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Abstract

The focus towards the use of biomass for Power Generation has increased intensely from the past few years because of the aware-

ness of global warming and a bad impact on the environment due to the combustion of fossil fuels. This paper addresses the chal-

lenges for power production using paddy straw faced during the procurement and its storage. The paper opted for an exploratory

study using the open-ended approach of grounded theory, including sample collection and experimenting. It has been observed that

the various challenges are farmer awareness, transportation cost, storage cost, degradation due to storage and pre-feeding costs. The

results have shown that there is 20.49% decrease in Calorific Value due to degradation of paddy straw at storage. The cost of genera-
tion in the month of procurement is 0.02304$/kWh and it has been increased to 0.0289$/kWh.
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Introduction

The demand for Electrical Energy is increasing day by day with
the development of India [1]. An increase in the demand for elec-
tricity may not be able to meet generation as per the current sce-
nario of power production. Most of the electrical energy generated
is produced from coal-based thermal power plants [2]. This also
has an impact on the environment due to carbon emission and the
greenhouse effect. High demand for energy has caused an increase

in the price of crude oil also effects the depletion of Fossil fuels [3].

To meet the current energy demand there is a need for an hour to
increase the power generation, or to present the technology, which
led to an increase in the efficiency of power generation. The finite
availability of fossil fuels and their impact on environment have
created interest in the use of biomass as a potential energy source,
within the transportation and electricity sectors [4]. In addition, to
reduce the carbon emission, renewable energy generation systems
can be adopted [5]. Renewable energy is available in many forms

and can be used for the generation of electrical power in different
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ways [6]. Biomass has an important impact on the environment
and climate. As if electricity generated by using biomass instead of
fossil fuels, an accountable percentage of carbon emitted each year
could be avoided [7]. Biomass is a combination of lignin, hemicel-
luloses, cellulose, and other organics, which degrade at a different
rate. Low-value biomass such as agricultural and forest residues
can be converted to energy products either biological or thermo-
chemical processes [8]. Liquid biofuels especially bioethanol pro-
vides one of the few options for the substitution of fossil transport
fuels as well as power generation. Which strongly promoted in the
European Union [9]. Therefore, evaluations of biomass for energy
conversion is a serious matter to study the ecosystem. It also pro-
vides the system for considering the biomass value, productivity,

regeneration, decomposition, and combustion effects.

The environmental subject of global concern the assessment of
biomass will straight away assist for the prediction of an increase
in CO, content in the atmosphere [10]. Biomass is one of the ways
to reduce NOX and CO, formation. Some of the researchers have
also investigated that the use of different biomass for co-firing,
which results in decreasing the emission of carbon and reduce the
power production cost [11]. Biomass accessibility and availability
in the market is the main challenge for the utilization of biomass
[12]. The potential flow of agri-waste biomass for bioenergy from
agriculture fields is uncertain and needs to be assessed before
policy intervention can be successfully employed [13]. There are
many types of research and technological survey available, but fur-
ther research and development are required in order to make re-
newable energy systems more cost-effective [14]. There are many
biomass based thermal power plants being installed under Energy

Development Agencies, that use paddy straw for power generation.

Problem formation

For the usage of renewable energy, the research needs to be
conducted for the investigation of current energy systems, espe-
cially for power production from biomass. The researchers not yet
analyzed the large number of unidentified factors involved in bio-
mass procurement. The research needs to address the requirement
of biomass collection at a local level might be sufficient or might
require to collect from larger areas for the generation of electricity.
The researcher must study procurement model for the same to de-
velop the sustainable and efficient power generation. In addition,
the cost of procurement of required biomass must be included in

study. Factors of Storage of biomass and the influence of aging of
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stored paddy straw must be investigated. Considering the current
issues, further research needs to be carried out for the improve-
ment of power production using biomass or adapting new tech-

nologies or techniques to increase the efficiency.

Methodology

The research is divided into various steps, figure 1 below shows
the identified challenges while procuring paddy straw and adopted
methodology. The study of Paddy straw procurement is conducted
for all the Biomass power plants, by visiting there and meeting
with the farmers, contractors and logistical department of the re-
spective Power plant thereby investigating and proposing better

procurement method.

Figure 1: Methodology flow chart.

Further study has been investigated for the influence of aging
on the calorific value of stored biomass and better method of stor-
age of paddy straw. Samples of paddy straw stored were collected
from all power plants and stored in the laboratory under the roof.
Testing the samples of paddy straw has done every week by using
Bomb Calorimeter in Non-Renewable Energy Resource Lab at Guru
Nanak Dev Engineering College, Ludhiana, Punjab, India. Then pa-

rameters for the evaluation of cost of generation are discussed.
Result and Discussion

Procurement challenges and proposed procurement model

After visiting all the biomass power plants procurement meth-

ods adopted by them has been recorded. The current procurement
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model for Paddy straw being adopted by most of the biomass pow-
er plant has many challenges. The challenges observed during vis-

iting and investigating the procurement of paddy straw:

1. Awareness to the farmers and local villagers near power

plant.

2. Preparation of the paddy straw for collection and transport-

ing from fields to a storage location.
3. Facility and area of storage location.
4. Transportation cost.
5. Degradation of paddy straw.

6. Pre-feeding process and cost.

The model in figure 2 represents the better way to counter

above challenges

Direct Deal

Fields

Plant Storage and Pre-F eeding Preparation

I

Paddy Straw Stored
at different locations/
or at centralized location

Paddy straw Storage
area in plant and
Preparation of Paddy
for the feeding

inside burner

Paddy Straw

Deal for the
in Fields =

addy straw
through contractor

Figure 2: Paddy straw procurement model.

The model stated that the process of procurement starts when
paddy yields, mostly in the month of October every year. After crop
yielding the farmers are left with the agri-waste i.e. paddy straw.
Most of the farmer burn this waste in the fields, which leads to the
wastage of agri-waste and effects the environment because of the
pollution due to burning. Farmers can sell their paddy straw to
Power plant through contractors or directly to Power-plant Com-
panies. Paddy straw is then taken from fields to different storage
locations allocated by Power Plant Companies. Alternatively, in
some cases storage location within the plant can be used to store
the paddy straw. Therefore, paddy straw can procured in two types
of locations storage location and Plant Storage location. The above
model addresses all the challenges, which were observed during

the procurement.
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First, total requirement of the paddy straw to generate power
for the whole year is must be correctly predicted. After this, it is
required to make farmers and local villagers aware, which can been
done by campaigning at different areas nearby time to time during
the yielding of the crop. Farmers were educated about the worst
effect of burning paddy straw in fields and deals of selling paddy
straw have been made between farmers and power plant officials
or Contractors. Local contractors had been motivated to collect

more paddy straw.

Second, now after crop yielding, the challenge is to collect paddy
straw and store at different locations. For this paddy straw needs
to be balled. The balling process includes a baler machine that may
be provided by power plant Company on a rent basis or by the con-
tractors. The government agencies can also promotes this event by
giving subsidies to baller machines. This in turn, will has increase
the awareness in farmers to use of paddy for power production and
avoid the burning of paddy straw in fields. After the bailing pro-
cess, the paddy is transported from fields to the nearest storage
location. In some cases, paddy is not being balled but it is kept in

pits and stored. The balling process also includes cost for the same.

Third, is the facility at storage area: most of the storage area is
open space and ground, but for the better storage ground must be
prepared. For open storage location, cementing or wooden floor-
ing is preferred to increase the accessibility. It also helps to reduce
the deterioration of paddy straw in case of rain by transferring the
rainwater flow away from the paddy. While if paddy is stored un-
der the roof it will ensure less deterioration due to rain or weather
conditions. Storage location includes the cost of land, which can be
taken on lease or can be purchased by the power plant company.

More cost of land will lead to higher fuel costs.

Forth is transportation cost, which includes the cost of labor
for the loading, cost of unloading, cost of rent of vehicle used and
cost of fuel used during the transportation process. Transportation
is dine for paddy straw from fields to storage location and then
from a storage location to the power plant, or paddy straw directly

transported from fields to the power plant.

Fifth, the degradation of paddy at a storage location. Due to mi-
crobial composition in biomass material and presence of moisture
in surroundings, paddy straw degrades at the storage location.

This is one of the major problems in case of power production, as

Citation: Himanshu Monga,, et al. “Challenges in Paddy Straw Procurement and its Effect on Cost of Power Generation". Acta Scientific Applied Physics 2.1

(2022): 02-08.



Theoretical Prediction on Impacts of Crystal Orientation and Conduction Band Nonparabolicity on Diffusion Constant of Nano-Scale

Rectangular Si Wires

the paddy straw is procured at on time of the yielding [16]. Due to
this, Power Plant Company needs to procure the quantity of paddy
straw keeping in mind of degradation. Due to this fact, the calorific
value of paddy will reduce which results in more usage of fuel for
the generation. Investigation for the same has been done in Non-
Conventional Energy Research Lab at Guru Nanak Dev Engineer-
ing. College Ludhiana. Samples from fields at a different location in
Punjab, India are collected and while visiting power plants samples
of paddy straw collected for the investigation. All the samples kept

in the laboratory under roof.

After the procurement of Paddy; it is kept in storage space and

utilized it for the whole year. This leads to the degradation of stored
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Paddy straw due to biodegradation, environment condition like
moisture, dust, etc. The study is being conducted to analyze the
change in calorific value every week by testing the samples, which
are being procured from different areas. The samples, which are
being procured, are kept inside and calorific value is being tested

for all the samples using Bomb Calorimeter.

The average calorific value has been calculated by testing all the
samples referred in table 1. In addition, the obtained calorific value
of the paddy straw is not found to be the same as it was procured. It
tends to decrease every month, which results in the total decrease

of 20.49% from the initial value after one year.

Month Calorific Calorific Calorific Calorific Average Cal- | Decrease Decrease % age
Value Week | Value Week | Value Week | Value Week | orific Value fromlast | frominitial | decrease
1 (kCal/kg) | 2 (kCal/kg) | 3 (kCal/kg) | 4 (kCal/kg) | of the month month value from initial
(kCal/kg) value value
November 3756.32 3635.05 3298.26 3314.45 3501.11 0.00 0.00 0.00
December 355491 3482.68 3434.88 3442.16 3478.63 22.50 22.48 0.64
January 3241.86 3371.37 3347.14 3388.15 3337.73 140.90 163.38 4.67
February 3309.82 3317.67 3318.87 3283.73 3307.81 29.90 193.30 5.52
March 3394.21 3301.18 3422.86 3136.65 3313.14 -5.30 187.97 5.37
April 3354.97 3292.68 3456.62 3345.64 3362.46 -49.30 138.65 3.96
May 3338.51 3421.31 3348.09 3243.37 3337.89 24.60 163.22 4.66
June 3318.08 3287.08 3174.06 3339.94 3279.69 58.20 221.42 6.32
July 2917.51 2899.36 2902.34 3222.97 2985.83 293.90 515.28 14.72
August 314291 3009.54 3020.04 2924.54 3024.11 -38.30 477.00 13.62
September 2975.07 2832.81 2857.00 2805.78 2867.43 156.70 633.68 18.10
October 2811.86 2782.46 2793.55 274541 2783.87 83.60 717.24 20.49

Table 1: Caloric value of sample tested in lab.

Paddy straw has been procured in the month of October and
November every year. The process of procurement was completed
at the end of November. The graph figure 3 shows that the CV is
decreasing every month but in the month of March there is a rise
in the CV with respect to the CV of last month, this is because the
relative humidity of the environment has decreased. Which results
in the increase in the calorific value of Paddy Straw. This happens
the same in the month of April and August. So, for the impact on
the value of CV of Paddy straw Microbial reactions and Humidity

of the environment in which is being stored plays an important

role. The Average caloric value was 3501.11 kCal/kg in the month
of November when procurement takes place and it is reduced to
2783.87 kCal/kg, which is about 20.49% of the decrease in the CV
of Paddy straw will lead to loss of power generation and increased

cost of generation.

Evaluation of cost of power generation

The effect on the cost of generation due to degradation of calo-

rific value of Paddy straw is calculated as:
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Figure 3: Calorific value (CV) of paddy straw for one year.

Assuming:

1. Total amount of paddy straw procured per year with respect
to the capacity of Power Plant = M kg

2. Calorific Value of Paddy at the time of Procurement = x kCal/
kg

3. Cost of Paddy straw including Balling charges, Labor Charg-

es, Transportation charges and Interest = p$/kg

4. Fuel handling charges including storage charges, shifting
charges, clipping charges 7 feeding charges = f$/kg

Total fuel charges = Mxp+Mxf=Mx(p+f)$ (1)

Total energy available in kcal = CV*total Fuel Procured = xxM kCal

(2)

Total energy available in kWhr. = xxMx0.0011622 [0.0011622 is

the conversion factor from kCal to kWhr]

General efficiency of thermal power plant = 40%

General load factor on generator of power plant = 80%
Total energy generated = xxMx0.0011622x0.40x0.80 kWhr

Total cost of energy generated per kWhr = Total fuel charges/

Total energy generated

From equation no. (1) and (2) = Mx(p+{)+xxMx0.0011622x0.40
= (p+f)+xx0.0011622x0.40
=2688.86595x{(p+f)+x} $ (3)

In equation no. 3 it is observed that the cost of energy generated

inversely proportional to the CV of fuel and directly proportional to
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the fuel charges for any value of ‘M’. The value of ‘p’ is 20$ per Ton
and ‘f’ is 10$ per ton for paddy straw, which is at the time of study.

The paddy straw when used for the power generation include
different costs, which includes the annual storage charges per
ton, Shifting of Paddy straw from storage location to Power plant,
Processing of Paddy straw so that it can be fed inside the burner
i.e. Chipping Charges. Process of feeding the Paddy straw inside a
burner also have a cost component per ton. All this combines the
total cost of paddy straw per ton which comes out to be 30$/ton.
The table 2 represents the Cost of Paddy straw including Balling
charges, Labor Charges, Transportation charges and Interest which
is approximately 20$/ton and fuel handling charges including stor-
age charges, shifting charges, clipping charges and feeding charges
is 10$/ton.

Fuel Handling Charges per ton (f)
Rate | Annual | Shifting | Chipping | Feeding Cost
per ton | Storage | Charges | Charges | to burner | per ton
(p) charges (p+f)
20$/ton | 1.429$/ | 1.714$/ | 5.429$/ | 1.429$/ | 30$/ton
ton ton ton ton

Table 2: Cost of paddy straw and fuel handling charges in the year
of 2019.

The cost of generation is increased by the decrease in calorific
value of paddy straw shown in table 3 from 0.02304$ to 0.0289%/
kWh.

Month November | December | January | February
Calorific 3501.11 3478.63 3337.73 | 3307.81
Value kCal/
kg
Generation 0.02304 0.023189 | 0.024168 | 0.02439
cost $/kWh
March April May June July
3313.14 | 3362.46 | 3337.89 | 3279.69 | 2985.83
0.02435 | 0.02399 | 0.02417 | 0.0246 | 0.02702
August September October
3024.11 2867.43 2783.87
0.02667 0.02813 0.02898

Table 3: Generation cost per $/kWhr.
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The figure 4 and table 3 represents the price of power genera-
tion, which is observed to be increasing in the last four months
there is a high rise because of the high decrease in the CV of Paddy
straw. Similarly, the cost of generation in the month of procure-
ment of Paddy Straw is 0.02304$/kWh and it has been increased to
0.0289%/kWh which is 25.76%.

Figure 4: Cost of power generation.

The rise in the cost of generation also effects the annual return
to the generation company. Our study emphasis the utilization of
paddy straw for the power generation in an efficient manner by re-
ducing the procurement losses. The study also results in the evalu-

ation of the rise in cost of generation.

Conclusion

Most of the time farmers burns their agri-waste, which led to
the increase in pollution and has a bad impact on the environment.
The study insure the utilization of Paddy straw for the power gen-
eration. In this, the proposed model has been applied and various
factors during the procurement of paddy has been taken care, first
is awareness it must be done by educating farmers and local villag-
ers by campaigning at different areas nearby from time to time dur-
ing the yielding of the crop. Second, as paddy is cultivated only once
in a year so it is a challenge for the power plants to procure and
store paddy straw in a proper manner. The facility at storage area
must be prepared for open storage location. Cementing or wooden
flooring is preferred to increase the accessibility. It also helps to
reduce the deterioration of paddy straw in case of rain by trans-
ferring the rainwater flow away from the paddy. While if paddy is
stored under the roof it will ensure less deterioration due to rain or
weather conditions. This will lead to low distortion of paddy straw
and maintain calorific good value. The collection of the paddy from
the storage location to Power plant depends on different factors
such as distance from the storage location to power plant. Mostly
the farthest storage location must be used firstly but in case of bad

weather conditions like rain or thunderstorm, storage location that
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is nearer to the power plant is used. During transportation, rain or
bad weather may affect the late delivery and quality of fueling pad-
dy straw. Third, the facility of storage of Paddy Straw costs 1.429%/
ton/year. Forth is the transportation cost, both bailing and trans-
portation cost are included in the cost of paddy which is 20$/ton.
The cost of fuel handling charges comes out to be Shifting Charges
1.714$/ton, Chipping 5.429$/ton, feeding to burner 1.429%/ton.
The total cost of Paddy straw is 30$/ton. Fifth, the degradation of
paddy straw at storage location. This results in a 20.49% decrease
in Calorific Value, which in turn increases the total fuel consump-
tion per unit of power production. This leads to an increase in the
generation cost from 0.02304$/kWh to 0.0289%/kWh which is
25.76%. The study concludes that paddy must be procured keeping
in mind the degradation i.e. 20.49%. The Average caloric value was
3501.11 kCal/kg in the month of November when procurement
takes place and it has been reduced to 2783.87 kCal/kg that leads
to loss of power generation and increased cost of generation. The
above results must be kept in mind while predicting of the amount
of paddy straw during procurement or some of the other agricul-
ture waste can also be procured and utilized throughout the year
to maintain the cost of generation. Due to the increase in the cost
of generation, the projected economical return will be not able to
meet. This will also reflects in the selling price of electricity gener-
ated from paddy straw or biomass. This study helps to calculate the
actual scenario of unit cost throughout the year, which in turn helps

in framing price policy, and maintain competitive power market.
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