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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 

This study aimed to evaluate the bio-methane potential (BMP) of Thai rice noodle wastewater co-digested with chicken manure. 
Batch anaerobic digestion systems were operated at room temperature (28-30 ºC) for 45 days. Five different amounts of chicken 
manure were added to Thai rice noodle wastewater operating in 5 digesters (10g, 20g, 30g, 40g and 50g of chicken manure added 
respectively). Time-rate derivative models including Gompertz model and its related extensions were used to represent the 
experimental data. In the biogas production, the Gompertz model becomes popular to describe growth and product formation data 
because it is simplicity and well-fitting to batch data. Chemical analysis showed that all digesters had the higher nitrogen content 
(or low COD: N ratio) which was in the range of 16.15-17.62. It was also found that, the digester supplemented with 30g of chicken 
manure gave highest BMP. This was due to more suitable pH and the ratio of volatile fatty acid to alkalinity (VFA/ALK). The 
initial pH and alkalinity had a strong effect on the BMP. In general, well nutrient balance, suitable initial pH, and VFA-to-ALK 
ratio promoted the growth of microorganisms and hence increased the biogas production rate. These were indicated by the kinetic 
parameters such as the maximum methane production rate (Rm, ml/d) and the methane production potential (P, ml) but not for the 
shorter lag-phase period (λ, day). 
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1. Introduction 

Biogas is a clean renewable energy produced by an anaerobic process which can substitute conventional sources 
of energy such as fossil, fuels, oil, and etc [1]. The anaerobic digestion is one of the most widely used to produce 
biogas whereby the organic material will be converted by bacteria into the biogas [2]. In Thailand, the sources of 
biogas production cover a wide range of feedstock such as municipal solid waste, animal waste, agricultural waste, 
agro-industry waste and wastewater, industrial wastewater, sewage sludge and landfill waste [3]. Many researchers 
studied biogas production from alternative feedstock such as waste from agro-industry, solid waste, animal waste, 
industrial wastewater etc [4-6]. The traditional Thai rice noodle wastewater causes considerable environmental 
problems and largely ignored because many of them are small in size. When this wastewater enters into the river 
without pre-treatment, it may create the severe problem due to its high chemical oxygen demand (COD) [7]. In the 
wastewater treatment of Thai rice noodle wastewater, aerobic process are mainly used for the organic removal. 
However, the aerobic process is not regarded as a suitable treatment option because of high energy requirement for 
aerobic treatment [8]. The anaerobic co-digestion of wastewater with animal waste has recently been considered as a 
promising alternative. So, it not only has a potential to produce biogas for local energy need but also decreases the 
environmental pollution. The scope of this research is to study the bio-methane potential from different amount 
chicken manure added into Thai rice noodle wastewater (TRW) in anaerobic digestion (AD), whereas important 
factors for the anaerobic process is C/N ratio and buffer capacity [9]. The Thai rice noodle wastewater (TRW) has 
lowest of nitrogen content and pH and should preferably be co-digested with chicken manure which has high nitrogen 
content and pH. The co-digestion would balance nutrients and increase the buffer capacity and improve biogas 
production. Then we compared the different addition using the modified Gompertz model and other more, including 
Shnute, Gompertz power law, Grau n-order and Monod model [10]. The preliminary results in this work could be 
valuable for planning in start-up biogas plant in the large scales. 

2. Materials and methods 

2.1 Wastewater and Seed 
The wastewater sample was collected from the community in Yala province and chicken manure was collected 

from the layer chicken farm. Characteristics of wastewater and chicken manure are shown in Table 1. The wastewater 
and chicken manure were kept at 0-4 oC until used in the experiments.  
 
2.2 Experimental set-up 

The experiments were conducted at room temperature (28-30 ºC) until batch completion. The 300-ml-volume 
serum bottles were used as reactors and a working volume of 200 ml was used in all experiments. The serum bottles 
were covered with the rubber stoppers and sealed with aluminum caps. The volume of biogas was measured daily by 
using water displacement method [11-13]. The methane content was measured using Gas Chromatography (GC-8A 
Shimadzu). The experiments were duplicated in all experiments. The experiment setup is shown in Fig. 1. 

 
Table 1. Characteristic of wastewater and chicken manure 

Parameter 
Waste 

Thai rice noodle wastewater Chicken manure 
pH 4.3 6.7 

COD (mg/l) 4,200 10,740 
TKN (mg/l) 198 690 
TP (mg/l) 18 - 
TS (mg/l) 1,610 8,430 
VS (mg/l) 1,106 6,759 
SS (mg/l) 1,500 9,240 

VSS (mg/l) 583.5 7,250 
Alkalinity (mg/ lasCaCO3) 519 920 
VFA (mg/ lasCH3COOH) 294 1,240 

C/N 
VS (%w/w) 

- 
- 

12.40 
50.20 
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