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Introduction 
nergy consumption in the building sector is seen as a major 

task at hand. Authorities on both regional and global level 

have strictly asserted the urgent necessity to develop 

methods that stimulate a more sustainable design in line with the 

passive solar design guidelines [1]. Based on studies conducted 

regarding building form, one can distinguish two concepts that 

are widely used. The first one is related to the fact that forms with 

different geometric shapes of the same contained volume have 

different surface area. This is usually expressed by the surface to 

volume ratio; s/v ratio. The second concept is related to the fact 

that a given form with a smaller size has lower s/v ratio than the 

larger one of the same geometric shape. These two concepts 

have important architectural applications in the regions where 

climatic conditions dictate the use of a structure with thermal 

storage capacity [1] [2]. 
The use of s/v ratio is not precise enough for providing a clear 

understanding of the passive solar response of forms with 

complex shapes where a large number of different forms which 

having the s/v ratios can be designed in practice. Recently, 

rigorous studies have been carried out on this issue where the 

concept 

“s/v ratio” was employed by the majority as 

indicator to define the way by which forms respond to climate and 

passive design strategies. Depending on the design strategy 

adapted for controlling the indoor environment- active or passive, 

the form defined as an optimal for a given climate assumed to be 

different from one case to another. The form with a high s/v ratio 

is seen as more sufficient when passive climatization is used as 

design option [1] [2]. 
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ABSTRACT 
The ingress of solar 

radiation and 

exposure to wind are 

major factors 

influenced by forms 

of building, it entails 

the rate at which the 

external building 

envelop gains or 

losses heat. Building 

form plays a vital 

role in the 

ventilation of 

building by the 

pattern of airflow 

around the building.   

Hence, it is essential 

to utilize solar 

energy for the 

purpose of thermal 

comfort within 

interior spaces 

towards achieving a 

passive solar design 

where the building 

form benefits from 

the natural energy 

and air from the sun. 

Therefore, reducing 

the amount of 

manmade energy 

required for heating 

or cooling of internal  
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Appropriate choice of building form based on various climatic region depicts the level of 

energy efficiency of buildings in a passive solar design. Heat gain and loss occurs through the 

building envelope, including walls, ceiling, windows, ventilation systems, and air leakage. 

Internal sources of heat gain are the heat generated by occupants, the heat produced by 

lighting, and the heat resulting from the equipment. Hence, building form is an important 

factor that could influence the level of energy efficiency of building spaces and the respective 

thermal comfort achieved by a decrease in the amount of energy required to heat or cool the 

building envelop [3]. 

Hence, to determine an optimized form of buildings, the ‘Surface Area/ Volume – ratio’ (S 

/ V – ratio) shows the relationship between the heat-radiating surfaces of a building (S) and its 

volume (V). Smaller volumes always have a less favorable S /V– ratio than larger volumes.  One 

aspect of energy efficient architecture is the way a building loses and gains heat. Energy 

efficient   design   also suggests optimization and energy-saving strategies through defining 

optimized orientation, shape, compactness, window to wall ratio (WWR), etc. which play a 

major role in the overall amount of energy a building loses or gains [4]. In hot climates, the heat 

transferred to the inner spaces, creates thermal discomfort for the building occupants, and as 

a result, the heat inside the enclosure is normally trapped by room partitions and doors that 

spaces within a building aims towards achieving an energy efficient design and 

buildings. Various traditional forms of building were known to be excellent indicators 

of appropriate building forms based on particular climates which have been further    

developed    reaching    the    21 st century.     In regions of very low temperatures, 

where temperatures within buildings must be kept higher than the external 

temperature, building form was used to achieve energy efficiency based on passive 

solar design, thereby reducing the number of surfaces at the external envelope of 

these buildings so as to attain a minimum transmission of heat moving out of the 

interior spaces. As the volume of the compact forms increases, the area decreases and 

the transmission heat loss is diminished. An igloo, for example, utilizes an optimum 

surface area/volume (S/V) – ratio and is particularly suitable for the climate 

conditions in cold regions. But S / V-optimized forms alone do not create truly habitable 

solar architecture. According to Tian , Liu Y and Yang Z  (2016). Building form has 

significant effects on energy use in buildings especially in cold climate regions. The 

research is focused on exploring the influences of parameters relevant to building 

forms on energy use for office buildings in Harbin, china. The results show that the 

number of floors is the only dominant variable that affects annual heating energy use 

intensity, while the overall building scale is the most critical factor influencing both 

cooling and electricity use per unit floor area. Considering the current trends of the 

construction industry, this paper would entail analysis to determine suitable choice of 

building form. Thus, it can be achieved by exploring the shape of buildings without 

hindrances, which is anchored by the utilization of the natural solar energy to achieve 

habitable spaces and energy efficient buildings. 
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increase the internal temperature and thus the demand for cooling rises, and vice versa during 

the winter. 

 

 
Graphs of surface area, A against volume, V of the Platonic solids and a sphere, showing that 

the surface area decreases for rounder shapes, and the surface-area-to-volume ratio decreases 

with increasing volume 

 

Problem statement 

The modern construction and design techniques of building has been widely accepted. 

Buildings became more aesthetically pleasing but not energy efficient. This entails the use of 

excessive energy in cooling and heating which deviates from the beneficial passive design 

theme. A major challenge in building construction now is the cost of erecting an ideal building 

form that exhibits the required insulation, natural light and solar radiation, and they are also 

difficult to construct relative to other forms. The adaptation of appropriate building form in 

passive solar design was not a challenge because it was an improvement in the way traditional 

homes were built, but the problem here   is   paying   less   consideration   for   the passive solar 

design to attain energy efficiency. That is why we must apply appropriate techniques to see 

how these strategies can be considered and improved. 

 

 Objective of study 

The study would determine the influence of selected building shapes in a passive solar design. 

Thus, a range between cubical and spherical building  forms will  be  analyzed  to determine 

each Surface Area/Volume (S/V) ratio and proffer the best choice for selected climates. 

 

Methodology 

A hemisphere as a spherical building form and cube that could depict numerous contemporary 

buildings would be considered to determine the effect of integrating the passive solar design 
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principle in buildings, via the surface and volume relationship and the appropriate choice of 

form, in order to solve the energy efficiency problems and provide thermal comfort. The 

method adopted for proceeding with the present study includes a holistic approach aimed to 

get better understanding about the interactive relation between the form and the natural 

surroundings. Therefore, a greater emphasis has been given to the condition of integration 

that exist between various components of the forms rather than individual components. 

 

 Building form: 

Form refers to the shape or configuration of a building. It is a primary factor in passive solar 

design that affect the environmental relationship and the external building envelope. Building 

form can affect solar access and wind exposure as well as the rate of heat loss or heat gain 

through the external envelope. The volume of space inside a building that needs to be heated 

or cooled and its relationship with the area of the envelope enclosing the volume affect the 

energy performance of the building [5]. 

The general design objectives considered are used   to   contain   the   exposure   of   eternal 

elements by means of compact building envelope and careful consideration of the choice of 

different forms of building facades, they include; 

 

Compactness: 

The building form as well determines the air flow pattern around the building directly affecting 

its ventilation. The compactness of the building is also measured using the ratio of surface area 

to volume (S/V). The depth of a building determines the requirement for artificial lighting. The 

greater the depth, higher is the need for artificial lighting. The conduction from the building 

envelope as well as  solar  gains  from  windows  are  least  in circular geometry in comparison 

to other building geometries which is most energy efficient in composite climate [3] . 

 

 
Figure showing increase compactness by reducing surface area for the same volume and minimum 

Perimeter to area ratio in extreme climates. 

 

Sheltering or self-shading: 

Built form, which is designed such that it is self- shaded through massing or articulation results 

in Sheltered built forms, and cuts off a large amount of direct solar radiation. In composite 

climate, the envelope should be designed so that it remains shaded for the greater art of the 

day; the external walls should be so planned that they shade each other [3]. 
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Figure Showing a building form with minimized S/v ration and proper building orientation, and self 

shading 

 

Passive solar design: 

It refers to the use of the sun's energy for the heating and cooling of living spaces as well as 

lightning. In this approach, the building itself or some element of it takes advantage of natural 

energy characteristics in materials and air created by exposure to the sun. When Passive 

cooling techniques are used for cooling and heating of buildings, the first concern is however 

how to avoid cooling or heating loads and then how to cool down or heat up the building 

follows: 
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How a  Passive  Solar  Home  Design 

Works 

 
Figure showing how both passive solar cooling and heating works. 

 

In simple terms, a passive solar home collects heat as the sun shines through south-facing 

windows and retains it in materials that store heat, known as thermal mass. The share of the 

home’s heating load that the passive solar design can meet is called the passive solar fraction, 

and depends on the area of glazing and the amount of thermal mass. The ideal ratio of thermal 

mass to glazing varies by climate. Well-designed passive solar homes also provide daylight all 

year and comfort during the cooling season through the use of night time ventilation [6]. 

To be successful, a passive solar home design must include some basic elements that work 

together: 

Properly oriented windows.  Typically, windows or other devices that collect solar energy 

should face within 30 degrees of true south and should not be shaded during the heating 

season by other buildings or trees from 9 a.m. to 3 p.m. each day. During the spring, fall, and 

cooling season, the windows should be shaded to avoid  overheating. Be  sure  to keep 

window glass clean. 

Thermal mass. Thermal mass in a passive solar home - commonly concrete, brick, stone, and tile 

- absorbs heat from sunlight during the heating season and absorbs heat from warm air in 

the house during the cooling season. Other thermal mass materials such as water and phase 

change products are more efficient at storing heat, but masonry has the advantage of doing 

double duty as a structural and/or finish material 

Distribution mechanisms. Solar heat is transferred from where it is collected and stored to 

different areas of the house by conduction, convection, and radiation. In some homes, small 

fans and blowers help distribute heat.  Darker  colors  absorb more  heat than lighter colors, 

and are a better choice for thermal mass in passive solar homes. 

Control      strategies.     Properly     sized roof overhangs can provide shade to vertical south 

windows   during   summer   months.   Other control approaches include electronic sensing 

devices, such as a differential thermostat that signals a fan to turn on; operable vents and 

dampers that allow or restrict heat flow; low- emissivity blinds; operable insulating shutters; 

and awnings. 

 

https://energy.gov/energysaver/energy-efficient-window-treatments
https://energy.gov/energysaver/energy-efficient-window-treatments
https://energy.gov/energysaver/energy-efficient-window-treatments
https://energy.gov/energysaver/energy-efficient-window-treatments
https://energy.gov/energysaver/energy-efficient-window-treatments
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Efficient energy use: 

Sometimes simply called energy efficiency, is the     goal    to     reduce    the     amount    of 

energy required   to   provide   products   and services. For example, insulating a home allows 

a     building    to     use    less     heating    and cooling energy to   achieve   and   maintain   a 

comfortable temperature. 

When we use less energy, the less energy we need to generate at power plants, which reduces 

greenhouse gas emissions and improves the quality of our air. Energy efficiency helps the 

economy, too, by saving consumers and businesses millions of dollars in energy costs. 

 

Case Study 

Case study one (Gherkin Tower) 

 

The Gherkin or formally known as 

the 30 St Mary Axe is a colossal 

skyscraper decorating the 

skylines of city of London 

magnificently. The giant structure 

is situated on the site of Baltic 

Exchange, designed by the 

master mind Norman Foster and 

built by the dexterous hands of 

Skanska’s expert team. It depicts 

the best characteristics of 

contemporary architecture of 

modern times. The main theme 

shaping the construction plan of 30 St Mary Axe is the  sustainable  method  of  energy saving. 

The shape of the tower is erected aerodynamically so that it could efficiently exploit every iota 

amount of physical environment present around it. The lower part of the building tapers helps 

in engulfing the surrounding wind and directs it to the insides of the tower, creating natural 

ventilation for the entire 252 feet long building. Sufficient amount of spacing and gaps are left 

in two consecutive floors, leading to formation of six shafts in between them that facilitate a 

good ventilation system. A design such as this one helps in saving 50% of total energy 

consumed, by an otherwise similar sized building. 

.    Case Study Two (City Hall) 

In the City hall building located in London, 

controlling the heat buildup that comes 

from exposure to sunlight is very 

important in a glass building. City Hall is 

designed to do this in a number of ways: 

In conventional  terms,  the  building  has  

no front or back – it’s a geometrically 

modified sphere. This minimizes the 

surface area of the roof exposed to direct 

sunlight, which reduces the amount of 

heat buildup inside the building. The 

building's spherical shape means it has around 25 per cent less surface area than a cube of the 
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same volume. This means that less heat escapes during the winter, and the building doesn't 

get too hot in the summer. The building leans back away from the river, to present as little 

surface area to the sun as possible.  This  also  means  that  the  building does not leave the river 

walking in shadow. The floor  plates  at  the  back of  the  building are staggered inwards, 

providing natural shading for the floor beneath [7]. 

3. How   to   determine   Surface   area   to volume ratio; 

Surface area to volume ratio can be found easily for several simple shapes, like for example       

a       cube       or       a       sphere. For a cube, the equation for surface area is S=6*L*L, where L 

is the length of a side. Similarly, the volume of a cube is V =L*L*L. So for a cube, the ratio of 

surface area to volume is given by the ratio of these equations: S/V = 6/L. 

 

For a sphere, surface area is S= 4*Pi*R*R, where R is the radius of the sphere and Pi is 

3.1415...   The   volume   of   a   sphere   is   V= 

4*Pi*R*R*R/3. So for a sphere, the ratio of surface area to volume is given by: S/V = 3/R [8]. 

 

 

4.      Results 

The  sphere was found  to  have the minimal surface area/ volume ratio which is 3/R, and 

6/L for the cube. 

 

 
 

 

 

 
 

 

In cubes, as the volume of the compact forms increases, the area decreases and the 

transmission heat loss is diminished. Compact structures and density, therefore, considerably 

reduce the cooling surfaces in comparison to a detached, free-standing building. Therefore 

large and compact buildings are preferable to small buildings divided into compartments [9]. 

 

A cube may not be optimum if, for 

instance, you need to minimize the 

exposure of walls to hot winds from 

the West as well as solar radiation 

from the western side.  

Here the orientation  of  the  building  

as  well  as  the relative dimensions of 

surfaces facing different directions 

would have to be considered. The S/V 

ratio is not a correct indicator of 



 

TIMBOU-AFRICA ACADEMIC PUBLICATIONS 
FEB., 2023 EDITIONS, INTERNATIONAL JOURNAL OF: 

 

TIJBEES 
59 

BUILT ENVIRONMENT & EARTH SCIENCE VOL. 12 

ISSN: 1881-2167 

thermal behavior of buildings with complex plans.   Buildings   with   a simple   geometrical 

shape,  such  as cuboids  or  cubes,  have  less surface area in relation to their volume 

and thus  a better  S/V  ratio than  buildings  with numerous protrusions, oriels or 

dormers. 

 

Discussions 

According to the results and findings, the more compact a building is, the easier it is to meet 

an energy-efficiency standard. The surface- area-to-volume ratio (S/V ratio) has a considerable 

influence on a building's energy requirement. The S/V ratio indicates how large the surface area 

S (such as wall, ceiling, roof and window surface areas) is in relation to the building volume V, 

and thus to the living space provided. The larger this ratio, i.e. the higher the S/V value, the 

greater the thermal energy requirement per m2living space/usable space is, for a given set of 

energy-efficiency measures. 

In cold climates open spaces should be small, as well surfaces could be hard and absorptive. 

Compact planning is, of course, preferred. The south sun should be allowed into buildings. 

Trees, if any, should be deciduous. The S/V ratios should be as low as possible to minimize heat 

losses. But In hot dry climates, although S/V ratio should be also as low as possible as this would 

minimize heat gain in warm-humid climates the prime concern is creating airy spaces. This 

might not necessarily minimize the S/V ratio. Hence, buildings should preferably not be 

attached to one another particularly in this hot climates. Furthermore, the materials of 

construction should be such that they do not store heat. Streets and the open spaces should be 

oriented with respect to wind patterns. The open spaces and the funnel effect can be used to 

maximize airflow within the complex. 

 

Conclusion 

The surface area to volume (S/V) ratio (the three dimensional extrapolation of the perimeter 

to area ratio) is an important factor determining heat loss and gain. The greater the surface area 

the more the heat gain/ loss through it. So small S/V ratios imply minimum heat gain and 

minimum heat loss. The common conclusion showed by these studies is that the form with low 

s/v ratio is an optimal for the hot and dry region where it offers two advantages. First, the total 

surface area becomes smaller and thereby the undesirable impact of the outside  will  

proportionally  be  reduced. Second, the energy consumption required for heating and cooling 

will be reduced because the heat gains and losses through surfaces become lower 

The more compact a building is made, the more cost-efficiently it can be constructed, partly 

because the requirements applying to insulation thickness are then less strict. Larger buildings 

have a lower and therefore more favorable S/V ratio than smaller buildings. A building form 

with low s/v ratio takes more time to be effected by the outdoor temperature variations than 

that of the higher s/v ratio of the same structure. Smaller volumes always have a less 

favourable S / V – ratio than larger volumes. As the volume of the compact forms increases, the 

area decreases and the transmission heat loss is diminished. Compact structures and density, 

therefore, considerably reduce the cooling surfaces in comparison to a detached, free-standing 

building.  Therefore  large  and  compact buildings are preferable to small buildings divided into  

compartments  in the  cold climates.   Whereas,   in   both   climates   the spherical or circular 

building form is preferred having the lowest “ S/V ratio”. 
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