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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 

Super Absorbent Polymers (SAPs) were prepared by radiation grafting polymerization of neutralized Acrylic Acid (AA) on to 
two cellulose samples separately from bagasse, which were extracted from alkaline hydrogen peroxide and microwave assisted 
alkaline pretreatments in the presence of N.N-methylenebisacrylamide (MBA) as a cross linker using mutual grafting by applying 
gamma radiation under an environment of nitrogen gas. Characteristics of grafting, morphological and soil degradation of 
developed SAPs were identified by using Fourier Transform Infra-Red Spectrometer (FT-IR), Scanning Electronic Microscope 
(SEM) and  soil burial method respectively. Additionally, water absorbency in distilled water and prepared fertilizer solutions 
were measured. Further, different agricultural practices implemented for survival of transplanted seedlings of Capsicum annuum, 
cultivation of Ipomoea aquatica and survival of cut Chrysanthemum instagram flowers were evaluated.  The results indicated 
that developed SAPs had cross-linked cellulose-g-PAA(Na) and PAA(Na) with water absorbency ratios that were 236-325 in 
distilled water. Cross-linked cellulose-g-PAA(Na) had highly porous morphological structure, good degradability in soil  
compared to PAA(Na) and expected to be useful for survival of transplanted seedlings, cut flowers and cultivation of crops under 
limited supply of water. 
© 2016 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of IYNC2016. 
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1. Introduction 

Grafting can be defined as a polymer modification where a different monomer is attached to an existing polymer 
through a covalent attachment irreversibly [1]. Grafting is a free radical process, which can be initiated chemically, 
photo-chemically or by using ionizing radiations. Use of ionization radiations that initiates grafting processes is 
known as radiation grafting.  Ionizing radiation is a type of radiation composed of photons that individually carry 
enough kinetic energy to liberate an electron from an atom or a molecule with which it interacts, e.g. gamma 
radiation, X-rays, beta and alpha particles or machine accelerated particles. Radiation grafting has several 
advantages such as being able to be carried out at room temperature with high efficiency, high purity, being 
environmental friendly and simple process. This process is a promising technology having several potential 
applications. It can be performed using three common methods; i) Grafting by simultaneous or mutual irradiation 
(polymer backbone and monomer are simultaneously irradiated using electron beam or gamma rays in a vacuum or 
an inert gas environment) ii) Grafting initiated by pre-irradiation in vacuum or inert atmosphere and iii) Grafting 
initiated by per oxidation (pre-irradiation in air) [2]. Many countries develop radiation grafted materials for 
industrial applications and environment preservation such as for water purification, fuel cell membrane, energy 
storage in battery cells and SAPs for agricultural applications. This paper discusses development of radiation grafted 
SAPs for agricultural applications. 

SAPs are highly swollen, hydrophilic polymer networks capable of absorbing large amounts of water or saline 
solution, practically 10-1000 times of their original weight or volume [3]. In agricultural field, SAPs are mostly used 
to increase available water in the growth media, which enables the plants to survive longer under water stress and 
enhanced water holding capacity. Different types of SAPs are widely used in the agricultural field. These are 
produced as partial neutralization products of cross-linked polyacrylic acids, partial hydrolysis products of starch-
acryloniyrile copolymers and polysaccharides & acrylic acid graft copolymers [4]. In Sri Lanka, cellulose is one of 
the most preferred polysaccharides for producing polysaccharide & acrylic acid graft SAPs. 
Cellulose based biomaterials could be used as raw materials for developing SAPs with high biodegradability, having 
high strength after absorbing water, having less water soluble components, strong water retaining ability and mould 
proofing ability [5]. Most biomasses such as corn stove, wheat straw, rice straw and bagasse which are referred to as 
lignocellulosic materials are rich in cellulose fibres. Sugarcane bagasse is the one of those available in Sri Lanka. 
Raw bagasse consists of 30.2% cellulose, 56.7% hemicelluloses and 13.4% lignin [6]. 

The present study was focused on synthesis of SAPs (cellulose-g-PAA(Na)) by mutual grafting using gamma 
radiation under environment of nitrogen gas from cellulose, which was extracted from bagasse and  AA in the 
presence of MBA as a cross linker (Fig. 1). Furthermore, developed SAPs are employed for application in the 
agricultural field to overcome problems of water scarcity and difficulty of continuous watering. 
  
 
 
 
 
 
 
 
 

 

Fig. 1. Protocol of development of cross-linked cellulose-g-PAA(Na) SAP under mutual grating 

Nomenclature 

-g- Grafted 

 TN Fernando et al. / Energy Procedia00 (2016) 000–000 3

2. Experimental  

2.1. Materials and equipments  

Bagasse was collected from Lanka Sugar Company (Ltd), Pelwattha, Sri Lanka. Analytical grade acrylic acid, 
sodium hydroxide (NaOH) and MBA were purchased from Analytical Instruments (Pvt) Ltd. Colombo, Sri Lanka. 
All other chemicals were of reagent grade.  A “Bruker” FT-IR spectrometer was used at the Department of Materials 
Engineering, University of Moratuwa, Sri Lanka. “Zeiss EVO LS15 EP” SEM was used at the Department of 
Geology University of Peradeniya, Sri Lanka.  Gamma cell was a “220 ® (MDS Nordion)” available at the Human 
Tissue Bank of Sri Lanka. Soil type used in the experiment was sandy loam available in Nugegoda, Sri Lanka. 

2.2. Extraction of cellulose from bagasse 

Two Cellulose samples were prepared using Alkaline Hydrogen Peroxide (AHP) and Microwave Assisted 
Alkaline (MwA) pre-treatments. 
  AHP pre-treatment was done with 1 g of dried native bagasse shaken at 90 rpm in 10 ml of 2.5 mol/L NaOH and 

0.75 ml of 99% Hydrogen Peroxide (H2O2), which was then kept for 24 h.  
 MwA pre-treatment was done with 1 g of dried native bagasse irradiated under microwave power 170 W with 10 

ml of 5 mol/L NaOH solution using a domestic microwave oven for 15 minutes.  
Pre-treated fibres were washed with tap water and neutralized using 10% hydrochloric acid and oven dried at 60 oC 
until a constant weight was observed. Cellulose percentage was determined using chlorinated method as described in 
[7]. Extracted dried fibres were subjected to FT-IR analyses to confirm fibres were cellulose. 

2.3. Development of SAPs 

Cross-linked cellulose-g-PAA(Na), SAPs were prepared by mixing 0.012 g of MBA, 10 ml of acrylic acid and 7 
ml of 5 mol/L sodium hydroxide (NaOH). This was then kept in an ice bath for neutralization prior to use. Desired 
amounts of cellulose (micro milled particles) and 50 ml of de- ionized water were mixed for 15 minutes at 60 oC 
under an environment of nitrogen gas using a setup as shown in Fig. 2.(a) in the laboratory. Blend, which was kept 
in the ice bath was added to the flask and continuously stirred for 5 minute under the same condition. This medium 
was quickly transferred to a glass container and nitrogen gas was bubbled for a few minutes and quickly sealed. 
Sealed product was placed in the gamma cell and irradiated under a dose of 20 kGy. The final product was cut in to 
small pieces and washed with distilled water. Then, it was dried at 60 oC until a constant weight was observed. 
Procedure was repeated to produce two cellulose-g-PAA(Na) SAPs using extracted cellulose from AHP and MwA 
pre-treatments. Additionally, control SAP (cross-linked PAA(Na)) was prepared without applying cellulose to 
compare the characteristics with developed cellulose-g-PAA(Na) SAPs. Cellulose-g-PAA(Na) were named; 
 SAPAHP  - Developed using cellulose extracted from “AHP” pre-treatment. 
 SAPMwA - Developed using cellulose extracted from “MwA” pre-treatment. 

2.4. Confirmation of grafting 

Cellulose extracted AHP pre-treatment, control SAP & SAPAHP and cellulose extracted MwA pre-treatment, 
control SAP & SAPMwA were analyzed separately in the FT-IR instrument.  Comparison of wave numbers of graphs, 
which were obtained from FT-IR analysis and results indicated by [8], grafting was confirmed. 

2.5. Measuring of swelling ratio of developed SAPs in prepared solutions 

Reaction effects of diluted fertilizer solutions and distilled water on developed SAPs were evaluated under 
laboratory conditions. Three organic fertilizer solutions; fermented leaves, cattle manure and wormy wash were 
prepared as described in [9]. Further, three inorganic fertilizer solutions; 1% urea, 1% muriate of potash and 1% tri 
super phosphate were prepared. Additionally, distilled water was used as a control medium to compare the 
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