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Abstract: As a benign energy vector, hydrogen has been discussed for a long time. Supercritical water
gasification was one of good ways to produce hydrogen. However, supercritical water gasification system with
H,0 transporting was energy consuming in the process of heating due to the high specific heat of H,O. A new
supercritical water gasification system was established in this paper with supercritical CO, as medium instead.
Phenolic plastics were used as the sample transported by CO,. Production yields, energy flow and exergy flow of
the system were collected and the influence of temperature, pressure, gasification concentration and transporting
concentration was investigated. Mass flow of H,O input into the reactor was 1000 kg/h. The typical condition was
as follow: temperature 923.15 K, pressure 23 MPa, and the mass ratio of water, sample and transporting medium
was 100 : 9:9. Yield of H,, CH,, CO and CO; at this condition was 8.1 kg/h, 39.6 kg/h, 6.6 kg/h and 137.5 kg/h,
respectively. Similar system with H,O transporting was used to compare with the supercritical CO, transporting
system and proved that system with CO, transporting could reduce the loss of both energy and exergy while the

reduce of each gas production yield was less than 0.1 mol/mol.
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1. Introduction

With the increasing demand of energy, traditional
carbon fuels will be more scarce and expensive, and there
are also environmental issues such as global warming
and incidental pollution [1]. In the current research on
green and renewable energy, hydrogen energy is widely
considered as one of the ideal energy sources due to its
high energy content per unit weight and the clean
combustion products [2].

There are many methods for clean hydrogen
production, among which supercritical water gasification
has a high hydrogen production potential [3]. The
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principle is that organic matter reacted with supercritical
water to produce hydrogen-based combustible gas. The
physical properties of water change dramatically above
critical point (647.15 K, 22.1 MPa). Supercritical water
has the characteristics of high diffusivity and high
solubility. Taking advantage of these properties,
supercritical water can gasify organic matter such as coal,
biomass, and plastics [4-7]. In the gasification reaction,
water acts as both reactant and catalyst in the supercritical
phase [8], and this reaction also has the advantages of
short reaction time, complete reaction, and cleanness [9].

At present, many researchers have conducted
thermodynamic analysis on supercritical water
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gasification technology, and thermodynamic analysis can
provide a basis for system optimization in terms of
efficiency [10]. Our group [11] studied the
thermodynamic properties of coal supercritical water
gasification under different concentrations, pressures and
temperatures. The results showed that higher
concentrations, pressures and temperatures led to better
thermodynamic properties. Aziz [12] proposed a new
hydrogen production and power generation integrated
system based on supercritical water gasification.
Microalgae were seclected as samples for process
simulation, and the effects of steam flow, gasification
pressure and turbine inlet temperature on the total energy
efficiency of the system were studied. The results showed
that the proposed integrated process harvested energy
from microalgae with an overall energy efficiency of
more than 40%, and the heat involved in the whole
process was effectively recovered. Rahbari et al. [13]
used Aspen Plus to control the algae biomass heated by
solar energy. Energy analysis and exergy analysis were
carried out for high-quality supercritical water
gasification, and the results showed that the exergy
efficiency of the system dropped sharply when the
concentration of algae decreased. It was explained that
more energy was required to heat up water and higher
exergy lost at lower concentration.

In conventional continuous gasification reactors, water
was used to transport feedstock [14—16]. However, water
has large specific heat capacity and low heating rate,
which lead to high energy-consuming transaction and by
side reaction products. Therefore, we set our sights on
CO,. However, there was still a lack of relevant reports
on CO, transport in SCWG systems. Unlike water, the
critical point of CO, is 304.45 K and 7.38 MPa. CO, with
a lower critical point can easily cross the large specific
heat region and has little impact on the heating process.
In previous studies, supercritical CO, had the ability to
carry feedstock [17-20]. The system with CO, as the
transporting medium was expected to reduce heat input
into the system and then save the energy consumption.

On the other hand, this paper took phenolic plastics as
a sample and transported it with CO,. There was no
doubt that the widespread use of plastics not only
facilitated human society, but also caused environmental
pollution that was difficult to clean up and recycle [21].
The use of CO, to transport phenolic plastics also
provided new ideas and means for the recycling of
thermosetting plastics.

Based on these goals, a supercritical water gasification
system wusing CO, as transporting medium was
established in this paper. The effects of temperature,
pressure, feedstock concentration and other factors on the
system were investigated. The reaction results were
valued by the amount of gas produced, the mole fraction
of gas produced, the total yield and the hydrogen
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conversion rate. Furthermore, energy and exergy flows
were aggregated and compared with the H,O transport
system.

2. Materials and Methods

2.1 Materials

Thermosetting plastics were thought as one of the
most difficult substances for recycling due to its highly
cross-linked structure [22]. As a kind of typical
thermosetting plastics, phenolic plastics were widely
used and many types of modifiers were used to modify
its molecular structure [23]. Phenolic plastics adhesive
were one of the main adhesives and used in many
applications, such as laminate, automobile, acrospace and
many other fields [24]. Many researchers had tried to
recycle the plastics for more than 20 years [25-28].

The chemical structures of phenolic plastics were
shown in Fig. 1. Molecular formula of the structure A
was Czn+13)H(6n+12)0(m+2) and the molecular formula of
the structure B was CzpgmHem+snO@mi2ny. The mass
fraction of C, H and O was in the range of 78.45 wt%
to 79.08 wt%, 5.77 wt% to 5.71 wt% and 15.38 wt%
to 15.22 wt% when n changed from 4 to 12 in acidic
preparation. The median value was used as the mass
fraction in this paper.

@ o OH OH
H, H,
o c
n

Acid environment, n=4-12

(®
OH OH
H, H,
H C C OH
n m

CH,OH
Alkaline environment, m=2-5, m+n=4-10

Fig. 1 Chemical structure of phenolic plastics (a) Acidic

preparation; (b) Alkaline preparation

2.2 Structure of system

Flowchart of the system was shown in Fig. 2, in which
each flow was made up with one or more of these
substances: H,, CH;, CO, CO,, H,O and plastics.
According to the law of conservation of mass, the total
mass flow was the numerical sum of the mass flow of
each substance. As a result, matrix M,, N, was used to
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record the mass flow (kg/h) and mole flow (kmol/h) of
each substance in flow x, respectively. Mass enthalpy
(kJ/kg) and mass entropy (kJ/(kg-K)) in each flow was

f
Gasification 6
reactor
5 >
|
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recorded in matrix H, and S§,, respectively. H, and S,
meant the mass enthalpy (kJ/kg) and mass entropy
(kJ/(kg'K)) at the condition of normal temperature and
pressure (298.15 K, 0.1 MPa). The lower heating value
and standard chemical exergy were recorded in matrix
LHV and EX, EX; was calculated by
Kameyama-Yoshida  environmental model  with
temperature correction.

T
MX = [mﬁz Mcu, Mco Mco, My,0 mPlastics:| (1)

T
N, :|:”H2 Acu, "Nco "co, "m0 nPlastics:|

Preheater Regenerator Pump  Water tank
T (2)
7 "ﬂ 8 R . 9 R _ mHz mCH4 Mco mC02 mHZO Mplagtics
= 2 16 28 44 18 Mpge
Valve m 10
Gas-liquid separator H, = [th hew, ko heo, Mo hPlaSﬁCS] @)
Fig. 2 Flowchart of the system with CO, transporting S, = [SH2 ScH, Sco Sco, SH,0 SPlastics:| 4)
LHV =[LHV, LHVg, LHVey 0 0 LHVpy] (5)
H (0] H
1.04l4+0.177><[]—0.3328x[]x[1+0.0537x[]]
_ €] (€] C]
p= o) ©)
1-0.4021x+—
(€]
EX@:[EX%Z EX,, EX., EX,, 6 0 ﬁxLHVﬁmm} %
Moreover, the energy En, (kJ) and exergy Ex, (kJ) of EX, - EX,
flow x could be calculated by Egs. (8) and (9). AEX pump = n (11)
U]
En, = Enphx +Eny, . £ P 2
(®) En. = En. — =3~ 5 (12)
_ _ 7 6
- "(Hx HO ) X Mx " + ”LHV x Mx " nregenerator
Ex_ =Ex +Ex
X phx chx En, —En
Qpreheater =—4 3 (1 3)
= |||:(HX _HO)_TO (Sx _SO ):IXMx (9) preheater
+|EX, x M, |+ AE gigrusi T
|| q * diffusion AEX, preheater — Zpreheater X [1 - ﬁ] (14)
Shown in Fig. 2, H,O from the tank (flow 1) was ( +1o )/
pressurized by the pump (flow 2) and then be heated in T,
the regenerator (flow 3) and preheater (flow 4). The MXpreheater = 1_—( T,+1,))2 (15)

efficiency of the pump was 90%. As a result, H,O output
from the preheater (flow 4) reached the set reaction
conditions and it was at supercritical phase. The
regenerator was a heat exchanger whose efficiency was
set to 90% and the temperature difference between the
output of cold flow and the input of hot flow was set to
473.15 K. Heat efficiency of preheater was 90%. Energy
and exergy flow of these models could be calculated by
Eqgs. (10) to (15).

W En, — En;

pump

(10)
TToump

where #preheater a0 7xprencater rEpresented the energy and
exergy efficiency of the preheater in this system. The
input flows of gasification reactor were the flow of H,O
in supercritical phase (flow 4) and the flow of the
mixture of carbon dioxide and plastics (flow 35).
Gasification reaction could be divided into four reactions,
steam reforming reaction (16), water-gas shift reaction
(17) and methanation reactions (18) and (19) [29]. The
Gibbs free energy in this system would tend to be
minimum in gasification reaction. Afterwards, the
products flow of the reaction could be calculated. Heat
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efficiency of reactor was set to 90% and heat absorption
of the reactor equaled the difference between the energy
of input flow and output flow, as shown in formula (20)
and (21).

Plastics+ H,0 - CO+CO, + H, (16)

CO+H,0— CO, +H, (17)

CO+3H, »CH,+H,0 (18)

CO, +4H, —» CH, +2H,0 (19)

O = 2BEM - 0)
Treactor

AEX rcactor = Qreactor |:1 - (TO/T)] (21

Flow out of gasification reactor (flow 6) contained a
large amount of supercritical H,O, some CO, and fuel
gas products, such as H,, CO and CHy. It would transfer
the heat to flow 2 in the regenerator. Pressure of flow 7
would be released to 4 MPa in the pressure reducing
valve. HyO was liquefied in regenerator and finally
separated in the separator. Liquid phase (flow 10) flew

out of the separator flowed into the water tank for recycle.

Gas phase flow (flow 9) contained CO, and the fuel gas
products.

2.3 Measurement parameters

Temperature, pressure, the mass ratio of sample to
H,0O (Sample/ H,0) and that of sample to CO, (Sample/
CO2) were changed and their influence on the
gasification was investigated. Yield, mass fraction of the
products, energy flows and exergy flows of each model
in the system were all calculated. Hydrogen conversion
rate (HE) and carbon conversion rate (CE) of gasification
were also calculated. The mass flow in flow 6 of H,, CH,
and CO equaled the yield of the corresponding products.
And the yield of CO, was the difference of its mass flow
in the output flow (flow 6) and the input flow (flow 5).

my, +ZmCH4
HE =——F——

msamplc X 0y
HE represented the conversion rate of hydrogen; m
represented the mass flow of each substance in the flow;
H, and CH4 was the products of gasification in flow 6
while sample was the ingredient in flow 5; @y was the

mass fraction of element H in the sample.

x100% (22)

3. Results and Discussion

Mass flow of H,O input into the reactor was set to
1000 kg/h and the typical condition was as follow:
temperature 923.15 K, pressure 23 MPa, and the mass
ratio of H,O, sample and transporting medium was
100:9:9. Temperature changed from 873.15 K to 1073.15
K and pressure changed from 23 MPa to 29 MPa,
independently. Mass flow of sample and carbon dioxide
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changed at 923.15 K and 23 MPa. In this way, influence
of the mass ratio of water, sample and carbon dioxide
could be investigated.

3.1 Effect on the production yields

It was shown in Fig. 3(a) that yields of H,, CO and
CO, increased with temperature while the yield of CHy4
decreased. At low temperature, the products were mainly
H,, CH, and CO,. As temperature increased, mole fraction
of H, and CO increased while those of CH; and CO,
decreased, as shown in Fig. 3(b). Mole fraction of H,
increased to almost 0.60 mol/mol at 1,073.15 K. Total
yield increased with temperature, as shown in Fig. 3(e).
HE showed the same trend as the yield shown in Fig.
3(®).

Fig. 3(c) and Fig. 3(d) showed that the influence of
pressure was not as obvious as that of temperature. Yields
of H,, CO and CO, decreased with pressure. Mole
fractions of CHy, CO and CO, increased with pressure
while mole fraction of H, decreased. The total yield also
decreased with pressure, so did the HE.

Previous study on corn stover attributed the effect of
temperature to the heat absorption and release of the
reaction [30]. The steam reforming reaction (16) and
water-gas reaction (17) were endothermic reaction which
could be promoted by high temperature. Meanwhile,
methanation reactions (18) and (19) were exothermic
reaction inhibited by high temperature. CO was the
product in the reverse reaction of methanation reactions
(18) and (19). As a result, yield of H,, CO and CO,
increased with temperature and yield of CH,4 decreased at
the same time. Besides, the promotion of steam reforming
reaction (16) water-gas reaction (17) participated in the
reaction. Reactant of gasification reaction was the
feedstock and H,O and the products were the fuel gas.
Total yield equaled the mass of reactant according to the
energy conservation equation. Total yield increased with
the increase of H,O in reactant. HE was the quotient of
hydrogen in products and sample. Therefore, both total
yield and HE increased with temperature.

According to the Le Chatelier’s principle, the increase
of pressure could inhibit the steam reforming reaction (16)
and promote the methanation reactions (18) and (19) [6].
The influence of pressure was not obviously contrary to
that of temperature.

The solid phase volume fraction of the system
transported by supercritical CO, along horizontal
direction was in the range of 10 vol% to 20 vol% [17].
The mass fraction of sample in flow 8, defined as the
transporting concentration, was calculated in the range of
16.7 wt% to 54.5 wt%. Fig. 4(a) showed that the yield of
H, and CO, increased with the increase of transporting
concentration and that of CH,; and CO decreased. Mole
fractions of each gas changed no more than 0.05 mol/mol
when changing the transporting concentration. The
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gasification concentration was positively correlated to the
quotient of sample and H,O input into gasification
reactor. Yield of each product increased almost linearly
with gasification concentration, as shown in Fig. 4(c).
Fig. 4(d) showed that mole fraction of CO, in products
was stable in the range of 0.29 mol/mol to 0.32 mol/mol.
At the same time, mole fraction of CH, increased sharply
and that of H, decreased from 0.62 mol/mol to 0.36
mol/mol. Increase of the transporting concentration led to
the increase of the total yield, as shown in Fig. 4(e). This
trend was slow at high transporting concentration. Total
yield increased with gasification concentration almost
linearly. Meanwhile, HE increased with transporting
concentration  but  decreased with  gasification
concentration.

The mass flow of input CO, decreased with
transporting concentration. According to the Le
Chatelier’s principle, lower mass flow of CO, could
promote the steam reforming reaction (18) and water-gas
reaction (19) and inhibit one of methanation reactions (21)
at the same time. Therefore, the yields of H,, CO and
CO, increased and that of CH, decreased with
transporting concentration. Gas yield increased with
gasification concentration but the mass ratio of gas
production and sample decreased. The results were
consistent with the previous research [29]. High
gasification concentration meant more sample gasified.
And the gas yield increased. However, the experimental
results also showed the gasification effects turned to
worse at high gasification concentration [6]. The mass
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ratio of sample to H,O was low at high gasification
concentration [9, 31]. Steam reforming reaction (16) and
water-gas reaction (17) would be inhibited by the ratio.
As a result, the gasification production yield and
hydrogen conversion rate turned to less.

3.2 Effect on the
gasification reactor

electricity consumption of

It could be seen in Fig. 5(a) that the electricity
consumption of the reactor increased with temperature
and decreased with pressure. The electricity consumption
could be divided into three parts. The first one was
electricity to heat the transporting medium in flow 5
which increased almost linearly with temperature and
little affected by pressure, as shown in Fig. 5(b). The

second part was the heat absorption of gasification
reaction. It was proved that gasification was the
endothermic reaction at low gasification concentration
[32]. Fig. 5(c) showed that the reaction heat absorption
increased with temperature and decreased with pressure.
The last one was the heat loss, containing 10% of whole
electricity consumption at 90% efficiency of reactor.
Electricity consumption of the first part was the
difference between enthalpy value of transporting
medium and sample at reaction condition and that of
flow 5. It would cost much electricity to heat the fluid
and the specific heat capacity was stable at high
temperature. As a result, influence of temperature was
obvious and almost linear. Electricity consumption of the
second part was related to the reactions. It was concerned
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that high temperature could promote the endothermic
steam reforming reaction (16) and water-gas reaction (17)
and inhibit the exothermic methanation reactions (18)
and (19). With the increase of temperature, yields of CH,
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decreased and yields of other products increased. More
energy absorbed in the endothermic reactions and less
heat released from the exothermic reactions. Steam
reforming reaction (16) was inhibited while methanation
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reactions were promoted with pressure according to the
Le Chatelier’s principle. Therefore, the influence of
pressure showed the trend opposite to the influence of
temperature. Electricity consumption of the third part
equaled 10% of total electricity consumption of the
reactor and had the same trend of total electricity
consumption.

Fig. 6(a) showed that heat absorption decreased with
transporting concentration. The increase of gasification
concentration promoted the heat absorption and became
stable at high transporting concentration. Fig. 6(b) and
Fig. 6(d) showed that energy to heat transporting medium
and the heat loss had the same trend with the total
electricity consumption of reactor. Heat absorption of
gasification reaction increased with gasification
concentration as shown in Fig. 6(c). The influence of
transporting concentration was no more than 5%.

Energy to heat transporting medium increased when
the mass flow of sample and CO, increased. The increase
of gasification concentration led to the increase of mass
flow of plastics sample. At same gasification
concentration, high transporting concentration meant low
mass flow of CO,. The result was that the increase of
gasification concentration and decrease of transporting
concentration would increase the electricity input in the
first part mentioned in former chapter. The mass flow of
sample increased with gasification concentration which
promoted the total gasification reaction and more energy
was absorbed in the second part. The increase of CO,
input into the gasification reactor influenced the reaction
slightly, especially at high transporting concentration.
Therefore, the heat absorption of reaction was also
influenced slightly. Heat loss of the third part had the
same trend with the total electricity consumption.
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4. Compare the Transporting Medium of CO, as

At the typical working condition (Temperature 923.15
K; Pressure 23 MPa; the mass ratio of H,O, sample and
transporting medium was 100:9:9), the transporting
medium was set as HyO and CO,, respectively. The
gasification reactions and the systems were investigated to
research the influence of different transporting mediums.

4.1 Comparison of the gasification reactions

Thermochemical equation was used to reflect the
gasification reaction. The chemical stoichiometric
coefficients of the thermochemical equation were
calculated by mass flow of each content. And the
endothermic quantity equaled the sum of heat absorption
of three parts according to Hess’s law, as shown in Fig. 7.
The first part was cooling part whose heat release
equaled the heat released by the reactants from the
reaction condition down to normal temperature and
pressure. The second part was reaction part and its
endothermic quantity was the difference between the
enthalpy of formation of products and reactants. The
third part was heating part in which heat absorption
equaled the heat absorbed by the products from normal
temperature and pressure to reaction condition.

The production yields were shown in Fig. 8. The total
yield of the gasification increased about 5 wt% in
H,O-transporting system than that in CO,-transporting
system. The yields of H, and CO, increased at the same
time. It could be explained that the increase of H,O and
decrease of CO, in flow 5 promoted steam reforming
reaction (16) and water-gas shift reaction (17) and
inhibited the methanation reactions (18) and (19).

Thermochemical equations of double systems were as follows:

Thermochemical equation with H,O transporting:

Plastics(s) + 7.25H,0(sc) — =2 K BMPL_, 5 68H, (sc) +2.78CH,, (sc) + 0.20CO(sc) + 4.03CO, (sc)

(23)

AH, =322.70 kl/mol

Thermochemical equation with CO, transporting:

Plastics(s) + 6.79H,0(sc) —=13K ZMPa_, 4 Q7H (sc) +2.97CH,, (s¢) + 0.28CO(sc) + 3.75CO, (sc)

24)

AH,=289.90 kJ/mol

The comparison of production yields and the
thermochemical equations showed that the influence of
different transporting mediums influenced the reaction
was no more than 10%. When the transporting medium
was changed from CO, to H,O, the yield of H, increased
from 8.11 kg/h to 9.46 kg/h; that of CH4 decreased form
39.58 kg/h to 37.01 kg/h; that of CO decreased from 6.57
kg/h to 4.58 kg/h and that of CO, increased from 137.54
kg/h to 147.75 kg/h. And the heat absorptions of the

gasification in double systems were 70.76 kW and
76.00 kW, respectively.

4.2 Comparison of the systems

Electricity input into the system with H,O transporting
equaled 430.72 kW while that with CO, transporting was
344.49 kW, as shown in Fig. 9. CO,-transporting system
saved about 86.23 kW and this part of energy was mainly
saved in gasification reactor. In the gasification reactor,
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electricity consumption could be divided into three parts.
Electricity to heat transporting medium was significantly
saved due to the low critical point of CO,. The difference
of reaction heat absorption was less than 10% as
mentioned in Section 4.1.

923.15K
23 MPa

923.15K
23 MPa

298.15 K
0.1 MPa

298.15K
0.1 MPa

Fig. 7 Schematic diagram of Hess’s law

200 I H, 0 CH, B CO T COo, |
T
%o 150 1
)
B 4 4
= 100
2
g
3 50 A b
—
-

O -+
H,O CO,
Transporting fluid

Fig. 8 Production yield of the gasification with different
transporting medium

As shown in Fig. 9, the difference of energy loss
between double systems was 103.48 kW and that of
exergy loss was 78.97 kW. Both energy loss and exergy
loss were low in the CO,-transporting system. The
energy efficiency of double systems was 77.4% in
H,O-transporting system and 82.53% in
CO,-transporting system, respectively. The exergy
efficiency was 68.42% and 73.11%, respectively. It
proved that the system with CO, transporting had low
energy and exergy loss and high energy and exergy
efficiency.

The gasification reactor and preheater occupied most
of electricity input of the both systems. The electricity
input into these two models was used for supercritical
water environment. The way to reduce the consumption
was increasing the efficiency of these models. The
energy loss of the systems concentrated on regenerator,
valve, gasification reactor and preheater. As the model
with the most energy loss, regenerator had high
temperature difference due to the existence of critical
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Fig. 9 Energy flow of the system transported by (a) H,O; (b)
CO,, and Exergy flow of the system transported by (c)
H,0; (d) CO, (Unit: kW)

point. Both the hot flow and cold flow contained much
H,0, much heat would cost during trans-criticality.
Temperature of the two flows might reach the critical
temperature in the regenerator and heat could not be
transferred if the temperature difference was reduced. It
was necessary to determine the heat transfer temperature
difference and reduce the energy loss from regenerator.
The output of the hot flow in regenerator was mainly
pressured H,O and the pressure of this flow was reduced
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Fig. 10 Distribution of electricity consumption of the system with (a) H,O transporting (b) CO, transporting; Distribution of energy
loss of the system with (c) H,O transporting (d) CO, transporting; Distribution of exergy loss of the system with (e) H,O

transporting (f) CO, transporting

in the valve. This part of energy could be recovered if the
valve was replaced into hydraulic turbine. The increase
of the efficiency of preheater and gasification reactor also
decreased the energy loss of the models. Ways to reduce
the exergy loss of these models were the same with those
of reducing the energy loss.

5. Conclusion

A supercritical water gasification system, in which
CO, was used as the transporting medium, was
investigated from the point of view of thermodynamics in
this paper. In this way, heat input by a large specific heat
capacity and trans-criticality of transporting H,O could
be saved. In this work, influence on gasification results
was investigated and the influencing factors were
selected as reaction temperature, pressure, transporting
and gasification concentration. Furthermore, a similar
system with H,O transporting was also based to compare
and study the difference between the two systems. The
results were as follows:

(1) Total yield, HE and the electricity consumption of
gasification reactor increased with temperature sharply
and decreased with pressure slightly. Total yield
increased from 174.05 kg/h at 823.15 K and 23 MPa to
224.32 kg/h at 1073.15 K and 23 MPa. The total yield

decreased from 191.79 kg/h at 923.15 K and 23 MPa to
187.31 kg/h at 923.15 K and 29 MPa. Increase of the
transporting concentration led to the increase of the total
yield and HE and the decrease of electricity consumption.
Yields of each production increased with gasification
concentration, so did the electricity consumption. But HE
decreased at the same time. Total yield increased from
184.42 kg/h to 192.32 kg/h when the ratio between the
sample and transporting medium increased from 20 wt%
to 120 wt%. And it increased from 75.84 kg/h to 236.69
kg/h with the increase of gasification concentration from
30 wt% to 120 wt%.

(2) The production yields and the heat absorption of
gasification reaction were influenced slightly in both
systems whose transporting medium was CO, and H,O,
respectively. The energy efficiency of double systems
was 77.4% in H,O-transporting system and 82.53% in
CO,-transporting system, respectively. The exergy
efficiency was 68.42% and 73.11%, respectively.
CO,-transporting system could indeed save the energy
and maintain the output of the products.

(3) Electricity consumption concentrated on
gasification reactor and preheater while energy loss was
mainly distributed to regenerator, valve, gasification
reactor and preheater. Exergy loss of the system was
mainly made up with the loss of gasification reactor,
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regenerator, preheater and valve. Three ways to decrease
the electricity consumption, heat loss and exergy loss
were investigated, which were the increase of the
efficiency of the models, the reduction of the temperature
difference of regenerator and changing the valve into
hydraulic turbine.
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