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This work follows the study presented in Matera at the 4th AIGE/IIETA International
Conference titled: “Analysis of energy saving potential of combined thermal solar power and
micro scale gasification systems”. This previous work was focused on the advantages gained
through the integration between thermal solar power and a small scale gasification system and
how to maximize them. The results showed that the best way to combine the two systems is to
use to heat generated with the thermal solar power to dry the fuel rather than heat up the
gasification air. In this second work the best scenario will be analyzed considering the annual
irradiance in the Province of Modena in northern Italy. The systems considered in this study
were the APL PP30, a biomass gasifier genset system able to produce 22 kWel at 50 Hz, and
the Chromasun Micro-Concentrator (MCT), a high performance solar collector able of 2.2 kWt
output peak at DNI of 1000 W m2. Results showed that four thermal solar units are sufficient
to dry the biomass consumed in a year by the gasifier, increasing substantially its efficiency.
The economic feasibility of this scenario was investigated considering a possible substitution
of the methane as the heat source of the biomass dryer.

Considering a discount rate of 5 % and an inflation rate of 2.5 % it is possible to have a positive
NPV after 22 years from the purchase of the 4 thermal solar units. Furthermore, it is possible

to save 2286 kg of CO2 using solar energy rather than methane every year.

1. INTRODUCTION

This work follows the study presented in Matera at the 4th
AIGE/IIETA International Conference [1].

Fossil fuels find an interesting alternative for power
production in renewable sources [2]. Nevertheless the energy
produced through solar and wind is subjected to great volatility,
therefore it should be coupled with a stable and programmable
energy source [3] like biomass [4]. In particular biomass
gasification can be a very interesting technology for a
sustainable development [5, 6]. Through this thermochemical
process, the biomass is converted into a gaseous flammable
gas, called syngas [4] that can fuel internal combustion
engines [7, 8]. Vine prunings [9], poplar wood chips [10, 11],
woody residues deriving from river banks maintenance [12],
corn cobs [13] and corn stover [14, 15] are just a few examples
of agro-forestry by product that can efficiently converted
through gasification process. The moisture of the biomass
plays an important role in gasification, in particular using dry
biomass instead of wet it is possible to significantly increase
the efficiency of the process [16].

In this paper, a possible integration of a thermal solar power
and gasification will be presented and evaluated.

The considered gasifier unit was the APL PP30, a biomass
gasifier genset able to produce 22kWel and 44kWth at 50 Hz
with a specific consumption of 1 kg of dry wood for every
kWel produced [17]. The considered thermal solar unit was the
Chromasun Micro-Concentrator (MCT), it is a high
performance solar collector able of 2.2 kWth output peak at
DNI of 1000 W/m? [18]. An annual amount of gasifier
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operating hours was considered and knowing the biomass
consumption it was possible to calculate the heat necessary to
dry the biomass. Consequently, the number of thermal solar
units was evaluated calculating the annual irradiance in the
Province of Modena in northern Italy. Once the scenario was
established, it was economic evaluated through the net present
value method of investment appraisal considering a certain
discount and inflation rate.

2. MATERIALS AND METHODS
2.1 Gasifier model

The gasifier used in the simulation in this work is a 22 kW,
@ 50Hz gasifier-engine pilot plant. The model chosen is the
PP30 Power Pallet (Figure 1), manufactured by the company
ALL Power Labs [17]. The system is composed of a fuel
hopper of about 0.33 m® of volume, an auger biomass moving
system from the hopper to the reactor, a single throat
downdraft fixed bed gasifier provided with a filtration stage
and an IC engine linked to a gen-head for electrical power
production. Table 1 resumes the main features of the Power
Pallet (depicted in Figure 1) [17].

Table 1. Main Technical specifications of the PP30 [17]

Gasifier Imbert Downdraft
Biomass Woodchips G30
Biomass flow (dry base) 22 kg ht
IC Engine Ashok Leiland 4.0 1

Electrical Generator Marathon 284CSL1542, 12 wire




Figure 1. PP30 power pallet gasifier [17]

The biomass fuel used in the simulation is fir wood chips;
the Higher Heating Value (HHV) is evaluated by the formula
suggested by Channiwala [19]:

HHVyy, = 349.1 Cyp + 11783 Hy, + 100.5 Sy +
103.4 Oy + 15.1 Ny + 21.1 ASHy, 1)

where, C, H, N, S, O [%wt.] are the weight fractions of the
respective elements, ASH [%wt.] is the ash content in the dry
sample. Table 2 resumes the elemental composition of the
biomass taken from Ref. [20].

Table 2. Elemental composition of biomass [20]

Input
ASH

Value (% dry-basis)
0.3
50.4
6.1
0.1
0.01
43.1

QwnwZzTITO

In Table 3 the pre-fixed features of the Gasifier are listed.
Moisture Content is assumed to be 35 % for an as received
humid biomass.

Table 3. Gasifier simulation input data

Input Value
Dry wood Temperature [ Tsio,in] 25°C
Moisture Content [M.C.] 35%
Humid Wood mass flow [M,;,] 33,84 kg h
Gas. Air Temperature 400°C
Atmospheric Temperature 25°C
Annual operating hours 2200 h

2.2 Dryer and heat exchanger model

In order to improve the overall efficiency of the gasifier, a

complementary system consisting of the following component
was modeled:
o Solar thermal heating modules “MCT” by Chromasun [18]
¢ Rotary dryer vehiculating biomass directly into the hopper
e Cross-flow Heat exchanger

The plant layout is depicted in Figure 2.
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Figure 2. Complementary system layout [1]

The mean fluid circulating in the ‘solar’ circuit is a
diathermic oil “THERMINOL 66 having a specific heat of
1.86 kJ kgt °C* [21]. A blower pumps air inside the cross-
flow heat exchanger, this air will be conveyed to the dryer in
a counter-flow configuration with the wood chips.

The main calculations to be carried out are for the dryer;

T, v and T, oyr indicate respectively the temperature of the
drying air flowing in the device when entering and when
exiting. These values are fixed: T, ;=105 °C and T, oy7=30
°C. The power Q (multiplied by an efficiency coefficient of
0,97) is entirely used to dry the biomass:

Q= Macp,a(Ta,IN - Ta,OUT) 0.97 (2)
where, c, , [kJ kg™ °C] is the specific heat capacity of the air
and M, the air flow necessary to dry the flow of biomass.

On another hand, the power absorbed to dry the biomass
counter-flowing in the machine can be calculated with a
simple formula [22]:

Q = Mbio (Xin -
Mbiocp,bio(Tbio,IN_ Tbio,OUT) + Qloss

Xout)AHvap +
3)

The humidity ratio variation between X;, =0.35 and
Xout=0.20 is the aim of this study, AH,,,=2349 kJ. kg™* °C™
[23] is the water evaporation heat.

The net biomass flow value Mg, is driven by the feed
consumption of the PP30 producing 22 kW and consuming 1
kg/h each kW of dry base wood chips [17]; if the incoming
biomass has a humidity content of 35 % wet base, the total
flow rate will be Mg,;,=33,84 kg h™.

The second term of the equation represents the power
necessary to heat the biomass from a temperature of T, ;v =
25 °C 10 Tp;0 oyr=100 °C, the heat capacity of the biomass
used is ¢, pio=1,97 kI kg™ °C* [24] .

Q1055 Stands for the power not recovered and theoretically
available from the output air T, o,7= 30 °C.

Q = Macrf,a(Ta,IN - Ta,OUT) = Mbio (Xin '_ Xout)AHvap +
Mbiocp,bio (Tbio,IN_ Tbio,OUT) + Qloss (4)

This heat power is supplied by a “solar generator” field
consisting of 4 MCT panels as the one depicted in Figure 3.

The Therminol 66 flows in a captating pipe in each panel,
heated up to 110 °C with solar radiation concentrated by 20
Fresnel reflection optics, and consequently yielding heat
power to the atmospheric air inside the exchanger.



In fact heating the biomass up to 100 °C is considered to be
a conservative take.

Each device has a 3.5 m?reflecting surface, operating with
a mean efficiency coefficient of 0.59 [18] (this value is linked
to the temperature of 110 °C, efficiency decreases with an
increase of the oil operating temperature).

Figure 3. MCT solar panel [18]

During the calculations it is very important to keep the
content of humidity of the drying air below saturation point
throughout the process, to avoid having humidity re-condense
on the biomass.

Specifically, the Absolute Humidity X,y at the T, opr
conditions needs to be below saturation.

To simulate the efficiency of an Imbert downdraft gasifier
like in the PP30, a software developed by the Denmark
Technical University (DTU) in 2000 was used [25].

The gasifier efficiency is ratio between the chemical energy
going out with the syngas and the one entering in the gasifier
with the biomass [26, 27].

Figure 4 depicts the main interface of the software, the
INPUT data as previously discussed was entered in the small
boxes, in this case the initial M.C. value of 35 % was
considered. The aim is to dry the biomass to a M.C. value of
20 % and verify the increase in terms of overall efficiency.

It is important to point out that the temperature of the
biomass entered is 25 °C; this value is different from the
Tpio, v =100 °C because it is assumed that the biomass is
stocked after being dried, and not immediately used in the
gasifier.
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Thermal input 1169 [k! 100,0 [%]
Preheating of dry wood chips 0,0 (kW] 0,0 (%]
Preheating of moisture ookw]  00[%) 7w s

The boxed numbers are parameters and can
be changed by clickind on them. The other

Preheating of air 49[KW] 42(%]
Preheating of steam 00 kW] 0,0 (%)
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Figure 4. Screenshot of the software’s main interface with
35 % M.C. Input. [25]

2.3 Economical assessment

Based on the assumption that a dryer is necessary for a
biomass gasification system, the economic feasibility was
evaluated considering only the price of four Chromasun
thermal solar units, and not the cost of the entire biomass dryer.

The panel price of 1000 € m2 was directly provided by the
manufacturer, therefore the 3.5 m? for each unit lead to a total
estimated cost of 14000€ for four panels. A discount rate of
5 % and an inflation rate of 2.5 % was considered [28]. The
economic benefits of having the Chromasun panel derives
from the avoided purchasing of natural gas to provide the heat
necessary for drying. Natural gas price was set to 0.0721 €
kWh in accordance with the Eurostat second semester 2018
Gas prices for non-household consumers [29] for a
consumption lower than 1000 GJ and with all the taxes
included. The investment appraisal method used was the net
present value. If the NPV is positive it means that the project
should be accepted [30]. It is calculated as the sum of the annul
cash flows divided by (1+r)", where r is the discount rate and
n is the number of years.

3. RESULTS AND DISCUSSION

The power Q needed by the dryer device to treat a biomass
flow My,, = 33,84 kg hlis 4.70 kW, the needed mass air flow
calculated is M, = 240 kg h™.

The amount of heat power not used in the drying Qs iS
0.33 kW.

Losses can be reduced by decreasing the T, oyr (OF M,),
but this value is also connected to the humidity that can be
contained in the drying air flow at a temperature of 30 °C.

The Absolute Humidity of the air incoming at T, ;y = 25 °C
matches the status of the atmospheric air at a relative humidity
of 50 %.

The air exiting at a T, oyr = 30 °C also contains the
humidity released by the biomass and, with these settings,
reaches a relative humidity of 90 %.

The installment will be operating in Modena area, in
Emilia Romagna (lItaly); the data regarding solar radiation
available in this particular location is available in the technical
standard UNI 10349 — 1 [31, 32].

The study aims to evaluate the feasibility of the combined
system in terms of consumption and production of energy year
round.

The mean yearly radiation for a horizontal surface, as cited
in the standard [32], is 1398 kWh m2, therefore the energy
produced by a single MCT panel is 2886 kWh year™.

A solar field of 4 MCT panels provides energy for an
operation of the PP30 of 2223 h every year, therefore
considering 2200 annual operating hours for a PP30, 4 solar
units are sufficient to meet the dryer thermal needs.

Using the DTU software, it can be easily verified from
Figure 5, that with a reduction of 15 % of the M.C. of the
biomass feed, the efficiency rises significantly (Cold Gas
efficiency from 64.4 % to 71.2 %).

It was calculated that the using the solar panel instead of
natural gas there is a money saving of 832.61 € every year,
(not considering inflation), this guarantees to have a positive
net present value after 22 years, an amount of time in line with
the solar installation [28]. Furthermore, the Chromasun solar
units have a lifespan of 25 years as declared by the



manufacturer.

A further point is that considering a lower heating value of
50.02 MJ/kg [33] and that for every kg of methane burned 2.75
kg of CO; are produced, this scenario allows to avoid about
2286 kg of CO, emission every year.

Mg poi Jo —_— 25 r°c)
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Figure 5. Screenshot of the software’s main interface with
20 % M.C. Input. [25]

4. CONCLUSIONS

The solution of combining Solar Thermal micro-
concentrator units to a Gasifier module has an interesting
potential.

The increase in terms of efficiency of the reactor due the
reduced M.C. in the biomass is one aspect that has been
voluntarily put on the background, but has a huge relevance if
studied in depth.

In this study, it has been emphasized the saving achieved
avoiding the purchase of natural gas to run the dryer.

A device like the MCT, is a feasible solution in this range
of small-scale installments, thanks to its high efficiency and
high peak temperature of the mean fluid, compared to
traditional Solar Thermal units.

The return of the investment is below the lifespan of the
MCT modules, furthermore the NPV has been calculated
without considering additional possible features:

o White Certificates provided as an incentive for a not
polluting energy production methods.

e Fiscal deduction of part of the cost for investments
for energy efficiency increase.

e Potentially higher production outcome of the panels
if laid down with an inclined azimuth angle

In the future will be evaluated the possibility of substituting
the thermal solar panel as the heat source for the dryer with a
wood stove fueled with vine prunings, that can be an efficient
[34] and low cost alternative.
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NOMENCLATURE

M
p
Q
X

AHvap

T

Mass flow rate, kg s*

specific heat, J. kg °C*!

power, kW

dimensionless moisture ratio

water vaporization heat, kJ. kg <T*
Temperature , <C





