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INTRODUCTION

Generally, municipal solid waste (MSW) is 
a mixture of commercial and household refuse 
which is produced from the living community 
(Nagarajan, T et al. 2010).

MSW may comprise from non-degradable 
materials such as (metals, rubbers, leather, plastics 
and glass), as well as partially degradable (wood 
and disposable napkins) and degradable materi-
als such as (food waste, paper, and garden waste) 
(Gupta, Yadav et al. 2015). The municipal solid 
waste varies in terms of its quantity and composi-
tion depending on seasonal variation, food habits, 
cultural practice, method and frequency of waste 
collection, ragpickers’ activity and burning of 
waste (Kumar, Mondal et al. 2004). In addition, 
the awareness on waste reduction and the level 
of waste segregation, are other factors that may 

affect the waste composition (Siddiqui, Zaidi 
et al. 2017)

In 2016, the MSW generation was 2.1 billion 
metric tons globally, and is expected to increase 
by 70% from the 2016 levels up to 3.4 billion met-
ric tons in 2050 (Group 2021). Currently, the gen-
erated quantity of municipal solid waste (MSW) 
in the Al-Diwaniyah city is about (350) tons per 
day and all these quantities are discarded in an 
open dump. Accumulation of MSW over many 
years causes environmental and health problems 
such as air pollution that is produced from burn-
ing processes, as well as soil and ground water 
contamination that result from the leachate. One 
of the optimal mechanisms in the concept of 
MSW management is 4R (reduce, reuse, recycle 
and recovery). MSW recycling is the only mecha-
nism adapted by ragpickers to recycle some of the 
plastic, aluminum, paper and carton. Recycling is 
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a cheap and easy procedure for saving resource 
and money and also reducing pollution (Abdel-
Shafy and Mansour 2018).

Recovery of MSW has many patterns such 
as the compost which transforms the biodegrad-
able components into fertilizer by many tech-
nological processes for soil enrichment with 
organic materials for agricultural purposes, and 
thermochemical treatment which contains gas-
ification, pyrolysis and incineration. (Scarlat, 
Motola et al. 2015).

Incineration is one of the technologies used 
to deal with MSW where it decreases the waste 
volume by (80 – 90) % and the weight by (70– 
75) % (Lopes, Okamura et al. 2015, Abdel-Shafy 
and Mansour 2018). However, improper incinera-
tion should be avoided to prevent the emission of 
toxic gases such as dioxins that result from plastic 
incineration (Lopes, Okamura et al. 2015). In ad-
dition to the main goal of incineration, which is 
minimizing the wastes, incineration can be used 
to produce energy, where the heating energy re-
sulting from waste components combustion is 
recovered for operation of electricity stations or 
heating purposes. The components of the MSW 
can considerably affect the high heating value 
HHV where the MSW that have a high percent-
age of plastic and rubber gives HHV higher than 
the MSW with high percentage of food due to the 
chemical characteristic of components (Zhou, 
Meng et al. 2014). 

There are some theoretical mechanisms to 
calculate HHV from MSW, the most effective 
one is the ultimate analysis. This mechanism de-
pends on the elemental analysis for each compo-
nent of MSW that concludes the percentage of 
(C%, O%, H%, N%, S% and Cl%) (Antonopou-
los, Karagiannidis et al. 2011, Zhou, Meng et al. 
2014, Olatunji, Akinlabi et al. 2019). Depending 
on these chemical characteristics and by using the 
equations and models that predict HHV, the well-
known equations in this mechanism were Du-
long, Modified Dulnog and Vandralek (Nzihou, 
Hamidou et al. 2014).

The second mechanism for HHV calculation 
is the approximate analysis which depends on 
the percentages of moisture%, volatile matters%, 
fixed carbon% and ash%) (Abu-Qudais and Abu-
Qdais 2000, Omari 2015, Durogbitan 2019)]. 
Moreover, there is another method in the litera-
ture that predicts the HHV value of MSW by us-
ing many equations and models, which depends 
on the physical composition percentage (food%, 

plastic%, rubber%, paper%, textile%, wood%, 
etc. and the moisture content%) (Liu, Paode et al. 
1996, Abu-Qudais and Abu-Qdais 2000, Leme, 
Rocha et al. 2014).

Many other studies have been conducted 
to determine the mathematical models for pre-
dicting HHV depending on the ultimate analy-
sis, such as: (Kathiravale, Muhd Yunus et al. 
2003), (Meraz, Oropeza et al. 2002), (Akkaya 
and Demir 2009), (Ryu 2010), and (Ibikunle, 
Titiladunayo et al. 2019). On the other hand, 
the researchers who obtained the mathematical 
models via the approximate analysis are:(Huda 
2014),(Kwaghger 2017) and (Acikkar and 
Sivrikaya 2018). In addition, there are math-
ematical models created via using the percent-
ages of physical components to calculate the 
HHV such as the work by (Kathiravale, Muhd 
Yunus et al. 2003), (Chang, Lin et al. 2007), 
(Ch, Ogwueleka et al. 2012), (Leme, Rocha et 
al. 2014), (Lin, Wang et al. 2015)] and (Khu-
riati, Setiabudi et al. 2015). 

The objective of this study was to determine 
a mathematical model that links between the high 
heating value HHV and the physical composition 
of MSW directly via using SPSS software with 
multiple regressions in accordance to the experi-
mental data from previous studies.

METHODOLOGY

In order to calculate HHV via the ultimate 
analysis approach, three requirements need to be 
known:
	• The percentage of each component of MSW.
	• The water content percentage of the food 

waste
	• The percentage of elemental analysis for each 

component of MSW.
	• The relationship between HHV and the values 

of the elemental analysis. 

Determination of MSW Characteristics

The Al-Diwaniyah City which is located in 
the middle south of Iraq (about 180 km south 
of Baghdad) and has a population of around 
400 thousand with an average temperature 
ranging from 35°C in summer to 10°C in win-
ter and the agricultural area corresponds to 
more than 56% of its area. Municipal solid 
waste (MSW) in the city is about (350) tones 
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per day, and all these quantities are discarded 
in an open dump (Abbas, Falih et al. 2020). 
In order to find the percentage of physical 
components of Al-Diwaniyah MSW, a separa-
tion of the Al-Diwaniyah municipal waste was 
achieved and it was found that it consists of 
about (60% food, 10% plastic, 6% paper, 3% 
wood, 3% textile and 18%other), whereas the 
moisture content of food is 70%. The percent-
age of the physical components of MSW in Al-
Diwaniyah are shown in Figure 1. The water 
contents of the food waste were calculated in 
the laboratory of Al-Diwaniyah Environment 
authority and it was found at a percentage of 
65%. However, in order to cover a wide range 
of the water content percentages, five percent-
ages were used in the modeling. 

The elemental analysis (chemical characteris-
tic) of the MSW can be represented by the percent-
age of Carbon, Hydrogen, Oxygen, Nitrogen, and 
Sulfate. The percentages of these elements were 
obtained from previous experimental studies. The 
average values and the standard deviation from 
previous studies of each element from each com-
ponent of the MSW are shown in Table 1. These 

percentages were used for determination of HHV 
for each physical component of MSW.

The Input Data

In the ultimate analysis, the values of HHV 
depends on the chemical characteristic and on 
the percentage of physical composition of MSW; 
therefore, they were used in different assumptions 
of the percentage to simulate the heterogeneity in 
MSW, where the physical composition changes 
according to the season, source of MSW (agri-
cultural, residential and commercial) and mois-
ture content. Sixty trials were performed. These 
physical compositions result from utilization of 
five food moisture content values (75%, 70%, 
65%,60%, 55%) for each trial of the twelve ratios 
of physical compositions as shown in the Table.2.

𝑇𝑇ℎ𝑒𝑒 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 (60)
= 12 ( 𝑇𝑇ℎ𝑒𝑒 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 𝑜𝑜𝑜𝑜 𝑡𝑡ℎ𝑒𝑒 𝑝𝑝ℎ𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓)
∗ 5( 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝑜𝑜𝑜𝑜 𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑜𝑜𝑜𝑜 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓) 

(1)

There are two types of physical fractions 
data of MSW, dry and wet (as discarded). 

Fig. 1. The Physical Components of MSW of Al-Diwaniyah City.

Table 1. The chemical characteristics of MSW (Chai and Zakaria 2006, Gidarakos, Havas et al. 2006, Ryu 2010, 
Antonopoulos, Karagiannidis et al. 2011, Zhou, Meng et al. 2014, Lopes, Okamura et al. 2015, Khuriati, Budi et 
al. 2017)

Component

Element

Food Plastic Paper Wood Textile

Avg. Stdev. Avg. Stdev. Avg. Stdev. Avg. Stdev. Avg. Stdev.

% C 41.6 3.2 73.7 10.0 44.0 4.0 47.7 2.0 52.6 5.0
% H 6.6 1.0 10.2 4.0 6.7 1.0 6.7 1.0 6.0 0.0
% N 1.9 0.9 0.2 0.0 0.7 1.0 1.2 2.0 2.5 3.0
% O 41.4 6.5 11.8 12.0 41.0 4.0 39.7 6.0 33.1 8.0
% S 1.8 0.2 0.1 0.0 0.2 0.0 0.2 0.0 0.2 0.0
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Table 2 shows the values of dry physical frac-
tions of MSW which were applied for the equa-
tions listed in the first group (Dry) in Table 4 for 
calculating HHV.

Table 3 illustrates the fractions of wet MSW; 
these data were used in the second group of models 
in the Table 4 which were designed for calculating 
the high heating value HHV from wet MSW.

Models and Equations 

The third step in this study involved two 
groups of models and equations. Dealing with 
MSW as dried and also as wet MSW as its dis-
carded. These equations and models from previ-
ous practical studies correlate between HHV and 
ultimate (elemental) analysis.

RESULTS AND DISCUSSIONS

The assumed assumptions (12 assumptions) 
for each dry and wet physical component are 
shown in Tables 2 and 3, respectively, and the as-
sumptions of the percentage of water content in the 
food waste (5 assumptions) are shown in Tables 2 
and 3. Therefore, there are 60 values for HHV re-
sulting from each single equation of Table 4. This 
leads to computing 540 values for HHV resulting 
from the dry MSW (Group 1) in table 4 and 360 
values for HHV resulting from wet MSW resulted 
from the equations of the group 2 in Table 4. In 
order to create the model, two methods were used, 
(stepwise method and enter method). In, from each 
of these two methods (stepwise method and enter 
method), two models were created (with constant 

Table 2. Physical composition of Dry MSW [assumed by the author]

Composition Food % Plastic % Paper % Wood % Textile %
Percentage water content of food (wt) 

Assumptions
1 2 3 4 5

Assumption. 1 50*(1-wt) 14.21 8.27 3.96 3.96

75% 70% 65% 60% 55%

Assumption. 2 55*(1-wt) 12.25 7.13 3.15 3.15
Assumption. 3 60*(1-wt) 9.8 5.7 2.7 2.7
Assumption. 4 65*(1-wt) 7.6 4.32 2.12 2.12
Assumption. 5 70*(1-wt) 5.39 3.14 1.44 1.44
Assumption. 6 50*(1-wt) 19.6 5.7 2.7 2.7
Assumption. 7 50*(1-wt) 9.8 15.2 2.7 2.7
Assumption. 8 50*(1-wt) 9.8 5.7 7.2 7.2
Assumption. 9 50*(1-wt) 9.8 5.7 2.7 11.7
Assumption. 10 50*(1-wt) 9.8 5.7 11.7 2.7
Assumption. 11 50*(1-wt) 24.99 3.14 1.44 1.44
Assumption. 12 50*(1-wt) 5.39 22.14 1.44 1.44

Table 3. Physical composition of Wet MSW [assumed by the author]

0,5 Food % Plastic % Paper % Wood % Textile %
Percentage water content of food (wt)

Assumptions
1 2 3 4 5

Assumption. 1 50 14.5 8.7 4.4 4.4

75% 70% 65% 60% 55%

Assumption. 2 55 12.5 7.5 3.5 3.5
Assumption. 3 60 10 6 3 3
Assumption. 4 65 7.75 4.55 2.35 2.35
Assumption. 5 70 5.5 3.3 1.6 1.6
Assumption. 6 50 20 6 3 3
Assumption. 7 50 10 16 3 3
Assumption. 8 50 10 6 8 8
Assumption. 9 50 10 6 3 13
Assumption. 10 50 10 6 13 3
Assumption. 11 50 25.5 3.3 1.6 1.6
Assumption. 12 50 5.5 23.3 1.6 1.6
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and without constant) and that depends on the val-
ue of VIF and significance 

Dry or Free Moisture MSW

In the first group (dry), multi regression was 
used with stepwise method (with and without 
constant approach), the statistical analysis results 
of the two models are shown in Table 5. The two 
created models have the same accuracy and all 
fractions (components) of the solid waste have an 
impact on the HHV values. The R2, F significance 
and VIF values were very appropriate statistical 
tools to form models with high precision. 

The two produced models are written as be-
low, the dried fractions must be entered as known 
in the Table 2, besides the produced HHV is in 
expressed the (KJ/Kg). The data that used for 
verification the obtained models were already 
excluded from the data that used for building 
the model(s). Then, Figure 2 and Figure 3 illus-
trate the relation between the HHV that used for 
building model(s) and HHV resulted from the 
verified model (s).

	 HHV = 163.935·FO + 364.546·PL + 
	 + 180.523·PR + 195.735·WO + 
	 + 214.180·TX

(1)

Table 4. Equations and models that depend on the ultimate analysis.

 
 

 
Status No. Models and equations Unit Modeler Reference 

G
ro

up
 1

. 
M

oi
st

ur
e 

fre
e 

(d
ry

) 
 

1 HHV = 81C + 342.5(H – O/8)  
+ 22.5S KCal/Kg Dulong 

(Liu, Paode et al. 1996, Kathiravale, 
Muhd Yunus et al. 2003, Ch, Ogwueleka 
et al. 2012, Bousdira, Nouri et al. 2014, 
Nzihou, Hamidou et al. 2014, Khuriati, 

Budi et al. 2017) 

2 HHV = 80.5C+ 338.6H – 42.3O  
+ 22.2S + 5.55N KCal/Kg Modified Dulong 

(Liu, Paode et al. 1996, Kathiravale, 
Muhd Yunus et al. 2003, Gidarakos, 

Havas et al. 2006, Basnayake, 
Boyagoda et al. 2007, Ch, Ogwueleka  

et al. 2012) 

3 
HHV = 81(C – 3

8 O) + 57 · ( 3
8 O)  

+ 345(H – O
16) + 25S – 6(9H + W) 

KCal/Kg Steuer's 
(Liu, Paode et al. 1996, Kathiravale, 

Muhd Yunus et al. 2003, Ch, Ogwueleka 
et al. 2012, Khuriati, Budi et al. 2017) 

4 
HHV = 81(C – 3

4 O) + 342.5H  
+ 22.5S + 57( 3

4 O) – 6(9H + W) 
KCal/Kg Scheurer&Kestner's 

(Liu, Paode et al. 1996, Kathiravale, 
Muhd Yunus et al. 2003, Bousdira, Nouri 
et al. 2014, Nzihou, Hamidou et al. 2014, 

Khuriati, Budi et al. 2017) 

5 HHV = 85C + 270H + 26(S–O) KCal/Kg Vandralek 
(Kathiravale, Muhd Yunus et al. 2003, 
Bousdira, Nouri et al. 2014, Nzihou, 

Hamidou et al. 2014) 

6 HHV = 0.3517C + 1.1626H  
– 0.1047S – 0.111O MJ/Kg Boie (Olatunji, Akinlabi et al. 2019) 

7 HHV = -2762.68 + 114.63C  
+ 310.55H KCal/Kg Khuriati et al., (Khuriati, Budi et al. 2017) 

8 HHV = 416.638C – 570.01H + 
259.031O + 598.955N – 5829.078 (KJ/Kg) Kathiravale et al,  (Kathiravale, Muhd Yunus et al. 2003, 

Khuriati, Budi et al. 2017) 

9 HHV = 0.349C + 1.01H − 0.174N  
+ 0.886 S − 0.0812O MJ/Kg Shi et al.. (Khuriati, Budi et al. 2017) 

G
ro

up
 2

. 
As

 re
ce

iv
ed

 (w
et

) 
 

1 
HHV = (1–0.1H2O) · (0.327C  
+ 1.241H – 0.089O – 0.26N  

+ 0.074S) 
MJ/Kg Akkaya and Demir, 

2009 
(Akkaya and Demir 2009, Khuriati, Budi 

et al. 2017) 

2 
HHV = (1–0.1H2O) · (–0.3708C – 
1.1123H + 0.1391O + 0.3178N  

– 0.1391S) 
MJ/Kg Meraz et al,  

(Meraz, Domıńguez et al. 2003, Abidoye 
and Mahdi 2014, Olatunji, Akinlabi        

et al. 2019) 

3 
HHV = (1–0.1H2O) · (–0.3517C – 
1.1625H + 0.1109O + 0.0242N  

– 0.0928S) 
MJ/Kg Meraz et al,  (Khuriati, Budi et al. 2017) 

4 
HHV= (1–0.1H2O) · (–0.3279C –
1.5330H + 0.1668O – 0.0242N –

0.0928S) 
MJ/Kg Wilson 

(Meraz, Oropeza et al. 2002, Meraz, 
Domı́nguez et al. 2003, Abidoye and 

Mahdi 2014, Olatunji, Akinlabi et al. 2019) 

5 
HHV = (1–0.1H2O) · (–0.3578 C –
1.1357 H + 0.0845 O – 0.0594 N –

0.1119 S) 
MJ/Kg Lloyd and 

Davenport 

(Meraz, Oropeza et al. 2002, Meraz, 
Domı́nguez et al. 2003, Abidoye and 

Mahdi 2014, Olatunji, Akinlabi et al. 2019) 

6 
HHV = (1–0.1H2O) · (–0.3517 C –
1.1625 H + 0.1109 O – 0.0628 N –

0.1109 S) 
MJ/Kg Boie 

(Meraz, Oropeza et al. 2002, Meraz, 
Domıńguez et al. 2003, Abidoye and 

Mahdi 2014) 
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	 HHV = 164.841·FO + 365.184·PL +  
	 + 181.155·PR + 196.394·WO + 
	  + 214.839·TX – 34.594

(2)

Wet MSW (As discarded)

In this group, the models which result from 
linear regression with the Enter method, depend 
on the data shown in Table 3. In addition, the 

second group of Table 4. Due to the high Vari-
ance inflation factor (VIF) of food and moisture 
content of wet MSW and to avoid high (VIF) in 
this group, the food water ratio (FWR) was cre-
ated as a new parameter in the model.

The produced models of these groups were 
shown in models (3 and 4)

	 HHV = 329.88·PL+ 152.689·PR +  
	 + 154.004·WO + 167.338·TX +  
	 + 3674.337· (FO/M)) – 2894.306

(1)

Table 5. The Models of Estimation HHV by Dry Fractions of MSW

Model No.1 Model No.2

Composition Beta VIF R2 F
Significance Beta VIF R2 F

Significance
Food (FO) 163.935 6.332

1.0 0.00

164.841 1.371

1.0 0.00

Plastic (PL) 364.546 3.861 365.184 1.461
Paper (PR) 180.523 2.491 181.155 1.501
Wood (WO) 195.735 2.437 196.394 1.162
Textile (TX) 214.180 2.437 214.839 1.162
Constant ----- ----- -34.594 -----

Fig. 3. Verification of Model 2 for the dry MSW

Fig. 2. Verification of Model 1 for the dry MSW
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	 HHV = 247.892·PL + 70.306·PR +  
	 + 71.092·WO + 84.433·TX –  
	 – 101.071·M + 8411.970

(2)

The verification process of the second group 
showed a weak correlation and difference be-
tween the modeling HHV and the ultimate HHV 
according to R2 and the equations in Figure 4, 

while the model 2 showed a difference between 
the ultimate and modeling HHV with high R2, as 
shown in Figure 5. 

CONCLUSIONS

This of research is one of the first kind in Iraq 
where the disposed MSW was characterized and 

Table 6. The Models of Estimation HHV by Wet Fractions Of MSW

Model NO.1 Model NO.2

Composition Beta VIF R2 F
Significance Beta VIF R2 F

Significance
Food (FO) ------- -----

0.99 0.00

----- -----

0.99 0.00

Plastic (PL) 329.88 1.207 247.89 2.036
Paper (PR) 152.69 1.254 70.30 1.995
Wood (WO) 154.01 1.088 71.09 1.284
Textile (TX) 167.34 1.088 84.43 1.283
Constant -2894.30 ----- 8411.97 -----
Moisture content (M) ------- ----- -101.07 2.078
Food / moisture 
content (FMR)* 3674.33 1.024 ------- -------

* The Ratio of Food to Moisture Content of MSW.

Fig. 5. The Verification of Model 2 for the wet MSW

Fig. 4. The Verification of Model 1 for the wet MSW
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modeled in order to calculate the HHV resulting 
from these wastes. The following conclusions 
were drawn from this study:
1.	The models in the first group (Dry MSW) were 

more accurate than those in the second group 
(Wet MSW).

2.	All parameters (major components of the 
MSW) were appeared in the created models 
in dry MSW. In turn, with the wet MSW, the 
models have excluded some parameters.

3.	There is no significant difference in the pro-
duced models in terms of the physical compo-
nents for the dry MSW type during the verifi-
cation processes.

4.	For the verification stage, there is a clear dif-
ference between the HHV values of the models 
of wet MSW and those resulting from ultimate 
analysis by the verification process.

5.	Depending on the MSW components in the 
AL-Diwaniyah city, the produced HHV is 
8655 KJ/Kg from dry MSW and 6440 KJ/Kg 
from wet MSW (as received).

The created models in this study can be ex-
amined for the estimation of the energy content 
of the MSW disposed of in other landfills in other 
cities. Therefore, these models are anticipated to 
help the decision makers to decide whether set-
up a landfill gas recovery project and save time, 
money, space and energy.
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