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Abstract 

Agricultural	supply-chain	 in	developing	countries	has	been	recognized	 to	have	
critical	complications,	e.g.,	seasonal	supply-demand	complexity,	high	emission	factor,	
economic	inequality,	social	conflicts,	etc.	Thus,	it	requires	a	significant	transformation	
to	solve	 its	 latent	problems.	This	study	suggests	 the	 transformation	by	conducting	a	
postharvest	engineering	by	the	application	of	appropriate	technology.	As	an	ex-farm	
strategy,	 postharvest	 engineering	 offers	 less	 interventions	 to	 any	 existing	 process	
taken	by	least	developing	societal	groups.	In	parallel,	appropriate	technology	puts	an	
emphasis	 on	 the	 sustainability	 of	 a	 technological	 solution	 by	 using	 indigenous	
knowledge	as	its	basis.	Their	combination	will	then	transform	the	whole	supply-chain	
in	terms	of	four	different	perspectives.	Technically,	supply-chain	complexity	requires	
an	 interconnected	 calculation	 of	 supply-demand	 network.	 Besides,	 economic	 value	
added	needs	to	be	redistributed	throughout	the	chain.	Next,	applying	an	appropriate	
technology	in	conducting	postharvest	processing	will	change	the	life-cycle	assessment	
of	a	commodity	being	treated.	Then,	involved	parties	in	the	chain	require	a	renewed	
partnership	to	intermediate	different	interests.	In	short,	this	study	proposes	a	notion	
on	a	set	of	comprehensive	solutions	from	different	views	to	solve	problematic	issues	
within	any	agricultural	supply-chain	in	many	developing	countries.	

Keywords:	agricultural	 supply-chain,	 postharvest	 engineering,	 appropriate	 technology,	sustainability,	value	chain,	life-cycle	assessment,	social	partnership	
INTRODUCTION	Developing	 countries	 have	 been	 recognized	 as	 being	 dependent	 on	 agricultural	commodities	 either	 as	 trade	 items	 or	 for	 domestic	 consumptions	 (Reardon	 and	 Timmer,	2007;	Sianipar	et	al.,	2014).	Hence,	having	an	effective	and	efficient	supply-chain	is	critical	for	those	countries	(McCullough	et	al.,	2008).	However,	developing	countries	have	long	been	dealing	 with	 complications	 in	 their	 agricultural	 supply-chains	 (Haggblade	 et	 al.,	 2007;	McCullough	 et	 al.,	 2008).	 In	 general,	 those	 countries	do	not	have	 a	 sufficient	 capability	 to	maintain	 the	 stability	 of	 their	 production,	 making	 them	 reliant	 to	 seasonal	 supply	 and	demand.	Besides,	their	inefficient	supply-chain	activities	have	been	known	to	produce	high	emissions,	raising	the	emission	factor	of	the	whole	chain.	In	fact,	there	is	also	a	concern	on	inequalities	between	supply-chain	members,	 in	which	there	 is	a	strong	economic	disparity	between	 upstream	 and	 downstream	 parties,	 making	 farmers	 to	 have	 the	 least	 economic	benefits	for	their	own	productions.	As	a	result,	social	conflicts	of	interests	are	unavoidable,	causing	disruptions	to	ongoing	activities	within	a	supply-chain.	In	fact,	these	complications	affect	each	other,	resulting	in	a	cyclical	deterioration	of	the	whole	chain.	Thus,	agricultural	supply-chain	in	developing	countries	require	an	essential	transformation	to	solve	its	 latent	problems	 (Dorward	 et	 al.,	 2004;	 Reardon	 and	 Timmer,	 2007).	 Furthermore,	 any	 action	 to	pursue	the	transformation	needs	to	consider	existing	situations	and	social	capitals,	in	which	all	 actions	 are	 dedicatedly	 taken	 to	 strengthen	 indigenous	 capabilities	 (Rodenburg	 et	 al.,	2014).	In	other	words,	less	interventions	are	preferable	for	a	sustainable	transformation.	
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THE	GAP	AND	OPPORTUNITY	Among	known	solutions,	postharvest	engineering	(PhE)	arises	as	an	approach	offering	less	 interventions	 to	 the	 whole	 parts	 of	 a	 chain,	 yet	 potential	 to	 bring	 significant	 effects	throughout	 the	 chain.	 As	 an	 ex-farm	 strategy,	 PhE	 targets	 a	 critical	 connection	 between	farmers	 as	 the	 least	 benefitting	 societal	 group	 within	 a	 chain	 in	 a	 downstream	 direction	(Hodges	 et	 al.,	 2011;	McCullough	 et	 al.,	 2008),	 which	may	 then	 improve	 their	 bargaining	position	in	the	whole	chain.	However,	it	may	also	bring	significant	changes	to	some	certain	spots	 in	 a	 chain,	 which,	 as	 aforementioned,	 may	 get	 risky	 due	 to	 complications	 in	agricultural	supply-chains	in	less	developing	countries	(Haggblade	et	al.,	2007;	Hodges	et	al.,	2011;	Kitinoja	et	al.,	2011).	Thus,	conducting	PhE	requires	a	parallel	approach	to	put	more	emphasis	on	local	capabilities	while	delivering	least	interventions.	In	that	spirit,	appropriate	technology	 (AT)	may	 complement	PhE	by	offering	 a	 robust	 focus	on	 local	 capabilities	 and	existing	situation	as	its	basis	of	development.	In	fact,	it	has	been	recognized	as	an	effective	technical	 solution	 for	 many	 given	 situations	 with	 least	 sustainable	 prospects	 (Kaplinsky,	2011;	Sianipar	et	al.,	2013a).	Applying	PhE	and	AT	in	parallel,	therefore,	has	a	great	potential	to	deliver	 a	major	 transformation	 into	 an	agricultural	 supply-chain	with	 less	 intervention,	while	 also	 reinforcing	 existing	 local	 values	 to	 sustain	 the	 transformation	 in	 any	 further	supply-chain	development.	Moreover,	an	AT	is	a	result	of	four	different	views,	i.e.,	technical,	economic,	environment	and	social	(Sianipar	et	al.,	2013a).	Thus,	conducting	PhE	and	AT	may	then	 trigger	 four	 different	 transformations	 in	 a	 supply-chain	 following	 these	 views.	While	each	view	has	its	own	focuses,	these	views	may	affect	each	other	in	producing	an	AT,	hence	boosting	PhE	to	comprehensively	transform	the	chain.	
THEORETICAL	FRAMEWORK	An	agricultural	supply-chain	is	a	system	of	networked	interactions	between	the	supply	and	demand	of	an	agricultural	commodity,	involving	producers,	i.e.,	farmers,	and	buyers,	e.g.,	middle-men	 to	 end	 users	 (McCullough	 et	 al.,	 2008).	 Practically,	 it	 includes	 people,	institutions,	activities,	and	resources	 to	move	the	commodity.	 In	particular,	PhE	may	cover	any	ex-farm	activity,	 including	 temperature	management,	 storage,	 transportation	handling,	sorting	or	grading	and	packaging	of	 a	 commodity.	 In	 fact,	 any	agricultural	 commodity	 is	 a	biological	material,	which	 gets	 transformed	by	nature	 over	 time	 (Holzapfel,	 2002;	 Yindee,	2014).	 Thus,	 postharvest	 actions	 are	 supposed	 to	maintain	 its	 quality	 and	 deliver	 a	 high-quality	product	throughout	all	supply-chain	phases	(Kitinoja	et	al.,	2011).	From	its	position,	an	AT	may	support	the	purpose	by	spreading	staged	enhancements	(Figure	1).	

	Figure	1.	Theoretical	framework.	At	 first,	 applying	 an	 AT	 to	 support	 a	 PhE	 action	 in	 a	 supply-chain	 means	 adding	another	network	of	 local	activities,	 including	all	 stages	of	 its	 lifecycle	 from	construction	to	disposal	(Sianipar	et	al.,	2014).	Second,	an	AT	enhances	the	internal	process	of	an	activity	to	which	 it	 is	 purposely	 designed	 (Sianipar	 et	 al.,	 2013a).	 Third,	 an	 AT	 transforms	 the	
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effectivity	 of	 resources	 to	 transform	 inputs	 to	 outputs	of	 the	process,	 hence	 improving	 its	efficiency	(Hodges	et	al.,	2011;	Rodenburg	et	al.,	2014).	Fourth,	an	AT	affects	downstream	processes,	 moving	 some	 activities	 to	 earlier	 supply-chain	 stages	 due	 to	 improved	capabilities	of	the	earlier	processes	(Haggblade	et	al.,	2007;	Kitinoja	et	al.,	2011;	Sianipar	et	al.,	 2013b;	 Park	 and	 Ohm,	 2015).	 Then,	 the	 AT	 pushes	 benefits	 towards	 an	 upstream	direction	due	to	more	values	added	to	those	earlier	activities.	
TECHNICAL	TRANSFORMATION	

Technical	transformations	Basically,	AT	offers	a	technically-functioning	solution	based	on	indigenous	knowledge.	Practically,	 it	performs	a	specific	postharvest	activity,	e.g.,	 fermentation,	drying,	etc.	 In	fact,	AT	 is	 purposely	 designed	 to	 enhance	 PhE	 as	 a	 means	 for	 delivering	 a	 better	 postharvest	activity	without	significantly	changing	the	activity.	Within	the	activity,	AT	performs	a	faster	process	 compared	 to	 any	 conventional	 approach.	 Besides,	 it	 uses	 less	 forces	 to	 do	 similar	sets	of	sub-processes	within	the	activity.	Then,	an	AT	produces	a	better	result	in	comparison	to	 the	 original	 activity.	 Furthermore,	 conducting	 PhE	 using	 an	 AT	 uses	 less	 technical	resources	due	to	its	properly-designated	design,	which	is	appropriately	fitted	to	a	targeted	activity.	In	other	words,	it	maximizes	resources	utilization	for	the	activity.	In	a	downstream	direction,	an	enhanced	process	within	an	earlier	postharvest	activity	may	reduce	additional	processing	 that	 originally	 arises	 to	 compensate	 the	 lower	 results	 of	 earlier	 supply-chain	phases.	 On	 the	 other	 hand,	 it	 triggers	 improvements	 on	 the	 technical	 capabilities	 for	upstream	activities	as	the	results	of	more	technology-enhanced	processes	(Table	1).	In	 terms	of	 added	network	due	 to	 the	use	of	AT,	 an	appropriately-designed	 solution	produces	 less	 technical	dependencies	 to	external	 regions,	 resulting	 in	a	more	autonomous	technical	development.	Besides,	the	AT	offers	a	better	durability	compared	to	conventional	solutions,	which	may	indicate	the	longer	usage	period	of	a	technological	solution,	or	a	higher	technical	capacity	to	process	more	inputs	for	producing	multiplied	outputs.	Furthermore,	a	lower	dependency	also	triggers	a	reduced	inflow	of	resources,	hence	reducing	the	outflow	of	capitals.	In	fact,	an	AT	produces	a	better	accessibility	due	to	the	more	opportunities	of	local	people	to	develop	their	own	technological	solutions,	improving	its	scalability.	By	seamlessly	integrating	the	solution	to	its	designated	activity,	existing	local	technology-related	processes	are	spin-off,	making	people	able	to	have	a	higher	productivity	while	conducting	a	similar	set	of	processes.	In	a	downstream	direction,	an	AT-enhanced	PhE	triggers	local	activities	related	to	the	repairs	and	disposal	of	the	AT.	In	particular,	repairs	are	critical	to	lengthen	the	use	of	an	AT	while	maintaining	its	performance.	Then,	in	an	upstream	direction	an	AT	also	triggers	construction-related	activities	to	increase	its	scale.	
Economic	transformations	In	parallel	to	technical	transformations	of	a	system,	economic	disadvantages	may	arise	due	 to	 the	 increasing	 investment	 for	 a	 technological	 solution.	 However,	 AT	 delivers	more	economic	benefits	for	a	PhE	process	being	improved,	and	hence	refining	economic	gains	for	involved	phases	and	parties	(Table	1).	Basically,	there	is	a	transformed	price	of	commodity	within	a	process	being	treated.	An	AT	essentially	improves	the	performance	of	the	process,	and	thus	producing	a	better	product.	A	better	quality	may	then	set	the	price	at	a	higher	level.	Related	 to	processed	 input	 and	output,	 less	 costs	 are	 required	 for	 same	margins.	 In	 other	words,	treating	the	same	amount	of	inputs	to	produce	the	same	outputs	for	a	desired	price	requires	lower	expenses.	In	parallel,	spending	the	same	amount	of	expenses	would	produce	more	 added	 values	 due	 to	 the	 enhanced	 process.	 In	 a	 downstream	 direction,	 higher	 level	buyers	 get	 reduced	 expenses	 due	 to	 less	 additional	 processes	 for	 the	 commodity.	 Then,	economic	benefits	would	be	redistributed	to	the	upstream	direction,	by	which	lesser	levels	of	supply	chain	members	get	more	financial	values	and	higher	economic	bargains.	On	the	other	hand,	AT	connects	another	economic	network	to	a	supply-	chain,	which	is	attached	 to	 the	 economic	benefits	 of	 a	 process	being	 intervened.	Basically,	 using	 an	AT	 to	conduct	PhE	offers	affordable	expenses	compared	 to	a	more	advanced	 technology	with	an	
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excessive	number	of	functions,	delivering	lower	investments	for	a	technologically-enhanced	process.	Besides,	 the	 investments	 involve	a	 longer	period	of	usage	compared	 to	 those	of	 a	conventional	process,	producing	a	better	deal	 for	the	same	time	period.	Next,	an	improved	performance	 produces	 a	 better	 product	 price,	 accumulating	 more	 returns	 in	 a	 normal	investment	period	compared	to	a	conventional	process.	In	other	words,	returning	the	same	amount	of	investment	for	a	technological	solution	requires	a	shorter	time.	Then,	an	AT	may	further	 trigger	 more	 activities	 with	 economic	 added	 values.	 In	 a	 downstream	 direction,	those	 who	 are	 able	 to	 do	 repairs	 and	 disposal	 on	 an	 AT	 being	 utilized	 may	 gain	 more	economic	 benefits.	 Besides,	 some	 other	 economic	 values	 are	 gained	 by	 construction	workers,	while	there	are	also	increased	local	transactions	on	materials/equipment.	Table	1.	Transformations.	
Affected Supply-chain network Appropriate technology network 
Technical transformations 
Internal process a. Faster process (time dimension) 

b. Less forces (ergonomic dimension) 
c. Better result (performance dimension) 

a. Less technical dependencies 
b. Durable usages (time and performance 

dimensions) 
Input & output  
● Effectivity Uses less technical resources, e.g., materials, tool, 

etc. 
a. Reduces foreign inflows of resources 
b. Increases technological accessibility 

● Efficiency Maximized resources utilization a. Spin-off existing local technology-related 
processes 

b. Establish an autonomous technological solution 
Downstream Reduced additional downstream processing Triggers local repair- and disposal-related 

activities 
Upstream Adds more technical capabilities to upstream 

processes 
Triggers local construction-related activities 

Economic transformations 
Internal process Better product prices (price dimension) Affordable expenditure (cost dimension) 
Input & output  
● Effectivity Less costs for same margins Extended period of investments 
● Efficiency More added values at same expenses Short returns (profit dimension) 

Downstream a. Reduced expenses for similar margins 
b. Redistributed economic benefits 

Increases economic values for local repair and 
disposal works 

Upstream a. Adds more financial values 
b. Redistribute economic benefits 
c. Improves economic bargains 

a. Triggers more economic activities for local 
construction works 

b. Increases more local transactions on materials 
and tools/equipment 

Environmental transformations 
Internal process Reduced emissions Less environmentally-destructive mechanisms 
Input & output  
● Effectivity Less emissions per mass product Lengthened lifecycle 
● Efficiency Reduced emission factors Less wastes 

Downstream a. Reduced emissions-imposing activities from later 
additional processing 

b. Reduced geographical concentration of emitted 
emissions 

a. Maintain materials degradability 
b. Maintain environmentally-friendly disposal 

processes 

Upstream a. Feeds organic wastes and low emissions to the 
environment 

b. Improves cycles of the nature at nearer positions 
to farms 

a. Less emissions-emitting construction processes 
b. Reduced non-environmentally-friendly materials 

Social transformations 
Internal process a. More interactions between locals 

b. Improved social mapping 
More local workers 

Input & output  
● Effectivity Properly-spread responsibilities Uses existing local knowledge 
● Efficiency Less conflicts of interests Less resistances 

Downstream Less uncertainties of trade partnerships Improves local repair- and disposal-related 
knowledge 

Upstream a. Increases social bargains 
b. Less uncertainties of local works 

a. Improves construction knowledge 
b. Triggers local educations 
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Environmental	transformations	As	an	environmentally-appropriate	technology,	an	AT	enhances	a	targeted	PhE	activity	with	less	emitted	emissions	compared	to	other	methods	that	offer	more	technical	functions.	Having	 fitted	 functions	 with	 a	 better	 performance,	 the	 AT-enhanced	 PhE	 activity	 may	produce	 a	 less	 amount	 of	 emissions	 per	 mass	 produced	 outputs.	 Thus,	 it	 decreases	 the	emission	 factors	 of	 the	 whole	 activity	 being	 intervened.	 In	 a	 downstream	 direction,	 the	improvement	 of	 an	 earlier	 supply	 chain	 phase	 reduces	 the	 needs	 of	 emissions-imposing	activities	 in	 later	 phases	 that	 may	 originally	 appear	 to	 raise	 the	 quality	 of	 low-qualified	outputs	from	early	phases	with	no	AT-enhanced	PhE	activity.	In	fact,	there	is	a	less	number	of	 downstream	 actors	 than	 in	 the	 upstream	 direction.	 Removing	 the	 needs	 of	 additional	processing	from	later	phases,	therefore,	also	reduces	geographical	concentration	of	emitted	emissions.	 In	 an	 upstream	 direction,	 using	 an	 environmentally-appropriate	 technology	produces	 more	 organic	 wastes	 at	 a	 low	 emission,	 feeding	 more	 natural	 residues	 to	 the	environment.	Besides,	more	eco-friendly	works	 in	early	 supply	 chain	phases	 improves	 the	cycles	of	nature	at	nearer	positions	to	farms,	ensuring	the	creation	of	nutrition	surrounding	the	production	regions	of	an	agricultural	commodity.	The	AT	network,	in	parallel,	introduces	less	environmentally-destructive	mechanisms	to	existing	local	processes.	Despite	having	been	conventional,	previous	processes	may	have	promoted	simple	efforts	at	the	cost	of	nature	exploitation.	An	AT	promotes	otherwise,	hence	preventing	any	further	exploitation	to	the	nature.	Besides,	an	AT	performs	in	a	 lengthened	lifecycle	to	ensure	that	people	use	all	of	its	potentials	in	conducting	a	PhE	process.	Any	AT-related	activity	also	puts	an	emphasis	on	producing	 less	wastes	due	to	 its	 fitted	design	for	the	particular	PhE.	In	a	downstream	direction,	repairing	and	disposing	an	AT	do	not	disrupt	the	 environment	 because	 the	 maintained	 materials	 degradability	 and	 disposal	 process,	which	are	purposely	designated	since	its	development.	Then,	upstream	direction	promotes	the	 lesser	 usage	 of	 emissions-emitting	 construction	 processes	 and	 the	 reduced	 uses	 of	materials	and	equipment	with	non-environmentally-friendly	characteristics	(Table	1).	
Social	transformations	In	addition	 to	aforesaid	effects,	doing	PhE	using	AT	offers	social	shifts.	 In	 fact,	social	benefits	 are	 the	 most	 critical	 and	 desired	 effects	 in	 transforming	 an	 agricultural	 supply-chain	 in	 a	 developing	 country.	 Thus,	 any	 social	 shift	 must	 be	 properly	 studied.	 Basically,	existing	 social	 practices	 in	 an	 activity	 being	 intervened	 are	 altered.	Using	 an	AT	produces	more	interactions	between	local	people	due	to	their	strong	involvement	in	all	AT-related	PhE	actions.	 It	 occurs	 not	 only	 in	 terms	 of	 quantity	 but	 also	 quality,	 because	 they	 are	 treated	equal	according	to	their	indigenous	capacity,	hence	improving	their	social	mapping.	Besides,	the	 treatments	spread	responsibilities	 to	proper	people	 to	ensure	 the	process	and	results,	triggering	 more	 understanding	 between	 locals	 with	 different	 capabilities	 that	 may	complement	each	other.	As	an	additional	result,	it	produces	less	conflicts	of	interests	due	to	properly-divided	responsibilities	and	loads	in	taking	part	in	an	AT-enhanced	PhE	action.	In	a	downstream	direction,	it	produces	less	uncertainties	of	trade	partnerships	due	to	the	certain	involvement	of	locals	with	more	certain	responsibilities	and	less	conflicts	in	their	works	at	an	early	upstream	activity.	Thus,	 locals	may	gain	higher	social	bargains	due	 to	a	 tightened	relationship	between	themselves	as	well	as	between	them	and	their	trade	partners.	On	the	other	hand,	social	transformations	are	also	triggered	by	the	AT	network	from	its	construction	to	usage,	repair,	reuse	and	disposal.	Counting	another	network	intersected	to	 an	 agricultural	 supply-chain	 right	 at	 a	 PhE	 activity	 being	 enhanced	 requires	 more	workers,	 thus	 increasing	 job	 opportunities	 for	 locals.	Next,	 using	 an	AT	 to	 enhance	 a	 PhE	action	 strongly	 suggests	 the	 use	 of	 local	 technical,	 economic,	 environmental	 and	 social	knowledge,	which	may	then	extend	to	include	cultural,	judicial	and	political	matters.	These	existing	knowledge	produces	a	more	effective	PhE	action	due	to	a	lower	need	for	capturing	knowledge	from	outside	regions.	Besides,	a	particular	emphasis	on	existing	local	knowledge	triggers	less	resistance	of	locals	to	either	a	PhE	intervention	or	a	new	technology.	In	down-	and	 upstream	 directions,	 it	 also	 improves	 existing	 knowledge	 to	 treat	 an	 AT	 during	 its	lifecycle.	 Then,	 utilizing	 existing	 knowledge	 to	 conduct	 an	 AT-enhanced	 PhE	 activity	may	
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encourage	local	educations	to	promote	more	enriched	knowledge	due	to	sustained	shifts	of	developmental	purposes	in	the	future	(Table	1).	
CONCLUSIONS	The	following	conclusions	can	be	drawn	from	the	study:	- Looking	at	latent	problems	of	agricultural	supply-chains	in	less	developing	countries,	PhE	arises	as	offering	a	considerably	 less	 interventions	 to	 least	developing	societal	group(s).	 However,	 it	 may	 get	 disruptive	 without	 a	 proper	 involvement	 of	 local	approaches.	In	that	spirit,	AT	offers	a	focused	treatment	on	indigenous	knowledge	to	produce	a	seamless	intervention	of	PhE	on	a	particular	supply-chain	activity.	- Practically,	an	AT	enhances	a	PhE	work	through	staged	transformations,	in	which	the	AT-enhanced	PhE	activity	may	then	transforms	the	whole	chain.	First,	AT	is	designed	for	a	specific	PhE	activity	by	having	fitted	functions	to	conduct	the	activity	in	a	better	way.	An	enhanced	internal	process	affects	effectivity	and	efficiency	of	the	activity	in	processing	inputs	to	produce	better	results.	- Next,	 transformations	 also	 occur	 in	 both	 downstream	 and	 upstream	 directions.	 In	general,	it	reduces	some	works	in	later	supply-chain	stages,	which	may	originally	use	less	 local	 workers,	 emit	 higher	 emissions,	 and	 reduce	 bargaining	 powers	 of	 local	people.	Besides,	using	an	AT	means	adding	another	network	to	the	chain	by	linking	AT	lifecycle	at	a	PhE	activity	being	enhanced	as	its	intersection	to	an	existing	supply-chain	network.	- In	sum,	AT	promotes	a	less	direct	PhE	intervention	by	focusing	on	local	matters	and	manners	 in	 transforming	 an	 agricultural	 supply-chain,	 making	 farmers	 and	 other	local	 people	 able	 to	 improve	 their	 capability	 and	 bargaining	 position	 within	 the	whole	supply-chain.	
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