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Abstract

The development of rubberwood into electricity generation for biomass power plant is one of the most interested renewable
energy options in Southern part of Thailand. This research presents a biomass supply chain for power generation is Southern
part of Thailand focusing on only rubberwood in Southern region including three border provinces and the survey on one
rubberwood power plant. The results show that the remaining potential of biomass from rubberwood in three border provinces
for electricity generation is approximately 40.2 MW and the amount of biomass in other provinces within the radius of 200-km,
187.62 MW is remaining. Therefore, only 40.2 MW remaining potential for NEW power plant in three border provinces from
rubberwood, more rubberwood needs to be imported from other provinces. The policy recommendation from this research is
import the rubberwood from other provinces or long-term contract with supplier.
© 2019 Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).

Peer-review under responsibility of the scientific committee of the 6th International Conference on Power and Energy Systems Engineering (CPESE
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1. Main text

Southern part of Thailand enriches with biomass, such as rubberwood thus, it is interesting for entrepreneur to in-
vest biomass power plant project in southern part. Likewise, due to special privilege the government has provided in
southern provinces. Both SPP and VSPP have been constructed and supplied electricity to national transmission line.

In November 2018, there were totally 237.11 MW of biomass power plant in which have already sold electricity
to the grid (COD). Suratthani and Nakhon Sri Thammarat became the two highest existing capacity, which were
48.3 MW and 46.7 MW, respectively. Because these provinces consist of large number of rubberwood plantation
area.
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1.1. The SPP and the VSPP schemes in Thailand

The SPP, or Small Power Producer scheme, was established on 17 March 1992 through an endorsement by
Thailand’s cabinet. The scheme aims to promote power generation by using alternative fuel and waste including
cogeneration to efficiently use domestic alternative resources and by-product energy. This concept also decreases
the government’s duty to invest in power infrastructure.

The electricity generation and supply under the Government of Thailand is originally managed by three power
Utilities, i.e., The Electricity Generating Authority of Thailand (EGAT), the Metropolitan Electricity Authority
(MEA), and Provincial Electricity Authority (PEA) have issued the small power purchasing announcement in 2007
[1]. Purchasing will cover existing capacity between 10 MW to 90 MW.

The VSPP or Very Small Power Producer scheme started on 14 May 2006 [2]. When the that Thai cabinet
agreed to regulate the VSPPs. Power Producers can enter into power purchasing contracts with the MEA or the
PEA (depending on the power plant’s location). This scheme aims to promote to use of domestic resources, increase
the stability of national transmission by distributing power generation, power plant operation in peak-time. In 2007,
Energy Policy Administrative Committee has endorsed to extend the capacity of VSPP from maximum 1 MW to
be 10 MW.

1.2. Status of the SPP and the VSPP in Southern part of Thailand

Energy Regulatory Committee (ERC) has summarized for the overall status of RE SPP and VSPP [3]. In
November 2018, it can be investigated that there were totally 13 SPP using renewable sources with 347.90 MW in
existing capacity, while total purchasing capacity was 313.47 MW.

For VSPP, it can be found VSPP using renewable energy were 122 plants, whereas total existing capacity
presented by 534.20 MW, and the total purchasing electricity shown by 476.61 MW.

2. Materials and method

2.1. Potential of biomass obtained from rubberwood

The collection of biomass plantation area was done in 14 provinces of Southern of Thailand, shown in Fig. 1(a)
The data is based on the statistics from the Office of Agricultural Economics (OAE), Ministry of Agriculture and
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Fig. 1. (a) Map of rubberwood plantation in Thailand; (b) Provinces in South of Thailand (14 Provinces).
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Cooperatives. The data is reported in terms of plantation area, harvesting area, production. In the South, there is 1
biomass crops with 4 types of rubberwood, i.e. (1) Stumps, roots and branches (2) Offcut (3) Slabs (4) Sawdust
and wood residues. The biomass from rubberwood will be classified into 3 parts, i.e. (i) Logs (ii) Offcuts (iii)
Stumps, roots and branches. In this study, the sources of rubberwood biomass are then focused on two sources: (i)
Stumps, roots and branches at the felling area, (ii) Rubberwood slabs, sawdust and wood residues at rubberwood
manufacturing factory.

By felling the rubber trees of 1 rai, it will give 30 tons of logs. Most of log are sent to sawmills or rubberwood
processing plant. The logs are cut to obtain sawn timber. The wastes from cutting are “slab” and “sawdust”. In
general, the slabs produced is about 40% of logs, thus give 12 tons of slabs. Sawdust produced is 10% of logs, thus
gives 3 tons of sawdust. This production rate is inversed to the size of logs. Thirty percent of slab and sawdust are
used in-house in the drying process of sawmill so 70% of slabs and sawdust will be available to sell.

Unlike the data of plantation area, harvesting area, the data of felling area of rubber trees is limited due to the fact
that it is uncertain to plan the rubber tree felling. However, the Rubber Authority of Thailand (RAOT), established
under RAOT Act 2015, has its missions to promote and support the farmers and all stakeholders to fulfill their
needs. RAOT therefore has some information about the felling area. From the statistics of the past 10 years, the
tendency of felling area increases. The target of felling area by RAOT is 400,000 rai/year.

2.2. Assumption in this study

(1) Focus only rubberwood in Southern region including three border provinces.

(2) Estimate the potential from the plantation data from Office of Agricultural Economics (OAE)

(3) Consider the current rubberwood consumption in power plant, industry heat generation and other uses.

(4) Field survey to current rubberwood power plant for recheck the data.

(5) Investigate the “remaining potential” for power generation from rubberwood which located in three border
provinces from (i) three border provinces plantation, (ii) three border provinces + 200 km. transportation.

2.3. Three border provinces: At a glance

To access biomass supply from rubberwood in the southern part of Thailand, the region can be divided into 3
group, i.e. (Group 1): Covering three border provinces — Pattani, Yala and Narathiwat, (Group 2): Covering other
provinces within 200 km. radius of three border provinces. And (Group 3): Covering other provinces with over 200
km. radius of three border provinces. The provinces as identified in 3 cases are shown in Fig. 1(b).

3. Result and discussion

3.1. Data from field survey of biomass power plant

Data related to the Supply Chain of Biomass for Power Generation were collected by interviewing the
representatives of one biomass power plants in three border provinces, which in this study will be called “Plant
A”. The interview included detailed information on fuel sources, biomass potential to produce electricity and the
opportunities to increase power generation in the future, etc. The data from the interview on August 15, 2018.

Biomass from rubberwood for power generation came from felling of about 25-35 years rubber trees which give
less latex. The biomass derived from felling rubber trees are stumps, roots, slabs, wood tips, and branches while
rubberwood trunks are sent to sawmills, producing sawdust as biomass. Normally, biomass traders collect biomass
from felling areas and sawmills to sell to power plants.

3.2. Supply chain of biomass

Supply chain of biomass for Power Generation is comprised in general of four components: (1) Plantation &
Harvesting (2) Fabrication & Stocking (3) Logistic (4) Power plant & Industrial plant. The price of rubberwood
that the factory purchased is based on the purchase price in Hat Yai, Songkhla. In the past, during the period when
there were increasing numbers of the manufacturing plants of Particle board in Songkhla, the price of rubberwood
went up to 1423 THB/ton. As one of the main raw materials, this caused a loss to the power plant. In general, the
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highest acceptable price of rubberwood that the power plant is still operational is 1500 THB/ton, though at this
price the factory needs to absorb the loss as high as 1200 THB/ton.

From the field survey, the main method for production of biomass from rubberwood is to chip residues from
rubberwood including wood slaps and rubber wood chips (branches, sawdust roots) into small pieces to make it
easier for power generation process. From the survey, there is no production of wood pellets. The costs of processing
rubberwood into woodchips include machinery and equipment (Wood chipping machine), labor cost, and electricity
cost. There are currently two practices in acquiring biomass from rubberwood, i.e. (1) Processing rubberwoods
into woodchips and (2) Buying woodchips from middlemen. Which cost of wood processing from rubberwood are
100-150 THB/ton and 400-500 THB/ton respectively.

The logistic cost is estimated from rate of fuel consumption, capacity of vehicles, and the distance. There are
2 types of vehicles in this assessment, small truck with 1.2-ton capacity and truck with 10-ton capacity. Also, the
transportation distance ranges from 50-200 km.

The supply chain starts from collecting biomass, processing, transporting, storing and using. The employment
through the supply chain is as shown in Table 1. The most labor-intensive process is collecting biomass especially
rubberwood roots, which require a lot of labor and digging equipment.

Table 1. Assessment of labor through supply chain. (Unit: Persons).

Biomass Collection Processing Logistics Storage Usage
Slab 2 2 1 1 1
Root 3 2 1 1 1
Sawdust 2 2 1 1 1
Wood tips 2 3 1 1 1

The cost of biomass can be assessed by referring the buying—selling prices from the field survey together with
evaluating all expenditures incurred in the process as shown in Table 2.

Table 2. Cost of biomass through supply chain. (Unit: THB).

Biomass Raw material Processing® Logistics” Consumption®
Truck Small truck

Slab 365 150 565-1045

Root 450 150 650-1130

Sawdust 600 - 50-200 130-530 650-1130

Wood tips 450 150 650-1130

4Processing cost, for rubberwood 100-150 THB/ton.
bCost of logistics
e Fuel consumption rate from truck data service center; Truck 3.3 km/l (Capacity 10 ton); Small
truck 10.5 km/l (Capacity 1.2 ton).
e Diesel retail prices in Yala in 31, October 2018 = 30.34 THB/I.
e Transportation distance 50-200 km.
€Cost of biomass consumption from survey of the power plant.

3.3. Electricity demand in three border provinces

There is an increasing trend of electricity demand in three border provinces [4]. It is estimated that the electricity
demand in 2026 is about 331 MW. The existing capacity of power plants under the SPP and the VSPP scheme
contracts in the three provinces are lower than the current demand therefore, it is needed to import electricity from
other provinces. The largest power plant close to the three provinces is Jana Power Plant with the installed capacity
of 700 MW in Jana District, Songkhla Province, shown in Fig. 2. Therefore, very critical for both government and
private sectors to promote power generation to meet the demand.
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Fig. 2. Electricity demand in three border provinces. Remarks: (1) Demand forecasts are taken from Load Demand Forecast Committee (2)
SPP and VSPP information from Energy Regulatory Committee Office website.

3.4. Electricity supply in three border provinces (current status)

The total power plants in three border provinces are 205.10 MW, in consist of, (1) EGAT power plant as 103.30
MW, (2) Private power plant as 101.80 MW and (3) New project (as planned) in 3 provinces as 50.05 MW.

The status of nine biomass-fired power plants in three border provinces is as shown in Table 3. There are three
powerplants whose COD (Commercial Operation Date) are in 2006, 2013, and 2017 while six power plants whose
SCOD (Scheduled Commercial Operation Date) are in 2017, 2018, and 2019.

Table 3. Currently there are 9 operational biomass power plant (COD and SCOD).
Plant in three border provincesCOD (MW)Installed capacity (MW)Status COD yearType

Narathiwat A 7.5 7.0 COD 2017 FiT
Narathiwat B 6.3 6.3 SCOD2018 FiT bidding
Pattani A 23.0 21.0 SCOD2019 Adder

Yala A 23.0 20.2 COD 2006 N/A

Yala B 9.9 8.7 COD 2013 FiT

Yala C 52 5.0 SCOD2016 FiT

Yala D 7.5 7.0 SCOD2017 FiT

Yala E 9.9 9.9 SCOD2017 FiT bidding
Yala F 9.9 9.9 SCOD2017 FiT bidding

3.5. Plantation and felling area of rubber tree

In 2017, the plantation area of rubber trees in three border provinces is more than 2.6 million Rai [5,6] (1 rai
= (.16 hectares). Assumed that 2% of plantation area is felling areas, biomass can be produced from 52,000-Rai
felling areas. The felling area in Yala is largest, approximately 25,000 Rai, followed by Narathiwat and Pattani,
respectively. The plantation areas and felling areas of rubberwood by province in the south of Thailand are shown
in Fig. 3. and Table 4. shows the biomass supply from rubberwood by province and by group of provinces.

3.6. Estimation of 2017’s demand of rubberwood

Several studies of the distribution of rubber tree growth have been conducted in Southeast Asia [7] such as
in Yunnan, China [8—10], Indonesia [11] and Laos [12]. Most spatial analysis of rubber trees has been limited
to suitability analyses in Thailand (e.g. [13]). From the data on rubber tree plantation areas and felling areas in
2017, it is estimated that about 1.68 million tons of biomass from rubberwood is produced annually in three border
provinces. The biomass uses in industries and other uses are about 35,000 tons/year. The remaining amount of
biomass for electricity generation is about 1.64 million tons/year; therefore, the electricity generation using biomass
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Fig. 3. Plantation and Felling area of rubber tree.

Table 4. Biomass from rubberwood supply potential.

Share types Biomass potential of rubberwood (ton)
Root Sawdust Slab Wood tips
Southern region 1,369,931 821,959 3,287,835 3,287,835
3 Provinces + Provinces within radius of 200 km 892,609 535,565 2,142,260 2,142,260
Provinces within radius of 200 km 630,076 378,045 1,512,181 1,512,181
Provinces with radius exceeding 200 km 477,323 286,394 1,145,575 1,145,575
Three border provinces 262,533 157,520 630,079 630,079

Gained for each rai of felling area, is 5 ton of root, 3 tons of sawdust, 12 tons of slab, and 12
tons of wood tips.

from rubberwood is about 142.4 MW. The existing capacity of nine operational Biomass Power Plant is about 102.2
MW (COD = 40.4 MW and SCOD = 61.8 MW). Therefore, the remaining potential of biomass from rubberwood
in three border provinces for electricity generation is about 40.2 MW.

The total biomass, including the amount of biomass in other provinces within a 200 km is about 4 million
tons/year. This can generate about 349.13 MW of electricity. The existing consumption is about 161.51 MW;
therefore, 187.62 MW is remaining.

4. Conclusion

Due to low potential land is available for producing fast-growing feedstocks. Therefore, only 40.2 MW remaining
potential for NEW power plant in three border provinces from rubberwood, more rubberwood needs to be imported
from other provinces. Other biomass crops in the three border provinces are very few. The significant potential from
rubberwood in the future, it is required to improve collection efficiency of root of rubberwood.

The rubberwood price frequently increase in rainy season due to limited access to rubberwood area. Likewise,
cost in three border provinces is higher than other southern provinces from many reasons such as higher insurance
payment, no night-time construction. The significant particle board manufacturing business, located in Songkhla
provinces, is the case of rising of rubberwood market selling price. They can pay more due to higher value added
of their products.
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