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Abstract

Investigation was carried out with the aim to characterized some of wood materials obtained in Rivers
State of Nigeria. The wood samples considered are Agba, Mahogany and Ako, in which the obtained result
demonstrates variation in the ultimate composition as well as relative hydrogen gas produced with the
action of anaerobic organisms, especially, for the fermented process. The production of the biohydrogen
gas from each of the wood material sampled is encouraging and increase in BioH, production is dependent
of increase in biomass build-up and contact time. The research revealed that the concentration of the
volatile matter is 69.8% and fixed carbon concentration is 20.4%. The characterization of the wood in the
area of moisture content revealed Agho > Aka > Mahogany, but in the case of volatile matter mahogany
wood is equal to the Ako wood and both of them greater than Agba wood. Mahogany wood and in the
area of Ash content is a contributing factor to the BioH: yield as well as other products such as Bio CHy,
Bio CO; and Bio H>S. The application of ultimate analysis was carried out for the purpose of evaluating
the weight (%owt) of some substance such as Carbon (C), Hydrogen (H), Oxygen (O) and Nitrogen (N)
and the obtained values are 53.2 %wt, 6.1 %owt, 40.4 %wt, 0.2 %wt, for Agba wood, 48.7 %wt, 6.4 %wt,
44.5 %wt and 0.3 Y%owt for mahogany wood as well as 50.04 %wt, 6.2 %owt, 43.5 Y%wt and 0.22 Y%wt for
Ako wood sample. The obtained values from the characterization of the three different wood samples

revealed its contribution and potential to be used in

the production of BioH..
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Green hydrogen can be produced via several pathways, including electrolysis of water using
electricity from renewable sources, photoelectrochemical (PEC) water splitting, bio photolysis, and
biological methods such as dark fermentation and photo fermentation [6-7]. Electrolysis is currently the
most mature and commercially scalable method, particularly through proton exchange membrane
(PEM) and alkaline electrolyzers, although newer technologies like solid oxide electrolysis cells
(SOECs) are gaining momentum for their high efficiency and potential for integration with industrial
heat sources [8-9]. Biological routes, especially dark fermentation offers the advantage of utilizing
organic waste or lignocellulosic biomass as feedstocks, aligning with circular economy principles [10].
This aligns well with the broader vision of green hydrogen as a decarbonization tool that does not
compete with food resources or require intensive land use [11]. Nonetheless, biological routes often
suffer from lower yields and limited technological maturity compared to electrochemical processes [12].
The advantages of green hydrogen are both environmental and strategic. From an environmental
perspective, the most significant benefit is its near-zero carbon footprint, particularly when the full
hydrogen value chain from electricity production to end-use is powered by renewable sources [13]. This
makes green hydrogen a critical enabler of sectoral decarbonization, particularly in hard-to-abate
sectors such as steel manufacturing, aviation, shipping, and chemical industries [14-15].

From a geopolitical and economic standpoint, green hydrogen also promises energy independence
for countries that are heavily reliant on fossil fuel imports. Research conducted by Panchenko and others
have highlighted the potential for countries like Chile, Australia, Namibia, and Saudi Arabia to become
net exporters of green hydrogen due to their vast renewable energy resources and favourable solar
irradiance [16]. In this context, green hydrogen is not only an energy vector but also a geoeconomic
asset, likely to redefine global energy trade dynamics over the coming decade [17].

Furthermore, green hydrogen's versatility enhances its strategic importance. It can be used as a fuel,
a feedstock in ammonia and methanol production, a storage medium for excess renewable electricity,
and a means for grid balancing through power-to-gas systems [18-19]. Such applications align with
national and regional climate strategies aimed at achieving net-zero emissions by mid-century [20].

However, the challenges associated with green hydrogen production and deployment remain
substantial. The most pressing issue is the high cost of production, driven by the capital-intensive nature
of electrolyser technology, operational inefficiencies, and the cost of renewable electricity [21]. Current
estimates place green hydrogen production at two to three times the cost of grey hydrogen, making it
economically uncompetitive without substantial policy support or carbon pricing mechanisms [22].

This cost differential is partly due to electrolyzer inefficiencies, which range between 60—-80%
depending on the technology and operational conditions. Moreover, the intermittent nature of renewable
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energy sources poses challenges for electrolyzer operation, requiring complex integration with storage
systems to ensure stable production [23]. Advanced control systems, real time demand matching, and
hybrid power systems are being explored as solutions, but these further increase capital and operational
expenditure [24]. Another challenge is scalability and infrastructure. While small-scale pilot projects
have proliferated across Europe, Asia, and the Americas, few green hydrogen facilities have reached
industrial scale. Massive investment is needed in electrolyzer manufacturing capacity, hydrogen
transport pipelines, storage infrastructure, and refuelling stations [25-26]. In the absence of such
infrastructure, the promise of a hydrogen-based economy risks remaining theoretical.

MATERIALS AND METHODS
For characterization of wood materials (Mahogany and Ako wood), this research explored proximate
analysis and ultimate analysis, this will help to better understand the substrate.

Sample collection and Preparation

The sawdust used for this research was obtained from Mill Workshop, Oyigbo Road Port Harcourt in
Rivers State. It was dried outdoors at an average temperature of about 30°C to lower moisture content.
This was followed by milling to 1.00mm, 2.00mm and 3.00mm particle size. The dried and milled
Sawdust was preserved in a desiccator prior to analyses.

Proximate Analysis

This provided information required for moisture, volatile matter, and ash as well as fixed carbon
contents of sawdust. These properties are relevant to the thermal conversion of biomass material. This
research will follow the procedure described by Abdolvand & Sadeghiamirshahidi, 2024 [27].

Analysis

This analysis will provide information on the elemental components of sawdust both in qualitative
and quantitative terms. A Thermos Quest CHNS elemental analyzer was used for this purpose. The
proportion of carbon (C), hydrogen (H), sulphur (S), and nitrogen (N) were determined, while Oxygen
(O), was obtained by difference. This research will follow the procedure described by Abdolvand &
Sadeghiamirshahidi, 2024 [27].

RESULTS AND DISCUSSION

The characterization results of the three wood materials (Table 1): Agba, Mahogany, and Ako, reveal
clear differences in their proximate and ultimate compositions, and these differences help explain their
relative biohydrogen gas yields during anaerobic fermentation. Agba shows a slightly higher moisture
content than the Mahogany and Ako, which diluted the concentration of fermentable organic matter
available for microbial conversion. However, its volatile matter (69.8%) and fixed carbon (20.4%)
values indicate a balanced distribution of readily degradable and stable carbon fractions. The moderate
volatile matter suggested the reason Agba released high fermentable compounds at a reasonable rate
during hydrolysis, supporting steady hydrogen production.

Its lower ash content (0.6%) also provides a cleaner substrate environment with minimal mineral
interference, enhancing microbial performance during dark fermentation.

Mahogany, on the other hand, exhibits the highest volatile matter (72.2%) among the three materials,
which generally indicates a higher proportion of thermally degradable organic fractions capable of
supporting microbial hydrogen generation. This implies that Mahogany should theoretically produce
more readily available substrates that can be converted into hydrogen. However, its relatively higher
ash content (1.2%) introduces more inorganic impurities, which can inhibit microbial activity by
buffering pH or adsorbing essential enzymes. Additionally, Mahogany’s lower fixed carbon content
(18.4%) suggests reduced long-term carbon availability, limiting sustained hydrogen generation over
prolonged retention times. While the higher hydrogen content in its ultimate analysis (6.4%) is
favourable, the relatively low carbon content (48.7%) reduces the overall energy density and may limit
total hydrogen yield.
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Table 1: Characterization of wood materials.

Parameter |Agba (nigerian cedar) (%wt)|Mahogany wood (%wt)|Ako wood (Yowt)
Proximate analysis
Moisture content 9.2 8.2 8.4
Volatile matter 69.8 72.2 72.2
Fixed carbon 20.4 18.4 18.6
Ash content 0.6 1.2 0.8
Ultimate analysis

Carbon (C) 532 48.7 50.04
Hydrogen (H) 6.1 6.4 6.2
Oxygen (O) 40.4 44.5 43.5
Nitrogen (N) 0.20 0.30 0.22
Sulphur (S) 0.10 0.10 0.04

Ako wood presents a proximate profile similar to Mahogany, with a volatile matter of 72.2% and a
slightly higher fixed carbon value (18.6%), which indicates moderate stability and good fermentable
potential. Its ash content (0.8%) is lower than Mahogany’s, creating a more favourable environment for
microbial metabolism. The ultimate analysis shows a relatively higher carbon fraction (50.04%)
compared to Mahogany, meaning Ako has a slightly richer organic matrix favourable for hydrogen
production. Meanwhile, its hydrogen and oxygen contents (6.2% and 43.5%) maintain a balanced
elemental composition that supports efficient fermentation. The relatively low sulphur content (0.04%)
also minimizes the risk of generating inhibitory compounds such as hydrogen sulphide during
fermentation.

CONCLUSION

The analytical examination of the selected wood materials demonstrated their significant potential as
renewable feedstocks for biohydrogen (BioH:) production through anaerobic digestion in a biodigester.
The study confirmed that the three different wood species possess suitable physicochemical
characteristics that support microbial degradation and subsequent gas generation. Besides biohydrogen,
the anaerobic digestion process also resulted in the production of other gaseous by-products, including
methane (CH4), carbon dioxide (CO:), and hydrogen sulphide (H:S), indicating the active
biodegradation of lignocellulosic biomass. These findings highlight the suitability of wood biomass as
a sustainable substrate for renewable energy generation while also demonstrating its potential
contribution to integrated bioenergy systems.

The results further revealed that the efficiency of biohydrogen production is strongly influenced by
the intrinsic properties of wood materials. Parameters such as moisture content, ash content, volatile
matter, and fixed carbon play critical roles in determining the biodegradability of the biomass and the
overall gas yield. Appropriate moisture levels facilitate microbial activity, whereas volatile matter
provides readily degradable organic compounds that enhance hydrogen generation. In contrast,
excessive ash content and higher fixed carbon may reduce substrate conversion efficiency, thereby
affecting the overall productivity of the biodigester.

Furthermore, the characterization of wood materials before their utilization provides valuable
information for optimizing biodigester operating conditions. Knowledge of the physicochemical
composition enables the adjustment of process parameters such as substrate loading, retention time,
temperature, and microbial inoculum, thereby promoting greater biomass accumulation and improved
hydrogen production within the bioreactor. This preliminary assessment also supports the selection of
the most suitable wood species for efficient biohydrogen generation. Overall, the characterization
approach enhances process efficiency, improves the operational performance of the biodigestion
system, and contributes to the development of sustainable and economically viable biohydrogen
production technologies. The findings of this study emphasize the importance of biomass
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characterization as a fundamental step toward maximizing renewable hydrogen production and
advancing clean energy technologies based on lignocellulosic feedstocks.
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