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ABSTRACT
Recently, biomass resources have faced issues with the security of resources supply. Biomass
blending could provide the solution to overcome this limitation. This study aimed to determine
the life cycle assessment of the biomass blending of paddy residue, cash crop, industrial crop,
and garden waste in electricity generation. The analysis are related to environmental and cost
assessments. The life cycle includes the process of crop production, crop collection,
transportation, collection center, and power plant. The results obtained the range for greenhouse
gas (GHG) emissions, varying from 0.02 kg CO2EQ/kWh to 6400.04 kg CO2EQ/kWh, whereas the
cost varied from RM0.01/kWh to RM16.10/kWh. The transportation process is the most critical
process requiring extra extension, due to the high GHG emissions and consumption cost for that
process. The output from this research is hoped to serve as the guideline for biomass utilization
development in Malaysia.
Keywords: Biomass blending; Economics; Electricity generation; Environment; Life cycle
assessment
1.

INTRODUCTION

Biomass is seen as one of the key options in the mitigation of greenhouse gas (GHG) emissions
and the substitution of conventional electrical generation methods. Due to the current climate
change issue, many researchers are recommending the reuse of waste and the reduction of
environmental pollution (Zakareta & Shafie, 2016; Hossain et al., 2017). These recommendations
are also due to the resources security of the conventional fuel supply. At present, biomass
resources comprise about 10% of global energy sources, where half of biomass energy generated
are used in developing countries for domestic consumption. The countries that fully utilize
biomass energy sources are Brazil, the United States, and India (Schill, 2013). In the United
Kingdom, one of the main biomass initiatives is the implementation of a combined heat power
plant with a 10 MW capacity at Heathrow Airport, helping the airport meet its goal of reducing
carbon emissions by 34% (Tagliaferri et al., 2018).
Biomass blending should focus on eliminating the constraints of biomass supply. A majority of
biomass resources are seasonal, within a period of one to six months to obtain output. However,
most available studies regarding biomass energy are limited to a single biomass type only
(Özdenkçi et al., 2017). Kedah is well known as the rice bowl of Malaysia and the country
generates an abundance of rice paddy residue (roughly 7 million tons) (Shafie, 2015).
*
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The utilization of garden waste for electricity generation could provide purpose for the unused
wood waste in this region, most of which is currently sent to landfills. Only 2% of this waste is
used as fertilizer (Zakareta & Shafie, 2016). Maize and coconut waste also have the potential to
be used as boiler fuel. While there are many studies regarding biomass energy (Abdul Malek et
al., 2017), knowledge about the environmental impact of the whole electricity generation life
cycle is still very limited. This study analyses the life cycle assessment (LCA) of biomass
blending in electricity production with a focus on the state of Kedah. The LCA of the
environmental and life cycle costs (LCC) inherent in blending potential biomass resources
towards electricity generation in the northern region will be investigated.
2.

METHODS

Kedah is located in the northwestern part of Peninsular Malaysia. Kedah produces 34 types of
crops, including industrial and cash crops, but only four crops have been chosen for blending in
the biomass power plant: rice paddy, coconut, maize, and sugarcane (Shafie et al., 2018). Figure
1 shows the block diagram concept applied in this study. Table 1 lists the biomass feedstock
production in the northern region, which includes the crop residues used for blending. Table 1.
Agriculture crops and their residue productions in Kedah, 2015 (Department of Agriculture,
2016a; Department of Agriculture, 2016b).

TRUCK TRANSPORTATION (T1)

Paddy
residue

COLLECTION CENTRE

Industrial
/cash crops

Garden waste

POWER PLANT
TRUCK TRANSPORTATION (T2)

BIOMASS PRODUCTION

Electricity

Figure 1 Block diagram concept applied in this study

Table 1 Agriculture crops and their residue productions in Kedah, 2015
Agriculture Crop
Paddy
Industrial crops
Cash crops
Garden waste

Residue
Rice straw
Rice husk
Coconut
Maize stalk
Sugarcane
Total garden waste

Production (MTon)
777,135.0
227,959.6
6,745.0
3,008.7
969.3
38,460.4

2.1. Life Cycle Assessment (LCA) Approach
The system boundary applied for this study is shown in Figure 2. The goal of this study is to
generate one kWh of electricity using a process involving biomass production (P), transportation
(T1), a collection center (CC), transportation (T2), and power generation (E). Figure 2 shows the
block diagram concept used for whole study. From this, the life cycle of environmental and
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economic impacts will be analyzed, starting with crop production and following through to
electricity generation, as set in the system boundary. All the crops listed in Table 1 will be

consumed as feedstock by the power plant.
Figure 2 The system boundary applied in this study

Table 2 shows the overall data consumed in both the LCA and life cycle cost (LCC) analyses.
Surveys and interviews were applied to obtain the data for this study.
Table 2 The data resources for each process
Process
Crop production
Crop collection
Collection center
Transportation
Power plant

Data Resources
Muda Agriculture Development Authority (MADA), Department of
Agriculture (DOA), Department of Environment (DOE), Selected farmers
MADA, E-idaman, SWCorp, Kedah district council
MADA
Bernas lorry driver, MADA lorry driver, E-Idaman lorry driver
Rice mills

2.2. Environmental Assessment
The LCA was applied to create a base case, estimating the environmental impact of the process
with a goal of one kWh of electricity generation at the power plant from each biomass resource.
The system boundary consists of all the processes in Figure 2. The equations involved in the
environmental analysis were taken from previous studies (Shafie et al., 2014) related to Equations
7 through 12. The life cycle inventory of the LCA methodology is the collection of data, which
comprises the data assembly for the inputs and outputs of the product system. Some data was
obtained through literature sources, and that data was assumed to be similar to the data for the
technology selected in this study. A paper by (Sultana & Kumar, 2011) indicated that there is an
unintended that not all the data necessary for a LCA study was delivered from a single industry,
but regular norms essential to the preparation of such a study support the evaluation of
environmental effects. That being said, data was cited from some international databases, such as
the Australia Database, the United States Inventory Database, and the SimaPro LCA software
program.
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2.3. Crop Production
The crop production data considered paddy, corn, and coconut plantations. The crop plantation
emissions consisted of chemical, fertilizer, and fuel consumption, as well as agriculture machines,
water, and labor. Paddy production was the main process for obtaining rice straw and rice husks
and all data regarding this production was obtained from MADA (Lembaga Kemajuan Pertanian
Muda, 2017) and the DOA (Department of Agriculture, 2016b). Other crop production
information, such as that on corn and coconut plantations, was obtained through Jabatan Pertanian
Kedah, as well as reports. Interviews were also conducted with selected farmers for each crop.
2.4. Transportation
Transportation involved two paths: (1) transportation from the crop production to the collection
center, TRS1; and (2) transportation from the collection center to the biomass power plant, TRS2.
The distance for each path is assumed given that the power plant and collection center locations
are at the center of a circular catchment area (Delivand et al., 2011). The distances were
determined using Equations 3 and 4 from the study by (Shafie et al., 2014). The data on
transportation emissions were drawn from the study by (Abdul Malek et al., 2017), which
calculated the fuel consumption, load capacity, and distance travelled based on the following
equation:
𝐸𝑇 = (𝑀𝐹 × 𝐷 × 𝐸𝐹𝑇 )⁄𝑇𝑇1

(1)

where ET is the carbon dioxide emission (t CO2/y), MF is the annual fuel requirement (t/y), D is
the hauling distance in kilometres, EFT is the emission factor of carbon dioxide (CO2) for diesel
consumption (t CO2/km), and TTl is the truckload per trip (t). The generalized cost is then
calculated based on the physical form and quality of biomass, either in bale form (rice straw) or
bulk form (other biomass crops) in Equation 2. The capacity for bale form is two bales of rice
straw per lorry, while the capacity for bulk form is one ton per lorry.
𝐶𝑇1 = ((0.105 × 𝐹 × 𝐷𝑇1 ) + (𝐶𝑃𝑇1 ))

(2)

The transportation cost of transporting biomass resources to the power plant (CT2) is derived from
Equation 3. A lorry weighing 3.5 tons and measuring 12.192 m was used to transport all biomass
resources to the power plant. The bale capacity per truck was 36 bales. The cost involved in
transportation considers the data obtained from interviews with Bernas lorry drivers, E-Idaman
lorry drivers, and selected individual lorry drivers from Jabatan Pertanian Kedah, as well as the
literature review. The main variables of fuel consumption, lorry driver’s salary, and commission
were all obtained from the interview sessions.
𝐶𝑇2 = ((0.27 × 𝐹 × 𝐷𝑇2 ) + (𝐶𝐷 × 𝐷𝑇2 )⁄𝐿 𝑇2 )

(3)

2.5. Collection Center
The collection center existed to sustain a preferred quality level of crop residue. Some studies
have been published regarding on-site collection centers (Huisman et al., 1997; Leboreiro &
Hilaly, 2011), while several authors have considered intermediate collection centers between the
paddy fields and the power plant (Cundiff & Marrsh, 1996; Tatsiopoulos & Tolis, 2003; Delivand
et al., 2011; Singh et al., 2011; Sultana & Kumar, 2011). For this study, each biomass crop will
have its own collection center with storage. The assumption is that the crop cultivating area exists
as a whole with only one collection center processing biomass resources. Since the crop collection
area of the power plant is circular, the cost of biomass collection can therefore be calculated as a
function of the radius (Sun et al., 2013). The cost of collection center is the total of the storage
site and the consideration of the cost of dry matter loss through storage (Turhallow et al., 2009)
is calculated using Equation 5. The bales are assumed to be kept in open storage, since round
bales can stand with exposure to rain and other weather conditions (Gold & Seuring, 2011).
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𝐶𝐴,𝐶𝐶 = 𝑃𝑃 × (𝑖 ⁄(1 − (1 + 𝑖)−𝑛 ))

(4)

where 𝐶𝐴,𝐶𝐶 the annual capital cost (RM), PP is the purchase price (RM), i is the interest rate, n
is the life of investment year, and DML is the dry matter loss in the collection center in ton.
𝐶𝐶𝐶 = (𝐶𝐴,𝐶𝐶 ⁄𝑊𝐶𝐶 ) × (1⁄1 − 𝐷𝑀𝐿)

(5)

2.6 Power Plant
In this analysis, the Kuala Muda district is deemed the suitable location for the proposed building
of a power plant based on the highest availability of resources. Equation 6 is applied to calculate
the output power of electricity at the power plant. The high heating values (HHV) in Equation 6
are for rice straw (16.28 MJ/kg), rice husks (15.8 MJ/kg), coconut shells (19.27 MJ/kg), coconut
husks (17.98MJ/kg), corn residue (17.3 MJ/kg), and sugarcane bagasse (18.4MJ/kg) (Tye et al.,
2011).
𝐸𝐺𝐸𝑁 = 𝐻𝐻𝑉𝐺𝑊 × 𝑇𝐺𝑊 ⁄𝑁𝑃𝐻𝑅
(6)
The CO2 emissions at the biomass power plant are 0.32 kg per kWh, as determined by Equation
7 (Wang et al., 2015). Since Malaysia does not have the data available for solely biomass power
plant generation, the emission factor for all crops fired was implicit as dry wood combustion in
the boiler, which was in use from the USEPA (United States Environmental Protection
Agency)(EPA, 2000) External Combustion Report (Kongnum & Ratanawilai, 2014).
𝐸𝑃𝑂𝑊𝐸𝑅,𝐶𝑂2 = 𝑃𝐶 × 𝐵𝐹𝐶 × 𝑀𝑊𝐶𝑂2 ⁄𝑀𝑊𝐶 ⁄𝐻𝐻𝑉𝑐𝑟𝑜𝑝𝑠

(7)

The economic analysis of a biomass power plant structure can be difficult because many
conversion technologies are still only at pilot scale (Evans et al., 2010). As such, the total plant
capital cost for circulating bed combustors and boilers is determined using Equation 8, using a
formula derived from a previous study (Shafie, 2015).
𝐶𝐶𝑃𝐺 = 5060(𝑃𝑃𝐶)−0.073

3.

(8)

RESULTS AND DISCUSSION

Figure 3 shows the total GHG emissions and total costs involved for each process in electricity
generation in the northern region. Each figure shows the result obtained by using the system
boundary setting in Figure 2. The results indicate that the most prominent GHG emissions came
from transportation, with the highest contributions from rice straw, rice husks, and garden waste.
Meanwhile, the top three processes affecting costs were the plantation process, the power plant
process, and the collection center process.
The two resources that had significant GHG emissions in this study were rice straw and garden
waste. Most of the emissions from rice straw (80%) were from truck transportation, T2. According
to (Paredes-Sánchez et al., 2016), a biomass logistic center should be located close to promising
technical, economical, and terrestrial features, and its biomass resources should be located within
a 50 km range. Figure 4 shows the environmental impact of biomass-based electricity generation
in the northern region of Malaysia. Rice straw is the main contributor of each environment
variable. To address the currently popular environmental impact of climate change, rice straw
and garden waste were found to contribute the most to this impact. In addition, garden waste was
found to be the main contributor from the power plant process.
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Figure 3 Total GHG emissions and costs involved for each process in electricity generation: (a) and (b)
crop production; (c) and (d) lorry transportation T1; (e) and (f) crop collection; (g) and (h) collection
center; (i) and (j) truck transportation T2; (k) and (l) power plant

1688

Life Cycle of Biomass Blending in Electricity Generation:
An Environmental and Economic Assessment

Figure 4 The environmental impact of biomass-based electricity generation
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Figure 5 The life cycle cost of biomass-based electricity generation

Figure 5 shows the life cycle cost of biomass-based electricity generation. According to (ParedesSánchez et al., 2016), 70% of all costs originated with fuel, while the transportation cost
contributed roughly 12.8–22.3% of the total cost. This study found that the transportation cost
contributed roughly 21.9% of the total cost. The costs for petrol, plant, and transportation of each
individual residue at the power plant were divided by the electricity generated from each
respective biomass resource to determine the cost of the supply (Zhang et al., 2014). The average
power generating cost is between 35 and 60 USD per MWh, according to (Stich et al., 2017), and
electricity generation costs differ within a wide range from less than 40 USD/MWh to greater
than 200 USD/MWh. The simulation outcome of a study in Egypt indicated that the cost of the
proposed rice straw power plant ranges between 10.55 and 6.33 ¢/kWh (Abdelhady et al., 2018).
Table 3 The life cycle emissions and costs for each available biomass resource
Biomass
resources
Emissions
(kg/kWh)
Costs
(RM/kWh)

Rice
straw

Corn
residue

Rice
husks

Sugarcane
tops

Garden
waste

Sugarcane
bagasse

Coconut
residue

6,400.04

7.34

3,207.22

0.02

1,468.88

1.91

1,082.35

5.37

0.19

1.78

16.10

0.01

1.33

1.25
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The life cycle for GHG emissions is higher due to the transportation process. Local criteria (such
as power plant positioning, crop management, and fertilization practices) also require additional
assessment to reduce environmental impact. Other studies showed life cycle emissions from
1,000–5,000 g/kWh for different types of biomass resources (Kadiyala et al, 2016).
4.

CONCLUSION

This paper determined the GHG emissions created by electricity generation, based on different
crop bases. The results ranged from 0.02 kg CO2EQ/kWh to 6,400.04 kg CO2EQ/kWh. Meanwhile,
the costs varied from RM0.01 /kWh to RM16.10 /kWh. The transportation process requires extra
extension due to its high GHG emissions and high consumption costs. This paper can offer help
as a guideline and provide information for decision maker to create future policies in biomass
energy.
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