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ENHANCING BIOMASS GASIFICATION:
ANALYZING CRUCIAL PARAMETERS
FOR SUSTAINABLE ENERGY PRODUCTION

Biomass gasification is a promising technology for converting
organic materials into valuable gases such as syngas, hydrogen, methane,
and chemical feedstocks. This process involves complex thermochemical
reactions influenced by various parameters. This article explores key factors
affecting product quality during biomass gasification, including feedstock
composition, moisture content, particle size, operating conditions, catalysts,
and sorbent-to-biomass ratio. The study sheds light on the advantages and
disadvantages of different gasifier types, such as updraught, downdraught,
fluidised bed, and entrained flow, highlighting their suitability for specific
applications. It also delves into the significance of parameters like steam-
to-biomass ratio and air equivalence ratio. The findings underscore the
importance of optimizing these factors to enhance gasification efficiency
and minimize undesired byproducts. Biomass gasification holds significant
potential for sustainable energy production and should be explored further
to harness its benefits effectively.

Keywords: Biomass, alternative source of energy, bioenergy, biofuel,
biomass gasification, gasifier types.

Introduction

Biomass is any organic substance that is renewable over a period of time
relating to plants and animal derived materials. Biomass consists of C and a mixture
of H, O,, N and little amount of alkali, alkaline earth, and heavy metals. The most
used techniques for biomass analysis are the ultimate and proximate analysis,
where the ultimate analysis is used for biomass composition of the hydrocarbon,
and the proximate analysis used for moisture, fixed carbon, and ash [1].
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Biomass gasification has been used to produce syngas, H,, methane (CH,), and
chemical feedstocks. To produce these gases, biochemical and thermochemical
routes can be employed. The thermochemical pathway can accommodate a broad
range of biomass, and has high efficiency [2].

Fluidised bed, fixed bed gasifiers and entrained flow gasifiers are the most
common type of gasifiers. Updraft gasifiers generate around 10 to 20 wt% tar in
the gas [3].

Air or O, is added and the temperature increases to 1200-1400°C burning or
pyrolysing the fuel feedstock. At the bottom of the bed the combustion gases are
decreased to H, and C_ [3].Initial research covered information of the parameters
influencing the product quality during biomass gasification. Figure 1 represents
gasifier types, while table 1 shows their advantages and disadvantages.

Figure 1 — Gasifier types [4]

Table 1 — advantages and disadvantages of gasifier types[4]

Gasifier type Advantages Disadvantages
Updraught - minimal pressure loss; - elevated tar content in producer
- high thermal efficiency; gas;
- rapid response to load - prolonged ignition time;
fluctuations; - significant pressure loss;
- simplified construction. - vulnerable to feedstock vari-
ations.
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Downdraught - reduced tar content in producer gas; | - requires tailored design for
- simplified construction. specific feedstock;
- diminished heating value pro-
ducer gas;
- lower thermal efficiency.
Fluidised bed - enhanced heating value in pro- | - intricate construction
ducer gas.
Entrained flow - well-suited for fine-size feedstock | - unsuitable for highly moist
and large scale facilities feedstock;
- limited residence time.

Materials and methods

Parameters affecting product quality during biomass gasification:

Feedstock and moisture content

The main elements of biomass are hemicellulose, cellulose, and lignin. They
play an essential part during the thermochemical conversion processes. Generally,
the cellulose to lignin ratio ranges between 0.5 and 2.7 [5].

More than 2260 kJ of extra energy is required per kilogram of biomass
moisture to evaporate water. Updraft fixed gasifiers can withstand up to 60 %
moisture content (wet % basis), while downdraft gasifiers can tolerate feedstock
content of 25 % (wet % basis). If the moisture content of a feedstock is higher than
30 wt %, it can lead to less gas production and higher tar content. Thus, the actual
moisture content should be considered while calculating the steam to biomass ratio.

Figure 2 shows the moisture content impact on the biomass consumption rate.
It can be seen that if biomass moisture content rises, the biomass consumption rate
will decline. It might be because of high energy demand in pyrolysis and drying
of the moisture biomass.

Figure 2 — Moisture content impacts on biomass consumption rate [6].
Particle size and density
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It was found that feedstock particle dimensions have direct influence on
produced gas. Temperature and particle heating rate have a significant impact on
weight loss during BG. Small particle dimensions have perfect fluid-particle heat
transfer. More regulated gasification is obtained with unchanging temperatures
throughout the feedstock particle [3].

Residual char yield is higher by incomplete pyrolysis because of greater
heat transfer resistance from large particles. Syngas efficiency can be improved
by decreasing particle size, which can also reduce tar yields [7].

Usually, biomass feedstocks have a small densely porous structure. It was
assumed that links between products and reactants occurs via non-restricted
molecular transport. The low density of feedstocks can lead to unchanging
temperature throughout the particles that demonstrate homogeneous gasification.
Therefore, a non-homogeneous gas composition is achieved [4].

Operating conditions:

Temperature, heating rate, and the partial pressure of the gasifying agent are
also essential criteria that have an impact on exit gas yield and overall biomass
conversion. The reactor pressure of EFG is between 20 to 70 bar. A fast heating
rate brings significant gas yields and low tar production, while a slow heating
rate brings high tar production. In case of temperature increase, the Boudouard
reaction (1) and the thermal cracking reaction (2) can efficiently degrade residual
char and tar. The reactor temperature in FBG is about 1100°C, in FBG it is kept
below 1000°C, and in EFG is greater than 1900 °C [8].

C+CO,—-,CO + 172 k] mol-1 Eq.(1) [8]

Tar + heat - CO, + CO + H, + CH, + coke Eq.(2) [8]

Figure 3 represents the impact of temperature on the produced gas
composition.
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Figure 3 — Temperature effects on product gas composition.
Steam-to-biomass ratio: 3. Sorbent-to biomass ratio:
1. H, (W), CO (®), CO, (4), CH, (*) [9]

Steam-to-biomass ratio (S/B):

Steam to biomass ratio has a significant impact on product yields. High S/B
ratio leads to a higher H, yield and has a high calorific value in syngas with low
tar production. Little S/B produces greater amounts of CH4 and char. Process
efficiency due to energy in the surplus steam, which also detrimentally affects the
temperature in the gasifier, leading to lower tar cracking. These problems highlight
the importance of recognising an optimum S/B in steam BG [8].

Figure 4 demonstrates the produced gas composition for growing steam-to-
biomass ratio.

39



TopaiireipoB yHHBepcuTeTiHIH Xabapibicel. ISSN 2710-3420. Onepeemuxanvik cepusicol. Ne 4. 2023

Figure 4 - Impact of S/B ratio on gas.
Biomass feed rate: 0.072 kg/ h. Temperature: 800 K. Sorbent-to-biomass ratio:
1.H, ( ),C0( ),CO,( ).CH,( )[9].
Air equivalence ratio (ER):

A high ER can decrease the yields of H, and CO, which raises CO, and
decreases the calorific content of the gas. The amount of moisture and volatile
species in the feedstock also has influence on ER. If moisture content is up to 15
%, it will increase gas amount and ER. A moisture content higher than 15 % will
lead to irregular temperature variations [7].

Gasification occurs in an air scarce environment. Downdraft gasifiers need
a value of ER ~0.25 to achieve optimal product gas yield. Efficiency in FBG is
improved with the amount of ER ~0.26. In practice, a desired value of ER is
0.2-0.3. Values less than 0.2 will result in more char formation [3].

Figure 5 represents the impact of raising the air flow rate on biomass
consumption rate. A rise in biomass consumption is linear to a rise in the air flow
rate, because the air flow rate increment increases the combustion and a larger
amount of biomass is consumed. Great amount of heat is released due to the
increased rate of biomass combustion [8].
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Figure 5 — Air flow rate effects on biomass consumption rate
(moisture fraction = 0.0226) [8].

Catalysts:

Catalysts simplify the thermal and mass transfer resistance and play an
essential part in BG. It has been found that catalysts have a positive effect in
stimulating gasification. Catalysts are engaged in situ or after gasification reactions
[6]. Catalysts include alumina and zeolites, Ni-based, Zn-based, dolomites and
limestones, platinum- and ruthenium-based materials. A positive impact on
gasification extent has alkaline metal oxides, dolomite, and Ni-based catalysts
due to the capability to encourage the reformation reactions. Alumina silicates are
very useful in enhancing char gasification, while Ni-based catalysts are best for
the conversion of lighter hydrocarbons. Effective catalysts are under development,
with the focus to improve the quality of products [3].

SER — sorbent-to-biomass ratio:

Biomass could be carbon-negative if the CO, released during gasification is
captured and stored. Metal-based sorbents, dolomite, aluminium oxide, Ni-based
sorbents, and rhodium have been researched as sorbents in biomass gasification.
It was proven that solid sorbents are better than liquid sorbents in the case of CO,
capture during BG. Sorbents remove CO2 from the BG and enhance H, yield.
Thus, using an appropriate sorbent is desirable, and it should not hamper economic
considerations [10].

Results and discussion

Feedstock and Moisture Content: The composition and moisture level of
biomass significantly impact gasification outcomes. High moisture content can
reduce gas production and increase tar content.
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Particle Size and Density: The size of biomass particles affects gasification,
with smaller particles leading to better gasification efficiency and lower tar yields.

Operating Conditions: Factors like temperature and heating rate play a crucial
role in gasification efficiency and product quality. Different types of gasifiers
require specific temperature ranges.

Steam-to-Biomass Ratio (S/B): The S/B ratio influences gasification product
yields, with a high ratio increasing H2 yield and calorific value while reducing
tar production.

Air Equivalence Ratio (ER): ER affects gas composition and calorific content,
with optimal values varying for different gasifier types.

Catalysts: Catalysts can enhance gasification extent and product quality by
simplifying thermal and mass transfer resistance.

Sorbent-to-Biomass Ratio (SER): Solid sorbents show promise in capturing
and storing CO, released during gasification, potentially making the process
carbon-negative.

Conclusion

Biomass gasification represents a promising avenue for sustainable energy
production, offering a way to convert organic materials into valuable gases and
chemical feedstocks. However, achieving optimal product quality during biomass
gasification requires careful consideration of several key parameters. This study
has highlighted the importance of feedstock composition, moisture content, particle
size, operating conditions, catalysts, and sorbent-to-biomass ratio in influencing
gasification outcomes.

Different gasifier types have their advantages and disadvantages, making
them suitable for specific applications based on the desired product and operating
conditions. Factors like steam-to-biomass ratio and air equivalence ratio play a
crucial role in determining gas composition and overall process efficiency.

It is evident from this research that optimizing these parameters can lead
to higher gas yields, lower tar production, and increased calorific value in the
resulting syngas. Moreover, the use of catalysts and appropriate sorbents can
further enhance gasification extent and product quality.

In conclusion, biomass gasification holds great promise for a sustainable and
environmentally friendly energy source. Continued research and development
efforts should focus on refining the understanding of these key parameters and
optimizing gasification processes to unlock the full potential of biomass as a
renewable energy resource.
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12 AGbuikac CarblHOB aThIHIaFel KaparaH/ bl TEXHUKAJIBIK YHHUBEPCUTETI,
Kazakcran Pecniyonukacer, Kaparasms! K.

Backin mibiFapyra 28.11.23 KaObUIIaHIBL.

BUOMACCAHBI TABTAHABIPYIBI KETIJIAIPY: TYPAKTbBI
SHEPTHSA OHAIPY YIIIH HETI'I3I'T TIAPAMETPJIEPIH TAJIIAY

Buomaccanvl 2azdanovipy — opeanukaivik mamepuairoapobvi
cuHeas, cymeei, MEMAH HCOHE XUMUSILIK WUKIZAM CUsKmbl Oazaivl
2azoapea auHanoblpyObly nepcnekmusmi mexnonoausicol. byn npoyecc
opmypai napamempepoiy 9cepiHer OONambiH KypOeii mepMOXUMUSLIbIK,
peakyusiapos Kammuosl. Byn maxanada 6uomaccanvl 2az0aunovipy
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Ke3iHO0e OHIM CanacvlHa dcep ememin Hezizel pakmopaap, COHblH
iwinoe Jcem Kypamvl, bli2anobliblK, OOIueKmepoiy MOIUEpI, HCYMbIC
JACAZOAINAPDL, KAMATUIAMOPAAP IHCOHE COPOEHM NEH DUOMACCA KAMBIHACH]
Kapacmuipwliadel. Lllonyoa dcozapel azvin, momeH azvlH, CyUbLIMbLI2AH
MOCeK JICoHe MAPMblI2aH A2blH CUAKMbL 2A30AHObIPY KYPbLIZbLIAPLIHbIY
opmypai myplepiniy apmulKUbLILIKMAPbl MEH KeMWINIKmMepi 3epmmerin,
0n1apovly HaAKmMul KOI0anbanapaa sHcapamovliviabl kepceminedi. Byoviy
buomaccaza KAMvIHACHL HCOHE AYaA IKEUBATCHMMIK KOIDPuyuenmi cuaxmuol
napamempiepOiy Manvl30bLiblebl 0a Kapacmulpuliadvl. Homuocenep
2a30an0bIlpy MUIMOLNIZIH apmMmMBbIPy HCOHe KAXHCEMCI3 HCAHAMA OHIMOepOi
asaumy ywiH ocel napamempiaepoi OHMatliaHObIPyObly MAHbI30bLIbIZbIH
Kkepcemeoi. Buomaccanvl eazoandvipy mypaxmuol 3Hepeust OHOIPY YUlin
Manbli30bl djieyemKe ue HCoHe OHblY APMbIKUWbLILIKMAPLIH MUiMOi
natioanamy ywin o0au opi zepmmeyoi Kasicem emeoi.

Kinmmi ce3dep: buomacca, banamanvi s3Hepeus Ke3i, OU03HepeemuKda,
buoomvlH, buOMAccansvl 2a30aHObIPY, 2a30AHObIP2bIUMAaPObIE MYPJEpI.

LI A. Amanxenvoun’, A. A. Kaaunun®

'?KaparanIMHCKUI TEXHHYECKIIA YHUBEpCUTET UMeHH AObUikaca CarnHoBa,
Pecnyonuka Kazaxcran, . Kaparanna.

IIpunsTo k uznanuo 28.11.23.

YIAYYIHIEHUE I'ABUOUKALINU BUOMACCHI: AHAJIN3
KJIFOUEBBIX TAPAMETPOB JIJISI YCTOMYMUBOI'O
MMPOU3BOACTBA SHEPTUHA

lasugukayus 6buomaccvl - nepcnekmueHas MexHon02us
npeobpaz06anus OPSAHUYECKUX MAmMepuailos 6 YeHHvle 2a3vl, maKie
KaK cuneas, 6000p00, MEMAan U Xumuieckoe cvipbe. Imom npoyecc
BKIIOUAET 8 Ce05l CLOJCHbIE MEPMOXUMUNECKUEe PeaKkyuu, Had KOmopble
GNUAIOM PA3TUYHBIE nApamempybl. B 0annoll cmamve paccmampuearomcs
OCHOBHbIE PaKMOpbl, GLUAIOUIUE HA KAYECTE0 NPOOYKIA NPU 2a3upurayuul
OuUOMAcCCyl, BKIIOUASL COCMASB CHIPbA, €20 GIAXNCHOCHb, pazMmep Yacmuy,
VCN08US IKCNIYAMAYUY, KAMATUAMOPbl U COOMHOUEHUe copOeHma u
ouomaccwi. Ob630p paccmampugaem nNpeuMyujecmsd u HeOOCmMamxu
PA3TUYHBIX MUNOE 2A3UPUKAMOPO8, MAKUX KAK 80cxoodsAwue,
HUCXO0O0AUWUE, C NCEBOOONCUNCEHHBIM CLOEM U C YEIeKAEMbIM HOMOKOM,
nooYepKUBas ux NPUe0OHOCMb 0Jis peuleHUsi KOHKpemHuulx 3a0ay. Taxoice
paccmampugaemcs 3HaveHue maKux napamempos, Kak COOMmHoueHue napa
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u buomaccol u Kodppuyuenm sxeusanienmuocmu 6030yxa. Ilomyuennvie
Pe3yibmamol HOOUEPKUBAIOM BANCHOCHTb ONMUMUZAYUY IMUX NAPAMEMPOS8
0151 nogvliuenus Ip@PexmueHocmu 2a3uPuKayuu U MUHUMUIAYUU
HediceamenbHbLX noOOUHbLIX nPodykmos. I asugurxayus duomaccol
061a0aem 3HAUUMENbHLIM ROMEHYUATOM 0I5 YCIMOUYUB020 NPOU3EB00CEA
oHepeuu u mpebyem OaivHeluleco U3yuyeHus 0as dPPexmusnoco
UCNONL308AHUS ee NPEUMYUeCms.

Knwuesvie crnosa: 6uomacca, arbmepHamueuvlil UCTMOYHUK
SHepeuu, uodHepeemuKa, OUOMONIUGO, 2a3UPUKAYUST OUOMACCHI, MUNDbL
2azugurkamopos.
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