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Abstract

Chiang Klang district, Nan province, faces challenges in bio-waste management,
including insufficient cooperation in waste separation, inadequate budget and personnel, and
an incomplete waste disposal system that does not cover all areas. This research aims to
disseminate knowledge and expand the implementation of Black Soldier Fly Larvae (BSFL)
cultivation for bio-waste disposal in Chiang Klang district by establishing learning processes
and knowledge management. The goal is to enhance the community's knowledge acquisition
capabilities and create prototype learning spaces for innovation with 50 selected community
innovators. The study began by providing education on the nutritional aspects of BSFL,
cultivation techniques, housing and equipment management, harvesting, and the application
of BSFL as an ingredient in animal feed. This was accomplished through expert lectures, study
visits, hands-on practice, and instructional videos. The next steps involved conducting a
nutritional analysis of the BSFL produced by the community to evaluate its application as an
animal feed ingredient, designing a bio-waste management system at the prototype farm in
Nan province, and enhancing prototype farm housing to comply with hygiene principles. The
study produced five instructional videos. Additionally, the cultivated BSFL met quality standards
as a high-protein feed ingredient for egg-laying hens and indigenous chickens. Utilizing BSFL
as feed for egg-laying hens and indigenous chickens reduced production costs by 3.13 Baht
(around 0.085 USD) per egg and 30.12 Baht (around 0.82 USD) per kilogram, respectively,
and increased income from vegetable cultivation by 61%. The community participated in
designing infrastructure layouts that align with the local context. Ten prototype farms were
established to expand results and create learning networks in the area. Collaborative policy
recommendations were developed with the Chiang Klang Subdistrict Municipality to ensure
the sustainability and longevity of the waste management system employing BSFL.
Furthermore, cooperation with the National Bureau of Agricultural Commodity and Food

Standards was conducted to expand results and promote the utilization of BSFL.
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Figure 1 Overview of challenges in the Nan province area
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Figure 2 A model farmer within the designated region employs BSFL cultivation for the sustainable biotransformation of bio-waste

and to reduce feed costs for raising native chickens; (a) Demonstration of BSFL cultivation, (b) Observational study at a model
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Figure 3 Learning framework and objectives of the initiative
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ﬂ\lDUU\lﬁOD‘OI}!OIIUHO BSF

Figure 4 Video media for BSFL cultivation and processing; (a) Egg collection, (b) BSFL nursing, (c) Cultivation of 6-day-old BSFL,

(d) Cultivation of 9-day-old BSFL, (e) Harvesting and waste separation machine, and (f) Harvesting and processing of BSFL

Step 2:

Step 1: Remove all
Receive organic undesirable objects
waste and store it such as plastic bags,
in a 150 liter spoons, plastic cups,

container. chopsticks, and

skewers.

Step 3:
Isolate food residues
that the BSFL are
unable to digest,
such as lemon
peels, chili skins,
and bone pieces,
etc.

Step 4:
Filter to separate
liquid from food

waste by using a
strainer

Figure 5 Bio-waste management procedures for BSFL cultivation
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Figure 6 (a) Utilization of specific feed to attract BSF and (b) Deployment of wooden substrates for laying eggs

Figure 7 Collecting eggs
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In&LReriu fanndt 100 (Figure 10b) aNTBVInAIHAZENA
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Figure 8 (a) Preparation of nursery jar, (b) Incubation of BSFL within nursery jar, and (c) Nursing BSFL in containers

Figure 9 (a) 1x2 square meter tray, (b) Tray arrangement layout,
(d) Cultivation of 9-day-old BSFL, and (e) Cultivation of 15-day-

= s A ar -4 :i
- 15N ISITULND NS AR TIN WA

(c) The appearance of trays after cultivation of BSFL for 6 days,
old BSFL
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Figure 10 (a) Sieving procedure to separate residue from BSFL,

(b) BSFL after the separation process, (c) Cleaning protocol for

BSFL, (d) Packaging of BSFL, and (e) Preservation of BSFL by using frozen storage

Figure 11 (a) Drying of BSFL by using a hot air oven, (b) Oven-dried BSFL, and (c) Pulverization of BSFL for application as feed

additives
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Figure 12 Video materials for disseminating knowledge on the food waste management system using BSFL. The materials consist

of: 1) a course on raising BSF for career development, 2) a course on organic waste disposal using BSF, 3) a course on producing

chicken feed using BSF, 4) a course on being an innovator transferring knowledge to the community, and 5) a course on managing

innovation learning sources within the community
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Table 1 Proximate analysis of BSFL

Moisture AOAC official method of analysis 21st ed., 2019 method 930.15 4.0 %
Crude protein | In-house method: WI7.2-03 based on ISO 5983-2: 2009 51.76 %
Crude fat In-house method: WI7.2-04 based on AOAC official method of analysis 21st ed., 2019 method 920.39 | 7.08 %
Crude fiber AOCS official procedure Ba 6a-05 9.30 %
Ash AOAC official method of analysis 21st ed., 2019 method 942.05 12.2 %
Gross energy | World Poultry Science Association (1985) 4,865 callg
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Table 2 Diagnostic outcomes and configuration of bio-waste treatment system employing BSFL in each community

Khao Kub Num

The community local

Khao Kub Num Farmstay

The group raises indigenous chickens, manages an organic

Pittayakhom
School

lot of food waste left
over because this
school is a boarding

school

Farmstay restaurants vegetable farm, and cultivates BSFL. Dried BSFL is used as
an ingredient in chicken feed, and the waste from BSFL
cultivation serves as fertilizer.

Banpratat The canteen with a | Banpratatpittayakhom School | The school has raised 100 indigenous chickens and 50 laying

hens. Moreover, this educational institution implements the
Khok Nong Na Model, a land development concept, to optimize
resource utilization following the principles of the sufficiency
economy philosophy for the cultivation of fresh BSFL as a feed

ingredient for chicken farming.

Pra Buddhabat
Witaya School

The school’s canteen

Prabuddhabatwitaya School

Regarding resource optimization, the school strategically
employs fresh BSFL to raise the 300 laying hens. This
approach effectively mitigates expenses associated with
commercial feed. Additionally, the BSFL manure serves as
a natural fertilizer for the cultivated vegetables, including
morning glory plants and lime trees, which contribute to the

institution’s revenue generation.

Chiang Klang
Pracha
Phatthana
School

The school’s canteen

Chiang Klang
Pracha Phatthana School

The school raises 300 laying hens in cages, following a
similar practice as Phra Phutthabat Witthaya School. The
school’s utilization plans include incorporating fresh BSFL into

the laying hens’ feed to reduce production costs.

Prachya Garden

The restaurants in
Chiang Klang
Subdistrict

Prachya Garden

The main goal for BSFL cultivation is to utilize food waste from
restaurants in Chiang Klang Subdistrict. At Prachya Garden,
the fresh BSFL is employed as Siriped Catfish’s feed.

Chiang Klang
Subdistrict
Municipality

The schools in the
area of Chiang Klang
Subdistrict Municipality,
namely, Ban Nam
Kha School, Ratcha-
daphisek Community
School, Ban Nong
Phuk School, and
Chedi Chiang Khom

Community School

The municipality allocated a
budget for constructing the BSFL
rearing house in 2024. However,
no budget has been set for
operations in 2023. Therefore,
the BSFL rearing house cannot
be created yet. Instead, it will
be shared with Khao Kub Num
Farmstay, which collects bio-
waste to use as feed in its BSFL

farming system.

The primary objective is to reduce bio-waste in schools
within the Chiang Klang Subdistrict Municipality area. This
bio-waste is utilized as food for BSFL production at Khao Kub

Num Farmstay.
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Figure 14 (a) Prototype farm at Khao Kub Nam Farm Stay, and (b) Target innovators visiting the prototype farm facility
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WNRINWISLAB (Hermetia illucens, Black soldier
fly, BSF)

ﬂqquiﬁugﬁuﬂm BSF unaavmsiite dmng tudisi
Diptera 296 Stratiomyidae &dafiddin fiuansamngfidenn
waadiudaan dnddiduwdednesunafioasionuss du
naseinsdpusniiufinnans dunala 2 udin dawipadinn
oy usasiibiduwmesinlen Tduingiy uasl
AelAifinausanysiersse seusieegtisuld Tuszay
yupnrRUANTINLATdasaANBYEETRY Feransalfey
e Buad ilinlustuas lslia vin il aoismee g
wisnzunnngrinsnaesdnd d BSF iwdndiu vinasld BSF
asdesanstiudinnennsliaasunasiutinn (Alomone) vinl
unasTntinnlidnanlndusinosiu fafunsaunuusaiy
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azfiqail 40°S 9 45°N Tnenamnziszmeitad huamsesniiay
wulisnnndy fiesann BSF soteniadendn aisnsaieiny
wulalifigomgfiszndng 10-45 aspaaBea fnnsuns
nszaneig husenmeandofewngaaniew Tnahusien
e BSFL azflAnnadinsuasiinFsnnmnniiqnluses
enunquaAnuaifoudmian uraedifuanomian
snndngagEn 7 uazanUBHoua ugaLanen g (Kim et dl,
2021; Rehman et al., 2023)
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BSFL tazaunrdnida finziaesdinduiosdansduazanm
dinlafimsaunquifisarumalilad sandanaiianiaides BSFL
iuesinad (Purkayastha & Sarkar, 2021)

a5t BSFL udannanluamnsdng BSFL 1fn

fngauiiaTafiuuacloinge aonndoedinniAduen Dzepe
et al. (2021) finanadn BSFL iiningAuislusfiuuas fustugs
Anviadeganldng uaniden TnunaBen wazoansss
sl BSFL TunsiAeuutlamnsdanam (Bioconversion) e

a
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msli BSFL \iudngAuamadnd daiflunszuaunisfidoty
wazAnAn WinnnsdusEunisiminensnauantding a3
Tamamasugia b o Wifunegasmnssiuaziszneunis
(Rehman et al., 2023)

9INNNSANEIYBY Zozo et al. (2022) Wudn BSFL §
UBsnnmsdusasas 4.14 Tuafiusouas 45.82 Tusi 25.78
\Win¥nsas 6.85 wazanslulmaansenay 17.41 das BSFL ik
msfiung firanstndosas 6.46 Tsfndasas 56.11 Tadh,
Soeay 4.86 LWindenar 11.39 uarAnslulsnsnianay 21.19
BSFL Asdmifudngauiiadnanmluginnlnausio Bunodlss
uazladhy ionaumingAuenmsdnd Panted et al. (2022)
Anunanasniald BSFL iuunaslusulunnsidestiigld
TnauBauitsuunaslysfiusdnefiniu Ae 1) dandusandiu
nndawdes 2) nmndawdasdiou 3) BSFL 3puaz 2 9ur
nndamdas uay 4) BSFL peaz 5 Sandunindamnans ud
yinnaAssidnsasuazaom il ln B dhwinld dwnin
Tinn dhinldune shwsinufentd gengis (Haugh unit
AZUHWR LAY wazAHIAaNaausg o Wuda a Al
fl BSFL $tiay 5 9anfunindaimans asnsalfiiuamngld
gt Hlae lidanasigainineesldln Gsanmsgnaifisnnn
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BSFL fignmaniidndnifendeuieudulrganauny (a1
grannensin) Tnednannisuanifeusimisifiuimsings
(Feed conversion ratio) tfintu Tnafingfingasnisansld T
AHuAnsnsatiadAty 91nnneuszene BSFL et
dnunanTuansuny Tnefnenist BSFL naummnlugns
aMagnINE gRUNETIAEdnee R BSFL fdnuaimg
men Andaniluden uaswisfmesin q Tlusnsineiy
nguiifnamaneniadn uazananse linaunndamdes
Tuemsgnumendameuula (Astuti & Wiryawan, 2022)
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Monthly volume of waste and budget allocated for waste

disposal at Chiang Klang

Subdistrict Municipality,

Nan Province

Average budget (Boht/month)

Total budget (Baht)

Average woste (kg/month)

Total waste (kg)

0

50,000 100,000

l Before | After

150,000 200,000 250,000

After the knowledge transfer
and expansion of the bio-waste
disposal system using BSFL

Reduced waste:
N« 2,333.33 kg/month

Reduced budget:
2,800 Baht/month

Figure 15 Monthly volume of waste and budget allocated for waste disposal during June to July 2023, after the knowledge

transfer and expansion of the bio—waste disposal system using BSFL, compared with the situation before those changes at

Chiang Klang Subdistrict Municipality, Nan province
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Figure 16 The observed outcomes of constructing a prototype BSFL farm in Nan province have demonstrated promising

advancements in sustainable agriculture practices at; (a) Khao Kub Num Farmstay, (b) Chiang Klang district, (c) Chiang Khan
sub-district, (d) Phaya Kaeo sub-district, (e) Phra That sub-district, (f) Phra That Witthayakhom School, and (g) Phra Phutthabat

Wittaya School
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The cost for raising egg-laying and Pradu Hangdam chickens

Egg-laying chicken

Average cost per 1 eqq (Baht)

F
_—

00 10 20 30 40 50 860

Feed cost (Boht/egg)

B Commercial feed

W In-house mixed feed combined with fresh BSFL

Reduced cost: 3.13 Baht/egg

Pradu Hangdam chicken

80

Feed cost (Boht/chicken)

Production cost (Baht/kg)

(¢} 20 40 60 100

B Commercial feed

W In-house mixed feed combined with fresh BSFL

Reduced production cost:
30.12 Baht/kg :

Figure 17 The cost for raising egg-laying and Pradu Hangdam chickens using commercial feed compared with in-house mixed

feed combined with fresh BSFL

Production cost and profit from Baby Cos lettuce cultivation

Total material cost (Baht) -
Total lobor cost (Baht) F

Yield from total plots (kg) l

0 500 1000 1500 2000

W Before W After

/

Reduced cost: 1,348.60 Baht

Total cost (Baht) -
Proft et | —

0 5,000 10,000 15,000 20,000 25,000

W Before [ After

Increased profit: 7,548.60 Baht W

Figure 18 Production cost of Baby Cos lettuce before and after application of BSFL byproduct
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