikwarherakwechani ka nitamakue-
chani ka ini k’'wetsapikwa exerani enka isi arhinhka atmosfera winhapikwa jinko-
ni manatani jurhankuparhini jirhinhatani wani miyukwa imerhi k'wetsapikwa,
p’akanchukuni imeri kurhankwarhikwa panperhakwa, iseska ima wenakwecha.

Urakwarhiatiksi ari wantakwecha: Anchitarhakwa lignocelulésicos, jir-
hinhansinti TGA-DTG, miyurhkwa jinkoni urhakwa, jirhinhantani imani winhapiti
manakwarhiri jinkoni.

Inchap’ikwa

Jirhinhantskwa termogravimétrico (TGA), jintenti enka sani kwurhankukwarhika
enka jorhenkwarhinka enka unhanka jirhinhantani montakukua wani miyukua an-
chithakwa enka jinteka tererhi ampe ka, enkasi nitamakwa ka pikwarherhakwa ini
wenakwa erhatsikwa jinkoni jinteka mititini ini ampe, erhatsikuni nena jirhinhan-
tani ini jorhepikwa patsakwa. ima ukata 1 xarharsinti jima tankwarhikwa TGA.

51



WINHAPIKWA PAKARATERI XANHATATAKWECHA

'P_- Compolaor de

Halanza

"

Micro balanza

Gas Inene

Cimamde ____
caleniamicnio

e

Agua de
enfriamiento

Xarhatakwa 1. P’itakata TGA

Jintenti enka jukarhaka GAS (N2,Ar,He) en ka urhakwarka jima enka sier-
tuwaka , enka waka jukani caracter oxidente, santrhu sesi anhaxurhini, enka jam-
perhi ukwariaka siertu ampe, enka jamperhi kamaka k”wirhunharhikwa ma enka
jurhankwa exen ini p’ikwarerhakwa ka nitamakwa jupikwarikwa kwarhatsikata, i
arhikwarhikwa “porcentaje” en ka tsitakwarhiaka wani miyurhakwa jima erhakata
anhaxurhikata (parte izquierda) sesi japirhinti enka jirhinhantapirhinka ini soson-
ti nikwa ka imani jinkoni montakuni k’'wetsapiti tsitakwarhiaka jamper ima nita-
makwa o p’ikwarerakwa (DTG).

Kamakurhiti sesi pentani pakareta wati ukwarhini sosoni ima jirhinhantskwa
imechani winhaperhakwa tseritarhakwa enka joreperhakwa anchitarhakwa jinkoni
enka waka patsani santerhu kanikwa (Alvarado et al., 2022).

Yamintu jirhinhanstkwecha termogravimérico (TGA)
Tanharitichani jurhanjuntani TGA

Iseseska na xarharhani jaka jima kwirhunharhikukwarhu 2, enka yamintucha
pakatperhaka jima patsakwarhirhakwarhu xerhakwarhu, imecha tanhurhikuecha
terhukutantani jorhipikwani watiksi kamani urhakwa k'wetsapikwa enka santer-
hu karharhaka, anhaxutani marhatu o kwarhatsitini (Auroux, 2013, Gallagher y
Brown, 2003).
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J ' )

Xarhatakwa 2. TGA ts’éritarakua, a) karhakua, b) terojkachani ka c) ichapini (Auroux,
2013).

Mamajarhati exekwecha enka jirhinhantaka TGA

Mentkisi santerhu ma marhuatinti sanku xerakwa 400-500 (Alvarado et al., 2020).
No yamintucha tanhuarhirhicha weksinti ima jintewkwa jatanhikwa, weksinti
mentkisi jiokwarhiani ini k'wexapikwa 10,1.0 y 0.1 kwetsapikwa , istucksi jarhan-
ti anchitatarhakuecha enkasi jiokwarhiaka ma miyukw enka arhinka ma (docena)
kwetsapikwa. Materhu enka santerhu kanikwajukaparhasinti enka wetarhiaka
jirhinhntani ukata sani mamajasi (Bensharada 2022) ima xekwecha enka sanku
k’'wetsapikweka usinti kwaaperani TERMOBALANZA enka ampe waka jorheper-
hakwa patsakwa enka tsitani jawakka jorheperhaka (Craig y Reading 2006).

Tserhitaparhini pikwarherakwa enka xerhaka terhukutani
jorheperhakwani

Jima jirhinhanskwa TGA, santerhu no jarhanti janhaskakwa enka waka tserhita-
ni p'ikwarherhakwa ka xerhaka anchitarhakwecha enka jimaku tantiarhikwupani
eska ima winnhaperkwakecha jorhepiti patsakwa naxani xekuecha marhuasini ka
nena jasiksi uxini tserhitani anchikwarhirhichani enka p’ikwarherhakwechani xer-
hawaka. Enka no minsikwewaka, jima anchikwarhikawarhu TGA. Jirhinhantani
menku isi intsani sapirhati xekwa (mg) isi mitiparhini ayanhsinti enka waka tan-
tiarhikwupani ini pikwrherhakwa jarhankunskata jima kurhikwarhu i ma xekwa,
p’ikwarherhaka jarhankuntani jima kurhikwrhu ka jia exen , Jimposi jinkonku
kankweti enka jayantsikwaka ampeni jasi jorheperhakwa urhaka. Enka yamintucha
jorheperhakw urhakwecha urhakwarhiaka arhukursinti B (1700°C), E(430°C), J
(370°C), K (870°C) y T (200°C) ka T(200°C), enka jinkoni nirhanka platino-rodio,
niquel, hierro, niquel-cromo y cobre respectivamente (Gallagher y Brown, 2003).

Tseritarhakwa kwetsapikwa pikwarherhawa jirhinhantskwa TGA
Enka wetspikweka, enkasi jurhimpikwecha. Enkasi mankuni urhakarhiaka usinti

arhukurhini, enka jinteka mamajarhati S (100g) o s-1 enkasi marhuaataka kanikwa
wihnapikwa imani 0.025mg enka wenaka mamajasi, ka tsimani tsikakunti (Galla-

ghr, 1997).
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Ima tseritarhakwa enka p’ikwarherhatarhakweka, enka mititika tsimani ahi-
kwarhiri curie jintesti enka jukarhi urhakwarka ini ampe, jarhuasinti santerkur-
hantani imani winhapikwa antsitatarhakwa mitintani desde wenani jamani, we-
nani jarhani tsitani imani kwetsapikwechani naki wenkinini anchitrhakwarhu
anampu jinkoni kamaka ima antsitatarhakwa. Materhu jasi ima jukaparhakwenti
DTG (Brown et al., 1994) materhu jasi pakwenti arhikwarkwa “eslabon-fusible”
materhu jasi pakwenti (Vyazovkin et al., 2010, Vyazovkin et al., 2020).

K’amarhakata ayankukwa jirhinhanskata TGA-DTG

Enka jima kwirhunharhikukata jaka TGA jirhinhakuntsintiksi jima kwarhatsitini
mamajarhati pikwarhakechani o nitamkwa, ka wani miyukwa k’amakurhitini jima
anhaxurhitini. Enka wekaka terukutani ayankukwa ukata, marhuasinti exen imani
kwetsapiwani imani jinkoni enka arhinhakwarka “porcentaje”. Ka menterhu exe-
parhini, marhuatsitiksi eska jima kwaratsitini jawaka tseritatarhakwa nitamakwa,
sesinti kwirhunnharhikuni maku yotati materhu yonkorhani montakukwa pikwar-
herhakwa jinkoni ka sima kankwecha jima nitamakwarhu. Jima unharhitawecha
3V 4, xarhasintiksi jirhinhanskwa enka arhikwarka “termogravimetrico” materhu
jasinti enka arhikwarka “biomasa maria” (Alvarado et al., 2022).
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Unharhikukwa 3. Kunkurhicha jirhinhasnkwa enka arhikwarka “termogravimétrico
biomasa marina en nitrogeno” (Alvarado et al., 2022).
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Temperature (K)

Unharhikukwa 4. Yonkorhi jirhinhasnkwa materhu jasi arhikwarhi enka arhika “bioma-
sa marina en nitrogeno” (Alvarado et al., 2022).

Xani wantaxerhani eska sima kunkurhicha TGA eska sima materhucha DTG,
waka wantaxerani makuni kwirhunharhikukata jinhoni, i no xani marguasinti jir-
enka uaka exenii jarhani sosonti montakukwechani arhi ahikwarhi “calentamiento”
(ver figura 4)

Mamajasi pakuecha sirhantecha ukatecha TGA santerhu sasonti achikarhini
maaku marhuati esi jasi ka ima enka erhikwarkwa “software” ampanku kamka
jurhimperhakwa tserhitarhakwa, enka jamperhi paaka imechni pakerata iesk sima
arhikwarhi hemicelulosa, celulosa y lignina (Alvarado et al., 2022; Saldarriaga et
al., 2015).

Wenani jamani jirhinhantani ini pakerata jinkoni TGA- DTG

makwa ayankwuka jinkoni DG,T, enka jurhankunka mititini jirhinhantani enka
pakerata jinkoni jupintaskwarka jorhepiti patsakwa enka isi arhikwarkwa “pir6-
lisis” inte jisntesti enka orhepaka urhakwarhini (Zha et al., 2023) jimposi jintesti
wenaparhini ini jirhinhaskwan jarhuampirhi jima wenaparhini urhakwarhu man-
harhikukwarhu orhentsikuni enka sesi werhaka ampe enka arhikwarka bioenergé-
tica jinkonin pakerata jinteka uenakwa anhitarhakwa. Isi wenaparhini, ima ok’uka
jirhinhanskwa sani inchantimiaka enka uaka tserhitani whinhaperakwani cinéticos
(energia de activacion, orden de reaccion y factor pre-exponencial), watiksi ukwar-
hintani sesi jantiankitu jima ukwarhu enka jukaparhaka enka jinteka enka exenka
nitamakecha jima pakareta, pikwarherha enka wenanka ka kamarhukuni jamka,
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p’akanchukuni arhini enka arhikwarkwa “gases” enka arhikwarka “velocidad de
flujo medio oxidente” tantskwechani tsenkukarhu urhakwa, un nena uni karhar-
hakwa enka arhikwark”a plantas piroliticas” imeri pakareta enka jima waka.

Jirhinhanstkwa winhaperakwa jorheperhakwa anchitarhakwa TGA

Jima weratini enkasi jirhinhantaka TGA ka enka jimaku nirhaka miyukwecha
enka arhukurka jinkoni nitmakucha jinkoni ka p’ikwarherhakwecha jikoni, no uni
sei pakarhukuni imani jukaparhakwa jiteka pakareta. Isi jamani wati charharhan-
tani jamperi imani tserhitarhakwa winhapekwa enka jamperi materhu jasi p’ikwar-
herhakwa (fijando la presion parcial del gas) ini pakwa arhinhakwa isotérmicas
0 mamajasi sosonti p’ikwarherakwecha enka no jinteka arhi arhinhak’a isotérmi-
ca. Ayankukwecha ini Arrhenius, xerhekwarhiti jorhepiti patsakwa jima pakareta
urhakwarka sosonti jima nitamakwarhu enka p’ikwarherhakwa santerhuka miti-
parhini esak sosonti tsinpiaka (da/dt) ima pakwa enha arhinha isotérmica, i nita-
makwa xanharhatakwa (a) aparhiti k’amakurhiti , sosonti aparhitakwa (B) sesi pen-
tani santerhu isI jasi ima Doyle (Doyle, 1962),arhikwarhi pirolisis uxinti ayankwani
nenenha jasi, jima werhatini enka isi arhikwarkwa ecuacion 1. Wetarsinti eska er-
hakuntani in pikwarekwechani arhini jinkoni xekwecha ka wantaxerhani enka no
jukaparhaka (Ali et al., 2018).

G(a) = fTTogexp[—I’j—;] «dT (1)

Jarhantiksi ma miyukwecha arhikwarkwa ma (docenas ) arhikwarka modelo ma-
temtico enka ayankwanhka miyurhakwechani winhaperhakweri Aranzazu et al.,
2013). Yasiparhini isi jarhanti arhi ma miyukwecha enka isi arhinhka seis enka
exekwek’a kanikwa ayankukwa xasisi jinteni ma miyukwa arhikwrka cinco sima ji-
tenti enka isi arhinhka iso-conversionales y no-iso-termicos enka jinkoni nirhanka
miyukwa ayankukwecha jinhoni jintesti Friedman (Luo et al., 2020), Flynn-Wa-
1I-Ozawa (Rahib et al., 2020), Kissinger-Akahira-Sunose (Clemente et al., 2022),
Starink (Singh et al., 2020) y finalmente el modelo iso-conversional de Popescu (Yu
et al., 2020). Enka sosonti mamajasi kuntsikwas jorhepikwa urhakwarka jia mismi
jukaparhakwa montsiaka, icha exekwecha jukasti jatsini orhemakwa imani xarha-
takwa santerhu jima winhapikwarhu jankwantani urhani jima jukaparharhantani
orhemakwechani pakwechani enka isi arhinhka pirélisis, jimpo ketsintsinti nose-
si ukwa jima enka isi arhikwarka mecanismo de reaccién (Khawam, y Flanagan,
2005). Ima miyukwarhikwa enka isi arhinhka sexto, ayankuni imani exekani enka
jinteka Kissinger, jima terhukutani enkasi exeapkia . es no-iso-conversional (Vya-
zovkin, 2020).

Naki wekinini winhapikwa urhani (Ea) jima mantani arhini pani urhani, wetar-
sinti erhatsikuni imani jukaparhakwa enka kwerhatanhka (m) enka ukwarhinhka
unharhikukwarhu xarharhaka mandani ukata. Waxastakata (A) marku jarhasti
jukaparakwa jinkoni 6 kurukata wenakuarhu eska na jaka mantani xatarakuerhu.

Jirhinhanskwa jorhepikwa anchitarhakwa jinkoni jintesti sesi utani ini pakwani
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jorhepiti patsakwani enka pakarhatika jima pakareta. Jima werhatini jatsiparhini
imani winhapikwani sosonti mantani arhini ini miyukwecha jinkoni enka arhika
(seis ) enka jinteka isi arhinhakwa modelos matematicos enkasi wantaxerhapkia
, jintesti jimaku pani tseritakwa jorheperhakwa anchitarhakwa ka arhini enka ar-
hinhka entalpia (AH). ), energia libre de Gibbs (AG) y entropia (AS).sesisti tantiar-
hikuni imani tseritarhakwa enka sosonti ketsikwa nirhani jawaka jima 10-15° C/
min.. shima miyukwecha enka tantiarhikutarka tseritarhakwani enka jorhepikwani
anchitarhakwa enkasi mitica (Alvarado et al., 2022).

Jirhinhanskwa arhikwarkwa

“Termogravimétrico” TGA ka sima arhukurhirhicha DTG mamajasi jarhuakwe-
cha anchikwarhikwa inchatani pakareta enka jorhenkwarhiaka wenakwechani
ayakukwechani ka ukwechani wenakwa tsimpekwa enka arhikwarka atmosfera
inerte o reactiva isi jamaniima jjirhinhantani jima untskwa jorhepikwa. Iseshka jor-
henkwarhini mitikwechani enkasi xarharhkata enka arhikwarka gas de purga enka
kamaka wanikwa takareta enka (karharhaka o ketsintaka) jimpo wati seesi pentani
jorhepikwani enka ukwarhinka jima urhakwarhu TGA imecha montakukwecha ar-
hinhak’a (adsorcién, oxidacion y reduccion) o negativa (desorcion, descomposicion
térmica con formacién de volatiles, oxidacion 6 combustién, vaporizaciéon y subli-
macion de la masa) jarhanti jima pakwecha ayankukwecha arhisi jimpo ka wena-
parhini upani jorhepikwani, eska na jinteka ka eska isi arhikwarka pirolisis, uni
wati ayankwani arhini urhakwechani arhikwarhikasi matano, hidrogeno, propano
, enkasi no unka wanini jarhani ka ni tamu isi nirhani enka urhawaria jimaku enka
arhinhaka celdas de combustible ka alternativa para la geracion de energia eléctrica
no niarsinti wininni ima winhapikwa imecharhu sapichu umpakukarhu.
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Kwirutsikata

Arhinhakwecha polimeros jintenti arhi enka isi arhinhk’a macromoléculas orga-
nicas enka jukarhaka enka isi arhinhak’a masa molecular, wenakwrhini jimp’an-
hi eska na jinteka isi arhikwarka celulosa, ka urhi materhu almid6n ka proteinas,
creado sintéticamente, eska isi arhikwarhi polimero ka poliestireno. Arhicha ar-
hinhakwecha polimeros jimpanhi jewenturhikata arhicha ampe jinkoni arhinka
células ,hemicelulosa ka lignina, jima wersinti enka arhinka biomasa lignocelul6si-
ca dela madera, cultivo, residuos, agricolas y forestales. Kamani ini enka isi arhinka
calorifico, jarhani jukaparhakwa ima enka arhinhak’a biocombustible, terhukinti
imani jink’oni kanikwa kunkwarka arhinhakwecha jink’oni carbono-oxigeno ka
carbon -hidrogeno, pakatperkwarhu jarhuani sesi pentani ASTM,ISO ka UNE, ima
jukaparhakwa nirhasinti sani 14 y 23 MJ/kg, eska na jawaka ima jewenturhika-
ta enka jurhakuka imeri marhuakwa enka arhinhk’a recurso energético. Jintenti
kanerhani marhuakwa jupikanin ini arhikwani calorifico: maru isi jarhuakarhini
jima wantakwecharhu en arhinhk’a ligno-holocelulésicas ka p’itakata, materhucha
kamka jinteka carbono fijo, materia volatil, cenizas y humedad, ka materhu tanimu
pakwa erhatsiksinti naxani wanikwa pa (C, H, N, S, Cl, O y cenizas).

Wantakwa pakwecha: Biomasa, material volatil, carbono, celulosa, hemice-
lulosa, lignina, normas.

Wenakwa (compuestos poliméricos)
Sima arhikwa polimeros jintentiksI wanikwa anchitarhakweni nosesi wanikwa
ima enka arhinhaka heterogéneos enkasi ukwarka kunkwarhisperhatini sapirhati

arhinhank’a monémeros wanikwa kasinti urhani jima ukwarhu anchikwarhu, en-
haksi jatsik’a jima tirhekwarhu manakwarhirhicheri ka inteni jamperi enka arhi-
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kwarka combustible ursintiksI untskatarhu p’amenchakweri ka jarhuakwecha jima
enka jinteka polimeros termoplastico ( sanchez et al ., 2022). No jukaparhakwa,
wanisinticksi enka mamampe jukaka ka pinteni p’akani uni urhakwa ini p’arhakpi-
ni jima 2018, ayamu ukwarhikwarhu antanhusti imani 359 millones de toneladas,
(Posada & Flores, 2022). Jinianki ukwarhikwarhu, wenakwa jirhinhanstkwa ka jur-
hamuni ka xepani winhapikwa ini arhikwarhini calorifico compuesto plimericos ka
kanikwa jukani ini energia renovable.

I jukaparhaka arhinhka calorifico ka sima materhu ampe jima
jukakkwa arhinhk’a polimeros de origen natural

I jukaparhakwa arhinhka calorifico imanisi arhinti enka arhinhak’a calor liberado
enka arhi ma enka isi arhikwarkwa masa usiinti ini enka jinteka oxida yapurhu isi
jamperi niarhani jima enka jinteka temperatura ka presion especifica, wantantani
jarhani arhichani isi arhikwarka unidades de enegia por cantidad , MJ/kg o MJ/
m3). Xani kanikwa nirhani i arhinhakwa energia arhukuparhini usintiksi mamajasi
eska na jintewaka arhinhakwa tecnologia de conversion ka najasi i arhikwari com-
bustible (McKendry, 2002). Jukaparhakwa enka arhinhak’a calorifico usinti ma-
majasi eska na jukaka arhi enka jinteka (polimeros sintéticos o naturales) (Tabla 1).

TABLA 1. VALORES DEL PODER CALORIFICO SUPERIOR E INFERIOR
DE DIFERENTES MATERIALES POLIMERICOS (IOELOVICH, 2018).

Materiales Poliméricos Poder calorifico Superior Poder calorifico Inferior
(MJ/kg) (MJ/kg)
45.0 42.4
Caucho sintético (elastdbmero)

Polietileno (PE) 471 44.6
Poliestireno (PS) 41.7 40.0
Maderas blandas 20.2 19.1
Bagazo 19.3 18.2

Rastrojo de maiz 17.7 17.5

Arhinhakwecha células, hemicelulosa, ligmina ka materhucha jukakwecha
enkasi paka santerhu enka jinteka biomasa. I biomasa jintenti enka arhinhak’a re-
novable de energia ka sima pakwecha jinteka térmico efectico wetarsinti mitini sesi
ampe, naxani nirhasini enka jinteka hemedad, poder calorifico, carbono fijo, mate-
rial volatil, cenizas y la proporcion lignocelulésica, simi mantani pakwarsinti arhini
enka jinteka poder calorifico. Jukaparhakwa enka jinteka calorifico mamajasinti
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niwaka enka jintekaksi biomasa, clima y suelo naninka jatsinhatka. Materhu jasi
enka jinteka composicién quimica jintenti naxani juka ini mamajarhati enkaksi jin-
teka biomasas anerhani mamajarhati jukaparhakwa enka jinteka poder calorifico
(18.6 MJ/kg en celulosa+holocelulosa y 23.3-25.6 MJ/kg en lignina) (Maksimuk et
al., 2021). Icha jinteka Las biomasas lignocelul6sicas (biopolimeros) jewenturhika-
tentiksi isi wenaparhini ahini jinkoni enka jinteka, carbén (37-56%), hidrogeno (5-
7%) y oxigeno (32-46%) (Huang & Lo, 2020) , enka sima jatanhikwecha imeri enka
jintekasi azufre ka nitrégeno sankuntiksi. Ka biomasas kamsintiksi kanikwa pakwa
arhinhakwa oxigeno imani jinkoni enka jinteka hidrocarburos enkasi no jarhuaaka
jukaparhakwarhu jinteka calorifico.

Urhani ka mitiani arini jinteka biopolimeros

Mitiani ini biopolimeros jinteka wenakwecha enka uaka sesi pentani ini jinteka
energética. I ukwarsinti jirhinhaparhitani nena ua ima jukaperhantani enka jinteka
calorifico, el analisis proximal (contenido de humedad, cenizas, material volatil,
carbono fijo) y el analisis elemental (carbono, oxigeno, hidrégeno, nitrégeno). Mar-
huakwecha jukaparsinti enka jinteka sesi pentani arhini jinteka energética. Ayan-
hkuni santerhu sesi ampeka xani nirhanhk a enkasi isi nika arhini wantaskukata
jinkoni enka jinteka como ASTM, ISO, UNE ka materhucha mankuni jasi pani.

Jintesti urhakweni ini kamani jinteca calorifico

Icha jistesti marhuatini enka jirhinantaka enka jinteka quimicos anchitarhakwa
lignocelulo6sicos (biopolieros) arhukursiniksi tanipurhu. Waxantani jamani wenani
exeni naxani niwa ima jukani iri holocelulosa (celulosa mas hemicelulosa), lignina
y extraibles de la biomasa. Tsimanirhu jamani tanhuarhikwa curhansinti ini ur-
hakwani p’erhanharhiperani enka eseaka jimak’u, janhaskaparhini ini arhikwarka
carbono fijo, material volatil, cenizas y humedad. Finalmente, tanimu pakwarhu
mitisti jima jintek’a enka jirhinhantaka enkasi pak’a arhini enka jinteka carbono,
hidrégeno, nitrégeno, azufre, cloro, oxigeno y el contenido de cenizas en el biocom-
bustible.

Wép’intskwa

Arhi enka jinteka biomasa jintenti pakwa meni enka arhinhak’a energético clave
en ambito de la energia renovable. Tamperhaticha jima tanipurhu enka jinteka po-
limeros organicos esenciales: celulosa, hemicelulosa y lignina, jintesti xarhatakwa
ma enka arhinka poliméricos, nanik’a icha inchaka sesi perhapani ampe icha sesi
kunkwarhipaini, jurhankuni sosonti ka mamajarhati anchikwarhikwarhu. Pentani
menterhu wentani, wati utasi exen eska na jinteka enka isi arhika compuesto po-
limerico, inte jintenti wenakweni enka jima anchitakwarhu enka jinte energia ka
materhu anchitakwa . jukwaparhakwani enka jinteka calorifico enka jukak’a anchi-
tarhakwa jima enka arhikwarka biomasa, mamajasi nirhasinti eska na p’itarhaka ,
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enka marhuaka jima eska na jinteka biocombustible, eska na waka wetarhintsinti
arhintakwa wanikwa ampe jima jorhenkwarhikwarhu urhani sesi.
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Kwirutsikata

Tixatatarakwa tkwarhikata yasi isi interu isi ixu ini K’eri iretarhu noteru xani
transinti, ka ch’kari jintet’i enka sani tranka. Icha tixatatarakwa tkwarhikata
jintet'i majasi enka p’inkwaka sani enka mamaru jarhaticha ik’a ikichakwa ampe
ixu ini K’eri iretarhu. Ikichakwa tkueri xekwa ampe juarhuawati sani sesi pentani
ampe enka xarharaka jucheri sesi jakwa jinkoni ka yamintu ampe enka xu jaka, ka
isasi p’inkwani jarhani enkaksi sapiicha notki jamperu antapinuni jawaka ka xar-
hinkuksi warini sirat’a p’ikukwa jimpo ka istuksi patsansi jarhani yamintu ampe
enka ini parhapinirhu jaka.

Ini K’eri iretarhu Mexicu jarhat’iksi k’'wiripu enkaksi janhaska paraksi xeaka na
jarhaski ka xeni naanka tranka tixatatarakwa tkwarhikata ka piritakweri winhapi-
kwa. Na jakwa ka xekwa ampe jinkonsi tiak’a sankisi chararani k'umanchikwechani
enkaksi ataranskwa ampe jarhak’a ka naniasi iretaecharhu enkasi tixatatarakwa
ukwarhikata trak’a.

Mitatarakwa Wantakwaechari: Grakwa ampe enkatsini jarhuak’a, tarhia-
teari jak’'untikwa, xekwa, tuminaeri ampe, menteru wenskwa urakwa ampe.

Tixatatarakwa ukwarhikataecha enkaksi sesi iik’a K’eri iretarhu

tixatatarakwa tikwarhikata urakwa Mexicuri wetarhinchakwa maesti enka pawanka
ka pawani wetarka mamarujasi arhut’akata tuminaeri ampe, saani jimaesi erakuka-
tarhu isi, sesi nitamakwarhu ka enka tinka ampe. Eska naeka ch’kari enka ku-
rip’atarakwaeka paraksi t'irekwa Gntani, jorherantani k'umanchikwa ka istu itsini
jorherani, ka erakukatarhu isi jampera jorherantani akwa ampe ( Ruiz-Garcia et al.,
2021). Ch’kariri turhiri jintet’i materu tixatatarakwa enka mexicu tranka k'uman-
chikwecharhu. Ataranskwarhu isi jarhasinti anchikwarhita ch’kariri turhiri jinkoni,
ficha jintet’i maru kurhinta wiripani ka echuk’a jorhep’ani ch’kari jinkoni.

Enkaksi tk’a ampe, sani tsima sapirhaticha, tsitansintiksi kawuikwa tsitarans-
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kwechani jimpo enkaksi ch’kari urka, kakakuweri ampe parhankuwecharhu, ka
enkaksi yawarhi tkata sapirhati niniranka imansi arsinti ch’kariri parakata enkaksi
tsima jurak’u enkaksi ch’kari jinconi anchikwarka ka ima jampera enkaksi turhiri
uk’a ch’kariksi arisinti. Ka tamisi jarhat’i tixatatarakwa tkwarhikata eska naeka
ch’kari sapirhati tayakata ka puchaka, icha tixatatarakwaecha imani jimpo tkaet’i
ch’kari enka noteru wenjawaka, eska naeka purupusiri ampe, arhoori, jukapa-
rakweri ampe ka tskipuri ampe, insi puchasinti menku wirhiwirhikuantani enkaksi
isi trakuarhiaka eska tixatatarakwa. (Musule et al., 2021), o eska piritakwaeri win-
hapikwa (Tauro et al, 2018) (ver Figura 1).

tixatatarakwa tkwarhikata tirakwa sesi pentsinti wetarhinchakwa enka sani jar-
hak’airetarhu. Jarhat’i ma terukutakwa enkaksi ini irka tixatatarakwa ikwarhikata,
jimpanhi trakwa ampe jinkoni, ka isti terukutakwa ma sani ikichakwa ampe ju-
rak’usinka. (Serrano-Medrano et al., 2018).

Xarhatakwa 1. Naanka jasi tixatatarakwa tkwarhikata jaka, k'waniankantu jaka jinteet’i
ch’kari sapirhati tayakata, enka teruk’ani jaka urhikwaeri ch’jari urapiti, ka enka wi-
kixuk’antu jaka arhoori ampeet’i.

Etsakutarakwa xekwa ampe

Tarhiataeri na jakwa, jarhat’iksi mamaru jarhaticha trakwa ampe enkaksi tseritka,
maruksi jwat'impo peransinti, ka maruksi jimak'u jatsiasinti enkaksi anchitata-
rakwa ampe jatsik’a. enkaksi jwat'impo tseritka jarhat’iksi xerakwecha tarhiateari
enkaksi Gik’a ma jak’irhu paani, icha sapirhasinti ka xerakwa jinkoninsi enka wan-
tanka naanka xani jarhak’a tarhiata ikichakwa jinkoni.

Xarhatatarakwaecha sisi xarhatasinti karataechani naanka jawaka tarhiata ka
enkaksi niaranchaakia ka noteruksi wenjarhania, insi mot’akwansinti jimpanhi-
chani jimpo.

Iicha Urakwecha kamsinti inteni sintarini tsawapiti choperini jarhati enka p’or-
hoarka ka jak’'untikwa jiminisi inchanhini, ka jarhat’iksi maru enkaksi kw’ekw’et-
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sarka ka tsunhansi, enkaksi jima perakata jarhak’a anchikwarhitarhu ka jimaksi
pirhutakata jarhasinti piritakweri winhapikwarhu enka tkata jarhak’a inte echeri,
enak tsimi anchitka tarhiata enkaksi jima peranka enka sesi p’ikuarerakwa jawaka
ka xensi tsirakwarhita (Figura 2).

Eska ima, trakwecha enkakasi arhukunka mamajasi ampe paraksi xeni ka tse-
rita ampe enka jewerka jak’'untikwa, enka yoska 30 m, yéskakwa siturhi tsawa-
pitini jasinti meriatiri tilkata enka sanku p’orhoak’a enka isi tarhiata tsunitaeni
jasi nirak’a, ka inte echeri tikwa ankusinti eskaksi pihnarhikwaka incharini isi ka
p’inkwansi K’erati jak'untikwa ka imansi jurakw’ani eska sapirhaticha untaka we-
rani. licha mamaru jasi motsikwa jatsiasinti, ka inte echa motsikwecha isi mitikata
jarhat’i eska winhapikwa, ka inte echakanikwa jukaparhat’i paraksi xeani ikichakwa
drichani. (Quifiones-Reveles et al., 2021; Ruiz-Garcia et al., 2022)

Xarhatakwa 2. Urakwecha etsakutarakwa tseritakwa.

k’'waniankantu jaka arhukunkwa mamajasi ampe paraksi xeni ka tserita ampe
enka jewerka jak'untikwa, ka enka wikixuk’antu jaka tankwarhitini markuksi xesin-
ti jak’ntikweri nitamakwa.

Siruntaeri pakarakata mamaru jasinti, menkuisi 2.5 ka 10 micras konsinti ii-
chasinti sani xeasinti, enkaksi mitikata jaka trakwa sanititu PM2.5 ka PM10. Ja-
nikwari siwinini jasirhu ka mamaru jarhati xekweri tsintiksi erakwantani na enka
xani k’eaka pururusiri. iri patatsita isi mitikata jarhat’i eska chuxapakweri enka
tseritak’a, enka iri ikwa jinteka jupiani sapirhatitu ikichakwerichani enkaksi par-
hankwarhu ka jornarhu werka enka ch’kari kurhik’a, insi maru wantaxeraska, tat-
sikwaksi wawaka tsekukwa etsakukweri, janikweri siwinini jasirhu enka sesiku ni-
waka ka unsi xeni na enka xani k’eaka enkaksi jirinhantani jaka.

K’amarhukuni jamani tsimi purupurusi wankursinti tsarharhakwarhu enkaksi
tseritak’a ka mitinsi purusi tanskata. Tsarharhakwecha enkaksi urhakwarka
enkaksi p’inkwak’a siruntaeri, mamajasi jimpo tkataeni (ver Figura 3).

Ikichakweri jak’'untikwa xekwa, Gsinkaksi xeni iretarhu na enka jarhak’a enka
jimesku jarhak’a ikichakwecha, enkaksi mot’ankwanka jimpanhi tirakwa ampe jim-
po. Jorhenkwarhikwecha tikata sesi p’ikwarherakweri, xarharsinti eska sesi irakwa
tixatatarakwa tkwarhikata Gsinti sesi jasi tarhiata enka kunkuarhintaka CO ka
PM2.5, enka marhuaku eska kw’iripuni noksi sonku p’amenchakwa tsukwaeri
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ka jukweri p’iwaka ka yonsi jampera tsipikwa sesi jasi jatsini. (Ruiz-Garcia et al.,
2018).

Xarhatakwa 3. Anchikwarhita xanhatakwa tsarhanskweri p’itakata

Xekweri urakwa ampe, naki wenkinini enkaksi jak’irhu paaka oksi jima an-
chukwaritarhu trka, jatsit’iksi eskaksi kutsurhiantawaka notki ma wexurhini
jimpo ka sani marhuani jawati. Jarhat’iksi k'umanchikwecha materu iretarhu
enkaksi tak’a ini irakwechani, enka jimpo p’iwani, jorhentani ka kutsurhiantani
ini arakuwechani, enk jimpo sani jukaparka. Wapuru kK’erati jorhenkwarhikwarhi-
charhu mayampikwa ka no mayampikwa katsikwarhitiksi isasi arakwa ampe. K’eri
ireta Mexicu jatsit'i Laboratorio de Innovacion y Evaluacion en Bioenergia (LI-
NEB) de la Universidad Nacional Autbnoma de México (UNAM), Campus Morelia,
k’'umanchikwa janhaskakwa jinkoni enka tk’a uni tsekukwechani tixatatarakwa
ukwarhikata ka piritakweri winhapikwa.

Jupiperakwa ka chumatarakwecha ikichakueri xekwa

Ikichakweri jak’untikwa xekwa, jurhak’usintitsini peerani chuxapakwechani, k’eri
juramukweri waxat’akwa kanikwa ka sanititu enka jurak’unhak’a ikichakweri, y
uk’wa no jintet’i kwerap’iririkuni ixu inchasinti sesi p’ikwarherakwertu (Schilmann
et al., 2021). yasi anapu K'eri ireta Mexicu jarhat’i ayanperata enka wantaxerka
nena enka trakwarhiaka yonki anapu kurhikweri ka wantansinti etsakutarakwa
arhinhatarakwarhu ka eranharhitarakwarhu, nena enka tsek’unka ka nena enka
terukutaaka wantaskukwarhu, enkaksi wantaxeraka tixatatarakwa tkwarhikata
nori kani xentaka interi wantaxerakwa.

Notki xani yoni wantaskunhati chumatarakwa k’eri juramukwa piritakweri win-
hapikwa, enka winhaperka xanhatakwa chuxapakwa interi etsakukwaeri wantas-
kukwa arakwa tixatatarakwa tkwarhikata. Yasi isi jampera ma chuxapakwa kusi
jatsiti na jakweri parhankwecheri (NMX-Q-001-2018-NORMEX), jimini wan-
tansinti nena enka tsek’'unhaka ka naxankuksini jurak’aka, irakwaecha enka tsek'u
ka tanka jak’'untikwa (Economia, 2018). Ini chuxapakwa xarhatat’i nena enkari jasi
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tsekw’aka etsakukwa parhankwa ka eroksi wantaskukata chuxapakweri ini parak-
pini (ISO, 2018).

Jukaparakweri ini Grakwecheri, jorhenperakwecharhu enkaksi ini ikichakweri
jak'untikwa ampe xek’a, menkuksi jirinhantani jarhasinti nena jasi xanhatani jim-
panhi Grakwa ampe enka no xani jukaparhaka, enkaksi tak’a inchaparhatani an-
chitatarakwa tsekukweri ka tini karantani tkwechani kwerap’iriri ka sesi p’ikwar-
herakweri interu isi, iksi jinteet’i na jakwecha enka no kani tinka (Figura 4).

Jarhat’iksi maru jorhenkwarhitaecha tkataecha enkasi etsakukwerika tixatata-
rakwa tkwarhikataeri, ka maruksi inteerit’i jak’'untikweri patsakwarhitaeri ka maru
incharini K'umanchikwecharhu. Enka pakatperanhaka iicheri jorhenkwarikweri ar-
hisintiksini eska ini tiraka tixatatarakwa tikwarhikata ka jimpanhi tkwarhikata. Ini
urakwa tixatatarakwa tkwarhikata k’arhinkweri (xumintiaka saani eska 10% ) ju-
rasinti eska sani sesi kurhiaka, ka no xani tkuarhini ikichakwa. Tamisi inte tirakwa
tsitekata meresiri enka kurhikwarhu werka jimpanhi trakwecharhu jarhuasinti
patsani aparhikwani enka sesi tk’a kurhikwani. Jimpanhi tkwarhikata parhakwa
jinkoni trakata k'umanchikwarhucharhu enka inhaka ampe enka arhinhaka, tsimi
yawani jampera kw’aniksinti 95- 99% etsakukwecha werakwa isi k'umanchikweri
enka inhanka ampe. (P’itakata 5).

Xarhatakwa 4. Yapuru isi estakutarakwa, enka wikishkantu jaka tsinti turhiri, enka
teruk’ani jaka watsokukata ninirsinti yawarhi tkata sapirhati, ka enka wikishkantu jaka
parhankwa enka t'irekwa tinhaka.

Wetarhinchakwa jarhat’i enka wetarka jorhenkwarhikwa iri ampe, enkatsini
janhat’aka ka mitiani tixatatarakwa tkwarhikataecha, inteecha xeati tiaksi tirani
jima o menini drakwarhia, yamintu y ampe jarhuatatitsini noteru xani kanikwa
ikichakwa tkuni jucheri parap’inini ka iretarhu. Jampera y jorhenkwarhikwecha
jarhuatatitsini xeni nena enka trakwarhiaka tixatatarakwa tkwarhikata, enka
p’inkwaka jak'untikwa ampe jima patsakwarhitarhu, ka sesi jasi t’arhiata jarhani
k’'umanchikwecharhu incharini, p’akach’ukwasinti enkaksi iik’a ampe piritakwe-
ri winhapikwa jinkoni ka jimak’ani isi janhanharhiantani mamaru jasi pakara-
ta enkaksi pakatsikataeripka ka isikuksi kurhirani paraksi ampanskantani jima
enkaksi peerapani jarha emka. Ka isasi jimpo watiksi tirani sesi jasi piritakweri
winhapikwa ka terukutaparini chekwa piritakweri winhapikwa iretani jinkoni.
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Xarhatakwa 5. T’irekwa tiranskwa jima jarat’i enka sesi jasi tarhiak’a enka parhankwa
urakwarhini jarak’a (cortesia del Claster de Biocombustibles Solidos).
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Kwirutsikata

Urakwaecha jorhepikwa jimpo xekwa, tixatatarakwa tikuarhikata jorhenkweri
(BCS), chuxapakwesti paraksi xeani johepikwa jimpo etsakurka, y anchitakwa ma
esti enka kanikwa jukaparhaka jimini jorhenkwarhikweri xekwarhu (BCS) enkaksi
jima werka K’arhiri pakaratarhuri, y chuxapakwatsini insinti sesi jasi ayankperata
jorhepikweri ampe ka eska na mama jasi nitamaka enka ikwarka, patsakwarhini
ka tixatatarani (BCS), jorhepikwa jimpo xekwa jinte esti enka xek’a na enka sesi
jarhak’a ka tixatatarakweri enkaksi menteru wentaka “wani interi kwakwa, kanik-
wa jukaparhakwa xarharsinti, jewetani materu chuxapakwechani jinkoni enkaksi
xek’a jorhenkwarhikwa ampe parhaksi kurhankuni sesi, enka tsinterika ampe.

Mitatarakwa Wantakwaechari: jorhepikwa jimpo xekwa, pakareta, tixata-
tarakwa tukwarhikata.

Wenatarakwa jorhepikwa jimpo xekwa: nena enka trakwarhiaka jorhepikwa jimpo
xekwa trakwa ma esti enka xentaka ka tserita enka jorhepikwa jimpo etsakurka
(IR) enka tiakwechani xarhataka jorhepikwa jimpo. Y tirakwa ma esti enka chuxa-
pka yamintu trakwecheri ampe enkaksi jorhepikwa kamka (-273.15°C o 0 Kelvin)
kw’aniksinti k'umanta charhapiti enka enka jorhepikwa jimpo xarharka(de Prada
Pérez de Azpeitia, 2016).

Jorhepikwa jimpo xekwa enka inteni jimpo perakata jaka k'umanta charhapiti
enka enka jorhepikwa jimpo xarharka, arasinti p’itarakwa enka jorhepikwa jim-
po xekweka enka p’irhikw’aka paraksi tni xeania p’itakataechani, y p’itakataecha
kwaurakata xarharasinti enkaksi mama jasi jorhepikwa jimpo werka, iicha jim-
poksiwenasinti xeani tixatatarakwa tikwarhikata, Xeni p’itakata 1. Urakwecha jor-
hepikwa jimpo xekwa ixu inteecha “wasinti ka taansinti p’itakataechani enkaksi
xeaka na jarhaski ka nena jamsini BCS, sani jima enka etskurhini jawaka (Balageas,
2007).

71



WINHAPIKWA PAKARATERI XANHATATAKWECHA

1l

Xarhatakwa 1. P’itakata kwaurakata petakata tseritakwarhu p’itakwa jorhepikwa jimpo
xekwa.

Jorhepikwa jimpo xekwa xarhatasinti p’itakataechani enkaksini jurakw’aka jor-
henkwarhini etsakukwarhu jorhepikweri enka tixarani jarhak’a ka materu ampe,
enka jiminy xarharka kanikwa jukaparhakwet’i enka sesi tiaka jinkonku trakwa
iicheri tixatatarakwa, xarharsinti tirakwa na enka jaxika imeri etsakukwa jorhepi-
kwa, xean ikichakwa ka sanku tntani tkwechani tixatatarakwa, isi jasi jimpo xar-
harapati naanka nirani jaka imeri winhapikwa piritakweri winhapikwa jimpo.

Na enka jasika ka airakwecha jorhepikwa jimpo xekwa tixatatarakwa
ukwarhikaecharhu

Jorhepikwa jimpo xekwa xarharat’i eska irakwa ma eska enka xarhatak’a na enka
jasika BCS enkaksi jima weraka k’arhiri pakaratarhuri, inteeri winhapikwa xarha-
tasinti jima enka jorhepiaka ka tsirapini jimaesi tixatatarakwecharhu enka ma tk’a
xeani wantanhiataechani enka sesi laka, enka no “waka sesi estakuni xumarhan-
tu o enka jawaka ikichakwa ampe. Jorhepikwa jimpo xekwa no tni jarhasinti sesi
pentane jorhepikwa enka K’arhirantani ka tkwarhini jawaka, kuparhatapani eska
sesi jawaka ka sesi tikwarhini jawaka tixatatarakweri xarhatakwa (Gomez-Heras et
al., 2013).

Urakwa jorhepikwa jimpo xekwa etsakursinti xekwa enka no sesi tinhani jawaka
BCS, xepani wantanhiataechani naanka nirani jarhak’a, xumarhakwa o enka piri-
takweri winhapikwa no sesi jawaka. Kurhikwarhu, jorhepikwa jimpo xekwa xarhar-
sinti eska tirakwa ma enka sesi xaratka ka tik’a p’'inkwani wantanhitaecha enkaksi
jima patsakwarhini jarak’a yoni jimpo isi, istu enka jawaka jorhenkwarhikwa jimini
enka nirani jawaka xerenskwa (Morales-Maximo, Lopez-Sosa, & Rutiaga-Quifio-
nes, 2018).
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Anchikwarhita ka nitamakwa p’itakaeacheri jorhepikwa jimpo xekwa

Sesi p’itakataecha jorhepikwa jimpo xekwa jima wersinti enka ma sesi pentaaka
p’itarakwechani, sesi jasi erakukwa p’itarakweri jorhepikwa jimpo xekwa ka xanha-
takwa ka xekwa p’itakataeri inteni jimpksi xesinti enka tkata jaka enka inteechani
xek’a ka xeni eska yamuntu ampe sesi etsakurhiaka jorhepikwarhu, ka xeni enka
no sesi jawaka ampe, mamajasi erokwarsinti eska weraka jimpoka marapemku jar-
hasinti enka no sesi tkwa jawaka ka y wantanhiata xarhatani tixatatarhakwechar-
hu, enka sesi tixarhaka o etsakuni jorhepikwa.

Xarhatakwa 2. Tsekukwa ka etsakukwa jorhepikwa jimpo xekwa mamajasi motsikwarhu
interi xarharhakwa jinkoni: a) Xekwaeri karakataeri tanskwa 1,b) Xekwaeri karakataeri
tanskwa 2,¢) Xekwaeri karakataeri tanskwa 3,d) Xekwaeri karakataeri tanskwa 4,a) Xe-

kwaeri karakataeri tanskwa

Eska na xarharani jaka p’itakata 2, terukutanskwa ka chuxapakwa xekweri tisinti
ukwarhini terukutapantani p’itakataechani enkaksi mamajasi motsikwechani jim-
po p’itakataeka o seani na enka jawaka mot’akukwecha etsakukata jorhepikwarhu,
intetsini xarhatachiati ayanperata naanka nipaaka kurhikweri, t'upuri japu tkwa
ka materu ampe enka jimini werunka.

K’amarhukuni jamani, jorhenkwarhikwa kurhikweri ka piritakuweri winhapi-
kwa wati tirakwarhini tixatatarakwa tkwarhikatarhu, jorhepikwa jimpo xekwa ua-
tiksi drani eska xenhaka etsakukwa jorhepikweri tkweri enka kurhik’a y wati jar-
huatani sankurantani piritakweri winhapikwa ka sankurantani enka etsakurhiaka
tarhiata jinkoni jak'untikwa ekaksi marhuatawaka iichani.

Jorhepikwa jimpo tikwa watiksini inskuni ayanperata jimankani enka jawaka
etsakukwa jorhepikweri kurhikweri, enkaksi arhikwarka jorhepikweri tanskwa, ini
jimpo y xekwa kurhikweri ch’kariri, ch’kari sapirhati tayakata, o materu ampe enka
jima pakarka o pakatsini, y anchitatarakwa jarhuasinti enkaksi na wantaxerapuni
japka jutarhukweri kurhikeri mamajasi motsikwecha jimpo enka xarharka piri-
takweri winhapikwa jimpo, enka jorheperakweri jimpo trakwa tik’a trakwarhini ka
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xeni na enka nirak’a piritakweri winhapikwa ka kurhikweri, enka urakwarka tixata-
tarakwa ttkwarhitaka, jarhuatapani xeani naninka isi tsinchini jawaka ima jorhepi-
kwa enka no wetarka, eska na tnhaka ka xarhatanhani anchikwarhitaecharhu enka
unhaka (Mario Morales-Maximo, 2019).

Xarhatakwa 3. Xekwa kurhikweri p’itakata mamaru jarhati p’itakwecha jimpo: a) sanku
tsinchikwa b)kanikwa tsinchikwa

Pakatperakwa ka erokaparini eska marhuakwewaka

Pakatperakwarhu, jorhepikwa jimpo trakwa werat’i eska jukaparhakwa trakwa
enka xeak’a tixatatakwa tkwarhikata, ayankuparinkini ayanperata sesi jorhepi-
kweri ka estakurhikwa, wetarhinchakwa weksinti jorhenkwa ka janhaskakwa eska
“waka sesi wantaxerani p’itakataechani, jukaparat’i perani chumatakwecha enka
tseritaka ka xeni nena weraski p’takatarhu. Jorhepikwa jimpo tirakwa no intenkusi
jakakutpinti tixatatarakwa ukwarhikata, intet'u niarsinti wetarhini eska anchita-
tarakwa enka yapuru isi urakwarka ka petani jimpanhi kurhirakwa ampe enkaksi
jima werka pakaratarhu o K’arhiri pakatsitarhu.
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Kwirutsikata

Biomasa arhikata kanekwa marhuaristi jimpoka jimini weratini p’ikunhasinti era-
jkutarakwa. Istu jarhasti biocombustible arhikata(BCS) eska na jinteka ch’uka-
ri ka turhiri enka ninirataranka mamaru ampe iretarhu, k’oru jarhastiksi materu
BCS eskasi arhinka modemos, intejtuksi marhuasinti niniratarani ampe justarhu
isi. Yamintu BCS marhuasinti tixatatarani ka tarhiata jinkunsi jewenturhikorheni
ka nosési tkusinti juchari anhanhatakwani santeria enkasi anhatapuechani yamu
ch’apani jaka ka k’amakunsi jarhani juatechani enka no jirinhanhantani jaka nena
camania o nena sési urani uni ampe juchari jiretakwa no sési ukorhenchati santeru.
Janhaskantani santeru arhiri ampe BCS kanekwa marhuawati anchekorhetarhu
tzitziki ikarakatarhu enka k’uiripu kamanani jarhajka pari atarakorhentani ka istu
sanhani arhini kaneni anchekorhetecha, ka jimpoka inte ikarakata ampe santeru
p’ikuni jauati echeri anhapu winhapekwa, ka ykarakuarhutu marhuatani jarhani
mamaru jasi jiretakwa echeriri.

Inchap’ikwa

Winhapekua en biomasa arhikatarhu p’ikurhini jarhajka sdnteru marhuaristi ma
parhakpeni jimesisi 10% enka trakorheni jarhajka (IRENA, 2022). Yamentu i jasi
winhapekwecha werhuntani jarhasinti mémaru jakuntikwarhi sirateri (BCS) san-
teria sirateri enka tarhu isi ninirataranhani jarhaka ampe, santeria ireta sapirha-
ticharhu, BCS urakwa enka sanhanitu aranhaka jimesi marhuani jarhasinti 41%.

BCS mamaru jarhasinti jimpoka mamaru jasi jimpo ukorhesinka, ka moj-
takokorhentani ka trakwa jimpo. sdnteru xarharasinti ch’ikariri ka turhiriri; jua-
tarhu anapu pakatseta ka istu ima ampe enka kwajpeni jaka juatarhu anapu min-
takuechani eska jinteka pellets ka briquetas arhikata ka pakapeta ka istu ima ampe
enka ikaranka pari atarantani ka pakarani jarhani.
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Enka tirani jawaka BCS, wétarhesimti eska janhaskanhaka naxani marhuxaki
kuajpeni ka anchetani juatarhu anapu ampe' i jasi itsicha eska naxani ioni mar-
huawaka istu uati santeru sési marhuani ka uinhaperani echerini ka tarheatani istu
tumunani, jimpoka noteru xani piakwewaka ampe.

Juatarhu anapu ampe jatsikorhekwa enka mitekateka BCS mamaru jarhastiksi,
maru sési ampe enka marhuakuka kwiripuni, juatarhu anapu jatsikorhekuani ka tu-
minani, ka santeru jamperi uni marhuatani BCS enka xarhatani jaka jiretakwa tata
jurhiata, itsi ka tarhiatani, ikarakuecharhu (Manzini et al., 2021; WBGU, 2009).

Marhuakwecha juatarhu anapu yurhepeta, chesi ka chukuri K’arhiri
ampe (BCS)

Chunkutanchi jauaka ma, nenenka marhuani jaka juatarhu anapu jatsikorhekwa-
cha kuajpekwa interi BCS, wénani jamani naenka tranhaka iretecharhu ka istu
inte ampe enka pawani pawani k'umanchekwecharhuchi petani jarhajka amanhe-
chakueri jukaparhata ampe.

Ch’ikari ka turhiri

Ch’ikari BCS santeru tranhasinti kotsikuarhu Mexicu. K'uiripu jimesi miyukor-
hesiti 2.8 miles de millones enkasi trka ch’ikari mamaru ampe niniratarani, itsi
jurheratarani ka jurhentatarani, inte ch’ikari santeru tirakorhesinti enka tsirakor-
heni jauaka, ka wénania p’ukuricha wanhekwa ch’apanhani (Ahmed et al., 2022).
Ka materu enkatsi juchatsini no sési ticheni jarhaka jistesti juchari anhanhatakuani
sirata jimpo, enka santeru nosési ikwaka jintesti nanakechani ka sapichani enkasi
ireta sapirhaticharhu irekaka, o kanekwa anhonhanteakarhu, ka iamentuksi sira-
tani sipiruni jarhani.

Ka paraka noteru xani tranhaka ch’ikari. Kejtatanhasti eratsekwa ma enka
sansani ampakitika ka notsini no sesi uchini. Iksi mdmaru jarhasti ka mamaruksi
marhuasinti, K'oruksi yamentu kardnhantasti nenasi marhuakwa juchari anhan-
hatakuarhu, inteni ampejtu exéparini tumineri ampe, en kueratani jarhaka ireta
sapirhaticharhu.

Inte turhiri piakata no kani sési ukusinti juchari tarhiatani, nijtu echerini ka
nijtu jimpanhe p’ukuri sapirhatichani, jimpoka inte turhuri juatarhu unhasinka,
(inte turhiri juatarhu anapu ch’ikari jimpo ukateska) turhiri ukua kanekwa no sési
ukusinti echerini. Ka méteru karantskatarhu arhisinti eska sanisi marhuakwasinka
uitsakua ikarakatechani terukutaparini echerirhu anapu jiretakuani, ka itsijtu san-
hachanku urani ka no xani urani teremta piakata ka istu noretu x4ni urani tumina.

1 Ini arhukukatarhu uranhasinti wantakwa sési marhotakwa eska na waxastak’a Vallesi et al.
(2012) “ma tratarakwa ka ma marhotakwa terentaputeri enka patsak’a yamu tsikikwani ka paka-
tak’a winhapikwani tsikikueri enka menku marhok’a terentaputeri”. Makut’u wantanhasinti xani
jintek’a yamu janhaskurikwa, kwiripuri ka tumineri ampe enka sési marhok’a.
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Pakatseta (juatarhu anapu ka ikarakatecheri atarantskwa)

Eska marhuatanhani jaka pakatseta juatarhu anapu, ka p’ukuri jatsintskua ka
kwajpekwa i ampenkuni usinti kwajpeni kichakuni jasi terenteri o jakuntikwa te-
reri, eska na jintekua, k'urhuntekwa isi jompo yamentu jasi K’arhatseta p’ukuri
jatsintskua ka kwajpekwa wétarheti eska mapurku peranhaka paraka inte uajka
xérekorhentani yatsitakuarhu ka inteni turhikwa ka jakuntikwa ani ets’askuntani.
Majkweni eska na urakorhejka amanhechakweri jukaparhata ampe jinpoka jewé-
takorhentasinka mamaru jasi yurhuntskua jinkoni (Beaumont-Roveda, 1994).

Arhisinti materu enka juatarhu anapu terenta uranhani janhaka ka terenta
piakata Gsinti sési jakuntani jiretakuani ka echerini, arhipirinkia, arho enka taj-
panhantka pari kurhiajtani inte xasi jurakusinti turhiri enka terenta turhipiti ukor-
hentka(inte no kani marhuakusinti icherini); naraxa jukaparhata ka ch’ikukuerhi
yurhintskua mamaru jasi jiretakuaksi jurakusinti enkasi xérekorhentaka; itu ju-
rakusintiksi jakuntikua enka no kani marhuakuka isini. Enka upirinka sési mar-
huatanhani terentecha upirinti kwajpenhani ini mojtakukorhekwecha.

Enka terenta piakata ttaka marhuachesintitsini ka no x4ni Grakorheni tumi-
na, arhipirinkia terenta ukorhekata ch’ikurhiri ka manakorhere sapinharhicheri ka
pakatseteri ampe. Majkueni, BCS usintiksi mojtakuni jiretakua terukutantaparini
terenta manakorhericheri ukorhekata jinkuni, enka wénaka urakorhenia ka san-
teru marhuachentsini jatsi anchekorheta ireta sapirhaticharhu. I eratsekwa ka-
ramhantasti jamnhaskua jimpo enkaksi pani jaka tekua uricha, jimpokasi santeru
anchekorheta jatsiska terenta manakorhericheri intskwari (Manzini et al, 2021).

Chesi ka chikari t’irurhekata

Mamaru jasi wataxeta jarhasti juatecheri ka tarhiateri, naenka mojtakukuarhe-
kaka enka anchekorhenhani jaka p’ukuri jatsintskweri ka kwajpekwa ka yamentu
jasi terenta urakwa, enka jewrtanhabtka chikari urhikata jinkuni o terenta pakata
jinkuni, istu chesi ka chikari t'irurhekata ujkuntskua, wantanhasinti eska chesi ka
chikari t'irurhekata tirakua no kani marhuakusinti t'unintechani jopoka maripenku
kurhuntekua jarhasinti ka interi turhiri no sési tikuni echerini ka juchari jiretakua-
ni (Searchinger, 2018). Ka maru wantasintiksi eska pellets arhikata pakatsetes-
ka chikari kachukutarakwarhu anapu ka pakapeta eska na jiteka (axantikuecha
ka wiatarakua) ka no tepakuarhu anapu chesi, jimpoka no jamperi xarharasinka
enka wénaki tsikitapuecha antantani, no xani jurakusinti inteni enka mitekateka
CO,, jimpoka anatapu sapirhaticha sanhachanitu p’ikuntasinka inteni jasi teren-
tapu enka echeri no sési jasi ampe jeweratini jawaka jiretakwantu no sési ukusin-
ti, nenawéjki jimpo enka ma sési traka yamentu jasi terenta jutarhu isi kwajpeni
jarhasinti jutarhu anapu terentani enka jantiajku korheni jarhajka wéxurhinicha
jimpo ka santeria enka no tiranhaka terenta piakata.

Ka materu, enka chesi uranhani jauaka ka chikari tsirurhekata,santeru sési
p’ikusintiksi tarhiatani, santeru imecha jinkuni enkasi anhakata jawaka ka jimpoka
ima ikarakatecheri wétarhesinka jatsini jiretakwa juatarhu anapu terenteri. I jasi
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anchekorheta BCS intspesinti tumuna antakorhekwa ireta sapirhaticharhu, jim-
poka usinka jantiojku anchekorhenhani k'umanchekwarhuku wératini ka jarhua-
peraparini tererentechani tirani.

Kamarhukukwa

BCS arhikatecha xarhatansi jarhasinti mamaru jasl jiretakua, istu mani ampe enka
marapenku isi xarharaka enajki no iwa ukorheni inte juatarhu anapu ampe kuajpe-
kwa, BCS wanestiksi, ka wanekwaksi jantiojku tikorhesinti, BCS intsipesintiksi an-
chekorheta ireta sapirhaticharhu. Ka istuksi jiretakua anhatapuechani ikarakuarhu
k’'umanchekuarhu ka juatecharhu. Maruksi BCS marhuasinti no xani drani terenta
manakorhericheri tikatani ka istu no xani jurhepenturhansi ikarakatecha ka tnsi
sési k’eransi. Pakatsetecha BCS anhatapu ch’apajpakateristi ka echeri jukari teren-
ta piakata jatsikukaterii. Jarhastiksi tséretatarakuecha enkatsini jarhuataka tsére-
takata jatsikuni BCS ka isi jamani santeru sani pakatseta jukanturhatiksi ka no xani
ujkukateri enka petanhani jarhaka yurhuntskwecharhu arhipirinkia: sésijasi xar-
hatakua, sési xarhatakua anchekorheta juatarhu anapu, ka xarhatakua eska yametu
ampe marhuatiska en justarhu jaka.
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Sani wantakwa

Terenta yurhuntskateri iwikukwa Eska na jinteka chesiri ka chikari tsirurhekateri
enkasijapentka terenta juatarhu anapurhu jintesti ma jasi terenta enkasi ireta sapir-
hatirhu anpuecha santeru tirka. Ka inte mamaru jasi uratakuecha jarhuapesiti eska
inte ampe uaka santeru sési urakorheni para no xani tiaranhaka terenta piakata,
istu jarhuasintitsini urani eska na mikukorheaka ka winhaperani imecheri janhas-
kwa, ka sanhani arhini inchatani uratakuechani enkasi yoni jamperi marhuawaka.
Itsi terenta inchatakwa ka tratakwecha enkasi Gni jawaka xanhétani terentechari
urakwa,sési jankwa K'uiripueri iretecharhu, k’oru wétarhexati eratsentani nena ta
i ampe sési marhuatanhani.

Wantakwecha: tratakwecha en jima wétarhejka, anchetakwecha, terentecha.

Inchap’ikwa

Terenta yurhintsteri ukwa(BCS) ka uratakwecha inchajtakwa ireta sapirhaticharhu
kanekua marhuawati anchekorhetarhu ka imecheri pawani ka pawani anapu ire-
kwa no xani k'uetsapeati (Morales-Méaximo et al., 2018). Terenta yurhuntsteri eska
jinteka chesiri ka chikari tsirurhekateri enkaksi jupirhuni jarhajka juatarhu anapu
pakatsetarhu jurakunsi jarhasinti jimpanhe jiretakua ka istu no xani arani terenta
manakorhericheri ukata nijtu imani ampe enka no ujka xérekorhentani echeri jim-
po iretecharhu (Chen et al., 2009). Uratakuecha jimpo jirinhanhantani jarhasinti
nena ka ampe santeru marhuakwa iretani, no jurakuparini imecheri mijkukwa ka
janhaskwa, enka imecheri irekuarhujtuksi marhuatani jauaka.

Mamaru tnhasinti inte terenta yurhuntskateri chesiri, echeri kwakariri, xants-
kwa o pijtsitakweri ampe xeréntskata, chikari urhukateri, t'urhiri ukataenka jua-
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tarhu unka ka amanhechakwa jukaparhateri, istu itsi terenta ukorhekata enka
k’arhiranhaka, urhunhaka ka ujkunhantani tiamuecha jimpo o jajki jimpo (Reyes
et al., 2016). Uratakuecha enkasi terenta yurhuntskata untani jarhajka marhuansi
jarhasinti jimpanherantani tarhiata jiretakuani, jimpoka no xani jiretanhani jar-
hasinka ikarakwarhu anapu tarhiata ka janhastpeni jarhani eska sinteru sani
uranhaka juatarhu anapu ampe.

Uratakwecha enkasi juchari wanantani jaka: tiamu anchetakwecha
enkaksi jurhepekua intspejka

Uratakwecheri wanantani, inte tamuecheri anchetakua jankorhentasintiki sési
jakuni para uni jurheperpeni terenta chesiri ka chikari tsirurhekateri ka enka I
ampe uranhaka yamentu jasi terentechajtuksi usinti mojtakuni ka sési jakuntani
echerini ka enkajtu sési urani jawaka terenta piakata, ichkasi wetarhesinti ichajpa-
ni tumina, joperu istu santeru marhuasinti juchari jiretakwarhu ka anchekorhetar-
hu; ka istu marhuakuni p'ukumuntuni, ka no jurakuni enka xani urdkorheni jawaka
(Orisaleye et al., 2020).

Anchetakwecha, janhaskua, chikari marhuatakua pari jurhepekua
p’ikuni

Juchari udnantani, kanekwa exékorhesinti chikari iranhani jimpoka inte no pian-
hasinka, joperu inchataxati eska no kani sési ukusinka anhanhatakuani, jimposi
wétarheti inchatani imani ampe enka majkueni marhuawaka eska chikari, exénata-
xati naxani marhuasinki ka naxani no marhuasinki chikari tirakwa, exéparini eska
iretarhu jarhaska inte ampe, no xani jukaparhakwa, kajtu Gni intejtu anchokorhen-
hani, istu inchajkusinti wantanhwata p’ukuri jatsintskweri ka patsantakwa, no sési
jakuntikweri, ka enka p’amenchakwa ampe tikorheaka (Francisco Arriaga et al.,
2011).chikari juatarhu wératini juanhasinti ionisia, jimpoka inte jinteska ma p’in-
tekwa nirani iwini para umantsikata niniratarani ka jurhentatarani ka marhuatani
ampenanka eratseni jawaka tni, nakirunka chikari no k’amakurhka inte urakua
wantanheatesti jinpoka p’amenchakwa uskusinka, ka wétarhexati eska wantaxén-
haka nena jimpo ta sési marhuatanhani, ka jarhuajpeni nienka uétarheni jawaka.

Chikariri marhuakwecha

o Iretarhujarhasinti: chikari yamentu iretecharhu jarhasinti ka no wétarhesinti
piani

« No jukaparhati: ka enka nema wékaka piani para jurhentatarani o umataran-
tani o niniratarani ampema no jukaparhati.

» Anchekorheta: enka nema uékaka iwini ka atarantani imantu marhuakusinti
para antani sani tumina.
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Mamaru jasi aratakwecha iretarhu

Uratakwuecha paxatiksi xanhatani ini ampe eska na p’intekwa jaka paraka uaka
exépanhani nena marhuaxaki Inchatanhaxaki sanhani arhini eska na wétarhepani
jawaka iretecharhu I xasi eratsekwa uratakwecheri: enka marhuani jawaka tumi-
narhu, enka no ukwa jukaka, ka mitekatensi. Eratsekwa jinkuni arhi ampe incha-
tanhaxati:

Ima ampe enka mitekateka ionisi: enka inchajtanhaka uratakwecha eska
no tamu jurakunhaka p’intekwcha ka irekwa, inte jintewati eska no xani ukwa
jukaka anchekorheta.

Marhuari: inte anchetakwecha isi ukata jawati eska no ukwa jukaka urani, ka
no jukaparhani para tni pianhani.

Marku anchekorheta: eska ireta marku anchekorheaka menkisi parakaksi
uaka exéni ampe wétarheni jarhasinki, na tirani ka na kuajpeni.

Mijkukua: inte uratakwecha no tikwa jukati para tirani ka Gni arakorheni na-
niwejki nanka jatini wekaka.

Jarhojpekwa ka juramukua: iretecheri eratsekwa kanekwa jukaparhakwes-
ti jimposijinyeti eskaksi eratseaka irekuarhu anapu ampe, ka isiksi tini jurhentpe-
rani eska jawaka jarhoperata ka uinhaperakua

Jurhentperata: janhanharhini ka Grani janhaskwechani iretarhu yamentu
jasi jurhenkua ka janhaskwa, enka menkisi aranhaka.

Jatsikorhekwa ampe tGrani: jankorhentani no x&ni Grani pakata ampe ka
santeru sani trani iretarhu anapu jatsikorhekwa, isi jarhuapeati tumina untani.

Tua anapu wantatskwa: inte anchetakwacha uratakwa ma enka kw’iripuni
marhuakuaka, tuminani, ka nitamakwechani, enka jankorhentani jawéka jirinhan-
tani sésijakua yamentu k’uiripuecheri.

Santeru ampe janhaskani: nakirunka isi xdrharka enajki no ukwa juka, no
jurakusinti santeru ampe jirinhani enka marhuawaka kwajpeni iretarhu anapu wa-
tanheatechani.

Terenta chikariri, enka ukorheka mamaru jasi chikari tereriri, chesiri, amanhe-
chakwa jukaparhata ka santeru ampe, intejtu uranhasinti parhankwarhu, jimpoka
no xani trakorhesinka ch’ikari. I ampe xarhatasinti sési ampe ka istu wantanheata
arhini ampere enka chunkumaka arhini:

Ampe marhuasinki ch’esi ka chikari ts’etukaka

Winhaperasinti jiretakwani:no xani no sési ukusinti anhanhatakwani eska
materu jasi kurhikakwri jakuntikwech.

No ukwa jukasinti trani:ireta sapirhatichani marhuakwasinti jimpokasi
asinka jurhentatarani.

No ukwa jukasi nti tanani: jimpoka pakatseta marhuasinka ka istu axatikuas
ampe o wiatarakwa ampe, enka marhuaka urani juatarhuanapu jatsikorhekwa
ampe.
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Wantanheata

Ikichakwa jewukorheta: interi tarhiata matirku jurakusinti jakuntikwa.

Mamaru jasi: jimpoka mamaru jasi jakuntikwa ukorhesinka exéparini am-
penka urani jawaka ka nena urasinki.

Ampakekwa ka jatsikwa: jatsikorhekwa ka urakuecheri ampakekwa, anta-
peratesti.

Xarhatakwecha jatsikorhekwecheri ka tumineri: ujkukwa, ka motsita-
rakwecheri marhuakwa istu tumineri.

Pellets ka Briquetas tirakwa
Marhuakwa

Ampakiti jiretakwa: wimhaperatarakwa ka ka uni patsakorheni

No xani xarharani mojtakukorhekwa: imeri kurhikwa ampakeni ka no ju-
rakusinti jakuntikwa

Pakatsetecheri marhuakwa: enka Granhaka pari kurhikani.

Miatakwacha

Tumuna inchajpakwa: para uratakwa ampe piani jukaparhasinti, k’oru antakwa
imesintia enka noma ampe paaka.

Pakakapeteri trakwa: menkisi jarhas'l'nti iretarhu.

Pats’akorheni: usinti K'arhintu yoni jamperi pats’akorheni.

Jinkunku urani: jinkunku kamni eska sésirhuawaka

Jurhemperata: jurhenani urani ka ka jurhntpeni jinkunku kankwa.

Nena jatsikuni ka ampe urani

Jurhentatarakua ka erajkutarakwa: suanteri jimpo jurhepenhani ka istu era-
jkutarakwa intspeni.

Terenta urakwa: jarhasti ma jasi anchetakwa enka kaneni jarhajka erajkuta-
rakwa ireta sapirhaticharhu.

Parhankua, ka kurhipatarakwecha: enkasi tjka kurhikanhani,santeruksi
marhuatasinti yamentu jasi chikari ka noksi xani p’ikuni siratani enka no sési uku-
jka anhanhatakuani.

K’'umanchekuani jurhoperani: yamentu jasi chikari sapinharhi usinti urakorhe-
ni para jurhepekua p’ikuni.

K’amarhuta
Mamaru jasi uratakwecha enka inchatanhaka ka jarhuakorhetarakwa ampe iretar-

hu jintesti eskachi sési marhuataka, para no jurari jamperi no sési ukuni juchari
jiretakwani, tarhiatani ka echerini ka nijtu juchari anhanhatakwani, briquetea-
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doras, pelletizadoras y biocombustibles sélidos, arhikatecha urakwa ka iretarhu
anapu janhaskwa ampe, inte ampetsini jarhuatati uanokuni uétarhenchakwa ka
jarhuantsini kwajpeni. Materkia. I ampe ueakua jintesinti miteni naxantsini mar-
huachesinki ka nani no marhuasinki, exéparini mikukwechani iretarhu anapu san-
teria ireta sapirhaticharhu.
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Kwirutsikata

Jimakani wantotskwariteecha parhakpinirhu jini Estocolrhu, yorhukwa, wantas-
kukata 21, Kioto, pakatperak’a Parisi, wetarhisinti ikaskuni enka p’akak’a orhe-
makwechani enkatsi kwaperakwa, pikwarhitsekwa ka ikaskukwa juramperakua
tarhiaateri. Irechakwa Méjiku kuparhatasti achikwarhiteechani juramukwa,
emankatsi tseritaka ka ikaskukatsi ini irechakwarhu, terukuntskwa juateri, ka iki-
chakwa titkwa nana kwerap’iriri, jorhetperakwa nana kwerap’iriri , ka materu ampe,
isi erokaparini esika kwachakwaka ka sesi pentani sesikwa nana kwerap’iriri. I jor-
henkwa jirinhatasinti éxeani tsirutakwechani juramukwa tintsperakweri ka ireteere
anchikwarhita enk’a marhuakwak’a ini jimp’anhi anchikwarhitani tintsperakweri
jimakani weratini xanhatani anhatapue iretecheri. Exentskwecha orhemani jamani
werasti esik’a, jarhasik’a ma k’atakata kw’iripuri juateri tsunapiti emank’a jantiak'u
jatini ireta tkwarhiak’a janhasikakwa yamintuecheri Giati pani anchikwarhitee-
chani xarhintk’u weratini emank’a sesi pentak’a nana kwerap’irini ka jurhitikweri
sesikwa, jimamintu trakwarhisinti imani tintskwa p’iarani ka aratskwa emank’a
marhuatak’a xanhatakwechani ch’operi.

Wntakwa arakateecha: juramukwa nana kwerap’iriri, irechakwa, kw’iripu
niatati, juramukuni, jurakuni tsiratani.
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Inchap’ikwa

Juramukwa tarhiateri jima weratisti ayaperatakweri yamintuecheri, enka kw’api-
pirinka juatani ka terukutakwa ka jimakani p’iarakwa tumineri yont’iki anapu ,
jayapanhantaka meni janhasikakwa anchikwarhiteechani ka marhuatani tsitirani
want’anhiata juata, enka ikichakwa tni jakano imak’u juchari juateechani, sani
isik'ujanchperata nana kwerap’iri (Ostrom y Ostrom, 1977, 1977; Buchanan, 1995,
samuelson, 1954).

Anchikwarhita irechakweri ts’eritperakweri anku juchari ampe, p’itarasinti
terukutani jankuechani enkatsi texutak’a nana kwerap’iri, joperu imat’u, wetar-
hisinti tsitirani imeechani enkatsi jarhuaka ka tkatsi terukutani ambiental. Isi
arhikwesinti, tsimani achikwariteechani jatsiti enkatsi marhuani jaka, enka isik’'u
ewakuarhiaka makuni meyamperakata, imani orhemani jimpo imakusi wetarhiti
marhuatani juramukwa nana kwerap’iri ka tsimantarhu wetarhisinti antaparhaku-
ni jima jayapanhitarani paraka mitiak’a mititarani imani sesi ukw’a ampe (e.g. xan-
hatakwa enk’a jupirhuk’a ka kw’achaperakwa anhatapuechani, jayapetaratskwa
nana kwerap’iri, anhatapu ikaskukwa achikwarhiteecha, anhatapu kwachakukwa,
ka materu ampe), ini k’amarhukwecha tatitsi marhuatani juramukukwechani
enk’a sani isi wantani jawaka mayamperakwa o Gani terekutatani mayamperakwa.

Paraka tkwarhiaka anchikwarhiteecha irechakwarhu anapu esik’a na jintenka
kw’achakuni ka sesi jakutani juchari sesikwa nana kwerapiriri, jarhastitsi achi-
kwarhiteecha juramkwa yamituecheri nana kwerapiriri (IPPA) emanka yapuru
parhakpini p’ikuastaaka esika achikwarhita ma enka p’intark’a ma kunkwarhikwa
achikwarhiteechani emankaksi juramutiicha irechakwarhu anapuecha marhuatani
juramukwa wek’kaksi motakuni kw’iripuecheri jankwa.

Ma IPPA jintesti anchikwarhita enka p’inkunk’a, ka etsakuk’a, arhitsikuni o jor-
hetani wanikwa niatakwechani juramukweri, jimesisi urasinti esika jantiaku jatini
o urani naki no wekani jawak’a (juramuti — manatperkwa ).

Isi wantasinti Acciai ka Capano (2020) kw’iripuecheri juramukwa jintesti ma
kunkwarhikwa yamu amperi emankaksi tankwarhitk’a ka kunkwarhini anchikwar-
hita Gni, anchitani, chunkutamani, ka tseritani imani IPPA enmanka pintakwar-
hik’a wanikwa axatakwechani ka emanka karakateechani isi arhikwarhik’a itsiri
marhuatakwa emanka kurhakwarhik’a jewetani eratsikwa anchikwarhiteri nana
kwerap’iriri imani jak’akukwa jinkoni ka jak’akukwa juramukwecheri jinkoni.
(Avalos et al., 2021).

Jirinhatskakwa itsiri jima niantasinti IPPArhu emanka kurhakwarhika kw’iri-
piecheri achinkwarhita paraka no tikwarhiak’a texurhikwecha ecolégico ka jima,
juramukwa jatsiti orhetani anapu anchikwarita jimpoka p’itarasinti ma eratsikwa
ka kunkw’arhikwa emanka wetarhika jarhuaperakwa mamaru jasi anchikwarhitee-
cha maratk’u ka mapuruk’u (Pahl-Wostl, 2019; Kellogg y Samanta, 2018; Birken-
holtz, 2008; Eberhard et al., 2017; Armitage et al., 2012; Lane et al., 2011; Loc-
kwood y Davidson, 2010).

Wetarhichakwa eratsentani ankweri, kw’iripuecher tikuecha esika jima santeru
nirasinka kankwarhini imani IPPA, wetarhisinti ayakuni anchikwarhitama emanka
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jayapanhatanka juramukwa nana kwerap’iriri, ma jintesti esik’a nitamak’a jima
sirateechani k’amakuni ka eratsitantani esikatsi ikichakwa tchuxaka ka esikatsi
motakuntaxaka juchari nana kwerap’irini, ka ima ampesi notsini sesi uchixati, ka
wetarhisinti tseritani para tni ka jukaparharantani janhasikakwechani iretecheri
ka yamut'u enkatsi parhakpinirhu irekani jak’a irak’a ini k'uachakukwechani. Ixu
erasinti esika wetarhisika jinhaperantani janhasikakwechani iretarhu anapu ka tsi-
tirani ka ikwarhiak’a k’ataperakwa janhasikakweri esik’a na exepantak’a wetarhin-
chakwechani.

Nitakwa jintesti ini anchikwarhiteri exeni imani pintakwarhikwechani imani
juramukwa energética ka dkwechani iretarhu anapuechani imani anchikwarhita-
rakwa emank’a mitpitarak’a janhasikakwechani ka tkwa janhasikakwa iamitue-
cheri, enka isi arhikwarhik’a k'umanchikwa jorhentperakwa exekweri ka emanka
jintenk’a jimpanhi exeperakwa K’atakata jimesisiemank’a no sesi tkwerhik’a ka ja-
yapanhitani juramukwa ixumiti irechakwarhu Michuakani.

Mitikwecha parhakpini anapu ka iretarhu anapu jimpanhi akwa
paraka nitamaaka imani juramukwa winhapikwecheri.

Jini Suecia imani wexurhini 2016 ka 2018 werastitsi nitamakwecha exenhani ja-
pK’a, nenemank’a ima tsimani jimpanhicha ka Re: Source; orhemani jamani jir-
hinhatapk’a jarhuatani nitamatarani kamarakwa imani tuminani tatsikata tsipikwa
imakani jamperi 2050, jikani tsimantu ini werasti tumineri xanhatakwa orhetsi-
kuri parhakpiniru enka saikuntepk’a ka meteru wentani arani iteni kK’arhatsitee-
chani, isi p’'intakwarhiparini imani jimpo etsakutarini marhuatakwa, ma k’atakata
tintskweri tsekukata ka isi arani sesi jimpo imani k'umanchikwa achikwarhikwaka
kw’iripuecha (Grillitsch et al., 2019).

ka irechakwa Mé¢jiku, ma mitikwa emanka terukwak’a imani juramuti jimpan-
hi k’atakata, jintesti nitamakwa isi arhinhakata K’atakata Jimp’anhi Irechakwarhu
Méjiku (SIEM) werapk’a imani wexurhini 2011 yapuru parhakpini anapuecha jim-
po ka iretecharhu erokasinti esikatsi jayapanhitak’a kunkwarhiparini ka tsipiparini
yamituecha iretarhu anapuecha imecheri janhasikakwa jinkoni. Ka jima weratini
exeni kani ampesik’a eratsentani ini p’intarhikwani ireteechani iak’a ini achikwar-
hitani tintskweri emank’a marhuakwak’a tsikintskwa ireteri ka icha yamintu jima
niatasinti IPPA.

Ma IPPA jintesti xanhatani juateechani tsikitatani isi kurhankuparini esika an-
chikwarhita patsaxani juateechani werak’a ma nitamakwa emank’a eratsekuak’a
néna tserita na jaxisiki ka naxanisiki inte juata emanka urakwarhiaka, isi Gparini
imani exeparini sesi niatakwechani ka karapantani kwaperakwechani ka tsiki-
tantskwechani. Wetarhisinti sesi marhuatani juateechani, achikwarhitechani, ka
niatakwechani emankatsi tsikitantak’a, juatechani sesi jakutaparini exeparini ka
miyuparini tsipikwa ka sesi jakuntaparini imani terukukwa nana kw’erap’iriri (Von
etal., 2004).

Yasi jamperi exenhatati esika, jarhasik’a katakateecha tsunapiticha yapuru isi
axatarhakwarhu marapetkweri ka metkisi jintestitsi mitararakwa emank’a jatiak'u
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jatini ireta ik’a janhasikakwechani yamituecheri emanka pani jawaka anchikwar-
hiteechani xarhitk’u jatini emank’a parhakw’ataka nana kw’erapirini ka sesi ikwa
jurhiatikwechani emank’a jarhuatak’a jurakuni tsiratani jini Méjiku ka tsitirani ani
sesi marhuatani tintsperakwa ka yamit'u ampe enka itsi jimpo tk’a.

Ukwa tarhiateri emank’a atarantak’a Méjiku xani isiti 2,700 kutsapikwa keri
mantani wexurhini ka jimak’u niantasinti k'umanchikwa anchikwarhitarhu iteru
parhakpinirhu mitikata. Nakiru ireta jorhekwarhiicha ayakwarhini jarhak’a arhi-
tperakwa emank’a santeru winhaperantak’a inteni tintsperakwani irechakwarhu,
jarhastiterutsi orhutakwecha orhukwak’a kw’iripuechani ka tuminani, imani jim-
po sesi jankua enk’a xarhatak’a imeechani sesikwechani emank’a terukuntani jak’a
tarhiateri ka intsani jak’a jurhimperakwa imerakwarhiparini interu parhakpiniru
esika na pakatperapk’a Parisi.

Maru jankwecha juramutiri paraka winhaperani juramukwa
winhapikwecheri Méxicu

Wanistitsi orhutakwecha juramukweri emanka Méjiku jatsiak’a paraka tak’a
tukwarhini juramukwa tintsperakweri, wenani jamani perasinti imani jurhimpe-
rakwa sesi jankweri (sesi ini)- juramukwa (sesi itkwa) — misikwarhikwa ka jimpan-
hitskwa (jayapanhitskwa) emank’a tsitirak’a esika sesi werak’a achikwarhira sira-
teri jurakukwa, ka arakwa tarhiateri uraparini kat’apiti k'urakwa o sesi marhuatani
tsimaperani ampe, wenani jamani juatani, atsintskwa ka manakurhirichani, imani
exepariani orheta achikwarhiteechani Méjiku anapu.

Urakwa tarhiateri jitemprinti mokuntskwa tumineri emanka xanharani jaka ka
tsitirani nitamakwa tintsperakweri ka sirata jurak’ukweri, isi werapani juramukwa
tintsperakweri, i jintesti ma isik'u kwecha, joperu i santeri jukaparhatiti jimpoka
maru pak’atperakwecha parhakpinirhiu isi erokaxati tintsperakwa erak’a tarhiatar-
hu ka ini jurhiatikwechani tiraxatitsi imani xanharuchani enamka tsitiraka xanha-
tani sesi nana kw’erap’iriri kontperakwa.

Méjiku jarhasti jima emanka atarantani jarhak’a tarhiateri, imani wenaparini
tsarharutskwa , ka kurakwa turhipinhariri, nakiru 100% tarhiateri jini Méjiku, xan-
tkusi 1.4 % atarantani jarhati, ka materu marhuaxati tini marhuatakwarhini imeri
kumanchikwa tsarharakwecha esik’a na jintek’a PEMEX.

Ma janhasikakwa emanka marhuani japirinka @ni tarhiata xunhapiti jini Méji-
ku, jintesti trani imani tsarharutatskata kumanchikweri achikwarhiteri imani tepa-
parhakweri ka siranteri, isi ayak'unhasti esika 17 H2/ orhetsikuni, esika inte jintes-
ti miyukwa santeri K'eri tarhiata takwarhintati emanka k’amarhuni jawak’a imani
jurhiatikwa urhukweri. Imatu, jorhekwarhinhati na janasini aluminio tarhiatani
urapiti jinkoni (NaOH), pakatperasti esika p’ianhani japirinka 3878 tseriperakwa
sapichu inteni NaOH, imani 100 jirhisichani aluminiori ka imani k'ukuarhikwa
jinkoni molar Al/NaOH=2, tiati ini xani 5.35 kW/ma jatakwa xani jukaparhani
$3.9 pesu mejiku anapu (Martinez y Perry, 2015).
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K’amarakwa eratsitskwecha

Jarhastitsi wanikwa janhasikakwecha enk’a t’atsiraka exeni esika Méjiku jatsiasik’a
marhuatakwechani tsipikweri eratsitaratskweri paraka sontuk’u jurakwaka sirata-
ni, jimpok’a xani K'ontperakwa itsikiti nana kw’erap’iri, emank’a janhatani jak’a
nenemanka Gk’a meteruni isi marhuatani tintsperakwani. Joperu, wetarhisinti ani
esika nitamak’a tintsperakwa jintesti orhutakwa ma emanka jima sani exeni jaka
esika jawak’a tintsperakwecha enka waxari urakwarhiaka, orehemani jarhati tumi-
neri patsaxakwa ka kw’iripuecha, emank’a tk’a orhepani jarhani pakatperakwar-
hu kw’iripuecheri ka notsi jintesti mitatarakwecha emanka tsitirak’a juramukwani
tintsperakweri.

Meyamukwa

Imani katskukuani k'umanchikwa tsinapetarakwa jimpo Mejiku kunkwarhikwe-
ri irechakwa kw’iripueri, janhasikakwa ka mimixikwa (CONAHCYT), ka imani
k’'umanchikwa jirinhatatiri parhakpiniriri nana kw’erap’iri jorhentperakwarhu ire-
chakwarhu jantiak'u Mejikuri, waxatakata Morelia; k'umanchikwa jorhetperakwa
Michoacana tata Nicolas Hidalguri ka imamintu, yamitu kw’iripuechani emankatsi
jarhuataka, sesi pentani ka arhitatsperakwa ini takukukateri.
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