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PREFACE 

 

Information technology is an everyday means that is found in all walks of life today. This is also true 
for almost all areas of agricultural management. The aim of this Journal is to improve scientific 
knowledge dissemination and innovation process in the agri-food sector. The Journal of Agricultural 
Informatics has been established in 2009 by the HAAI within a project of the Hungarian National 
Development Plan Framework. The peer-reviewed journal is operating with international editorial and 
advisory board supported by the EFITA (European Federation for Information Technology in 
Agriculture Food and the Environment). 

Agricultural informatics serves not only the development of the management systems of the industry 
but also obtaining and publicising information on production, organisation and the market for the 
producer.  

Technologies into network based business systems built on co-operation will ensure up-to-date 
production and supply in food-industry. The sector-level approach and the traceability of processed 
agricultural products both require the application of up-to-date information technology by actors of 
domestic and international markets alike.  

This journal serves the publication as well as familiarization the results and findings of research, 
development and application in the field of agricultural informatics to a wide public. It also wishes to 
provide a forum to the results of the doctoral (Ph.D) theses prepared in the field of agricultural 
informatics. Opportunities for information technology are forever increasing, they are also becoming 
more and more complex and their up-to-date knowledge and utilisation mean a serious competitive 
advantage. 

These are some of the most important reasons for bringing this journal to life. The journal 
“Agricultural Informatics” wishes to enhance knowledge in the field of informatics, to familiarise its 
readers with the advantages of using the Internet and also to set up a forum for the introduction of their 
application and improvement. 

The editorial board of the journal consists of professionals engaged in dealing with informatics in 
higher education, economists and staff from agricultural research institutions, who can only hope that 
there will be a demand for submitting contributions to this journal and at the same time there will also 
be interest shown toward its publications. 

 

 Dr. Kálmán Rajkai  

 Chair of the Editorial Board 
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Special Issue, entitled ICT Methods for Harmonizing Sustainable Agriculture and 
Natural Resources 
September 30th, 2014 
 
 
Editorial Note 
 
 
Nowadays, the importance of agriculture, as well as of the connected land-, water- and 
renewable energy use is to be reevaluated in the limelight of conscious (re)discovering of 
environmentally benign technologies. Rational harmonization of human demands with natural 
resources is indispensable to provide good quality and sufficient amount of food for mankind 
and to ensure sustainable natural resource management at the same time. 
 
Information Technology has been developing more and more powerful hardware and software 
tools for optimal design and control of complex system, as well as to share the accumulated 
data & knowledge for global community. Formerly these results were mainly utilized by the 
industrial and service sectors, however in the forthcoming period, agriculture, food and 
environmental sectors must have a pioneering role in going ahead with the newest results of 
IT to face with the above mentioned challenges.  
 
Thinking about how ICT tools can help in sustainable harmonizing of agriculture with natural 
resource usage, we claimed for papers about the present challenges, possible solutions and 
new application frameworks in this multidisciplinary field. Having recognized the importance 
of the related exciting questions we got many valuable contributions from all over the world. 
This Volume contains 6 selected contributions from Europe, South America and Africa. The 
papers give a realistic cross-section of present state of ICT application related research on 
sustainable and environmentally benign agriculture in the countries, being in various stage of 
development. 
 
Let us introduce them first according to methodological way of problem solving from the 
analysis and ‘diagnosis’ through the applied (actually ICT based) methods to the ‘therapy’, 
i.e. the solution with a result. 
 

•Mehmann and Teutenberg having analyzed the transportation of the agricultural bulk 
goods diagnosed ineffective transportations and, utilizing algorithmically supported 
decision supporting methods and systems (4PL) solved the problem with cost saving and 
with reduction of CO2 emission. 
•Pecora et al analyzed the accessibility problem with conflicting interest of forestry and 
natural protection and, based on GIS methods proposed a feasible road construction for the 
given territories. 
•Tamás et al dealt with green corridor building and based on airborne hyperspectral data, 
and LIDAR survey developed a Spatial Decision Supporting System, resulting proposal for 
potential forestration. 
•Santos et al analyzed the characterization of regional feasibility of ranching and natural 
potential and applied a GIS - fuzzy logic approach to define and calculate of the respective 
indices that might be applied in other works later on. 
•Animashaun et al started from the problems of sustainable livelihood of farming 
households and focused on a questionnaire based analysis of mobile phone usage in their 
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homeland. The work illustrates the contrast between the available ICT tools and the 
probles to be solved, claiming for appropriate methodologies. 
•Last but not least, Koók et al described a good example for illustrating how the driving 
force coming from sustainable agriculture inspires the computational model based 
development of low carbon energy related processes. Actually, the authors investigated the 
perspective bio-hydrogen production and separation from anaerobic fermentation as an 
alternative and clear method for energy production from agri-food wastes. 

 
From another aspect we can read the papers with focusing on their general message and 
generalizable results. They are two different issues, because also an essay may contain general 
message, however only the well determined actual solution of well defined problems can lead 
to generalizable results. 
 
The most general message of this interesting cross-sectional overview is that nowadays the 
hardware tools and communication abilities of ICT are available in all over the world, 
however there is a great difference in the methodological and problem solving support of 
local problems between the better and less developed countries. Moreover the methodologies 
for global problem solving are still in an immature state. Probably this is the most important 
challenge, because in state of finite resources and waste reservoirs (i.e. in closed global 
process network) the problems cannot be solved for the given isolated part, but only for the 
whole global system. 
 
Our optimism is based partly on the promise that globally available ICT tools give a 
possibility for problem solving. Nevertheless this needs a thorough methodological 
development in all fields of engineering applications, as well as society must learn the 
harmful side-effects of the unnecessary over-communication.  
 
The other point of optimism is that the successful engineering solution of partial and local 
problems involves some guarantee for the forthcoming solution of long-term, large scale 
problems.  
 
Guest Editors thank all authors for their contribution to these lessons. 
 
 
The co-editors of the Special Issue 
 
Monika Varga PhD 
Dr. habil Bela Csukas  
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A B S T R A C T 
 
The dispatching of agricultural bulk goods is subject to reciprocative decision problems. 
A distinctive feature of agricultural transportation planning is the dynamic and rapid 
implementation of harvesting processes on the one hand and the continuous 
transportation of bulk goods throughout all seasons on the other. Activities during the 
harvesting process as well as the entire transportation process require the cooperation of 
various actors such as farmers, contractors, agricultural traders, transportation companies 
and processing industries. This article presents a decision support tool (DSS) for 
dispatching of agricultural bulk goods through a fourth party logistics provider approach 
(4PL). The 4PL actor performs the functions of a neutral intermediary within this sector 
where standard structural information is processed with the help of information and 
communication technology (ICT). Optimization mechanisms provide efficient 
dispatching of transportation. The prototype of a DSS was developed based upon recently 
collected data from the sector. By applying the DSS an increase in efficiency can be 
expected, and thus contributes to sustainability in terms of CO2 reduction. 
 
 

  

1. Introduction 

The decline of small receiving docks as well as local processing industries is a result of structural 
changes in the agricultural sector. As a result, the emergence of large processing industries has led to an 
increase in transportation activities. In addition, shipment volumes have grown due to increasing trade 
activities of share holders and the rising biomass energy sector (Searcy et al., 2014; Campbell et al., 
2009; Börjesson 1996; Bundesamt für Ernährung, Landwirtschaft und Verbraucherschutz, 2013). As a 
consequence, an increasing demand for transport wich can only be met with limited transportation 
capacity. 

The annual volume transported by the agricultural sector in Germany is approximately 3,595,373,000 
tonnes, of which 76% (2,734,098,000 tonnes) are shipped by commercial road transport 
(Bundesministerium für Ernährung, Landwirtschaft und Verbraucherschutz, 2011), 90% of which is 
inland transportation (Bundesministerium für Ernährung, Landwirtschaft und Verbraucherschutz, 
2011). As an example the agricultural sector in the USA transports 512,000,000 tonnes of grain per year: 
60% of this by road traffic, 28% by rail and 12% by water (Association of American Railroads 2013). 
In comparison with Germany, Brazil transports similar volumes: 60% by road, 22% by rail and 15% by 
water (Vicente Caixeta-Filho, 2003). The distribution of harvests is the central driving factor for the 
dispatching and transport of agricultural bulk goods in terms of transporting disproportional volumes of 
goods within a short and dynamic time frame. Further impact factors include the following: people, 
management, methods, machines, measurements and the environment. As an example, the factor 
'environment' is to a large extent characterised by the weather which mainly determines the start and 
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length of the harvest period. Moreover, stock market activities including trade and price developments 
influence transportation demand. The Global Manufacturing Practice (GMP) requires adequately 
certified vehicles depending on the type and utilisation of goods (GMP+International B.V., 2013). In 
addition, the quality of the harvested crop influences its utilisation and thus the type of processing of the 
good (material) either for foodstuff or feed. Furthermore, the dispatching of transportation depends on 
the availability of cargo space and machinery. This is important since many harvested crops require 
specific means of transportation. Currently, the intuition and experience of the individuals involved in 
dispatching are the main factors influencing dispatching. In general, management is characterised by 
little connectivity among the actors involved with limited cooperation, whereby each of the actors has 
his or her own optimisation approach. This applies also to the methods of implementing the dispatch 
accomplished via telephone, fax and email. Once demand for transportation is generated the 
aforementioned factors determine dispatch and transaction. As a consequence the synergistic potential 
possible with a centralised dispatch is lost when applying an ad hoc dispatch approach. A centralised 
approach, however, enables managers to reduce unloaded mileage and thus use resources more 
sustainably and protect the environment. The application of information technology including 
appropriate hard and software solutions are of immense importance for the application of a centralised 
dispatch approach. The 4PL is a well-proven approach within other sectors (Schmitt, 2006; Prümper and 
Butz, 2004). This approach has the potential to be adapted to the agricultural sector. For this reason a 
conceptual framework for the application of the 4PL approach in the agricultural sector was developed. 
The prototype of this model implies a Decision Support System (DSS) for the operative dispatch of 
agricultural bulk goods for transportation planning, and at the same time includes the requirements of 
the involved actors. The application of a number of case studies within the region of Northern Germany 
demonstrate the synergies and further potential of this centralised dispatch approach. 

Section 2 outlines the terminology of the 4PL approach and the applied DSS including specific 
characteristics of the agricultural sector. Section 3 describes the 4PL approach for transportation 
transactions as well as the transportation planning module. The validation of the prototype was 
accomplished with the help of an experiment. Section 4 discusses the results of the experiment, and 
furthermore, the implications for science and practice. Finally, section 5 provides the conclusions and 
an outlook for further research activities. 

2. Terms and definitions 

2.1. The 4PL approach 

The 4PL approach may be seen as a neutral actor within a network that plans, coordinates and 
controls the requirements of customers while analysing the capacity of the suppliers (Win, 2008; 
Mukhopadhyay and Setaputra, 2006). Specific information pooling, optimisation and processing support 
synergies among clients and providers. Clients, in this case, represent actors with transportation demands 
whereas providers hold transportation capacity. The goal of employing a 4PL approach in the 
agricultural sector is planning and control based upon the application of information technology. The 
successful implementation of 4PL in retailing (Prümper and Butz, 2004) as well as automobile 
production (Schmitt, 2006) are reflected in practice-oriented approaches. These approaches serve as role 
models in order for this research to be implemented in the agricultural sector.  

As in the aforementioned sectors, customers within the agricultural sector should be able to acquire 
goods safely and transparently. Moreover, transportation service suppliers may expect efficient resource 
utilisation. In order to implement these requirements a DSS approach for the decision support for all 
involved actors was selected. For this reason a thorough analysis of the previous ad hoc workflow for a  
transportation transaction including the methods, mechanisms and processes applied is required. 

2.2. Decision Support System 

Currently, the dispatch of transportation is chiefly based upon personal preferences and experience 
of the dispatcher. This includes transportation pooling as well as the selection of carriers (Caputo et al., 
2005). In summary, this may result in suboptimal decisions (Ching-Chung and Soflarsky, 2003). 
However, DSS as transportation planning tools have the potential to support dispatchers in selecting the 
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appropriate carriers, bundling orders and optimizing routing. As a consequence the number of possible 
variables can be reduced. For instance, Schönberger and Kopfer (2010) describe a DSS-driven approach 
for capacity increase in transportation logistics especially for road freight transport. Furthermore, Hu 
and Sheng (2014) demonstrate solutions for the reduction of unloaded mileage and related high 
transportation costs. These problems may be solved with a model-based DSS, increased information 
flow, better management and optimization approaches. Ching-Chung and Soflarsky (2003) introduced 
an automated carrier selection for the transportation of engines based upon a DSS. 

Examples from the literature such as the aforementioned describe partial solutions for transportation 
planning. However, a DSS in combination with a 4PL approach for logistics in the agricultural sector 
was not identified. This article describes the development of a DSS prototype for dispatching 
agricultural bulk goods, including specific characteristics of the bulk goods as well as the logistical 
requirements of a 4PL, which is, as yet, a novel approach.  

2.3. Characteristics of the sector  

An online survey conducted between October and November 2012 among 145 carriers in the sector 
resulted in the following conclusion: transportation orders, planning and management are implemented 
based upon individual preferences and perceived capabilities of the actors. At the moment transportation 
orders, planning and management are ad hoc processes so the potential for improvement among the 
actors involved is conceivable (Mehmann et al., 2013). The online survey was divided into three 
categories: the first section contained general questions about the company’s profile; the second section 
examined issues in the 4PL approach with a subdivision into technical, cooperative and economic 
requirements as well as issues of corporate development. Furthermore, interviewees were encouraged 
to provide comments, remarks and suggestions in the third section. All together the questionnaire 
contained 33 questions, either open questions or Likert scale. With a response rate of 21% and the results 
of additional expert interviews, actors could confidently be characterized as highly self-reliant in their 
functionality and their activities. Based upon their resources each of the actors is capable of selling 
goods (trader, shipper), purchasing (recipients, manufacturers), transporting (carriers), storing and/or 
processing goods (recipient). In this way transportation demand is generated. Depending on their 
resources each actor may have different functions (trader, recipient, carrier, shipper). Each actor has the 
required information about transportation and decides independently if the information will be shared 
or if the transport will done with their own equipment. Depending on the influence of harvesting and 
trading activities, transport may be implemented under less than efficient conditions than if the actor 
joins other actors in the sector to combine their transport activities. 

Based upon these insights a conceptual framework for the transportation transaction within 
agricultural bulk good logistics was developed. Much emphasis was placed on information transparency 
within the sector. In addition, the added value of a 4PL approach was verified with the result that the 
main feature of transportation planning is an improved utilization of resources. 

3. A DSS for agricultural bulk good logistics 

3.1. A conceptual framework for the DSS 

The 4PL system for transportation transactions of agricultural bulk goods is clustered into four 
subsystems based on the findings of the survey: (1) transport order demand, (2) transport order planning, 
(3) transport order transaction, and (4) transport order controlling. These subsystems are subject to 
further development as a single DSS in future research. 

(1) Transport order demand is entered in a standardized graphical user interface (GUI) where the 
transport order must be indicted including a selection of baseline data such as transportation volume, 
means of transport, loading and unloading address and time slot. In this way a standardized data-set as 
well as a communication tool are generated. This subsystem enables users to obtain an overview of both 
the previously registered orders as well as the planned transport order demand. 

(2) Transport order planning dispatches transportation orders and generates supply routes taking into 
account the input parameters. The selection of carriers is based upon the available data set. After 
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calculating the supply routes these are offered to the carrier, who may accept or decline the offer. In 
case of acceptance a preliminary order is filed. If the offer is declined, it will be issued for dispatch once 
again. 

(3) The transport order transaction provides the means to control and monitor transportation activities 
of the carriers and informs consignors (sender) as well as recipients of the arrival and unloading of 
goods. Furthermore, it communicates the completion of the transportation order so that the invoicing 
can be processed. 

(4) Transport order controlling monitors the progress of transportation orders with the help of 
performance indicators. A comparison of budgeted and actual figures generates reports for the actors 
involved. A report for the carrier may be generated in the form of a performance display including the 
transportation status as well as the information flow. The dispatcher receives feedback on whether or 
not automatically generated routes are feasible. For the consignors and recipients of goods the 
compliance with the timeframe is indicated. The performance indicators are a controlling tools for 
network principles of the 4PL approach such as the collaborative transaction of transportation. Figure 1 
illustrates the overall conceptual framework including its network actors: trader, consignor (sender), 
recipient, transport provider and service provider. 

 
 The trader trades goods and requests that the transport transaction be implemented under efficient 

conditions in terms of costs and emissions. 
 The consignor (sender) wants the traded goods to be shipped within the agreed time frame. 

Therefore, he/she must provide loading facilities. 
 The recipient aims to receive purchased goods within the agreed-on time frame. Therefore, he/she 

has to provide unloading facilities.  
 The transport provider wants to transport goods with the most efficient use of own resources.  
 The service provider aims to align the requirements of all involved transportation actors efficiently. 

Furthermore, information flow is bundled and in this way synergies for the increase in efficiency 
are invoked. Hence, transparent information flow among all involved actors as well as with the 
service provider is required. 

Based upon the requirements of the agricultural sector including the involved actors a prototype DSS 
was designed and evaluated as the main function of the 4PL approach. 
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Figure 1. The overall conceptual framework of the 4PL approach 

3.2. The transportation planning agent 

Previously dispatch was an ad hoc process, where each single transportation order is individually 
called in and dispatched. Transport orders of the involved actors are the initial basis for the planning 
process of the DSS. The analysis of transportation order demand enters a database. Thereby, 
transportation orders are collected according to designated timeslots. The transportation planning DSS 
generates delivery routes based upon available transportation orders and parameters such as maximum 
working hours, average cruising speed and the selected carrier. A single delivery route may encompass 
several transportation orders. The target criterion for this is the minimization of unloaded mileage. In 
this way resources such as vehicles, fuel and working hours can be saved. Another effect of decreased 
mileage is a possible reduction of greenhouse gas emissions and other air pollutants. Based upon the 
results of the transportation planning module the dispatcher receives proposals for itinerary planning 
which may be conveyed to a transportation provider. Data transmission can be implemented either 
automatically or manually via fax. 

Given a time slot of one to eight weeks the dispatch effort may be seen as a travelling salesman 
problem (TSP) (Laporte, 1992). For shorter time slots, however, dispatching is a special case of the 
vehicle routing problem (VRP), as called pickup and delivery problem (PDP) (Nowak et al., 2009). In 
light of the demanding search algorithms of these methods and the large data set, several heuristics have 
been tested together with a complete lookup procedure. These heuristics are: the tabu search approach 
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(TS) and the simulated annealing (SA). For the TS further derivatives have been applied for an 
optimization of the calculation.  

Based upon typical data for the agricultural sector an experiment was conducted to examine the 
prototype DSS for transportation planning. 

3.3. Experimental setup and analysis 

The input data of the experiment consisted of about 150,000 transport orders transacted between 
2010 and 2012, and included approximately 200 transportation providers of agricultural bulk goods 
logistics. One of the whole saletraders in the agricultural sector became a research partner in the project 
and provided all relevant data based upon previous transportation activities. This data set contains: 
loading and unloading addresses, clients, materials, volumes, prices, transportation order numbers and 
transportation demand figures. In addition, the related geo data of loaders and consignors have been 
generated. Because of the real-world character of the data from past activities realistic parameters were 
delineated for the experiment. Because of the availability of loading and unloading positions, the 
corresponding time slot for the transaction vehicle activities each transportation order was available in 
the form of a potential transport order demand analysis within a mySQL database. Further data such as 
volumes, prices, loading and unloading times were neglected in the first round. A computer with the 
following features was used for all calculations: processor: Intel® Core ™, i5-3550CPU@3,30GHz, 
memory: 8.00 GB; Windows 7 Enterprise-Service Pack 1, System: 64 Bit OS. The computer represents 
a common machine in the sector. 

The transportation planning that provided decision support was designed according to practice-
oriented scenarios in the form of the sum of potential transportation orders. The classification for the 
transport orders to be dispatched in the experiment was: 20, 50, 100, 1000 and 2000 orders. About a 
hundred transportation orders correspond with a dispatch effort of about half a day, whereas 2000 orders 
correspond to an effort of about two weeks.  

The following termination conditions for the heuristics were selected including the typical dynamic 
influence factors within the sector: 1h (short-term redispatch), 2h (dispatch morning or afternoon) and 
8h (dispatch during night). Furthermore, the carriers that should return home after 40h and traveling at 
a cruising speed of 60km/h provide the framework conditions for the dispatch effort. The ultimate goal 
of the experiment was the optimal reduction of unloaded mileage with itinerary planning, which was not 
possible with ad hoc dispatch. The experiment started with the calculations of the simulated annealing, 
the tabu search 1 and the modified tabu search 2. Table 1 lists the relevant results of the experiment. The 
table shows the calculated transport orders by the chosen algorithm over a runtime. Furthermore the 
savings in comparison with the ad hoc dispatching are documented. The complete lookup procedure is 
implemented and can be employed for future optimization. However, the dispatch of more than 11 
transportation orders with this algorithm is too complex. 

Figure 2 displays the GUI for a dispatcher. This GUI facilitates an overview of baseline parameters 
(e.g., time slot, transport orders, type of procedure), and provides monitoring of the generated delivery 
tour. Moreover, a graphical output of the route can be issued for carriers. 

 

Figure 2. GUI for a dispatcher 
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Table 1. Results of the experiment 

TO algorithm unloaded mileage (km) 
unloaded 
mileage  
(ad hoc) 

savings (km) 
Cost savings 

(%) 
    1h 2h 8h 1h 2h 8h 1h 2h 8h 

20 
TS 3316 3316 3316 

5404 
2088 2088 2088 39% 39% 39%

SA 3288 3287 3287 2117 2117 2117 39% 39% 39%
TS2 3288 3288 3288 2117 2117 2117 39% 39% 39%

50 
TS 11774 11453 11229 

15197 
3423 3744 3968 23% 25% 26%

SA 11585 11186 11055 3612 4012 4142 24% 26% 27%
TS2 11080 11037 11015 4118 4160 4182 27% 27% 28%

100 
TS 19151 19151 18741 

29591 
10440 10440 10850 35% 35% 37%

SA 18965 18902 18387 10625 10689 11204 36% 36% 38%
TS2 18591 18591 18490 11000 11000 11101 37% 37% 38%

200 
TS 34841 34829 33889 

52944 
18103 18116 19055 34% 34% 36%

SA 33968 30279 28504 18976 22665 24440 36% 43% 46%
TS2 30129 30105 29008 22815 22839 23936 43% 43% 45%

1000 
TS 153406 150057 150051

224429 
71022 74371 74377 32% 33% 33%

SA 147775 142080 141237 76653 82349 83192 34% 37% 37%
TS2 147768 147646 147242 76660 76782 77187 34% 34% 34%

2000 
TS 311329 295081 285974

440493 
129164 145412 154519 29% 33% 35%

SA 289829 287303 273751 150664 153190 166742 34% 35% 38%
TS2 283770 282679 281001 156723 157814 159492 36% 36% 36%

  

Average TS 32% 33% 34%
Average SA 34% 36% 38%
Average TS2 36% 36% 37%

4. Results 

Based upon the framework conditions described, a savings of unloaded mileage of about 32-38% is 
possible. This was achieved with any of the provided heuristics. If the calculation time is increased, any 
calculation procedure gains an additional reduction of merely 1-4%. The mileage saving depends upon 
the number of transport orders. In general, the TS2 procedure is most suitable for small timeframes of 
1-2h. In the event of longer timeframes as well as overnight dispatches simulated annealing is the most 
favourable procedure. The DSS supports transportation provider selection, since this is automated within 
the itinerary planning. The bundling of information flow of transportation orders enables the DSS to 
reduce unloaded mileage on the one hand, and on the other hand, utilises the carrier's resources optimally 
since freight capacity is dispatched on a long-term basis. 

The introduction of the 4PL approach in conjunction with a DSS for transportation order planning 
including all required software and hardware has significant implications for the practice. Yet, the 
automated dispatch of half a day (100 transportation orders) has the potential of saving 11,200 km. This, 
of course, may entail a significant reduction of personnel deployment and transportation resources such 
as fuel, toll charges and vehicle depreciation. Based upon these results, a CO2 reduction of 
approximately 8,400 kg may be achieved within a half a day calculation (CO² 2013 - calculation). 

5. Summary 

This article provides a conceptual framework of a 4PL system for the transportation transaction of 
agricultural bulk goods. As a central function of the 4PL transportation planning a DSS was developed. 
The evaluation of this DSS was implemented with transportation data typical for this sector, which 
resulted in a practice-oriented trial. 

Apart from the conceptualisation the experiment demonstrates the potential for saving costs and other 
resources within the agricultural sector. This has been achieved with both improved information flow 
and a bundled transportation planning by the 4PL. These two features characterise the added value of 
the 4PL approach. The calculated results may be used to convince actors to participate in such a novel 
dispatch programme within the agricultural sector. 
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From the scientific point of view the correlation of a growing number of transportation orders to be 
dispatched with the increasing quality of planning results including the incorporation of specific sectoral 
factors is most interesting. Furthermore, the extension of  run time for calculation has a positive effect 
on the results in terms of their resources savings potential. Yet, the 4PL-based dispatching approach 
allows for both a more concise itinerary planning and a bundling of transportation orders, which was 
previously not possible because of the high complexity of the transportation system under the 
aforementioned specific conditions. 

However, the experiment has a number of limitations: in the first instance, itinerary planning strongly 
depends upon the number of transportation orders addressed including their specific characteristics. This 
may yield results that deviate from expectations when employing different data samples. Furthermore, 
applied heuristics as well as the hardware and software used impose limitations on the results. Different 
algorithms and higher performing hardware may also cause deviatiations in results and faster run times. 

Further research should develop additional DSS based upon the aforementioned main functions of 
the 4PL. Moreover, the modification of previously applied heuristics may be examined and further 
optimizations of the calculations could be found. Finally, an improvement of the information flow and 
its user-friendliness among actors remains a challenge. This is because of the varying use of 
communication means within the sector. In addition, hardware and software requirements should be 
kept on a level that does not exceed the budgeting of the involved actors. 
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A B S T R A C T 
 
ArcGIS software was used for timber harvesting planning in four (4) different 
mountainous forest areas of Peneda-Gerês National Park (PNPG), located in Northwest 
Portugal. 
Orographic characteristics, such as slope and watershed systems features were considered. 
The different manual and mechanical timber extraction and concentration methods were 
also considered.  
The different typologies of roads network to access forests were also introduced in the 
models. 
The analysis allowed identifying forest areas with different accessibilities and orographic 
restrictions. Performed analysis also allowed the planning of additional roads necessary 
for timber extraction optimization, considering optimized site-by-site timber extraction 
methods. The proposal of accessibility improvement through new roads construction was 
also considered important for forest fire prevention and for fire direct combat. However, 
the present proposal of accessibility improvement is merely an academic exercise because 
nature conservation restrictions severely limit the construction of new forest roads. 
This methodological approach should be tested in other mountainous forest regions 
throughout Europe. 

  

1. Introduction 

The GIS is a software technology that allows to locate and analyze objects and events that occur on 
the earth. 

There are various software technologies used based on GIS, as well as experiences within forestry 
sciences based on the management of digital territorial data (Pira and De Natale, 1999) that were used 
to access road infrastructure network in the forest (Scrinzi et al. 1999). Increasingly, the SIT (Italia 
Territorial information system) have been used to identify forest areas subject to avalanche phenomena 
or forest fires based essentially on the evaluation of the land characteristics and forest cover (Ciolli et 
al., 1998, Ciolli et al. 1999a). 

By combining and analyzing information from orographic type, infrastructure network and forest 
cover, cartographic models of analysis can be processed aimed to identify, site by site in the forest, the 
labor instruments and the work systems more rational in relationship to the land conformation and the 
road network features. 
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Oak forests from PNPG are protected by national and international laws, with high restrictions for 
human activities. So, it is important to state that the proposal of new roads is merely an academic 
exercise aiming to achieve research purposes. 

This paper has as main goal to optimize the forest harvesting in European mountainous areas with 
the aid of geographic information systems (GIS). This approach was developed for the harvesting 
planning and timber concentration within four forested areas in National Park of Peneda- Gerês 
located between two regions, Minho and Trás-os-Montes, North Portugal. 

2. Materials and methods 

The four studied forest areas are located in Peneda-Gerês National Park belonging to the Viana do 
Castelo, Braga and Vila Real districts in Northwest of Portugal: Albergaria Forest, Beredo river 
Forest, Cabril river Forest, and Mau river Forest. All the considered forests are deciduous oak forests, 
allowing data comparison. 

In the forest utilization planning, the factors that define the choice of forest machines and labor 
instruments are mainly the road network, land features (slope and accessibility), timber dimensions 
and, harvesting operations (harvesting systems and timber concentration systems). All GIS analysis 
were performed using ArcGIS 10 (ESRI, 2011).  

2.1. Slope analysis 

The slope analysis was performed using the DEM (Digital Elevation Model), and was then 
reclassified as percentage considering five classes according to Hippoliti (1994): 0-20%, 21-40%, 41-
60%, 61-80% and > 80%. The high gradients influence the new roads construction in forests, in fact 
land slopes above 60% were not considered for road construction, thus influencing the choice of 
timber harvesting and concentration systems, as shown in Figure 1. 

 

Figure 1. Example of slope classes calculated for Cabril river forest. 

2.2. Hydrographic network analysis 

This analysis focused on the rivers (and streams) presence in the forests, and their influence on the 
timber harvesting operations and new roads construction, in the same four different wooded area of 
Peneda-Gerês National Park. 
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A shape file has been constructed for determination of river surface incidence on entire forest 
surface. The river disposition often not allowed an easy new road construction in the forest, as shown 
in Figure 4. 

The shape file was made by editing the hydrographic layer of the Portuguese Institute for Nature 
Conservation and Forestry (ICNF), as shown in Figure 2.  

The river surface has been calculated building a buffer with 15 m width. This parameter is a 
measurement average of the rivers width with the aid of ArcGIS measurement tool and Basemap 
imagery, by photo interpretation. 

 

Figure 2. Example of hydrographic network in Beredo river forest. 

2.3. Road network analysis 

In the present study, it was proposed the development of a methodology to support the assessment 
of “timber harvesting road”, in four different areas of Peneda-Gerês National Park, based on the 
determination of the forested land uses and the determination of the wooded land served by roads. 

Two different road classifications have been used (ICFN and Hippoliti classification), but the 
features of roads are similar for each class. 

Two shape files have been created for the determination of the roads already present in the forests, 
and the missing roads that could be constructed. In the first one the existing roads were classified 
according to ICNF as: main road, secondary road, motorized track and footpath, like in the Figure 3. 
The footpath classification was not considered in the analysis, because it was not usable for harvesting 
operations in forest. 
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Figure 3. Example of existing roads network in Mau river forest. 

The second shape file was created by digitizing the new roads along the contour lines (proposal of 
new road network system). The contour lines, with 25 meters distance, were obtained from DEM 
(Digital Elevation Model), with 20 meters resolution. New roads have been digitized, starting from the 
intersection of the contour layer and the existing roads layer (where it was possible), taking into 
account spatial constraints, such as hydrographic network and steep slopes, and they were classified 
according to Hippoliti classification (1994) as: main roads for truck, secondary roads for truck and 
roads for tractors or tracks, as shown in Figure 4. The new proposed road construction could also 
improve the fireman work in the forest. In fact, an efficient network road system could be helpful for 
timber removal, but also in fire prevention and fire combat interventions, allowing transit of road 
tankers for the direct intervention or vehicles used in the phases of power off. On this issue, the last 
report of rural fires from ICNB, Institute of Nature conservation and Biodiversity (2011), was 
considered. 
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Figure 4. Example of new road system to be constructed in Mau river forest. 

2.4. Forest accessibility 

The forest accessibility analysis was performed by Path Distance tool (Spatial Analyst tool) to 
evaluate the different accessibility before and after the new road construction. These analysis were 
carried out, by relating network road system analysis (input raster or features source data), and slope 
analysis (input surface raster), having as spatial parameter a buffer of 100 m, which was applied only 
for network road system (existing and new roads). The new road system was made by Merge tool 
(Geoprocessing tool) through merging of existing road and new road. 

The buffer of forest accessibility was established according to Hippoliti 1994, which states that a 
forest is accessible if served by roads with a distance of 100m. 

2.5. Timber concentration and harvesting system 

The scheme proposed by Hippoliti (1994) takes into account several parameters, including slope 
classes, concentration system, cutting intensity, harvesting direction, timber dimensions and harvesting 
system. This was applied only in forests well served with roads, because the timber extraction cost was 
considered too high in areas without accessibility. 

3. Results and discussion 

The results obtained from the spatial analysis showed that the presence of roads in the forests in 
some areas was very poor or even absent. The road density in these forest varies from 0,5 to 5m/ha 
which is very low compared, for example, with Basilicata mountainous oak forest which have 2 to 15 
m/ha (Pecora et al., 2013). 

With the proposed methodology there was a significant percentage increase of new roads, and 
therefore accessibility improvement in the wooded areas. In fact, the percentage increase of new roads 
was as follows: Albergaria forest 78%, Beredo river forest 80%, Cabril river forest 75% and Mau river 
forest 60%.  



Journal of Agricultural Informatics . 2014 Vol. 5, No. 2:10‐18 

 

ISSN 2061-862X (http://www.magisz.org/journal)   15 
Giovanni Pecora, Nicola Moretti, Susana Saraiva Dias, Orlanda Póvoa: Impact of territorial constraints on the optimization of 
forest accessibility. GIS Spatial Analysis for Quercus forests in National Park of Peneda-Gerês, northwest Portugal 

The new road construction might allow the increase of the road density, making forests more 
accessible. In fact, Figures 5 shows the accessibility before and after new road construction. 

 

 

Figure 5. Example of forest accessibility before (left) and after (right) road construction in Beredo 
river forest. White areas have low or absent accessibility, black areas have good accessibility. 

The analysis shows how the new road construction has influenced the forest accessibility. The 
white zone shows an area without an efficient network road system (low or absent accessibility), while 
the black zone shows an area with a good accessibility. 

Adequate primary and secondary roads and trails should be planned with respect to density, routing 
and other physical characteristics such as width, slope and presence of suitable landings (Baldini et al, 
2008). 

We only proposed secondary roads or motorized tracks (roads for tractors), and logically it is not 
advisable to build major roads in the forest already established. As shown in Table 1. 

Table 1. Proposal of new road construction intensity in 4 forests of Peneda-Gerês National Park 

Forest Secondary road  
Motorized track 

(Road for tractors) 
Total 
Road 

Name Area ha 
Length 

m 
Before 
m/ha 

After 
m/ha 

Total
m/ha 

Length
m 

Before 
m/ha 

After 
m/ha 

Total 
m/ha 

Length
m 

Beredo 281 14159 0,2 21 21,2 9296 13 32 45 23455 

Cabril 442 6110 2 23 25 4102 6 15 21 10212 

Albergaria 429 9804 5 25 30 6594 2 15 17 16398 



Journal of Agricultural Informatics . 2014 Vol. 5, No. 2:10‐18 

 

ISSN 2061-862X (http://www.magisz.org/journal)   16 
Giovanni Pecora, Nicola Moretti, Susana Saraiva Dias, Orlanda Póvoa: Impact of territorial constraints on the optimization of 
forest accessibility. GIS Spatial Analysis for Quercus forests in National Park of Peneda-Gerês, northwest Portugal 

Mau 293 9075 1,5 31 31,5 5696 29 19 48 14772 

Table 1 shows how the proposal for new road construction has influenced the road density, 
especially the motorized tracks (road for tractors). There have been considerable improvements of 
roads in the Mau river and Beredo river forests, much less in the other two forests. 

The choice of different roads was carried out considering the existing roads, and it was decided to 
build secondary roads where they were not present, connecting to previous secondary roads. 

The low road amount in some areas is due to the presence of territorial constraints, such as the 
hydrographic network, and steep slopes. 

The analysis of territorial constraints showed that slope constraint has a bigger impact in Albergaria 
forest (139 ha, 32% area forest) and in Cabril river forest (92 ha, 33%) while in the other two forests 
had a minor importance, as shown in Table 2. 

Table 2. Territorial constraints in 4 forests from Peneda-Gerês National Park 
Territorial constraint 

 
Forest 

 
Total area 

 
Hydrographic network 

 
Slope 

ha ha % ha % 

Albergaria 429 26 6 139 32 

Beredo 281 79 18 24 5,3 

Cabril 442 48 17 91,6 33 

Mau 293 29 9 13,2 4,2 

Hydrographic network covers all the forests. The main problem that hydrographic network creates 
for the new road construction, isn’t the total area of coverage, but its spatial distribution in the forest; 
in fact, often it has a fan shape that covers almost the entire forest area (Pecora et al, 2013), as shown 
in Figure 2. 

In fact, the forest managers need information about the potential impacts of roads on large areas to 
conduct cumulative effects analyses and watershed analyses for planning new road construction, and 
road maintenance (Luce et al., 2001; Switalski et al., 2004). 

The main problem that withdraws from the spatial analysis is the connection of all restrictions, 
which cover a large part of the forest area. 

The choice of concentration and harvesting systems are the same proposed by Hippoliti in 1994.  

The guidelines for choosing the suitable concentration and harvesting system shall bring into 
relationships territorial parameter (slope classes)  with dendrometric parameters such as, cutting 
intensity, harvesting direction and timber dimensions, and usable for forests well served by roads, in 
this case, after the proposed new road construction, because nowadays road density is very poor. 

Hand-skidding, lightweight tractors with trailer, with basket or winch, drag with weighty tractors, 
drag with winches or with animals, are common systems used for timber concentration and harvesting 
in Basilicata region (Pecora et al 2013). These systems are used both downhill and uphill and could be 
used in Portuguese forests of Peneda-Gerês National Park. 

Sometimes the forest companies used chute cut in half system, particularly the system that consist 
of half chutes joined end-to-end to form a continuous channel guiding the timber down a slope. The 
cable crane system could be used within the two classes with high slope where the forests are served 
by roads, however on these high slopes all systems are usually uneconomic. 
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Moreover, from the analysis of last fire report of Rural and Forest fire in the National Network of 
Protected Areas (ICNB), year 2010, it has been established that the fire impact in Peneda-Gerês 
National Park is very high. In fact in the year 2010 there were 5 fires, 6362 ha of burned area, and an 
average of 1272,4 ha per year considering the 2005/2009 period. Most probably these fire areas could 
be lower with a denser road network, because, as already said; the road existing density is very poor. 
The proposed new road construction could serve both for fire prevention tasks and for vehicles traffic 
during fire fighting and in the phases of power off. In fact, the secondary roads could be useful as 
firebreaks, if the road width is longer than the height of the plants (trees or shrubs). Its effectiveness as 
firebreaks involves the maintenance of the two sides of the roads, performing strong thinning on 
shrubs and trees layers and grazing on herbaceous layer. 

4. Conclusion 

The proposed model had the goal to provide guidelines for the effective mechanization of forest 
harvesting, timber collection and additionally fire direct attack, directing the choice to the most 
suitable systems for different territorial conditions. But, the construction of new roads in PNPG oak 
forests is extremely difficult due to nature conservation restrictions. However, forest accessibility 
could be maintained/improved by the maintenance/restoration of old footpaths (and old oxcart paths) 
that could be used for occasional forestry interventions using manual and animal traction systems for 
individual small tree removal. 

The oak forests from PNPG are protected by national and international laws, with high restrictions 
for human activities, in fact, Albergaria forest is considered the «crown jewel» of the Portuguese 
nature conservation, being one of the main reasons for the PNPG classification as a National Park; this 
forest has been classified by the European Council as a Biogenetic Reserve of the European continent. 
Moreover, the forest products extractions should obviously take in account nature Portuguese national 
conservation restrictions regarding protected species (flora and fauna) (Resolução do Conselho de 
Ministros n.º 11-A/2011).  

The GIS spatial analysis could be a tool for the improvement and development of “woodcutter 
profession” and “fireman profession”, in fact, by using these advanced software systems (GIS tools), 
forest companies (private or public) may optimize forestry management interventions. 
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A B S T R A C T 
 
The green corridors are part of the European Union rural landscapes, but the regional 
increase in size of agricultural parcels had a significant effect on European land use in the 
20th century. This effect radically reduced the coverage of natural forest. One ecological 
problem with the remaining forests is the partial missing of the network connecting the 
parts with ecological green corridors. Another economical problem is the verifiability for 
the payment system of agroforestry. Remote sensing methods are currently used to 
supervise monitoring the arable lands, plantations, natural reserve areas, as well as to help 
for the European Union payment system. Nowadays the airborne hyperspectral (HS) and 
LiDAR (Light Detection And Ranging; ALS) remote sensing technologies are becoming 
of more widespread use. They can be applied especially in spatial decision support system 
(SDSS), used in decisions about for nature, environment, forests, agriculture protection, 
conservation and monitoring, as well as for monitoring of biomass production. Our site 
selection model was the first step towards planning an agroforestry plantation which uses 
these integrated technologies to connect the parts with green corridors. 

1. Introduction 

Many definitions have been proposed, but generally agroforestry land use systems means an 
ecologically mixed land use, where woody plants (trees, shrubs, palms, bamboos etc.) are consciously 
combined with arable crops and/or livestock farming on the same land use unit, which practice can 
function as green corridors. In this land use system there are both ecological and economical 
interactions between the different components (Lundgren and Raintree 1982). The generally 
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worldwide used practices are alley cropping, windbreaks, forested riparian buffer strips, silvopasture, 
forest farming, and whole farm diversification with woody crops. The green corridors can be part of 
agroforestry practices helps to conserve and protect natural resources by low carbon and high biomass 
productive agriculture (EURAF). One real – ecological - problem with these forests is the partly 
missing of network function without connecting ecological green corridors. The other – economical - 
problem is verifiability for the agroforestry payment system, monitoring the arable lands and 
plantations. 

Remote sensing methods are currently used to supervise European Union payments for vineyards 
and olive groves (e.g. in Italy, Spain, Portuguesa, French and Greece). With these methods could be 
used to help distinguish agroforestry areas from forest. Technology exists and is rapidly improving for 
automatic counting of trees from these images. We can use remote sensing technology for monitoring 
of agro-environment areas such as % arable land covered (e.g. soil/no soil), buffer strips and margins, 
land use, land cover, burning, harvest dates, hay cutting dates, cover crops dates, irrigation by 
flooding, etc (Lawson et al. 2005). Nowadays, next to use satellite imagery the airborne hyperspectral 
and LiDAR (Light Detection And Ranging) remote sensing technologies are becoming more 
widespread use for nature, environmental, forest, agriculture protection, conservation and monitoring 
and it is an effective tool for monitoring biomass production (Curran 1981, Kale et al. 2002). Passive 
(hyperspectral) and active (LiDAR) remote sensing methods can acquire information about larger 
areas at the Earth’s surface, without being in direct physical contact with the object area (Aggarwal 
2004).  

2. Materials and methods  

The study area of the model was carried out in part of West Hungary (near Sopron, extension part of 
the east Alps) which is about 2350 hectares area. Based on CORINE Landcover (CLC2006), DTA50 
(Topological map of the Hungarian Republic in 1:50.000 scale) database the main land use classes 
were specified in different land use categories: arable land (clc06_c211), pasture (clc06_c231), forest, 
built-up area (city of Sopron, town of Ágfalva), farm, watercourses, channels, roads (dirt and 
highway). The study area contains part of the Sopron Mountains which is part of Natura2000 habitat 
sites in Europe. 

2.1. Airborne hyperspectral survey and data 

The airborne surveys of the study area were carried out within the framework of ChangeHabitats2 
project. Important aim of this project to evaluate the advantages of the novel hyperspectral and LiDAR 
technology for habitat mapping, biodiversity monitoring, environmental and nature conservation in 
NATURA 2000 habitat sites.  

Hyperspectral remote sensors collect data of surface in hundreds of narrow, adjacent spectral bands. 
This imagery is an effective tool to detect material quality characteristics of objects (e.g. different 
plant species) and could provide relatively more information that multispectral imaging (Smith 2006). 
The hyperspectral data was acquired by AISA DUAL hyperspectral imaging system. The two sensors 
- AISA Eagle and Hawk - are assembling in one house. The Eagle can perceive in the visible and near 
infrared ranges (400-1300nm), the Hawk can process in short wave infrared ranges (1300-2500nm). 
The system has a so-called push-broom hyperspectral imagery sensor with fibre optic radiation meters 
(FODIS), which collect information about the incoming light. 

Certain reflectance values in the electromagnetic radiation are useful to create vegetation indices, 
which correlate with the changes in biomass (Silleos et al. 2006). Plants reflect the visible (VIS) band 
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but in the near infrared (NIR) the reflectance increases depend on the chlorophyll content of leaves. 
Using the reflection from the RED (630-690 nm) and the NIR bands (760-900 nm), the green mass 
may be defined by the Normalized Difference Vegetation Index (NDVI): 

NDVI = (RNIR – RRED) / (RNIR + RRED) 

Thanks to NDVI - whose value varies between -1 and 1 – we can separate easily from each other the 
dense vegetation and non vegetation areas. Naturally it is also possible to determine the sparse 
vegetation or moderate vegetation, but in our case we calculated only with the areas extension of dense 
and non vegetation. The NDVI image processed in ENVI 5.0 software used Vegetation Delineation 
tool. This tool identified the presence of vegetation and visualized the vigor levels of it. 

2.2. Airborne LiDAR survey and data 

Laser scanning is an active surveying technology for obtaining detailed - elevation, structural - 
information about the land surface. Result of the survey generates a point cloud consisting of millions 
of points, with evaluation value of each point. This point cloud useful to get spatial 3D information 
about the objects, surfaces. High laser point density provides to create high resolution digital elevation 
model (DEM) or digital surface model (DSM) (Wagner 2007, Fórián 2012). The LiDAR image was 
created by RIEGL LMS-Q680i full waveform laser scanner. The scanned area was approximately 90 
km2, which made in 22 flight stripes, contains more than 530 million laser points with 9.83 pts/m2 
average point density During the survey seven return pulses (first, second, last, single, first-of-many, 
second-of-many, third-of-many, last-of-many returns) and four LiDAR point classes (unclassified, 
ground, medium vegetation, high vegetation) were identified. The LiDAR image was evaluated in 
GlobalMapper 15.0 and ArcGIS 10.2 software. 

2.3. The Spatial Decision Supporting System (SDSS) 

The applied Spatial Decision Supporting System used two types criteria: constraints and factors. 
Constraints are those logical criteria that limit our analysis, so 1 or 0 Boolean logical value is added to 
each investigated decision factors. In our case, this logical values were ideal for distinguish land use 
areas, which could be suitable or unsuitable for forestation under any condition. Factors are criteria 
that define some degree of suitability for all geographic regions.  

ArcGIS 10.2 software was used to create the site selection model for determined the potential 
areas of forestation. In generally in the most geographic region important factors are the elevation of 
the surface, hydrological conditions and soil type.  
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Figure 1. SDSS model of the site selection 

In this case of our conceptual model building the constraint layers were: forest, built-up area, farm, 
watercourses, channels, dirt and highway roads (Figure 1). These land uses cannot be directly forested 
but in the immediate vicinity of them the forestation can be done – if there are no other limitation 
constraints. Thus we created uniformly a 10 meters buffer zone around areas and then we merged them 
into one "Constraints" layer, and erased out from the study area. The other constraint of the forestation 
was the dense vegetation (without forest, because earlier it was involved into constraints) based on 
NDVI. Dense vegetation most probably also contains tree hedges, isolated trees, shrubs etc. that 
cannot be classified into forest land use. Similarly the merged constrains dense vegetation has erased 
out from the area. Dense vegetation of pastures and arable land has calculated separately in order to 
determine the extension of the potential forestation sites there. 

3. RESULTS AND DISCUSSIONS 

3.1. Results of airborne hyperspectral analysis 

We used the four basic classes: no vegetation (0 value), sparse (0.25 value), moderate (0.5 value) and 
dense (0.7 - 1 value) vegetation. Typically the no vegetation contains dirt roads, highway, buildings, 
bare soil. Into the sparse and moderate vegetation can be classified the weedy area, grasslands, and 
dense vegetation collected the forest areas, tree hedges, isolated trees, shrubs and sown area (Figure 2). 
In bare soil could be vegetation, so we segmented that areas. In the sown we also can make forestation 
but the software detected this areas like forests, based on NDVI value. Due to we calculated with their 
area extension during the investigation and added to the potential area sites. 
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No vegetation (NDVI - 0-0.25)

Sparse vegetation (NDVI - 0.25-0.5)

/

Moderate vegetation (NDVI - 0.5-0.7)

Dense vegetation (NDVI – 0.7-1)  

Figure 2. NDVI image of the study area 

3.2. Results of airborne LiDAR analysis 

The LiDAR image was used to create a DEM of study area. Thanks to LiDAR survey we could get 
the high values of the area in every laser point from which could make DEM and work in 3D. The 
importance of this kind of remote sensing technology is extremely high, because it is suitable for inter 
alia measure the high of trees, forecast estimate the biomass production, and create the runoff 
conditions in a large extension of area. We created the digital elevation model in the end we compared 
it with the potential sites of forestation (Figure 3). 

a.) b.)

c.)

 

Figure 3. a.) DEM; b.) c.) 3D slice of the study area based on LiDAR image 

3.3. Results of Spatial Decision Supporting System (SDSS) 

Determined the constrains and factors, the model was run and we have received the potential sites for 
forestation (Figure 4). 
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Potential arae for forestation

Unsuitable area for forestation

Border of the study area

 

Figure 4. Result of the site selection model 

The large part of the potential tree-planting areas are located in lower surface levels (about 250-400 
meter) in the arable lands, pastures and parallel with roads. Smaller part of potential sites can be found 
in higher levels (about 400-550 meter), in the hillside. The areas of potential sites in hectares are 
shown in Table 1.  

Table 1. Currently and potential forestation areas in the study area 

Land use category Area (ha) Potential forestation (ha) 
Forest 755 12 
Arable land 797 797 
Pasture 343 219 
City/town 412 0 
Farm 20 0 
Total 2327 1028 

 
4. CONCLUSION 

Based on the results of SDSS and taking into consider of field experts we suggested the following 
species for plantation: in the hillside sessile oak, hornbeam, scots pine; into the lower surface birch, 
poplar, elm, and ash tree etc. species. Taking into consideration the criterions of national "First 
establishment agroforestry system" support fund we are not entitled for support in case of conifer 
plantation, woody plantations for energy purposes, sick, comma plantation and state-owned area above 
50%. At all events planting native tree species according to geographical. 

Based on the results of site selection model we concluded that remote sensing technology clearly 
integrated into process of agroforestry planning, and effectively use for supervise payments. 
Increasingly large numbers of countries across Europe are using these technologies which will get 
important role during the spread of agroforestry systems. This site selection model was the first step of 
an agroforestry plantation which use these integrated technologies to connect with each other the green 
corridors.  
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A B S T R A C T 
 
The regional feasibility of ranching (RFR) index was obtained in order to evaluate the 
productive potential of farms in the Pantanal. Five indicators were selected by expert and 
employed for the developing of the index. One of the five indicators corresponded to the 
natural potential for livestock ranching (NPLR) index which was generated by GIS-fuzzy 
logic. Fuzzy inference process, involving definitions of membership functions, fuzzy set 
operations and inference rules was implemented and validated with the participation of 
primary stakeholders. Different scenarios were simulated in a batch, next validated and 
adjusted with the participation of stakeholders. Both procedures were performed by the 
use of the Webfuzzy software. The NPLR and RFR index values, calculated for the pilot 
ranch, corresponded to the expectations of both expert and stakeholders. Fuzzy logic 
combined with landscape metric seems to be suitable for the definition of the productive 
natural potential of ranches to produce livestock in the Pantanal. The indices can assess 
the regional feasibility of ranching, contributing to decision-making of stakeholders. 
 

  

1. Introduction 

The Pantanal is a complex and dynamic tropical wetland. It is a seasonally flooded plain whose 
principal vegetation formations are arboreal, woody grass (savannas), open grasslands and aquatics, 
distributed in mosaic in the different landscape units (physiognomies) of the region such as forest, 
forested and arboreal savanna, open grasslands, dirty grasslands, permanent and temporary ponds, 
temporary canals and lowlands. Extensive livestock was established over 200 years ago in the 
Pantanal due to presence of abundant natural pasture areas (Santos et al., 2011).  

Regardless to the characteristics of the individual regions, livestock is developed in almost all 
Pantanal (about 95%) whose traditional management (low effort practices and low inputs) contributed 
to the natural resources conservation. However, in recent decades, this activity is becoming less 
sustainable, mainly in areas with environmental and infrastructure restrictions. Not all regions have 
appropriate areas to livestock due to natural limitations such as intense flooding and low availability of 
permanent water bodies, and the situation may be aggravated by critical regional public infrastructure 
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such as roads, electrical network, communication system, educational and health services. Depending 
on location, each farm comprise a unique set of ecological and infrastructure conditions which allows 
to develop a raising, breeding and/or fattening system (Abreu et al., 2010).  

 A sustainable farm in the Pantanal needs to attend environmental, economic and social domains, 
equilibrium among these domains and their interactions. Thus, the development of a tool to assess 
sustainability is necessary. In the literature, there is a number of sustainability assessment methods and 
tools based on indicators (Rigby et al., 2001; Icaga, 2007; Lermontov et al. 2009; Calheiros et al., 
2013), being considered the most suitable methods (Smith and McDonald, 1998). Due to the 
complexity of the system, it is necessary to develop tools to evaluate and monitor the sustainability of 
different ecosystems of the region in a holistic manner (Santos et al., 2011). Like this, a combination 
of quantitative and qualitative indicators with GIS techniques and fuzzy logic which takes into account 
expertise (Chevrie and Guely, 1998) was built in this paper. 

2. Materials and Methods 

Several expert meetings were realized to identify the main aspects related to regional feasibility of 
ranching (RFR) in the Pantanal. The index for natural potential for livestock ranching (NPLR) was 
also built in advance using the same procedure.  Four landscape indicators related to livestock 
production were selected by an expertise group (Table 1): forest cover proportion (FC), landscape 
productive value (LPV), diversity of types of water bodies (DAH) and flooding degree (FD). A core 
set of five indicators/indices were selected to evaluate the productive potential of farms in the Pantanal 
(Table 2): access to education (AE), energy and communication networks (ECN), access to ranch 
(AR), NPLR and access to health services housing (AHSH). 

Table 1. Indicators and Fuzzy set defined to classify the natural potential of livestock ranches (NPLR) 
of the Pantanal wetland 

 

The application of this approach was illustrated through a pilot farm located in the Nhecolândia 
sub-region, Pantanal. Remote Sensing (RS) and Geographic Information System (GIS) technologies 
were used for mapping the farm’s vegetation types and water bodies (landscapes types) of this farm. 
Images from Landsat 5-Thematic Mapper satellite from 2010 and 2011 were acquired from the INPE, 
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the Brazilian Space Agency. Image from 2010 was chosen preferentially from the late dry season to 
avoid clouds and to obtain better visualization to estimate the three first indicators while image 011 
was taken from late wet season to estimate the fourth indicator. 

Table 2. Indicators and Fuzzy membership functions defined to classify regional feasibility of 
ranching in the Pantanal 

Indicators/Index Scores/thresholds Description 
   
 
 
 
Access to education (AE) 
 
 
 
 
 
 
 
 
Energy and communications 
networks (ECN) 
 
 
 
 
 
 
 
Access to ranch (AR) 

Good - 3 
 
Regular -2 
 
Poor – 1 
 
 
 
 
Good - 3 
 
 
Regular -2 
 
 
Poor – 1 
 
 
 
 
 
Easy- 3 

Possibility of daily displacement using 
appropriate ways of transport. 
Boarding regime (weekly or fortnightly) 
or concentrated in certain months. 
The other criteria are not acceptable or 
regular presence of student is hampered 
by access. 
 
 
Existence of a high-tension electrical 
wire and communication provided full 
time 
Electrical energy provided by generator 
distributed unevenly and 
communication provided full time 
Problems with distribution and 
maintenance of energy and 
communication or absence in relation to 
a specific period or inexistence. 
 
 
Continuous terrestrial access and well-
maintained airstrip during all year. 

Reasonable – 2 Terrestrial and air access with certain 
difficulties, especially during the rainy 
season. 

Poor – 1 Terrestrial and air access interrupted 
during the rainy season or terrestrial 
access precarious. 

  
Natural potential for livestock 
ranching (NPLR) 
 
 
Access to health services 
Housing (AHSH) 
 
 
 
 

High - >9 
Moderate – 5-9 
Low- <5 
 
Good- 3 
 
Regular -2 
 
Poor -1 

 
 
 
 
Emergency service in less than 3 hours 
 
Emergency service between 3 and 6 
hours 
Emergency service in more than 6 hours 
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Data analyses and image processing were carried out using the ERDAS software package. All 
images were rectified to UTM zone 21, WGS 84. Unsupervised classification was then used to map 
the vegetation units in ERDAS. 2010 Landsat image was separated in five classes (floodplain 
vegetation types): (1) forested savanna -FS; (2) arboreal savanna - AS; (3) grassland savanna - GS; (4) 
wetland – Wl, and (5) water bodies – Wb. Similar procedure was made with 2011 image but separated 
into two landscape classes: (1) dry areas, and (2) water areas (Santos et al., 2011). Classified images 
were then exported to ARCGIS version 9.0 (ESRI, Redlands, USA) and then metric composition of 
vegetation types were made and generated the following indicators: forest cover proportion (FC) that 
refers to proportion of forested savanna (%); landscape productive value (LPV) that refers to the ration 
between grazing preferred vegetation classes (Wetland +grassland savanna)/grazing less preferred 
vegetation class (arboreal savanna); diversity of types of Water bodies (DWB) were estimated by 
permanent water bodies number and distribution over the farm. The 2011 thematic map was used to 
estimate flooding extension that contributes to determine the indicator flooding degree (FD). 

Fuzzy inference process 

Fuzz logic represents intrinsically vague or linguistic knowledge (Zadeh, 1965) and offers a 
suitable method that is easy to implement and enables transfer knowledge of an environment complex 
for decision makers and general public (Chevrie and Guely, 1998; Babaei Semiromi et al., 2011). The 
process involved three steps: membership functions, fuzzy set operations and inference rules. 
Membership functions and thresholds for the different indicators are shown in the Table 1 for NPLR 
index and Table 2 for the RFR index.  The trapezoidal functions at the interval ends, and triangular 
functions at intermediate portions of intervals were used as membership functions of these fuzzy sets. 
These linguistic terms and thresholds were validated in a participatory manner. An example of the 
NPLR and RFR indices and their respective fuzzy sets can be seen in the Figures 1 and 2, respectively. 
Two fuzzy models were developed, one to define the NPLR index with four indicators and another to 
define the RFR index with five indicators. For the selected set of four indicators from NPLR and five 
indicators from RFR, 144 and 243 inference rules were generated, respectively, in the Webfuzzy 
software (Lima et al., 2012). These rules base were evaluated and validated to reflect the knowledge of 
experts on the subject. Examples of rules for the NPLR index are as following: “If FD is high and 
DAH is high and LPV is ideal and FC is ideal, then index is moderate”; and for the RFR index: “IF 
AE is good and ECN is regular, and AR is poor and, NPLR is poor and AHSH is poor, then the index 
is poor. The RFR index was classified into three categories: high, moderated and low productive 
potential while the RFR final index was classified into three categories: good, regular and critical. 

 
 
 

 

 

 

 

 

Figure 1. An example of the indicator LPV (Landscape productive value) and their respective fuzzy 
sets 
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Figure 2. An example of the indicator ECN (Energy and communications networks) and their 
respective fuzzy sets 

At the end of inference, the output fuzzy set is determined and defuzzified by center of gravity 
method (Chevrie and Guely, 1998). To perform the inferences and subsequent analysis, the software 
Webfuzzy were used (Lima et al., 2012). A simulation process in batch using the same software was 
accomplished, testing the output of model to several scenarios. For the social validation, criteria for 
assessing the indicators were defined and organized in 3 topics: conceptual coherence, operational 
coherence and utility indicator, where the responses of the stakeholders according to Cloquell-
Ballester et al. (2006) were presented using Likert type scales (1 a 5) to assess the concordance degree. 
An importance ranking of each indicator was also evaluated. 

Pilot Tests and simulations in batch were conducted using the Webfuzzy software and adjusts were 
made on fuzzy rules with the users.  The calculated NPLR and RFR indices obtained with the Fuzzy 
model from simulation in batch were compared with the class of each indicator by Pearson correlation. 

3. Results and Discussion 

Figures 3 and 4 show the fuzzy output, named deffuzification using the center of gravity method to 
NPLR and RFR indices, respectively. The output of the NPLR model refers to Nhumirim farm that 
presented values of 0.3, 0.63, 2 and 1 to FC, LPV, DWB and FD input variables, respectively, using 
144 rules. The output of the RFR model presented values 3; 3; 2; 9.06 and 1 to FC, LPV, DWB and 
AHSH, respectively, using 243 rules. 

 

 

 

 

 

 

 

Figure 3. Center of gravity position of the output fuzzy set evaluate the NPLR (natural potential of 
livestock ranches) index to Nhumirim farm with values of 0.3, 0.63, 2 and 2 to AE, ECN, AR, NPLR 

and FD, respectively. 
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Figure 4. Center of gravity position of the output fuzzy set evaluate the RFR (regional feasibility of 
ranching) index to Nhumirim farm with values of 3; 3; 2; 9,06 and 1 to FC, LPV, DWB and AHSH, 

respectively. 

For the NPLR index, correlation coefficients were high to forest cover (-0.76) and productive value 
(0.68) but low to diversity of types of aquatic habitats (0.20) and flooding degree (-0.28). Results from 
social validation presented mean score of concordance over 4, i.e., the end users agreed almost entirely 
with the NPLR’s indicators. The most important indicator identified by the experts was productive 
value, followed by flooding degree, types of aquatic habitats and forest cover. With regard to RFL 
index, simulations in batch resulted in correlation coefficients higher for natural potential for livestock 
ranching (0.55) and access to ranch (0.51) whereas for others indicators, the values were lower: energy 
and communications networks (0.30), access to education (0.19) and access to health services housing 
(0.10). Social validation of the indicators that compound the RFR index also produced mean score of 
concordance over 4. Ranking of importance of the indicators in descendent order was: NPLR, AR, 
AE, ECN and AHSH.  

The final results obtained on the pilot farm were presented in radar graph to NPLR index (Figure 5) 
and RFR index (Figure 6). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. Livestock natural productive capacity indicators displayed in radar by the Webfuzzy 
software 
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Figure 6. Regional feasibility of ranching indicators displayed in radar by the Webfuzzy software 

 

There is a lack of available quantitative tools on the impact of structural policies in agriculture at a 
world level (Josling & Valdés, 2004). According to Santos et al. (2011), several factors have caused 
damage to economic situation of the ranchers and threaten the production systems and sustainability of 
the Pantanal. Among them, the lack of infrastructure and road, making the logistic and 
commercialization of beef cattle more expensive. The purpose of the indicators and indices built in 
this paper was to provide subsidies for policy analyses and decision makers to identify where the 
distortions are great and where the most important priority actions are needed to promote the 
sustainable regional development of livestock ranching in the Pantanal.  

This study showed that the regional livestock suitability depend mainly on the access to ranch as 
well as natural potential for livestock ranching, a composite index was also built in a participatory 
way. Stakeholder involvement was very important in the choice and validation of relevant indicators 
and decision rules. However, goals and practices of the stakeholders should be consistent with the 
principles of sustainable development in an adaptive learning process that integrates bottom–up and 
top–down approaches (Reed et al., 2006). In this paper, the simulation in batch allowed the evaluation 
of different scenarios by expert opinion as well as enabled the establishment of targets and baselines 
avoiding conflicts of interest. 

4. Conclusion 

According to the results from the present study, remote sensing and GIS combined with fuzzy logic 
appear to be useful to assess both NPLR (natural potential of livestock ranches) and RFR (regional 
feasibility of ranching) indices. NPLR index is adequate to describe the beef cattle natural productive 
capacity in farm level, consisting in a diagnostic index for decision making. When used together with 
other indicators, it also contributes to build the RFR index in regional level. The RFR index can be 
used by local governments to plan policies and actions to address health, education and general 
infrastructure to promote the sustainable regional development. Participative processes in the 
development of rules are efficient and flexible because sustainability is a continuous process of 
learning that can be updated dynamically. 
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A B S T R A C T 
 
Recently, it is acknowledged that mobile phones provide multiple functionalities and 
diverse applications that affect all forms of capital accumulation, necessary for 
sustainable livelihood. However, there is no empirical result regarding the impact of 
mobile phones on asset accumulation in Nigeria. This study examined the socio-economic 
determinants of mobile phone use and intensity of use for sustainable capital formation in 
farming households in Kwara state, Nigeria. Accordingly, 120 rural farming households 
were randomly sampled and count data on the number of calls made with respect to 
livelihood capitals generated. Binary logistic regression and zero-inflated negative 
binomial regression models were used in analyzing the data. The study revealed that 73% 
of the respondents have access to mobile phone use. The study identifies major uses of 
mobile phone for sustainable livelihood enhancement activities. Significant determinants 
of mobile phone use are; possession of formal education, household size, age, marital 
status, annual farm income, diversity of crop cultivated and the number of family 
members living outside the community (p<0.05). This study highlights the relevance of 
mobile phones for sustainable development and recommends the need for increased 
investment in facilitating access to mobile phone use across rural communities in Nigeria. 

  

1. Introduction 

Knowledge flow (information) and innovation are widely regarded as key drivers and contributors 
to economic growth and it is clear from literatures that information and communication technologies 
(ICTs) are deeply implicated in knowledge flow and innovation systems (Verlaeten, 2002), and in 
sustainable development (Scoones, 2009). Specifically, agricultural information, in addition to the 
coordination of transportation and the enhancement of development activities (Saunders, Warford, and 
Wellenius, 1994), offers prospect for improving small-scale agricultural production by linking 
increased production to remunerative markets, thus leading to improved rural livelihoods, food 
security and national economies. Moreover, if getting the right information to farmers, when and 
where needed, in a language and tone they understand and can easily access can be recognized as vital 
to the success of the agricultural sector as the right type of soil, adequate water, sunlight and any other 
input, then, information flow should be seen as critical to the sustainability of the existing livelihood 
systems of rural farming households. 

Meanwhile, a significant development trend witnessed in recent years is the exponential growth of 
mobile phones subscription in many developing countries. Wade (2004) showed that almost one in 
five Africans owns a phone and estimates put the number of mobile phones subscribers in Nigeria as 
95 million accounting for 63% of the estimated 150 million human population in the country (NBS, 
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2011). Mobile telephony technologies have enabled the poorest countries to extend telecommunication 
network coverage to the mass of their populations including the rural poor. Pointedly, studies 
conducted in South Asia (De Silva, 2008) and sub-Saharan Africa (Donner, 2009 and Gakuru et al., 
2009) identify mobile phones as a key innovative technology in support of rural livelihoods. In the 
same direction, studies equally recognize the roles of mobile phones access to include areas that are 
not exclusively agriculture, but also include new forms of micro-financial service provision and micro-
enterprise support, data gathering and dissemination for projects concerned with social development 
covering education, health, the environment and humanitarian relief in response to disasters and 
emergencies (Duncombe, 2012). Mobile phones are also reportedly used for advocacy and 
campaigning on livelihood-centered development issues (Hellstrom, 2010; Kinclade and Verclas, 
2008) 

However, impact of mobile phone on sustainable livelihood will be incomplete if there is no 
understanding of how information exchange, brought about by the use of mobile phones, leads to a 
reduction in rural households’ vulnerabilities (Duncombe, 2012). First, livelihoods analysis needs to 
take into account the changing socio-economic and demographic such as enhanced urban-rural links, 
rising labour migration and the increasing dispersal of the household unit which have impacted on the 
traditional views of livelihood vulnerability and created new demands for better information flows and 
communication services, hence emphasizing the potential benefits of mobile phones to fulfill these 
needs. Second, the traditional livelihood assets were developed within the context of traditional 
agriculture (Carney et al., 1999), and it underplays recent understandings of the importance of certain 
livelihood assets like social networks, agency, knowledge, cognition and capabilities in livelihood 
enhancement (Scoones, 2009) and which are equally identified to be strengthen through the use of 
mobile telephony.  

In order to correct the imbalances in the way capitals are specified within the sustainable livelihood 
framework and to further emphasizes the role of information in sustainable development, a three-fold 
approach to re-defining assets was proposed by Duncombe (2012) that encompasses a broader and 
more relevant spectrum and incorporates the role of information. First, Duncombe (2012) proposes 
that assets could be reconceived according to resource-based assets (RBA) which include the existing 
categories of physical, financial and natural capital represented in the original livelihoods pentagon 
(DfID, 1999); network-based assets (NBA) that are derived from connections (social, political, 
cultural capital); and cognitive-based assets (CBA) comprising human and psychological capital 
including competencies (knowledge, skills, attitudes) (Duncombe, 2012). Second, it recognizes the 
role of information as an essentiality to individuals’ awareness of, and ability to utilise, all assets; and 
the use of information in making decisions pertaining to livelihood strategies.   

Building on these vital and emerging concepts of sustainable livelihoods, this study explores the 
role of mobile telephony in sustainable livelihood among rural farmers in Kwara State, Nigeria.  

Specifically this study;  
▪ identifies the livelihood activities that mobile phones are used for, 
▪ examines the socio-economic determinants of the use of mobile phones, and, 
▪ evaluates the socio-economic determinants of intensity of mobile phone use  

 This study is justified on two grounds. First, it guides policy makers on investment decisions 
particularly at the nexus between investments in roads, markets and communication technologies. 
Second, it adds to the understanding of sustainable livelihoods particularly as it relates to the roles of 
information and mobile telephony and the changing contexts of sustainable livelihoods.  

A review of past inquiries into the perceived attributes and drivers of mobile phones use within 
livelihood framework suggest that mobile telephony can be an asset for development by enabling the 
rural poor to respond more efficiently to external economic opportunities or threats (Abu and Scott, 
2001). Onwuemele (2011) concluded that that level of education, income, social network and 
membership of groups are the major determinants of mobile phones ownership and usage among rural 
farmers in Ovia North East Local Government Area of Edo State, Nigeria. McNamara (2003) observes 
that mobiles phones can empower the rural poor to lobby for and demand a higher priority for 
themselves through an increase in access to information which can assist in sound decision-making. 
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Donner (2008), however, cautions that although mobile telephony can serve as a development tool, the 
extent to which it does so is dependent on the process of economic development in general. The 
availability, quality, and cost of communication are important factors to consider in the enhancement 
of commerce and trade (Martin, 2010) and according to McNamara (2003), rural residents, who 
comprise a substantial majority of the world’s poorest, expend substantial amounts of valuable 
resources such as time and money to facilitate communication with family, trading partners, health 
providers, and other suppliers of economic necessities.  

It is obvious from literatures reviewed that empirical studies that focus on the impact of mobiles 
phones on rural livelihoods in Nigeria are sparse. Apart from Onwuemele (2011), no other study from 
the literatures reviewed in this study established the connection between the use of mobile telephony 
and livelihood activities in Nigeria. This study therefore builds on Onwuemele (2011) and in addition 
to Onwuemele (2011), assessed the socio–economic determinants of intensity of mobile phone usage 
among farming households in Kwara State, Nigeria. 

2. Methodology 

This study was conducted in Kwara State, Nigeria. The state is located between Latitudes 110 2’ 
and 110 45’N and between Longitude 20 45’ and 60 4’E. Agriculture is the main source of the 
economy. About 58.5% of rural populace in Nigeria owned or have access to mobile telephones in 
Nigeria (NBS, 2011) and Kwara State ranks the 11th position with respect to distribution of access to 
mobile telephony in Nigeria (NBS, 2011). 

Respondents for this study comprised of rural, small-scale farming households and they were 
sampled using a three-stage sampling procedure. The first stage involved the purposive selection of 
two agricultural zones out of the four Agricultural zones in the Study area as defined by the Kwara 
State agricultural development project (KwADP). Agricultural zones C and B were non-
probabilistically sampled. The second stage involved a random sampling of four communities in each 
of the selected Agricultural zones and the third stage involved the random sampling of fifteen farming 
households in each community in the study area in which the household head was chosen as the 
representative of the household. The study only chooses these two agricultural zones because of the 
financial and time limitations that would be imposed on the study as a result of sampling from the 
whole of the study area.  All together, a total of 120 households/respondents were sampled in the study 
area. 

 A structured questionnaire was designed to collect primary data.  The study equally utilised 
secondary data documented at various levels of Statistical Agencies. 

3. Econometric Analysis 

This study uses a Logit regression model to identify the factors that affect the probability of a 
respondent household to own and use the mobile phone and due to the count nature of the dependent 
variable, the Zero Inflated Negative Binomial Regression model for factors that affect the intensity of 
mobile phone use.  

In modeling the likelihood of owning and using mobile phone, the dependent variable (Y) is 
limited to only two possibilities (Y=1 for households own and use the mobile phones and Y=0 
otherwise). In this case, a Logit model can be used to examine the impacts of a set of independent 
variables (X1, X2, …, Xn) on the logistic function of the probability (P) for Y=1. Estimation results of 
a Logit model can be used to identify factors that significantly contribute to the probability for Y=1. A 
Logit model used is represented by the following function: 

(1) 
′

′  

Central to the use of Logit regression is the transformation of p given by Y 

(2) 	 /1  

(3) ⍺∑  
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With Y being the latent variable representing 1 if the households own and use the mobile phones 
for identified sustainable livelihood assets accumulation and 0 otherwise and Xi being the variables of 
interest that could influence use of mobile phone for livelihood capital accumulation and include; age, 
farm size, household size, dummy for presence of family members living outside the community, 
literacy level of respondents, gender of the respondent, marital status of respondents, farm size, 
diversity of crops grown, annual household farm income, access to mobile phone services, access to 
electricity power supply and e is the error term.⍺ is the constant and β are the coefficients to be 
estimated. 

In addition to the Logit model, the Zero Inflated Negative Binomial Regression model was used to 
identify the factors that determine the intensity of using the mobile phone for sustainable livelihood 
assets accumulation. The zero-inflated negative binomial regression is for modeling count variables 
with excessive zeros and it is usually for over dispersed count outcome variables (Cameron and 
Trivedi, 1990; and Winkelmann 2000). A zero-inflated model assumes that zero outcomes arise due to 
two different processes. For instance, in this study, the two processes are that a respondent has access 
to mobile phone uses or doesn’t have access. If no access, the only outcome possible is zero and if 
there is access, then, it is a count process. The two parts of the a zero-inflated model are a binary 
model, usually a Logit model to model which of the two processes the zero outcome is associated with 
and a count model, in this case, a negative binomial model, to model the count process 

The dependent variable in this case is a count data and it represents the average number of phone 
calls made per week by respondents/household using his/her mobile phone with respect to the 
identified livelihoods capitals. The study utilized the calls made and not received because the 
responsibility is on the respondent who wants to accumulate capital to demand or request for such 
from source(s) identified. 

The general canonical regression specification for a variable Y that is a count of events is the 
Poisson regression: 

(4) /
	 	 	

⎾
 

Following Wooldridge (2002) the expected number of the events, yi per period is given as: 

(5) / 	 / 	 	 ´	 	  

for i = 1, 2, ... , m 

where λi= exp (α+X´β), 

yi= 0,1,..., i is the number/count of calls made by respondent/household with respect to identified 
sustainable capitals,  

and X = a vector of predictor variables which include; gender, household size, marital status of 
respondent, farm size in ha, average household annual farm income, Age of the respondent, dummy 
for position in such social organization, dummy for literacy ability of respondent, number of family 
members living outside the community, ⍺ is the constant and β are the coefficients to be estimated and 
e is the error term. 

4. Results and Discussion 

4.1. Socio-Economic Distribution of Respondents 

The distribution of the respondents’ socio-economic characteristics is presented in Table 1. 
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Table 1. Socio-Economic Distribution of Respondents 

VARIABLES 
 

Frequency Percent 

Gender MALE 95 79.2 
FEMALE 25 20.8 

 
Marital status 

 
SINGLE 

 
6 

 
5.0 

MARRIED 109 90.8 
WIDOWED 5 4.2 

 
Educational Status 

 
NO FORMAL 

 
34 

 
28.3 

ARABIC 5 4.2 

ADULT 6 5.0 

PRY 22 18.3 

SEC 34 28.3 

TERTIARY 19 15.8 

Age 
 

<35 
 

18 
 

15.0 
36-45 53 34.2 

46-55 29 24.2 

56-65 14 21.6 

>65 6 5.0 

 

 
<2 
2-4 

 
9 
9 

 
7.5 
7.5 

Household Size 5-7 53 34.2 
8-10 28 22.5 

 
Farm size (ha) 

 
<1 
2-4 

 
20 
29 

 
16.7 
24.2 

4.1-6 29 24.2 

6.1-8 22 18.3 

 
 

<100000 
 
5 

 
4.2 

Annual Household Farm  Income 110000-200000 11 9.2 
151000-250000 6 5.0 
251000-350000 14 11.7 
351000-450000 31 25.8 
451000-550000 37 30.8 

>550000 16 13,3 

 
 

NO 
 

32 
 

26.7 
Own a Mobile Phone YES 88 73 

 
 

YES 
 

94 
 

78.3 
Access To Mobile Service NO 26 21.7 

 
 

YES 
 

105 
 

87.5 
Access To Power Supply NO 15 12.5 

Source: Field survey, 2012 
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As revealed in the Table, our respondents comprised majorly of male (79%), are married (90%) 
and possess one form of formal education (70%) in the form of Arabic, primary, secondary and 
tertiary type of education (Table 1). Our respondents are more likely in the active age category with 
more than 50% of them within the age bracket of 36 and 55years of age. The household distribution of 
our respondents reflects the marital statuses and 34% of them posses between 5 to 7 household size. 
About 48% of the respondents cultivate farm with the sizes ranging between 2 and 6 ha. The mean 
annual average household farm income is N400,000 of which about 50% of the respondents realized 
this from farm activities. 

The relatively high marital status of the respondents indicates the significance of having a family to 
farm work. This is because; marriage could lead to having a large household size which would be 
necessary to improve agricultural productivity and farm income. Furthermore, a relatively large 
household size would most likely indicate the presence of one or more household members living 
outside the community and thereby necessitating the need for maintaining social communicate through 
a medium, preferably a mobile phone. The cultivation of large acreage of farm land as observed from 
the Table may signify the need for adequate agricultural market information, information on 
agricultural input supply and general information as it pertains to improving sales and productivity 
which can predisposes our respondents in this study to make use of the potentials of mobile telephony 
to enhance such possibilities.  

As revealed in the Table, 73% of the respondents own and use mobile phones while 26% reported 
not having access to mobile phone services and 15% reported not having access to electricity supply 
(Table 1). As expected the demand for mobile phones is hinged on the provision of mobile telephone 
services and the provision of electricity to power the phone batteries. The availability of these two, 
mobile phone service and electricity are directly responsible for the use of mobile phone phones in the 
study area. 

4.2. Identified uses of Mobile phones for Sustainable Livelihood Activities 

The current study adopts the sustainable assets as described by Duncombe (2012) to include 
physical, financial and natural capital represented in the original livelihoods pentagon (DfID, 1999); 
network-based assets (NBA) that are derived from connections (social, political, cultural capital); and 
cognitive-based assets (CBA) comprising human and psychological capital including competencies 
(knowledge, skills, attitudes) to arrive at livelihood-based uses of mobile phones. An overall list of 
uses identified in this study is as described and ranked in Table 2. 

Table 2. Ranks of Identified Uses of Mobile Phones for Livelihood Activities 

 
 
RANK 

IDENTIFIED MOBILE PHONES USE FOR LIVELIHOOD 
ACTIVITIES 

YES NO 

  FREQ % FREQ % 

1. GETTING IN CONTACT WITH FAMILY MEMBER 88 100   

2 RECRUITMENT OF FARM LABOUR 80 90.9 8 9.1 

3 
SOURCE FOR TRANSPORT FACILITIES FOR 
AGRICULTURAL COMMODITIES 

76 86.4 12 13.6 

      

4 GETTING IN TOUCH WITH SOCIAL GROUP MEMBERS 76 86.4 12 13.6 

5 SOURCE FOR BUYER OF AGRICULTURAL PRODUCE 74 84.1 14 15.9 

6 FOR RECEIPT OF CREDIT (AIRTIME) TRANSFER 66 75 22 25 
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7 USE CLOCK APPLICATION FOR TIME MANAGEMENT 63 71.6 25 28.4 

8 SOURCING FOR AGRICULTURAL INFORMATION 59 67 29 33 

9 
FACILITAING ACCESS WITH AGRICULTURAL 
EXTENSION OFFICERS 

56 63.6 32 36.4 

10 SOURCING FOR AGRICULTURAL CREDIT 50 56.8 38 43.2 

11 FLASHLIGHT APPLICATION FOR LATE NIGHT WORK 48 54.5 40 45.5 

12 
FOR RELIGIOUS GUIDANCE WITHIN THE 
COMMUNITY 

40 45.5 48 54.5 

      

13 
USE AS A SOURCE OF INCOME GENERATION 
(PHONE BOOTH) 

34 38.6 54 61.4 

14 
USE GPRS APPLICATION FOR WEATHER AND 
CLIMATIC INFORMATION 

3 3.4 85 96.6 

Source: field survey, 2012 

All of the respondents, (100%), used mobile phones for contacting a family member within the 
period under focus (Table 2). This could be as a result of enhanced geo-spatial distribution and 
migration of the rural households to a different location and the need to communicate among family 
members. The second most frequently cited use of the mobile phone, indicated by 70% of respondents, 
was for recruiting farm labour (90%) (Table 2). Farm labour plays a critical role in agricultural 
productivity and access to timely supply of labour is the desire of most farmers. Initially, farmers 
would have to travel long distances to recruit or wait endlessly for the availability of farm workers for 
land preparation and weeding. This is more profound with the lack of agricultural machines like farm 
tractors and plough which would reduce the demand for farm labour and the increasing rural–urban 
migration witnessed in most rural communities.  

The use of the mobile phone sourcing transport facilities and contacting social group member were 
the third in rank (86%) of the use of mobile phone in the study area (Table 2). Getting in touch with a 
social group member can facilitate networking which would ultimately influence livelihoods.  

The use of the mobile phone for sourcing agriculture output buyer was reported as the 4th use 
identified by respondents in the study area and the transfer of airtime which is a form of credit (e-cash) 
transfer was mentioned by nearly 75% of the respondents. Approximately of the 71% and 69% of the 
respondents indicated the use of mobile phones for time management and sourcing for agricultural 
information (Table 2). Most mobile phones contain the clock application which is useful coordination 
of farm activities and the monitoring of daily schedules. Specifically, respondents indicated using the 
mobile phone to clarify agricultural methods learned during training sessions and the sourcing of 
agricultural information from friends, social group members and extension agents.   

The findings reveal that the more than 50% of the respondents reported the use of mobile phones 
for 11 out of the 14 identified uses of mobile phones in the study area (Table 2). 

4.3. Socio-Economic Factors that Influence the Usage of Mobile Phones 

The result of the socio economic determinants of use of mobile phones in the study area is 
presented in Table 3. 
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Table 3. Socio Economic Determinants of Mobile Phone Use 

INDEPENDENT VARIABLES COEFFICIENT STD ERROR P-VALUE 

GENDER (MALE) 0.1767 0.5217 0.7 
AGE -0.139 0.0347 0.001*** 
MARITAL STATUS 0.124 0.684 0.856 
EDUCATION (ANY FORMAL) 1.088 0.188 0.001*** 
FARM SIZE 0.004 0.1007 0.96 
DIVERSITY OF CROPS GROWN 0.394 0.2629 0.134 
HOUSEHOLD SIZE 0.2339 0.1036 0.024*** 
ANNUAL FARM INCOME 2.47e-06 8.61e-07 0.004*** 
CONSTANT 5.9 3.66 0.10* 
Access to mobile service (dropped, 
predicts dependent variable 
perfectly) 
Access to electricity (dropped, 
predicts dependent variable 
perfectly) 
PSEUDO R2=0.50 
Prob>chi2=0.03 
-LL=-34.22 

   

Source: Field survey, 2012 

As revealed in Table 3, the model is a good fit and significantly explains the variables that are 
responsible for the variation in the use and non-use of mobile phones in the study area (Pseudo R2 =50; 
P< .005) As expected, availability of mobile phone service and electricity predict the use of mobile 
phones in the study area perfectly and as such, were dropped from the analysis (Table 3). 

 Furthermore the Table reveals that age, household size, possession of formal education and 
household farm income were the significant variables that explain the variation in use and non-use of 
mobile phones by respondents in the study area (Table 3). Specifically, the study indicates that as age 
of respondents increases, the chances of using or owning a mobile phone equally reduces (p=0.01). 
This may be due to the fact that mobile phones like any ICT, is a product of this millennium which 
may not be familiar to members of the relatively older members of the society, more importantly if 
such members are not used to it before. In this case, respondents within the higher ages categories 
when compared to those within the lower ages may not be know how to operate the functions and 
workings of the applications on mobile phones. The possession of formal education equally increases 
the chances of the use of mobile phones by respondents (p=0.01). The possession of formal education 
enhances the ability to read and write, which would facilitate the ability to operate the mobile phone. 
The presence of a large household size would within the context of livelihood activities encourages 
enhanced communication of members and as such facilitate the use of mobile phones as observed in 
this study (p=0.02). Finally, as revealed in the study, respondents with a relatively higher annual farm 
income are more likely to make use of mobile phones than others who are not (p=0.01). This study 
findings is in line with Onwuemele (2011) which indicated the level of education, income, social 
network and membership of groups are the major determinants of mobile phones ownership and usage 
among rural farmers in Ovia North East Local Government Area of Edo State, Nigeria and Rogers 
(2003) individuals which ascribed socio-economic status to technology adoption. 

4.4. Socio Economic Determinants of the Intensity of Mobile phone Usage 

The result of the socio-economic determinants of intensity of mobile phone use is presented in 
Table 4. 
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Table 4. Socio Economic Determinants of Intensity of Mobile Phone Usage 

INDEPENDENT VARIABLES COEFS STD ERROR P-VALUE 

CONSTANT 1.079 0.506 0.073* 

POSITION IN SOCIAL GROUP (ORDINARY 
MEMBER) 

-0.062 0.1054 0.5 

EDUCATION (ANY FORMAL) 0.003 0.083 0.969 

AGE -0.02 0.0108 0.013*** 

MARITAL STATUS (married) 0.4652 0.1584 0.003*** 

ANNUAL FARM INCOME 1.33e-06 5.96e-07 0.02** 

FARM SIZE -0.083 0.0506 0.101 

DIVERSITY OF CROPS CULTIVATED 0.199 0.090 0.028** 

HOUSEHOLD SIZE 0.038 0.062 0.53 

NUMBER OF FAMILY MEMBER LIVING 
OUTSIDE THE COMMUNITY 

0.215 0.051 0.01*** 

INFLATE 
CONSTANT 

 
-1.01 

 
0.206 

 
0.00*** 
 

Inalpha 
 

-30.8 249.5 0.9 

Alpha 4.12e-14 1.03e-11  
-LL=-266 
ZERO OBS=32 
NON-ZERO OBS=88 
PR>CHI2=0.001 
LR(Chi2)=127 

   

    
Source: field survey 

The zero-inflated negative binomial regression model as a whole is significantly different from an 
empty model without any predictor variables in it (P>Chi2=0.01). As revealed in the Table; age 
(p=0.01), marital status (0.01), household farm income (p=0.02), diversity of crop cultivated (p=0.02), 
number of family members living outside the community (p=0.01), were all significant socio-
economic variables responsible for the variation in the number of phones made by respondents for 
identified livelihood assets accumulation in the study area (Table 4). 

Specifically, the negative-significance of the older age category to number of calls made can imply 
that respondents in the older age category may not make phone calls (but can receive) for accessing 
identified livelihoods of interest in the study area. Married respondents may have a greater need for 
more intense use of phone because of their engagements in relatively more livelihood activities.  
Equally, respondents with a higher farm income may require a greater need for phone use and 
respondents who have cultivate more diverse crop may have a higher need for phone use to contact 
buyers, source for agricultural information and suppliers of agric inputs to improve on their 
productivity.  Expectedly, respondents with a larger members living outside the community may make 
more use of the mobile phones to contact and facilitate strengthening of familial ties.   

5. Conclusion and Recommendations 

This study examined the use and intensity of mobile phones for sustainable livelihoods of rural 
farming households in Kwara State, Nigeria. It investigated also the socio-economic determinants of 
mobile phone use for sustainable livelihood. 
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The study was conducted with a view to offered guides on investment decisions in rural 
infrastructures and communication technologies in the rural areas as it implicates policy formulation 
and expanding the scope of knowledge on sustainable livelihood analysis  

The study identifies key livelihood asset of interest that mobile phones are used for by respondents. 
Important socio-economic determinants of mobile phone use and intensity of use by respondents 
include age, household size, possession of formal education, household farm income, marital status, 
diversity of crop cultivated and the number of family members living outside the community. 

Based on these findings, this study recommends relevant stakeholders increase investment in 
strategies in facilitating rural communities’ access to communication (mobile phones) facilities as this 
is expected to reduce their vulnerability to external shocks and improve on their livelihood activities. 
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A B S T R A C T 
 
In this project, the production of biohydrogen, as a renewable and sustainable energy 
source was studied. Biohydrogen was manufactured by using E. coli strain in a batch dark 
fermentative process integrated with membrane gas separation. Two different methods 
were applied: Firstly, the amount of the produced gas and component concentrations were 
measured, but CO2 and H2 gases were not separated. In the second experiment CO2 was 
removed from the gas mixture via chemical sorption (reacting with NaOH). Both methods 
use continuous product removal in order to enhance the biohydrogen formation. In 
addition, process modeling was carried out with a simulation software (SuperPro 
Designer, Intelligen Inc.) so that experimental and computational results could be 
compared. CO2 and H2 flow rates and fluxes were calculated on the basis of the 
membrane permeation data obtained by using pure gases and silicone (PDMS) hollow-
fiber membrane module (PermSelect – MedArray Inc.). 
 
 

  

1. Introduction 

Currently the importance of the agriculture connected renewable and sustainable energy is higher 
and higher. The amounts of wastes coming from agriculture are tremendous; their usage for e.g. 
energy can be a key factor in future. Furthermore the demand for energy is steadily increasing in 
industry and also in everyday life; therefore intensive research is still necessary in order to resolve the 
problem. The main goal is to find and develop suitable methods for high-efficiency and economical 
production and utilization of second generation energy sources (e.g. agricultural wastes). 

Hydrogen can be highly beneficial in several points of view because it has a high enthalpy of 
combustion and furthermore is an environmental-friendly fuel. The main raw materials from which 
hydrogen can be produced are natural gas, coal, methanol, ethanol, gasoline, methane, biomass and 
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water [1]. Classical techniques to generate hydrogen apply generally fossil fuels – particularly steam 
reforming of natural gas - and need a lot of energy [2]. Because of the increasing costs and 
environmental impact the biological hydrogen production catalyzed by microorganisms is a promising 
solution [3]. Biohydrogen is one of the most emerging renewable energy carriers in addition to the 
more eco-friendly technology such as wind, hydropower, biofuel, solar and geothermal energy, etc. 
There are two main possibilities for hydrogen formation via biological conversion pathway: light-
dependent processes and dark fermentation [4]. 

In the course of photosynthetic systems the photo synthetically active pigments absorb light, then – 
in bio-photolysis, occurs in cyanobacteria and green algae strains - water is split by the energy derived 
from the photon absorption; in addition, O2 and H2 are evolved (in case of green plants CO2 reduction 
takes place due to the absence of hydrogenase) [5,6]. However, forming O2 is the inhibitor of the 
reaction and O2-H2 mixture is explosive [7]. In case of photofermentative microorganisms – mainly 
purple non-sulfur bacteria and green sulfur bacteria such as Rhodobacter spheroids and Chlorobium 
vibrioforme – which can produce H2 by consuming short-chain organic acids [8,9]. The advance of the 
process depends on the presence of ATP, which is necessary for the enzymatic reaction catalyzed by 
nitrogenase [10]. Both methods show low efficiency and high sensitivity [11]. 

Currently, dark fermentation is apparently the most viable way for hydrogen production [12]. 
Carbohydrate-rich substrates, e.g. cellulose and starch, are converted by anaerobic bacteria into 
biohydrogen and other organic substances without light [13]. The forming gas contains H2, CO2, and 
also less amounts of N2 and trace gases e.g. H2S, however, PEM fuel cells which can convert hydrogen 
into electricity with significant efficiency, require purified H2 [13]. Therefore, gas separation 
techniques become more and more important and fermentative processes integrated with membrane 
gas separation are of particular research interest. Such combined systems have several advantages, 
including enhancement of hydrogen formation if the product (H2) is continuously removed. Besides, 
purification begins already during fermentation, thus helps the downstream processes. 

In addition to more microbial species, facultative anaerobic Escherichia coli bacteria can be 
effective for hydrogen production, since it is fast-growing and also well-studied in biotechnological 
operations [14]. This strain prefers mesophilic circumstances and is able to oxidize hydrogen. H2 and 
CO2 formation through mixed-acid fermentation from formate is catalyzed by formate hydrogenlyase 
(FHL) enzymatic complex [15,16]. The different kinds of glucose catabolism in E. coli are shown in 
Figure 1. Glucose is considered as a result of various agricultural wastes, since it is formed by 
degradation of cellulose and starch. 

 

Figure 1. Metabolic pathways of H2 formation in E. coli from glucose substrate. H2 and CO2 are 
formed in equimolar amounts. Abbreviations: PEP, phosphoenol-pyruvate; FRD, fumarate reductase; 

FHL, formate hydrogenlyase complex. Simbols: ~, NAD+ → NADH reaction; *, NADH → NAD+ 
reaction 

Computational methods can be also used in biotechnology for the comparative study of system 
behaviour. As a novelty, modelling of fermentation was set up with simulation software by using 
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defined initial parameters such as temperature, amount of substrate, reaction kinetics and considered 
approximations of the model. In this case, process modelling allows the rapid examination of 
membrane separation efficiency and of residence time influence, thus may facilitate the design. 

2. Materials and methods 

2.1. Inoculum preparation 

In this work E. coli (XL1-BLUE) strain and LB broth that contained tryptone (10 g/l), yeast extract 
(5 g/l) and NaCl (5 g/l) were used. The broth was sterilized and then inoculated with E. coli. The 
culture was grown for 24 h (at 37 °C, agitation rate of 150 rpm). 

2.2. Fermentation setup and experimental design 

The first fermentation method was performed as a baseline where the formed gases were not 
separated. The Biostat B plus Sartorius Stedim glass-made tank reactor, with a working volume of 2 l, 
contained tryptone (10 g/l), yeast extract (5 g/l), NaCl (3.33 g/l) as fermentation media, and added 
sodium-formate (2.04 g/l) as the limiting substrate of the reaction. Openings were fitted with sterile 
filters and hose-pipes were clamped. After sterilization the fermenter was allowed to cool down prior 
to inoculation. NaOH and H2SO4 buffers (20 w/w%) were used to keep the desired pH level. After 
flushing with high-purity nitrogen, the fermentation and the collection of data were started with the 
following parameters: stirring rate – 220 rpm, temperature – 37 °C and pH – 6.5.  

The second experiment was carried out with the following change: CO2 was removed via chemical 
sorption. For this purpose the reaction with NaOH was chosen, 4 l/h off-gas from the bioreactor was 
passed through a tank containing NaOH, then it was fed back to the bottom of the reactor. Thus, the 
concentration of CO2 was reduced to zero. 

 

Figure 2. Experimental hydrogen fermentation 

2.3. Analysis 

The concentration and pressure of H2 and CO2 were measured by using BlueSens gas analyzer and 
related software. The data were recorded by sampling every 10 minutes. To determine the volume of 
generated gases, air lock system was used and the received signals were processed with Velleman 
software. The volume of produced hydrogen was calculated as described by Bakonyi et al [20].  

2.4. Membrane gas separation 

Gas separation was carried out with silicone (PDMS, polydimethylsiloxane) hollow-fiber 
membrane module (PermSelect - MedArray Inc.). The module contained 30 pieces of non-porous 
silicone fibers in a bundle. Pressure and temperature limits of the PDMS module are 3 bar and 60 °C. 
Permeation characteristics were measured at different pressures by using pure H2 and CO2 gases and 
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bubble flow meter. The system was thermo stated to 15 °C. The flux ( ) of gases – thus the theoretical 
selectivity – was calculated on the basis of volumetric permeation rates. The number of the required 
membrane modules for the suitable separation can be estimated from these data.  

2.5. Simulation design 

Simulations were carried out by using SuperPro Designer software (Intelligen Inc.) applying 
different initial conditions. Biomass (3.5%), glucose (0.5%) and water (96%) were fed with a total 
mass of 109.86 kg as raw materials to the reactor. The headspace of the bioreactor was flushed with N2 
(0.1 mol). Fermentation temperature was adjusted to 37 °C. Two reactions took place inside, which 
were adopted from SuperPro Designer (Eq.(1) and Eq.(2)).  

(1) 180g C6H12O6 + 108g H2O → 264g CO2 + 24g H2  

(2) 180g C6H12O6 + 73.52g biomass + 106.48g CO2 

Both reactions were limited by glucose. The system was simplified by introducing the following 
approximations: 

(i) The formed gases are insoluble in water 

(ii) Water is non-evaporable 

(iii) Materials are not left in the unit operations 

The fermentation kinetics was set based on the Monod-model formalized in Eq.(3). 

(3) 
SK

S
μμ

S 
 max , 

where μ is the specific growth rate, S is the concentration of the limiting substrate for growth, Ks is 
the half saturation constant. These values can be seen in Table 1. 

Table 1. Values of the Monod equation parameters for each reaction 

Reaction μmax (l/h) Ks (mg/l) 

(1) 0.05 35 

(2) 0.39 100 

Under these conditions, simulations were run applying different hydraulic residence times (5 h, 7 h 
and 9 h). Firstly, the compiled fermentation system (FS1) contained three unit operations (Figure 3): 
bioreactor (P-4/V-102) and 2 filter module (P-5/BHF-103, P-6/BHF-104). To improve the separation 
efficiency, the model was supplemented by a mixer (P-7/MX-101) and the hydrogen-rich gas stream 
(S-103) was recirculated and mixed with the reactor leaving gas (S-108) as it can be seen in Figure 4 
(FS2).  

 

Figure 3. Flow chart of simulated hydrogen fermentation without recirculation (FS1) 
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Figure 4. Flow chart of simulated hydrogen fermentation with the recirculation of hydrogen-rich gas 
stream (FS2) 

The concept of the product yield was introduced for the characterization of the membrane gas 
separation efficiency and it was formalized as follows: 

(4) %100
N

n , 

where n is the amount of H2 in the purified gas stream and N is the amount of all the produced H2.  

3. Results and discussion 

3.1. Results of fermentation measurements 

In this work the assumption that the gas production of the cells can be enhanced by continuous 
product removal was examined. Therefore, the pressure in the reactor had to be constant during the 
experiments (in our case 1 bar). To verify it, the pressure was measured, and the data showed that the 
systems were not leaked.  

The first fermentation was lasted for 48 hours. The volume of all the produced gas was almost 1000 
ml and it has monotonously increased as function of time. There was not significant change in the 
hydrogen concentration during the first five hours, it was less than 1 Vol.%. In the following 40 hours 
this value exceeded 50 Vol.%. The changes of the hydrogen concentration and of the H2 production 
rate are shown in Figure 5 as a function of time. 

 

Figure 5. The time course of the hydrogen production without CO2 separation. Black diamond – H2 
production rate; white circle – H2 concentration 
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The H2 production rate of E. coli reached its maximum around 20 ml/h after 18 hours. After the 
25th hour the amount of evolving hydrogen was decreased 0.5 ml per hour, as it can be seen in 
hydrogen production rate curve. Summarizing these values, all the produced hydrogen was 640 ml.  

The linear increase could also be observed in the second fermentation combined with CO2 removal. 
The volume of the produced gas was 740 ml during the 36-hour process, which contained 683 ml of 
hydrogen. The H2 production rate was higher than 20 ml/h from the second hour, increased up to 30 - 
35 ml/h, and the concentration of H2 exceeded 50 Vol.% already after 20 hours (Figure 6). The 
amount of evolved H2 began to decrease from the sixth hour with a rate of 0.75 ml/h. 

 

 

Figure 6. The time course of the hydrogen production with CO2 removal. Black diamond – H2 
production rate; white circle – H2 concentration 

CO2 and O2 concentrations were determined in order to verify the separation level and the 
adequacy of the anaerobic conditions. The data showed that passing the obtained biological gas 
mixture through NaOH solution could ensure quite low residual CO2 content in the purified gas stream 
as low as ~2 Vol.% that is, however, should be taken into account during the consequent membrane 
separation step. After flushing with nitrogen, oxygen was displaced; its concentration was below 1 
Vol.% on average. Thus, we could provide the anaerobic circumstances during the process. The total 
hydrogen productions of the fermentations are compared in Figure 7. 

 

Figure 7. The comparison of the hydrogen production in two fermentations. Black diamond – 
fermentation without CO2 removal; white circle – fermentation with CO2 removal 
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It can be concluded that the separation resulted in higher hydrogen production rate and also in a 
shorter lag phase time in case of in-situ CO2 removal.  However, similar final amounts of H2 were 
generated. Overall, 600 ml of hydrogen production was achieved 18 hours faster by using CO2 
separation, which may be advantageous in case of repeated fermentations. 

3.2. Results of process simulations 

Fermentations were supplemented with simulation data. Thereby the required parameters for the 
optimal operation of the real system can be estimated.  

Calculations with FS1 confirmed the observation that the amount of the produced hydrogen and the 
consumed glucose increased as a linear function of residence time (Figure 8). The recirculation was 
carried out by external mixing – unlike the experiment where the gas was fed back to the bottom of the 
reactor –, thus it had no effect on the fermentation. Therefore no significant difference in values was 
observed in the case of the FS2 system. The results showed that the highest reachable hydrogen 
concentration was slightly more than 72 mol%. 

 

Figure 8. The obtained amount of substances from the simulations. Black diamond – produced H2; 
white circle – consumed glucose 

The gas feedback resulted in an increase of H2 amount in the purified stream as compared to total 
H2 production. 

Table 2. The amount of produced and purified H2 in the fermentation systems 

Residence 
time (h) 

Produced H2 
(mol) 

Purified H2 in 
FS1 (mol) 

Purified H2 in 
FS2 (mol) 

5 13.6 8.8 11.4 

7 19 12.4 16 

9 24.5 15.9 20.6 

As it can be seen in Table 2, the product yield in the FS1 was not more than =65%, however, it 
could positively be influenced by the recirculation of the hydrogen-rich gas stream. The separation 
efficiency was better in the FS2 and =84% could be reached. It was a further advantage that there 
was only one output which contained hydrogen after leaving the second membrane module, thus the 
loss was barely more than 15% even if it was not utilized, while this value was 35% in the FS1. 

3.3. Membrane gas separation for hydrogen purification 

Single gas experiments were carried out at different pressures in order to determine volumetric 
rates of CO2 and H2. The retentate stream was closed during the permeation time measurements. 



Journal of Agricultural Informatics . 2014 Vol. 5, No. 2:45‐54 

 

ISSN 2061-862X (http://www.magisz.org/journal)   52 
László Koók, Ákos Szabó, Péter Bakonyi, Gábor Tóth, Katalin Bélafi-Bakó, Nándor Nemestóthy: Process simulation of 
integrated biohydrogen production: hydrogen recovery by membrane separation 

Faster permeation of CO2 through the membrane was observed (Figure 9). Theoretical CO2/H2 
selectivity () was calculated on the basis of the fitted lines (Table 3).  

 

Figure 9. Volumetric rates of pure gases as a function of pressure. Black diamond – H2; white circle – 
CO2 

Table 3. Flux of gases () and theoretical CO2/H2 selectivity () at different pressures 

Pressure 
(bar) 

CO2 (lh-1m-2) H2 (lh-1m-2) 

1 15.48 10.44 1.48 

2 37.08 25.56 1.45 

3 58.68 40.68 1.44 

The results showed in Table 3 that the PermSelect membrane was suitable for the separation and 
higher theoretical selectivity was attainable at lower pressures. Most of the CO2 was separated in the 
permeate stream, therefore H2 could be recovered in the retentate stream because of the CO2 selectivity 
of PDMS. 

Based on the results with the unusual, H2 selective membranes we concluded that not only the CO2 

selective membranes are suitable to construct integrated systems. Applying proper conditions, these 
membranes could be used to build fermentation – gas separation combined systems, resulting in higher 
effectiveness. 

4. Conclusions 

In this work biohydrogen fermentation by E. coli and membrane separation of the formed gas were 
studied via two different methods. Continuous product removal was used during both fermentative 
processes in order to enhance hydrogen formation. The results were supplemented with computational 
data derived from process simulations, where the residence time influence on H2 production and the 
separation properties were examined. It can be concluded, that the product and the sorption CO2 
removal resulted in faster H2 formation. Simulations showed monotonous increase in the amount of 
hydrogen as a function of time, as it was also observed in the experiments. The introduction of the 
recirculation caused 19% higher product yield. It was found that membrane separation can be useful 
for the purification of biohydrogen with the tested PermSelect membrane module. 
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