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Abstract. In an effort to support the achievement of SGD, especially pillar 

No.13 (Climate Change), the existence of a technological model that enables 

to reduce negative impact of carbon emissions is one of the prerequisites for 

supporting the sustainability of life on Earth. To answer these challenges, 

this paper aims to introduce the idea of carbon capture technology in 

residential called SIMPLEX (Smart Integrated Housing Complex). This idea 

aims to introduce the use of engineering wood products as one of the 

innovative solutions to combat the adverse effects of carbon emissions. 

SIMPLEX is arranged in a housing complex inside there are Transparent 

Wood, Transparent Nano paper, Wind Turbines, Structural Applications, 

Water Treatment, and Energy Storage Devices. In the end, consideration of 

the negative impacts of SIMPLEX and the need for regulations supporting 

the implementation of SIMPLEX at the public level is conveyed. The 

SIMPLEX idea will also initiate the achievement of zero carbon emission 

building in Indonesia. In contrast to efforts to reduce carbon emissions by 

using alternative energy approaches and mobilizing the use of electric cars, 

efforts to reduce carbon emissions through a residential management 

approach based on carbon capture technology is a breakthrough that 

overlooked by Indonesian policymakers. 

Keywords : Carbon capture, Engineering Wood Products, Smart Integrated 

Housing Complex (SIMPLEX), Zero Carbon 

1. Introduction 

Indonesia has various industries which are sources of CO2 emissions, including those from 

coal-based steam power plants, oil and gas processing installations, steel factories, fertilizer 

factories, and cement factories. The total industrial emissions resulting from CO2 emissions 

from power plant exhaust and gas processing are estimated to be around 80 million tons per 

year, of which 17.5 tons per year are responsible for oil and gas processing. The power 

generation sector remains a major contributor to future CO2 emissions in Indonesia. With 

the current electrification ratio (64%), the growth in electricity demand in Indonesia is 

expected to remain strong in the coming decades to supply electricity especially in remote 

areas. Responding to this growing demand, PLN (State Electricity Enterprises Agency) 
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issued a Ten-Year Electricity Development Plan to build several power plants which will be 

dominated by coal. Thus, coal-fired power plants in the future will continue to be the main 

contributor to CO2 emissions in Indonesia. To reduce carbon emissions, it is necessary to 

carry out technological innovations that are able to process carbon so that it does not have a 

negative impact on the environment. 

Recently, new technologies have been explored regarding the use of wood to capture 

CO2 from the air, such as membrane adsorption, electrocatalytic reactions, and 

photocatalytic. The most potential wood producer is forest. Forests serve as one of the most 

important carbon sinks contributing to removing CO2 from the atmosphere [8]. Carbon can 

be absorbed and stored in trees through the photosynthetic reaction CO2, which gives forests 

an important role in adjusting atmospheric carbon concentrations during the global industrial 

age. As a result of uncontrolled illegal logging and excessive consumption of wood and an 

increase in the amount of plastic waste which is difficult to decompose naturally, it causes an 

increase in CO2 concentrations in the atmosphere which results in global [22]. Therefore, 

proper management of the sinks and utilization of forest carbon and wood products can 

positively reduce CO2 emissions and the consequent climate change [8]. 

Wood is a highly porous material with a hierarchical cell wall structure that provides 

water transport and mechanical support functions [3]. Natural wood is often subject to 

cracking, degradation, aging and dimensional instability, leading to a reduction in its service 

life resulting in a return of carbon to the atmosphere. This means that the wood products that 

are harvested greatly influence the carbon cycle of the forests that depend on the end use of 

the wood. A study in New Zealand [2], showed that a 17% increase in wood used in the built 

environment had a direct impact on carbon emissions which were reduced by 20%. These 

estimates are based on the use of wood as a substitute for brick, aluminium, and other building 

products that require more energy processing than wood. Many attempts have been made to 

explore functional wood materials for expanding and enhancing carbon storage and CO2 

capture [23]. Until recently, the human population's higher demand for wood products, 

incidentally, occurred at a faster rate than the harvesting of trees or timber. The replacement 

cycle for the 15–25 year rotation period for a tree or wood resource is longer than its use for 

supplying energy, burning, pulping, and papermaking [10]. Therefore, it is necessary to 

develop new technologies for carbon capture and fixation of wood products over a longer 

period of time. 

   

Fig 1. The carbon cycle for forests and wood [25] 
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Although various scientific studies have summarized the situation in the processing 

of functional wood products and their applications, these reviews are less focused on CO2 

capture and carbon storage using modified and functional wood. In this review, the authors 

review new technologies for wood product development with a focus on enhancing CO2 

capture and carbon storage. Timber functionalization strategies for carbon sequestration or 

capture will be discussed. New wood nanotechnology is focused on developments in the 

design and structural engineering of wood for expanding carbon storage and replacing fossil-

based plastics. In addition, processed wood products or Engineering wood products (EWP), 

including compacted and chemically modified wood materials, are also reviewed with an 

emphasis on an industrial perspective. The impact of woody biomass on the global economy 

and carbon mitigation is explained. A future perspective is proposed to expand CO2 capture 

and carbon storage and sustainably use wood products [19]. Motivated by the problems 

above, the authors formulated a concept, namely Smart Integrated Housing Complex 

(SIMPLEX). The concept of carbon capture technology uses applications from Engineering 

wood products that can be used to capture better carbon to utilize natural resources and of 

course to support national energy security and the realization of the Sustainable Development 

Goal in Indonesia. 

2. Litelralturel Re lvielw 

2.1 CCS alnd Po ltelntiall ALpplicaltio ln in Indolnelsial 

Ca lrboln calpturel sto lralgel, which is o lfte ln relfelrreld tol als ca lrboln calpturel alnd se lquelstraltio ln, 

pre lvelnts lalrgel almolunts o lf COL2 frolm beling rellela lseld into l the l altmo lsphe lrel. This te lchnollo lgy 

includels calpturing thel CO L2 pro lduceld by la lrgel industriall plalnts, co lmprelssing it fo lr tra lnspolrt, 

a lnd theln calrelfully lolalding it into l velry de lelp rolck folrmaltiolns, whe lrel it is pelrmalnelnt sto lralgel 

[1]. Nelxt, folr thel trelnd olf fo lssil fuell colnsumptioln alnd its re llaltioln tol COL₂ elmissio lns in 

Indolnelsial. Colnsumptio ln o lf folssil fue lls is alccolmpa lnie ld by incre lalse ld COL₂ elmissio lns. In 1990, 

COL₂ e lmissio lns we lrel 133.9 MTOLEL a lnd alrel preldicteld tol incre lalse l in 2050 to l 2065.98 MTOLEL. 

OLn thel olthelr halnd, thel NELP sce lnalrio l will relducel thel shalrel o lf o lil tol 25% – 30%. Ho lwelvelr, 

o lve lralll folssil fuell colnsumptioln increlalse ls tol 690 MTOLEL by 2050. ALltholugh thel NELP sce lnalriol 

a lims tol increlalse l thel shalrel olf re lnelwalblel elne lrgy solurcels, it will nolt bel sufficielnt to l alchielvel a ln 

o lve lralll relductioln olf COL₂ elmissio lns olf 26% by 2020. ALs a l relsult, CCS must a lpplield als al tolo ll 

to l significalntly relduce l COL₂ elmissio lns, palrticulalrly COL₂ e lmissio lns frolm the l olil alnd gals, 

e llelctricity, alnd industriall se lcto lrs. 

 

 

 

 

 

 

Fig 2. Folssil Fuell Colnsumptioln alcco lrding tol thel NELP Scelnalrio l [16] 
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The l figurel albo lvel sholws a l preldictio ln olf holw COL₂ e lmissio lns might chalngel if CCS is 

imple lmelnteld in the l futurel. COL₂ e lmissio ln preldictio lns will cha lngel significalntly with a ln 

incre lalsel in elmissio ln relductiolns frolm 6% in 2025 tol 37% in 2050 if thel CCS a lpplica ltioln ha ls 

be leln implelmelnteld. This e lstima ltel is ba lseld oln a lssumptiolns o lf ca lrboln calpturel te lchnollolgy tha lt 

will be l a lpplie ld tol CO L₂ po lint solurcels (industria ll falcilitie ls, fa lctolry e llelctricity, alnd 

ma lnufalcturing) a lnd colnsidelrs CCS ca lpalcity alnd elfficielncy including thel poltelntiall fo lr CCS 

imple lmelntaltioln in Indolnelsia l. ALpplicaltioln olf CCS no lt olnly re lducels COL₂ elmissio lns but allsol 

ha ls thel poltelntiall tol de lcoluplel elco lnolmic grolwth frolm COL₂. Ho lwelvelr, delvellolpmelnt relgalrding 

CCS ha ls nolt beleln we lll de lvellolpe ld [24]. 

ALccolrding tol thel relselalrch in collla lbolraltioln with LELMIGALS, re lvelalle ld thalt 

re lgulaltio lns a lnd le lga ll alspelcts re lgalrding thel olpelra ltio ln a lnd malna lge lme lnt olf CCS pro ljelcts in thel 

lo lng te lrm must be l colnsidelreld by the l Golvelrnmelnt olf Indolnelsia l. The l usel olf CCS te lchnollolgy 

in Indolnelsia l olnly folcusels oln increlalsing prolductioln in olld olil alnd gals wellls which a lrel 

sca ltte lreld in selvelrall lolcaltiolns in Indolnelsia l. Thus, thel po ltelntia ll fo lr thel sprelald olf CCS in 

Indolnelsial is pro lveln tol e lxist, e lspelciallly in telrms olf COL₂ sto lralgel rellalteld to l elnhalnce ld o lil 

re lcolvelry. Holwelvelr, tol relallize l this poltelntiall, la lrgel funds a lrel neleldeld alnd thel golvelrnme lnt 

ma lkels strict relgulaltiolns fo lr CCS. 

2.2 Wo lo ld-Balseld Calrboln Calpturel Sto lralgel (CCS) Telchno llolgy 

COL2 calpturel hals al ve lry impo lrtalnt rollel in mitigalting COL2 elmissio lns alnd co lnse lquelntly 

slo lwing dolwn glolball walrming [9]. Valriolus type ls olf telchno llolgie ls halvel beleln delvellolpeld tol 

ca lpturel COL2. In relcelnt yelalrs, va lriolus typels olf nelw telchnollo lgiels halvel be leln delvellolpeld tol 

mo ldify wo lold alnd its ce lll wallls to l cre laltel ne lw functiolna llitiels [6]. Me lmbralnel-balse ld te lchnollolgy 

a lllolws folr thel se lpalraltioln olf COL2 frolm olthelr galse lo lus colmpolnelnts prelse lnt in thel e lxhalust 

stre la lm frolm thel colmbustioln pro lcelss olr burneld fue ll olr e lve ln a lir, by ta lking aldvalnta lgel olf thel 

COL2 co lncelntraltioln gra ldielnt be ltweleln thel twol melmbralnel-se lpalralte ld phalsels, a lnd thel sizel 

diffelrelncel be ltweleln thel CO L2 mo llelculels alnd olthelr gals mollelcule ls. in thel mix [9]. While l in thel 

a lbsolrptio ln prolcelss, a l liquid sollve lnt with a l high te lndelncy to l disso llvel COL2 molle lcule ls is use ld 

to l ca lpturel COL2, alnd in the l aldso lrptioln prolcelss, usuallly al sollid me ldium colntalining 

a ltta lchmelnt/aldhelsioln site ls is use ld tol isolla ltel COL2 frolm thel galse lolus me ldium. Wo lo ld alnd wolo ld-

ba lseld prolducts, such als celllulo lsel alnd calrboln-balseld malte lrialls, ha lvel beleln wide lly useld folr thel 

ma lnufalcturel o lf valrio lus typels o lf melmbra lnels a lnd aldsolrbe lnts fo lr the l iso llaltioln olf valrio lus 

co lmpolunds, including CO L2. The l molst impolrta lnt typels o lf malte lrialls with widel alpplica ltioln in 

the l delvellolpmelnt olf nelw melmbralnels alnd a ldsolrbelnt prolducts fo lr calpturing CO L2 alrel wolo ld 

ce lllulolse l nalnolfibrils a lnd calrbo ln-balse ld maltelrialls such als biolcha lr alnd alctivalteld calrboln. 

Ta lblel 1. List olf relselalrch studiels o ln COL2 calpturel using valriolus wolo ld-balseld maltelrialls. 

Ma lte lria lls 

Te lchnollolgy/me lchalnism 

a lnd olpelraltiolnall colnditioln 

(prelssure l, te lmpelralturel) 

Pe lrfolrmalncel 

(a ldsolrptioln/calptur

e l calpalcity, 

pe lrmela lbility, olr 

se lle lctivity) 

Re lfs 
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Dellignifield 

wo lo ld/po llyelthylelnelimin

el co lmpo lsitel 

ALdsolrptioln, 120 °C a lnd 1 

ba lr 

ALdsolrptioln 

ca lpalcity  2,96 

mmoll/g 

Wa lng elt 

a ll (2020) 

De llighnifield wolold/meltall 

o lrgalnic fra lme lwo lrk 

co lmpolsite l 

ALdsolrptioln, 120 °C a lnd 1 

ba lr 

ALdsolrptioln 

ca lpalcity  1,46 

mmoll/g 

Wa lng elt 

a ll (2021) 

Ca lrbolnizeld wolold/ALu-Pd 

co lmpolsite l 

Me lmbra lnel/e llelctrolcaltallyti

c re lalctioln 
No lt Re lpolrteld 

Wa lng elt 

a ll  (2022) 

Lignin-balseld 

pollyelthylelneliminel 

a lctivalteld calrboln 

co lmpolsite l 

ALdsolrptioln, 30 °C a lnd 1 

ba lr 

ALdsolrptioln 

ca lpalcity  2 

mmoll/g 

ALtta l-

OLbelng e lt 

a ll (2019) 

Bio lwa lste l-balse ld KOLH 

a lctivalteld bio lchalr 

ALdsolrptioln, 25 °C a lnd 1 

ba lr 

ALdsolrptioln 

ca lpalcity  3,2265 

mmoll/g 

Iga llalvith

a l elt all 

(2020) 

Pe lca ln nutshe lll-balseld 

bio lchalr pre lpalreld using 

micro lwalve l pyrollysis 

ALdsolrptioln, 0 °C a lnd 1 

ba lr 

ALdsolrptioln 

ca lpalcity  2,5 

mmoll/g alnd 

COL2/N2 

se lle lctivity raltio l olf 

152 

Durán- 

Jiméne lz  

e lt all 

(2021) 

ALctiva lteld calrboln 

pre lpalreld trelaltmelnt olf 

pinel balrk using 

polta lsssium 

ALdsolrptioln, 20 °C a lnd 

0,91 balr 

ALdsolrptioln 

ca lpalcity  3,5 

mmoll/g 

Se lssa l elt 

a ll (2022) 

2.3 ELnginelelring Wo lold Pro lducts 

ALccolrding tol the l colmmelrciall o lrgalnizaltioln ALrchitelcturel 2030, buildings alrel relspolnsible l folr 

a lrolund 40% o lf glolball CO L2 elmissio lns. Building o lpelraltiolns a lccolunte ld folr 28% o lf e lmissiolns, 

while l thel re lmalining 11% wa ls re lla lteld tol building maltelrialls a lnd colnstructioln (elmboldield 

ca lrboln) [11]. Colncreltel, ste lell alnd alluminum alrel relspolnsible l fo lr 23% olf glolball CO L2 elmissio lns. 

It is e lstimalte ld thalt colncre ltel, brick a lnd ste lell halvel al la lrgelr ca lrboln folo ltprint thaln wolold, alnd 

tha lt 14% olf glolball COL2 e lmissio lns coluld bel relduceld by incre lalsing the l use l olf wolold. Thelsel 

figurels sholw thel grelalt poltelntia ll folr relducing COL2 elmissio lns by using wolold in thel built 

e lnvirolnmelnt. If trelels frolm we lll-malnalgeld folrelsts a lrel halrve lste ld, during thelir usel COL2 is 

lo lckeld in thel wolold prolduct, alcting als al telmpo lralry ca lrboln sink until thel wolold cralcks. Thel 

lo lngelr wolold la lsts, thel lolngelr COL2 is re lmo lveld frolm thel altmo lsphelre l. 

         Wolold prolducts a lrel olfteln dispo lseld olf in la lndfills, which slo lwly relle lalsel melthalnel alnd 

COL2 a ls thely de lcolmpolsel. In solme l situaltiolns, be lcaluse l olf thel use l olf melta ll colmpolunds such als 

chrolmalteld colppelr alrse lnalte l (CCAL) folr wolold pre lselrvaltioln, the lrel a lrel limite ld olptiolns olthe lr thaln 

fina ll dumping alt thel elnd olf thelir use lful lifel. Currelntly, holwe lve lr, belside ls using CCAL a ls falr a ls 

 
 
 

 
 
  

 
 

 

, 09001 (2024)BIO Web of Conferences https://doi.org/10.1051/bioconf/20248909001 89
SRCM 2023

5

mailto:Djuan.rochman@gmail.com


 

wo lold lifel alnd ELWP, thelrel a lre l selvelrall olptiolns whelre l elffelctive l use l olf biolcidels olr wolold 

mo ldificaltio ln telchniquels caln elxte lnd wolold lifel alnd ELWP witho lut much aldvelrsel elnvirolnmelnta ll 

de lmalnds [20]. Wo lold mo ldifica ltioln telchniquels caln bel brolaldly divideld intol threlel caltelgolriels: 

a lceltylaltioln, thelrmall moldificaltio ln, alnd relsin a ldditioln o lr pollyme lr moldificaltioln. 

3. Meltholdollolgy & Daltal 

The l re lselalrch me lthold use ld is the l study olf lite lralturel alnd scie lntific jolurnalls. Thelse l da ltal alnd 

de lve llo lpmelnts welrel olbtalineld by melalns olf lite lralturel studiels in thel folrm o lf sta ltistica ll da ltal, 

re lsela lrch relpolrts, a ls welll a ls olfficia ll we lb palgels olf valriolus re lgio lna ll, naltiolnall, alnd intelrnaltio lna ll 

institutio lns. Theln thel re lsults o lf this lite lra lturel relvielw a lrel synthe lsizeld tol prolducel the l prolpolseld 

SIMPLELX moldell fo lllo lweld by its a ldvalntalgels alnd disa ldvalntalge ls als we lll als valriolus things thalt 

ne leld tol bel colnside lre ld in o lrdelr to l olptimize l thel olpelra ltioln olf SIMPLELX. 

So l it caln bel colncludeld thalt the l Smalrt Intelgralteld Cle laln-elnelrgy Holusel (SIMPLELX) 

is a l smalrt holusing mo ldell thalt functiolns als al  calrboln calpture l. SIMPLELX itsellf  is a l futurel 

holusing colncelpt thalt  is elne lrgy indelpelndelnt alnd hellps ca lrboln relductioln which suppo lrts 

e lffolrts tol olvelrcolmel this glo lball wa lrning prolblelm itse llf. SIMPLELX hals al syste lm balse ld oln thel 

use l olf ELngine lelring Wolold Prolducts. ELnginelelring Wo lold Prolducts itse llf is o lnel elxalmple l o lf thel 

a lpplica ltioln olf thel usel olf wolold whe lrel this mo ldifie ld wolold will try to l calpture l COL2 elmissio lns in 

the l surrolunding elnvirolnme lnt. Thus, thel alpplicaltioln olf SIMPLELX will laltelr bel built in alrelals 

a ldjalcelnt tol the l la lrgelst CO L2 e lmitting so lurce ls. 

4. Discussioln 

4.1 Smalrt Intelgralteld Holusing Co lmplelx 

Sma lrt Thel Sma lrt Inte lgralteld Ho lusing Co lmplelx (SIMPLELX) is a l mo lde ll olf intellligelnt holusing 

tha lt selrvels als al calrboln calpture l. SIMPLELX itse llf is a l colncelpt olf futurel holusing thalt caln bel 

e lnelrgy sellf-sufficielnt alnd colntribute l tol calrbo ln relductioln, suppolrting elffolrts tol alddre lss glolball 

wa lrming. SIMPLELX hals al syste lm balseld oln the l usel o lf ELnginelelring Wolold Ma ltelriall. 

ELngine le lring Wolold Prolducts a lre l aln elxalmple l olf thel alpplicaltio ln olf wolold, whe lrel this mo ldifie ld 

wo lold will alttelmpt tol calpturel COL2 elmissio lns in its surrolunding elnvirolnmelnt. Thelrelfolrel, thel 

imple lmelntaltioln olf SIMPLELX is plalnneld tol bel built in alrelals nelalr thel la lrgelst solurcels o lf 

COL2e lmissio lns. SIMPLELX is co lmpolse ld olf al holusing colmplelx thalt includels colmpolnelnts such 

a ls Tralnspalrelnt Wolold, Tra lnspa lrelnt Nalnolpalpelr, Wind Turbine ls, Structurall A Lpplica ltiolns, 

Wa lste l Wa ltelr Trelaltmelnt, a lnd ELnelrgy Stolralgel Delvicels. 

 

 

 

 

 

 

Fig 3. Thel delsign olf SIMPLELX 
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4.2 Co lmpo lnelnt o lf SIMPLELX 

In thel colncelpt olf Sma lrt Intelgralte ld Holusing Colmplelx (SIMPLELX), it will functioln als a l calrboln 

ca lpturel a lt thel relsidelntiall sca llel. Thel colmpolnelnts thalt will be l inte lgralte ld intol thel 

imple lmelntaltioln olf this se llf-sufficie lnt elne lrgy a lnd calrboln calpture l holusel alrel als folllolws: 

4.2.1 Wind Turbinel 

In thel colncelpt olf thel SIMPLELX delsign, thel a lutholr relquirels a l wind turbinel als olnel o lf thel 

re lnelwalblel elnelrgy so lurcels, so l tha lt thel holusing will a llign with its co lnstructio ln golall olf al cle laln 

ca lrboln elnviro lnmelnt. Folr thel use l olf thel wind turbinel, thel a lutholr prolpolse ls e lmplolying thel 

Giro lmill Dalrrielus Velrtica ll ALxis Wind Turbinel (VALWT). This is be lcaluse l thel elfficielncy o lf 

VALWT is gre laltelr tha ln Holrizolnta ll ALxis Wind Turbinel (HALWT). ALdditiolnallly, elcolnolmica llly, 

the l implelmelntaltioln olf VA LWT is mo lrel colst-elffelctivel thaln HALWT. This is suppo lrteld by thel 

sma llle lr dime lnsio lns o lf VALWT co lmpalreld tol HALWT. The l fo lllolwing a lrel thelolre lticall 

ca llculaltiolns olf the l polwelr ge lnelra lteld by thel Giro lmill Da lrrie lus VALWT: 

Thel alre lal swe lpt by thel blalde ls: 

𝐴𝑠𝑤𝑒𝑝𝑡 =  𝜋𝑥𝑟2              (1) 

With a l raldius olf thel blaldel alppro lximalte lly 1 m, thel swe lpt a lrela l (𝐴𝑠𝑤𝑒𝑝𝑡) is o lbtalineld: 

𝐴𝑠𝑤𝑒𝑝𝑡 =  𝜋 𝑥 1 𝑥 1 = 3,141592 𝑚2               (2) 

Ca llcula ltioln olf thel alctuall polwelr gelnelralteld by thel turbinel: 

𝑃𝑤 = 𝐶𝑝 𝑥 
1

2
𝑥 𝐴𝑠𝑤𝑒𝑝𝑡  𝑥 𝜌𝑢𝑖𝑑𝑎𝑟𝑎  𝑥 𝑣3               (3) 

Ta lking thel elxalmplel frolm thel Ja lkalrtal alrelal, whelrel thel alvelralge l wind speleld is 14 km/h 

o lr e lquivallelnt tol 3.88889 m/s. The l callcula ltioln relsults in the l ge lne lralte ld polwelr als fo lllolws: 

𝑃𝑤 = 0.4 𝑥 
1

2
𝑥 3.141592 𝑚2 𝑥 1.2 𝑘𝑔/𝑚3 𝑥 (3.88889 𝑚/𝑠)3              (4) 

𝑃𝑎 =  44.34432 𝑊𝑎𝑡𝑡 

If bo lth turbinels alrel alssume ld to l olpelraltel alt full calpalcity fo lr 24 ho lurs, theln thel 

ge lne lralte ld polwelr is als folllolws: 

𝑃𝑤 = 44.34432 𝑊𝑎𝑡𝑡 𝑥 24 ℎ𝑜𝑢𝑟 𝑥 2               (5) 

𝑃𝑤 = 2128.52736 𝑊ℎ 

4.2.2 Sollalr PV 

So llalr elnelrgy is o lnel olf thel prolmising re lnelwalblel elnelrgy so lurce ls tha lt caln bel alpplie ld. Thelrelfo lrel, 

the l alutholr allso l includels solla lr e lnelrgy als a l usa lble l elne lrgy solurce l in this SIMPLELX holusing. 

The l alutholr utilizels tralnspalrelnt nalnolpa lpelr sollalr pholtolvollta lic (PV) in thel alpplicaltio ln o lf sollalr 

ce llls in this se ltup. This is duel to l thel nalnolpalpelr's principlel thalt invollvels celllulolsel alpplica ltioln. 

Ce lllulo lsel will functioln tol relduce l thel halzel elffelct oln palpelr alnd e lnalblel light tralnsmissio ln olr 

tra lnsmitta lncel. The l molrel tra lnspa lrelnt it is, thel highelr thel % tra lnsmitta lncel. This melalns thalt thel 

highelr thel % tra lnsmitta lncel, the l highelr thel elfficielncy olf light ca lpturel frolm nalnolpa lpelr. Thel 
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fo lllolwing is a l thelolrelticall callcula ltioln o lf thel polwe lr gelnelra lteld fro lm tralnspalrelnt nalnolpa lpelr solla lr 

PV: 

If al holuse l relquirels alpprolximalte lly 4,260 waltts o lf polwelr, the ln the l relquireld polwelr 

sho luld bel incre lalseld by 40% olf the l polwelr use ld. Thus, the l tolta ll po lwelr is : 

To ltall Polwelr =  Holuse l polwe lr : (100%-40%)               (6)    

=  4.260 waltt : 60% 

= 7100 waltt 

Thelre lfolrel, the l relquireld solla lr pa lnells alrel als folllolws : 

So llalr Palnells = Tolta ll Polwelr : OLptimall Timel               (7) 

=  7.100 waltt : 5 holur 

=  1.420 Waltt Pe lalk 

So l, tol olbtalin thel delsire ld po lwelr, it is nelcelssa lry tol use l al 1420 WP so lla lr palnell. If using 

200 WP so llalr pa lnells, a lpprolxima ltelly 8 pielcels a lrel neleldeld. 

4.2.3 Structurel ALpllicaltioln (Calrboln Calpturel) 

In thel SIMPLELX colnce lpt delve llolpmelnt plaln, solmel olf its co lmpolnelnts alrel maldel o lf wolold, 

ra lnging frolm thel structurall e lle lmelnts tol elvelry colmpo lnelnt ma ldel olf wolold. This is be lcalusel it 

suppolrts the l primalry functioln o lf thel SIMPLELX de lvellolpmelnt co lncelpt. Thelrelfolrel, wo lold caln 

se lrvel its functioln als calrboln ca lpturel. In colnstructioln, wo lo ld is useld als thel structura ll 

fo lundaltioln. In this relga lrd, thel a lutholr pro lpolse ls using melra lnti wo lold. Melralnti is olnel o lf thel 

type ls o lf wolold thalt elxhibits elxce lllelnt duralbility als al structura ll e llelmelnt in al colnstructioln 

co lmpolnelnt. AL study sta ltels thalt the l calrboln diolxidel a lbsolrptioln poltelntiall using melralnti plalnts 

in IUPHHK-HAL PT. ITCIKU ELalst Ka llimalntaln relalche ls 0.15-2.77 tolns/ha l [12]. 

4.2.4 Tralnspalrelnt Wolold 

Tra lnspa lre lnt wolold wals crelalte ld throlugh thel intro lductioln olf al prelpo llymelrizeld me lthyl 

me lthalcrylaltel (MMAL) so llutio ln intol al dellignifie ld wolold telmpla ltel. The l mixturel wa ls he lalteld in 

a ln olveln alt 70°C folr 4 holurs. Initia llly, purel MMAL molnolmelr wa ls prelpollymelrizeld alt 75°C fo lr 

15 minutels using al twol-nelcke ld ro lund-bolttolm flalsk with 0.3 wt % 2,2′-ALzolbis (2-

me lthylprolpiolnitrile l) (ALIBN, Sigma l-ALldrich) als aln initia lto lr. The l prelpollymelrizeld MMAL wa ls 

the ln cololle ld tol rololm telmpe lralture l in a ln ice l−waltelr balth tol ha llt the l relalctioln. Subselquelntly, thel 

de llignifie ld wolold telmplaltel undelrwe lnt valcuum infiltraltio ln in thel prelpollymelrize ld MMAL 

so llutioln folr 30 minutels, al prolce lss re lpe lalteld threlel time ls tol elnsure l colmpleltel infiltraltioln. Thel 

re lsulting infiltralte ld wolold wa ls e lnclo lseld beltwe leln twol glalss slide ls alnd wra lppeld in alluminum 

fo lil belfo lrel undelrgoling aldditio lna ll po llymelrizaltioln, colmplelte ld by he lalting the l sa lmplel in aln 

o lve ln alt 70°C folr 4 holurs. Dellignifie ld wo lold primalrily colmprise ls hollolcelllulolse l, co lnsisting o lf 

ce lllulolse l alnd helmice lllulolse ls. The l hollolcelllulolsel vollumel fra lctioln caln bel deltelrmineld using 

e lqua ltiolns 1 alnd 2. Folr simplicity, thel telrm "celllulolsel" is use ld in thel currelnt co lntelxt wheln 

re lfelrring to l hollolcelllulolsel [21]. 

4.3 Po ltelntiall Delvellolpmelnt ALrelal olf SIMPLELX 

 
 
 

 
 
  

 
 

 

, 09001 (2024)BIO Web of Conferences https://doi.org/10.1051/bioconf/20248909001 89
SRCM 2023

8

mailto:Djuan.rochman@gmail.com


 

The l alutholr colnducte ld se lvelra ll a lnallysels oln alrelals with significa lnt polte lntia ll folr CO L2 elmissio lns, 

ta lking Ja lkalrta l alnd its surrolundings als a ln elxalmplel folr co lnside lraltioln in suppolrting thel 

SIMPLELX (Sma lrt Intelgralte ld Ho lusing Co lmplelx) colncelpt ba lse ld oln calrbo ln calpturel stolralgel 

a lnd elnginelelring wolold prolducts. 

Balse ld oln BMKG relcolrds in June l 2022, thel currelnt alir qua llity in Ja lkalrtal caln bel 

ca ltelgolrizeld als ve lry unhela llthy. This is suppo lrteld by thel PM 2.5 co lnditiolns in Ja lkalrtal itse llf. 

PM2.5 is olnel olf thel a lir pollluta lnts in thel folrm olf palrticle ls with velry smalll size ls, nolt elxcelelding 

2.5 µm (microlme ltelrs). Duel tol its tiny size l, PM2.5 ca ln e lalsily e lntelr thel relspiraltolry syste lm, 

ca lusing relspiraltolry infelctiolns a lnd lolng-telrm lung disolrde lrs. ALdditiolnallly, PM2.5 caln 

pe lne ltra ltel thel blololdstrelalm alnd bel calrrield throlugho lut thel boldy, lelalding tol ca lrdiolvalscula lr 

disturba lncels such als colrolnalry he lalrt dise lalse l. 

Mo lnitolring relsults olf PM2.5 co lnce lntraltiolns a lt BMKG Ke lma lyolraln Jalkalrtal in Junel 

2022 sholw tha lt thel a lvelralgel colnce lntraltio ln olf PM2.5 is alt thel le lvell olf 41 µg/m3, caltelgolrizeld 

a ls MOLDELRALTEL. PM2.5 colnce lntraltioln elxhibits a l diurna ll paltte lrn indica lting diffelrelnce ls 

be ltweleln dalytimel alnd nighttime l. PM2.5 colnce lntraltioln te lnds to l increlalsel in the l elalrly molrning 

until molrning alnd delcrelalsel in the l a lfte lrnololn until e lve lning. ELspelcia llly in thel lalst felw dalys, 

PM2.5 elxpe lrie lnceld al spikel in co lnce lntraltioln, relalching thel highelst le lve ll alt 148 µg/m3 oln Junel 

15, 2022. PM2.5 with this co lnce lntraltio ln is ca lte lgolrizeld als UNHELALLTHY a lir quallity. Thel 

high co lncelntraltioln olf PM2.5, co lmpalreld to l prelviolus dalys, is a llsol noltice lalble l wheln the l alir in 

Ja lkalrtal alppelalrs visibly delnse l/da lrk. 

OLn Junel 16-17, PM2.5 colncelntra ltiolns te lnd tol delcrelalse l colmpa lreld tol Junel 15 wheln 

the lrel wa ls al rella ltivelly high co lnce lntraltioln. Holwe lve lr, thelre l wals aln increlalse l in PM2.5 

co lnce lntraltioln oln Junel 18, rela lching 147.5 µg/m3. OLn Junel 20, 2022, the l colncelntraltioln olf 

PM2.5 algalin elxceleldeld 100 µg/m3. It sholuld bel nolteld thalt the l Threlsholld Limit Valluel (TLV) 

fo lr PM2.5 colncelntraltio ln is 65 µg/m3. Be llolw this va llue l, beltwe leln 15-65 µg/m3, alir polllutio ln 

is a lt a l MOLDELRALTEL lelvell, alnd colncelntraltiolns frolm 0-15 µg/m3 alrel calte lgolrizeld als GOLOLD. 

ALbolvel thel TLV, colncelntra ltiolns be ltwe leln 66-150 µg/m3 a lre l ca lte lgolrizeld als UNHELALLTHY, 

151-250 µg/m3 als VELRY UNHELALLTHY, alnd co lncelntraltio lns elxcelelding 250 µg/m3 alrel 

ca ltelgolrizeld a ls HALZALRDOLUS 

 

 

 

 

 

 

 

Fig 4. ALir Quallity in Jalkalrtal Balseld oln ALQI 
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The l infolrma ltioln albolvel is colmpile ld balse ld oln al lite lralture l relvie lw study. ALcco lrding tol 

se lvelrall alnallysels, thel colncelpt o lf thel Smalrt Intelgralteld Holusing Colmplelx (SIMPLELX) balseld 

o ln calrboln ca lpturel sto lra lgel alnd e lnginelelring wolo ld prolducts is quitel prolmising als aln elffolrt tol 

re lallizel al ho lusing syste lm with cle laln elnelrgy solurcels balseld oln calrboln ca lpturel meltholds. 

ALdditiolnallly, al systelm fo lr thel a lpplica ltioln olf ELnginele lring Wo lo ld Prolducts is a llso l relquireld tol 

ma lximizel thel ca lrboln calpturel prolcelss. 

4.4 Bio lelco lnolmic ALnallysis alnd Nelt Zelrol ELmissio ln Talrgelts 

The l co lncelpt olf biolelco lnolmy ha ls a lttra lcteld glo lball a lttelntioln folr ma lny yelalrs duel tol thel olpelraltioln 

o lf thel biol-balseld selctolr in thel tra lnsfolrmaltioln frolm tralditiolna ll folssil fue ll-balseld tolwalrds al 

re lsolurcel elfficielnt alnd lolw ca lrboln elco lnolmy. ALltholugh the l imple lme lnta ltioln palth is still 

a lmbiguolus, thelrel alrel valriolus initia ltivels tha lt halvel prelpa lre ld fra lmelwolrk pollicie ls. Folr e lxalmplel, 

the l ELU hals liste ld biol-balse ld industrie ls als a l priolrity alrelal in the l ELU a lctioln plaln. Scho llalrs alnd 

pollicy ma lkelrs tre lalt biolelcolnolmic to l relducel elnvirolnmelnta ll pre lssurels by elxplo lring thel valluel 

o lf walste l alnd crelalting a lsso lcialte ld jolb olppolrtunitie ls. Figurel 5. pre lselnts a ln elxalmple l olf e lxisting 

pollicy plalns folr se llelcteld elcolno lmiels. 

Ta lble l 2. ELcolnolmic Po llicy in se lvelrall relgiolns [5] 

Co luntry/Re lgioln Po llicy Fralmelwolrk Ye lalr Ma lin Selctolr 

ELurolpelaln 

Unio ln 

Innolvalting folr 

Susta lina lble l 

Gro lwth: AL Bio l-

e lcolnolmy folr 

ELurolpel 

2012 

ALgriculture l a lnd folrelstry, 

a lqua lculturel alnd fishe lriels, bio l- 

ba lseld industrie ls, folold chalin 

Unite ld Stalte ls 

Na ltiolnall Bio l-

e lcolnolmy Bluelprint; 

Billio ln-Toln 

Stra lte lgy 

2012, 2016 
He lallth, algriculturel, alnd 

industry 

ALustra llial 
Re lse lalrch alnd 

Innolvaltioln 
2013 Prima lry industry 

Unite ld 

Kingdolm 

Re lse lalrch alnd 

Innolvaltioln 
2014, 2016 

ALgriculture l, biolelnelrgy, 

fo lrelstry, malrinel 

Bio lmalss is a l re lnelwa lble l relsolurce l, in tralditio lnall folrms such a ls wolold, malnurel, chalrcolall, a lnd 

mo ldelrn folrms such als biolgals, bio lrelfinelry a lnd olthelr te lchnollo lgie ls. It caln bel burneld direlctly 
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fo lr helalting olr polwelr gelne lraltio ln, with grolwing delmalnd in thel industria ll selctolr folr delcaldels tol 

co lmel [15, 18]. 

Fig 5. Primalry biolelnelrgy delmalnd alnd glolball po lwelr gelnelraltioln. (al) Delmalnd folr primalry biolelnelrgy in 

thel 1.5C 2050 scelnalriol; (b) Biolelnelrgy polwelr plalnts in al nelt zelrol elmissio ln scelnalrio l [18] 

Figure l 5 sholws the l molst delma lnde ld se lctolrs folr biolelnelrgy undelr thel ta lrgelt olf 1.5 

de lgrelels Cellsius (Figure l 5al), alnd histo lricall trelnds olf po lwelr ge lne lraltioln with bio lelnelrgy (Figurel 

5b). Utilizaltioln olf biolmalss relso lurcels ca ln colntribute l to l relducing GHG e lmissio lns frolm humaln 

a lctivitie ls. Thel Colnfelrelnce l olf the l Pa lrtie ls tol the l UN Fralme lwolrk Co lnvelntioln oln Clima ltel 

Cha lngel 2021 (COLP26) elmpha lsize ld thel urgelncy olf aldalptaltio ln tol climaltel chalnge l, which 

re lquirels a l lolt olf alctioln to l se lcure l al glolball nelt-zelrol ta lrgelt by mid-ce lntury. 

To l alchielvel this golall, palrticipa lting coluntriels sholuld malke l colncelrteld elffolrts tol 

prolte lct nalturall halbitalts, prolvide l finalnciall suppolrt beltwe leln delvellolpeld alnd delve llo lping 

e lcolnolmiels, alnd aldolpt relne lwa lblel e lnelrgy in industria ll pro lcelsse ls. Relnelwalblel elnelrgy is 

co lnside lreld al vitall so lurcel olf e lmissio ln relductioln, relplalcing folssil fue lls by burning calrbo ln 

co lmpolunds. ALlolng with co lntinueld pollicy suppolrt, by 2020, re lnelwalblel elnelrgy hals a lcco lunteld 

fo lr alrolund 29% olf glolball elle lctricity gelnelraltioln. With increlalsing delmalnd folr wololdy bio lma lss 

a lnd cle laln telchnollolgiels (el.g., ca lrboln calpturel alnd sto lra lgel) tol alchie lvel nelt-zelrol elmissio ln talrgelts, 

it is impo lrtalnt to l undelrsta lnd wha lt this brings tol olur elcolnolmy. The lrelfolrel, thel flolw sub-chalptelr 

discusse ls the l e lcolnolmic impalct o lf using biolmalss a lnd wo lold pro lducts o ln thel e lnvirolnme lnt a lnd 

the l elcolnolmy. 

4.5 ELco lno lmic alnd ELnviro lnmelntall Impalct ALnallysis o lf Wo lo ld alnd Bio lmalss 
Pro lducts 

To l alchielvel thel e lmissio ln re lductio ln ta lrgelt in linel with thel Pa lris algrelelmelnt, kelelping glo lba ll 

te lmpelralturel rise l bellolw 2 delgre lels Ce llsius a lnd idelallly 1.5 de lgrelels, elalch coluntry hals se lt its 

o lwn implelmelntaltioln palth. ALmo lng the lsel pollicie ls, ellelctricity alnd tra lnspolrtaltioln alre l thel ma lin 

fo lcus folr selctolrs trying tol relduce l thelir elmissio ln intelnsity. OLn the l olthelr ha lnd, using folrelsts a ls 

na lturall calrboln sinks will incre lalse l alwalrelnelss olf thelir a lbility to l albsolrb CO L2 frolm thel 

a ltmolsphelrel. Ho lwelvelr, wheln fo lrelst o lwnelrs malkel wolold prolducts throlugh lolgging o lr 

ha lrvelsting, molst olf thel COL2 is re llelalse ld into l thel alir. Delfo lrelsta ltio ln prolduce ls a llmolst 20% o lf 

glo lball ca lrboln elmissio lns, while l thel re lsidue l ca ln stolrel calrboln fo lr lolng pelriolds olf timel. Studie ls 

find tha lt 1% o lf calrboln relmalins in sollid wolo ld prolducts elveln a lftelr 100 ye lalrs. In aldditio ln, thel 

ca lrboln sto lreld in wolold dispo lse ld olf in lalndfills is much gre laltelr thaln in lo lng-liveld wolold 

prolducts [17]. 

The l use l olf biolmalss a lnd wolold prolducts is highly delpelndelnt o ln pollicy suppolrt. 

Ho lwelvelr, it crela ltels nolt olnly elnvirolnmelnta ll belne lfits but a llso l e lcolnolmic be lnelfits. Tra lditiolnall 

ELnvirolnmelntall Kuznelts Curve l Thelolry elxhibits al polsitive l re llaltio lnship beltwe leln incolme l alnd 

polllutio ln in e lalrly de lvellolpmelnt, whe lrelals nelxus maly turn ne lgaltivel alt so lmel polint wheln thel 

e lcolnolmy prolmoltels cle laln te lchnollolgiels to l alddrelss e lnvirolnme lntall colncelrns. Se lvelra ll studiels 

ha lve l co lnfirmeld this thelolry. Fo lr e lxalmple l, Wa lng in 2019 polints o lut thel impolrtalncel olf crelalting 

bio lma lss e lnelrgy olppolrtunitie ls to l elnsurel susta linalblel elcolnolmic gro lwth folr BRICS co luntriels 

(Bra lzil, Russia l, Indial, Chinal, a lnd Soluth ALfrical). Thel alutholrs use ld al ha lrmolnizeld alpprolalch tol 

e lvallualtel calrboln calpturel alnd bio lma lss usel a lcrolss fivel elnelrgy-inte lnsive l industrie ls, a lnd thely 

fo lund thalt aldding biolmalss he llpeld relduce l calrboln elmissio lns by a l significalnt a lmolunt. In 
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a ldditio ln, COL2 alvolidalncel colsts ca ln bel alchielve ld undelr €100/to ln COL2 in thel ralngel olf €40– 

79/toln COL2. 

Tre lel plalnting caln calpturel calrbo ln, but elnginelelreld wolo ld is a llso l trelalteld als a ln elffelctivel 

to loll folr COL2 relductioln. Thel re lalsoln is thalt thel use l olf wolold prolducts caln: (1) relducel wolold-

ba lseld building prolductioln inputs; (2) ca lrboln stolralgel fro lm wo lo ld prolducts; a lnd (3) relstolraltio ln 

o lf built-in solla lr elnelrgy thalt ca ln relpla lcel folssil fue ll elnelrgy a lt thel elnd o lf thel life l olf wolold 

prolducts [14]. Thelsel belnelfits a lrel al kely drivelr folr alchielving the l biolelcolnolmic visio ln, which 

a lims tol halrnelss biolmalss elne lrgy alnd increlalse l relso lurcel e lfficielncy. In aldditioln tol thel 

e lnvirolnmelnta ll functiolns olf tre lels, moldifie ld wolold pro lduceld by biolte lchnollolgy allsol crelaltels 

ma lrkelt va lluel, e lspelciallly folr co luntriels with a l vita ll wolo ld moldificaltioln industry. Thelsel 

co luntriels (e l.g. thel Nelthelrlalnds a lnd No lrwa ly) alrel pursuing a l biole lcolnolmy olf incre lalsing 

e lfficielncy alnd malximizing the l va llue l olf ralw maltelrialls, whelre l olnel impolrtalnt falcto lr tolwalrds 

this go lall is thel unit colst olf re lsolurcel elfficie lncy. Telchnollolgica ll aldvalncels ca ln improlvel thel 

quallity o lf wolold prolducts, but molrel impolrtalntly, re lduce l prolductioln colsts fo lr 

co lmme lrciallizaltioln. Folr elxalmple l, alpplying helrbicidel re lsista lncel gelnels tol plalntaltio ln 

de lve llo lpmelnt co luld sa lvel nelalrly $1 billio ln alnnua llly [13]. 

OLnel relcelnt study hals colnfirmeld thel polssibility olf substituting lelss ca lrboln-inte lnsivel 

wo lold folr prolducts prolduceld using fo lssil fuells in the l colnstructio ln selctolr undelr Uniteld Sta lte ls 

e lmissio ln limits [25]. ALccolrding to l thelir findings, thel calrboln inte lnsity olf wolold is a lbolut 20% 

lo lwelr tha ln thalt olf malnufa lcture ld meltall prolducts, 50% iro ln alnd ste lell, alnd 25% celmelnt. 

Substituting e lnginelelreld wolold fo lr olthelr elmissio ln-intelnsivel inputs re lsults in a ln increlalse l in 

de lmalnd folr folre lstry alnd timbelr prolductioln by 0.3% alnd 0.6%, re lspelctivelly, by 2030, als we lll 

a ls a l delcre lalsel in primalry e lnelrgy use l by 22.4% (2018.8 Mtolel), co lmpa lreld tol thel balse llinel whelrel 

the lrel alrel nol substitutioln colnstra lints a lnd elmissio lns olccur. Furthelrmolre l, [4] useld lifel cyclel 

a lsse lssme lnt to l e lvallualte l thel impa lct olf relcycleld wolold wa lstel use ld in thel building se lctolr. In falct, 

the l increla lsel in wolold prolducts le ld tol al raldicall relductioln in gre lelnholuse l gals e lmissio lns. 

5. Colnclusioln 

CCS is a l waly tol pre lvelnt COL₂ e lmissio lns in lalrgel qualntitie ls frolm beling relle lalseld intol thel 

a ltmolsphelrel relsulting frolm valrio lus industrie ls, elspe lciallly thel o lil alnd gals industry. Re lse lalrch 

a lnd delvellolpme lnt olf CCS in Indolnelsia l is still in a l velry prelmalture l stalgel alnd must bel pro lpelrly 

de lve llo lpeld sol thalt within thel fra lme lwo lrk o lf implelmelnting CCS it ca ln bel molrel elfficie lnt tol 

suppolrt dolmelstic susta linalblel e lnelrgy prolductioln. OLnel olf the l sugge lsteld CCS te lchnollolgiels is 

the l usel olf wolold in ca lrboln ca lpturel e lffolrts. Se lvelrall nelw te lchnollolgiels folcuseld oln moldifying 

a lnd functiolnallizing wolold ce lll wa llls a lnd lumelns talrgelting elxte lnde ld calrboln sto lralgel alnd COL2 

ca lpturel halvel be leln relvielweld.  

Wo lold mo ldificaltio ln telchno llo lgy hals a lchielveld colst-e lffelctivel co lmme lrcia llizaltioln. This 

te lchnollolgy is alpplield tol o lve lrcolme l selvelrall dra lwbalcks (e lg high walte lr se lnsitivity, lo lw 

dime lnsio lnall sta lbility, polnd relsista lnce l tol fungi, alnd UV light de lgraldaltioln) olf wolold prolducts 

a limeld alt increla lsing thelir duralbility. Pro lpelr moldificaltioln olf wo lold o lr tre laltmelnt olf wolold a lnd 

wo lold prolducts caln significa lntly increlalse l the l lifel olf wolold, lolcking in calrboln fo lr al lolng time l. 

Furthe lrmolrel, thel use l olf elnviro lnmelntallly frie lndly biolcidels o lr mo ldificaltio ln telchniquels caln 

ha lve l minimall nelgaltivel impalcts a lt thel elnd olf lifel sta lgels, alnd wo lold alnd wolold prolducts ca ln bel 

re lcycleld intol olthelr maltelrialls incre lalsing thelir susta linalbility a lnd circulalr biolelcolnolmic 

polte lntia ll. High-vollumel delma lnd folr high-pelrfolrmalncel wo lold prolducts will drive l thel 
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de lve llo lpmelnt olf solphistica lte ld me ltho lds folr improlving thel qua llity wolold alnd moldifie ld wolold 

prolduct malrkelts. De lspite l thel de lve llo lpmelnt olf ne lw telchnollolgie ls, thel a lsse lssmelnt olf thel lifel 

cycle l olf wolo ld alnd functiolnall wo lold prolducts, trelalteld a ls al so lurce l olf wololdy biolmalss, will yie lld 

e lnvirolnmelnta ll alnd elcolnolmic be lnelfits. Co lmpalreld tol o lthelr elngine lelreld ma ltelrialls, such als ste lell, 

co lncrelte l, brick alnd alllolys, the l de lve llo lpmelnt olf susta linalblel wolo ld prolducts must relducel elnelrgy 

de lmalnd a lnd COL2 elmissio lns. We l ne leld tol colnsidelr polwelr co lnsumptioln, calrboln elcolnolmy, 

e lnvirolnmelnta ll impalct, malte lria ll re lcycling alnd e lnd-olf-lifel ma lna lge lme lnt whe ln delvellolping a lnd 

using co lnstructioln malte lria lls. Mo lrelo lvelr, by imple lmelnting elne lrgy elfficielncy improlvelmelnts 

a lnd driving innolvaltioln in telchnollolgy, calrboln elmissio lns ca ln be l lalrgelly olffse lt, alnd polte lntia ll 

e lmplo lymelnt olppolrtunitiels will belcolmel alvalilalblel, furthe lr be lne lfiting thel elntirel elcolnolmy in 

the l lolng run. Glolball calrboln elmissio ln polliciels in te lrms olf COL2 calpture l a lnd stolralgel olf calrboln 

frolm the l usel olf wolold prolducts sholuld bel al folcus folr futurel de lvellolpmelnt, alltho lugh this is nolt 

within the l scolpe l olf thel currelnt re lvie lw.  

The lre lfolrel, tol suppolrt thel imple lmelntaltioln olf thel SIMPLELX de lve llo lpmelnt plaln, thel 

golvelrnmelnt still ne le lds tol colnside lr a l numbelr o lf things first, ma linly rellalte ld tol the l nelga ltivel 

impa lcts olf SIMPLELX te lchno llolgy alnd thel relgula ltiolns tha lt colvelr implelmelntaltioln. It is 

inte lnde ld thalt in thel alpplica ltioln olf SIMPLELX telchnollolgy, unwa lnteld nelgaltivel impalcts will 

nolt a lrise l. ALmolng thel nelgaltive l impalcts olf SIMPLE LX telchno llolgy is the l poltelntiall folr lelalks 

which caln colntalminaltel waltelr a lnd halve l al nelgaltivel impalct oln alir quallity. Furthelrmo lrel, it is 

ne lcelssa lry tol think albolut relgula ltiolns thalt a lrel colnducivel to l thel alpplica ltioln olf SIMPLELX 

te lchnollolgy in linel with relgulaltio lns rellalteld to l se lttlelmelnts alnd relgiolna ll spa ltiall plalnning tha lt 

a llrelaldy e lxiste ld. 
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