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The 3rd FOREBIOM Workshop: 

Potentials of Biochar to mitigate climate change 

Global warming and climate change issues are the most essential problems to be solved out. 

Reforestation, or planting of new forests, have been suggested as a carbon sink for tackling 

climate change and global warming by sequestrating carbon dioxide. Another important 

potential solution for the mitigation of climate change is to use biochar as a soil amendment in 

forest areas. Development of inexpensive, scalable and widely applicable pyrolysis 

technologies is also very important to have feasible and sustainable biochar production for soil 

amendment, carbon sequestration, energy production etc.  

In these scopes, this last FOREBIOM workshop aims to bring different disciplines together and 

discuss the potential of forestry biomass and efficient ways of biochar production via pyrolysis 

for the mitigation of climate change, soil amendment and energy utilization. Moreover, the 

workshop facilitates intensive discussions, exchanging ideas, and promotes awareness on our 

project results and the latest studies.  

The 3rd FOREBIOM Workshop will be held in Anadolu University, Eskişehir, Turkey, June 5 

& 6, 2014.  

The workshop will have a compact two-day program which consists of invited talks. The topics 

will cover biomass potential, biomass conversion technologies, pyrolysis products and 

utilization of biochar for mitigating climate change.  

The Workshop Organizing Committee is grateful to all those who have contributed to this 

organization, its scientific program and the sessions, including session chairpersons, as well as 

our financial sponsors; making this international meeting possible. 

We hope that you will participate in the scientific sessions as well as enjoying the special charm 

of Eskişehir. 

 

Workshop Organizing Committee 
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Program at a glance: 

Date/Time June 5 (Thursday) June 6 (Friday) 

08.30  Late registration 

09.00 Session III 

10.50 Coffee break 

11.20 Session IV 

Closing remarks 

13.00 Registration 
Lunch  

13.30 Opening remarks 

14.00 Session I Excursion 

15.30 Coffee break 

16.00 Session II 

17.20 Closing remarks for the first day 

19.30 Dinner  

 

Session I: Mitigation of climate change 

Session II: Thermochemical Conversion Technologies 

Session III: Pyrolysis & Biochar 

Session IV: Biochar & Soil 

 

Venue:  

The workshop will be held in Anadolu University Graduate School of Sciences Building, 

Yunusemre (Main) Campus, Eskişehir.  
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The 3rd FOREBIOM Workshop:  

Potentials of Biochar to Mitigate Climate Change 

 

First day - 5th of JUNE 

Opening Remarks 

13:30-13:40 Vice President of Anadolu University-Prof. Dr. S. KOPARAL 

13:40-13:50 Vice President of Anadolu University-Prof. Dr. A. ÖZCAN 

13:50-14:00 Project partners- Dr. B.B. Uzun, Dr. E. Varol, Dr. V. Bruckman, Dr. J. Liu 

 

Session I: Mitigation of climate change 

Chairman: Dr. B.B. UZUN 

14:00-14:30 Dr. Viktor BRUCKMAN  

“Climate change mitigation using biochar – An introduction of the FOREBIOM Project” 

14:30-14:50  Dr. Yusuf SERENGİL 

“Climate Mitigation Potential of Forests in Turkey: A Sector Specific Assessment” 

14:50-15:10  Prof. Dr. Sabit ERŞAHİN  

“MODIS predicted NPPs of different forest covers as related to climate variables in Turkey” 

15:10-15:30 Dr. Robert WAGNER  

“Utilization of organic waste in the Botanic Garden Berlin - Producing and applying of 

biochar substrates” 

 

15:30-16:00  Coffee Break 

 

Session II: Thermochemical Conversion Technologies 

Chairman: Prof. Dr. E. PÜTÜN 

16:00-16:20  Prof. Dr. Hayati OLGUN  

“Basic Principles of Thermochemical Biomass Energy Conversion Systems” 

16:20-16:40  Dr. Mustafa TOLAY  

“Energy Production with Foresty and Agricultural Wastes Using Gasifıcation In Turkey” 

16:40-17:00  Prof. Dr. Hakkı ALMA  

“Wood Liquefaction” 

17:00-17:20  Prof. Dr. Jale YANIK  

“Co-combustion of lignite with biochar”  
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Second day - 6th of JUNE 

 

9:00-9:30  Late Registration 

Session III: Pyrolysis and Biochar  

Chairman: Dr. V. Bruckman 

9:30-10:00  Dr. Saran SOHI 

“Biochar and biochar systems - specificity and flexibility”  

10:00-10:20  Prof. Dr. Ersan PÜTÜN  

“Different Aspects of Biomass Pyrolysis “ 

10:20-10:40  Gözde DUMAN  

“Pyrolysis of agro-industrial wastes and steam reforming of pyrolysis oil” 

10:40-11:00  Dr. Nuray ÇİÇEK ATİKMEN  

“Effect of Carbon-Rich Organic Soil Based Growth Media to The Quality and Growth 

Parameters of Primula (Primula obconica) Plant” 

 

11:00-11:20  Coffee Break 

 

Session IV: Biochar and Soil 

Chairman: Dr. J. Liu 

11:20-11:40  Jasmin KARER  

“Effects of biochar on heavy metal immobilisation in contaminated soils” 

11:40-12:00  Dr. Gerhard SOJA  

“Environmental implications of interactions between biochar and the nitrogen cycle” 

12:00-12:20  Prof. Dr. İbrahim ORTAŞ  

“Mycorrhiza and biochar effects on carbon sequestration” 

12:20-12:40 Olcay Sevik  

“ARINKOM TTO & Opportunities for H2020” 

12.40-13.00 Closing remarks 

   

13:00-14:30  Lunch 

 

14:30-17:30  Excursion 
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Session I: Mitigation of climate change 
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The FOREBIOM Project - aiming at negative carbon emissions 

Viktor J. Bruckman 1 

(1) Commission for Interdisciplinary Ecological Studies, Austrian Academy of Sciences, Vienna, 

Austria, viktor.bruckman@oeaw.ac.at, +43-1-51581-3200 

FOREBIOM is the acronym for a holistic scientific project aiming at international 
cooperation in the field of Green Technology. The project consortium consisting of 
partners from Austria, South Korea and Turkey proposes an approach where carbon 
is sequestered while utilizing biomass as feedstock for energetic utilization and thus, a 
negative carbon balance may be achieved. The holistic systems approach ensures 
detailed considerations on potentials and sustainability of individual biochar system 
steps. On a country basis, profound information on biomass potentials is missing and 
local conditions have to be considered as forests represent an ecosystem with a 
multitude of environmental services. We use a three-step cascade approach to jointly 
study the potential to mitigate climate change while sustaining biomass yields. In a first 
step, biomass potentials will be assessed, while minimizing the impact on other 
ecosystem services of the forest sites considered for biomass production. In the 
second step, the pyrolysis process is investigated in view of different qualities of 
feedstock, pyrolysis conditions and associated energy and biochar yields. The third 
step in our cascade approach focuses on the application of biochar as a soil 
amendment, storing carbon for a long term-period while improving soil properties. 
Country reports for Austria, Korea and Turkey will be published to serve as a basis for 
further research and for policy making, and a final report will focus on synthesis effects 
and the benefit of multinational collaboration.  
The current, 3rd workshop marks the final milestone of the FOREBIOM workshop 
programme. Experimental plots were set up in Northern Austria to test the effects of 
biochar amendment in managed Picea abies dominated woodlands. The biochar used 
(derived from the so called pyreg-process) and the associated feedstock material 
(Picea abies woodchips) were characterized according to international standards. 
The lecture will introduce the project aims and milestones as well as past activities. In 
addition, preliminary results from the experimental plot field-scale experiments and 
main conclusions from the first FOREBIOM Workshop in Vienna will be presented and 
discussed.  
 

Keywords: FOREBIOM, biochar, carbon sequestration, mitigation, biomass, soil. 
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Climate Mitigation Potential of Forests in Turkey: A Sector Specific 

Assessment 

 

Yusuf Serengil 

Istanbul University, Faculty of Forestry Department of Watershed Management, Istanbul, Turkey, 

serengil@istanbul.edu.tr, 905333012978 

 

Turkey is an Annex 1 Party with “Specific circumstances”. It’s name was deleted from 

the Annex 2 of the UNFCCC and was not included in the Annex B of the KP1 and KP2. 

.Annex 1 Parties have to report their GHG emissions by sources and removals by sink 

every year. LULUCF (Land Use Land Use Change and Forestry) is one of the six 

sectors controlled by the Kyoto Protocol and the only one where removals have the 

potential to partly compensate the emissions of a Party. LULUCF activities are reported 

and accounted according to Kyoto Protocol article 3.3. (Afforestation/Reforestation and 

Deforestation-ARD) and article 3.4. (Forest Management (FM), Cropland 

Management, Grassland Management, Revegetation, Wetland Drainage and 

Rewetting). In this study we try to estimate the mitigation potential of ARD and FM 

activities in Turkey. 

According to the national definition, there is around 21.7 Mha of forest (27% of Turkey), 

53% considered “productive” (above 10% of forest cover) and 43% considered 

“degraded” (between 1% and 10% of forest cover). In the 2013 National inventory 

report of Turkey, the LULUCF sector net removals reaches to 43.640 Gg CO2 eq which 

is 12 percent of the total emissions. This shows that there is a large mitigation potential 

in this sector and can be further enlarged with some cost effective activities that may 

include grassland rehabilitation, afforestation/reforestation, pest control measures, etc. 

For afforestation/reforestation (Article 3.3.), the objectives of the 2014-2017 OGM 

Strategic Plan were considered. For forest management (Article 3.4), two alternative 

scenarios were considered: 90Mm3 of roundwood harvest between 2013 and 2017 

(intensive harvest) and 25 Mm3/yr of felling (industrial roundwood) harvest by 2020 

(extensive harvest). The corresponding volumes of firewood, felling and total 

roundwood were forecasted accordingly from 2013 to 2020. 

As an overall conclusion, forest sector has a large mitigation potential while the 

estimates and accounting must base on more precise and realistic numbers.  

KEYWORDS: Mitigation potential of forests, GHG inventories, afforestation, forest 

management.   
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MODIS Predicted NPPs of Different Forest Covers as Related to 
Climate Variables in Turkey 

 

Sabit Erşahin1, B. Cemil Bilgili2, Ülkü Dikmen1, İlker Ercanlı1  

1Depertment of Forest Engineering, Faculty of Forest, Çankırı Karatekin University, 18100 Bademlik, 

Çankırı, Turkey. 

2Department of Landscape Architecture, Faculty of Forest, Çankırı Karatekin University, 18100 

Bademlik, Çankırı, Turkey 

 

Climatic and biophysical factors are principal determinants of net primary product 

(NPP) in terrestrial ecosystems.  Extreme weather events such as heat waves and 

long lasting droughts negatively affect NPP of many terrestrial ecosystems. We 

analyzed inter-annual change of NPP in coniferous, broadleaf, and mixed forests under 

different climate types in nine provinces (Adana, Aydın, Bursa, Bolu, Konya, Ordu, 

Çankırı, Erzurum, and Kars) of Turkey between 2000 and 2010. Moderate resolution 

imaging specroradiometer (MODIS; MOD17-A3) satellite imagery and climate data 

sets were acquired and analyzed by GIS techniques, image processing tools, and 

stepwise multiple regression analysis. Quality charts of NPPs were built to evaluate 

impact of climate extremes on NPP. The greatest reduction in NPP occurred in 2003 

and 2007 heat waves. Inter-annual variations in NNP were generally controlled by 

maximum temperature, precipitation, and global radiation.  However, the effects of 

these variables on NPPs were different according to forest and climate types. The 2003 

heat-wave hit forests in western Turkey (Aydın and Bursa) more severely compared to 

those in the rest of the studied provinces while 2007 heat-wave affected studied forests 

in all the provinces except in Erzurum and Kars. The quality charts showed that 

majority of NPPs of studied forests dropped below lower control limit in studied 

provinces in 2003 (in a lesser ratio) and in 2007, indicating that NPP regimes of these 

forests decreased critically due to  2003 and 2007 heat-waves.  However, all the 

affected forests recovered later.  Heat waves impacted coniferous forests more 

seriously than mixed and broad-leaf forests.    

 

Key Words: Heat-wave, MODIS, Coniferous forests, broad-leaf forest, mixed forests, 

quality charts                        
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Utilization of organic waste in the Botanic Garden Berlin  

- Producing and applying of biochar substrates  

 

R. Wagner1, N. König2, R. Schatten1, K. Rößler1 and K. Terytze1  
 
1 Freie Universität Berlin, Department of Earth Sciences, Berlin, Germany, email: R. Wagner:  
rowagner@zedat.fu-berlin.de 
2 Botanic Garden Berlin-Dahlem, Berlin, Germany  

 
In the Botanic Garden Berlin (BG), more than 20 000 different plant species from all 
over the world are cultivated on an area of approximately 430 000 m². These plants 
produce approximately 2100 m³ of organic waste and residues (stem wood, pruning, 
general green waste, leaves, grass clippings) each year, which in the past have been 
mostly unused and disposed off in a way that is both energy- and cost-intensive. Apart 
from its waste production, the BG has a high consumption of compost, peat and peat 
substrates for potting plants. This demand totals around 250 m³ each year. The BG 
currently has to buy all the compost, peat and substrates that it requires. In addition to 
organic and green waste, e.g. the human urine that are left by visitors and employees 
and which have hitherto been disposed of as wastewater, are also seen as important 
and valuable nutrient resources.  
The most important objectives of this research and development project are the 
efficient use of the produced organic waste and the creation of closed, small-scale 
material cycles.  
The production of biochar substrates was tested in various trials with varying input 
materials. The resulting biochar substrate fulfils the requirements of the German 
Compost Quality Assurance Organisation (BGK) and is already used by individual 
gardeners in the BG.  
The plant trials showed that these biochar substrates are able to replace the previously 
used external compost. Another important result is the possibility of reducing the use 
of peat.  
Furthermore, plant trials have shown that the purchase of fertilizer can be reduced. 
The substrate contains sufficient nutrients such as phosphorus and potassium. By 
using urine, the low nitrogen content in the produced biochar substrates can be offset. 
However, the results of investigations into the use of urine must be awaited. 
Through improved composting, minimizing of the purchase of external composts, the 
reduction of organic waste and the production of biochar, it is estimated that the closed 
internal cycle can save approximately 200 Mg of CO2 per year. 
The effects which can be expected by the achievement of the named objectives, 
particularly by closing the internal material cycle are evident: reduction of costs, waste 
disposal, water consumption, discharged nutrients and emitted greenhouse gases. 
 
 
Keywords: 
biochar substrates, compost, material cycles, nutrients availability, organic waste, 
resource management, soil fertility  
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Basic Principles of Thermochemical 

Biomass Energy Conversion Systems 

 

Hayati OLGUN 

Ege University Solar Energy Institute Bornova, Izmir Turkey 

Hayatiolgun1958@gmail.com,  +902323111236 

 

Bioenergy known energy produced from biomass is the most widely used renewable 

source of energy in the world. Bioenergy is increasingly utilised to reduce emissions of 

greenhouse gases (GHG). Several conversion routes are used to change raw biomass 

into useful forms of energy and to provide energy services such as heat, power, or 

transportation. Conversion routes for biomass are generally thermochemical or 

biochemical. The main thermochemical pathways are pyrolysis, gasification and 

combustion. Any type of biomass, including agricultural residues, forestry residues, 

non-fermentable by products from bio refineries, by products of food industry, by 

products of any bioprocessing facility and even organic municipal wastes can be used 

as a feed stock for thermochemical pathways. Combustion is the most widely used 

technology that releases heat and can also generate power by using boilers and steam 

turbines. The overall efficiency of generating heat from biomass energy is low. The 

dominant biomass conversion technology will be gasification.  Gasification has many 

advantages over combustion. It can use low-value feedstocks and convert them not 

only into electricity, but also into transportation fuels. In this study, some of the basic 

principles of the thermochemical biomass conversion systems will be discussed. Also, 

selected systems and studies carried out in Marmara research center will be 

introduced.  

Keywords: biomass, bioenergy, combustion, gasification  
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ENERGY PRODUCTION WITH FORESTY and AGRICULTURAL 

WASTES USING GASIFICATION IN TURKEY 

 

Mustafa Tolay 

TOLAY Energy, Cevizlik Mah. Hüsreviye Sok. No: 15/34 34720 Bakırköy / Istanbul / Turkiye 

e-mail:drmtolay@gmail.com 

  

Agricultural waste called biomass which are mainly sunflower oil cake, cotton ginning 

residues, groundnut shell, laurel leaf and olive oil cake resources are used quite 

extensively. Other types of  biomass wastes can be classified as animal manure, wood 

waste, forestry and forest industry waste, food and paper industry residues, municipal 

green residues, sewage sludge, the annual short-rotation trees (eucalyptus, poplar, 

willow), meadows, sugar crops (sugar cane, sugar beet, sorghum), starch crops (corn, 

wheat) and oil crops (soybean, sunflower, oil turnip, palm oil). These biomass-based 

materials are used for energy production both directly as biomass and also as 

biofuels. Wood and other agricultural residues are used as cogeneration plant (CHP; 

combine heat power) fuel (or equivalent fuel) in the industry to produce steam and 

electricity and also can be used in residential and commercial building heating. Turkey, 

a country dependent on foreign energy in the supply of biomass, including energy 

requirements met using indigenous resources is of great importance. The annual total 

value of energy of the biomass resources was determined to be approximately 

10,000 MW in Turkey. In this country, only forest waste capacity is around 5 million 

tones per year which will be nearly equal to 5.000 MWe electric production potential  

As a result of agricultural and forestry production in Turkey, mainly from agricultural 

and forestry wastes, animal wastes, consisting of farms, forestry and wood processing 

industry residues and municipal wastes released a total recoverable bio-energy 

potential that is estimated to be approximately 16.92 Mtpe per year. 

On the other hand agricultural and forestry wastes create environmental problems. 

Sustainable development is an important part of life and sustainable environmental 

waste from agricultural activities, unfortunately, appears to be an important 

environmental issue. While solving environmental problems, we need to use their 

energy potential. Thus, we can solve the problems created by agricultural wastes and 

these problems can be turned into a useful energy source. 

The purpose  of  this  study  is  to  determine  the  conversion  possibility  of  the 

agriculture and forestry wastes into clean energy as an alternative and renewable fuel 

in Turkey. For this reason, we will investigate the feasibility of plants/facilities that will 

enable the utilisation of agricultural waste and forestry wastes, which are available 
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intensely in Turkey, as Energy Product, and propose construction of a plant. In this 

study, in order to determine the potential of renewable energy in agriculture and 

forestry waste for energy-producing sample will consist of a gasification plant syngaz 

amount, calculating the cost of renewable energy potential and the system, focuses on 

the importance of renewable energy. Incentives provided by law to be installed plants 

and other renewable energy applications with gasification will return be much shorter 

periods determined by the analysis. After first observation of biomass characteristics 

with the optimum characteristics of a plant feasibility studies are discussed for the 

waste to energy process using biomass. Additionally,  the  economic  analysis  of  

different power capacity from 5 to 20  MWel using by fluidised bed gasification system 

with combined  heat  and  power  station  will be set up for energy conversion of the 

residues Turkey was calculated and designed. The investment will become profitable 

at the economic analysis results  were  determined included feasibility studies, 

sensitivity analysis, net present value, internal rate of profitability,  pay-back ratio, 

benefit/cost ratio, internal ratio etc. The cost of electricity produced  from  the  power  

station  by biomass gasification was calculated as quite reasonable for investment at 

this moment in Turkey.  

Key Words:  Agricultural and forestry wastes, biomass energy, renewable energy, 

fluidised bed, gasification, energy production, economic analysis, feasibility study. 
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Biomass Potential by Region in Turkey from Forest (Totally 5.5 million tons) 

Biomass Sources in Turkey Total Capacity ton/year Total Thermal Energy, MWth/hour 

Forest   5,5 million 2.800 MWth 

Agricultural 10,0 million  7.200 MWth 

Animal Waste (cow) 18,0 million 1.900 MWth 
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Liquefaction of wood and its applications for the production of bio-

based materials  

M. Hakkı Alma(1), Tufan Salan(2)  

(1) Kahramanmaras Sutcu Imam University, Department of Forest Industry Engineering, 

Kahramanmras, Turkey, e-mail: mhalma33@gmail.com, +90 344 280 1818  

(2) Kahramanmaras Sutcu Imam University, Department of Bioengineering and Sciences, 

Kahramanmras, Turkey, e-mail: tufansalan@gmail.com, +90 344 280 1793  

 

Nowadays, alternative resources have been very important for both chemical and fuel 
production due to decreases of petroleum reserves, increased prices of petroleum based fuels 
and potential threat of the petroleum derived products to the environment. In addition to the 
transportation fuels, oil refineries produce various polymeric materials from the fossil fuels. 
Nevertheless, petrochemicals based materials can be harmful to the environment. Thus, 
lignocellulosic biomass has been converted by using thermochemical, biochemical and 
catalytic routes to a broad range of value-added fine chemicals, biofuels and green polymeric 
materials via biorefinery concept.  So far, woody biomass was converted to a wide variety of 
useful products via gasification, fermentation, catalytic aqueous phase processing, pyrolysis 
and liquefaction. Among these processes, solvolysis liquefaction method is a promising 
technique for the conversion of biomass to eco-friendly products such as polyurethane foam, 
phenolic and epoxy resins, polyester, moldings, carbon fiber and Bakelite. Wood naturally 
comprise polymers such as cellulose, hemicellulose, and lignin which has plenty hydroxyl 
groups. Hydroxyl groups make it possible to convert liquefied biomass into biopolymers. 
Specifically, phenol formaldehyde-type moldings from the wood liquefied into phenol by using 
inorganic and organic acidic catalysts had physical and mechanical properties comparable to 
commercial phenol-formaldehyde-type moldings. Wood liquefaction using a solvent and an 
acid catalyst has been studied as a novel technique to utilize biomass as an alternative to 
petroleum based products. Solvolysis liquefaction dissolves wood at moderate temperatures 
(80-150 ˚C) or without catalyst at elevated temperatures (240-270 ˚C) and atmospheric 
pressure. Different organic solvents have been used for solvolysis liquefaction of biomass or 
its components, such as phenol, polyhydric alcohols (e.g. ethylene glycol, glycerol, and 
polyethylene glycol), ethylene carbonate, dioxane and ethanol. Both strong acids, such as 
sulfuric acid and weak acids such as oxalic acid have been used as catalysts in biomass 
liquefaction. On the other hand, high pressure liquefaction called direct liquefaction or 
hydrothermal liquefaction in different sources, is an elevated temperature (280-370 ˚C) 
process during which high molecular weight components of biomass is broken into smaller 
molecules in the hot compressed water or hot compressed organic solvents (10-25 MPa). It 
can be operated by using alcohols, acetone and mixtures of the solvents in the presence of 
the most commonly used alkaline catalysts (e.g. sodium carbonate, sodium hydroxide), 
different catalysts (e.g. Raney nickel) or without the presence of a catalyst with/without 
reducing gas such as H2 and CO. The liquid product obtained after the high pressure 
liquefaction usually called as “bio-crude” which is a mixture with a wide molecular weight 
distribution and consists of different kinds of molecules. The aim of this study is to review 
liquefaction applications of wood and its reaction conditions together with several properties of 
liquefied wood-based products.  

Keywords: Wood, biorefinery, liquefaction, biomaterials, phenolated wood  
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Co-combustion of lignite with biochar 

Jale Yanik (1), Asli Toptas (2), Yeliz Yildirim (3) 

(1) Faculty of Science, Department of Chemistry, Ege University, 35100 Bornova, Izmir, Turkey 

      jale.yanik@ege.edu.tr,  +90 232 3112386 

(2) Faculty of Science, Department of Chemistry, Ege University, 35100 Bornova, Izmir, Turkey 

      aslitoptas@yahoo.com, +90 232 3111766 

(3) Faculty of Science, Department of Chemistry, Ege University, 35100 Bornova, Izmir, Turkey 

     Yeliz.yildirim@ege.edu.tr, +90 232 3112350 

 

 

In this project we aimed to find a solution for environmental problems related to both 
wastes from agriculture and poultry farms and also greenhouse gas emissions from 
coal-based power plants. For this purpose, the combustion behavior various 
raw/torrefied biomasses and a Turkish lignite and their blends were investigated by 
thermogravimetric analysis.  The biomasses used in this study included vine stem, 
olive stem, corn stalk, broiler litter and laying hens litter. Non-isothermal 
thermogravimetry experiments were performed in air atmosphere, over a temperature 
range of 25–850 °C and at a heating rate of 10 ºC/min. The combustion parameters 
(the ignition and burnout temperatures, combustion reactivity) were derived from DTG 
and TGA graphs. Fuel characteristics of torrefied biomasses were also evaluated.  
The mass yield of torrefied biomasses (biochars) were ranging between 48 % and 
69%, and energy densification ratio to 1.22–1.62 of the original feedstock. Van 
Krevelen Diagram showed that all biochars obtained has similar properties with lignite. 
The combustion reactivity of biochars (except laying hens litter derived biochar) was 
higher than that of lignite. The vine stem derived biochar was more reactive than other 
biochars. Both the peak temperature corresponding to maximum combustion rate and 
ignition temperature of biochars were higher than that of feedstock, closer to that of 
lignite. This study demonstrated that agricultural and livestock wastes can be utilized 
to protect environment as well as to provide benefits to agriculture, industry and 
especially energy sector. 
 
Keywords: Co-combustion, torrefaction, biochar, chicken litter 
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Biochar and biochar systems - specificity and flexibility 

Saran Sohi (1) and Ondrej Masek (1) 

(1) UK Biochar Research Centre, School of GeoSciences, University of Edinburgh, UK, 

saran.sohi@ed.ac.uk, +44 131 651 4471 

(2) UK Biochar Research Centre, School of GeoSciences, University of Edinburgh, UK, 

ondrej.masek@ed.ac.uk, +44 131 650 5095 

Biochar is a multi-functional material. The balance of relevant functions is not always 

the same and is not constant over time. Optimally prescribing, selecting or fitting a 

biochar material to a particular use-context requires comprehensive, general 

understanding of biochar – the relationship of properties to function, determinants of 

its properties. In principle, biochar as a material is a flexible technology. 

It is, however, only the product of a single process – pyrolysis or gasification. Examples 

of biochar production integrated into a viable systems context have yet to be defined 

and demonstrated. Yet this is essential to establish the scale of the opportunity through 

rapid adoption and propagation of the technology. 

Defining a fit for biochar materials according to biophysical and socio-economic optima 

is a priority for future research and the testing of current findings. To do this we have 

to assign the opportunity and costs between biomass, conversion and use phases. 

Each phase includes multiple systems that are dynamic – liable to change with time – 

and encompass various aspects of scale.  

In terms of optimizing biochar properties within this context, flexible production may be 

important. Scalable production technologies may be desirable. Also, conversion 

technologies that can deal with diverse and heterogeneous feedstock: until now, most 

work has been undertaken using pure materials. 

In this talk, the systems context is linked to the definition and understanding of biochar 

function – in systematic study and the analysis of diverse materials. The effect of 

production scale is discussed and the impact of feedstock heterogeneity investigated. 

Bespoke biochar, mixed feedstock, functional properties, systems context. 
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 Due to their low cost and high availability biomass is the world’s most widely available 

renewable resource to be considered for production of organic fuels, chemicals, and new-

generation materials. Lignocellulosic biomass is composed of mainly cellulose, hemicellulose 

and lignin. Biomass also contains a small mineral content that ends up in the pyrolysis ash. A 

fifth component is comprised of organic extractives.  

 The energy in biomass may be realized either by direct use as in combustion, or by 

upgrading into a more valuable and usable fuel such as fuel gas or fuel oil or higher-value 

products for the chemical industry. This upgrading may be physical, biological, chemical or 

thermal methods to give a solid, liquid or gaseous product.  

 There are four main thermochemical methods of converting biomass: combustion, 

liquefaction, gasification and pyrolysis. Each gives a different range of products and employs 

different equipment configurations operating in different modes. Pyrolysis converts organics to 

solid, liquid and gas by heating dry and comminuted biomass in the absence of oxygen. 

Depending on the process conditions the major product could be bio-oil, a liquid fuel, or 

substantial quantities of bio-char, or a non-condensible gaseous product which can also be 

burnt as fuel though its calorific value is rather low. The actual proportion of each of the above 

three products is dependent on the type and nature of the biomass input, the type of pyrolyser 

used, as well as on the details of the pyrolysis process adopted. Generally when the process 

is carried out at low temperatures and a slow heating rate, bio-char yield is maximized. 

Conversely, at high temperature, low heating rate and extended gas residence time, the gas 

yield is maximized. Bio-oil yield on the other hand is maximized at medium temperatures (450 

- 600°C), rapid heating rates and abbreviated residence times.  

 Biomass pyrolysis products are a complex combination of the products from the 

individual pyrolysis of cellulose, hemicellulose, lignin and extractives, each of which has its 

own kinetic characteristics. Bio-char is the solid product, mainly contains carbon that remains 

after devolatilization. Uncondensable gases including CO2, CO, CH4, H2 are the main gaseous 

products that can be determined by GC. Bio-oil is a complex mixture of many oxygenated 

hydrocarbons. Complete chemical characterization of bio-oil is difficult and many instrumental 

(GC, GC-MS, HPLC, HPLC-electrospray MS, NMR, FTIR) and analytical techniques are used 

for characterization.   

Keywords: Biomass, pyrolysis, bio-oil, bio-char, characterization  
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In this study, pyrolysis of various agricultural and agroindustrial wastes, which are 

cherry seed, safflower seed cake, olive pomace pistachio shell, were studied in a fixed 

bed reactor at the different temperatures. The pyrolysis products were identified as 

gas, bio-oil, aqueous solution and char. Although, the yield and composition of liquid 

products varied with biomass types used, char and gas composition did not changed. 

For cherry seed, pyrolysis process was also performed in a fluidized bed reactor to 

compare the effect of reactor type on the yields and composition of pyrolysis products. 

Both temperature and reactor type affected the bio-oil composition. The results 

indicated that the oil from slow pyrolysis can be used as fuels for combustion systems 

and the bio-oil from fast pyrolysis can be considered as a chemical feedstock. 

In the second part of study, steam reforming of bio-oil were performed in a dual reactor 

system over catalyst; the first reactor containing no catalyst whereas the second 

reactor containing catalyst. Oil pomace was used as biomass feedstock and biomass 

chars, coal chars and Ni and Fe based chars were used as reforming catalyst. Fe and 

Ni based coal chars exhibited the effective catalytic activity for both H2 and overall gas 

production. 

 
Keywords: pyrolysis, steam reforming, biomass, bio oil 
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Intensive agricultural management without careful soil carbon management may lead 

to humus loss. This could be observed in large regions of Austria during the past 

decades  whereas  pollutant  contaminations  of  soil  only  occur  selectively.  The 

industrial development in the region around Arnoldstein (Carinthia, Austria) dates 

back to the 15th  century; for centuries, lead and zinc ores were processed and 

caused heavy metal pollution in the surrounding soil. In Eschenau (Lower Austria), 

the soil is sandy, acidic and low in Corg. In Kaindorf (Styria), low humus content was 

caused by maize monocultures. The aim of our study was to investigate the effects of 

various biochar mixtures on immobilisation of heavy metals in the soil around 

Arnoldstein. Further, we investigated whether the biochar mixtures could effectively 

support soil remediation in the marginal agricultural lands of Eschenau and Kaindorf. 

If biochar successfully immobilises heavy metals and decreases their bioavailability, 

quality of biomass production could be improved. As a result, contaminated or 

depleted soils might be reused e.g. for the production of bioenergy crops or animal 

feed. We conducted pot experiments with ryegrass (Lolium multiflorum) and 

Miscanthus,  consisting  of  three  different  biochar  (BC)  treatments  mixed  with 

compost, a gravel sludge combined with siderite bearing material as well as a lime 

treatment and an untreated control (n=5). In the analysed treatments, lime and gravel 

sludge with siderite bearing material significantly lowered the NH4NO3-extractable 

heavy metal concentrations in the soil in Arnoldstein compared to the control, except 

for Cu. Similarly, throughout the study, BC from poplar led to an immobilisation of the 

heavy metals in the soil. On the contrary, Miscanthus BC mixed with compost had no 

effect on the immobilisation; however, Cu concentration was significantly lower than 

in all other treatments. 
 

Regarding  crop  growth,  obviously  different  biochar  mixtures  are  preferable  for 

specific remediation tasks, depending on the soil properties and plants. In the 

mailto:jasmin.karer@gmx.at
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contaminated  soil,  BCs  made  from  Miscanthus  and  cellulosic  fiber  sludge  with 

cereals husks (Standard BC) had a significantly higher effect on Lolium multiflorum 

growth than the other treatments. In the soil from Kaindorf, Miscanthus growth could 

not be enhanced by BC treatment while in Eschenau, Standard BC (0.5 and 1.5 %, 

with compost) could slightly (however not significantly) stimulate Miscanthus growth. 

Overall, the different BC mixtures showed positive effects on heavy metal 

immobilisation in the studied soil. While these effects were not all directly reflected in 

the plant uptake, there was a general qualitative improvement of biomass (except for 

Pb and Cu). Plant growth showed varying effects after different BC treatments in all 

studied soils. Therefore, it is crucial to choose the “right” biochar, depending on the 

soil and on the desirable effects. 
 

 
 
 

Keywords: Soil amendment, soil pollutants, humus depletion, Cd, Pb, Zn, Cu, Ni 
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Atmospheric carbon dioxide (CO2) concentration, since industrial revolution, has 

increased by 31% from 280 ppm to 398 ppm/year. Mainly the miss management of 

agriculture may have effect on atmospheric CO2 concentration increase through the 

increasing in organic matter degradation. Since semi-arid Mediterranean regions have 

water deficiency, high temperature and high degradation events they may be caused 

by rising atmospheric CO2 concentrations as well. Atmospheric CO2 concentrations 

have significant effects on climate change and concequently have effects on 

sustainability of ecosystem. At the same time, soil quality and productivity is decline. 

Soil can be a sink for atmospheric CO2, thus reducing the net CO2 emissions normally 

associated with agricultural ecosystems, and mitigating the ‘greenhouse effect’. There 

are several techniques to mitigate atmospheric CO2 which can be fixed to terrestrial 

ecosystems. Since plant root and mycorrhizal fungi are demanding more carbon, plant 

are fixing more atmospheric CO2 via natural process of photosynthesis to the soil and 

biota. Mycorrhizae also can contribute to the carbon sequestration. Mycorrhizae fungi 

are the major component of soil microbial biomass which is helping plant nutrient and 

water uptake. Mycorrhizae also play a key role in soil aggregate formation and 

aggregates can keep carbon in soil. In order to keep carbon in soil very recently biochar 

application is used very commonly. Without burning organic material producing biochar 

is very important agricultural strategy. 

Since 2013 we are working on biochar effect on soil. We developed a biochar 

production unites. Biochar are producing at different temperatures by using several plant 

materials’. We try to determine the high concentration of C content and nutrient contents 

of biochar. Also we work on soil and crop management effect of mycorrhizal 

development and soil organic carbon accumulation. 

Keywords: Soil organic carbon dynamics, soil development, mycorrhizae and carbon 
sequestration, Biochar production   
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The sorption capacity of biochar for elements in the soil can be both an advantage and 

a disadvantage. Depending on the type of biochar and the soil characteristics, different 

elements may be sorbed, immobilized or even mobilized. When applying biochar as 

agricultural soil amendment, interactions of biochar with nitrogen are of major interest. 

Nitrogen is an essential macronutrient for crops, so the extent of nitrogen losses as 

nitrous oxide or nitrate is an important parameter for the assessment of environmental 

effects of agriculture, of nitrogen use efficiency and of external costs of agricultural 

activities. This presentation intends to present results of our studies about the 

interaction of biochar with nitrogen in the soil, especially concerning the bioavailability 

of nitrogen for plant uptake, the soil emissions of nitrous oxide and nitrate losses in 

seepage water.  

This study involved a greenhouse pot experiment, two field experiments and 

complementary lab analyses. The pot experiment consisted of 25 treatments with 

different soils, different biochars and different nitrogen levels to determine the effects 

of the main factors on crop growth and nitrogen dynamics. The field experiments 

compared two locations and different crops for the effects of different biochar 

application rates (0, 24 and 72 t.ha-1) at different nitrogen levels. Soil emissions of N2O 

were measured both in the pot and in a field experiment by the closed chamber 

technique and gas chromatographic analyses. Nitrate losses were measured in the 

greenhouse experiment with plant containers that were designed as microlysimeters. 

Fertilizer use in the field was investigated by using 15N-labelled fertilizers and by 

analyzing 15N in soil and plant samples.  
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The experiments showed that a biochar application of 3 % (w/w) to soil columns with 

a sandy, slightly acidic Planosol was able to reduce the nitrate losses in seepage water 

up to 80 %. In two other, more loamy and neutral soil types the reduction of nitrate 

losses amounted to only 25-40 %. The measurements of greenhouse gas emissions 

in both pot and field experiment revealed a reduction of nitrous oxide emissions by 35-

50 %. These results confirmed the potential of biochar to contribute to the protection 

of the resource air by reducing the emissions N2O from soil and to the protection of the 

resource groundwater by decreasing the nitrate migration out of the plant root zone. If 

these benefits will be connected with an economic value for environmental protection, 

the problematic economic situation of agricultural biochar application presents itself 

more favorable. 

  

Keywords: Biochar, nitrous oxide, nitrate, nitrogen cycle. 
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This study researched a previously unexamined Akgöl organic area. Formation of 
organic material, conditions, the decomposition status and mineral material were 
analyzed by using 14C age determination method at the organic area. Imported moss 
based organic soil and domestic organic soil (Akgöl) were searched as a greenhouse 
plant growth medium. For this purpose, five different growth media were prepared with 
imported organic soil and Akgöl organic soil then some of their chemical and physical 
properties were determined. Performance of media were tested with Primula (Primula 
obconica) in greenhouse conditions. Important differences were not recognized in the 
quality and growth parameters in the media which prepared from two different organic 
soils. With this project, agricultural potential and quality of Akgöl organic soil had been 
researched, it was concluded that it could have important alternative to imported 
organic soil.    

 

Key words: Organic soil, plant growth medium, quality and growth parameters,14C 
aging, primula. 
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Alternative resources have been very imported for fuel production in recent years. One 

of them is sewage sludge which is the waste material produced as a result of urban 

and industrial wastewater treatment plants processes. Nowadays, its production was 

increased rapidly and will rise as more municipal wastewater is treated due to 

environmental necessity and legal requirements to reach better standards for 

wastewater treatment along with the urbanization and industrial development. Sewage 

sludge is a very complex material consisted of proteins and peptides, lipids, 

polysaccharides, plant macromolecules, heavy metals, pathogenic bacteria, viruses 

and toxic chemicals and aliphatic structures. Until now, different handling methods 

have been developed for sewage sludge which can be categorized in two main 

strategies: traditional disposal or reuse and energy applications. Traditional disposal 

methods include agricultural applications such as fertilizer, composting, placing landfill 

sites, sea dumping and disposal on land by placing it in a surface disposal site. 

However, because of problematic nature of sewage sludge countries have been 

developed regulations to protect the public health and the environment when sewage 

sludge is disposed by these methods. Therefore, it is necessary to investigate possible 

innovative, eco-friendly and effective routes to make sewage sludge more valuable 

raw material. Thus, sludge sewage sludge was used as a renewable feedstock to 

produce energy via anaerobic digestion, combustion, gasification, pyrolysis and novel 

technologies such as wet oxidation and super critical water oxidation. Thermal 

methods include clearing of the organic content of the sewage sludge and as a by-

product only the ash component or char remains for final disposal. However, numerous 

studies have been carried out about the pyrolysis/carbonization of sewage sludge for 

the production of activated carbon and biochar with the exception of syn-gas and liquid 

bio-oil production for the energy applications. Because of carbonaceous structure and 

plenty organic compositions and volatile components, sewage sludge is reasonably 

suitable for the production of porous adsorbents via carbonization process under 

controlled treatment conditions with or without chemical activation and physical 

activation. Carbonization is an innovative option allows utilization of sewage sludge in 

the production of a valuable material. Activated carbon production means both a 

considerable saving in starting material costs, reducing sludge volume generated in 

wastewater treatment plants and a way of making use of a waste material economically 

valuable. On the other hand, application of sewage sludge biochar as a soil 
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amendment has a very important potential. Because, sewage sludge includes 

important nutrients essential to plant growth such as nitrogen, phosphorus along with 

some valuable trace elements such as copper and selenium. Sewage sludge based 

biochar can improve the soil quality and biological and chemical structure of soil, 

besides it can increase crop yield and at the same time contribute a perennially carbon 

sequestration because of its carbon stability. These strategies will not only solve 

sewage sludge pollution and disposal problems but also offer the possibility of 

producing useful materials that can be used for the agricultural applications such as 

adsorption of valuable nutrients to the plant root and remediation.  

 

Keywords: Sewage sludge, pyrolysis, carbonization, activated carbon, biochar  
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