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Abstract: Indonesia’s agroindustry is an economic pillar but is hampered by high food loss and waste (FLW)
caused by inefficient logistics, inadequate cold chain infrastructure, and fragmented supply chains. FLW
leads to economic losses of 4%~5% of Indonesian GDP, further leading to food insecurity and environmental
degradation. This paper proposes a Smart Agroindustry Framework that integrates the Internet of Things
(IoT), Artificial Intelligence (AI), Blockchain, and Cloud Computing to optimize food supply chain
performance and reduce FLW. Compared to conventional methods, this approach offers real-time monitoring,
forecast-based analysis, and traceability to support stakeholder decisions and counter inefficiencies in the
supply chain. The three-stage recommended road map comprises: (1) short-term: pilot implementations
targeting high-risk perishable commodities, (2) medium-term: expansion into inter-island and multi-modal
logistics, and (3) long-term: Nationwide implementation of a Food Logistics 4.0 ecosystem. Through these
digital technology approaches, Indonesia has the potential to transition towards a proactive, data-enabled
agroindustry that minimises losses and environmental footprints. Beyond Indonesia, this model is adaptable
for other developing nations facing similar food security challenges, reinforcing the global movement
towards more efficient and sustainable food systems.
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Table 1 Key digital technologies for food loss reduction in agroindustry
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Deploying IoT devices (sensors, RFID tags)

Data collection: temperature, humidity, planting
conditions

Precision agriculture: soil health, crop monitoring

Logistics: tracking products distribution

Analyzes IoT data

Predictive analytics for crop yield, equipment
maintenance, quality deterioration

Optimizes supply and demand balance
Al-driven predictive maintenance
Logistics: route and scheduling optimization

Processing and handling optimization

Automation in agricultural and food processing

Enhancing food safety and authenticity

k- Efficient recalls in case of contamination

— Infrastructure for storing and processing data

\ Ensures data immutability and transparency
\ — Decentralized ledger for food traceability
\ Blockchain application

Cloud computing

Scalable resources for real-time analysis

\— Collaboration among stakeholders

Seamless data sharing and integration

1 BRERE=VEHEFRDBESHE

Fig.1 The mindmap of smart agroindustry design and development
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Fig.2 System integration framework

XEEHAR R RS HESE LT — s, &
HE& S B R Ll A, (AR
T I N B AR A T 7 R SRR A 227 (R R B
FAF. SR, JREEORRGAE T REMRS, A
NG 2P0, EAEEE B E R . RS
AR DL AR AL TR S R, B R AN R &R
SRR M A RCE TS, R 5 — AR
WS PMAERREY ) W, B e SRR R &
REE, FRRETEAL PRV K £ il 42 4 R ot 2 1 A
JEAE BT, AR U™ A 1 2 A i 0T ke
X LRk R 2 A £ AR OCHE I Bl SAE, AL S
BRI R . RA A . BT TR LR
(EGIRAE A
22 MARKEKHE

LU R AR Ml AE QL8 AE — 50 = A By

B a5 AL B 2R 151 A0 L rpO R I St B B
RO BARTE R AR AL LAt it 4 e AB 3R 3
Frit3emll A, AR EEm . A T8 e
DX He il Al = TR B AR i A5 3 ] e HL AT
PR (K3 ), BFEE N 5 4R KR,
IR A5 T 3] 4 ] 9 R St (3R 2,
22,1 A . WS H 5 e TR

%R TR 1 5 — B B S T R A X = M S
R A CHNBRA, o5 AL R FLE )
MR H o XS 2 r gk, 2ERME
A B A B AT E , 1 HLAE I8 S ok 7
W5 AR o FE A it 1A it RIS i G A b 2 TR
JE RN E AL 2% LA B GPS 38 B 7% 25 W) Bk W 1%
%, TSR REARGESE . 5, @l
2RI X SE R R AT AT, DS A R




IBHEERE:

335 2025 E3H

UM ¥4 12 52 B M L SO PR
fi.

N TR B AR B AR R L, R
HEHRAE NS ESE—aERR . KU LE
J2 22 B —— By i 1 ) Bl 0 H b ARl b G s
NI R SR AR T M i s 4R . N TR fE
TINS5 R A e, LA X Bt vl 8 ) R SE R A 2K
Tt o AEMESCEERT BE, FATHIRL O B AR
B ) St BT, R RS AE 3R T
ROAR G 2 U 3R D T LRV ) 5 AT AT
222 IS . VREZHALR M S LE 2
iz P i &

— FLa R 00 50 3 25 B T I8k, TR A
P, B EEY LS 2 Al
o MY RBBOR RAE TR EAR 5T A
T RE A M IR o0 2% TR R a3 B3 N BE 1R R
2, BAERR A I HL A S50 v 555 4 X ) S
Bf L AR ERE . IR R A Tl b R L
Syl i B ] AR R 5 R
JEAVE R BT HOR R R TT 58, LIS THHAEIZ U Y

Application Roadmap for Food Logistics 4.0 in

KNG R HKF- o FERE R, BOR)Z mIAA )
I A i BRI B . B ZE vt LA L
0 FERI S PR AROS 5 B —— R AP O,
PRX SERITBORBERS ) 125 S, BT Z ARl
Z5%.
223 KW . EEERNSE YR AES
¥

e 2 B BN SR FE T S B A [ LA Y )2
F L 8O TR ERE JE 74 0 09 £ i f4E 17 % 4 i 2
N— D ICEE R RE UL NI BE A S R L. LB B
1 G B AE T 485 - 07 BURF . ATl KA B 1 B 2
4L, JL[E] ] E GE— K I 5 N T RE AR SS95 AL
PR

NHESN X — 2= PR RO R R, AT
FiAs ORI B e R B, S/ R/l
PEPEEAKGURNY , B PR AR R A S 2
P TRl FRATTIE R BN S BRI R R AT R
n 5G Wk . AN TR REMAERIHLER A A 3)
VLR A RS Y e 25, B et
— ISR LN BE () RIE R S I

Indonesia’s Agroindustry
Short-Term Implementation: Pilot
Projects & Feasibility Studies J 1
— |
Target high- Deploy IoT Al models for Training Demonstrate
value sensors & spoilage risk programs for economic
perishable GPS trackers assessment & farmers, benefits of Medium-Term Implementation:
crops for real-time cold chain distributors & . loT-M.L Expansion to Multi-Commodity &
monitoring monitoring warehouse integration Multi-Modal Logistics
managers
Expand 1oT & Integrate T Increase Policy
Al to inter- blockchain for Chonided i adoption support:

. management across - -
island supply food safety warehouses & retail among SMEs| |incentives, tax -

chains compliance & with cost- reductions & Long-:l"erm Implemeptaﬁon

traceability effective infrastructure Nationwide Adoption &
solutions invwmart Logistics Ecosystem
Collaborate with local Develop funding Standardize Explore next-gen
governments & models for IoT & Al technologies: 5G,
international smallholder regulations Al robotics,
organizations farmers & SMEs quantum
computing

3 BBl =l AR HE AR S B £k

Fig.3 Roadmap for technology stack implementation in smart agroindustry




_ .
$ mmesm=
b e e

335 2025F $H3MH R ERL
®2 EERAETS AR = Wi ok B R iR iE &
Table 2 Three-phase roadmap and implementation timeline for smart agroindustry in Indonesia
. . e 55 BB § = BB
v Ay 7 4 ﬁ‘ - 7y A%
HARATE KT T AR 1oz 2 ) (24 £ ) (4 £ ) Yo S
7E 75 AL I 5 i 7
=} =zt . Vi B M 452 ) ‘nﬂﬁ
o CHARRVKR . o by KT B RE SRR Ay Do UK AR
PRI WA T T e Btk it TRITE: ARALE. B
o ey O P e PR o WO . HEREE NG TH 2%
1 s
. e o BRER: mE KRR,
N ek 1 4k
Az mes o0 IS e, woana rmien e rme T G
Bw 4 %;kgﬁ L TSR WFREW MU Bl s RESE
e DT R 5
Pl ATPURME . W R
T bR T T B ANEURE SRR A K Bkt EME
SR ReAM WO KIE T W W15 RPHFE: HOEHE . Tl
=
P Bl W
opmams  OCITHCBRIETS R R B BT R MERN w0 E R 4R
T B, B U VA ZHAR MRUH R W42
WA BB
N PR A . B
BTl ] 25 b 3
st 0 DS sk vy TR e 2
<3713 e FARFR BRI e FERBH RRFE: WG . S
AN FHEE S [or4 ¥it 45 4, T
FERS Il
i E ot oo DR BORRAZEN | ik
B S W B XL AR b ) Eﬁﬂﬁ%ﬁiﬂi%@$ﬁ@
g A BORCFIR I of b ok A E 3L AL BIRHFE: L H A
g - B, WA HH
3 sEEY S

s EJVEE & VG A b b K 3 T I £ 488 2K
R SR (FLW ) [l JH: 32 2 J R 46 ) ik 1k 3R
RORARTS L Alk FE Atk 5 7t 2 150 I DA R ik = S
B ARe T FhRhX — PR, ARSI T —
ERPH R BER I AESE , ZHE A A
B (ToT ). ATHERE (AL, XBU#EH A, =it
ARSI BEOR, B TR, TS
BN EE AR . B OZRERL A RS, IR
B T — ARG =B B 5 410 St 1 4%
B, B H g, A
FEVE RN T2 R o 20 R BB T
il D Y B AEAE I A S i R . BOR LS A
T 25 FH O3 A8 R B AR — SR SRR R Pk A . et
XL AR (PRI A, B EE JE VAN e 2
WM TR, TR E L 2R, [
3 B AR Ml 3% B %t PR35 11 R el [ 2 B I, DA
SRy HAth & T v I SRR T S 1) S BR A 00 5 R

T PR B R JE VR i (4 R A RE AL RS Y
(4 IR St , B B JE P I A UG Je B8 98 T 8 v
RSO B SRICBOR SRR R, IR HESh Z 07
A IR G . TR TR, XH& BEY I
TRZ | JET DX Bt po 31U 2R 8 L b N T3 BB A
PRI BRI Z, LR B oy e &
LI 9 2% B S SRR o [, B XA RO
AL L B A B 1) R e B 0 H o B ) 2 A i
XA BT 5 THEAR R K-, S RE PR Ae B
IR B AT RF S o i e R OB — SR B 3R 3
TUSKEME | ENE JE VU AT AL i — A B A BE PR A
B 3R S RO L R &R TEA RO A IR 2R Y
IR, SRR B 5 PR B U i) 152 K e FL AR

S Wk

[1] BUTLER R A. The top 10 most biodiverse countries [EB/OL].
Mongabay, siap terbit. https://rainforests.mongabay.com/03highest
biodiversity.htm, 2016.

55]



BFHOEE

ﬁg IBHEERE:

SCIENCE AND TECHNOLOGY OF CEREALS,OILS AND FOODS

335 2025 E3H

(2]

[3]

(4]

(3]

(6]

(7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

NASH M H. The 201 most (& least) biodiverse countries-the
swiftest{EB/OL]. The Swiftest. https://theswiftest.com/biodiversity-
index/. [accessed 8 Dec, 2023], 2022.

SARMA M M, SEPTIANI S, NANERE M. The role of
entrepreneurial marketing in the Indonesian agro-based industry
cluster to face the ASEAN economic community[J]. Sustainability,
2022, 14(10): 6163.

FAO. Food loss prevention and reduction analysis in Indonesia: a
case study on chili, cabbage and shallot[R]. Food & Agriculture
Organization of the United Nations, 2024.

FAO. 2024 Food loss and waste masterclass: the basics[EB/OL].
[2025-04-29]. https://www.fao.org/platform-food-loss-waste/flw-
events/events/events-detail/2024-food-loss-and-waste-masterclas
s--the-basics/en.

United Nations Environment Programme(UNEP). What is Food
Loss and Waste?[EB/OL]. [2025-04-29]. https:/www.stopfoodlosswaste.
org/issue.

World Bank. 2025. GDP (current US$). https://data.worldbank.
org/indicator/NY.GDP.MKTP.CD. Accessed 9 February, 2025.
BAPPENAS. Food loss and waste in Indonesia in order to
support the implementation of a circular economy and low
carbon development: study report[R]. Indonesian Ministry of
National Development Planning/National Development Planning
Agency (Bappenas), 2021.

ARKEMAN Y, KAILAKU S I, SAEFURAHMAN G, et al.
Applications of the internet of things (IoT) and blockchain for
agriculture in Indonesia[J]. The FFTC Journal of Agricultural
Policy, 2023, 3: 57-68.

HSIAO H I, HUANG K L. Time-temperature transparency in the
cold chain[J]. Food Control, 2016, 64: 181-188.

JEDERMANN R, NICOMETO M, UYSAL I, et al. Reducing
food losses by intelligent food logistics[J]. Philosophical
Transactions of the Royal Society A: Mathematical, Physical and
Engineering Sciences, 2014, 372(2017).

LIN X, NEGENBORN R R, LODEWIIKS G. Survey on
operational perishables quality control and logistics[C]//Lecture
Notes in Computer Science (including subseries Lecture Notes in
Artificial Intelligence and Lecture Notes in Bioinformatics),
2015, 9335: 398-421.

KAILAKU S I, DJATNA T, HAKIM M, et al. Real-time quality
monitoring and prediction system for logistics 4.0 of mango
agroindustry[C]//2022 International Conference on Advanced
Computer Science and Information Systems (ICACSIS), 2022:
87-94.

WALDHANS C, ALBRECHT A, IBALD R, et al. Temperature
control and data exchange in food supply chains: current
situation and the applicability of a digitalized system of
time-temperature-indicators to optimize temperature monitoring
in different cold chains[J]. Journal of Packaging Technology and
Research, 2024, 8(1): 79-93.

[15]

[16]

[17]

[18]

[19]

(20]

(21]

(22]

[23]

(24]

(25]

[26]

[27]

(28]

SUN X, YU H, SOLVANG W D, et al. The application of
Industry 4.0 technologies in sustainable logistics: a systematic
literature review (2012—2020) to explore future research
opportunities[J]. Environmental Science and Pollution Research,
2022: 1-32.

WINKELHAUS S, GROSSE E H. Logistics 4.0: a systematic
review towards a new logistics system[J]. International Journal
of Production Research, 2020, 58(1): 18-43.

SUKARDI. Formulasi definisi agroindustri dengan pendekatan
backward tracking (the definition formulation of agroindustry
using backward tracking approach)[J]. Jurnal Pangan, 2011,
20(3): 270.

ARKEMAN Y. SMART-TIN: an integrated and intelligent
system for the design of adaptive agroindustry (a conseptual
framework)[C]//2nd International Conference on Adaptive and
Intelligent Agroindustry (ICAIA), 2013: September 16-17, 2013.
BANTACUT T, ROMLI M. Development of energy self-
sufficiency of agroindustry[C]//IOP Conference Series: Earth
and Environmental Science, 2020, 472 (1): 012039.
BADIA-MELIS R, MCCARTHY U, RUIZ-GARCIA L, et al.
New trends in cold chain monitoring applications-a review[J].
Food Control, 2018, 86: 170-182.

JAGTAP S, BADER F, GARCIA-GARCIA G, et al. Food
logistics 4.0: opportunities and challenges[J]. Logistics, 2020,
5(1): 2.

KAILAKU S I, ARKEMAN Y, PURWANTO Y A, et al.
Appropriate harvest age of mango (Mangifera indica cv.
Arumanis) for quality assurance in long distance transportation
planning in Indonesia[J]. Journal of Agriculture and Food
Research, 2023, 14: 100763.

SAETTA S, CALDARELLI V. How to increase the sustainability
of the agri-food supply chain through innovations in 4.0
perspective: a first case study analysis[C]/Procedia Manufacturing,
2020, 42: 333-336.

HASSINI E, BEN-DAYA M, BAHROUN Z. Modeling the
impact of IoT technology on food supply chain operations[J].
Annals of Operations Research, 2023: 1-30.

BUDISISWANTO N, MIHARJA M, KOMBAITAN B, et al.
Multimodal freight transport regulations in Indonesia and its
implementation (a case study of Tanjung Priok port)[C]/IOP
Conference Series: Earth and Environmental Science, 2018, 158
(1): 012021.

LAWSON T, LYCETT G W, ALI A, et al. Characterization of
Southeast Asia mangoes (Mangifera indica L) according to their
physicochemical attributes[J]. Sci Hortic, 2019, 243: 189-196.
FARINA V, GENTILE C, SORTINO G, et al. Tree-ripe mango
fruit: physicochemical characterization, antioxidant properties
and sensory profile of six Mediterranean-grown cultivars[J].
Agronomy, 2020, 10(6).

AURA C, WIDAYANTI S, FITRIANA N H I. Export position of




3335 2025F F£3H

E%mmwmﬁ“

SCIENCE AND TECHNOLOGY OF CEREALS,OILS AND FOODS

BHEE

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

Indonesian mango commodities in the international market (case
study in seven destination countries)[J]. Buletin Penelitian Sosial
Ekonomi Pertanian Fakultas Pertanian Universitas Haluoleo,
2023, 25 (1): 9-18.

TAVAKKOLI-MOGHADDAM R, GHAHREMANI-NAHR J,
SAMADI-PARVIZNEJAD P, et al. Application of internet of
things in the food supply chain: a literature review[J]. Journal of
applied research on industrial engineering, 2022, 9(4): 475 - 492.
DALLASEGA P, WOSCHANK M, SARKIS J, et al. Logistics
4.0 measurement model: empirical validation based on an
international survey[J]. Industrial management & data systems,
2022, 122(5): 1384-1409.

SPANG E S, MORENO L C, PACE S A, et al. Food loss and
waste: measurement, drivers, and solutions[J]. Annual Review of
Environment and Resources, 2019, 44(1): 117-156.

GARDAS B B, RAUT R D, NARKHEDE B. Modeling causal
factors of post-harvesting losses in vegetable and fruit supply
chain: an Indian perspective[J]. Renewable and Sustainable
Energy Reviews, 2017, 80: 1355-1371.

FAN Y, BEHDANI B, BLOEMHOF-RUWAARD J M. Refer
logistics and cold chain transport: a systematic review and multi-
actor system analysis of an un-explored domain[J]. European
Journal of Transport and Infrastructure Research, 2020, 20(2):
1-35.

0JO O O, SHAH S, COUTROUBIS A, et al. Potential impact of
industry 4.0 in sustainable food supply chain environment[C]//
2018 IEEE International Conference on Technology Management,
Operations and Decisions (ICTMOD), 2018: 172-177.

VAN GOGH B, BOERRIGTER H, NOORDAM M, et al.
Post-harvest loss reduction: a value chain perspective on the role
of post-harvest management in attaining economically and
environmentally sustainable food chains[R]. Wageningen Food
& Biobased Research, 2017(1751).

HSIAO Y H, CHEN M C, LU K Y, et al. Last-mile distribution
planning for fruit and vegetable cold chains[J]. International
Journal of Logistics Management, 2018, 29(3): 862-886.

FAO. Food waste footprint. impacts on natural resources[R].
http://www.fao.org/docrep/018/i3347e/i3347e.pdf (Accessed
Nov 2020), 2013.

PORAT R, LICHTER A, TERRY L A, et al. Postharvest losses of
fruit and vegetables during retail and in consumers' homes:
quantifications, causes, and means of prevention[J]. Postharvest
Biol Technol, 2018, 139(November 2017): 135-149.

ZAFAR S, MIRAJ G, BALOCH R, et al. An IoT based real-time
environmental monitoring system using Arduino and cloud
service[J]. Engineering, Technology & Applied Science Research,
8(4): 3238-3242.

YAP C K, AL-MUTAIRI K A. A conceptual model relationship
between industry 4.0-food-agriculture nexus and agroecosystem:

a literature review and knowledge gaps[J]. Foods, 13(1): 150.

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

DING H, TIAN J, YU W, et al. The application of artificial
intelligence and big data in the food industry[J]. Foods, 2023,
12(24): 4511.

HASSOUN A, JAGTAP S, TROLLMAN H, et al. Food
processing 4.0: current and future developments spurred by the
fourth industrial revolution[J]. Food Control, 2023, 145: 109507.
JAYARAMAN P P, YAVARI A, GEORGAKOPOULOS D, et al.
Internet of things platform for smart farming: experiences and
lessons learnt[J]. Sensors (Switzerland), 2016, 16(11).
VERDOUW C N, WOLFERT J, BEULENS A J M, et al.
Virtualization of food supply chains with the internet of things-
ScienceDirect[J]. Journal of Food Engineering, 2016, 176:
128-136.

GONDAL M U A, KHAN M A, HASEEB A, et al. A secure food
supply chain solution: blockchain and IoT-enabled container to
enhance the efficiency of shipment for strawberry supply chain[J].
Frontiers in Sustainable Food Systems, 2023, 7: 1294829.
PEDDAREDDIGARI S, VIJAYAN S V H, ANNAMALAI M.
IoT, blockchain, big data and artificial intelligence (IBBA)
framework-for real-time food safety monitoring[J]. Applied
Sciences, 2024, 15(1): 105.

KRAFT S K, KELLNER F. Can blockchain be a basis to ensure
transparency in an agricultural supply chain?[J]. Sustainability,
2022, 14(13): 8044.

ABDELHAMID M M, SLIMAN L, BEN DJEMAA R.
Al-enhanced blockchain for scalable IoT-based supply chain[J].
Logistics, 2024, 8 (4): 109.

HEMA V S V, MANICKAVASAGAN A. Blockchain
implementation for food safety in supply chain: a review[J].
Comprehensive Reviews in Food Science and Food Safety, 2024,
23(5): €70002.

RAHMAN M H, MENEZES B C, BALDACCI R. Exploring the
role of blockchain technology, warchouse automation, smart
routing, and cloud computing in logistics performance[J].
Production & Manufacturing Research, 2024, 12(1): 2393614.
CHITHRA P, HENILA M. Defect identification in the fruit apple
using K-means color image segmentation algorithm[J]. International
Journal of Advanced Research in Computer Science, 2017, 8(8):
381-388.

SIDEHABI S, ANSAR S, ARENI I, et al. Classification on
passion fruit's ripeness using K-means clustering and artificial
neural network[C]//2018 International Conference on Information
and Communications Technology (ICOIACT), 2018: 304-309.
SREEKANTH G R, THANGARAJ P, KIRUBAKARAN S. Fruit
detection using improved K-means algorithm[J]. Journal of
Critical Reviews, 2020, 7(12): 5-6.

BHATNAGAR A, VRAT P, SHANKAR R. Multi-criteria
clustering analytics for agro-based perishables in cold-chain [J].
Journal of Advances in Management Research, 2019, 16 (4):
563-593.




BFHOEE

ﬁg IBHEERE:

SCIENCE AND TECHNOLOGY OF CEREALS,OILS AND FOODS

335 2025 E3H

[55]

[56]

[57]

[58]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

GARCIA S, LUENGO J, HERRERA F. Data preprocessing in
data mining[M]. Volume ke-72. Springer, 2015. http://www.
springer.com/series/8578.

MISRA N N, DIXIT Y, AL-MALLAHI A, et al. IoT, big data,
and artificial intelligence in agriculture and food industry[J].
IEEE Internet of things Journal, 2020, 9(9): 6305-6324.
SAIRISE R M. Taste of the future: How Al and IoT are
transforming the food industry[J]. IIFANS International Journal
of Food and Nutritional Sciences, 2021, 10(9): 40-52.

SINGH U, SONGAREA L S. IoT and machine learning based
model for food safety and quality in handling a pandemic
situation[J]. IJFANS International Journal of Food and Nutritional
Sciences, 2022, 11(12): 3221-3325.

ZATSU V, SHINE A E, THARAKAN J M, et al. Revolutionizing
the food industry: the transformative power of artificial
intelligence-a review[J]. Food Chemistry: X, 2024, 24.

RAY P, HARSH H O, DANIEL A, et al. Incorporating block
chain technology in food supply chain[J]. International Journal
of Management Studies, 2019, 6(1): 5.

KAUR A, SINGH G, KUKREJA 'V, et al. Adaptation of IoT with
blockchain in food supply chain management: an analysis-based
review in development, benefits and potential applications[J].
Sensors, 2022, 22(21): 8174.

REJEB A, REJEB K, ZAILANI S, et al. Examining the interplay
between artificial intelligence and the agri-food industry[J].
Artificial intelligence in agriculture, 2022, 6: 111-128.
ZGHURSKA O, KORCHYNSKA O, RUBEL K, et al.
Digitalization of the national agro-industrial complex: new
challenges, realities and prospects[J]. Financial & Credit Activity:
Problems of Theory & Practice, 2022, 6(47).

MOUDOUD H, CHERKAOUI S, KHOUKHI L. An IoT
blockchain architecture using oracles and smart contracts: the
use-case of a food supply chain[C]//2019 IEEE 30th Annual
International Symposium on Personal, Indoor and Mobile Radio
Communications (PIMRC), 2019: 1-6.

KONFO T R C, DJOUHOU F M C, HOUNHOUIGAN M H,
etal. Recent advances in the use of digital technologies in
agri-food processing: a short review[J]. Applied Food Research,
2023:100329.

AHMAD R W, KO K M, RASHID A, et al. Blockchain for food
industry: opportunities, requirements, case studies, and research
challenges[J]. IEEE Access, 2024.

MARVIN H J, BOUZEMBRAK Y, VAN DER FELS-KLERX H
J, et al. Digitalisation and artificial intelligence for sustainable
food systems[J]. Trends in Food Science & Technology, 2022,

120: 344-348. &

#/iE: 1 AR EAREIAATERM (http:/lyspkj.ijournal.cn ),

FREEIN . T S AR SRR T R
2. HSCJFESCHEIL P59-67,




$ IBDBEINE .
55335 2025F E3H C A B

KAILAKU S I, ARKEMAN Y, PURWANTO Y A, et al. Transforming agroindustry in Indonesia: emerging digital technologies for reducing
food loss (3£ JF30)[J]. Science and Technology of Cereals, Oils and Foods, 2025, 32(3): 47-67.

Transforming Agroindustry in
Indonesia: Emerging Digital
Technologies for Reducing
Food Loss @3JFE30)

Sari Intan KAILAKU'?, Yandra ARKEMAN?’, Y Aris PURWANTO**, Fagih UDIN?,
Bahagiawati AMIRHUSIN®, Hendri WIJAYA®®, Nizmah Jatisari HIDAYAH>’,
Irman HERMADI*®, Verry Surya HENDRAWAN??

(1. Research Center for Agroindustry, National Research and Innovation Agency,
Tangerang Selatan 15310, Indonesia;
2. Blockchain, Robotics, and Artificial Intelligence Networks (BRAIN) Scientific Cluster,
IPB University, Bogor 16127, Indonesia;
3. Department of Agroindustrial Technology, IPB University, Bogor 16680, Indonesia;

4. Department of Agricultural and Biosystem Engineering, IPB University, Bogor 16680, Indonesia;
5. Research Center for Food Crops, National Research and Innovation Agency, Bogor 16915, Indonesia;
6. School of Vocational Studies, IPB University, Bogor 16128, Indonesia;

7. Polytechnic of Agricultural Engineering Indonesia, Tangerang 15338, Indonesia;

8. Department of Computer Science, IPB University, Bogor 16680, Indonesia;

9. Muhammadiyah College of Technology, Bogor 16820, Indonesia)
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Indonesia, the world’s second most biodiverse
country!"*), has great potential in agricultural trade.
Its agroindustry serves as a critical economic engine
in the country, connecting farming, post-harvest
handling, processing industries, and distribution
through the interconnected value chain *). However,
as an archipelagic nation with more than 2,300
populated islands and a population of over 282
million, Indonesia faces significant challenges in its
food logistics systems, leading to substantial food
loss and waste (FLW). The nation produced between
23 and 48 million tonnes of food waste annually
between 2000 and 2019, which is equivalent to 115
to 184 kg per person annually. This level of FLW
could have provided sustenance for 61-125 million
people, or about 29-47% of Indonesia's population .

The economic impact of FLW is staggering.
FAO estimates that the economic value of lost food
is approximately 400 billion USD in 2021, not
including the food wasted by households, retailers,
other food which
according to UNEP costs the global economy over

restaurants, and services,
USD 1 trillion annually®®®. This amount is almost
equivalent to the GDP of countries like Indonesia,
Tiirkiye, and the Netherlands!”. The estimated
economic loss resulting from food loss and waste in
Indonesia ranges from USD 13.64 trillion to USD
35.29 trillion per year, equivalent to 4 to 5 per cent
of the country's GDP™. Identifying key loss points
and their causes is critical to implementing mitigation
strategies at the technical, policy, socioeconomic,
and strategic levels.

Regarding logistics challenges due to Indonesia's
geographical situation, FAO™ listed several factors
contributing to FLW. Overproduction occurrences,
inefficient market systems, and lack of real-time
data hinder effective distribution, causing surplus
waste in some areas and shortages in others. The
limited technology and infrastructure result in
inefficient sorting, cleaning, and packaging and
unmonitored product quality along the supply chain.
The distribution process is the longest time that the
products go unmonitored, during which activities

can negatively influence the quality (and quantity)
during transportation. Environmental conditions
may experience changes, and repetitive handling
and moving may damage the products™”.

Addressing these challenges demands innovative,
coordinated solutions. Although efforts to improve
food logistics and supply chain efficiency in
Indonesia are ongoing, current approaches fragmented,
reactive, and inefficient. Traditional cold chain
management and distribution systems lack real-time
monitoring, predictive analytics, and data-driven
decision-making, resulting in uncontrolled food
deterioration and supply chain disruptions!'®'?.
Previous studies have explored isolated applications
of IoT, AI, Blockchain, and Cloud Computing, but
no integrated framework synergises these technologies
to systematically reduce food loss and waste (FLW)
at multiple supply chain levels. This study bridges
that gap by introducing a Smart Agroindustry
Framework designed to proactively enhance food
quality control, logistics efficiency, and supply
chain transparency. Unlike traditional approaches,
this framework enables real-time intervention,
automated risk detection, and blockchain-secured
traceability, ensuring that food products maintain
quality from farm to consumer. By implementing
this holistic, technology-driven model, Indonesia
can transition from reactive loss management to
proactive, data-driven agroindustry, setting a precedent
for sustainable food logistics in other developing
economies facing similar challenges.

The integration of Internet of Things (IoT)
devices and Machine Learning (ML) algorithms
offers real-time quality monitoring and prediction
capacity in the Food Logistics 4.0 system, allowing
prevention and mitigation of losses that may occur
during long-distance transportation!"*!. ToT-based
and Blockchain technologies support transparent
data management and process control to support
14 Big Data
analytics and Artificial Intelligence (AI) possess
advanced computational powers to process highly
complex data from IoT

decision-making in food distribution!

sensors, improving
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data-driven transportation planning and logistics
optimisation''”). Moreover, the incorporation of Big
Data, Cloud Computing, and IoT is an effective
method for cooperative logistics delivery scheduling
across stakeholders!'®!,

By leveraging these technologies, Indonesia
can transition from traditional reactive approaches
to intelligent, proactive systems that enhance
decision-making, improve food security, minimise
food loss and ultimately reduce
study proposes a
comprehensive framework integrating IoT, ML, and
other advanced digital technology to optimise food

logistics, aiming to reduce FLW and promote

and waste,
environmental impact. This

sustainability within Indonesia's food supply chains.
1 LITERATURE REVIEW

1.1  Agroindustry and Food Supply Chain
Challenges

Agroindustry is an industry that produces
products using main components derived from
In the
agroindustry is an inter-related value chain from

plants and animals. broader context,

farming (upstream) to the processing industry

(middle-stream) and to end customers (downstream).

The objective of agroindustry is to convert input(s)
by applying processes into output(s) that have much
better properties or characteristics compared to the
input(s). The agro-industry sector is a crucial driver
providing
employment opportunities, supporting rural livelihoods,
and contributing to national income through value-
added processing and exports. The more available

of economic growth in Indonesia,

and improved agro-industrial engineering has encouraged
agroindustry to expand its market, leading logistics
activities to become more massive>'’ """,

Food logistics is a multifaceted process involving
multiple transportation and handling stages, starting
from producers and suppliers, where products are
loaded into containers and transported via road, rail,
sea, or air before reaching the final customers 22",
Indonesia's food logistics system faces significant
challenges, particularly due to its unique geographical
and infrastructural context. The nation's archipelagic
structure necessitates complex, multimodal
transportation networks encompassing land, sea, and
air routes. This complexity often leads to fragmented
supply
resulting in inefficiencies that affect the quality and

availability of perishable goods!'"'**

chains and inadequate infrastructure,

| The absence

of an integrated logistics platform from upstream to

downstream  processes contributes to these

inefficiencies, which in turn increases the economic
and environmental costs of food logistics!>* 2%,

Food logistics often relies on the efficiency of
multimodal transportation modes, which depends on
fuel costs, infrastructure conditions, and availability
of transport options®>!. Poorly maintained roads or
congested shipping ports can lead to delays and
increased costs!?!). Perishable agricultural products
are specifically susceptible to quality degradation
during transit. Temperature fluctuations and improper
handling can accelerate spoilage, leading to significant
26271 A study highlighted that without
adequate cold chain systems, perishable agricultural
products like fruits and vegetables often spoil

before reaching consumers, underscoring the critical
[28-29]

economic losses!

need for improved logistics and infrastructure
These inefficiencies not only increase economic
costs but also have environmental implications due
to increased food waste and higher carbon emissions
from prolonged transportation (29,

Each stage of the supply chain bears challenges
for the actors and stakeholders. Managing multiple
producers and suppliers (such as Farmers A, B, and
C or Suppliers D, E, and F) and ensuring
synchronised loading of products into containers is
a significant challenge™. Delays or miscommunication
at the producers' and suppliers’ stages can disrupt
the entire logistics process.' ..

Unlike general cargo, food products are often
perishable and require controlled environments
during transit. The lack of proper refrigeration or
temperature control in containers can result in
spoilage, leading to significant losses®'!. During the
container loading and unloading process, improper
handling can lead to damaged food products™*.
Ensuring safe packaging, effective use of forklifts,
and optimised loading techniques are crucial to
maintaining product quality[16’24’33"34].

Food logistics must also adhere to strict
regulations regarding hygiene, safety, and traceability.
Cross-border shipments, in particular, require
compliance with different countries' import/export
regulations, which can cause delays and increased
paperwork. The differences in regulations and
standards between exporting and importing
countries can lead to FLW, e.g.,, non-compliant
foods are thrown away or dumped on a sufficiently

provided local market"®”. The final stage of the
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logistics flow involves
customers, including food processing factories or

retailers and end consumers. Last-mile delivery is

distributing goods to

often costly and time-sensitive, requiring efficient
route planning and distribution networks to ensure
food reaches customers fresh and on time®).

Finally, it is important to acknowledge that
food logistics generates a considerable carbon
footprint due to fuel consumption in transportation.
Sustainable practices, such as optimizing supply
chain routes and using energy-efficient transport modes,
are necessary to reduce environmental impact[]5].
The measurement of environmental impact has to
consider not only the food production and carbon
footprint but also the volume of FLW. The carbon
footprint of lost and wasted food was estimated to

reach up to 3.3 giga tonnes of CO, [37-38]

1.2 Advanced Digital Technology in Food
Supply Chain
When discussing advanced digital technology,

there are several terms that, although popular, not

all laypeople understand their roles in Industry 4.0.
The Internet of Things (IoT) enables interconnected

collect data from the physical
39401 Artificial Intelligence  (AI)
processes and analyses the data to make intelligent

devices to
environment!

decisions and predictions*". Blockchain securely
stores and verifies transactions or data changes in a
4 Big Data refers to large

volumes of data that require advanced methods to
41-42

decentralised ledger!
store, process, and analyse!*' ™%, Cloud Computing
provides scalable resources and services over the
Internet for data storage and computation''***!. In
short, IoT is for sensing, Al is for thinking,
Blockchain is for recording, Big Data is for storing,
and Cloud Computing is for hosting and
processing.

To optimise food logistics and reduce food loss,
the integration of IoT, AI, Blockchain, and Cloud
Computing offers a comprehensive digital solution.
Each technology contributes uniquely to improving

supply chain efficiency (Table 1).

Table 1 Key digital technologies for food loss reduction in agroindustry
Technology Role in Food Logistics Key Benefits Challenges References
Real-time monitoring and controlling of Prevents spoilage, improves High implementation costs,

IoT  (Internet

of Things) controllers, and actuators)

Al & Machine Predictive analytics for food deterioration, Reduces waste, optimises transportation, Requires  large

environmental conditions (through sensors, tracking,
integrity

enhances cold chain connectivity issues in remote [43-45]
areas

datasets,

Learning supply-demand forecasting enhances decision-making complex integration [12-13.46]

Blockchain Secure, tamper—proof traceability of the food Increases transparency, reduces Scal?.blllty, regulatory [47-50]
supply chain fraud, ensures food safety barriers

Cloud Sctz?;rﬂlssg dd;tla n:)i?:%:;?i?:r’lep?a\;;dei;cc:;:ze Enables cross-stakeholder Data security, dependence on [16,34,50]

Computing &6, PP p & collaboration, enhances analytics stable internet infrastructure mn

and decision-making.

ML methods and algorithms are established
and can be selected to suit the available data. For
instance, K-Means Clustering, an unsupervised
method of ML, can efficiently handle large datasets,
formulate a new classification by dividing data into
clusters based on similarity, accurately categorise
quality levels of food based on multiple parameters,

results®! 33,

and provide precise, interpretable
Advanced clustering methods classify fruits into
distinct stakeholders
prioritise shipments and reduce spoilage™. An

advanced

maturity levels, helping
supervised method, Deep Learning,
achieved over 95% accuracy in predicting the

ripening stages of fruits, thus enabling better logistics

planning™>~%.
Beyond quality prediction, ML models are
employed to detect food contamination and

adulteration. By analyzing sensor data, these models

can identify anomalies indicative of contamination,

allowing for swift intervention to prevent
compromised products from reaching consumers.
This application is crucial for upholding stringent
food safety standards and protecting public health.
Overall, the integration of ML in food quality
prediction enhances the ability to manage perishable
resulting in reduced waste,

goods effectively,

improved product quality, and more efficient supply
chain operations!*'~"%,

The synergy between [oT and ML, complemented
by Cloud computing, which provides scalable
storage and computational power, also extends to
demand forecasting and inventory management. Al
algorithms analyze data from IoT devices alongside
historical sales data to predict future demand
patterns accurately. This foresight allows businesses
to adjust their accordingly,

inventory levels
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reducing the risk of overstocking or stockouts and
thereby optimizing resource utilization™’*),
Blockchain technology is becoming more
widely acknowledged as
modernizing food logistics with its ability to

improve data management, security, and traceability

a key element in

throughout supply chains. Blockchain records can
verify that cold chain integrity was maintained
throughout transportation'*’**. Additionally, cloud
platforms support collaborative efforts among various
stakeholders by providing centralized access to data
and applications, thereby enhancing coordination
and efficiency within the supply chain!**~.

Despite the integration of IoT, Al, Blockchain,
and Cloud Computing holds immense potential to
revolutionize food logistics, several barriers hinder
their high
associated with deploying IoT sensors and cloud

widespread adoption. The costs

storage present formidable financial hurdles, particularly
for small-scale farmers and logistics providers!'®).
Additionally, connectivity limitations in Indonesia’s
remote regions can disrupt real-time data
transmission, reducing the effectiveness of smart
monitoring systems'”?.. Regulatory frameworks for
blockchain-based traceability remain underdeveloped,
legal
. Furthermore, AI and

predictive analytics require extensive historical data,

creating uncertainty in compliance and

cross-border food trade!®”

which many agroindustry stakeholders lack due to
fragmented record-keeping practices!®'!. Addressing
these challenges requires a coordinated effort
bodies,

stakeholders, and technology providers to establish

between government private  sector
supportive policies, improve digital infrastructure,

and promote industry-wide adoption of these

. . 2
1nnovat10ns[6 ].

2 PROPOSED FRAMEWORK FOR
SMART AGROINDUSTRY

The advent of Food Logistics 4.0 signifies a
transformative shift in managing food supply chains,
emphasizing  the advanced
technologies to enhance efficiency, transparency,
and sustainability. The proposed framework leverages

of the

integration  of

the synergistic capabilities emerging

advanced digital technologies.
2.1 Smart Agroindustry Design and Development

Designing a robust Smart Agroindustry

Framework requires a structured approach that
integrates multiple technological advancements to

enhance efficiency, traceability, and sustainability.
Given the complexity of modern agroindustry
systems, a mind map serves as a vital tool for
visualizing key components. By organizing core
elements such as IoT, AI, Blockchain, and Cloud
Computing, the mind map helps in defining roles,
identifying works, and ensuring a cohesive
implementation strategy. This structured representation
facilitates the designing of a future-ready agroindustry
ecosystem (Figure 1).

The design and development of smart
agroindustry involve the seamless integration of
digital technologies into agricultural practices and
food logistics!®®!. This integration aims to create a
responsive and adaptive supply chain capable of
real-time monitoring and decision-making. The
Internet of Things (IoT), Artificial Intelligence (Al),
Blockchain, and Cloud Computing in the design
address the multifaceted challenges inherent in
agroindustry and food logistics. The

integration framework visualises the workflows of

system

the technology stack (Figure 2).

Food  supply
transparency have been demonstrated to be greatly
enhanced by the
technology and Internet of Things devices. IoT

chain  traceability  and

combination of blockchain

devices gather data on a number of parameters in
real time. In order to create an unchangeable ledger
that stakeholders
legitimacy and state of food products, this data is
subsequently stored on a blockchain. A study by
Moudoud et al'® proposes an IoT-blockchain

can access to confirm the

architecture utilising oracles and smart contracts to
enhance data reliability and automate processes
within the supply chain.

Artificial Intelligence can further augment
blockchain applications by managing and pruning
blockchain data to optimise performance. It has
been suggested that supply chain performance can
be improved through the use of BDI (Beliefs,
Desires, and Intentions) agents in an Al-enabled
blockchain solution. These agents effectively handle
blockchain data, guaranteeing that the system is
responsive to the ever-changing demands of food
logistics and remains scalable!**!,

The IoT-Al integration plays a crucial role in
optimising food logistics by enabling real-time data
processing and intelligent decision-making. IoT
devices continuously gather data, ensuring the
safety and quality of food products. Al processes
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this vast amount of data, identifying patterns,
predicting potential risks, and optimising logistics

making by providing insights into supply chain
efficiencies, reducing food loss, and improving

operations. Al-driven analytics enhance decision-

transportation routes!®*.

Deploying IoT devices (sensors, RFID tags)

Data collection: temperature, humidity, planting
IoT Implementation conditions

Precision agriculture: soil health, crop monitoring

h

Logistics: tracking products distribution

Analyzes [oT data

Predictive analytics for crop yield, equipment
maintenance, quality deterioration
Optimizes supply and demand balance

Al integration Al-driven predictive maintenance
Logistics: route and scheduling optimization
Processing and handling optimization
Automation in agricultural and food processing

Ensures data immutability and transparency

Decentralized ledger for food traceability
Blockchain application

Enhancing food safety and authenticity

Cloud computingé

The mindmap of smart agroindustry design and development

Efficient recalls in case of contamination
Infrastructure for storing and processing data
Scalable resources for real-time analysis
Collaboration among stakeholders

Seamless data sharing and integration

Stakeholders

Provide transparent and immutable data |

Smart agroindustry design and
development
Fig.1
IoT Blockchain
Record
I real-time data
Optimize data
| Database & I perfomlancc
data analytics
Utilize BDI agents
for scalability

| Send real-time data for processing

I Send data for storage

The integration of these technologies fosters a

Send data for
continouos learning |
& enhancing models

Improve decision-

! ; I
making & efficiency I Enable seamless I
data sharing
Fig.2 System integration framework
numerous benefits, challenges such as data

smart agroindustry that is efficient, transparent, and
resilient, capable of adapting to dynamic market
demands and environmental conditions. However,
while the integration of these technologies offers

interoperability, security concerns, and the need for
standardization persist. Ensuring that different
systems and devices can communicate effectively

requires the development of universal standards and
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protocols'l.  Additionally,

integrity and privacy is crucial, especially when

safeguarding data

dealing with sensitive information related to food
safety and quality!®®®’
necessitates collaborative efforts among stakeholders,
including technology developers, food industry

players, and regulatory bodies'**.

1. Addressing these challenges

2.2 Application Roadmap

The proposed Smart Agroindustry framework

Application Roadmap for Food Logistics 4.0 in

follows a structured three-stage roadmap: short-
term, medium-term, and long-term implementation.
Each stage progressively builds upon technological
integration, infrastructure expansion, and policy
support to ensure sustainable and scalable adoption
of 10T, Al, blockchain, and cloud computing in the
food supply chain (Figure 3). The timeline spans 5
of development,

years from pilot projects to

nationwide implementation (Table 2).

Indonesia’s Agroindustry
Short-Term Implementation: Pilot
Projects & Feasibility Studies ] J
— |
Target high- Deploy IoT Al models for Training Demonstrate
value sensors & spoilage risk programs for economic
perishable GPS trackers assessment & farmers, benefits of Medium-Term Implementation:
crops for real-time cold chain distributors & . loT-ML Expansion to Multi-Commodity &
monitoring monitoring warehouse integration Multi-Modal Logistics

-

Expand 10T & Integrate Increase Policy
Al} to inter- blockchain for Sl G adoption support:
. management across . :
island supply food safety warehouses & retail among SMEs incentives, tax :
chains compliance & with cost- reductions & Long-Term Implementation:
traceability effective infrastructure Nationwide Adoption &
solutions investment Smart Logistics Ecosystem
— l
Collaborate with local Develop funding Standardize Explore next-gen
governments & models for IoT & AL technologies: 5G,
international smallholder regulations Al robotics,
organizations farmers & SMEs quantum
computing

Fig.3 Roadmap for technology stack implementation in smart agroindustry

1. Short-term implementation: pilot projects
and feasibility studies

The first phase of the roadmap focuses on
small-scale pilot projects targeting high-value
perishable crops such as chilli and mango, beef,
seafood, and dairy products. These commodities are
selected due to their economic significance and
vulnerability to spoilage during transportation. IoT
devices, such as temperature and humidity sensors
and GPS trackers, are installed in storage facilities
and vehicles to collect real-time environmental data.
This data is then processed using machine learning
models, which predict ripeness, monitor cold chain
integrity, and assess potential spoilage risks'").

To ensure a smooth transition to digitalised
logistics, training programs are essential for supply

chain actors, including farmers, distributors, and

warehouse managers. These training programs focus
on operating IoT devices, interpreting Al-driven
predictions, and implementing blockchain-based
traceability systems. The primary goal of this phase
is to demonstrate the feasibility and economic
benefits of technology integration in the supply
chain before scaling implementation on a larger
scale.

2. Medium-term implementation: expansion to
multi-commodity and multi-modal logistics

Once pilot projects have proven successful, the
framework will be expanded to additional
agricultural sectors beyond high-value crops. This
phase integrating IoT and Al-driven

logistics networks into inter-island supply chains,

involves

ensuring robust real-time monitoring for remote
regions with limited infrastructure. The medium-
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term goal is to increase adoption rates among small
and medium enterprises (SMEs) by developing cost-
effective, scalable digital technology solutions that
cater to their specific needs. Policy interventions,

including government incentives, tax reductions,
and digital infrastructure investments, will play a
crucial role in ensuring widespread accessibility to
these technologies.

Table 2 Three-phase roadmap and implementation timeline for smart agroindustry in Indonesia.

Technology / . Expected Phase 1 Phase 2 Phase 3 .
. Key Act Chall & Solut
Action ey Aactions Outcomes (Years 1-2) (Years 2—4) (Years 4-5) allenges olutions
. Chall : High ts,
Deploy IoT sensors in . . . ? engefs . 181 costs
. . . Improved cold Pilot . Nationwide connectivity issues
high-risk perishable . Expansion to . . R . .
IoT . chain deployment . . adoption  in Seolutions: Public-Private
. commodities (vegetables - . multi-commodity . .
Implementation . monitoring, in key . agroindustry  Partnership, government
& fruits, meat & seafood, . . supply chains .. . . .
dairy) reduced spoilage regions logistics incentives, infrastructure
Y upgrades
Challenges: Requires large
AL & Predictive Al models for spoilage Optimised Al for Al-driven Al-powered  datasets; training needed
Analvtics risk and demand inventory, waste spoilage risk demand automation & Solutions: Data-sharing
Y forecasting reduction assessment  forecasting robotics frameworks, Al training
programs
Chall ¢ Scalability,
. . Enhanced Limited-scale Nationwide alenses ca‘ vty
Blockchain  for Secure food tracking & . . . regulatory uncertainty
.. . transparency, — integration for blockchain ) .
Traceability safety compliance . . Solutions: Policy development,
reduced fraud traceability traceability . .
industry collaboration
Challenges: Data
Cloud . . Fas.te.r . Cloud-based Ful.l-scale securit'y, dependence on
. Real-time data sharing decision-making, . national stable internet
Computing . . — supply chain . .
. & analytics improved cloud Solutions: Cybersecurity
Integration .. platform . .. . .
coordination infrastructure policies,  public-private
investments
Training & Digital literacy & Improved Training for Expansion to N'at.ionwide Challenggs: Resistance to
. . . farmers & SMEs & digital change, skills gap
Capacity technology adoption for adoption & .. . . . . .
e . logistics inter-island literacy Solutions: Incentives,
Building stakeholders efficiency . . N L
providers logistics programs nationwide training initiatives
. Chall : Sl li
. Standardised . Full legal ? .enges o 1?0 ey
Policy & .. Drafting Lo adoption, enforcement issues
Digital governance for legal framework ) standardisation . .
Regulatory . — regulations  for Solutions: Multi-stakeholder
smart agroindustry for smart food o for Food .
Frameworks traceability collaboration, regulatory

logistics

Logistics 4.0
ogstics reforms

3. Long-term implementation: nationwide adoption
and smart logistics ecosystem

The final phase focuses on nationwide adoption,
transforming Indonesia’s food supply chain into a
fully
ecosystem. This stage involves collaborating with
local stakeholders, and
international organisations to establish standardised

integrated and intelligent supply chain

governments, industry
IoT and Al regulations.

To support nationwide digital transformation,
funding models will be developed to subsidise the
adoption costs for smallholder farmers and SMEs,
ensuring that technological advancements are
inclusive and equitable. Additionally, next-generation
5G-enabled IoT devices,

automation,

innovations such as

Al-powered robotic and quantum

computing-based logistics optimisation will be

explored to further enhance supply chain resilience.

3 CONCLUSION AND
RECOMMENDATIONS

Indonesia’s agroindustry faces persistent food
loss and waste (FLW) due to inefficient logistics,
inadequate infrastructure, and a lack of real-time
data integration. This study proposes a Smart
Agroindustry Framework that integrates IoT, Al
Blockchain, and Cloud Computing to enhance food
supply chain efficiency. A structured three-phase,
S-year roadmap ensures a gradual transition from
pilot implementation to nationwide adoption,
addressing key challenges such as infrastructure

limitations, policy gaps, and stakeholder readiness.
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By leveraging these technologies, Indonesia can
reduce economic losses, enhance food security, and
minimize environmental impact while also serving
as a model for other developing nations.

To ensure successful implementation, Indonesia
must prioritize expanding its digital infrastructure,
strengthening policy support, and fostering
multi-stakeholder collaboration. Early investment in
cold chain logistics, blockchain-based traceability,
and Al-driven analytics is crucial for optimizing
food distribution. Additionally, capacity-building
programs for farmers and supply chain managers
will facilitate adoption and ensure long-term
sustainability. By committing to a coordinated,
technology-driven  approach, Indonesia can
establish a resilient, data-driven agroindustry,
reducing food waste while promoting economic and
environmental sustainability.
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