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Abstract. The paper presents the experimental results of Food Court 
Waste air gasification using a batch reactor. This type of waste is generated 
mainly in the food court areas of services spaces, shopping centers, airports 
and malls and is generally composed of paper & cardboard, plastic, 
organic, wood, metal and glass waste. The process operating parameters 
were: temperatures between 650°C and 850°C and an equivalent ratio of 
0.25 and 0.4 respectively. The study focused on the influence of process 
parameters on the energy conversion rate considering the cold gas and hot 
gas efficiency correlated with the feedstock carbon conversion rate. The 
recorded instantaneous concentrations of sampled gas species were plotted 
in time dependent graphs for accurate variation curves of gases 
concentrations. The results can be used to isolate the startup stage of the 
gasification process and to establish the optimal process parameters for 
increased overall energy efficiency. In conclusion, considering the current 
setup, operational parameters and process energy efficiency, the optimal 
temperature for the air gasification of Food Court Waste is 850ºC with an 
equivalent ratio of 0.40. 

1 Introduction 

Presently, the global municipal solid waste (MSW) generation accounts for 1.3-1.9 billion 
tonnes per year and is forecasted to increase to 2.2 billion tonnes, by 2025 [1]. The 
necessity of waste recovery in the form of secondary raw material or energy production 
represents a worldwide priority in the renewable sources’ management field. The EU 
strategic long-term vision for 2050 to a novel, self-sustained conversion chain, and climate-
neutral economy includes ascending common key targets such as 65% recycling of 
municipal waste and 70% of packaging materials by 2035, and 2030 respectively, 
correlated with a maximum landfilling rate of 10% of MSW [2]. However, the transition 
towards the circular economy concept and its design still accounts a demanding moving 
from theory to practical implementation, by adapting industrial processes.  

The complexity of the treatment choice is dictated firstly by the waste structure, 
composition and properties, engaged as stand-alone fractions (e.g. biomass, plastic) or in 
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mixtures (e.g. MSW, solid recovered fuel) [3-5]. On average, the share of combustible 
materials in MSW is about 70-80% making it suitable for thermochemical recycling [6-8]. 
Combustion is the preferred waste treatment technology followed by gasification [9]. The 
chemical recycling, via contemporary methods (pyrolysis and gasification) offer prominent 
waste management with environmental benefits [10,11]. During thermal treatment, the 
syngas produced during the process can be used for heating and power generation. The 
conversion and energy efficiency of the gasification process can be evaluated based on the 
quality of the syngas obtained which depends mainly on: volumetric composition and flow 
rate, gasifying agent (the ratio of oxidant to fuel) and characteristics of the conversion 
process (process temperature and pressure, residence time, reactor type) [12-15].  

The feedstock used in our experiments was food court waste (FCW). The waste is 
mainly produced in the food court areas of services spaces, shopping centers, airports and 
malls. The feedstock is composed of paper & cardboard, plastic, wood, metal and glass that 
represents the main source of packaging, along with the disposable cutlery and dishes. To 
all these, organic waste can be added. The composition of the FCW can be broadly different 
depending on the type of food court area where it is produced, season, weekday and time of 
the day. Over time, the combustible fractions of FCW (paper, cardboard, plastic, organic 
waste and wood) have been studied individually [16-24] as well as in various mixtures [25-
28], as feedstock for thermochemical conversion purpose. 

The aim of the current research is to determine the influence of operating parameters on 
the process energy conversion rate based on cold gas and hot gas efficiency corelated with 
the feedstock carbon conversion rate. 

The recorded instantaneous concentrations of sampled gas species were plotted in time 
dependent charts for accurate variation curves of gases concentrations. The results can be 
used to isolate the startup stage of gasification process and to establish the optimal process 
parameters for increased overall energy efficiency.  

2 Material and methods 

2.1 Material 

The material used in the present experimental study has a typical composition of the FCW 
feedstock. The details regarding the selection criteria and collection steps were previously 
reported in other already published papers of the research group [29]. 

Briefly, to establish an equivalent composition of waste to work with, waste samples 
were collected from three different locations during different times of day and week. For its 
energetic valorization, the waste was sorted by components, non-combustible fractions such 
as glass and aluminum cans packaging, have been removed, while the combustible ones 
have been dried, grounded and homogenized in specific proportions. The composition of 
FCW and its properties are presented in the next table.  

Table 1. Properties of food court waste [29] 

  Unit Value 

W
as

te
 a

ve
ra

ge
 

co
m

po
si

tio
n Paper  % 29.29 

Cardboard % 26.22 
Plastic % 18.92 
Organic residues % 25.18 
Wood % 0.39 
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Moisture  % 26.12as 
Volatile matter % 80.89db 
Fixed carbon % 7.97db 
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Ash  % 11.53db 
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 C % 51.09dab 

H % 7.03dab 
O (by difference) % 40.75dab 
N % 1.14dab 

High heating value kJ/kg 20620as 
Low heating value kJ/kg 19173as 

as – as received  
db – dry basis  
dab – dry ash free basis 
 

2.2 Methods 

Air gasification experiments were carried out in a batch tubular electrically heated reactor. 
The reactor is specially designed to simulate thermochemical conversion experiments of 
solid organic material in a batch mode using a custom made tubular electric oven, produced 
by NABERTHERM, model RO 60/750/13.  

The design of the FCW air gasification process in the batch tubular reactor is shown 
in Figure 1.  

 

Figure 1. Air gasification process experimental set-up (adopted after 30-34) 

 
1. Externally heated batch reactor; 2. Temperature controller; 3. Food Court Waste sample; 
4. Inlet air flow meter; 5. Gas line outlet (primary gas); 6. Cooling systems with water-
cooled ice; 7. Testo 350 XL gas analyser; 8. Data monitoring and acquisition: EASY- 
emission software, Testo, Inc. 

 
A detailed presentation of the reactor main geometrical characteristics and potential 

configurations and runs, along with the transitory regime’s mechanism are presented in 
previous papers of the authors [31-34]. Briefly, in the experimental runs the batch reactor 
(1.) was electrically heated at temperatures between 650°C and 850°C (2.). The FCW 
sample was distributed along the active zone of the crucible and then inserted in the 
preheated batch reactor (3.). The air was introduced in co-current flow and kept constant 
using a flowmeter (4.). To ensure a constant amount of air in the reactor and process 
duration, the amount of air needed to gasify 10 g of sample at an equivalent ratio (ER) of 
0.25 was computed (15.88 lair). Then, considering the amount of air resulted for the first 
case, the amount of sample was calculated so that the air/fuel ratio for an ER of 0.40 to be 
assured. The primary gases formed during the process (5.) were passed through a 
condensing system with water-cooled ice (6.). In order to establish the transitory regimes, 
the gases produced were analyzed in real time using the Testo 350 XL gas analyzer (7.) and 
monitored, registered respectively in a continuous mode with EASY- emission software, 
Testo, Inc (8.).  

The conversion and energy efficiency of the gasification process have been calculated 
considering three factors: Carbon conversion efficiency – CCE; Cold-gas efficiency – CGE; 
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Hot-gas efficiency – HGE according to [13-15, 35,36]. The formula used to compute the 
three mentioned parameters are described in another research by the same authors [30]. 
Briefly the CCE was determined using two methods. In the first method the amount of 
syngas produced determined by mass balance is considered (1), while in the second one the 
amount of syngas produced determined by calculation based on the amount of nitrogen 
introduced into the gasification process and the concentration of nitrogen measured in 
syngas produced.  

3 Results and discussions 

To evaluate the process in terms of gas quality, the variation concentration of the most 
important combustible gas species (carbon monoxide and hydrogen) according to process 
parameters were analyzed. In figures 2 and 3, the CO and H2 concentration as function of 
the FCW air gasification parameters (temperature and ER) are presented. According to the 
figures below, gas species concentrations increase with temperature rise, but decrease when 
ER increases. The reduction of the combustible gas species concentration from the primary 
syngas at higher ER could be a consequence of air quota increase in the process. As ER 
increases, more air is introduced in the reactor, therefore, more Nitrogen is present in the 
reactor, and thus in the produced gas.  

 

Figure 2. Variation of CO concentration - air 
FCW gasification 

Figure 3. Variation of H2 concentration - air 
FCW gasification 

To evaluate the gasification processes in terms of conversion and energy efficiency, 
CCE, CGE and HGE were computed for each experimental configuration studied. 
Depending on computation method, two values of CCE resulted [13-15,36]. In Figure 4 and 
Figure 5 the variation of CCE in FCW air gasification as function of the process parameters 
is presented. In both cases, CCE increase with process temperature rise, for the studied 
range. Best results are obtained at 850°C and ER of 0.40. Depending on the calculation 
method applied, results may differ by 16 percentage points. 

 

Figure 4. CCE (1) - FCW air gasification Figure 5. CCE (2) - FCW air gasification 

In figures below are presented the values of process energy efficiencies obtained for air 
gasification of FCW at different process parameters. CGE and HGE increase with 
temperature and ER.  
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Figure 6. CGE - FCW air gasification Figure 7. HGE - FCW air gasification 

At the same process temperature, the increase of ER by 0.15 leads to CGE and HGE 
increase by up to 4 and 9 percentage points, while the process temperature increase by 
200°C leads to energy efficiencies rise by 5-8 and 14-19 percentage points. Best CGE and 
HGE results are obtained at 850°C and ER of 0.40. 

4 Conclusions 

Based on the experimental results, the FCW air gasification leads to a syngas production  
more than 95%. The amount of the syngas produced is appropriate due to the easily 
flammable feedstock properties, that is mainly composed of lignocellulosic and polymer-
based material accounting for 75% from the total amount of FCW analysed. As expected, 
the syngas production is strongly influenced by the process temperature. With the 
augmentation of the process temperature, the overall conversion efficiency of the feedstock 
into gas increases. In all the experimental results the CCE tends to increase and being 
directly proportional with the temperature and ER with their increase. The enhancement of 
process temperature leads to the augmentation of the reaction rates. The increase of the air 
used in the process assures more oxygen supplied in the reactor and therefore further 
carbon oxidation reactions might occur.  

Due to the experimental setup performed in batch mode the CGE and HGE values 
obtained are small in comparison with standard gasification processes. Thus, in this case, 
the gasification process doesn’t fully complete its cycle. Generally, the difference between 
CGE and HGE in a typical gasification process is about 10-20 percentage points [13,14]. 
However same trends are registered along the CGE and HGE values obtained.  

Therefore, the values of the energy efficiency are determined considering the 
intermediate syngas composition that reflects certain sequences of the gasification process 
and not the entire one. The present energy efficiencies values can give a reliable and 
comprehensive view on the gasification process transition stages, corelated with 
temperature and ER influence on the obtained gas composition.  

In conclusions, for the air gasification of FCW, considering the process energy 
efficiencies the optimal process temperature is 850ºC and ER = 0.40. 
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