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Abstract 

 

Managing suboptimal wetlands for productive, inclusive, yet sustainable agriculture is very 

challenging.  At present, local community manages this wetland for cultivating rice and few 

other adaptable crops, catching fishes and other aquatic biotas from public waters, and raising 

livestock (duck and buffalo).  Rice-centered agriculture, as commonly practiced by local 

farmers, seems to be not very promising.  Recently, Government of Indonesia encourages 

establishment of bioindustry-oriented agribusiness.  Transforming current traditional 

agriculture into bioindustry-oriented agribusiness should be executed by gradually inserting 

newly introduced practices while continuing traditional ones so that local community will not 

be left behind.  The transformation requires capacity in absorbing and implementing some 

relevant technologies such as fermentation and biorefinery.  Targeted products of bioindustry 

might be started with simpler and familiar products such as processed animal feed and 

organic fertilizers, fermented foods and drinks, biofuels at time it is economically feasible, 

and finally move forward to more sophisticated biorefinery industries. 
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1. Introduction 

Soil-less culture technology for growing crops had been well developed and is now 

available; however, for case of Indonesia, commercial use of the technology (hydroponic or 

aeroponic) is limited only for high value and fast growing horticultural crops.  Major food 

crops have never been commercially grown in soil-less culture since application of this 

system will not be profitable.  In order to make it profitable, most of agricultural crops have 

to be grown on soil.  At present, however, almost all fertile and suitable lands have been used 
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for agriculture.  Currently, only suboptimal lands are available for agriculture.  Conversion of 

agricultural lands for other uses has worsened the situation. 

Technologies are needed to overcome some agronomic constraints in suboptimal 

lands in order to make them suitable for agriculture.  In cases of wetlands, technologies 

needed include those for effectively and efficiently managing water resource, neutralizing 

soil and water pH, enriching soil nutrients, and developing tolerant varieties.  Application of 

these technologies will directly increase production cost.  Coupled with generally low crop 

productivity in suboptimal lands and low price of commodities produced, it will be very hard 

to achieve a profitable and sustainable conventional agriculture under these circumstances. 

A management breakthrough is required for making agriculture program viable in 

suboptimal wetlands in Indonesia.  Solely growing conventional food crops, i.e. rice, in this 

wetland does not seem to be economically promising.  In fact, many local farmers have 

commenced to convert their crop from rice to estate crops such as oil palm or rubber. 

Recently, Government of Indonesia has encouraged establishment of bioindustry.  

This industry will require bio-materials as inputs and technology as its tool for processing 

inputs into outputs.  The industry will not only focused on producing food products, but could 

also produce health products, cosmetics, biofuels, organic fertilizers, industrial chemicals, 

and intermediary products.  Therefore, crops grown in suboptimal wetlands should no longer 

be solely focused on food crops.  Crop selection will be more based on business prospect, 

environmental sustainability, and social acceptance. 

 

2. Scope of Bioindustry 

Spectrum of bioindustry is very wide.  It may be from as simple as decomposing 

biomaterial to produce organic fertilizer, producing traditional fermented food to very high-

tech and sophisticated industry.  Any bioindustry should use bio-material as raw material 

and/or use microorganism or enzyme extracted from or synthesized by the organism in one or 

more processing stages.  In short, bioindustry should use biomaterial or engage bioprocess.  

The end products are very diverse.  They might be in form of organic fertilizer, 

processed animal feed, fermented foods or beverages, including functional foods; biofuels 

including bioethanol and biodiesel; drugs or other health products; cosmetics or other beauty 

products; and many other beneficial products, including for enhancing degradation of solid 

wastes/pollutants and bioremediation.  Bioindustry may also include all services directly 

associated with these end products as their core businesses. 

Raw materials may be harvested or extracted from cultivated crops or indigenous 

wild plants, domesticated or wild animals, and cultured or caught fishes and other 

aquatic/marine biotas, including single-cell microorganisms. 

There are two common processes in bioindustry: fermentation and biorefinery.  

Fermentation has been incorporated in processing food (dairy, fish and meat products) and 

alcoholic beverages, or for producing natural additives and supplements such as antioxidants, 
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flavors, colorants, preservatives, and sweeteners.  Natural foods and additives derived from 

fermentation are more desirable than the synthetic products produced by chemical processes.   

 

3. Potential Bio-Materials Produced in Suboptimal Wetlands 

Wetlands occupy transitional zone between land and water, characterized by the 

presence of water, either permanently or periodically; waterlogged soils or high water table 

soil; and vegetation specifically adapted to wet conditions.  Thus, it lacks of flood-intolerant 

species.  Therefore, wetland ecosystems have relatively low biodiversity compared to 

nutrient-rich terrestrial ecosystem with favorable agroclimate.  However, lower biodiversity 

may not be always directly translated into lower total biomass production.  Undisturbed 

native forest in tropical wetlands may also be as dense as other ecosystems but with less 

diverse plant species. 

Since most of domestication and breeding of agricultural crops have been more 

concentrated for well-aerated, non-waterlogged soils; therefore, less available cultivars or 

varieties of major crops are suitable for wetlands, with exception of rice.  Nonetheless, 

productivity of rice grown in natural wetlands (tidal and inland swamps) is currently still 

much lower than in irrigated paddy fields.  While growing conventional agricultural crops is 

still worth of pursuing, it may also wise to consider to domesticate and cultivate well adapted 

native plant species for biomass production, including native fast-growing aquatic plants such 

as freshwater macroalgae, division of Charophyta which includes Spirogyra sp.  Khola and 

Ghazala (2012) had studied biodiesel extraction from this macroalgae. 

It is fair to assume that some species found in suboptimal wetlands might be very 

unique and cannot be found in other ecosystems.  There may be native plants that are suitable 

as raw material for bioindustry.  Their biomass might be profitable to be used for organic 

fertilizer or animal feed processing industries, raw materials for biofuel production, or they 

may contain beneficial chemical substances for health or cosmetics.  Surely, these hypotheses 

still need to be further explored. 

Indonesia should not wait until some foreign researchers do this exploration.  

Hopefully Indonesia will not too late to realize the benefits, i.e. to realize it after the species 

have been domesticated in the other part of the world.  Indonesia may benefit from the high 

biodiversity, only if domestic experts know exactly what Indonesia is having and know how 

to earn benefits from the resources.  Research on native species should not only focus on or 

stop at identifying and classifying the species.  It needs to be extended further and explored 

deeper, especially on traditional use of the plants by local community, types and 

concentration of targeted chemical substances, and agroclimatic and technical requirements 

for cultivating the plant species. 

If it is wisely practiced, cultivating native plant species will not drastically change 

local ecosystem.  It should be managed such that it causes minimal impact to the 

environment.  Local community has been familiar with the plant species; therefore, it will not 



4 
 

require extra effort to introduce and develop farming methods for the species.  These 

approaches will provide good foundation for establishing inclusive and sustainable future 

agriculture for the suboptimal wetlands. 

 

4. Target Products and Stages of Development 

At present, the most common economic activities of local farmers in suboptimal 

wetlands in Indonesia (Sumatera and Kalimantan) are (1) growing mainly rice as staple crops 

and seasonal horticultural crops during dry season; but oil palm and rubber are catching up in 

recent years; (2) catching fish in public waters; and (3) raising livestock such as ducks and 

water buffalo.  These activities will be maintained as primary livelihoods of local 

communities.   

Insertion of economic activities associated with establishment of bioindustry will be 

executed gradually.  It will be started with domesticating local species or cultivating more 

familiar introduced crops which will be used as raw materials for simple, less sophisticated 

bioindustry such as for producing processed animal feed or organic fertilizers.  Then, it will 

be followed by modernizing traditional fermentation practices of local crop, fish, and animal 

products.  These fermentation-based bio-industries will be aimed to produce widely 

acceptable and higher economic value fermented foods and beverages. 

Later, use of locally produced biomass will be diversified to produce biofuels and 

heat energy, in addition to previously developed animal feed and organic fertilizer bio-

industries.  However, this option should consider economic feasibility of biofuel produced 

with reference to price of fossil fuel at time of initiation.  It should not be initiated if biofuel 

has not been competitive, compared to fossil fuels. 

More sophisticated bioindustry that requires high technologies might be positioned 

last in line, except if there is an immediate need of national interest, supported by availability 

of required technologies.  In this case, local community should not be left behind.  Local 

community can play role as supplier of raw materials, cultivating crops as source of the 

required bio-material.  Inclusivity should always be one of main considerations in bioindustry 

development scenario and in managing suboptimal land in Indonesia.  

 

5. Required Technologies 

5.1. Fermentation Technologies 

Even though fermentation seems to be old-fashioned for bioindustry, it is still be one 

of major technologies primarily used in bioindustry.  Recently, more researches and 

technology development activities focused on application of solid-state fermentation (SSF) to 

produce some metabolites relevant for the food processing industry, i.e., flavors, enzymes (a-

amylase, fructosyl transferase, lipase, pectinase), organic acids (lactic acid, citric acid) and 

xanthan gum.  The SSF reproduces the natural microbiological processes like composting and 
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ensiling.  In industrial applications this natural process can be utilized in a controlled way to 

produce a desired product.  SSF has become a very attractive alternative to submerged 

fermentation (SmF) for specific applications due to the recent improvements in reactor 

designs.  The SSF is defined as any fermentation process performed on a non-soluble 

material that acts both as physical support and source of nutrients in absence of free flowing 

liquid (Rodrıguez-Couto and Angeles-Sanroman, 2006). 

Singhania et al. (2009) also observed that during the past few years, there have been 

significant developments in SSF technology.  The SSF has built up credibility in recent years 

in bioindustry due to its potential applications in the production of biologically active 

secondary metabolites, apart from feed, fuel, food, industrial chemicals and pharmaceutical 

products, and has emerged as an attractive alternative to submerged fermentation (SmF). 

Bioremediation, bioleaching, biopulping, and biobeneficiation are amongs major applications 

of SSF in bioprocesses.  

Due to continuous efforts in the areas of biochemical engineering such as modeling 

aspects and bioreactor design, SSF is now on the way to commercialization even for 

processes which were earlier thought feasible only for SmF.  Furthermore, utilization of agro-

industrial residues as substrates in SSF processes provides other avenue and value-addition to 

these otherwise under- or non-utilized residues.  In the future, SSF technology would be well 

developed at par with SmF if rationalization and standardization continues in current trend 

(Singhania et al., 2009). 

Fermentation technology will continuously be further developed.  For instance, ethanol 

is produced in large scale from sugarcane by fermentation of sugars and distillation. This is 

currently considered as an efficient biofuel technology, leading to significant reduction on 

greenhouse gases emissions.  However, some improvements in the process can be introduced 

in order to improve the use of energy.  Low temperature fermentation and vacuum extractive 

fermentation can be implemented as alternatives to the conventional fermentation processes 

in ethanol production.  The alternative system increased ethanol production between 3.3% to 

4.8% and reduced steam consumption up to 36% (Palacios-Bereche et al., 2014).  

 

5.2. Biorefinery Technologies 

Separation.  Biorefineries use a variety of separation methods often to produce high 

value co-products from the various feed streams. Separation methods and technologies 

related to biorefining including pre-extraction of hemicellulose and other value-added 

chemicals, detoxification of fermentation hydrolyzates, and ethanol product separation and 

dehydration. For future biorefineries, extractive distillation with ionic liquids and 

hyperbranched polymers, adsorption with molecular sieve and bio-based adsorbents, 

nanofiltration, extractive-fermentation, membrane pervaporation in bioreactors, and vacuum 

membrane distillation (VMD) hold significant potential (Huang et al., 2008). 
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Huang et al. (2008) focused on separation technologies incorporating bioethanol as a 

principal product and found that there were two key separation steps in the biorefinery that 

offers challenges and opportunities.  Firstly, separation of fermentation inhibitors after the 

pre-extraction of hemicelluloses from lignocellulosic biomass.  Here the promising separation 

technologies are the three in situ detoxification hybrid processes including extractive-

fermentation, membrane pervaporation-bioreactor, and VMD–bioreactor, which can 

eliminate the inhibition of products and inhibitory compounds, increase the fermentation 

yield and productivity, and reduce (fresh) water consumption due to recycle.  Currently, ion 

exchange resin (IER) method is the preferred choice for detoxification and will be still used 

in the future biorefinery because of its high detoxification efficiency, easy (continuous) 

operation and flexible combination of different anion and cation exchangers.  Secondly, key 

separation challenge in biorefinery is the azeotropic nature of ethanol–water mixture posing 

challenges to remove the last amounts of water producing fuel grade ethanol. For ethanol–

water azeotropic separation, promising technologies are the extractive distillation with ionic 

liquid and hyperbranched polymers, adsorption with molecular sieve and bio-based 

adsorbents. 

Extraction.  Azmir et al. (2013) believed that use of bioactive compounds in different 

commercial sectors such as pharmaceutical, food and chemical industries signifies the need 

of the most appropriate and standard method to extract these active components from plant 

materials.  Along with conventional methods, numerous new methods have been established 

but till now no single method is regarded as standard for extracting bioactive compounds 

from plants. The efficiencies of conventional and non-conventional extraction methods 

mostly depend on the critical input parameters; understanding the nature of plant matrix; 

chemistry of bioactive compounds and scientific expertise.  The increasing economic 

significance of bioactive compounds and commodities rich in these bioactive compounds 

may lead to find out more sophisticated extraction methods in future. 

Conversion.  Pragya et al. (2013) pointed out that large scale production of micro algal 

biofuels, via many available conversion techniques, faced a number of technical challenges 

which have made the current growth and development of the algal biofuel industry 

economically unviable.  Similar concern was expressed by Bahadar and Khan (2013).  A 

particular challenge to research in this field is the transition from pilot studies to industrial 

operations (up-scaling phase), which often exposes algae cells and their products to hostile 

environments, thus reducing yields.  Hence, a need exists to integrate algae cell engineering 

with predictive bioprocess engineering to ensure economic and environmental feasibility and 

minimize the number of full-scale trials that fail. 

A biorefinery integrates biomass conversion processes to produce bio-based products 

(food, feed, chemicals, materials) and bioenergy (biofuels, power and/or heat).  By producing 

multiple products, a biorefinery takes advantage of the various components in biomass and 

their intermediates therefore maximizing the value derived from the biomass feedstock. A 

biorefinery could, for example, produce one or several low-volume, but high-value, chemical 

or nutraceutical products and a low-value, but high-volume liquid transportation fuel such as 
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biodiesel or bioethanol. At the same time generating electricity and process heat, for its own 

use and perhaps enough for sale to local utility. The high-value products increase 

profitability, the high-volume fuel helps meet energy needs, and the power production helps 

in lowering energy costs and reducing greenhouse gas emissions from traditional power plant 

facilities. 

A bio-based industry might consider an infinite number of combinations of biorefining 

alternatives to obtain value-added products. However, one of the most important aspects to 

consider is a well-defined methodology for synthesizing complex biorefinery structures in 

order to transform materials into products. To achieve this, the interaction among different 

areas during synthesis and analysis of bio-based processes should be intensive (Moncada et 

al., 2014).  

As an example, Moncada et al. (2014) explored the possibilities of integrating bio-

refineries based on different generations of feedstock.  They conducted study on techno-

economic and environmental analysis of two biorefinery scenarios based on sugarcane.  

Cultivation of micro-algae Chlorella sp. using CO2-rich streams derived from fermentation 

and cogeneration systems.  Extracted oil from the micro-algae is used as the raw material to 

obtain biodiesel and glycerol as additional products to electricity, ethanol, and sugar 

produced from sugarcane.  This integrated biorefinery showed better performance from 

environmental and economic perspectives.   

 

6. Conclusions 

There are possibilities for suboptimal wetlands to contribute on establishing bioindustry-

oriented agribusiness.  However, this will requires long gradual processes that should be 

carefully planned such that it will culminate in an inclusive, sustainable, and productive 

agricultural system as expected.  Current agriculture practiced by local farmers should be 

considered as the reference point and the local community must be involved along the way of 

progressing phases.  Ecological concern should be raised during periodical monitoring and 

evaluation; and should always be considered in planning the following programs and 

activities.  Research and development activities should be focused on creating or improving 

relevant technologies required for strengthening the industry. 
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