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	 Background:	Effective	waste	management	at	the	source	is	essential	to	
reduce	waste	generation	and	minimize	waste	disposal	in	landfills.	The	
Zero	 Waste	 Index	 (ZWI)	 provides	 an	 approach	 for	 evaluating	 waste	
reduction	and	resource	recovery.	
Aims:	This	study	aimed	to	develop	a	waste	management	plan	 for	 the	
office	area	of	the	Department	of	Environment	and	Forestry	of	the	Special	
Region	 of	 Yogyakarta	 (DLHK	 D.I.	 Yogyakarta)	 using	 the	 Zero	 Waste	
Index	approach.	
Methods:	Waste	generation	and	composition	were	measured	based	on	
SNI	19-3964-1994.	The	waste	generation	rate,	composition,	Zero	Waste	
Index,	substituted	energy,	and	area	required	for	the	temporary	waste	
storage	 facility	 (TPS)	 were	 determined.	 A	 residual	 plastic	 waste	
substitution	 program	 using	 plastic-based	 paving	 blocks	 was	 also	
proposed	and	projected	over	two	years.	
Result	&	Conclusion:	The	average	waste	generation	was	22.52	kg/day,	
with	garden	organic	waste	as	the	dominant	component	(13.85	kg/day).	
Waste	 generation	 was	 0.06	 kg/person/day,	 with	 a	 volume	 of	 1.1	
L/person/day.	 The	 waste	 composition	 consisted	 of	 61.4%	 organic	
waste,	24.4%	mixed	residual	waste,	9.4%	paper,	2.3%	recyclable	plastic,	
and	2.3%	glass.	The	initial	ZWI	was	49%,	with	39.28	MJ	of	substituted	
energy,	while	the	required	TPS	area	was	39	m².	A	two-year	projection	
with	the	proposed	plastic	waste	substitution	program	increased	the	ZWI	
to	66%,	with	substituted	energy	reaching	99.54	MJ.	The	results	indicate	
that	the	proposed	waste	management	plan	can	improve	waste	recovery	
and	reduce	waste	disposal.	
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1. Introduction	
Solid	waste	is	a	major	environmental	issue,	particularly	when	it	is	not	properly	managed,	as	

improper	waste	management	can	contribute	to	environmental	degradation	and	increase	pressure	
on	public	infrastructure	and	environmental	services	(Song	et	al.,	2015;	Abdel-Shafy	&	Mansour,	
2018).	Municipal	solid	waste	generally	consists	of	organic	and	inorganic	materials	generated	from	
domestic,	 commercial,	 and	other	human	activities.	Waste	generation	and	composition	data	are	
important	for	determining	the	appropriate	waste	management	system,	including	in	office	areas,	
where	waste	streams	may	consist	of	organic	waste,	paper	and	cardboard,	plastic,	glass,	metal,	and	
other	residual	materials	(Karak	et	al.,	2012;	Laura	et	al.,	2023).	In	Indonesia,	SNI	19-3964-1994	
provides	 guidelines	 for	 sampling	 and	 measuring	 municipal	 solid	 waste	 generation	 and	
composition	 as	 a	 basis	 for	 determining	 waste	 generation	 and	 composition	 in	 an	 area	 and	
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supporting	waste	management	planning	(Raharjo	et	al.,	2018;	Rochimawati	et	al.,	2025;	Sembiring	
et	al.,	2026).			
Waste	management	is	also	closely	related	to	environmental	conditions	and	human	behavior.	

Appropriate	 waste	 handling	 is	 expected	 to	 support	 environmental	 quality,	 public	 health,	 and	
healthy	living	conditions	(Setyowati	&	Mulasari,	2013).	Office	buildings	are	sources	of	commercial	
and	institutional	waste	and	generally	generate	municipal-type	waste	fractions,	 including	paper,	
organic	waste,	 plastics,	 packaging,	 and	 residual	waste.	 Therefore,	waste	 generated	 from	office	
activities	requires	appropriate	source-based	management,	particularly	in	government	institutions	
with	environmental	management	responsibilities	(Ali	et	al.,	2018;	Salsabila	et	al.,	2025).		
The	zero	waste	concept	is	an	approach	to	waste	management	that	emphasizes	waste	reduction	

at	 the	 source	 and	 minimizes	 the	 amount	 of	 waste	 disposed	 of	 in	 landfills	 (Song	 et	 al.,	 2015;	
Sundana	 et	 al.,	 2021).	 Implementing	 zero	 waste	 requires	 appropriate	 performance	
indicators	 to	 evaluate	 the	 effectiveness	 of	 waste	 reduction	 and	 resource	 recovery.	 One	 such	
approach	is	the	Zero	Waste	Index	(ZWI),	which	measures	waste	management	performance	based	
on	the	extent	to	which	recovered	waste	can	substitute	the	use	of	virgin	materials	and	conserve	
energy	 and	 other	 resources	 (Zaman	&	 Lehmann,	 2013;	 Zaman,	 2014).	 Therefore,	 the	 ZWI	 can	
provide	a	broader	assessment	of	waste	management	performance	beyond	simply	measuring	the	
amount	of	waste	diverted	from	landfills. 
Effective	waste	management	planning	requires	reliable	data	on	waste	generation,	composition,	

and	recovery	potential,	as	these	variables	determine	appropriate	waste	handling	strategies	and	
suitable	 recovery	 pathways	 (Gallardo	 et	 al.,	 2016;	 Yulianto	 et	 al.,	 2026).	 Detailed	 waste	
characterization	supports	decisions	on	source	segregation,	collection,	processing,	recycling,	and	
final	 disposal	 by	 identifying	 the	 proportions	 of	 recoverable,	 recyclable,	 and	 residual	 waste	
fractions	 (Bisinella	 et	 al.,	 2017).	 In	 Indonesia,	 SNI	 3242:2008	 provides	 a	 reference	 for	 waste	
management	 planning,	 including	 operational	 techniques,	 service	 arrangements,	 financing,	 and	
institutional	management	(Prianata	et	al.,	2024).	Thus,	integrating	waste	characterization	with	the	
Zero	Waste	Index	provides	a	basis	for	developing	waste	management	strategies	that	emphasize	
resource	recovery	and	waste	reduction.	
The	 office	 area	 of	 the	 Department	 of	 Environment	 and	 Forestry	 of	 the	 Special	 Region	 of	

Yogyakarta	 (DLHK	 D.I.	 Yogyakarta)	 generates	 waste	 from	 various	 daily	 administrative	 and	
institutional	activities.	In	the	context	of	sustainable	waste	management	in	Yogyakarta,	improving	
waste	management	requires	consideration	of	waste	generation,	composition,	recovery	potential,	
and	existing	management	practices	(Fitriana	et	al.,	2025).	However,	site-specific	information	on	
these	aspects	is	needed	to	develop	an	appropriate	waste	management	strategy	for	the	DLHK	D.I.	
Yogyakarta	office	area.	Therefore,	a	waste	management	plan	based	on	actual	waste	characteristics	
and	resource	recovery	potential	is	required	to	support	waste	reduction	and	minimize	waste	sent	
to	 final	 disposal	 facilities,	while	 source-based	waste	management	 can	 also	 contribute	 to	more	
efficient	and	sustainable	waste	management	(Zhang	et	al.,	2024).	
Based	on	these	considerations,	this	study	aimed	to	analyze	waste	generation	and	composition	

and	develop	a	waste	management	plan	for	the	DLHK	D.I.	Yogyakarta	office	area	using	the	Zero	
Waste	Index	approach.	The	study	also	evaluated	the	potential	for	resource	recovery	and	energy	
substitution	as	a	basis	for	developing	a	waste	management	strategy	and	projecting	improvements	
in	zero	waste	performance.	
	
2. Material	and	Method	
2.1	Data	Collection	

Data	were	collected	through	direct	observation	and	waste	sampling	in	the	office	area	of	the	
Department	 of	 Environment	 and	 Forestry	 of	 the	 Special	 Region	 of	 Yogyakarta	 (DLHK	 D.I.	
Yogyakarta).	Waste	sampling	was	conducted	for	eight	consecutive	days	following	SNI	19-3964-
1994	concerning	the	methods	for	sampling	and	measuring	municipal	solid	waste	generation	and	
composition.	The	collected	data	included	waste	generation,	waste	composition,	and	information	
on	existing	waste	management	practices	in	the	study	area.	The	data	were	subsequently	analyzed	
using	the	Zero	Waste	Index	(ZWI)	approach	proposed	by	Zaman	(2014),	while	waste	management	
planning	referred	to	SNI	3242:2008. 
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2.2	Waste	Generation	
Waste	generation	was	measured	for	eight	consecutive	days	to	determine	the	quantity	of	waste	

generated	in	the	DLHK	D.I.	Yogyakarta	office	area.	Waste	generation	was	expressed	in	terms	of	
weight	and	volume	per	person	per	day.	Waste	generation	by	weight	and	volume	was	calculated	
using	Equations	(1)	and	(2),	respectively.	

Waste	generation	by	weight	=!"#$%&#	()(%*	+%,(#	+#-&.(	(01)
3)(%*	4567#$	)8	#69*):##,

		 	 (1)	

Waste	generation	by	volume	=	=!"#$%&#	()(%*	+%,(#	")*56#	(;<=>?)
3)(%*	4567#$	)8	#69*):##,

		 	 (2)	
The	results	were	expressed	as	kg/person/day	and	L/person/day,	respectively.	

 
2.3	Waste	Composition	
Waste	 composition	 was	 determined	 based	 on	 SNI	 19-3964-1994	 and	 expressed	 as	 the	

percentage	 of	 wet	 weight.	 The	 collected	 waste	 was	 classified	 according	 to	 its	 material	 type,	
including	organic	waste,	recyclable	materials,	and	residual	waste.	The	composition	of	each	waste	
fraction	was	determined	based	on	both	weight	and	volume.	Waste	composition	by	weight	and	
volume	was	calculated	using	Equations	(3)	and	(4),	respectively.	

Waste	composition	by	weight	(%)	=	!"#$%&#	()(%*	+%,(#	+#-&.(	
!"#$%&#	()(%*	+%,(#	+#-&.(

𝑥100%	 (3)	

Waste	composition	by	volume	(%)	=	!"#$%&#	()(%*	+%,(#	")*56#	
!"#$%&#	()(%*	+%,(#	")*56#

𝑥100%	 (4)	
	

2.4	Waste	Collection	Planning	
Waste	 collection	 planning	 was	 conducted	 based	 on	 the	 quantity	 and	 composition	 of	 waste	

generated	 in	 the	 DLHK	 D.I.	 Yogyakarta	 office	 area.	 The	 waste	 was	 classified	 into	 three	 main	
categories,	namely	recyclable	waste,	organic	waste,	and	residual	waste.	The	required	collection	
frequency	for	each	waste	category	was	determined	based	on	the	amount	of	waste	generated	and	
the	available	storage	capacity.	The	collection	frequency	for	recyclable,	organic,	and	residual	waste	
was	calculated	using	Equation	(5)-(7).	The	collection	frequency	was	expressed	as	times	(×).	

Collection	frequency	of	recyclable	waste=	 @)*56#	)8	$#A:A*%7*#	+%,(#	(B)		
@)*56#	)8	+%,(#	A)**#A(-)4	A)4(%-4#$	(B)

	 (5)	

Collection	frequency	of	organic	waste=	 @)*56#	)8	)$&%4-A	+%,(#	(B)
@)*56#	)8	+%,(#	A)**#A(-)4	A)4(%-4#$	(B)

	 	 (6)	

Collection	frequency	of	residual	waste	=	 @)*56#	)8	$#,-C5%*	+%,(#	(B)	
@)*56#	)8	+%,(#	A)**#A(-)4	A)4(%-4#$	(B)	

	 (7)	
	
2.5	Zero	Waste	Index	
The	performance	of	waste	management	in	the	DLHK	D.I.	Yogyakarta	office	area	was	evaluated	

using	the	Zero	Waste	Index	(ZWI)	approach	proposed	by	Zaman	(2014).	The	ZWI	measures	waste	
management	performance	based	on	the	amount	of	waste	managed	through	recovery	processes	
and	the	extent	to	which	recovered	materials	substitute	virgin	materials.The	ZWI	was	calculated	
using	the	equation	(8)	as	follows:	

𝑍𝑒𝑟𝑜	𝑊𝑎𝑠𝑡𝑒	𝐼𝑛𝑑𝑒𝑥 = ∑ EFG<∗GI<!
"
∑ JEG!
#

    (8)	
where	WMSᵢ	is	the	amount	of	waste	managed	through	recovery	process	i,	SFᵢ	is	the	substitution	

factor	for	recovery	process	 i,	and	GWS	is	the	total	amount	of	waste	generated.	The	substitution	
factors	used	in	the	ZWI	calculation	were	adopted	from	Zaman	(2014),	as	presented	in	Table	1.	

	
Table	1.	Resource	Substitution	Values	by	Waste	Management	System	

Waste	
Management	
Systems	

Waste	
Category	

Virgin	
Material	

Substitutions	
Efficiency	
(tonnes)	

Energy	
Substitutions	
Efficiency	(GJ	
LHV/tonne)	

GHG	Emissions	
Reduction	

(Tonne/CO₂e)	

Water	
Saving	

(kL/tonne)	

Recycling	 Paper	 0.84–1.00	 6.33–10.76	 0.60–3.20	 2.91	
Glass	 0.90–1.00	 6.07–6.85	 0.18–0.62	 2.30	
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Metal	 0.79–0.96	 36.09–191.42	 1.40–17.8	 5.97–81.77	
Plastic	 0.90–0.97	 38.81–64.08	 0.95–1.88	 −11.37	
Mixed	 0.25–0.45	 5.00–15.00	 1.15	 2.0–10	

Composting	 Organic	 0.60–0.65	 0.18–0.47	 0.25–0.75	 0.44	
Landfill	 Mixed	MW	 0.00	 0.00–0.84	 (−)0.42–1.2	 0	

	
2.6.	Waste	Management	Strategy	Planning	
Waste	management	strategy	planning	was	developed	based	on	the	results	of	waste	generation	

and	 composition	 analysis,	 waste	 recovery	 potential,	 and	 ZWI	 calculation.	 The	 planning	 was	
designed	to	support	waste	reduction	at	the	source,	increase	resource	recovery,	and	minimize	the	
amount	of	waste	transported	to	final	disposal	facilities.	
Waste	generated	from	office	activities	was	temporarily	collected	at	a	temporary	storage	facility	

(TPS).	Based	on	SNI	3242:2008	concerning	waste	management	in	settlements,	TPS	facilities	are	
classified	into	three	types,	namely	Type	I,	Type	II,	and	Type	III.	Considering	the	characteristics	and	
requirements	 of	 the	 study	 area,	 a	Type	 I	TPS	was	 considered	 suitable	 for	 the	proposed	waste	
management	system.	The	proposed	facility	consists	of	a	sorting	area,	storage	area,	waste	transfer	
area	equipped	with	a	container	platform,	and	a	land	area	of	approximately	10–50	m².	
The	proposed	waste	management	strategy	was	formulated	based	on	the	characteristics	of	the	

waste	generated	 in	 the	study	area,	with	emphasis	on	source	separation,	recovery	of	recyclable	
materials,	management	of	organic	waste,	and	appropriate	handling	of	residual	waste.	The	strategy	
also	 considered	 the	 potential	 substitution	 of	 residual	 plastic	waste	 through	 the	 production	 of	
plastic-based	paving	blocks	as	an	alternative	waste	reduction	measure.	
	

3.	Results	and	Discussion	
3.1.	Study	Area	and	Existing	Waste	Management	
The	DLHK	D.I.	Yogyakarta	office	area	accommodates	423	employees	and	covers	approximately	

5,328	m²,	consisting	of	eight	permanent	office	buildings,	six	semi-permanent	office	buildings,	and	
one	permanent	security	post.	Waste	is	generated	mainly	from	office	activities	and	three	canteens.	
Office	activities	commonly	generate	paper,	plastic	bottles,	packaging	materials,	and	food-related	
waste	with	recovery	potential	(Albanna,	2013; Rodríguez-Guerreiro	et	al.,	2024).		
Waste	 containers	 are	 provided	 outside	 the	 office	 buildings,	 as	 containers	 are	 not	 available	

inside	the	offices.	Waste	is	collected	from	07:00	until	completion	and	transported	to	the	janitor	
room	for	temporary	handling	and	sorting.	Recyclable	materials	with	potential	economic	value	are	
partially	 separated,	 while	 the	 remaining	 waste	 is	 transported	 to	 the	 waste	 depot	 in	 Bachiro,	
Yogyakarta	 City,	 recorded	 by	 the	 depot	 operator,	 and	 subsequently	 transported	 to	 the	 final	
disposal	facility.	This	flow	is	consistent	with	waste	management	systems	involving	containment,	
collection,	transfer,	and	sorting	(Zhang	et	al.,	2022).	
The	 waste	 identified	 in	 the	 study	 area	 was	 classified	 into	 recyclable,	 landfill/residual,	 and	

compostable	waste,	with	specific	materials	presented	in	Table	2.	The	recyclable	fraction	included	
plastic,	paper,	glass,	and	metal,	while	the	residual	fraction	consisted	mainly	of	mixed	paper,	food	
packaging,	 plastic	 packaging,	 duplex	 waste,	 tissue,	 styrofoam,	 and	 other	 non-recoverable	
materials	 (Albanna,	2013; Al-Shatnawi	et	al.,	2022).	Organic	waste	consisted	of	plant	and	 food	
waste.	
	
Table	2.	Waste	Generated	in	the	DLHK	D.I.	Yogyakarta	Office	Area	

Waste	Management	
Category	 Waste	Type	 Waste	Material	

Recycle	

Plastic	 Plastic	cups,	plastic	bottles	
Paper	 Duplex,	wrapping	paper,	cardboard	
Glass	 Lamps,	glass/bottles	
Metal	 Iron,	cans	

Landfill	 Mixed	
Residual	wrapping	paper,	residual	food	paper,	
residual	 plastic	 packaging,	 residual	 duplex,	
residual	tissue,	styrofoam	

Compost	 Organic	 Plant	waste,	food	waste	
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Although	 recyclable	 materials	 are	 partially	 recovered,	 sorting	 is	 not	 yet	 comprehensive.	

Improved	source	 separation,	 routine	 collection,	 and	downstream	recovery	 such	as	 composting	
and	waste-bank	utilization	are	therefore	needed	(Rodríguez-Guerreiro	et	al.,	2024).	The	remaining	
mixed	waste	 is	 transported	 to	 an	 external	 depot	 before	 final	 disposal,	 indicating	 the	 need	 for	
improved	residual-waste	handling	within	an	integrated	waste	management	system.	
	
3.2.	Waste	Generation	and	Composition	

Waste	generation	by	weight	was	measured	for	eight	consecutive	days	following	SNI	19-
3964-1994.	As	shown	in	Figure	1,	the	daily	waste	generation	ranged	from	17.67	to	27.29	kg/day,	
with	the	highest	generation	recorded	on	the	first	sampling	day	and	the	lowest	on	the	sixth	day.	
Based	on	the	total	waste	generated	and	the	number	of	employees,	the	average	waste	generation	
was	0.06	kg/person/day.	

 
Figure	1.	Daily	waste	generation	by	weight	during	the	eight-day	sampling	period	at	the	DLHK	

D.I.	Yogyakarta	office	
 
Based	 on	 its	 recovery	 potential,	 the	waste	was	 subsequently	 classified	 into	 recyclable,	

compostable,	and	residual	waste.	As	shown	in	Figure	2,	compostable	waste	represented	the	largest	
fraction	 (62%),	 followed	 by	 residual	 waste	 (24%)	 and	 recyclable	 waste	 (14%).	 The	 high	
proportion	 of	 compostable	 waste	 indicates	 that	 organic	 waste	 is	 the	 dominant	 fraction	 and	
provides	considerable	potential	for	biological	treatment	(Fernández-González	et	al.,	2020).	Similar	
dominance	of	organic	waste	has	been	reported	in	institutional	and	office-related	waste	streams	
(Speier	et	al.,	2019;	Laura	et	al.,	2023). 	

	
Figure	2.	Waste	composition	based	on	recovery	potential	at	the	DLHK	D.I.	Yogyakarta	

office	
The	 recyclable	 fraction,	 although	 smaller	 than	 the	 compostable	 fraction,	 represents	 an	

opportunity	for	material	recovery	(Aleisa	&	Al-Jarallah,	2024).	Paper	and	plastic	are	commonly	
generated	from	office	activities	and	can	be	recovered	through	source	separation	(Al-Khatib	et	al.,	
2023).	Meanwhile,	the	residual	fraction	of	24%	indicates	that	a	substantial	proportion	of	waste	
still	requires	disposal,	highlighting	the	importance	of	improving	source	separation	and	recovery	
practices	(Wang	et	al.,	2021).	
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Waste	generation	by	volume	was	measured	for	eight	consecutive	days	following	SNI	19-
3964-1994	and	expressed	in	liters	per	day.	The	measurement	was	conducted	using	a	20	cm	×	20	
cm	×	100	cm	measuring	device	equipped	with	a	height	scale.	As	shown	in	Figure	3,	the	daily	waste	
volume	ranged	from	375.6	to	558.8	L/day,	with	the	highest	volume	recorded	on	the	first	sampling	
day	(558.8	L/day)	and	the	lowest	on	the	sixth	sampling	day	(375.6	L/day).Based	on	the	average	
total	 waste	 volume	 and	 the	 number	 of	 employees,	 the	 average	 waste	 generation	 was	 1.1	
L/person/day.		

	
 

 
Figure	3.	Daily	waste	generation	by	volume	during	the	eight-day	sampling	period	at	the	DLHK	

D.I.	Yogyakarta	office	
	

During	the	eight-day	sampling	period,	waste	composition	was	classified	into	recyclable,	waste	
for	disposal,	and	compostable	waste	based	on	the	Zero	Waste	Index	categories	(Zaman,	2014).	The	
detailed	composition	by	material	type	is	presented	in	Figure	4.	
	

 
 

Figure	4.	Waste	composition	during	the	eight-day	sampling	period	at	the	DLHK	D.I.	
Yogyakarta	office	

Organic	waste	was	the	dominant	fraction,	accounting	for	61.4%	of	the	total	waste,	followed	by	
mixed	waste	(24.4%),	paper	(9.4%),	plastic	(2.3%),	glass	(2.3%),	and	metal	(0.2%).	Based	on	the	
Zero	 Waste	 Index	 classification,	 the	 waste	 comprised	 61.4%	 compostable,	 24.4%	 waste	 for	
disposal,	and	14.2%	recyclable	waste.	The	dominance	of	organic	waste	indicates	a	considerable	
potential	 for	 composting,	 while	 the	 recyclable	 fraction	 provides	 an	 opportunity	 for	 material	
recovery.	In	contrast,	 the	relatively	high	proportion	of	mixed	waste	indicates	that	a	substantial	
portion	of	the	generated	waste	still	requires	disposal,	highlighting	the	need	for	improved	source	
separation	and	recovery	practices	(Al-Khatib	et	al.,	2023).	
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3.3	Zero	Waste	Index	
The	Zero	Waste	Index	(ZWI)	evaluates	the	extent	to	which	generated	waste	can	be	recovered	

through	recycling	and	composting,	including	the	potential	substitution	of	virgin	materials,	energy	
savings,	greenhouse	gas	emission	reduction,	and	water	savings	(Zaman	&	Lehmann,	2013;	Zaman,	
2014).	 In	 this	 study,	waste	was	 classified	 into	 recyclable,	 compostable,	 and	waste	 for	disposal	
according	to	the	ZWI	framework.	
Based	on	 the	proposed	waste	management	 scenario,	which	projects	 improvements	over	 the	

next	 two	 years	 through	 better	 source	 separation	 and	 diversion	 of	 food	waste	 from	 the	mixed	
fraction	to	composting,	the	calculated	ZWI	reached	66%	(Table	3).	This	indicates	that	a	substantial	
proportion	of	the	generated	waste	could	be	recovered	through	the	proposed	management	system,	
while	the	remaining	fraction	would	still	require	disposal	(Zaman	&	Lehmann,	2013).	
	

Table	3.	Zero	Waste	Index	and	resource	substitution	values	

Location	
Waste	
Manage
ment	

Waste	
Compo
sition	

Total	Waste	
Managed	
(kg)	

Potential	
Virgin	
Material	
Substitut

ion	
(kg)	

Energy	
Substitut

ed	
	(MJ)	

Total	
GHG	

Emission	
Reductio

n	
(CO₂/kg)	

Total	
Water	
Saving	
(L/kg)	

ZWI	

Office	of	
the	

Departme
nt	of	

Environm
ent	and	
Forestry	
of	the	
Special	
Region	of	
Yogyakart

a	

Recycle	

Paper	 6.92	 5.81	 43.79	 4.15	 20.13	

0.66	

Plastic	 1.29	 1.16	 50.23	 1.23	 -14.72	
Glass	 0.38	 0.34	 2.29	 0.07	 0.87	
Metal	 0.03	 0.02	 1.09	 0.04	 0.18	

Compost	 Organic	 11.90	 7.14	 2.14	 2.97	 5.24	
Landfill	 Mixed	 1.28	 0.00	 0.00	 -0.54	 0.00	

Total	 21.80	 14.48	 99.54	 7.93	 11.70	

	
The	projected	waste	management	system	resulted	in	a	total	energy	substitution	of	99.54	MJ.	

Plastic	contributed	the	largest	share	of	energy	substitution	(50.23	MJ),	followed	by	paper	(43.79	
MJ),	 glass	 (2.29	 MJ),	 organic	 waste	 (2.14	 MJ),	 and	 metal	 (1.09	 MJ).	 The	 results	 indicate	 that	
improving	the	recovery	of	recyclable	materials,	particularly	plastic	and	paper,	can	substantially	
increase	resource	recovery	and	contribute	to	improved	waste	management	performance	(Lipp	et	
al.,	2025).		
	

3.4	Waste	Management	Strategy	
Waste	management	planning	was	developed	based	on	SNI	3242:2008,	with	emphasis	on	waste	

separation	 at	 the	 source,	 implementation	 of	 the	 3R	 principles,	 and	 appropriate	 handling	 of	
residual	 waste	 (Zhang	 et	 al.,	 2022).	 The	 proposed	 system	 includes	 waste	 containment	 and	
collection,	 an	 integrated	 temporary	 storage	 facility	 (TPS),	organic	waste	processing,	 recyclable	
waste	storage,	and	residual	waste	management.	
Based	 on	 the	 average	waste	 volume	 of	 465.95	 L/day	 and	 a	 container	 capacity	 of	 50	 L,	 the	

proposed	 system	 requires	 9	 sets	 of	 waste	 containers,	 consisting	 of	 separate	 containers	 for	
recyclable,	organic,	and	residual	waste	(Zhang	et	al.,	2022;	Rodríguez-Guerreiro	et	al.,	2024).	The	
distribution	of	containers	is	presented	in	Table	4.	
	

	
	
Table	4.	Waste	Containment	Planning	at	the	DLHK	D.I.	Yogyakarta	Office	

Waste	type	
Total	waste	
volume	
(L/day)	

Average	
total	waste	

Waste	bin	
volume	(L)	

Number	of	
permanent	
buildings	

Proposed	
containers	
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volume	
(L/day)	

Recyclable	 153.65	 	 	 	 	
Organic	 250.70	 465.95	 50	 8	 9	
Residual	 61.60	 	 	 	 	

	
Waste	transportation	to	the	TPS	was	planned	based	on	the	daily	waste	volume	and	collection	

capacity.	Waste	collection	and	transportation	are	important	components	of	municipal	solid	waste	
management	and	require	appropriate	planning	to	improve	operational	efficiency	(Santos	Neto	et	
al.,	2024).	Based	on	the	average	daily	waste	volume,	the	required	number	of	carts	with	a	capacity	
of	120	L	was	4	units	(Table	5). 
 
Table	5.	Waste	Transportation	Planning	at	the	DLHK	D.I.	Yogyakarta	Office	

Waste	type	
Total	waste	
volume	
(L/day)	

Average	
total	waste	
volume	
(L/day)	

Cart	volume	
(L)	

Number	of	
permanent	
buildings	

Total	
requirement	

Recyclable	 153.65	 	 	 	 	
Organic	 250.70	 465.95	 120	 8	 4	
Residual	 61.60	 	 	 	 	

	
An	 integrated	 TPS	 was	 then	 proposed	 based	 on	 SNI	 3242:2008.	 Among	 the	 three	 TPS	

classifications	 (Types	 I,	 II,	 and	 III),	 Type	 I	was	 considered	appropriate	 for	 the	 study	area.	The	
proposed	 facility	 includes	 a	 sorting	 area,	 storage	 area,	 waste	 transfer	 area	 with	 a	 container	
platform,	and	additional	areas	 for	organic	waste	processing,	waste	size	reduction,	and	residual	
waste	management.	A	similar	approach	was	reported	by	Fidela	et	al.	(2020)	in	the	design	of	the	
Cipapais	TPS,	which	 incorporated	waste	 sorting,	 organic	waste	processing,	 and	waste	 transfer	
facilities	in	accordance	with	SNI	3242:2008.	
The	waste	receiving	and	sorting	area	was	estimated	at	approximately	1	m²,	while	the	shredding	

area	required	approximately	2.92	m²,	rounded	to	3	m².	Organic	waste	was	planned	to	be	processed	
using	open-windrow	composting	with	bamboo	aerators.	Based	on	a	projected	composting	volume	
of	 7.52	 m³/month,	 four	 bamboo	 aerators	 were	 required,	 resulting	 in	 a	 composting	 area	 of	
approximately	11	m².	A	planned	space	of	3	m	×	3.7	m	was	considered	sufficient	for	the	composting	
activity	and	movement	space.	
Following	sorting	and	processing,	 recyclable	and	compostable	materials	were	planned	 to	be	

temporarily	 stored	 before	 further	 utilization	 or	 sale.	 Based	 on	 the	 projected	 monthly	 waste	
volume	and	a	compaction	factor	of	50%,	the	required	storage	areas	were	1.80	m²	for	organic	waste	
and	1.12	m²	for	inorganic	waste,	as	presented	in	Table	6.	
	

Table	6.	Waste	Storage	Area	Planning	at	the	DLHK	D.I.	Yogyakarta	Office	

Source	

Volume	
Period	1	
Bulan		
(m³)	

Compaction	
Factor	

Compacted	
Residue	

Dimensions	
of	Storage	
Room	(m)	

Room	Area	
(m²)	

Organic	 7.50	 50%	 3.76	 1.5	×	1.1	×	1.1	 1.80	
Inorganic	 1.85	 50%	 2.07	 1.5	×	0.9	×	0.9	 1.12	

 
The supporting facilities include an office, equipment storage, and sanitation facilities. The 

existing 4 m × 3 m building can be utilized as an office for seven sanitation workers, while 
sanitation and equipment storage areas were planned at 2 m × 1.5 m and 2 m × 3 m, respectively. 
The total supporting area was approximately 39 m², and the proposed TPS layout is presented 
in Figure 5. 
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Figure	5.	Proposed	integrated	TPS	layout	at	the	DLHK	D.I.	Yogyakarta	office 

Residual plastic waste was proposed to be utilized as a material for plastic-based paving 
blocks to reduce the amount of waste requiring disposal and increase residual waste recovery. 
Based on the overall planning, the estimated investment cost was IDR 65,333,500, covering 
waste containers, transportation equipment, shredding equipment, and facilities supporting 
organic waste processing. The proposed system was designed according to the projected waste 
recovery scenario corresponding to a ZWI of 66%. 

 
4.	Conclusion	
The	study	found	that	the	DLHK	D.I.	Yogyakarta	office	generated	an	average	of	22.54	kg	of	waste	

per	 day,	 with	 organic	 waste	 being	 the	 dominant	 fraction	 (61.4%),	 followed	 by	 mixed	 waste	
(24.4%),	paper	 (9.4%),	plastic	 (2.3%),	 glass	 (2.3%),	 and	metal	 (0.2%).	Based	on	 the	proposed	
waste	management	scenario,	the	Zero	Waste	Index	(ZWI)	reached	0.66	(66%),	with	a	total	energy	
substitution	of	99.54	MJ.	
The	results	indicate	that	improved	source	separation	and	waste	recovery	are	essential	to	reduce	

the	 residual	 waste	 fraction.	 The	 proposed	 waste	 management	 system,	 including	 recycling,	
composting,	and	residual	waste	processing,	provides	an	opportunity	to	increase	waste	recovery	
and	reduce	the	amount	of	waste	requiring	disposal.	
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