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Abstract. This study aimed to analyze the holistic amount of greenhouse gas emission of Napier Pakchong

1 grass plantation in Prachinburi Province, Thailand, in a term of carbon footprint. The carbon footprint of
Napier plantation from irrigation plot and non-irrigation plot was 17.182 and 19.138 kg COe/ton of Napier
Pakchong 1 grass, respectively. The largest contribution to the greenhouse gas emission came from the
fertilizer application. The irrigation to the crop significantly increased the crop yield resulting in the
reduction of greenhouse gas emission per unit weight of the crop. The suitable type and the optimal quantity
of fertilizer application, as well as the most efficient irrigation system with the least environmental impact,

were suggested for further study.

1 Introduction

Thailand increasingly relies on energy imports to sustain
its rising energy demand. In 2018, energy consumption in
Thailand was 83,691 ktoe, grew by 3.6 percent compared
to 2017. The imported energy amounted to 83,055 ktoe,
grew by 5.2% compared to 2017. Besides, energy
consumption is mainly from fossil-based sources [1].
Therefore, Thailand is in an unsafe position in terms of
energy security and greenhouse gas emissions. Alternative
energy must be a foremost policy for energy security and
environmental-friendly society in Thailand.

The Thai government announced its Alternative
Energy Development Plan 2018 (AEDP 2018), which was
issued in 2018 towards 2037, aiming to strengthen the
country’s energy security and raise the ratio of power
generated from renewable sources. Renewable energy
will contribute 29,358 MW to total power production,
accounting for 33 percent of Thailand’s power generation
in 2037. Among renewable power resources in 2037,
according to the latest amendment of the AEDP 2018,
solar power is expected to contribute 15,574 MW, while
the contribution of biomass power is 5,786 MW, wind
power 2,989 MW, hydropower 3,000 MW, and waste-
sourced power 900 MW [2].

Energy crop plantations such as fast-growing plants
and grasses have received attention in recent years to
increase the potential of renewable power generation.
Napier grass (Pennisetum purpureum), a native plant of
Africa, has the advantages of fast growth, disease and
drought resistance, growth in a wide range of soil types,
and harvestable biomass up to 4 times a year. It, thus, has
been considered as an energy crop because it has a high
yield of biomass [3, 4]. Recently, the ministry of energy
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has a plan to push to bring Napier grass back to produce
electricity after discontinuing since 2014 [5].

To produce electricity from Napier grass, there must
be sufficient raw material which closes to the power plant
to be convenient and save transportation cost. Energy
Policy and Planning Office, Ministry of Energy reported
in the study of energy conservation and renewable energy
potentials that the potential of renewable energy in
Prachinburi Province has not been sufficient to replace the
use of fossil fuel [6]. If the relevant parties have seen the
noteworthiness and support the plantation of energy crops
like Napier grass, it will be able to build confidence for the
energy producers to invest in alternative energy production.

Besides, the promotion of bringing Napier grass to
produce electricity should be considered along with
environmental awareness especially greenhouse gas
emission. There have been relatively few studies on the
environmental impact assessment of Napier. One study
analyzed the environmental impact of Napier grass as a
feedstock for anaerobic digestion to produce electricity at
the Royal Chitralada Projects (Bangkok) in Thailand,
which focused on the comparative fertilizer applications
[7]. The study indicated that the stage of Napier grass
plantation was a hotspot of environmental impact through
life cycle assessment and suggested the analysis of
optimal fertilizer quantity of Napier crop as the best way
to reduce environmental impact. Another study analyzed
the carbon footprint of Napier plantation in Phitsanulok,
Thailand, which indicated that fertilization remarkably
contributed to the highest greenhouse gas emission [8].

Beside fertilizer application, another key factor for
Napier grass production is water supply to allow high
yield production. Since the yield of Napier varies by water
supply and plantation area [9], investigation of greenhouse
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gas emission should, therefore, be conducted in the
targeted area.

Napier grass (P. purpureum) originated from Africa
where it is called Giant King Grass. It is one of the
important renewable energy sources because it has a high
yield of biomass and bio-methane [7]. The appearance of
Napier grass likes sugarcane with thick and wide leaves.
Napier Pakchong 1 grass is a hybrid Napier grass, by
crossing P. purpureum and P. glaucum, with specific
characteristics which are fast growth with forage yield,
high carbohydrate and protein concentration, and wide
range of adaptation [10]. The chemical composition of
fresh Napier grass consists of 43.2% C, 5.61% H, 41.19%
0, and 1.22% N [11], which can produce up to 46.17% of
methane gas [12]. Using Napier grass for energy
production can be directly used as biomass for power
plants or anaerobically digested to produce compressed
biogas (CBG) for electricity production or as an alternative
for exhausting compressed natural gas (CNG) and as a
substitute liquid petroleum gas (LPG).

This study aimed to analyze the holistic amount of
greenhouse gas emissions of Napier Pakchong 1 grass
plantation in Prachinburi Province on a comparative of
irrigation and non-irrigation plots using “Carbon
Footprint” as a tool. The functional unit, providing a
reference to which the inputs and outputs are related, was
defined as “1 ton of Napier Pakchong 1 grass” Also, the
study identified hotspot and provided information on the
possibility of reducing greenhouse gas emissions from
Napier Pakchong 1 grass plantation.

2 Methodology

2.1 Study site

The study was carried out at King Mongkut’s University
of Technology North Bangkok, Prachinburi Campus, in
Prachinburi Province in 2014. Two plots were prepared
with covered an area of 1 rai (1,600 sq.m) each. One plot
was an irrigated area that received sufficient water and
another plot was a non-irrigated area that received
seasonal water. In 2014, the temperature was recorded at
Prachinburi meteorological station at 16-41°C. The total
rainfall was 1,494 mm a year [13]. Information from the
guideline reported that the optimal temperature and
annual rainfall for Napier Pakchong 1 grass plantation are
more than 20°C and 1,000 mm, respectively [14].
Therefore, Prachinburi is a spatial possibility of planting
Napier Pakchong 1 grass.

22 Life cycle assessment and carbon footprint

In this study, a life cycle assessment (LCA) was used as
an evaluation tool. LCA compiles and evaluates the
inputs, the outputs and the potential environmental
impacts of a product system throughout its life cycle [15].
LCA considers the entire life cycle of products or services
from cradle-to-grave (from raw material acquisition
through production, use, and disposal). It is thus a holistic
assessment methodology of products or services. LCA has

been proven to be a valuable tool to document the
environmental considerations that need to be part of
decision-making towards environmental sustainability
[16].

The carbon footprint (CF) is based on LCA but
focuses on a single issue which is global warming. It is
expressed in terms of the amount of carbon dioxide (CO,),
plus its equivalent (COze) of other greenhouse gas
emissions specified by the Kyoto Protocol including
methane (CHa), nitrous oxide (N20), hydrofluorocarbons
(HFCs), perfluorocarbons (PFCs) and sulfur hexafluoride
(SFe). The results from carbon footprint assessing offer
valuable background information for strategic and
operative planning as well as constructing a climate policy
to mitigate climate change effects.

2.3 System boundary

The system boundaries of this study were illustrated in
Fig. 1. The system boundaries included soil preparation,
planting, fertilization, irrigation and harvesting, as well as
the productions of resources and energy used during
plantation. Transportation of Napier Pakchong 1 grass
logs was excluded from the system boundary.
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Fig. 1. The system boundaries of the study.

24 Carbon footprint analysis of Napier Pakchong 1
grass plantation

Amounts of resource and energy consumption related to
the system boundaries were directly collected from the
study plots. The estimation of greenhouse gas emissions
from all plantation activities carried out in accordance
with the guidelines for product carbon footprint
assessment developed by the technical committee of the
carbon footprint for product and service, TGO (Thailand)
[17]. The amount of greenhouse gas emissions was
estimated from the multiplication amount of resource or
energy and emission factor obtained from the national
database and other literature (Table 1) as shown in Eq. 1
and expressed as the amount of CO; equivalent (COze).

CO:ze = activity data x emission factor (0]
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Table 1. Greenhouse gas emission factors characteristics of biomass gave the highest yield of biogas
production. The second and third harvesting were in
Activity Unit E(k"g“scsl‘;"e/fﬁﬁfff Sources January and April 2_015. The yield of Napier Pakchong 1
2 grass was reported in Table 2. Knapsack mowers were
1. Resource and energy d for h . Gasoli ion by th
production used for arve_stlng. asoline consumption by the mowers
1.1 Diesel kg 0.3504 was 1.41 L/rai.
1.2 Chicken manure kg 0.1097 [18]
1.3 Urea kg 3.3036 Table 2. The yield of Napier Pakchong 1 grass
1.4 Electricity kWh 0.6933
1.5 Benzene L 0.4005 H . Weight of fresh Napier Pakchong 1 grass
2. Plantation a?festmg (ton/rai)
21 Comb_ustion of Qiesel L 2745 me Irrigation plot Non-irrigation plot
for_sml preparation ' October 2014 9.80 8.02
2.2 Chicken manure January 2015 6.00 4.30
application for soil kg 0.3157 April 2015 2.10 0.49
preparation [19] Total 17.90 12.81
2.3 Urea application for
plant nourishing kg 3.6738
2.4 Combustion of 3.2 Carbon footprint analysis of Napier Pakchong 1
benzene for L 2.18156 grass plantation in Prachinburi.
harvesting

3 Results and discussion

31 Napier Pakchong 1 grass plantation in Prachinburi

This study reported the activities relating Napier Pakchong 1
grass plantation in Prachinburi as follows:

3.1.1 Soil Preparation

In the preparation of the soil, tractors were used for tillage.
Amount of diesel consumption for primary tillage,
secondary tillage and trenching were 5.5L,4.5L,and 4.5L
per 1 rai (1,600 sq.m.), respectively. The Chicken manure
was applied 300 kg/rai for soil preparation.

3.1.2 Planting

Napier Pakchong 1 grass logs around 1.5 tons/rai were
planted in the plots using human labor. The first crop
started in July 2014 which was the rainy season.

3.1.3 Fertilization

Urea (NPK 46-0-0) was applied to the plots with the amount
of 10 kg/rai after the first harvesting around 1 month.

3.1.4 Irrigation

Two comparative options of Napier Pakchong 1 grass
plantation: irrigation and non-irrigation were investigated.
Off the rainy season, only in the irrigation plot, the grass
was watered once a week. Electricity supplied for the
electric water pump was 90 kWh/rai, approximately.

3.1.5 Harvesting

The first period for harvesting Napier Pakchong 1 grass
was 75 days after plantation, which was in October 2014.
After that, it was harvested in every 45 days because its

Greenhouse gas emissions from Napier Pakchong 1 grass
plantation were calculated and illustrated in Table 3 and
Fig.2. The carbon footprint of Napier Pakchong 1 grass
plantation from irrigation plot and non-irrigation plot was
17.182 and 19.138 kg CO.e/ton of Napier Pakchong 1
grass, respectively.

Fertilization remarkably contributed to greenhouse gas
emissions either from the fertilization production or from
the application. The fraction of greenhouse gas emission
from fertilization was 64.18% and 80.52% for irrigation
plot and non-irrigation plot, respectively. The application
of chicken manure up to 300 kg/ rai predominantly
contributed to greenhouse gas.

The only difference in inventory data of the investigation
of Napier plantation in an irrigation plot compared to
which in a non-irrigation plot was electricity consumption.
The amount of electricity consumption to supply for
electric water pump of 90 kWh was accounted for the
irrigation plot plantation. The result of watering for the
grass in the irrigation plot affected the increasing yield of
the crop. Although the greenhouse gas emission from
electricity production was accounted for, the carbon
footprint of Napier Pakchong 1 grass plantation of
irrigation plot, illustrated per unit weight of the crop, was
less than which of the non-irrigation plot.

To produce 1 MW of electricity from biogas, fresh
Napier grass is needed for anaerobic digestion 166
tons/day [20]. Therefore, using Napier grass from the
irrigation plots contributes less greenhouse gas emission
around 324.7 kg COe/day compared to the using which
from the non-irrigation plots. As the greenhouse emission
factor of the Thai national electricity production of 0.6933
kgCOze/ kWh, the amount of greenhouse gas 324.7 kg
CO2e that can be reduced equivalents to the amount of
greenhouse gas of the Thai national electricity production
468 kWh.

This study suggested further study of the suitable
type and the optimal quantity of fertilizer applied for
Napier Pakchong 1 grass plantation. The most efficient
irrigation system with the least environmental impact
should either be considered.
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Table 3. Greenhouse gas emission from Napier Pakchong 1 grass plantation in Prachinburi Province.

Greenhouse gas emission

Amount Emission factor .
Activity Unit s R (kg CO,e/ton of Napier grass)
(Unit/rai) (kg CO.¢/unit) Irrigation plot* Non-irrigation plot*
1. Resources and energy production
1.1 Diesel L 145 0.3504 0.241 0.337
1.2 Chicken manure kg 300 0.1097 1.839 2.569
1.3 Urea kg 10 3.3036 1.846 2.579
1.4 Electricity kwWh 90 0.6933 3.486 0
1.5 Benzene L 14 0.4005 0.032 0.044
2. Plantation
2.1 Combustion of diesel for soil preparation kg 12.3 2.745 2.224 3.107
2.2 Chlcken_manure application for soil kg 300 03157 5991 7393
preparation
2.3 Urea application for plant nourishing kg 10 3.6738 2.052 2.868
2.4 Combustion of benzene for harvesting L 14 2.18156 0.172 0.240
Total 17.182 19.138

¥The yields of Napier Pakchong 1 grass from irrigation plot and non-irrigation plot were 17.90 and 12.81 ton/rai, respectively.
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Fig. 2. Greenhouse gas emission from Napier Pakchong 1 grass plantation in Prachinburi Province.

4 Conclusion

This study estimated the carbon footprint of Napier Pakchong 1
grass plantation in Prachinburi Province, Thailand. The
carbon footprint of Napier plantation from irrigation plot
and non- irrigation plot was 17. 182 and 19. 138 kg
COze/ton of Napier Pakchong 1 grass, respectively. The
largest contribution to the greenhouse gas emission came
from fertilizer application. The irrigation to the crop
significantly increased the crop yield resulting in the
reduction of greenhouse gas emissions per unit weight of
the crop. The suitable type and the optimal quantity of
fertilizer application, as well as the most efficient irrigation
system with the least environmental impact, were
suggested for further study. Besides, Napier’s age may
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affect the crop yield and continue to the amount of carbon
footprint of Napier plantation, the study period might be
extended for this reason.

The authors are grateful to the fund for the general scientific
research of King Mongkut’s University of Technology North
Bangkok (KMUTNB).
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