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Abstract 
Environmental problems due to excessive carbon emissions are increasing, while student 
awareness of this issue is still low. Science learning has great potential in instilling 
sustainability values. Therefore, this service aims to empower teachers in one of the junior 
high schools in Central Java in designing and implementing Low Carbon Education (LCE) 
based learning. The short-term goal of this activity is to improve teachers' understanding 
of the concept of low carbon and its application in learning. In the long term, teachers are 
expected to be able to develop learning innovations that are more contextualized and can 
apply students' low carbon lifestyle in their daily lives. The methods used include 
socialization of the LCE concept, development of low carbon-based learning tools, 
implementation in the form of simple experiments and environmental projects, and 
program evaluation. The results show an increase in teachers' understanding of LCE and 
the emergence of applicable environment-based learning projects. The main contribution 
of this program is the availability of a model for teacher capacity building in implementing 
LCE that can be replicated in other education units, while contributing to climate change 
mitigation efforts through education. 

How to cite: Probosari, R. M., Hudha, M. N., Wati, I. K., Khasanah, A. N., & Supurwoko. (2025). Teacher Empowerment in the Implementation 
of Low Carbon Education to Increase Students' Environmental Awareness. Teaching, Learning, and Development, 3(2). 169–174. doi: 
10.62672/telad.v3i2.97 

1. Introduction 
Education	is	identi-ied	as	a	critical	factor	in	cultivating	a	generation	that	demonstrates	a	commitment	to	

environmental	sustainability	(Rozi	et	al.,	2024).	In	the	contemporary	era,	a	range	of	environmental	challenges,	
including	 pollution,	 climate	 change,	 and	 energy	 crises,	 necessitate	 a	 fundamental	 transformation	 in	 the	
educational	 paradigm.	A	 potential	 solution	 to	 this	 issue	 is	 Low	Carbon	Education	 (LCE).	 The	 LCE	 approach	
endeavors	to	cultivate	sustainable	mindsets	and	behaviors	by	reducing	carbon	emissions	 in	the	early	stages	
(Rahmayanti	&	Ilyasa,	2022).	The	implementation	of	low-carbon	education	is	predicated	on	the	dual	objectives	
of	 fostering	student	 learning	 in	scienti-ic	 theory	and	equipping	 them	with	 the	competencies	 to	confront	 the	
manifold,	progressively	intricate	environmental	challenges	that	characterize	the	contemporary	era	(Hermanto	
et	al.,	2025).	Consequently,	the	integration	of	LCE	in	science	education	signi-ies	a	deliberate	strategy	to	inculcate	
environmental	consciousness	among	young	learners.	

However,	the	implementation	of	 low-carbon	education	in	schools,	particularly	in	junior	high	schools	of	
partner	schools,	still	faces	several	obstacles.	A	signi-icant	challenge	lies	in	the	conventional	and	limited	variety	
of	learning	methods,	which	results	in	minimal	student	engagement	in	the	learning	process.	Research	indicates	
that	learning	models	that	do	not	promote	active	student	engagement	may	impede	the	development	of	critical	
thinking	 skills	 (A-ifah,	 2021).	 Furthermore,	 the	 constraints	 imposed	 by	 contextual	 and	 applicative	 learning	
media	impede	educators'	capacity	to	deliver	science	materials	pertinent	to	environmental	concerns	(Ramdhan	
&	 Hakim,	 2025).	 This	 is	 an	 obstacle	 in	 instilling	 sustainability	 values	 through	 meaningful	 and	 interactive	
learning.	Teachers	play	a	pivotal	 role	 as	 learning	 facilitators,	 guiding	 students	 toward	 concrete	 actions	 that	
promote	a	low-carbon	lifestyle.	Consequently,	there	is	a	necessity	for	the	development	of	additional	student-
centered	 learning	 innovations.	 These	 innovations	 should	 be	 designed	 to	 foster	 an	 interactive	 learning	
environment	 and	 to	 support	 scienti-ic	 exploration,	 particularly	 in	 the	 context	 of	 environmental	 awareness.	
Project-based	and	contextual	learning	approaches	have	been	identi-ied	as	effective	strategies	to	facilitate	the	
connection	between	science	materials	and	environmental	 issues	 that	 students	encounter	 in	 their	daily	 lives	
(Antika,	2014).	

Student	behaviors	that	re-lect	the	principle	of	low	carbon	still	demonstrate	a	lack	of	awareness	regarding	
the	conservation	of	energy	(Amin	et	al,	2020a).	A	number	of	behaviors	and	habits	among	students	have	been	
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identi-ied	as	contributing	to	the	wasteful	use	of	electrical	energy.	For	instance,	55%	of	students	reported	leaving	
electrical	appliances	such	as	cellphone	chargers,	televisions,	and	fans	plugged	into	sockets	(Amin	et	al.,	2020b).	
Additionally,	39.6%	of	students	indicated	that	they	frequently	leave	room	lights	on	even	when	they	are	not	in	
use.	Furthermore,	49%	of	students	reported	leaving	air	conditioners	on	for	extended	periods,	with	49%	keeping	
them	 running	 for	 24	 hours	 (Amin	 et	 al.,	 2020b).	 Consequently,	 endeavors	 to	 enhance	 awareness	 of	
environmental	quality	through	the	adoption	of	energy-saving	behaviors	can	be	facilitated	by	integrating	LCE	
within	an	educational	setting.	This	approach	endeavors	to	cultivate	sustainable	mindsets	and	habits	in	society,	
thereby	 contributing	 to	 environmentally	 friendly	 and	 sustainable	 development	 (Warliyah	 et	 al.,	 2023).	 The	
objective	of	this	LCE	is	twofold:	-irst,	to	reduce	energy	consumption	and	pollutant	emissions;	and	second,	to	
raise	 awareness	 and	 cultivate	 behaviors	 among	 students	 that	 promote	 environmental	 stewardship	 through	
daily	actions	(Hudha	et	al.,	2020).	

This	community	service	activity	has	been	 identi-ied	as	a	strategic	solution	 for	empowering	teachers	 in	
implementing	LCE	with	a	project-based	learning	approach	(Project-Based	Learning).	This	pedagogical	approach	
fosters	 active	 student	 engagement	 while	 seamlessly	 integrating	 sustainability	 values	 into	 the	 educational	
experience	(Malay	et	al.,	2025).	Teachers	will	be	trained	to	design	and	facilitate	projects	that	emphasize	energy	
conservation,	waste	management,	 and	 the	use	of	 renewable	 resources,	 in	 accordance	with	 the	 Independent	
Curriculum,	which	emphasizes	-lexible	and	exploration-based	contextual	learning	(Yusuf	&	Ar-iansyah,	2021).	
It	is	hypothesized	that	through	this	activity,	teachers	will	enhance	their	pedagogical	capacity,	and	students	will	
acquire	learning	experiences	that	are	relevant,	meaningful,	and	have	a	positive	impact	on	their	environmental	
awareness	and	concern.	

2. Method 
The	implementation	of	this	program	aims	to	increase	the	capacity	of	teachers	in	implementing	Low	Carbon	

Education	(LCE)	in	learning.	The	approach	used	includes	training	and	mentoring,	so	that	teachers	can	develop	
low-carbon-based	 learning	 tools.	 This	 concept	 aims	 to	 instill	 environmental	 awareness	 in	 students	 through	
interactive	and	applicable	learning	methods.	The	transfer	of	knowledge	and	technology	to	teachers	is	carried	
out	through	several	stages,	including:	

2.1. Discussion and Socialization 
The	 discussion	 and	 socialization	 activities	 began	with	 the	 presentation	 of	 the	 concept	 of	 Low	 Carbon	

Education	 (LCE)	 as	 an	 educational	 approach	 that	 supports	 climate	 change	 mitigation	 through	 contextual	
learning.	Furthermore,	participants	and	facilitators	identi-ied	various	environmental	problems	that	occurred	in	
the	school	environment	and	discussed	strategies	for	integrating	the	LCE	concept	into	learning	implementation	
plans	(RPP)	collaboratively.	

2.2. Training on the Preparation of Learning Tools 
Teachers	 participate	 in	 training	 and	 the	 development	 of	 project-based	 learning	 tools	 that	 emphasize	

environmental	 issues	 such	 as	 energy	 conservation,	 the	 use	 of	 alternative	 energy	 sources,	 and	 waste	
management.	 In	 addition,	 the	 creation	 of	 learning	media	 that	 supports	 students'	 understanding	 of	 climate	
change	and	its	mitigation	efforts	

2.3. Mentoring and Evaluation 
Teachers	are	accompanied	in	implementing	the	teaching	tools	of	the	workshop	results	in	the	classroom.	

Monitoring	 the	 effectiveness	 of	 low-carbon-based	 learning	 and	 its	 impact	 on	 students'	 environmental	
awareness.	Evaluation	is	carried	out	by	pre-test	and	posttest	and	re-lection	on	the	results	of	implementation.	

The	active	involvement	of	teachers	greatly	determines	the	success	of	the	program.	Therefore,	this	program	
emphasizes	collaboration	between	the	service	team	and	partners	in	all	stages	of	implementation.	Teachers	are	
not	 only	 trainees,	 but	 also	directly	 involved	 in	 the	preparation	 and	 implementation	of	 learning	 tools	 in	 the	
classroom.	Through	this	approach,	it	is	hoped	that	there	will	be	signi-icant	changes	in	teacher	teaching	patterns	
and	 increased	awareness	of	 students'	 environment,	 so	 that	LCE	 can	be	 implemented	 sustainably	 in	partner	
schools.	

3. Results and Discussion 
This	activity	constitutes	the	preliminary	phase	in	the	design	of	a	teacher	empowerment	program	through	

the	implementation	of	Low	Carbon	Education	(LCE)	in	project-based	science	learning.	In	addition	to	its	role	as	
a	medium	for	coordination	and	aggregation,	the	meeting	is	also	utilized	for	the	purpose	of	conducting	needs	
assessments	concerning	material	content	that	is	deemed	to	be	contextual	and	relevant	to	the	learning	conditions	
prevalent	at	partner	schools.	
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The	results	of	the	presentation	of	socialization	materials	by	the	service	team	at	this	activity	demonstrated	
that	 low-carbon	education	 in	schools	constitutes	a	component	of	a	global	effort	 through	ESD	(Education	 for	
Sustainable	Development)	to	support	the	objectives	of	Sustainable	Development	Goals	(SDGs)	4,	namely	quality	
education,	and	13,	namely	action	to	address	climate	change.	This	national	policy	endeavors	to	enhance	students'	
cognizance	 of	 climate	 change	 and	 promote	 a	 culture	 of	 low-emission	 living	 through	 tangible	 actions	 in	
educational	 institutions	 (Fatimah,	 2025).	 The	 strategy	 encompasses	 the	 integration	 of	 the	 curriculum,	 co-
curricular,	 and	 extracurricular	 activities,	 along	 with	 the	 cultivation	 of	 energy-saving	 and	 environmentally	
friendly	behaviors.	The	ef-icacy	of	this	initiative	is	further	bolstered	by	the	implementation	of	teacher	training	
programs,	collaborative	efforts	with	various	stakeholders,	and	the	integration	of	Adiwiyata-oriented	initiatives	
that	underscore	sustainable	practices.	

The	 subsequent	material	will	 address	 the	 implementation	 of	 LCE,	which	 can	 be	 achieved	 through	 the	
development	of	biobattery	and	bio	briquette	projects.	This	innovation	has	been	developed	with	the	objective	of	
reducing	waste	and	promoting	the	use	of	cleaner	renewable	energy	sources.	Furthermore,	the	integration	of	
solar	cells	as	a	medium	for	 learning,	 founded	on	the	principles	of	renewable	energy,	has	been	introduced	to	
empower	educators	in	the	implementation	of	LCE.	The	integration	of	solar	cells	in	educational	settings	has	been	
demonstrated	 to	 elicit	 a	 heightened	 environmental	 awareness	 among	 students,	 facilitated	 by	 the	 use	 of	
contextual	 learning	methodologies.	This	 integration	has	been	shown	to	promote	a	deeper	comprehension	of	
clean	energy	sources	and	cultivate	a	sense	of	responsibility	towards	mitigating	carbon	emissions	from	an	early	
age.	

Teacher	empowerment	through	the	Pancasila	Student	Pro-ile	Strengthening	Project	in	the	Independent	
Curriculum	 which	 is	 contextual	 and	 cross-disciplinary	 is	 very	 important	 to	 support	 sustainable	 learning.	
Teachers	are	encouraged	to	be	active	facilitators	in	designing	sustainable	learning	projects	(Hanani	et	al.,	2025),	
such	as	the	theme	of	renewable	energy	and	carbon	emission	reduction	(low	carbon	education).	Through	this	
approach,	teachers	in	partner	schools	can	increase	students'	environmental	awareness	by	instilling	the	value	of	
mutual	 cooperation,	 critical	 reasoning,	 and	 concern	 for	 local	 ecological	 issues	 directly	 through	 real	 and	
meaningful	activities.	The	socialization	material	presentation	activity	can	be	seen	in	Figure	1.	

	
Figure	1.	Socialization	Material	Presentation	Activities	

Based	on	the	implementation	of	socialization	activities,	teachers	at	partner	schools	are	very	enthusiastic	
about	the	implementation	of	the	program.	The	visualization	in	Figure	2.	shows	the	distribution	of	teachers	based	
on	the	subjects	they	teach.	
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Figure	2.	Distribution	of	Teachers	by	Subject	

The	 results	 of	 the	 discussion	 showed	 that	 teachers	 in	 partner	 schools	 were	 very	 enthusiastic	 about	
welcoming	a	more	applicative,	contextual,	and	oriented	approach	to	environmental	issues.	The	teachers	stated	
that	so	far	students	tend	to	be	passive	in	learning	science	because	the	methods	used	still	focus	on	theory	and	
have	not	fully	related	the	material	to	the	phenomena	around	them.	Therefore,	the	integration	of	local	potential	
in	science	learning	projects	is	an	alternative	that	is	considered	very	relevant	(Sudirman	et	al.,	2024).	Some	of	
the	environmental	issues	raised	include:	waste	management	(no	littering,	creative	recycling),	the	use	of	organic	
waste	 into	compost,	energy-saving	behavior,	and	the	use	of	environmentally	 friendly	 transportation	such	as	
cycling	to	school.	

In	 terms	 of	 pedagogical	 outcomes,	 educators	 express	 a	 keen	 interest	 in	 cultivating	 21st-century	
competencies,	 including	 critical	 thinking,	digital	 literacy,	 and	environmental	 stewardship,	 through	authentic	
project-based	 initiatives	 (Puspitasari	 et	 al.,	 2023).	 The	 discussion's	 outcomes	 encompassed	 cognitive	
dimensions,	 such	 as	 comprehension	 of	 pollution	 and	 its	 rami-ications,	 affective	 dimensions,	 including	
heightened	 environmental	 consciousness,	 and	 psychomotor	 dimensions,	 exempli-ied	 by	 the	 fabrication	 of	
recycled	 products	 or	 digital	 content	 for	 environmental	 campaigns	 (Susilawati	 et	 al.,	 2025).	 Teachers	 also	
consider	 the	 use	 of	 simple	 software	 to	 support	 learning	 activities,	 such	 as	 image	 and	 word	 processing	
applications	that	are	easy	for	students	to	use	(Kusum	et	al.,	2023).	

The	 learning	project	 is	 planned	 to	be	 integrated	 into	 science	 learning	 in	7th	 grade	 and	9th	 grade,	with	
material	 adjustments.	 For	 7th	 grade,	 the	 teacher	 proposed	 the	 themes	 of	 environmental	 pollution,	 energy	
conservation,	and	 the	utilization	of	 rudimentary	 technology.	Concurrently,	a	 signi-icant	number	of	9th	 grade	
teachers	have	expressed	interest	in	integrating	social	concerns	and	digital	media	with	environmental	initiatives,	
including	 social	media	 campaigns	promoting	 low-carbon	 lifestyles	 and	 second-hand	upcycling	projects.	 The	
selection	of	this	material	 indicates	that	educators	are	beginning	to	adopt	a	cross-disciplinary	and	contextual	
approach	in	structuring	learning.	

The	 discourse	 further	 encompassed	 the	 prospect	 of	 technological	 integration	 within	 educational	
paradigms,	 speci-ically	 addressing	 the	 utilization	 of	 Arti-icial	 Intelligence	 (AI).	 A	 number	 of	 educators	 have	
expressed	a	positive	outlook	on	the	potential	of	arti-icial	intelligence	(AI)	to	enhance	digital	content	creation	
and	learning	evaluation.	However,	some	teachers	still	exhibit	reservations	due	to	their	limited	experience.	It	is	
imperative	for	the	implementation	team	to	incorporate	digital	literacy	training	and	technology	exploration	as	
components	of	teacher	empowerment	activities.	The	integration	of	adaptive,	contextual,	and	technology-based	
LCE	approaches	in	the	classroom	learning	process	is	predicated	on	the	assumption	that	teachers	will	develop	a	
greater	degree	of	con-idence	in	their	abilities	to	do	so.	This	con-idence	is	expected	to	be	fostered	by	the	provision	
of	continuous	training.	

4. Conclusion 
Community	service	activities	carried	out	have	succeeded	in	making	a	real	contribution	to	increasing	the	

capacity	of	teachers	in	designing	Low	Carbon	Education	(LCE)-based	learning.	Through	intensive	training	and	
mentoring,	 teachers	 gain	 an	 in-depth	 understanding	 of	 LCE	 concepts	 as	 well	 as	 project-based	 contextual	
learning	implementation	strategies	that	emphasize	environmental	issues	and	energy-ef-icient	behaviors.	The	
results	of	the	coordination	and	needs	analysis	showed	that	teachers	in	partner	schools	had	a	high	enthusiasm	
in	 developing	 learning	 that	 was	 more	 relevant	 to	 the	 local	 context	 and	 students'	 lives.	 This	 activity	 also	
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succeeded	in	encouraging	teachers	to	start	designing	science	learning	projects	that	integrate	local	potentials	
such	 as	 waste	 management,	 organic	 waste	 utilization,	 and	 energy	 ef-iciency.	 In	 addition,	 this	 activity	 also	
strengthens	 the	 role	 of	 teachers	 as	 facilitators	 in	 21st	 century	 learning	 that	 is	 adaptive,	 interactive,	 and	
environmentally	friendly.	
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