EVALUACION TERMO-ECONOMICA DE LOS RESIDUOS SOLIDOS

APENDICE C. CALCULO TERMODINAMICO DEL SECADOR Y DEL REACTOR

ANALISIS SECADOR

Q;,=Calor suministrado para el proceso

Q,q¢=Calor de perdidas por ineficiencia

Qg in=Calor que contiene el aire atmosferico al ingresar al proceso
Qg ou=Calor a la salida del aire

Q,,=Calor que requiere el agua para evaporarse

Mg in=Masa de entrada de aire
M, =Masa de agua involucrada en el proceso

H i in=Hentalpia del aire a la entrada

H i noi=Hentalpia del aire posterior a su calentamiento

H.ir ou=Hentalpia del aire a la salida
Hyvaperization=Hentalpia de vaporizacion del agua

Hugps airin=Humedad abosluta del aire en la entrada del proceso
Parametros de entrada

Min = 1 [kl

My = 0,7 - My,

Tamp = 298 [K]

Tinbiomass = 298 [K]

Tinair = 298 [K]

Toutar = 313 [K]

Cpair = 1,005 [kJ/i(kg™k))

Balance de energia

Qin = Qiost — Qairin + Qairout + Qw — Quon + Qbiomass
Qairin = Mair - Hairin

Hairin = Cpair * Tinair

Humidity zirin = 0,018

Hairhot = Cpair * Tairnot

Tairnot = 393 [K]

Qairout = Mair - Hairout

Hairost = Cpiair = Toutair

Qw = Mwt- Hwyaporization

Mwi = My + Humidityicin - Mair

Hwvaporization = 2257 [kJ/kg]

Qwin = Mwt- Hwin

Hwin 104,83 [kJ/kg]

Qiost = 0,1 - (Qairout — Qairin + Qw — Qw;in)

Qpiomass = Mboiomass - Cpiomass - ST.viomass
Mpiomass = Min — My

Cppiomass = 2,73 [kJ/(kg'k)]

STbiomass = Toutpiomass — Tinbiomass

Toutbiomass = 313 [K]



EVALUACION TERMO-ECONOMICA DE LOS RESIDUOS SOLIDOS

Balance de entropia
55 = Osair + 55w+ O5piomass

Toutair

Ssar = Mair - Cpair - In
Tin:air

Ssw = Mug- (Swz — Sw1)

Sgpiomass = Myigmass - Cpviomass - In

Toutbiomass ]
Tin;piomass
Swi = 0,3672 [kJ/I(kg'k)]

Sw2 = 7,3542 [kJi(kg*k)]

Balance de exergia

6x = Oxair + Oxw + Oxbiomass

Sxair = Mair * (Hairout = Hairin) = Tamb - 8s:air

Sxw = Myt (haz — hw1) — Tamp - Ssw

Oxpiomass = Mbpiomass -~ Shbiomass — Tamb - 9Sbiomass
Snpiomass = Cpubiomass = STpiomass

hw1 = 104,83 [kJ/kg]

hywe = 26756 [kJkg]

Exergia Quimica antes de que la biomasa entre al secador
Exgq1 = B * Qi1

. 076 — 01 - 3_1 + 0,052 - 2_1
p = (00143 - O_'+ 15019 | - 1 . L
! 1 - 0487  —

]
Qic1 = Qse1— 226 - Hy - 251 - Wy

Qscy = 355 - C12 - 2322 - Cy — 2230 - Hy + 512 - Cq - Hy + 131 - Ny + 20600
Cq

0635 - FC + 046 - VM — 0,095 - ASH
Oy = 034 - FC + 0,469 - VM — 0,023 - ASH
Hy = 0,059 - FC + 0,06 - VM + 001 - ASH

Ny =0
S5 =0
wy = 27 400
03
W ,=contenido de humedad en base seca, segin indica el articulo
FC = 10,532
VM = 68,393
ASH = 17

Qic1pruena = 3483 - Cq + 8826 - Hqy — 10272 - 04 — 248 - Wy — 10,8 - S4 + 651
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Exeraia Quimica desoues de aue la biomasa sale del secador
Exa2 = B - Qic2
Qic;z = Qsc;‘] - 226 " H1 - 25,1 " W2

W, = 25
Hy MC
Qjea: = Qgeq— H ization - |9 - —— ¥ ——
ic;2;prueba sc1 wvaporization [ 100 100 ]
Mc = 22 100
50

MC=contenido de humedad en base humeda, segun indica el articulo
ANALISIS REACTOR

Balance de energia

Qinr = Qbiomassyr + Qoyproduts + Quostr

3000
1620

Qb'romass:r = Muiomass:t : Cp.momass - &T:biomassy + Mbiomass:r ’ Cp:biomass - BTpiomassyr °
Mpiomassy = 0.4 - Mpiomass

OTpiomasst = Toutbiomassr — Tinbiomassy

Tin;biomass:r = 208 [K]

Toutbiomassyr = 943 [K]

Qbyproducts = Qgasr + Qoitr + Quer
3000

Qgasr = Mgasr - Cpgasy - ST.gasy + Mgasy - Cpgasy - 8Tigasy - ——
1620
Muas:l = 0,05 - (Mpiomass — M)

Cpgasr = 18694 [kJ/(kg*K)]

OT.gasr = OTbiomass;

000
Qoity = Moty - Cpoity 8Tooitr *+ Moity - Cpoites SToollr - 1620
Mairr = 025 - (Mpiomass - My:r)

Cpyity = 0,7 [kJ/(kgk)]
ST.oilr = OTpiomassi

3000 segundos, equivalen a los 50 minutos de torrefaccion a la Temperatura de 270°Cl 1620
segundos, equivalen al tiempo utilizado para llegar a la temperatura de torrefaccion

Qw;r = Mw;r' Hw,vaporizaﬁon

Qiostr = 0,1 - Qiny

Balance de entropia

Osr = Ospiomassyr + Osgasr + Osoilr + Oswr

ToutbiomaSS'r
Sspiomassr = Muiomasst -~ Cpbiomass - In [—
Tin;biomass;r

Toutbiomass:r
Sg.gasr = Mgas;r‘ Cp;gas;r‘ In [—
Tln:biomass:r
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Ssilr = Moiir - Cproitr- In

Toutbiomass:r ]

in;biomass;r

Sswr = Myr- (Sw2 — Sw1)

Balance de exergia

Sxr = Oxpbiomassr *+ Oxgasr + Oxoilr + OXxwr
Sxbiomassr = Qbiomassr — Tamo - OS:biomass:r
Sx.gasy = Qgasr — Tambp - Ssigasi

Sxoilr = Qoitr— Tamp - Ss;oilr

Sxwr = Qwr— Tamp - Sswr

Exergia Quimica despues de que la biomasa sale del reactor
Exar = Br1 - Qicr

1,0412 + 0216 - 12 _ 02490 - D2, l4.+07838 - Pz | « 0,045 - L
— C2 C2 Cz C2
Br1 = 5
1 - 03035 - =2
Cz
. 076 — 01 - 8_2 0,052 - 2_2
Br = |0,0143 - 0_2+ 1,5019] : 2 T <
2 1 - 0487 - -2
02

Qicr = Qger— 226 - Hy — 251 - W3
Qger = 18000

Qecrpuspa = 3,55 - C12 = 2322 - Cy — 2230 - Hy + 51,2 - Cq - Hy + 131 - Ny + 20600
C, = 0635 - FC, + 0,46 - VM, — 0,095 - ASH,

0, = 034 - FC, + 0,469 - VM, — 0,023 - ASH,

Hz = 0,059 - FC; + 0,06 - VM, + 001 - ASH,

Nz =0
Sz =0
W3 = 3791

W ,=contenido de humedad en base seca, segun indica el articulo

FCy, = 19957
VM, = 59,39
ASH, = 17
Hs MC,
Qicr. = Qser— H ization =+
icrprueba2 scr wvaporization [ 100 100 ]

MC,; = 3,6526

MC=contenido de humedad en base humeda, segun indica el articulo
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Unit Settings: S| K kPa kJ mass deg

ASH =17
Cp=3838

8s =95,712
dsr=161

5T.oil,r =245 [K]
Sx.oil,r =9,099
Exq,r = 19100
Hair,not =395 [kJ/kg]

Hw, vaporization = 2257 [kJ/kg]

Mgas,r =0,005001 [kq]
N¢{ =0

Qbiomass = 12,29 [kJ/kgK]
Qijc 2 = 13362

Qiost = 174,6 [kJ/kg]
Qu=1761 [kJ/kg]

sw2 = 7,354 [kJI(kg™k)]
Toul,air =313 [K]

Wy =25

Br=1,068

Cp,gas,r = 1,869 [kJ/(kg"k)]
8s biomass,r = 0,1966 [kJ/k]
8T biomass = 15 [K]

8x biomass = 0,2992 [kJ]
Sxow,r = 34,97 [kJ]
Humidityair in = 0,018

hw1 =104,8 [kJ/kg]

Mair = 4,459 [ka/kJ]
Mw=0,7 [kg]

02=3425

Qgas,r = 6,531 [kJ/kgK]
Qic,r,pruebaz = 16920
Qsc. 1 = 15095 [kJ/kg]
S1=0

Tin,air =298 [K]

VM =68,39

ASH> =17

Cp.air = 1,005 [kJ/(kg*k)]
8s,air =0,2201 [1/k]
5w = 5452 [kJ/kgK]
Sx =383.2

Sxr=2193

FC=10,53

Hair,in = 299,5 [kJ/kg]
MC =40

Min =1 [ka]

N> =0

Qbiomass,r =228,9 [kJ/kg-k]
Qic,2,prueba = 13198
Quost r= 77,67

Qw,in= 81,79 [kJ/kg]
Tair,hol =393 [K]

Tout biomass = 313 [K]
W3 =3,791

Br1 =1,137

Cp.oil,r = 0,7 [kJ/(kg"k)]
8s.gas,r = 0,005609 [kJ/k]
8T biomass,r = 245 [K]
&X biomass,r = 170,3
Exq,1 = 8776

Hi =4,895

hyp =2676 [kJ/kg]
Mbiomass =0,3 [ka]
Mwr =02 [kg]
Qair,in= 1335 [kJ/kg]
Qic,1 = 8133

Qjp =1933

Qgc r= 18000 [kJ/kg]
So =0

Tin,biomass =298 [K]
VM2 =59,39

B =1,079
Cp,biomass = 2,73 [kJ/(kg*k)]
8s,biomass = 0,04022 [kJ/K]
sw,r = 1,397 [kJ/K]
Sx.air = 1,637
Sxw =381,3 [kdikg]
FCs =19,96
Hair,out =314,6 [kJ/kg]
MC2 = 3,653
Moii,r = 0,025 [kq]
04 =3527
Qby,products =470,1
Qijc,r = 16795
Qoil r = 12,23 [kJ/kg-K]

r =451,4 [kJ]
Tamb =298 [K]
Tout,biomass,r =943 [K]

C1=36,53

Sh.biomass = 40,95 [kJ/kg]
&s.oil,r =0,0105 [kJ/k]
8T gas,r =245 [K]
&x,gas,r =4,86

Exq2 = 14418

Ho = 4,911

Hw,in = 104,8 [kJ/kg]
Mbiomass,r = 0,12 [kq]
Mwi =0,7803

Qair,out = 1403 [kJ/kg]
Qic,1,prueba = 7701
Qinr =776,7
Qsc.r,prueba = 15095
w1 = 0,3672 [kJ/(kg*K)]
Tin,biomass,r = 298 [K]
Wi =2333



