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ABSTRACT 

 The objective is to investigate the potential of bio-
waste gasification as an alternate energy source in the 
industry-based Captive Power Plants. The textile 
industry located in the Raiwind area of the Province of 
Punjab of Pakistan has been studied to determine the 
feasibility of BG. The economic viability of BG is based 
on the LCOE, operating costs and the NPV. The effect of 
capacity factor has also been studied on LCOE. The fuel 
used for BG is the abundantly available rice husk. The 
impact of government subsidy on natural gas is also 
included in this study. BG is found to be a potential 
alternative of FO in the CPPs. However, an 
improvement in the cost and subsidization of BG in 
Pakistan is required for BG to become the ultimate 
choice of power generation in the CPPs of Pakistan. 
 
Keywords: renewable/green energy resources, rice 
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NONMENCLATURE 

Abbreviations  

BG Biowaste Gasification  

LCOE 

NPV 

FO          

Levelized cost of Electricity 

Net Present Value 

Furnace Oil 

 

CPP     Captive Power Plant 

GHG     Green House Gas 

CI       Combustion Ignition 

GENCO  (Govt) Generation Company 

LCA     Life-Cycle Analysis 

IPP     Independent Power Producer 

IC      Internal Combustion 

IMF    International Monetary Fund 

NG    Natural Gas 

HSFO  High Sulfur Furnace Oil 

 
NEPRA National Electrical Power 
Regulatory Authority 

 

1. INTRODUCTION 
In the current global scenario of rapid 

industrialization and growing population the energy 
requirements of the world have escalated [1]. To cater 
for these growing energy demands the fossil fuel 
requirement is under a constant upsurge with the 
added effect of GHG emissions [2, 3]. It is estimated 
that carbon emissions due to fossil fuels are to rise by 
2.7% in the year 2018 as opposed to the previous year 
[4].To make the industrial development sustainable use 
of alternate green energy resources must show a 
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significant growth [5]. In the developing countries of the 
South Asian region most of the large-scale industries 
rely on captive power plants to fulfill their energy 
requirements due to the prevalent energy demand 
supply gap, low quality distribution system and the 
higher tariffs applied by government on electricity from 
the national grids [6, 7, 8]. A captive power plant may 
be defined as a power plant installed by a certain entity 
to cater for its own power needs [9]. In India the 
estimated installed captive power generation capacity is 
more than 25,000 MW [10]. The fuel mix for the CPPs in 
India comprise mainly of Diesel, Coal and Gas [11]. In 
Bangladesh the installed capacity of captive power 
plants is around 4000 MW with gas being the main 
contributor of the fuel mix due to cheaper and more 
stable price [7]. Similarly, the CPPs in Pakistan have an 
installed capacity of around 2450 MW [12]. The CPPs 
use modified marine engines (medium speed diesel 
engines), gas engines and steam turbines for power 
generation using FO, Gas, and Coal and biomass 
respectively [12]. The choice of the fuel source is 
dependent on the volatile prices of FO, NG and Coal. 

The fuel sources in the CPPs are largely 
unsustainable contributing to high level of GHG 
emissions and need to be replaced by renewable 
resources [13]. Among other renewable energy 
resources, biowaste from agriculture seems to be a 
promising candidate. It is estimated that the agricultural 
waste equals 30% of the global agricultural productivity. 
[14]. In countries with rich agricultural potential like 
Pakistan agricultural residue can be used as a source of 
green energy. The total production of AR in Pakistan is 
estimated to be 135-139 million MT. Out of this almost 
38 million MT can be dedicated to power generation of 
almost 5000 MW. The energy potential of the residues 
of major crops produced in Pakistan are shown in Table 
1 for year 2018 as follows [15]; 

 
Table 1: Estimated Annual Production and energy 

potential of major crops of Pakistan (year 2018) 
Crop Estimated 

Annual 
Production of 
Biomass (‘000 
MTs) 

Energy Potential 
(MW) 

Cotton  49,405 711 
Wheat  34,581 733 
Rice 18,454 - 20,105 943 
Sugarcane 24,931- 27,408 2,264 
Maize 7668 352 

   

Although biowaste gasification has evolved as one of the 
greener techniques globally to replace the conventional fossil 
fuel-based energy but it is yet to be explored for usage in the 
captive power plants in South Asian countries like Pakistan. 
This study aims to investigate the potential of biowaste 
gasification for use in captive power generation. The industrial 
zone of the Raiwind area in the Punjab province of Pakistan 
has been reviewed to determine the feasibility of BG. The 
NPV, LCOE and operating cost have been used as an indicator 
to compare the cost of the energy via BG to the conventional 
sources 

 

2. METHODS & ASSUMPTIONS  

2.1 Biowaste Gasification plant 

The biowaste gasification plant comprises of 3 
sections (i) Biowaste gasifier (ii) Syngas purification unit 
(iii) Syngas IC engine. The syngas generated from the 
gasifier is used to drive the IC engines [16]. The gasifier 
type used in this study is downdraft fixed bed gasifier 
due to the high silica content of the rice husk [17]. The 
feed chosen for the BG is the easily available agro-
industrial residue rice husk. The cost of the Downdraft 
Fixed Bed BG powergen unit has been taken from a 
Chinese company Powermax & details of BG unit are 
given in Table 2. The financial viability of BG is 
evaluated by NPV, LCOE and then comparing the LCOE 
and operating costs with functional CPP using 
conventional fuel sources pertaining to textile industry 
in the Raiwind industrial area of Punjab. The basis for 
comparison is taken as power generated at the rate of 
10 MW for all cases. The comparison of LCOE of BG and 
the operating cost of electricity from conventional 
sources in the CPPs would determine the feasibility of 
BG in the industry under review. However, the 
comparison of operating costs of FO, NG and BG would 
be a decisive factor in the selection of power generation 
options in a new CPP. The LCOE of BG has also been 
compared with the cost of electricity from the national 
grid to determine economic viability in a new CPP. 

The plant is assumed to be working for 360 days a 
year. The effect of capacity factor has also been studied 
on the LCOE. The cost of fuel storage has not been 
included in this analysis. The cost of rice husk fluctuates 
seasonally and the LCOE and the effect of capacity 
factor has been studied over a range of rice husk price 
comprising the maximum and minimum delivered cost. 
It is assumed that the cost of rice husk would not 
change over the entire life of the gasifier. The cost of 
delivered rice husk is taken as the rate at which it is 
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supplied to the CPP of the textile industry under review 
amid seasonal variations.    

 
Table 2: Details of Biowaste Gasification 

Parameter Unit  Value 
Total Plant 
Capacity 

MW 10 

Gasifer Model - 1000 DFBG 
Gasifier Type - Downdraft Fixed 

Bed Gasifier 
Capacity of One 
Unit 

MW 01 

Number of 
Powergen Units 

- 10 

Gasifier Efficiency % 75 
Biomass Demand Kg/hr 2000 
Average Gas 
Calorific Value 

Kcal/Nm3 >1200 

Direct Capital 
Investment for BG 
Plant [18] 

$ 8.58 million 

Indirect Capital 
Investment for BG 
Plant [19] 

$ 1 million 

Rice Husk Cost $/MT 42.86-57.1 
Rate of Return [20] % 7.5 
Operating Costs $/year 21000 - 63000 
Maintenance Costs 
[21] 

$/year 0.1 million 

Length of Analysis 
Period 

Years 20 

 

2.2 NPV & LCOE estimation 

NPV is the discounted present worth of cash flow 
and can be calculated by the equation (1). In equation 
01 and 02 It, Mt, Ft and Et represent investment 
expenditures, operations and maintenance 
expenditures, fuel expenditures and electrical energy 
generated in year ‘t’ respectively, ‘r’ represents the rate 
of discount and is taken as the rate of inflation given by 
IMF for Pakistan for the year 2019. The levelized cost of 
electricity can be used as an indicator to evaluate the 
selection of BG alternative in a CPP (equation 2). It is 
the cost per unit of electricity that is required for the 
plant to reach break- even over its given lifetime. 

𝑁𝑃𝑉 =
( )

  (1) 

 

𝐿𝐶𝑂𝐸 =
( )

∑
( )

 (2) 

 

3. METHODS & ASSUMPTIONS  

3.1 NPV & LCOE 

The NPV of the BG system varies between $35.98 
million to $111.83 million. The NPV is dependent on the 
cost of rice husk and the capacity factor (Figure 1). 
Operating the plant at a high capacity factor gives a 
higher NPV. The LCOE of the rice husk varies between 
0.097 $/kWh to 0.144 $/kWh and is largely dependent 
on the rice husk cost and capacity factor (Fig. 2). The 
LCOE decreases with the capacity factor. This means to 
achieve a lower LCOE a higher input cost in terms of 
NPV is required. The electricity generated at the rate of 
10MW at a capacity factor of 100% is 86,400 MWh. 
However, this amount is higher than the electricity 
requirement of the industry since the plant is operated 
usually at a CF of 66.67% or 02 shifts of 8hrs a day. 
Nevertheless, supplying the excess electricity to the 
national grid could justify the plant operating at a 100% 
capacity factor. In Pakistan a mechanism has already 
been developed by NEPRA to purchase the excess 
electricity generated by the CPPs. This could lead to a 
low LCOE of 0.075$/kWh to 0.096 $/kWh depending on 
the price of rice husk. 

 

 
 
Figure 1: NPV calculation 
 

 
Figure 2: LCOE calculation 
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Naqvi. et al. 2016 [22] evaluated a minimum LCOE 
of 0.26$/kWh for biomass comprising of wheat straw 
and rice husk at a CF of 33.33%. Similarly, Younas et.  
al. [23] have calculated via simulation a LCOE of 0.22 
$/kWh for hybrid system comprising of mixed biomass 
and solar PV for small scale plant generating an annual 
energy of 102,897 kWh. The lower value of LCOE in the 
current study is due to the economics of large scale 
(10MW as opposed to 50kW). Also, a high CF used in 
this study has contributed to a relatively low value of 
LCOE.  Omer et. [24] have calculated a LCOE of 
0.13$/kWh for a CF of 85% using a Bubbling Fluidized 
bed gasifier of 75.62 MW with MSW as the feedstock. 
Despite of having a higher CAPEX due to a higher 
capacity of the plant, their NPV value is lesser than this 
study owing to the zero cost of MSW used as feedstock. 
Their value of LCOE is higher than the current study due 
to high cost associated with the Bubbling Fluidized bed 
gasifier.  

3.2 Operating Cost 

Fig. 3 indicate that BG at the current cost is 
economically a better option than FO in the CPP based 
on the LCOE and operating costs. It is pertinent to 
mention that in Pakistan the price trend of rice husk is 
more stable and predictable than the conventional fuels 
particularly FO. Any large deviation of prices of 
conventional fuels could alter the results of this study. 

 

 
 
Figure 3: Operating Cost of BG 

3.3 Conclusions 

This article has presented the feasibility of BG in the 
CPPs in Pakistan. The NPV, LCOE and operating costs 
have been set as parameters for comparison. The 
seasonal impacts of rice husk price and subsidy on NG 
have also been considered. The results indicate that BG 
is a feasible option for power generation in a new CPP 
than natural gas-based power generation. Also, the 
substantially low values of LCOE of BG show that it is a 
feasible alternative in the existing CPP based on FO, 
however, the LCOE needs to be improved further to 
replace NG based power generation in the CPPs. 
section. 
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