
ΨD!{ .Lhw9CΩ 
GASification of BIOfuels and 

Recovered Fuels  

 

FIBRA Twinning Event, 30-31 October 2013 

Myrsini Christou, Christos Zafiris 

CRES ς Biomass department 



The project objectives 

ÁFP7 Collaborative project 

ÁTopic area: ENERGY.2009.2.2.1 Biomass to electricity from 
energy crops and recovered fuels 

The GAS BIOREF project concerns the development of an 
innovative gasification process for a 50%-50% mixture of Solid 
Recovered Fuel (SRF), derived from mechanical-biological 
treatment of Municipal Solid Wastes (MSW), and biomass, 
derived from agricultural residues and dedicated energy crops.  

This medium-scale co-generation project (fuel input approx. 13,5 
MW) is expected to generate approx. 21 GWh of electricity; 45 
GWh of thermal energy reaching an overall efficiency of 65%. 

 

 



The project objectives 

The project aims to demonstrate close-coupling of two different 
fuel supply chains (energy-crops and SRF), also addressing other 
important issues, such as:  

ÁThe fuel security in the energy conversion facility will be 
improved, due to the multi-feedstock approach adopted. 

ÁThe biomass incorporation in existing infrastructure will be 
secured, thus, capital savings may be achieved since no 
additional equipment for biomass conversion is needed, the 
only investment required being the necessary infrastructure 
for biomass logistics. 

ÁThe entire chain for sustainable biomass feedstock (energy 
crops) supply at a medium scale application will be 
demonstrated. 



The consortium 

ÁHEL - HELECTOR Energy & Environmental Applications S.A., 
Greece 

ÁAMWMI - Association of Municipalities for Wastes 
Management of Imathia,  Greece 

Áu&i - umwelttechnik & ingenieure GmbH,  Germany 

ÁLNEG - Laboratório Nacional de Energia e Geologia,  Portugal 

ÁCRES - Center for Renewable Energy Sources and Saving,  
Greece 

 

 

 



The project structure 

WP1. Project co-ordination and licensing procedures 

WP2. Fuel characterization and design work  

WP3. Setting-up of the entire energy crops scheme and 
organisation of feedstock logistics  

WP4. Construction and erection of the gasification plant 

WP5. Test programme of the troubleshooting and 
commissioning of the gasification plant 

WP6. Characterization of fuels and pre-normative work 

WP7. Integrated operation of the Gasification plant in the 
cogeneration mode 

WP8. Techno economics, market studies and dissemination 
activities 
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Setting-up of energy crops  

Energy crops scheduled to be grown 

Fresh yields 
(t/ha) 

Moisture 
content (%) 

Area of 
cultivation 

(ha) 

Total biomass 
production 

(t/y)  

Fiber or sweet 
sorghum 

75 60 250 18 750 

Kenaf 33 40 60 1 980 

Switchgrass 20 20 60 1 200 

Total  370 21 930 



Setting-up of energy crops 

Fiber sorghum and kenaf, were selected because they:  

ü High yielding  crops 

ü Offer alternative land use. Both crops can be cultivated in rotation with 
other spring crops such as cotton, sugar beets and corn.  

ü Are annual energy crops and similar to other conventional field crops with 
respect to cultivation and harvest techniques. That helps in bringing costs of 
delivery down to commercially accepted levels. 

ü Enjoy high ŦŀǊƳŜǊΩǎ ǇŜǊŎŜǇǘƛƻƴ. Further to the ability of being cultivated 
using conventional machineryΣ ǘƘŜȅ ŘƻƴΩǘ ǊŜǉǳƛǊŜ ƭƻƴƎ-term commitments in 
land use because they are annual crops. 

ü Are multi-purpose crops. They offer the possibility to provide energy and 
fiber and hence satisfy the non-food industry and the energy markets. 
Moreover, it can be used as a nutritious animal feeding at the early stages of 
growth while the seed oil can be used as a vegetable fraction of margarine 
blends. 



Fiber sorghum (Sorghum bicolor L.) 

Á Sorghum bicolor L. (Moench) belongs to Poacea family  

Á It is of sub-tropical origin, native of Central-Eastern Africa. Probably 
originated in Ethiopia and has spread to other parts of Africa, India, 
Southeast Asia, Australia and the United States. 

Á It is cultivated in 100 counties in the world, covering areas in the Americas, 
Africa, Asia, and the Pacific. Sorghum is third important cereal in India after 
rice and wheat. In Africa, the crop is second in importance after maize 

[Source FAO] 



Fiber sorghum (Sorghum bicolor L.) 

Á Fiber sorghum is a C4 plant, with  

Áhigh photosynthetic capacity  

Áhigh biomass efficiency 

Á relatively low demand in irrigation and 
fertilization 

Áeasily adapted in different kinds of soils 
and various climatic conditions 

Á tolerance to drought 

Á relatively short growing period (120-140 
days) and suitability for double cropping 
and rotation systems 

Á The genus sorghum has a high genetic and phenotypic variability, i.e forage 
sorghum, grain sorghum, sweet sorghum and fiber sorghum 

Á The bicolor sorghums (sweet and fiber sorghum) are annual or short-term 
perennial crops, with stems culms up to 4 m or higher. 



Kenaf (Hibiscus canabinus L.) 

Á Kenaf is a plant native to tropical climate regions originating most likely in 
South Asia. It has been cultivated probably as early as 4000 BC in Africa. 

Á Together with cotton, it is the most widely cultivated fiber plant that is 
currently grown in China and India and in smaller areas in Malaysia, 
Thailand, Vietnam, Indonesia, etc. In China the mean cultivated area was 
150,000 to 400,000 ha compared to 900,000 ha in 1985. However, kenaf 
production has been declining in the last years due to the strong 
competition by synthetic materials. 

Although kenaf is adapted to a large variety of climatic conditions, it requires 

mean day temperatures above 200C 



Kenaf (Hibiscus canabinus L.) 

Á Kenaf (Hibiscus cannabinus 
L.) is a short-day annual 
herbaceous plant that is 
grown mainly for the soft 
bast fiber in its stems.  

Á The genus of Hibiscus 
includes over 200 annual 
and perennial species.  

 
Á Breeders have produced many varieties with different morphological 

characteristics and response to soil and climate conditions, as well as in the 
quality and yield of the fiber which they produce. 

Á According to their reaction to flowering, Kenaf varieties are divided in early 
and the late-maturity varieties. Early maturity kenaf varieties are less 
productive than the late maturity kenaf varieties due to the fact that they 
have a shorter vegetative phase.  

 



  Fiber sorghum Kenaf 
Sowing date April ςmid May 

T>15 ̌C 

April - July 

Sowing equipment grain drills in rows grain drills in rows 

Weed control Before and after sowing Before and after sowing 

Sowing density In rows 70 - 100 cm apart In rows 50 - 70 m apart 
(150,000 ς 500,000 plants/ha) 

Irrigation (mm) 300-700 500-700 
Fertilization (kg/ha) N: 30-50 N: 200-230 

Flowering date September July (early)  September (late) 

Harvest date September -November November - January 

Plant height 3.5 ς 4.0 m 3.5 ς 4.0 m 

Fresh yields (t/ha) 70 - 120 70 - 100 

Dry matter yields (t/ha ) 20 - 40 8 - 24 

Moisture content ~73% 40 - 60 

Crop setting up 



Logistics - Fiber sorghum  

Á Harvesting of the entire green crop is well-suited to mechanical 
harvesting.  

Á The harvested material could be harvested and threshed in one stage or 
could be stoked and left in field to dry for 10ς14 days, and then threshed. 

Á Whole-stalk sugarcane harvesters and billet sugarcane harvesters as well 
as conventional forage harvesters have been successfully used. 

Whole stalk harvester           Conventional forage harvester 


