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Abstract

District heating networks are commonly addressed in the literature as one of the most effective solutions for decreasing the 
greenhouse gas emissions from the building sector. These systems require high investments which are returned through the heat
sales. Due to the changed climate conditions and building renovation policies, heat demand in the future could decrease, 
prolonging the investment return period. 
The main scope of this paper is to assess the feasibility of using the heat demand – outdoor temperature function for heat demand 
forecast. The district of Alvalade, located in Lisbon (Portugal), was used as a case study. The district is consisted of 665 
buildings that vary in both construction period and typology. Three weather scenarios (low, medium, high) and three district 
renovation scenarios were developed (shallow, intermediate, deep). To estimate the error, obtained heat demand values were 
compared with results from a dynamic heat demand model, previously developed and validated by the authors.
The results showed that when only weather change is considered, the margin of error could be acceptable for some applications
(the error in annual demand was lower than 20% for all weather scenarios considered). However, after introducing renovation 
scenarios, the error value increased up to 59.5% (depending on the weather and renovation scenarios combination considered). 
The value of slope coefficient increased on average within the range of 3.8% up to 8% per decade, that corresponds to the 
decrease in the number of heating hours of 22-139h during the heating season (depending on the combination of weather and 
renovation scenarios considered). On the other hand, function intercept increased for 7.8-12.7% per decade (depending on the 
coupled scenarios). The values suggested could be used to modify the function parameters for the scenarios considered, and 
improve the accuracy of heat demand estimations.
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Abstract 

The objective of this study was to screen cellulolytic clostridia from soil, compost, cow dung, buffalo dung and elephant dung in 
Thailand for one-step butanol production from cellulosic materials. Cellulolytic activity and butanol tolerance were used as 
criteria to isolate cellulolytic and butanol-tolerant bacteria using mineral salt medium supplemented with 20 g/L Avicel and 5 g/L 
butanol. It was found that two isolates from each source were obtained according to the isolation criteria. These isolates were 
gram positive, rod-shaped, endospore forming and sulfite-reducing, which corresponded to the Clostridia class. Then, a one-step 
butanol production from sugarcane bagasse by these isolates was investigated. Butanol production in a 5-L fermenter showed that 
the isolate E11-KKU from elephant dung exhibited the highest potential and achieved the highest butanol concentration of 3.17 
g/L. Phylogenetic analysis of the 16S rDNA sequence showed that the isolate E11-KKU was identified as Clostridium
beijerinckii with 99.99% identity. 
© 2017 The Authors. Published by Elsevier Ltd. 
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1. Introduction 

The rapid depletion of fossil fuel with continual rise in the consumption has made the search for alternative fuels 
a high importance. Cellulosic biomass is being considered as enormous renewable resources for biofuels production. 
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The global biosynthesis of cellulose by both land plants and marine algae takes place at a rate of 8.5  1010 tonnes 
per year equivalent to more than four times the world’s yearly total energy consumption [1, 2]. Recently, most 
research has focused on efficient processes for conversion of plant-derived biomass to biofuels. Isolation of 
cellulolytic strains probably is one of the procedures to develop a beneficial biofuel production process. 

Butanol is a potential energy and being developed as a fuel for the substitution of fossil fuel due to its high energy 
content, miscibility with other fuels, octane enhancer, low volatility and other characteristics advantageous to 
combustion engines. Butanol can be produced from various types of agricultural biomass by solventogenic clostridia 
such as Clostridium acetobutylicum and C. beijerinckii in acetone–butanol–ethanol (ABE) fermentation. Clostridia 
are obligate anaerobic spore-forming solventogenic bacteria. Most cells are gram positive which has variable 
fermentative metabolism [3]. They are able to ferment several organic compounds. Their end products include 
butyric acid, acetic acid, butanol, ethanol, acetone, and large amounts of carbon dioxide and hydrogen gas. 

Normally, the solventogenic clostridia lack cellulolytic activity. Fermentation of butanol from cellulosic materials 
usually requires substrate pretreatment resulting in high production cost. One-step butanol production process in 
which cellulose hydrolysis and butanol production can occur simultaneously has been developed to overcome this 
problem. The expenses of the fermentation not only reduce, but also time in the production is saved. Therefore, the 
objectives of this study were to isolate new cellulolyic clostridia and to study the performance of these isolates in 
order to produce butanol from sugarcane bagasse in one-step. 

2. Materials and methods 

2.1. Isolation of cellulolytic clostridia  

The soil samples were collected from Khon Kaen and Udon Thani provinces, Thailand. The compost samples 
were collected from Khon Kaen and Nong Kai provinces, Thailand. The cow dung samples were collected from 
Khon Kaen and Nong Kai provinces, Thailand. The buffalo dung samples were collected from Khon Kaen, Nong 
Kai and Sakolnakorn provinces, Thailand. The elephant dung samples were collected from Khon Kaen, 
Nakornratchasima and Surin provinces, Thailand. Isolation of cellulolytic bacteria was conducted in a 100-mL 
serum bottle containing 30 mL of sterile modified mineral salt (MS) medium. MS medium contained: MgSO4, 0.22 
g/L; KH2PO4, 0.55 g/L; glacial acetic acid, 2.3 mL/L; FeSO4, 0.011 g/L; Para-amino benzoic acid, 5 mL/L; Biotin, 4 
ml/L; Resazurin, 1 ml/L; Avicel PH101, 20 g/L. The pH of MS medium was adjusted to 6.5. Three grams of each 
sample was inoculated into the MS medium. The medium was sparged with oxygen-free nitrogen (OFN) until 
achieving anaerobic condition. After inoculation, the serum bottles were heated at 80°C for 10 minutes in order to 
eliminate non spore-forming bacteria during isolation processes of spore-forming bacteria, such as Clostridium 
species and incubated at 37°C for 7 days under anaerobic condition. Serial dilution agar plating method was used to 
isolate cellulolytic bacteria. Selective medium was MS media agar containing Avicel as the carbon source. The 
plates were incubated at 37°C for 7 days. Morphologically different colonies of bacteria were picked and streaked 
on MS agar plate containing Avicel. The inoculum was repeatedly streaked on MS agar plates for three times until 
pure colonies were obtained. The purified colonies were stored at 4°C. To isolate butanol-tolerant anaerobic 
bacteria, 5 g/L of butanol was supplemented into MS medium. Morphological examination was investigated by a 
microscope using a Gram Stain. 

2.2. Genus isolation for Clostridium identification 

The cellulolytic bacteria were further subjected to the genus Clostridium identification e.g., gram staining, 
endospore staining using the malachite green technique [4] and sulfite-reducing ability test using differential 
reinforced clostridial media (DRCM) agar (Difco) [5].  

2.3. Species identification 

The PCR amplification and 16S rDNA sequences of the isolates which showed maximum butanol production 
performance from each source were analyzed for species identification by the Thailand Institute of Scientific and 
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Technological Research, Pathum Thani, Thailand (C32-KKU and S32-KKU) and Macrogen Inc., Korea (E11-KKU, 
B12-KKU and CP23-KKU).  

2.4. Nucleotide sequence accession numbers 

The 16S rDNA sequences of the bacterial isolates used in this study have been deposited in the GenBank 
databases under the following accession number: E11-KKU (KT799794), B12-KKU (KT799795), C32-KKU 
(KT799796), CP23-KKU (KT799797) and S32-KKU (KT799798). 

2.5. Inoculum development for butanol production 

The cellulolytic clostridia were inoculated in modified tryptone-glucose-yeast extract (TGY) broth containing 
carboxylmethyl cellulose (CMC) as the carbon source at pH 6.5, 37°C for 48 h under anaerobic condition. The 
bacterial cells with the OD600 of approximately 1 were used as an inoculum.  

2.6. Butanol production in a 1-L screw-capped bottle 

Butanol fermentation was established in a 1-L screw-capped bottle containing 0.7 L of sterile modified P2 
medium [6]. Sugarcane bagasse was used as the carbon source. Prior to usage, sugarcane bagasse was dried at 80°C 
in a hot air oven, milled to pass a 0.5 mm screen by a laboratory miller. The medium was sparged with OFN until 
achieving anaerobic conditions and inoculated with 5 % (v/v) of the actively growing TGY cell suspension. After 
inoculation, the broth was sparged with filtered OFN to maintain anaerobic conditions and incubated at 37 °C for 
120 h under anaerobic condition. Samples were taken every 12 hours. 

2.7. Butanol production in a 5-L fermenter 

Scale-up of butanol production was established in a 5-L fermenter containing 3.5 L of sterile modified P2 
medium with the agitation rate of 100 rpm. Sugarcane bagasse was used as the carbon source. The cellulolytic 
bacteria from different sources which showed maximum performance in butanol production from previous 
experiments were used as the inoculum in this study. 

2.8. Analytical methods 

Sample broths were centrifuged at 12000 rpm for 10 min. The clear supernatant was stored at -18 °C until 
analyzed. Butanol, acetone, ethanol, acetic acid and butyric acid were determined by a Gas chromatograph 
(Shumadzu GC 2014, Japan) equipped with Flame Ionization Detector (FID). The column was Porapak Q 100/120 
(0.3 mm × 4 m). The injector, detector and column temperatures were 250°C, 250°C and 230°C, respectively. 
Cellulase activity was determined by a method proposed by Okeke and Obi [7].  

3. Results and discussion 

3.1. Isolation and screening of cellulolytic bacteria 

A total of 15 samples were collected from 5 different sources. Table 1 shows 20 dissimilar colonial isolates from 
different sources. All isolates showed rod shape and gram positive. However, only 2 isolates from soil (S32–KKU 
and S33–KKU) 2 isolates from compost (CP23-KKU and CP33-KKU) 2 isolates from cow dung (C23–KKU and 
C32–KKU) 2 isolates from buffalo dung (B12–KKU and B31-KKU) and 2 isolates from elephant dung (E11–KKU 
and E33–KKU) could grow in MS medium containing 5 g/L of butanol. Morphological characteristics of butanol-
tolerant cellulolytic bacteria were shown in Table 2. 
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