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Cities are relatively the larger energy consumers in comparison to its rural 
counterparts. Reducing energy consumption in cities through various 
controlling strategies has significant impact on the conservation of natural 
resources and environment. Residential density and floor area to land ratio has 
been used as key parameters in development control tools towards creating 
harmonious urban development. However no attempt has been made to employ 
them to lower residential energy consumption. This study attempts to 
demonstrate the possibility of using residential density and floor area to land 
ratio as passive parameters to reduce non-transportation energy consumption at 
household level. The analysis was based on questionnaire survey of non
transportation energy consumption viz. energy for lighting, thermal comfort and 
cooking purposes at household level in Bandung City, Indonesia. The result 
shows that non-transportation energy consumption perceptibly associates with 
the two parameters of development control with a u-shape pattern i.e. the 
correlation has one lowest point with higher trends at both ends. This finding is 
important for urban planners in formu lating strategies towards lower 
consumption of non-transportation energy in tropical cities and consequently 
contributing to better-off urban environment. 
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INTRODUCTION 

Energy is becoming a vital commodity due to the continuous increases of its 
price. · While energy demand relentlessly increases, non-renewable energy 
reserve invariably decreases. The era of low hanging fru it for energy is now 
over and therefore low-cost energy is no longer avai lable. Energy is one of the 
most influential commodities in the world because of the ever-increasing 
consumers. Cities are unden iably important energy consumers because of their 
large energy consumption. The level of energy consumption of cities will 
continuously increase as they grow and develop. The changing life style of the 
urban population will also lead to increased energy consumption and this has 
become a challenge to the urban development. 

It has been reported that nearly half of world 's population is li ving in 
c ities and towns at the turn of the new millennium (Leitmann 1999). United 
Nations (2006) noted that the population in urban areas is growing annually 
with the rate of 2.60 percent, compared to 1.1 2 percent in rural areas. The 
increase of urban population along with the changing life style brings to a 
constant increase of energy consumption, and this clearly confronts sustainable 
development i.e. "development that meets the needs of present without 
compromisi ng the ability of future generation to meet their own needs" (WCED 
1987). This condition is suppo11ed by Wackernagel and Rees ( 1996), as they 
argue that the world has been exploited by most of humankind, wh ile the abi lity 
of future generation to meet their own needs must also be fulfilled. From this 
point, confli cts between utilization and consumption, vis-a-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 
energy. 

The largest quantity of energy used by various transportation modes in 
many developing countries are non-renewable energy sources such as oil and 
natural gas. These types off uels are still abundant and easily acquired, and this 
leads to their continued wider use. As a resu lt, consumption of oil and natmal 
gas are increasing over time. Likewise, the production also takes the same 
fas hion. Simila rly, energy cons umption of residential buildings, in aggregate, 
increases over time as the number of residential buildings increases. 

Energy consumption of residential buildings is governed by various 
factors which are essential ly centred at the res idential building's occupants. 
Inabi lity to perfectly adapt to local condition is one of the causes of energy
inefficient building as illustrated by Tantasavasdi et al. (200 1) and West (2001). 
Ventilation which affects thermal performance of buildings and effective 
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utilization of daylighting are two other factors which also influence the 
consumption of energy in residential buildings. In naturally ventilated buildings, 
ventilation technique is one of the important elements in a building to achieve 
thermal comfort. Geros et al. (2005) acknowledge that thermal impact of night 
ventilation affect energy use to achieve thermal comfort. Tantasavasdi et al. 
(2001) explored the potential of using natural ventilation as passive cooling 
system for new houses design in Thailand. Although mostly applies for 
buildings in sub-tropical countries, Assimakopoulos et al. (2005) show that 
building orientation may affect residential energy consumption through heating 
and cooling loads. At city level, Ghiaus et al. (2006) confirms that urban 
environment influences natural ventilation. Flor and Dominguez (2004) also 
show that there is a clear interaction between urban context and thermal 
performance of buildings. Similar argument, Niachou et al. (2008) show that 
urban street canyon effect, created by roads and buildings, governs airflow 
pattern which affects urban temperature, and eventually, thermal comfort. 
Urban texture, which is essentially a spatial structure of an urban area formed 
by urban elements e.g. buildings, roads and green areas, affects energy 
consumption in bui lding (Ratti et al. 2005). These arguments show that 
orientation and geometry of the bui ldings affect energy consumption in 
buildings. It also substantiates that development control may be employed as 
strategies to 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 largest 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 energy consumer where significant amount of 
energy can be saved through various efforts, including design and development 
control. 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 West Java Province of Indonesia. It is located at 
107° East and 6°55' South and covers an area of 16, 767 hectares. There are five 
urban development forms identified in the study area, namely controlled 
residential-cum-commercial areas, naturally grown urban kampungs, unp lanned 
urban sprawl, leap-frog development, and planned satelli te towns. The 
residential buildings located in these different urban features exhibit different 
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socio-economic and environmental characteristics which may influence the 
energy consumptions. 

Energy consumptio n in residential buildings depends greatly on the 
environment where the buildings are located. Table 1 shows the use of 
e lectricity in cities at different geographical locations . 

Table 1: Electricity Uses withi n Residentia l Building 

Type of Usage Percentage of Electrici ty Usage 
Bandung, 
lndones ia1 

Lighting 9.50 
Water heating 10.30 
Space heating 0.00 
Air conditioning 4.00 
Fan 10.50 
Refrigerator 11.40 
Others

4 54.30 
TOTAL 100.00 

Note: 'Source: Field S11rvey (2010) 
2Source: So11va11a11dara (2002) 

Phnom Penh, 
Cambodia2 

11.80 
8.80 
0.00 

50.70 
8.80 
7.50 

12.40 
100.00 

3Source: E11ergy lnfor111a1ion Agency (2008), lrt1p:/hv1viv.eia.doe.gov 

US HouseholdsJ 

8.80 
9. 10 

10. 10 
16.00 

NA 
13.70 
42.30 

100.00 

40 tlrers incl11de ho111e appliances suclr as TV, DVD/ VCD players. rice cooker, iron and water 
p11111p 

Table 1 shows that the equ ipment for thermal comfort e.g . a ir 
conditioner or e lectrical ran is much lower in Bandung ( 14.5%) in comparison 
to Phnom Penh (59.5%). The average temperature in Bandung is 26 °c 
compared to Phnom Penh, whi ch is 32 °c. The temperature in Bandung is 
relative ly low (20 °q during night time, which is lower than thermal comfort 
(27 °q. With thi s situation, the use of electricity for water heating is higher 
than that of Phnom Penh . This comparison shows how urban environment 
influences the energy use within residenti al buildings. One of the possibl e 
causes is the presence of urban heat from the concrete jung le. 

C ities notoriously create urban heat island effects due to some possibl e 
causes such as land surface and discharge of hot water from the use of a ir 
conditioner, and this causes unpleasant local c limatic conditions and even 
imperils human health, especially for c ities in c limates with a distinctively hot 
season (Alexandri and Jones 2008). Higher urban air temperature, due to urban 
hea t island effect, infl uences cooli ng load of buildings (Santamouri s e t a l. 
2007). It is a lso fo und that urban canyons affect wind speed, wind flow and 
thermal comfort (Alexandri and Jones 2008; Santamouris et a l. 2007). If the 
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phenomenon is downscaled into individual residential buildings, the distance 
between buildings disallow undisturbed wind flow and thereby lessen cooling 
loads. Therefore, residential density and plot ratio become important factors of 
the energy consumption, particularly for cooling purposesat household 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 total floor area of residential buildings within one hectare of land plot. 

Studies above verify the presence of passive interaction among 
residential buildings, which is reflected by, among 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 
urban energy demand. Urban texture features many forms of built and natural 
environment. Some studies attempt to model urban areas with respect to urban 
vegetation and microclimates as offered by Sashua-Bar et al. (2006), Simpson 
(2002), Sashua-Bar and Hoffman (2000) and Takakura et al. (2000). The above 
aspects influence residential energy consumption, thus to reduce the energy 
consumptiona passive strategy can be undertaken through development control. 
The study attempts to revive the latent parameters of development control, 
which has 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 influence the use of energy within residential buildings. The study 
was carried out by using questionnaire survey. 

METHODOLOGY 

A household-based residential energy uses were investigated to accomplish a 
comprehensive information on current energy consumptions in a residential 
building for a given urban residential density and floor area to land ratio. 

Research findings will provide the correlation between energy 
consumption and urban parameters, particularly residential density and plot 
ratio. Analysis on the correlation between residential density and energy 
consumption at household level is expected to discover minimum energy 
consumption for a particular residential density and plot ratio. If these two 
correlations were substantiated, the residential density and plot ratios are 
therefore viable tool for development control towards more efficient residential 
energy consumptions in urban areas. 
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Figure 2: Correlation between Non-cooking Energy and Popu latio n Density Based on 
389 Data Samples in 2 1 Towns 

A structured questi onnaire was randomly distributed to 750 respondents 
to gather the residential energy consumptions at household level (Figure I). The 
respondents of thi s study were proportiona lly and randomly distributed over 21 
out of 26 towns within Bandung City. Five (5) towns were exc luded due to 
similar physical and soc ial performances of the towns, for example, the 
similarity in number of population, size and main activities. From 750 
respondents, 389 responses were received during the survey. 

ENERGY CONSUMPTION AT HOUSEHOLD LEVEL IN STUDY AREA 

The total energy consumption in Table 2 gives an indication of household 
energy consumption in residential building in 21 towns in Bandung. Energy 
consumption figures shown in this table could be considered as primary energy 
use since the in formation was mainly from electricity bill (in Indonesian 
Rupiah, IDR, and then converted to energy unit). The use of gasoline or diesel 
in unit of volume (litre) was computed as transport energy use for the 
respondents who have private vehicles. For respondents who used 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 electric cooking equipment. 

Town 

Table 2: Energy Consumption in 21 Townships of Bandung City 
Weighted Average Energy Consumption (MJ/HH/Month) 

Transport Non- Cooking Total Energy Non-
Energy cooking Energy Used cooking 

Energy per Energy 
Capita per m2 of 

building 

:1r.!r!J!.. _____ ....... ___ 5-&92. ....... .......... 1..1.?..LS. .... _ __ 551 ......... ..7-.1.?..?..~ ............... 1. .&?. .. 8...... . .................... ?..::!..?. ....... . 
_l::f!.!'!..8~-----_ 6, 718 1,9 5 8 _____ ,_7._?J,, ___ ... ..Y ,4Q_!_ ...........?..J.Q.?_ _ _!!_8.2 .... . 
Sukasari 6,595 1,356 671 8,622 1,826 9.32 
Cicendo 4,659 1,583 653 6,895 1,400 12.61 

_ BbkCiparay 6,056 1,545 §72 _ 8,273 1,546 11 .37 
Sumu r 8q!1_~~~'!.S.. _ _ ___Zz2 84 _h5...Q?. ______ ..§.?._?. ____ ..... J, 4 5_Q ___ _?._~?.2 _______ ,_j,:2?.. __ 

.... '::!Jt..1.'.YJ ..... 1!.~.'...~'.'!8 .... .. . '.31?.9 .. ? ................ ~?..9:!~·-· _ ............ 5.5-Q ........ ......... 5-.?.}.9? ..... ........... 1.2.?..?..~ ............... .......... ...? .3 7 
.. ~q'!~<!.§~!!..L .................... ................. iz.~2 .. ?. .............................. ?..~.2 ............. .......... 5-.?.8 5-.&?.2. ........ } .? .. ?..~.1 ....... ........ 6.84 
_ Ki O_!Econdf!.!±!L ......... ----~,2 94 ...... . ............. ?.~_?. ____ .................. ?.5-.. 8. ................ :!.~??.~-- __ ...J~! .. 8.?. .... ..... -... 8. .. :~L __ 
Res.of ______ _l?..744 _I ,_~ __ 6~_!_- 5, 77Q __ _h!..9?._ -·--....!1J....~ 
Bandung We tan. 6, 102 2,0 I 2 726 8,840 1, 782 14.62 
Coblong 5,722 1,368 692 7,783 1,559 10.32 
Bandung_ Ku lo~--- _ 2_&:?...!__ .--!..z..43 1 _ _ 2Ql.._~005 _ ~..!.i_-· 8.4L 

.. !!..Pi.<!'!8..£C!E!f..l!!~L __ -·----~1~_5-J_ ,_I_,,,51-L_ ____ ?_?_8 ... __ .8.~?7-.. 8. ...... ____ -1._!,,~~L.... .. ..... ..... -2~§?. ... .. 

.. !!..<!i.<!'!S(<JJ:!:l!:J.4..1:!.L ... ......... 5-.?.?.J.?...... . ....... .!.?..?. .?..~ 660 ?. 1:!.~..Q .. .. J.1.?.J..Q 1..Q:?.7- . 

... <;,,.~~r!:.~1.'.1:Y...!.'!8 .. ~!.~~.'!.L ..... ?.?.:!...92 .................... L?. .. 7-.. ?. .......................... ? .. ?..'.! .................... ..?.?.?. 1...Q ..... . 1,589 ......... ....................... ?.: .. ?..?. .. . 
_Q~qff:.q_s _____ ............. i zL?.L ___ _ I 1J __ I I __ ------~_§..!.._ .. __ .. -2&?.l ... ___ }...t.105___ ...... _ . .J..Q.: .. U ..... . 
J!.atu!}-unggal 5,686 1,298 602 7,586 1,687 8.80 
J!E.ndung Kidul 4,867 1,136 556 6,559 1,355 10.97 
.!!f.!1!.E.acinta 5,390 1,2 18 582 7, I 90 1,577 I 0.68 
Astanaanyar 7,090 1,352 635 9,077 1,798 6.86 
Mean 5, 195 1,302 620 7, 169 1,5 19 9.59 
Standard Dev l , 128 298 63 1,3 73 299 2.23 

Source: Questionnaire Survey, January 2010 

Table 3 shows comparison of residential energy consumption in 
selected developing countries in Asia. It shows that Ind.ia 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 Thai land, who have higher income per capita than India, recorded lower 
residential energy consumption. Brunei and China recorded almost the same 
level of energy use although their incomes per capita differ widely. This 
international comparison is in contrary with the common belief that higher 
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income will lead to higher energy consumpti on, since it depends on the 
li festyles of respective nations, as shown by examples of some Asian countries . 
At national or local level where almost s imil ar lifesty le and behaviour exist, the 
correlation might perhaps valid. 

Table 3: Residential Energy Consumption in Some Developing Countries in Asia 
(2005) 

Country Residential Energy Income per Capita Residential 
Consumption (USD/Capita/Y ear) 1 Electricity Price 

(MJ/1-1I-I/Month) 1 (USO/KWh) 
Brunei 3,362 16&Q9 ______ 0.160L 

·-·-·-·------·-·-·- ·--··-----· ·--·-·--·-·---- ·- 0.0645 ____ ····-·-··-.. ·· 
China 31440 1 15~}_ ------- --- -------- ~- -· -- 0.0401 ______ 
India 3,680 726 
Indonesia--

- - - ~-------

3,387 1 .~.2~} __ 0.029 ----- --- - -- 0. 080.r--·-----
Mala~~i.~--·-- 2,428 5-, 1 .. ~2--·-- ---- 0. 0 7 03 ----·------Thailand 2,560 2,749 

Source.I': 
1World Researcll Institute, /11tp :!!w111w.eanlltre11d.uvri.org, and United Nations, ll11p ://u11stats.1111.org) 
2Dep of Electricity Service Bmnei Darnssalam llttp://w1v111.des.gov.b11/tarijf.lltm 
J Energy Price lnformatio11, US Department of Energy, /11tp://w1v1v.eia.doe.gov!eme11/i11tematio11al! prices.lltml 
4ASEAN Centre for Energy, llttp://111ww.aseanenergy.org!p11blicatio11s_statistics!elec1ricity_database/ 
malaysia02.111111 
5Clli11a Daily ll11p:l!www.c/1i11adaily.co111.cn/englisllldoc/2005-02/ I 8/co111e111_ 4 I 7238.111m 

There are numerous factors that influence the energy consumption in 
residential buildings. However, the purpose of this study is to correlate energy 
consumption with urban parameters as it intends to provide va luable inputs for 
urban planners. The urban parameters are popu lation density, residential 
density and plot ratio, by keeping other parameters ceteris paribus. 

From 389 respondents, there were 26 (6.7%) respondents with monthly 
income less than 150 US O, and 190 (48.9%) respondents with monthly income 
from 150 to 300 USO. While 132 (33.9%) respondents with monthly income 
between 300 and 450 USO, 37 (9.5%) respondents with monthly income 
between 450 and 600 USO, and 4 ( 1.0%) respondents with monthly income 
greater than 600 USO. T he income group interval of 150 USO was determined 
to closely represent and to obtain uni form di stribution of the citizen's income in 
their respective income groups. 
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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 household level, 
and the urban parameters. Of these, it seems that only non-cooking energy 
consumption is strongly correlated with the urban parameters. Transport energy 
particularly concerns only with geographical location between origin and 
destination, although other variables may also govern . Cooking energy is 
apparently independent from these urban parameters, since cooking energy 
depends mainly on lifestyle. The rationale behind non-cooking energy 
correlation with urban parameters can be simply explained by contrasting two 
comparable houses. Take two houses A and B with simi lar floor area but 
different household size. The house with larger household size will usually have 
higher non-cooking energy 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 consumption and urban parameters is carried out. 
These parameters most likely contribute to energy consumption for lighting and 
thermal comfort using air conditioning. Population and residential densities as 
well as plot ratio have no apparent contribution to cooking energies. However, 
to a certain extent, population density does affect transport energy consumption 
(see for example Barter 1999; Newman and Kenworthy 1999). Transport 
energy, as described earlier, is particularly affected by origin and destination as 
Jun and Hur (2001) established in the study of a new town near Seoul where 
leap-frog development is predominant. User's awareness on the efficient use of 
energy is necessary to be included in the analysis, because of its paramount 
importance in contributing to energy use. The difference in energy consumption 
will be significant in household with and without adequate awareness on energy 
savmg. 

Energy consumption in residential buildings is affected by a set of 
contributing factors such as income, floor area, thermal and visual comfort, 
building envelopes, and surrounding environment. Survey undertaken in the 
study area on energy consumption was actual use of energy at household level 
rather than resulting from energy auditing. It was therefore independent from 
the contributing factors. Considering this state, it is then valid to associate 
energy consumption with the parameters such as population density, residential 
density and plot ratio. This is the fundamental basis of the correlation between 
energy consumption and urban parameters. 
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Three hundreds and eighty nine (389) respondents of 2 1 Townships 
were inc luded for the purpose of analysis. From the analysis, as depicted in 
Figure 2, it is fou nd that polynomial correlation with a quadratic function 
between non-cooking energy consumption and population density is the best fit 
to describe such correlation w ith coefficient of determination R 2=0.60 I 9. The 
figure depicts u-shape pattern of the correlation. Despite inadequate data for 
population density larger than 600 people/ha, it appears that at a certain 
population density, non-cooking energy consumption reaches a lowest level. It 
can be calculated by taking first derivative of the equation, whi ch is y=0.017x2

-

74.09x+3593.3, and dy!dx=0.034x-14.09=0, it gives y=4 14 people/hectare. At 
two ends of this point a long the equation, hi gher energy consumption is shown. 
One logical explanation on this phenomenon is that the area with denser 
population allows energy sharing among the citizens. Sharing on light and 
entertainment, for exampl e, are the most probable causes in denser population 
area. ln a place w ith sufficient lighting (luminance) for reading for one person, 
there is not necessary to add more luminance as the number of person increases. 
On the contrary, in lower density residential area, share lighting and 
entertainment wi ll not be possible due to physical distance. One certainty in the 
study area is that most of the hi gher income households live in a relatively low 
population density area. Jn line w ith that, it is va lid that the energy consumption 
for hi gh income household .is also high. That is why the households li ving in 
lower residential density areas consume more energy than their counterparts in 
higher residenti al density areas. 
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Figure 2: Correlation between Non-cooking Energy and Population Density Based on 
389 Data Samples in 2 1 Towns 
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A scientific explanation of this phenomenon can be examined from two 
sides; thermal comfort and lighting. With respect to thermal comfort, production 
of heat is mathematically expressed by Q=AU(t1-t0 ) (Watson and Chapman, 
2002), whereAis surface area, U is thermal transmittance, t, is room temperature 
and 10 is outside temperature. Consider a closed room with occupants. This 
fo1mula implies that more occupants will require more energy to achieve 
thermal comfort because A increases therefore Q also increases. At the same 
time, the needs of lighting is generally constant as number of occupants 
increases. The need of energy for thermal comfort increases with the existence 
of overcrowding, as revealed by a study unde1iaken by Johansson (2006), 
because of the impedance of air flow to achieve perfect ventilation. The impacts 
of urban canyon and urban texture to this particular phenomenon may also be 
possible as 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 calculation. The reason was that if 
the calcu lation of population density was based on administrative unit or 
township, the result would not be accurate, because the residential areas are not 
proportionally distributed over the administrative unit or township in the study 
area. The township was also too large for a basis of population density 
calculation. 

The above finding shows the importance of population density as a 
factor for consideration to accomplish energy efficient city. Urban planners may 
ce11ainly need to consider including this variable in their city planning. 
However, a particular city must have an adequate data record to establish its 
own correlations as discussed above. With sufficient information and 
knowledge on this particular factor, urban planners and managers are well
informed on the precondition of city towards the achievement of energy 
efficient city. 
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Figure 3: Corre la tion between Non-cooking Energy and Residential Densily Based on 
389 Dala Samples of Energy Consumption in 2 1 Towns 

Although population density may correlate to household size, but to 
consider household size in establishing a correlation between population density 
and energy consumption may cause a bias, if the size of household varies 
greatly. To avoid this bias, an attempt to correlate residential density with 
energy consumption is carried out, because residential density is another 
essential factor which may influence the urban energy use. This variable is 
somehow different with population density, because for th e same population 
density, the residential density can be different. It depends also on household 
size. Attempt is made to correlate thi s variable with energy consumption. The 
correlation between residential density and energy consumption is shown in 
Figure 3. 

Almost similar situation with population density exists . The best fit 
correlation is a quadratic equation which carries a coe ffi cient of determination 
of R2=0.6 I 03. The exact value of residential density, where the energy 
consumption is the lowest, can be derived with similar process as described 
earlier. The equation of correlation is found to be y = 0.3363 .x2 - 67.29 x + 
3588.8. Its derivative is equal to dyldx = 0.6726x - 67.29 = 0. This equation 
leads to x = 93. With residential density about 93 buildings per hectare, it 
theoretically returns the lowest energy consumption. 
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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 due to urban canyon effect, urban texture and urban heat island 
phenomena. This phenomenon has an impact particularly on building's thermal 
performance. Similar finding is also verified by Ghiaus et al. (2006). Even 
though the correlation is corroborated, but the use of derived value should be 
applied with caution. 

The values should be used with careful attention to its validity. The 
values are derived from a study on tropical city with certain urban 
characteristics, and the values will only be valid with the fo llowing major 
conditions; 

• Concentric land use in nature, with high density mixed use 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 thennal comfort by passive 

cooling 
• Motorized travel dependent, with rudimentary services of public 

transport 
• Having moderate level of awareness of the citizens on energy uses. 

The correlation between energy consumption and residential density 
will perhaps be misleading if the floor area of residential buildings greatly 
varies. In case of samples of the buildings in the study area, there is 
insignificant variation of floor area of the residential buildings. To confirm the 
above findings, the correlation between energy consumption and plot ratio is 
also established as shown in Figure 4. 

Plot ratio shows the ratio between total floor areas of residential 
building and total land areas at a given residential unit or block. From the 
figure, similar pattern with two previous correlations is found. Again, it shows 
that in a crowded area, where total area of the building's floor exceeds land area, 
non-cooking energy consumption increases. The equation which gives a point 
where energy consumption is the lowest is expressed by y=6933.7x2

-

12178x+6060.6, taking its first derivative dyldx= 13867.4x-12178=0, it gives 
x=0.88. With the value of floor area to land ratio of 0.88 and residential density 
of 93 buildings per hectare, it theoretically gives the ideal residential building 
size for this city about 94 square meter. This size disregards the urban 
development forms where the residential buildings are located, since the 
samples were taken irrespective of residential development typology. Different 
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urban characteristics will lead to different results. Add itional information will 
then be required if major characteristics of urban area is slightly different. The 
values cannot be used if major disparities exist. Major urban characteristics of 
the study area restrain potential elements toward further minimizing urban 
energy use. 
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Figure 4: Correlation between Non-cooking Energy Consumption and Plot Ratio Based 
on 389 Data Samples in 2 1 Towns 

The above three urban parameters namely population density, 
residential density and plot ratio are substantiated to have correlation with 
residential energy use e.g. non-cooking energy. By controlling these parameters, 
non-cooking energy consumption can be reduced, and therefore tota l urban 
energy consumption can be reduced as well. Urban parameters arc essentially 
controllable and modifiable through ex isting urban planning instruments. The 
policy to control the three urban parameters can be implemented by planning 
tools. Populati on density, residential density and fl oor area to land ratio are 
potential urban development parameters those are so far dormant or neglected to 
be included in the strategies to control the constant increase of residential 
energy uses towards energy efficient city. This is basica lly reinventing 
development control which gives another insight towards different dimension 
other than conventional role of the development control. This ought to be 
reflected in the present policies on energy efficient for urban development. 
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POLICY IMPLICATIONS IN THE STUDY AREA 

Land use and building control are two instruments which are conventionally 
employed by most of cities in either developed or developing countries. City 
authority in the study area also employs such instruments to manage urban 
growth. However, ineffective implementation of these planning instruments has 
caused the urban management of Bandung City fruitless. Urban sprawling 
which creates higher transport energy continues to expand. The inability of 
buildings particularly residential buildings to adjust to local bioclimatic 
condition causes higher energy consumption of residential building. These are 
examples of the inadequate policy and ineffective implementation of land use 
and building control. 

The finding of this study suggests that minimum energy consumption of 
residential building is achieved if urban population density is around 414 
people/ha, residential density is around 93 buildings/ha, and plot ratio is around 
0.88. By taking these findings as the rationale of the proposed strategies, it is 
suggested that housing plot is orderly arranged with some amounts of free 
space. Twelve percent of free space is required as optimum plot ratio is 88 per 
cent. This finding also suggests a relatively uniform residential building size of 
about 94 m2. These requirements can be integrated into existing policies or new 
policies on land use and building control. Control on residential density and plot 
ratio is more pragmatic in comparison to controlling population density through 
building control strategies. Controlling population density seems impossible 
because of infringement of personal matter, for example limiting the household 
size. 

The discussion shows that contro lling residential density and plot ratio 
are two potential and promising strategies towards lower residential energy 
consumption. This is promising in a sense that it works at the root level of the 
issues. It works indirectly in comparison to other direct strategies such as the 
use of energy saver appliances, given that development control is carried 'out 
appropriately. This strategy- can be synergistically carried out with other 
strategies towards the achievement of energy efficient city and ultimately 
sustainable city. 
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