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The glucose as a test sample of biomass is gasified in supercritical water with different heating methods driven by renewable
solar energy. The performance comparisons of hydrogen production of glucose gasification are investigated. The relations between
temperature raising speed of reactant fluid, variation of volume fraction, combustion enthalpy, and chemical exergy of H, of the
product gases with reactant solution concentration are presented, respectively. The results show that the energy quality of product
gases with preheating process is higher than that with no preheating unit for hydrogen production. Hydrogen production quantity
and gasification rate of glucose decrease obviously with the increase of concentration of material in no preheating system.

1. Introduction

With the rapid increase of world energy consumption and
serious environmental pollutions caused by the utilization of
fossil fuels, sustainable energy systems based on hydrogen as
energy carrier coupled with renewable energy resources, such
as solar and biomass, are considered as an effective way to
resolve issues including greenhouse gas emissions, national
energy security, air pollution, and energy efficiency [1]. Solar
energy is the world’s most abundant and promising energy
resource. Compared with conventional energy, solar energy
is widely distributed, high security, and so forth.

In addition, solar energy will not be controlled or monop-
olized by any privileged few. These advantages make the solar
energy much better than conventional fossil energy. It is a
worldwide issue to make good use of it [2].

The critical point of water is at 647.3 K and 22.1 MPa. The
theory of supercritical water gasification is based on a series
of unique properties of water near the critical or supercritical
thermodynamic state. Because the dielectric constant and the
number of hydrogen bonds are lower, and hydrogen bonds’
strength is weaker than those of ambient water, supercritical
water (SCW) behaves like many organic solvents so that

organic compounds and gases have complete miscibility with
SCW. Therefore, SCW can provide homogeneous environ-
ment for chemical reaction, which reduces the mass transfer
limitations of reaction [3].

We used glucose as a model biomass in this paper because
the glucose’s composition is single and its aqueous solution is
homogeneous; it is easier to achieve high-pressure transport
of the material of high concentration. In the process of
biomass gasification in supercritical water, the material was
mixed with water and transported into the reactor. This
paper analyzed the performance of glucose gasification in
supercritical water by two different heating methods.

2. Gasification Systems and Heating Methods

Figure 1 shows the process of hydrogen production system
without preheating process (Method 1). When the system
is running, close the valve of feeding tank and open the
valve on the left side of the water tank. To complete a cycle,
the water at normal temperature and pressure go through
the valve in water tank, and then they are delivered to the
high temperature molten salt to boost the temperature and
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FIGURE 1: Hydrogen production without preheating process (Method 1). (1) water tank, (2) nitrogen tank, (3) storage tank, (4) feeder, (5)
regenerator, (6) cooler, (7) filter, (8) back pressure regulator, (9) gas-liquid separator, (10) wet gas flow meter, (11) high temperature molten
salt heat tank, (12) low temperature molten salt heat tank, (13) pump for liquid salts, (14) optical block, (15) solar receiver, and (16) valve.

pressure by the high-pressure plunger, after which they go
through the regenerator, the cooler, the back pressure valve,
and the gas-liquid separator sequentially. After a period of
time of operation, reheat each device in the system, then close
the valve on the left side of the water tank, open the feeding
tank valve, and press the biomass reaction materials (cold
fluid, room temperature) into the solar receiver by the piston
type charging tank to realize heating gasification reaction.

Figure 2 shows the process of hydrogen production sys-
tem with preheating process (Method 2).

Among the two figures, the blue line, red line, pink line,
and green line represent the molten salt, the preheated water,
and the mixture, respectively. The main difference between
the two methods is that the fluid in reactor is directly heated
by high temperature molten salt heat tank in Method 1, while
the fluid in reactor is heated by high temperature molten
salt heat tank and hot water from the regenerator in Method
2 simultaneously. In Method 2, water is pumped into the
reactor directly and pressurized in the reactor, and the reactor
is heated to bring up the system to the setting temperature
and pressure. When the temperature and pressure reach the
desired values, the feeder is connected to the reactor and
preheated pipe is opened simultaneously (no preheated pipe
in Method 1). At the exit of the reactor, product flow is
rapidly cooled by a cooler. A regulator of back pressure is used
to reduce the exit pressure. After leaving the back pressure
regulator, the products after reaction pass through a glass gas-
liquid separator and are collected and analyzed.

Analysis of the gas product is accomplished by the use
of a Hewlett-Packard model 6890 gas chromatograph with
thermal conductivity detectors. The carrier is helium, and
carrier gas flow rate is 10 mL/min. A Carbon-2000 capillary
column is used, operating at 60°C for 2 mins, followed by a
30°C/min ramp to 150°C, hold for 2 mins, then a 20°C/min
ramp to 190°C, and a 5 min hold at 190°C.

3. Results

3.1 The Heating Mode of Reactor. It is an endothermic
reaction that converts biomass into hydrogen in supercritical
water. The reactor should be supplied heat to maintain the
normal reaction. According to the heating position, it can
be divided into internal heating and external heating. The
external heating is usually provided by electric, nuclear,
thermal, or other heat sources. The internal heating can
be provided by electric, parallel chemical reaction or other
methods. The external heating is relatively easy to be imple-
mented. But the temperature of the reactor wall is higher
than the temperature of the fluid in the reactor, so as to
get the same fluid temperature; it is more strict on the
heat-resistant of the reactor, especially in the case of large
temperature difference of heat transfer. In addition, for small
experimental device, even if the reactor wall is continuously
heated, the temperature of the fluid in reactor decreases
and is hard to rise because the experiment is endothermic,
which makes it difficult to meet the requirements of heat
in the reaction. Experiments show that, when the flow of
high temperature water is larger, the temperature of fluid
at reactor entrance changed a little after the reactants are
pressed into the reactor. Otherwise, the temperature of fluid
at reactor entrance decreases. These experimental results can
be deduced obviously in this paper (Figures 3~4). Figures
3 and 4 show the variation of the temperature of fluid at
reactor entrance with time on the condition that the glucose is
pressed into the reactor when the preheated high temperature
water is 1.0 kg/h and 2.5kg/h and the flow rate of glucose
is 0.5kg/h [4]. It is shown that, when the heating rate is
higher, more H, and less macromolecular hydrocarbon are
generated [5]. That is to say, the effect of gasification is
better. The internal heating provided by electric is between
them.



Advances in Condensed Matter Physics

FIGURE 2: Hydrogen production system with preheating process (Method 2). (1) water tank, (2) nitrogen tank, (3) storage tank, (4) feeder,
(5) regenerator, (6) cooler, (7) filter, (8) back pressure regulator, (9) gas-liquid separator, (10) wet gas flow meter, (11) electric heater, (12) high
temperature molten salt heat tank, (13) low temperature molten salt heat tank, (14) pump for liquid salts, (15) optical block, (16) solar receiver,

and (17) valve.
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FIGURE 3: The variation of fluid temperature at the reactor inlet with
time (small flow high temperature water).

3.2. Comparison of Gasification Product Components. For
biomass in supercritical water, hydrolysis, pyrolysis, steam
reforming, water transformation, and methanation reaction
process can occur, generating a large number of intermediates
which will introduce other chemical reactions and thus make
the overall reaction mechanism more complicated. Biomass
gasification in SCW could be summarized into three major
reactions:

CHxOy+(1—y)H20:CO+(§+1—y>H2 )
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FIGURE 4: The variation of fluid temperature at the reactor inlet with
time (large flow high temperature water).

CO +H,0 =CO, +H, )
CO + 3H, = CH, + H,0 3)

Tables 1 and 2 show the product gas volume fraction
of different concentration of glucose solution gasification in
SCW by Method 1 and Method 2 [6]. With the increase
of the concentration, the volume fraction of H, in Method
1 decreased from 33.90% to 18.94%, almost by half, and
it decreased rapidly from 28.50% to 19.62 while the con-
centration changed from 3.3% to 5%. It decreased because
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TaBLE 1: The product gas volume fraction of different mass concentration of glucose solution gasification in SCW by Method 1 (600°C;

25MPa).

Glucose concentration

Product gas volume fraction/%

H, co CH, Cco, C,H, C,H,
1.7% 33.90 24.30 2.50 37.90 0.50 0.50
3.3% 28.50 30.60 5.60 34.30 0.50 0.50
5% 19.62 14.23 30.47 35.69 0.50 0.60
10% 18.94 6.02 18.24 56.82 0.70 0.70

TaBLE 2: The product gas volume fraction of different mass concentration of glucose solution gasification in SCW by Method 2 (600°C;

25 MPa).

Glucose concentration

Product gas volume fraction/%

H, Co CH, Co, C,H, C,H,
1.7% 35.97 26.44 2.20 34.19 0.60 0.60
3.3% 35.66 25.63 2.24 35.25 0.61 0.61
5% 35.67 26.28 2.00 34.88 0.60 0.57
10% 34.21 26.84 211 35.53 0.53 0.53
the concentration of the material increase will make the 60 -

amount of water involved in the reaction (1) become less,
which is not conducive for reaction (1) and thus decrease the
yield of hydrogen. The volume fraction of H, changed a little
in Method 2 just from 35.97% to 34.21%, and the volume
fraction of H, has been almost equal when the concentra-
tion increased from 1.7% to 3.5%; volume fraction of CO,
increased from 37.9% to 56.82% produced by nonpreheating
process, which increased about 1.5 times, and the volume
fraction of CO and CH, increased first and then decreased.
The volume fraction of product by preheating process is
increased, and the other 4 kinds of gas components are
stable. The volume fraction of H, by Method 2 is higher than
that by Method 1 at all conditions of glucose concentration.
This is because Method 2 has the preheating process, which
makes the material heating rate become faster. Given that the
hydrogen production quantity was in direct proportion to the
heating rate [7], the production in Method 2 is higher than
that in Method 1.

3.3. Comparison of the Combustion Enthalpy and Chemical
Exergy of H,. Combustion enthalpy and chemical exergy of
hydrogen represent the degree of biomass energy conversion
to hydrogen energy, namely, utilization to the degree of
conversion. It can be seen from Figures 5 and 6 that the
hydrogen combustion enthalpy and chemical exergy have
obvious differences by different heating way. The hydrogen
combustion enthalpy and chemical exergy vary rapidly with
the increasing of the concentration. Combustion enthalpy
changes in the proportion of span from 47.79% to 14.59%,
and the proportion of chemical exergy changes span from
43.89% to 13.03% by Method 1, while the hydrogen com-
bustion enthalpy and chemical exergy fraction produced by
Method 2 are very stable, basically reaching 48% and 44%,
and material concentration has little effects on hydrogen
combustion enthalpy and chemical exergy. Therefore, the
energy quality of product gases by Method 2 is higher than
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FIGURE 5: The variation of combustion enthalpy fraction of H, with
the glucose concentration in the gaseous products.

that by Method 1 for objective gas H,, and the gasification
and energy utilization are high and stable.

4. Conclusion

When the preheated high temperature water flow rate is
large, the fluid temperature at the reactor inlet changes a
little after the reactant is pressed into the reactor. Otherwise,
the inlet temperature decreases rapidly. Hydrogen production
and energy quality of product gases with preheating process
are higher than that with no preheating unit for hydrogen
production. The hydrogen combustion enthalpy and chem-
ical exergy vary rapidly with the increase of the reactant
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FIGURE 6: The variation of chemical exergy fraction of H, with the
glucose concentration in the gaseous products.

concentration by Method 1, while the hydrogen combustion
enthalpy and chemical exergy vary a little and the reactant
concentration has little effects on them by Method 1.
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