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Abstract

The usage of fossil fuels and accumulation of waste into landfills have a negative effect on the environment and generates
climate changes. Waste and flue gas conversions into multi alternative synthetic fuel products and energy have the poten-
tial for CO, emission reduction by using the complete circular economy and the carbon effect technique. The novelties of
this study include the carbon effect technique, which predetermines the amounts of products’ production and energies’
heat flows, dependent on the carbon amount, into raw materials, and predetermined carbon conversion into CO and
CO,. This technique also contains a simpler mathematical model for predetermining the amount of different synthetic
fuel products’ production using the same raw material and process units. The individual synthetic fuels with different

addition amounts can also be used as a new fuel mixture.

This approach is illustrated by the multi alternative production of synthetic fuel productions, such as methanol, ethanol
and gasoline, by using MSW and flue gas, and the carbon technique, which can reduce CO, emissions by 3.5 10¢ kmol/a.
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1. Introduction

The global amount of municipal solid waste (MSW)
placed into landfill has been rising steeply, and therefore
they must use it as raw materials. The co-gasification of
MSW as conversion technologies can generate useful sus-
tainable products, such as ethanol, synthetic gasoline,
methanol and other co-products and energy by using gas-
ification, plasma, etc.

Many researchers pay a lot of attention to gasifica-
tion systems. Messerle and researchers presented the ther-
modynamic analysis and experiments on the gasification
of biomedical waste in a plasma reactor. The calculations
have shown that the maximum yield of synthesis gas in the
waste plasma gasification in the air and steam medium was
achieved at a temperature not higher than 1600 K.! Pan et
al. presented a hybrid design that combined waste gasifica-
tion and coal-fired power generation, which has been pro-
posed for improving the waste-to-energy process. In the
integrated scheme, municipal solid waste is fed into the
plasma gasifier and converted into syngas, which is pre-
cooled by the feedwater of the coal power plant, and then

conveyed directly into the coal-fired boiler for combus-
tion.? Lam et al. developed the two-stage optimisation
model macro- and micro-stage. The micro-stage involves
the optimisation and allocation of waste (e.g., biomass, in-
dustrial waste, etc.), as well as the design of an integrated
processing hub. Meanwhile, the macro-stage handles the
synthesis and optimisation of the waste-to-energy supply
network.?> Cucchiella et al. presented a strategy analysis of
the amount of waste required to incinerate with energy re-
covery, considering different approaches based on unsort-
ed waste, landfilled waste and separated collection rate,
respectively. Consequently, the sustainability of a WTE
(Waste to Energy) plant is evaluated as an alternative to
landfill for a specific area.* Diyoke et al. developed a gasifi-
cation model in Matlab to simulate a downdraft gasifier
using wood as the feedstock. The downdraft gasifier was
divided conceptually into three zones: The pyrolysis zone,
the combustion/oxidation zone and the reduction zone.”
Behrend and Krishnamoorthy explored alternatives to
landfilling using a multi-criteria decision-making model
and a linear optimisation model. This process ranked the
gasification alternatives using various criteria, and deter-
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mined that steam gasification was superior to the other
options, due to its capacity and clean by-product gases.®
Nguyen and co-workers investigated the characteristics of
the residues after gasification of bagasse pellets in a
semi-industrial scale gasifier, and their potential for use as
CO, adsorbents.” Okati et al. developed a computational
model to evaluate the plasma gasification process of poly-
chlorinated biphenyl wastes. The model was created in the
Aspen Plus’ commercial software.® Barontini et al. pre-
sented the co-gasification of woody biomass with organic
and waste matrices in a down-draft gasifier. The model was
calibrated with the experimental data, and proved to fit the
syngas composition and physical properties with satisfy-
ing accuracy.’ Chanthakett et al. researched a critical as-
sessment of waste to energy gasification technology for
the municipal solid waste (MSW) on processing, energy
recovery, environmental performance and economic per-
spectives, including both the explored and identified suit-
able simulation tools for optimising the gasification.! Saif
et al. developed an innovative method to produce
high-quality syngas for converting into aromatic hydro-
carbons by using the co-gasification of biomass and plastic
waste, including advanced reactor designs, fine-tuning the
process parameters and developing robust catalysts.!!
Hasanzadeh and co-workers proposed the gasification of
polyethylene waste using Gibbs free energy minimisation
and the Lagrange method of undetermined multipliers. A
central composite design was employed, to assess and op-
timise the polyethylene waste gasification. The findings
revealed that hydrogen production was improved signifi-
cantly by 48% by raising the steam to polyethylene waste
ratio according to the water—gas shift and reforming the
reactions. The hydrogen production and exergy eflicien-
cies were enhanced by increasing the temperature.'?
Hasanzadeh and Azdast presented new studies in the field
of Machine Learning utilisation on air gasification of poly-
ethylene terephthalate (PET) waste, which are of the ut-
most importance, and can contribute to solving the envi-
ronmental challenges associated with PET waste, while
also promoting the development of advanced technologies
in the fields of Waste Management and Renewable Ener-
gy.!* Hasanzadeh et al. obtained new research of the com-
parative performance analysis of a wide range of prevalent
plastic waste types utilising multi-criteria decision-mak-
ing techniques. This study uses the “technique for order
preference by similarity to the ideal solution” (TOPSIS)
and grey relational analysis (GRA), and presents a thor-
ough sensitivity analysis.!*

From syngas can be produced synthetical ethanol.
Chen et al. presented the novelties of temperature pro-
grammed surface reaction (TPSR), including how an Fe
promoter suppressed methanation activity over Rh-based
catalysts with the modified SBA-15 as support during di-
rect ethanol synthesis of ethanol from syngas.'> Liu et al.
researched the study of reducibility, acidity and the basici-
ty of the supports influenced the catalytic activity and the

product distribution for the synthesis of ethanol from syn-
gas over Rh-based catalysts greatly. Rh particles supported
on neutral or acidic supports formed the mixture of C,-ox-
ygenates as the main oxygenated products, and Rh parti-
cles supported on basic supports formed mixed alcohols as
the main oxygenated products.!® Berger et al. researched
the technical feasibility of the conversion into ethanol and
syngas from biowaste and CO,. The producing of both
products’ productions were analysed with tools such as Su-
perPro Designer, MS Excel and GaBi for the Life Cycle As-
sessment (LCA).!”

Synthetic gasoline and other fuels are produced from
syngas, too. Javed et al. presented new research of the high
CO, selectivity of Fe-based Fischer-Tropsch microcapsule
catalysts for gasoline production. The novelties of this re-
search were the included Silicalite-1 shell, which turned
the Fe/ZSM-5 core’s surface hydrophilicity to hydropho-
bicity, the hydrophobic nature of the silicalite-1 layer’s de-
creased water-gas shift reaction’s kinetics and CO, selec-
tivity. All the zeolite supported Fe-based catalysts showed
significantly high gasoline range hydrocarbons’ selectivity
(about 60%).!® Li et al. presented the novelties of the
HZSM-5/MnAPO-11 composite and the catalytic synthe-
sis of high-octane gasoline from syngas in flow-type fixed-
bed reactors, including the highest gasoline yield. The
HZSM-5/MnAPO-11 composite was prepared via hydro-
thermal synthesis, and the catalytic synthesis of high-oc-
tane gasoline from syngas was studied in flow-type fixed-
bed reactors.!® Lopez et al. reviewed the main thermo-
chemical routes, and analysed them for the valorisation of
waste polyolefins to produce chemicals and fuels. Amongst
the different strategies, pyrolysis has received greater at-
tention, but most studies are of a preliminary character.
Likewise, the studies pursuing the incorporation of waste
plastics into refinery units (mainly fluid catalytic crack-
ing and hydrocracking), have been carried out in batch
laboratory-scale units. Another promising alternative to
which great attention is being paid is the process based on
two steps: Pyrolysis and in-line intensification for ole-
fin production by means of catalytic cracking or thermal
cracking at high temperatures.?’

Methanol can be synthesised from syngas, too. Pu-
ig-Gamero and co-workers used Aspen Plus® for model-
ling methanol synthesis from synthesis gas obtained
through pine biomass gasification.?! Tungalag and re-
searchers described the gasification of municipal solid
waste for synthesis gas production, including a simulation
using Aspen Plus®. Their research was based on synthesis
gas production using pyrolysis and plasma gasification,
but not methanol production.?? Li and co-workers pre-
sented a steady-state model of converting coke oven gas to
methanol using Aspen Plus simulation, based on the re-
quirements of the critical safety instrumented function.??
Borgogna and researchers described methanol production
from refuse derived fuel, including the influence of feed-
stock composition on the process yield through gasifica-
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tion analysis.?* Tan et al. presented the study of the Ni/
CeO,/HT catalyst designed for high activity and long-
term stability, by leveraging the Ce redox cycle and strong
interactions between Ni-CeO, and hydrotalcite (HT) for
methanol synthesis from syngas.?

The presented research is a continuation of research
that was published in this journal.?® The first research con-
firmed the simulated constant conversion of synthesis gas
from different wastes of unsorted to sorted, which was the
basis for this continued research. An Aspen plus” simula-
tor, with the specific simulated chemical kinetics and pro-
cess units, comes very close to the real data. This study
presents the carbon conversion effect into CO and CO, by
using the same raw material and process units for multi
synthetic fuels, such as methanol, ethanol and gasoline
products’ production. The raw materials include sorted
municipal solid waste and purified flue gas. This carbon
conversion technique also contains a simpler mathemati-
cal model for predetermining the amount of different syn-
thetic fuel products, which are based on the real and sim-
ulated data given with the Aspen Plus  simulator. This
method has the potential to produce individual products,
or even various mixtures from these basic products.

2. The carbon effect technique

The reusage of waste has received considerable criti-
cal attention, due to the reduction of municipal solid waste
(MSW) in landfills by using the extracting of some useful
materials and the further gasification of useless waste. The
basic purpose of waste gasification is waste converted into
different synthetic fuels’ production and energy. This study
presents the carbon effect technique, which is based on the
input carbon content into MSW. The carbon amount can
be converted into a predicted amount of CO and CO,. This

Figure 1: Flow-diagram of the carbon effect technique.

technique includes a mathematical model for alternative
multi synthetic fuels’ production and energy, including re-
al and simulated data using the Aspen Plus’ simulator,
with the specific simulated chemical kinetics, such as
Grayson, and reactors units such as RGibbs for syngas pro-
duction, and REquil for fuels’ production, as only these
provide data that are closest to reality.?® The alternatives
for different synthetic fuels’ production use the same waste
raw material for syngas production during combustion
and reforming units, presenting as the first part of the
flow-diagram (Fig. 1). After syngas production take place
their cooling, condensate removing and compressing, by
using the same process units such as the second part of the
flow-diagram. The third part includes the different reac-
tion units for the predetermined amounts of the different
products’ production by using the basic specified products
and energies’ parameters. After the reaction, the separa-
tion and purification of different synthetic fuel products
take place by using the same process units (4. Part). The
different synthetic fuels are stored into different tanks (5.
Part) and they can also be mixed into the new fuel product
with new characteristics (6. Part).

2. 1. The first part - The mathematical model
of the syngas production

The first part includes the equations of syngas pro-
duction from the sorted MSW (as components of C and
H,), which contains mostly plastics. The input carbon mo-
lar flow rate (F;, c; Eq 1) and constant carbon conversion
into CO and CO, (X = 0.969, Xco, = 0.031) are the basic
parameters’ characteristics for predetermination of the
syngas composition. All the simulated constant conver-
sions are determined by using the Aspen Plus® simulator,
which were confirmed with real data. Syngases (as compo-
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nents of CO, CO,, H,, H,0) are formed by the simplified
reactions 1 and 2 (Rel, Re2). The output molar flow rates
of CO and CO, (Fyuco> Foutcoz) can be calculated by us-
ing Equations 2-3.

C + H,0 = CO+H, (Rel)
C + 2H,0 = CO,+2H, (Re2)
Finc = Foutco + Fourcon (1)
Foutco = Xco * Finc (2)
Fout,coz2 = Xcoz * Finc (3)

During the combustion of sorted MSW a lot of CO,
emission takes place (Fy, o5 Eq 4), which can be purified
by using a PSA column and circulated back into the re-
former (cir = Y; Fig 1), where part of the CO, reacted into
CO (Fyutcoirs Eq 5) with constant conversion (Xcg o =
0.7), and the rest enlarged the amount of CO, (Fyu; coa.cirs
Eq 6) into syngas, which has been checked into a real pro-
cess.?® Because of the amount of CO, circulation into re-
forming, the amounts of CO and CO, can be enlarged into
syngas.

Fin,cir = Lout,COcir T Fout,COZ,cir cir=Y (4)
Fout,CO,cir = XCO,cir : Fin,cir cir=Y (5)
Fout,COZ,cir = Fin,cir - Fout,CO,cir cir=Y (6)

The syngas production can take place without (cir =
N), or with the circulation (cir = Y) of CO, emission,
which circulation can increase the amounts of compo-
nents into syngas, such as CO, CO, and H,.

The outlet hydrogen molar flow rate of syngas
(Foutm2,cir) by using the circulation (cir = Y), or without
(cir = N), can be assessed with the input and reacted hy-
drogen amounts (F, 113 Frenacir)- The reacted hydrogen
amount can be calculated by using Equations 7-8 and con-
sidering the molecules of H, (M, pe; = 1 and My pes = 2)
during the Rel and Re2 reactions.

Fout,HZ,cir = I'inH2 + Fre,HZ,cir cir = N>Y (7)
Fre,HZ,cir = MHZ,Rel : (Fout,CO + Fout,CO,cir) + (8)
M re2 * (Fout,coz + Fout,coz,cir) cir=N,Y

The outlet water molar flow rate of syngas (Fyy 1m0,
«r) can be predicted with the input and reacted water
amounts by using circulation (cir = Y) or without (cir =
N), (Finmo Fremocirs EqQ 9). The reacted water amount
can be calculated with Equations 9-10, and the molecules
of H,O (Mpz0re1 = 1 and Mo ez = 2) of reactions Rel
and Re2.

Fout,H2O,cir = linH20 — Fre,HZO,cir cir=N,Y (9)
Fre,HZO,cir = MHZO,Rel : (Fout,CO + Fout,CO,cir) + (10)
Mioge2 (Foutcoz + Fourcozer)  cir=N,Y

The endothermic heat flow rate of syngas production
(@sgp,cirs Eq 11) is dependent on the output carbon monox-
ide molar flow rate (Fy, co» Fout.co,cir) and the constant en-
ergy’s parameter (g, into J/mol) by using circulation
(cir =Y), or without (cir = N).

¢Sgp,cir = (Fout,CO + Fout,CO,cir) * asgp,cir (1 1)
cir=N,Y

2. 2. The third part - The mathematical model
of the different fuels’ production

The third, or reaction part, for the different amounts
of products’ production (F,; pr = 1...Pr; Eq 12) can be
modelled with the basic simplified equations, which are
dependent on the constant products’ conversions of CO
and CO, (X¢o,pp Xco2,pr) and the output syngas molar flow
rates (Fout,CO’ Fout,COZ) Fout,CO,cir’ Fout,COZ,cir) during the sim-
plified reactions for alcohols (Re3 with # carbon atom, Re4
with m carbon atom) and alkanes (Re5 with the i carbon
atom, Re6 with the j carbon atom), including molecules of
CO and CO, (Mco,pr Mcoapr) by using circulation (cir =
Y), or without (cir = N).

nCO + 2'71’H2 = CnHZ-n+20H + (}’l—l) . Hzo (Re3)

mC02 + 3'7’"'H2 = CmH2~m+20H+ (m+1) HzO (Re4)

i'CO + (2'i+1)'H2 : Cin,i+2+i'H20 (ReS)

j'COZ + (3']+1)'H2 = CjHZ'j+2 + 2'_] . Hzo (Re6)
Fpr,cir = Xpr,CO . (Fout,CO + Fout,CO,cir)/MCO,pr + XCOZ,pr °

(Fout,COZ + Fout,CO,cir)/MCOZ,pr (12)
pr=1...Pr cir=N,Y

After the different products’ production a lot of un-
reacted hydrogens remain, such as a coproduct for selling,
which can be determined with Equation 13.

FHZ,PY,Cir = Fout,H2,cir — [XCO,pr : (Fout,CO + Fout,CO,cir) :
M.copr Mcopr + Xcozpr * (Fourcoz + Foucozar) = (13)
M,coz.pr/ Mcoz,pr ] pr=1...Pr <cir=N)Y

The released heat flow rates of the different products’
production (¢,pcirs Eq 14) are dependent on the reacted
products molar flow rates (F,, ;) and the constant energy
parameters (., into J/mol) by using circulation (cir =
Y), or without (cir = N).
cir=N,Y (14)

(Dpr,cir = Fpr,cir ° apr,cir Pr =1...Pr
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The fourth part for the different products’ produc-
tion contains the purification of individual products by
using flashes and columns, where about 7 percent of the
products and by-products are lost.

2. 3. The sixth part - The mathematical model
of the fuels’ blend

The individual synthetic fuels with different addition
amounts can also be used as a new fuel mixture with new
properties. Each additional component has the effects of
boiling point, octane number, energy value, NO, particles,
etc. The boiling point of the mixture (Tyy,,, Eq 15) is cal-
culated by using the boiling point of the individual addi-
tional fuels (Tyy, ) and ratios (ry,).

Topm = Zrpr * Toppr pr=1...Pr (15)

The molar flow rates of the fuel’s mixture (Fy, 4, Eq
16) are determined by using the molar flow of the individ-
ual additional fuels (Fy;,) and their ratios (r,,) by using
circulation (cir = Y), or without (cir = N).

F

mcir = 2Ppr - Fprir  Pr=1...Pr cir=N,Y (16)
The released heat flow rates of the fuel's mixture

(P cir Eq 17) are determined by using the released heat

flow of the individual additional fuels (@, ;) and their ra-

tios (r,,) by using circulation (cir = Y), or without (cir =

N).

cir=N,Y (17)

(Dm,cir = err : (Dpr,cir pr= 1...Pr

Table 1: Constant parameters” data with and without circulation.

Constans by using Constans without

circulation circulation

1.Part 1.Part

Xco =0.969 Xco = 0.969

Xcoz = 0.031 Xcop = 0.031
Xcoeir=0.7 /

Asgp,cir = 315 k]/mOI Asgp = 334 k]/rnol
3.Part 3.Part

Methanol Methanol

Xcome = 0.65 Xcome = 0.65
Apte,cir = —23.2 kJ/mol Ape = —24.3 kJ/mol
Ethanol Ethanol

Xcog =1 Xeop =1

Xcoze =09 Xco2p =09

agicir = —61.9 kJ/mol ag, = —62.4 kJ/mol
Synthetic gasoline Synthetic gasoline
Xcosg =1 Xcosg =1
Xcozsg =09 Xcozsg =09

Apecir = —311.1 kJ/mol ape = —316.3 kJ/mol

This presented carbon effect technique can analyse
the predetermined amounts of multi alternative synthetic
fuel products production from waste and flue gas quickly
by using the carbon conversion into CO and CO,.

3. Case study of the carbon effect

technique

The carbon effect technique was tested on the pro-
cessing of methanol, ethanol and synthetic gasoline prod-
ucts. The technique was performed with and without cir-
culation; the first was presented in more detail because of
the usage of CO, emission, but the result of without circu-
lation was included too. The tested individual synthetic
fuels’ productions produced methanol, ethanol and syn-
thetic gasoline by using the same raw materials, such as
sorted MSW with CO, emission circulation of the flue gas
from the combustion unit.

3. 1. Case study - Methanol, ethanol and
synthetic gasoline production
The methanol (pr = Me) was reacted by the catalytic

hydrogenation of carbon monoxide only at 250 °C and 50
bar:

CO +2H, = CH;0H (Re7)
The ethanol (pr = Et) was synthesised by using the

catalytic hydrogenation of carbon monoxide and dioxide
at 250 °C and 50 bar:

Table 2: Results’ data by using with and without circulation.

Results by using Results without
circulation circulation

1.Part 1.Part

Fouco = 775 kmol/h Fouco = 775 kmol/h
Fout,COZ =25 kInOl/h Fout,COZ =25 kmol/h
Fout,CO,cir =105 kmol/h /

Fout,COZ,cir =45 kmol/h /

Pogpcir = 7.7 MW Gogp =72 MW
3.Part 3.Part

Methanol Methanol

Fyecir = 572 kmol/h
FioMecir = 1676 kmol/h
Dytecir = 3.7 MW
Ethanol

Fgqoir = 471 kmol/h

Fip prcir = 871 kmol/h
py e = -8.1 MW
Synthetic gasoline
FyG.ir = 118 kmol/h
Fi155G,cir = 773 kmol/h
Dggeir = -10.2 MW

Fye = 503 kmol/h
Fypone = 1617 kmol/h
Dy = -3.4 MW
Ethanol

Fg, = 398 kmol/h
Fygo.pe = 1007 kmol/h
O = -6.9 MW
Synthetic gasoline
Fsg =99 kmol/h
Fypy 56 = 907 kmol/h
O = -8.7 MW
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2CO + 4H, = C,H;0H+ H,0 (Re8)

2CO, + 6H, = C,H;OH+ 3H,0 (Re9)
Synthetic gasoline (pr = SG) was produced by the re-
action of the carbon monoxide and at 250 °C and 20 bar:

8§CO+17 H2 = Cngg +8 H20 (RelO)

8 CO,+ 25 H, = CgHy + 16 H,0 (Rell)

The tested mathematical model included the real and
simulated data, using the Aspen Plus” simulator for syn-
thetic fuels products, such as methanol, ethanol and syn-
gas (pr = Me, Et, SG). All the constant parameters’ data for
different fuels’ production were included in Table 1, and all
the results in Table 2 by using the circulated and uncircu-
lated CO, emission. The tested input raw material, such as
sorted municipal solid waste (MSW), were represented by
the carbon and hydrogen molar flow rates (F,c = 800
kmol/h; Fj,p, = 1800 kmol/h;), the circulated purified
CO, emission (Fj, ¢ = 150 kmol/h), and steam (Fy, 1150 =
1050 kmol/h).

3. 2. Case study - The mathematical model of
the syngas production

The Equations 1-10 of the first part enabled the cal-
culation of the output molar flow rates of syngas, such as
CO, CO,, H, and H,0, by using the CO, circulation (F,.
CcO Fout,COZ’ Fout,CO,cir’ Fout,COZ,cip Fout,HZ,cir> Fout,HZO,cir)’ and
constant conversions of CO and CO, (X¢g = 0.969, X0, =
0.031, Xcoir = 0.7). The amounts of CO and CO,, which
were obtained from the MSW carbon (F,yco = 775
kmol/h, Fyycor = 25 kmol/h; Eqs 18-19) were enlarged
because of the CO, emission with additional amounts
(Fout.cocir = 105 kmol/h, Fyy coacir = 45 kmol/h; Eqs 20-
21).

Fout,CO = XCO . Fin,C = 0969 -800=775 kmol/h (18)
Foutcoz = Xcoa * Finc = 0.031- 800 = 25 kmol/h (19)

Fout,CO,Cir = XCO,cir : Fin,cir =0.7-150 = (20)
105 kmol/h

Fout,COZ,cir = Fin,cir - Fout,CO,cir = (21)
150 - 105 = 45 kmol/h

The outlet amounts of H, and H,O (Fyy 112 ¢ir = 2820
kmol/h, Fyy 0. = 30 kmol/h; Eqs 22-25) were deter-
mined by using circulation and Equations 7-10.

Fre,HZ,cir = MHZ,Rel : (Fout,CO + Fout,CO,cir) + MHZ,ReZ °
(Fout,COZ + Fout,COZ,cir) =1 (775 + 105) +2- (22)
(25 + 45) = 1020 kmol/h

Fout,HZ,cir = L'in,H2 + Fre,HZ,cir = 1800 + (23)
1020 = 2820 kmol/h

Fre,HZO,cir = MHZO,Rel : (Fout,CO + Fout,CO,cir) +
Mmz0re2* (Fourcoz + Fout,cozer) = 1+ (24)
(775 + 105) + 2 +(25 + 45) = 1020 kmol/h

Fout,HZO,cir = Lin,H20 — Fre,HZO,cir = 1050 - 1020 (25)
=30 kmol/h

The endothermic heat flow rate of the syngas pro-
duction (@sgp.cir = 7.7 MW; Eq 26) was calculated by using
Equation 11 and the constant energy’s parameter (a
31.5 kJ/mol).

sgp,cir —

¢sgp,cir = (Fout,CO + Fout,CO,cir) * Gsgp,cir = (26)
(775 +105) - 31.5=7.7 MW

After syngas production the condensate was re-
moved and the syngas was compressed by the required
pressure.

3. 3. Case study - The mathematical model of
the different fuels’ production

The third, or reaction part for the different amounts
of the products’ production (F,; pr = Me, Et and SG; Eqs
27-29), were modelled with the basic simplified equations,
which were dependent on the constant CO and CO, con-
versions (Xcome = 0.65, Xcop = 1, Xcoz e = 0.9, Xcosg = 1,
Xco2s6 = 0.9,) by using Equation 12 and reactions Re7-11.

Futecir = Xne.co * (Fourco + Foucoar/Mcoye (27
=0.65 - (770 + 105)/1 = 572 kmol/h

Fegcir = Xgt,co * (Fout,co + Fout,cocir)/ Mcoge +
Xcoz,et *(Fout,coz + Fout,cocir)/Mcoaee = 1 - (28)
(775 + 105)/2 + 0.9 -(25 + 45)/2 = 471 kmol/h

FsG,cir = Xs56,c0 * (Fout,co * Fout,co.cir)/Mcosg +
Xc02,56 *(Fout,coz + Fout,cocir)/ Mcozsg =1 - (29)
(775 + 105)/8 + 0.9 (25 + 45)/8 = 118 kmol/h

After the different products’ production a lot of un-
reacted hydrogen remained, and the amounts were deter-
mined by using Equation 13 (Eqs 30-32).

FHZ,Me,cir = Lout,H2,cir — [XCO,Me ‘ (Fout,CO +
Fout,CO,cir)' MHZ,CO,Me /MCO,Me] =2820 - (30)
[0.65 - (775 + 105)-2/1] = 1676 kmol/h

FHZ,Et,cir = Lout,H2,cir ~ [XCO,Et : (Fout,CO +
Fout,cocir)” Mi,cor /Mcoge+ Xcoose

(Fout,coz + Fout,concir) * Muz,cone/Mcozed = (31)
2820 — [1-(775 +105)-4/2+ 0.9 - (25 + 45) -
6/2] = 871 kmol/h
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FHZ,SG,cir = Lout,H2,cir — [XCO,SG ° (Fout,CO +
Fout,CO,Cir)' MHZ,CO,SG /MCO,SG + XCOZ,SG :

(Fout,coz + Four,concir) * Ma,cozsc /Mcozsgl = (32)
2820 - [1:(775 +105)-17/8+ 0.9 - (25 + 45) -
25/8] = 773 kmol/h

The released heat flow rates of the different products’
production were calculated by using Equation14 and the
constant energy’ parameters (ayg i = —23.2 kJ/mol, ag, .,
= -61.9 kJ/mol, apy i, = -311.1 kJ/mol; Eqs 33-35).

(DMe,cir = FMe,cir . aMe,Cir = 572 . 23.2 = —3.7 MW (33)
(DEt,cir = FEt,cir . aEt,dr =471-61.9=-8.1 MW (34)
(DSG,cir = FSG,cir . aSG,Cir =118-311.1 =-10.2 MW (35)

The fourth part of the flow-diagram for the different
fuels’ production contained the purification of individual
products by using the same purification system units,
where about 7 percent of the products and by-products
were lost.

The all-important parameters were determined of
the common synthesis gas and individual fuels with and
without circulation (Table 2). The amount of CO, CO, and
H, of synthesis gas were determined with a calculated val-
ue of 880, 70 and 2820 kmol/h, respectively, which were
more than 13.5, 180 and 7% by using circulation of the
CO, emission. The endothermic heat flow rate of the syn-
gas production was 7.7 MW, which was higher by 7% by
using circulation of the CO, emission. The different
amounts of synthetic fuels, such as methanol, ethanol and
gasoline, were produced with calculated values of 572, 471
and 118 kmol/h, respectively, which were more by 13.7, 18
and 19% by using circulation of the CO, emission. The re-
leased heat flow rates of different fuels, such as methanol,
ethanol and gasoline were 3.7, 8.1 and 10.2 MW, respec-
tively, which were more by 9, 17 and 17% by using circula-
tion of the CO, emission.

There are many possible fuels’ blending combina-
tions, but the optimal blend was chosen, which contained
10% ethanol and 90% gasoline, because of the increased
octane numbers. The molar flow rate (Eq 16) and released
heat flow rate (Eq 17) of the optimal blend mixture were
determined with the calculated value of 153 kmol/h and 10
MW with a boiling point of 121 °C (Eq 15) by using circu-
lation.

4. Conclusions

We strive to minimise the usage of plastic, but it is
not so easy to give it up, so we aim to recycle it, and old
unusable plastic can be produced into individual or mixed
fuels by using the carbon effect technique. This presented
carbon effect technique bases on the inlet carbon amount

into raw materials, such as purified municipal solid waste
and with or without circulation of the CO, emission from
the flue gas, which can predetermine the amounts of com-
mon syngas production and different synthetic fuels
quickly, including the energy consumption or production.
The carbon conversions of CO and CO, were performed
according to calculated constant values and energy’ pa-
rameters by using real and simulated data with an Aspen
Plus’ simulator.

The carbon effect technique was tested on the multi
alternative production of synthetic fuel productions, such
as methanol, ethanol and gasoline, by using MSW and
with circulation of the CO, emission from the flue gas,
which can reduce CO, emissions by 3.5 10° kmol/a. The
highest amounts of methanol, ethanol and gasoline were
produced with the calculated values of 572, 471 and 118
kmol/h, respectively, by using circulation of the CO, emis-
sions. The individually synthetic fuels had increased pro-
ductions between 14 and 19% because of the CO, circula-
tion considerations. The energy consumptions or produc-
tions were enlarged between 7 and 17% by using circula-
tion of the CO, emissions. The more efficient blend fuel
was the mixture of 10% ethanol and 90% gasoline, because
the added ethanol increased the octane numbers of the fu-
el. During the fuels’ production a lot of available hydrogen
remained, with calculated values of 1676, 871 and 773
kmol/h, respectively, with CO, circulation.
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Predstavljena je vec¢-alternativnha metoda Tehnika ogljikovega ucinka, za proizvodnjo razli¢nih sinteti¢nih goriv iz
precis¢enih trdnih komunalnih odpadkov in CO, iz dimnega plina. Novost te $tudije je, da temelji na matemati¢nemu
modelu z realnimi in deloma simuliranimi (Aspen Plus’) podatki. Ta metoda Ze v naprej dolo¢a predvidene proizvedene
koli¢ine sinteti¢nih goriv in njihove glavne energetske porabe v odvisnosti od prisotne koli¢ine ogljika v surovini in na-
daljnji presnovi ogljika v CO in CO,. Ve¢-alternativno metodo smo testirali s proizvodnjo razli¢nih sinteti¢nih goriv, kot
so metanol, etanol in bencin. Posamezna proizvedena sinteti¢na goriva se lahko uporabijo tudi kot nova me$anica goriv.
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