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Abstract

Cities are relafively the lanzer energy consumers in comparson to it rural
counterparts. Reducing encrgy consumption in ciies through various
controlling strategies has sigmificant tmpact on the conservation of natural
resources and environment, Besidential density and fleor areq to fand ratic has
been used as key parameters in development control tools towards creating
harmonious urban development. However no attempl has been made to employ
them 1o lower residential emergy consumplion. This study attempls o
demonstrate the possibility of using residential density and floor area to land
ratio as passive parameters 0 reduce non-ransportation encrgy consumption i
household level. The anslysis wos bused on guestionnaire survey of non-
trangpoctation energy consumption viz, encrgy for lighting, thermal ¢omfon and
cooking purposes at household level in Bandung City, Indonesia. The result
shows thiat non-transpontation energy consumplion perceptibly associates with
the two pamumeters of development control with & u-shape pattern ie. the
correlation has one lowest point with higher trends al both ends, This Anding s
important  for urban planners 0 formulating  strategies  lowards  lower
consumption of non-transportation energy in tropical citics and consequently
contributing o batier-ofl urban environment.

Keywords: whban parameters, energy consumption, residential density, floor
area to land ratic, development contral
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INTRODUCTION

Energy 15 becoming o vital commodity due to the continuous increases of its
price. While energy demand relentlessly increases. non-renewable energy
reserve invanably decreases. The era of low hanging fruit for energy 15 Now
over and therefore low-cost ETETLy is no longer avilable. Energy 1= one of the

most influential commodities in the world because of the ever-increasing
conssumers. Cibes are undemably imponant encrey consumers because of their
large energy consumpbon, The level of enerey consumption of cbes will
continoosly increase as they grow and develop, The changing life style of the
urban population will also lesd o increased energy consumption and this has
become a challenge Lo the urban development.

It has been reported that nearly half of world's populstion is lving in
cities and towns at the turn of the new millennium {Leitmann 1999). United
Matioms (20{6) noted that the population in urban areas 18 growing annually
with the rute of 2.60 percent, compared 10 1.12 percent in rural aréas. The
increase of urhan population along with the changing life siyle beings (o a
constunt increase of encrgy consumption, and this clearly confronts sustainable
development Le. “development that meets the meeds of present without
comproaniging the ability of future peneration o meel ther own aeeds” (WCED
98T} This condition i3 supported by Wackermagel ond Rees (1996), as they
argue that the waorld has been exploited by most of humankind, while thi ability
of future gencration to meet their own needs must atso be fulfilled. From this
poant, conflicts between utilization amd consumption, vis-i-vis conservation of
natural resources are commenced, and it has also been enhanced with the fact
that cities or any urban areas are the great consumers of any resources including
eTHEr Y.

The largest quantity of energy used by varions tansportation modes in
many developme countnes are pon-renewable energy sources such as o and
natural gas. These tvpes of fuels are stll abundant and easily acguired, and thas
leads to their continued wider use. As a result, consumption of oil and natural
gas are increasing over bme. Likewise, the prodection also wkes the same
Fashion, Similarly, energy consumption of residential buildings, in agprepate,
increases over time as the nuomber of residential buildings increases.

Energy consumplion of residemtial bubdings 15 governed by various
factors which are essentially centred ot the residentinl building's occupants,
Inability to perfectly adapt to local conditon i one of the causes ol enermy-
imefTicient bullding as illustrated by Tantasavasdi et al. (20017 and West (2001).
Yentilation which affects thermal performance of buldings and  effective
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utilization of davlighting are two other fctors which also influence the
consumplion of energy in residential buildings, In naturally ventilated buildings,
ventilation technigue is one of the important elements in a building to achieve
thermal comfort. Geros o1 al. (2005) acknowledge that thermal impact of night
ventilation affect energy use to achieve thermal comfort. Tantasavasdi et al,
{2001} cxplored the potential of using natural ventilation as passive cooling
system for new houses design in Thaland, Although mostly applies for
buildings m sub-tropical countries, Assimakopoulos et al, (2005} show that
building onentation may affect residential energy consumption through heating
and cooling loads. At city level, Ghious et al. (2006) confirms that urbin
environment influences natural ventilaton. Flor and Dominguez (2004) also
show that there 15 8 clear interaction between urban context and thermal
performance of buildings. Similsr arpument, Mischou et al. {2008) show that
urban street canyon effect, created by roads and buildings, governs airtiow
pattern which affects urban temperature. and eventually, thermal comfort,
Urban texture, which is essentially a spatial structure of an urban area formed
by wurban elements e.g. buildings, roads end green aress, affects emergy
consumption in building (Ratti et al. 2005). These arguments show that
orientation and  geometry of the buldings affect epergy consumplion in
buildings, It also substantiates that development control may be employved as
strategies o reduce energy consumption in residential buildings, because
orientation and geometry of buildings can be regulated by development control
tools.

RESIDENTIAL BUILDINGS AS ENERGY USERS IN THE STUDY
AREA

Residential buildings are the larpest energy users in terms of quantity of the
consumption. One reason is that residential buildings are the only building that
is used round-the-clock in comparison to other buildings. This feature makes
residential buildings an important ensrgy consumer where significant amount of
enerey can be saved throush various effons, including design and developmwens
confrol, Bandung City, Indonesia was selected as the study area to corroborate
the viability of development control in reducing residential energy consumption.
Bandung is the capital city of Wesi Java Province of Indonesia. 1t is located af
107" East and 6''55" South and covers an area of 16,767 hectares. There are five
urbon development forms identified wm the study ares; namely confrolled
residential-cum-commercial areas, noturally grown urban kampengs, unplanned
urhan sprawl, leap-frog development, and planned satellite towns. The
residential buildings located i these different urban festures exhibin different
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socio-cconomic and environmentnl characterstics which may mileence the
energy consumplions.

Energy consumption m residential buildings depends greatly on the
environment where the buildings are located. Table | shows the use of
electrieity in eitics at different geographical locations,

Tahle |; Elecingity Uses within Besidential Building

Type of Usage Percentage of Eleciricity Usape
Bandung, Phrssm Penh, | US Houscholds'
[ndonesis’ | Camsbodia’
Lighting 950 | 1180 % 2
Water heating k.30 580 o[y
Space heating {10 {10 10113
Adr conditioning 4.00 50,710 R
Fan 1(LED #.80 MA
Refrigerator 11.40 T.50 13,770
Ohers' 5430 |40 4230
TOTAL 100k (R0 F00.Ak
AN "Neareces Fieda Siveey | 20000

Neaveers NowivaiinosiDarsg | NI

Nemre: Erprgee Diforeraation Apginey [ HEEL |'||'.l|||.'.'.'||1m.n:u e Ev

“Eitdery frtinde hass appiveces suck e TV, DVIRUE jlivers, rice excder Trmi i uvler
[

Table | shows that the equipment for thermal comfont g wir
conditiomer or electncal fan 15 much lower in Bandung (14.5%) in comparison
o Phnom Penh (59.5%). The wverage tempersture in Bandung is 26 °'C
compared o Phnom Penh, which 5 32 "C. The temperature in Bandung is
relatively low (20 "C) during night time, which is lower than thermal comfor
{27 “Cy. With this situation, the use of electncity for water heating is higher
than that of Phnom Penh. This comparison shows how warban environment
influences the energy use within residential buildings. One of the pessible
causes 15 the presence of urban heat from the conerete jungle.

Cities notonously ereate urban heat island effects due to some possible
canses such as land surfce and discharge of hot water from the use of ar
conditioner, and this causes unpleasant local climatic conditions and ¢ven
impenls human health, especially for cities in climates with a distinctively hot
senson (Alexandri and Tones 2008). Higher urban air temperature, due 10 urban
heat island efTect, nfuences cooling Toad of buildings (Santzmouriz e al,
2007). It s -also found that urban canyons affect wind speed, wind llow and
thermual comfort (Alexandn and Jones 2008 Santamourts et al. 2007 IF the
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phenomenon s downscaled imto individual residential buildings, the distance
between buildings disallew undisturbed wind flow and thereby lessen cooling
lnads. Therefore, residential density and plot mtio become important factors of
the energy consumpiion, paricularly for cooling purposesat houschold level.
This study defines the residential density as the numbers of residential buildings
contained within one hectare of land plot. The study also defines plot ratio as
the toal Moor area of residential buildings within one hectare of land plot.

Studies shove verify the presence of passive interaction among
residential buildings, which s reflected by, omong others, distance between the
buildings and residential density. It also substantiates that the mixture of
buildings in urban texture may create higher cooling load and ultimately higher
vrban energy demand. Urban textuse features many forms of buill and natural
environment, Some studies attempt to model urban areas with respect to urban
vegetation and microclmates a8 offered by Sashus-Bar et al. (2006), Simpson
§ 2002, Bashua-Bar and Hoffman (20000 and Takakura et al. (20007, The above
aspects influence residential encrgy consumption, thus to reduce the energy
consumptiona passive strategy can be undertaken through development control.
The study atiempis to revive the katent parameters of development conirol,
which hos been in place for quite a long time towards harmonious urban
development; and expands the role of passive development control to another
dimension of residential energy consumption. The development control can be
applied through residential density and plot ratio. The objective of this control is
to passively imfluence the use of energy within residential buildings. The study
was carried out by using questionnaine survey.

METHODOLOGY

A household-based residential energy uses were investigated to accomplizsh a
comprehensive information on cumrent energy consumptions in a residentinl
building for a given urban residential density and Moor area (o land ratio,

Besearch fAndings will provide the comelation belween enecrpy
copsumption and urban parameters, particularly residential density and plot
rtie, Analysis on the corrclation between residentinl density and cnergy
consumption at household level 5 expected (o discover minimum enerpy
consumption for a particular residential density and plot ratio. If these two
comelations were substuntinted, the residential density and plot mtios are
therefore viable tool for development control towards more efficient residential
ENETEY CONSUMPLONS in urban ancas.
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Fegure 2 Correlation hetween Mon-cooking Energy and Population Biensity Based on
1Y Data Samples i 21 Towns

A structured questionnaire was randomly distnbuted to 750 respondents
to gather the residential enerpy consumptions at howsehold level (Figore 1), The
resposidents of this sludy were proportionally and randomly distributed over 21
out of 26 towns within Bandung City. Five (5) towns were excluded due to
similar physical and social performances of the towns, for example, the
similardy . number of populstion, sz and man activibes. From 750
respondents, 3BT responses wene received duning the survey.

ENERGY CONSUMPTION AT HOUSEHOLD LEVEL IN STUDY AREA

The total enerpgy consumption in Table 2 pives an indicaBon of household
encrgy consumption in residential building in 21 towns in Bandung. Energy
consumplion figures shown in this table could be considered as primary energy
uge since the informetion was mainly from electricity bill (in Indonesian
Rupish, IDR, and then convered to energy unit). The use of gasoline or diesel
in unmd of volwme (liire} wos compuied as tromsport energy use lor the
responidents. who have prvate vehicles. For respondents who uséd public
transports, the transport energy use was computed from their origin-destination
distance and energy consumption of their public transport modes, Cooking
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energy was computed from the use of LPG in the unit of weight (kg) as well as

the use of elecine cooking equipment.

Table 2: Energy Consu plmn in ll'l'clwnuh__pﬁ of L!:ml.!unj City

Transport | Nom- lf.“m:n&-ng Total I:nr:rg',-' Non-
T Energy cooking | Encrgy Lzed n:::u:]:.mg
Energy per Ener

Capitn per m of

buikhng |
Anidle 5,504 [ 218 RLT 1584 | R34 043
Lengkong 6,718 | 955 Ti% G | 3900 14 89
Sukasard 6,505 1,356 671 8622 | 826 932
Clicende ih,659 1,583 X! 6,805 | 1Al 11.6]
Hf:kf"qmmy 6,156 | 545 B2 F..i".:!_ I.546 1137
Swerninr Bording T.284 [ 509 657 S50 | 209 6,92
Lijung Rerung 3,711 | (% 530 5306 | 1,293 837
Rancasari o492 839 Jof 5,899 | 1,24] 6,84
Kiarercondong 3,294 B3 55?1. 4,654 ¥ |R'-' 531
Regol 3,744 1,395 L] 5,770 | 07 1212
Bunadungy Welan 6,102 2,012 T26 Ra40 | 1,7R2 14,62
Cenlleng Ayl | Jﬁi'i ool 7.7E3 [,559 1032
Banidung F_fu!r_Jr_i 3,571 I,431 FiEE] BOOS | LA4ld B8
BojonglvaKuler | 6451 | 1558 | 66k | 8678 | 1666 9.63
BojongloaKedul | 5216 | 1554 | 66 | 7430 | 1910 | 1027
Cilrennydmg Kol 5,400 1,377 524 T310:| 589 BRE
ety 4,151 1,111 a6l 58231 [,105 10.11

Barwnwnggal | 5686 | 1,298 | 602 | 7586 | 1687 | 8D
Bundung .t'i.:.l'm' 4567 | ] ]3!1 556 63359 | 1353 10,97

| Murgaciore | 5390 | 1.2 2!3 SR2 190 | 1,577 I.ll‘.lﬁ-'H |
Ariemaanyiar 7,091 1,352 hi35 9.077 | 1,798 .86
hleamn 5,095 1,302 Lot 7069 1518 o859
Standard Dy I,128 E':'IS 5] 1373 299 2.23

-
Sourve: Dysstinmioe Survey, Jmasary 501

Table 3 shows companison of residential energy conspmption in
selected developing countnes i Asia. Il shows that Indis recorded the highest
quantity of residential energy consumption in comparison to other countries
even though its income per capita is relatively low. On the other hand, Malaysia
and Thailand, who have higher income per capilta than Indis, recorded lower
residential encrgy consumption. Brunei and China recorded almost the same
level of energy use although their mcomes per capita differ widely. This
international comparison s in contrary with the common belief that higher
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meome will lead o higher energy consumpbon, since it depends on the
lifestyles of respective nations, ss shown by examples of some Asian countries.
AL natienal or lecal level where almost similar lifesivle and behaviour exist, the
cormelation might perhaps valid

Tuble 3; Besidentiol Energy Consumpliion inSome Developing Cownries m Asia

()3
Cinamiry Residential Encrgy Incomie per Cagita Residential
Consumplion (USD/Capita/Y ear)' Electricity Price

(L FH M onihy (LIS IR W
nei 3362 16500 I
China 3,440 1,533 0,004
Indis 3680 26 0 040"
Indonesia 3387 1263 | e
Ak sia 3478 S50 b8’
Thailand 250640 2,745 | LR

LT, 1

Wl Merenred feaitiie, W arar el ot ear e, ol lwilen! Mo, dieWeesdaly aneorg

e anf Fleemicite Service Brwwd Doveesoium fimpivracdey, goy Judeshm

'Enevry Price T, LY Peprarterens of Eneneys b el povmemfinreruanonel’ pricer b
BLREAN Ceinree o Toaery. Jmpsfiow nimsnuese g v arpipiiiion o amniieeidaeineiy_databa ey’
munfiersiihd e

‘-I.-I'H..!Th' Pl Mipc s el 0L, 1 oaid v ah bR N NLY CEN R vl 81PN T

There are numerous factors thid influence the enerpy consumplion in
residential buildings. Howeser, the purpose of this study is (o corelale energy
consumption with urban parameters ag it imtends o provide valuable inputy for
urban planners.  The urban parameters are population density, residential
density and plot ratio, by keeping other parameters coleers poribies,

From 389 respondents, there were 26 (6.7%) respondents with moathly
income less than 150 USD, and 190 (48.9%%) respondents with monthly income
from 150 to 300 USD. While 132 (33.9%%) respondents with monthly income
between 300 and 450 USD, 37 (%.5%) respondents with monthly  income
between 450 and 600 USD, and 4 (1.0%) respondents with monthly income
greater than 600 LSD. The income group interval of 150 LIS was determined
o closely represent and Lo obtamm oniform distribution of the clizen's income 10
their respective INCOmMe groups.

02003 by MIF s



PLANNING MALAFSEA
teevgpatian! Anmhenle dn Ll Mooy

CORRELATION BETWEEN ENERGY CONSUMPTION AND URBAN
PARAMETERS

To reinforce the argument, the study also analyses the correlation between
transport energy, cooking energy and non-cooking energy at househaold level,
and the wrban parameters, OF these, it seems thal only non-cooking energy
consumplion is strongly correlated with the urban parameters, Transporl energy
particularly concerns enly with peographical location between origin and
destination, although other varables may also povern. Cooking energy is
apparently independent from these urban parameters, since cooking energy
depends mainly on lifestyle. The rationale behind non-cooking encrgy
cerrelation with urban parameters can be simply explained by contrasting two
comparable houses. Take two houses A and B with similar Moor area but
different household size. The house with larger houschold size will wsually have
higher non-cooking epergy consumption than that with smaller household size.
Therefore, energy consumption per floor area at house A is greater than at house
B.

Based on the above rationale, an attempt to validate the correlation
between non-cooking energy consumplion and urban parameters is carried out.
These paramiters most likely contribute to energy consumption for lighting and
thermal comflon wsing air conditioning. Population and residential dengities as
well as plot ratio have no apparent contribution o cooking encrgies. However,
ter & certain extent, population density does affect transport energy consumption
{see for example Barter 1999; Mewman and Kenworthy 1999 Transport
energy, as described eardier, is particularly affected by origin and destination as
Jun and Hur (2001) established in the study of & new town near Seoul where
leap-frog developmeni is predominant. User’s awareness on the efficient vse of
encegy is nccessary 1o be included in the analysis, because of its paramount
importance n contributing to energy use. The difference in energy consumplion
will be significant in household with and without adequate awareness on energy
E-E"u".II'IE_.

Energy comsumpiion in residenial buildings is affected by o set of
contributing factors such as income, floor area, thermal and visoal comibor,
building envelopes, and surrounding enviromment, Survey undertaken in the
study arga on energy consumption was actual use of energy at household level
rather than resalting from energy auditing. It was therefore independent from
the contributing factors. Considening this state, it is then valid to associate
energy consumption with the parameters suech as population density, res dential
density and plot ratio. This is the fundamental basis of the correlation between
ety consumphon and urbim parmmeters.
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Three hundreds and eichiy mine (389) espondents of 21 Townships
were included for the purpoze of analysis. Fram the analvsis, as depicied in
Figure 2, it 15 found that polynomial correlation with a quadmiic function
between non-cooking energy consumption and populabion density 15 the best fit
e describe sueh corelation with coefficient of determination R=0.6019, The
figure depicts u-shape pattem of the comelation. Despite madequate data for
population density larger than 600 people’ha. it appears that al a cerain
propulation density, non-cooking energy consumption reaches a lowest level. It
can be calculated by taking first derivative of the equation, which is y=0.007x-
T+ 3597 3, and] avldy=00034r-TLE=0 0 pives y=414 peoplehectare, Al
twio ends of thes point along the equation, higher energy consumption 5 shown,
One logical explanation on this phenomenon 13 that the area with denser
papulation allosvs epergy sharing among (he citizens. Sharing on light and
entgriainment, for example, are the most probable cavses indenser population
gred, In o ploce with sufficrent lghting {luminence Tor reading for one person,
there i nol necessary ooadd more [uminance as the number of person increases,
On the contrary, in lower density residential arca, share lighting and
enteramment will not be possible due w physical distance. One certainly in the
shudy ares ks that most of the higher income households Tive in o relatively fow
population density area. In line with that, it 15 valid that the energy consumption
for high imeome houschold 15 alse highe That 15 why the househelds living in
lower residential density arcas consume more encrgy than their counterparts in
higher residential density areas,
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Figure 2: Correlation between Mon-cooking Energy sl Population |‘-'l:!l|"i'i|:|-' B on
ABQ Dt Samples in 21 Towns
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A scientific explanation of this phenomenon can be examined from twao
sides; thermal comfort and lighting. With respect to thermal comfort, prosduction
of heat 15 mathematically expressed by (=AUY-t) (Watson and Chapman,
2002}, whereAis surface area, {7 is thermal transmittance, 1, is room temperature
and 1, 15 owsgide tempemure. Consider a cloged room with occupants. This
formula implies that more occupants will requine more energy 1o achieve
thermal comfort because A increases therefore @ also increases. Al the same
time, the needs of lighting is generally constant as number of occupants
increases, The need of energy for thermal comfbort increases with the existence
of overcrowding, as revealed by a study undertaken by Johansson (20067,
because of the impedance of air flow 1o achieve perfect ventilation. The impacts
of urban canyvon and urban texture to this particular phenomenon may also be
possible a5 demonstrated by Ratti et al. (2005} and Niachou et al. (2008},

Figure 2 was derived from the survey of the study area, Population
densities were measured at city blocks where the respondents stay. City block
was selected as a basis of population density catculation. The reason was that il
the caleulation of population density was based on administrative unil or
township, the result would not be accurate, becanse the resadenbial aress are not
propartionally distributed over the administrative unit or township in the study
ared. The township was also too large for o bagis of population density
caloulation,

The above finding shows the importance of populstion density as a
factor for consideration to accomplish energy efficient city. Urban planners miry
cerfainly need to consider including this variable in their city planning.
However, a parbicular city must have an adequate data record to establish its
own  coreelations o5 discussed above. With  sufficient informaetion  and
knowledge on this particular factor, urban planners and managess are well-
informesd on the precondition ol city towards the achievement of energy
efficient city.
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Figure 3: Correlasion between Non-cooking Energy and Fesidential Density Based on
A9 [ratn Samples of Ererpy Consumption in 21 Towns

Aldthough populidion density miay correlate o bousehold size, bul 1o
congider household size in establishing a correfation between population density
and cnergy consumplion may cause o bias, if the size of household varies
greatlv. To aveid this bias, an attempl 1o cornelate residential dengily with
energy conswmption |5 carried oul, because residentiu]l density 15 another
essential factor which may influence the urban eneriy use. This vanable is
sommchow different with popolation density, because for the same population
density, the residential density can be different. It depends also on househobd
stze, Adlempt ss made (o comelate this varnable with enerey consumption, The
correlation between residential density and encrgy consumption s shown in
Figure 3.

Almost similar situation with population density exists. The best fit
correlation is a guadratic equation which carries a coefficient of determination
of R=06103. The exact value of residential densitv. where the ecnergy
consumplion is the lowest, can be derived with similar process as described
earlier, The equation of correlation 15 found to be v = 3967 Pl ¢ R
JIERE s derivative is equal (o dvidy = A7y - 6729 = 0, This equation
leads 10 v = 93 With residential density about 93 buildings per hectare, it
thecretically returns the lowest enerey consumption.

0 ISt I 1z



PLANNING WALAYSEA
L.III."I.IW Adsalvals i Llidsiny .P'l':wuu'g

A scientific explanation can be employed to describe this phenomenon.
Flor and Dominguez (2004) found that there is a correlation between the
surrounding environments of the urban area with the building. Again, it is
possibly dee to wrban canvon effect, urban fexture and wban hest island
phenomena. This phenomencn has an impact particularly on building's thermal
performance. Similar finding 15 also verified by Ghians et al. (2006). Even
though the correlation is corroborated, bul the use of derived value should be
applied with caution,

The values should be used with careful attention 1o s validity, The
values are derived from a study on tropical city with certain urban
characteristics, and the values will only be valid with the following major
conditions,

»  Concentric land use in noture, with high density mixed vse in the centre
and low residential density in the peripheral areas

Leap-frog development with relaxed policy on residential development

» Having potential likelihood to achieve thermal comfort by passive
cooling
¢  Motorzed travel dependent, with mudimeniary services of public

transpaort
¢« Having mederate level of awareness of the cilizens on energy uses.

I'he correlation between energy comsumption and residential density
will perhaps be misleading if the floor aréa of residential buildings greatly
varies. In case of samples of the buildings in the study area, there is
insigmficant vanation of Aoor area of the residential buildings, To confirm the
above findings, the correlation between energy consumption and plot ratio is
alzo established as shown in Figure 4.

Plot ratio shows the ratio between total floor areas of residential
building and total land areas at & given residential onit or block. From the
figure, similar pattern with two previous comelations 5 found. Again, if shows
that in a crowded area, where todal area of the building’s floor exceeds land area,
non-cooking energy consumption increases. The equation which gives a point
where energy consumpiion is the lowest is expressed by y=69337r-
[ 21 78r+0000.6, aking its [rst derivative dvide= 13867 4x-12178=0, it gives
x=0L58, With the value of floor area to land ratio of (R85 and residential density
of 93 buildings per hectare, it theoretically pives the ideal residenbal bullding
gize for this city about 94 sguare meter, This size disregards the urban
developmenl forms. where 1he residental buildings are located, since the
samples were taken irespective of residential development fypology. Different
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urban characteristics will lead 1w different results. Additional mformation will
then be required if major characteristics of urban area 1% slightly difTerent, The
values cannot be used if major disparitics exist. Major urban characteristics of
the study armea restrm potential elements toward  furdber mimmezing arban
ENETEY uSE,
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1.3

Figrure -I- Cormelnion belween Non-conking Energy Consumption and Plai Batio Based
on 389 Data Sampkes in 21 Towns

The above threc wrban parmmmeters nomely  population  density,
resilential density amd plot o are substanbated 1o have comelatron with
residential cnergy use ¢z non-cooking enerpy, By contralling these parameters,
non-conking epergry consumption can be reduced, and theretore total urban
energy consumpion can be reduced ps will, Urban parumeiers are essenbally
controllable and modifiable through existing whan planning instruments, The
policy to control the three urban parameters can be implemented by planning
teols, Populaticn density, mesidential density and Moor arés o lond rbio ore
potential urban development parameters those are so far dormant or neglected 1o
be ineluded mothe stmtegies to control the constant merease of residential
enerey  uses towards energy efficient city, This is basically reinventing
development control which gives another insight towards differcni dimension
iMher than conventional role of ihe development control. This ought o be
reflected inm the present policies on encrey efficient [or urban development.
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POLICY IMPLICATIONS IN THE 5STUDY AREA

Land use and building control are rwo instruments which are conventionally
employed by most of cities in either developed or developing countries. City
authorily in the study srea also employs such instroments to manage orban
growih, However, ineffective implementation of thesd planming instruments has
capsed the urban management of Bandung City fruitless. Urban sprawling
which creates higher transport energy continues to expand. The mability of
buildings particularly residential buildings 10 adjust o local bioclimatic
condition causes higher energy consumption of residential building, These are
examples of the madequate pobcy and neffective implementation of land use
and building contraol.

The finding of this study sugpests thal minimum energy consmmption of
residential building is achieved if urban population density 5 around 414
peoplefia, residential density 15 around 93 buildings'ho, and plot mtio is around
0,28, By taking these !'mimg.s a5 the rationade of the proposed strategies, it 15
sugpested that housing plot is orderly arranged with some amounts of free
space. Twelve percent of free spuce is required as optimum plot ratio is 88 per
cent. This finding also sugpests a relatively uniform residential building size of
about %4 m2, These requirgments can be integrated into existing policies or new
policies on land use and building control. Control on residential density and plot
raticy I5 MOre pragmatic in comparison b controlling populaton density through
building control strategies. Controlling population density seems impossible
because of infringement of personal matter, for example hmiting the household
A e

The discussion shows that controlling residential density end plot matio
are two potenbinl and promising straftegies fowards lower residential energy
consumption. This is promising in & sense that it works at the root level of the
issues, [t works indirectly m comparison to other dinéct strategies such as the
use of energy saver applisnces, given that development control is carried ol
appropriately. This strategy™ can be synergistically carried out with other
strolegies lowards the schievement of energy efficient city and ultimately
sustainable city.
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