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Abstract: Gasification technology presents one of the promising options for converting biomass energy into electricity. Gasification process converts carbonaceous materials into carbon-monoxide,
hydrogen, carbon-dioxide, and gaseous hydrocarbons (producer gas). Producer gas can be supplied as fuel to the internal combustion engines and power generators. In order to maximize the
efficiency of biomass conversion, producer gas should be utilized not only for power generation but also for thermal production from the producer gas sensible heat. In this paper, one of common
types of agricultural residues, in Serbia, corn cob and corn stalks, were compared with wood chips and analysed in order to evaluate their possible utilisation for electric and thermal energy
production. Plant consists of downdraft gasification unit coupled with gas engine. Modelling results show that for 1000kg of dry biomass can be produced: 1566 kWe and 1016 kWth (for wood chips
material with HHV=19.70 MJ/kg); 11142 kWe and 977.8 kWth (for corn cob HHV=19.25 MJ/kg); 1399 kWe and 960.4 kWth (for corn stalks with HHV=17.31 MJ/kg).
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1. Introduction
Regarding the high potential of biomass residues in Serbia and the positive characteristics of
gasification process, present study, shows potentials for utilisation of biomass residues (such as
corn cob, corn leaves and wood chips) for electric and thermal energy production.
For this purpose mathematical modelling of the small-scale biomass gasification system for
combined heat and power production were done. The pathway for electricity and heat
generation consists of biomass downdraft gasifer and internal gas engine. The main components
of “the downdraft – internal combustion engine system” include: the gasifier, producer gas heat
exchanger, producer gas cleaning section, internal gas engine and heat recovery unit, Fig.1.

Figure 1 The gasification internal combustion engine simulation flowsheet

The cycle involves air gasification of biomass residues in a fixed bed downdraft gasifier and the
producer gas obtained is then led to a gas cleaning section in order to remove impurities such as
dust and uncracked tar. After cleaning, the gas is fed into the heat exchanger and thereafter gas
is fed into the engine to generate electricity. The exhaust gases from the internal gas engine are
led to a heat recovery where drops it temperature. Process heat or district heating or hot water
heat exchange can be installed to further extract energy from the exhaust gases.
Plant capacity at which this technology is used ranges from 1kWel – 10MWel. The efficiency is
seen to be averagely 30% for 100 kWe size, 35-45% for more than 1 Mwe. Also, internal
combustion engines are high flexibility, long lifecycle, reliability, low cost, etc. In developing
countries, internal combustion engine technology is used for generating electricity for small
industries, residential buildings and etc.

1.1. Downdraft gasification model description

The pure thermodynamic equilibrium model has been modified to increase the results’
accuracy. The gasification model consists of a series of sub-processes, each containing one
process (biomass drying, pyrolysis, gasification, air preheating, and steam generation), see Fig.
2.

Figure 2 Overall mass balance for the biomass gasification process

2. Results and discussion
Model operating parameters (biomass characteristics - proximate analyses and the elemental
compositions of biomass), drying temperature, percentage of removed moisture, pyrolysis
tempera-ture, air inlet temperature, steam inlet temperature, gasification temperature and
percentage of charcoal, tar and particles leaving the gasifier can be directly introduced by the
user. The ultimate and proximate analysis of the biomass given in Table 1 were used in the
model. Predicted results from the present modified equilibrium model are presented in Table
2.

Table 2 Process parameters

Unit Value

Gasifier

Gasification media air

Gasifier operating pressure 1 bar

Air entering conditions 25oC, 1 bar

Biomass input conditions 25oC, 1 bar

Biomass feed rate 1000 kg/h

air/feedstock ratio 0.3 kg/kg

Gasification Zone 850°C

Producer gas characteristics

Corn cob as a 
feedstcok

Corn stalks as a 
feedstock

Wood chips as a 
feedstock

Gas flow, kg/h 2228 2823 2392

Gas composition, vol %, db

CO 29.29 22.59 30.34

CO2 8.28 9.99 7.168

CH4 2 2 2

H2 21.61 17.69 20.46

N2 38.81 47.72 40.03

LHV, kJ/Nm3 6474 5478 6.755

Cold gas efficinecy, % 85.3 83.42 85.68

CHP with internal combustion engine

Electrical output, kW 1142 1399 1566

Engine el. Efficiency, % 36.18 35.96 36.74

Heat,  kW 977.8 960.4 1016

Modelling results show that for 1000kg of dry biomass can be produced: 1566 kWe and 1016
kWth (for wood chips material with HHV=19.70 MJ/kg); 1142 kWe and 977.8 kWth (for corn
cob HHV=19.25 MJ/kg); 1399 kWe and 960.4 kWth (for corn stalks with HHV=17.31 MJ/kg).
Results show that all three kind of biomass residues, has potentials to produce considerable
amount of electricicty and heat. However, use of wood chips would give higher energy values.

3. Conclusion

From the preliminary analysis, the results show that the proposed CHP systems are feasible
with self-sustaining heat generation and recovery to satisfy the process goals. The systems also
demonstrates the potential of obtaining relatively high electrical efficiency. However, CHP
systems still characterises technical uncertainties namely operational difficulties, poor
reliability and low overall efficiency which requires considerable technical advances prior to
commercial viability. Therefore, there is a research need to overcome the existing technical
obstacles, and to demonstrate energy-efficient biomass-fuelled CHP systems.

Corn cob Corn leavs Wood chips

C 45.80 43.92 48.56

H 5.88 6.01 5.78

O 46.45 40.44 44.25

N 1.20 0.42 0.30

S 0.10 0.07 -

Ash 1.60 5.13 1.10

VМ 80.30 75.63 -

fC 18.10 15.23 -

HHV (MJ/kg) 19.25 17.31 19.70

Table 1 Ultimate and proximate analysis of feedstock (db)

The following implementations or assumptions were made:
1. Adding a drying unit, that predicts the removal of moisture from raw biomass. The

percentage of removed moisture can alternatively be set by the user.
2. Adding a pyrolysis unit that, using empirical correlations, predicts the formation of

pyrolysis products (charcoal and volatiles, including tar).
3. The tar and charcoal were considered as products of the gasification process. The

maximum tar content was limited to 6 g/Nm3 (the concentration of tar, for downdraft
gasifiers, ranges from 0.01 g/ Nm3 to 6 g/Nm3 ).

4. Particles leaving the gasifier are set by the user as mg/Nm3 in the producer gas. These
particles are considered to consist only of carbon.

5. Biomass-bound nitrogen, is during the gasification process converted into diatomic
nitrogen (N2).

6. Gas products consists of CO2, CO, H2, CH4, N2, and H2O.
7. Setting the amount of produced CH4 = 2 vol% as an initial guess, needed for the iterative

solution process.
8. No heat losses are considered from the gasifier, i.e. adiabatic condition.
9. The air for the gasification process is considered as dry air, containing only 21 vol% O2

and 79 vol% N2 (the traces of water vapour, CO2, Ar, and various other components are
not considered).

10. Biomass is assumed to enter the gasification process at 25 °C and 1 atm.
Regarding this, an empirical predictive model is developed to describe the general trends of
product distribution as a function of temperature, which is based on balance of elements,
energy balance and empirical relationships. The mass balance, energy balance, and mass and
molar balances for each element (C, H, O, and N) are set and used to calculate the gasification
products. An initial gasification temperature is assumed in the iterative solution procedure.
The “Engineering Equation Solver (EES)” has been found to be very suitable for modelling this
kind of system, because it contains all of the necessary thermodynamic functions and it is
possible for the model builder to make a user interface, which can make the model
userfriendly.
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